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Photoelectric Photometry of 441 Bootis
K-Y.

CHEN

AND

D. A. REKENTHALER

PHOTOELECTRIC photometry of eclipsing variable stars at the
University of Florida was begun in January of 1965. The University Observatory, shown in Fig. 1, is located on the north shore of
Bevin’s Arm lake, Gainesville, Florida.
The first star under systematic observation is 441 Bootis. This stellar system was first reported as a binary by Herschel in 1781. It was later found to
be a triple system: a visual binary with an eclipsing variable as
one component of the visual pair. Numerous investigations of
this variable’s light curve have been made by photographic and
photoelectric means, the most recent being of Binnendijk (1955).
Observation of this star on 16-17 April 1965 is given here.
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EQUIPMENT

The equipment used for observation is described in this section. Figure 2 illustrates the amplifier power supplies and the recorder.
The telescope with the photometer and DC amplifier
mounted for observing is shown in Figure 3.

Fig. 2.

Amplifier power

supplies and recorder.

CHEN

AND

REKENTHALER:

Photoelectric

Photometry

8

Telescope. The telescope, built by the Cave Optical Company, is housed in a sliding roof observatory. It is an f/7.6 Newtonian reflector with a focal length of 96 inches, supported by an
equatorial mount.
A 3-inch refractor is mounted alongside the
reflector for use as a finder scope. The telescope is electrically
driven and has an accessory control box which allows the observer to change the tracking rate in right ascension, and also to
change the direction in declination. Two setting circles, a right
ascension circle and a declination circle, are installed on the axes

of the mount.
Photometer.
As the light rays pass from the telescope into the
photometer, they travel first through a small aperture, then through
a filter, and finally through a Fabry lens before impinging on the
phototube. Four diaphragms are at the observers disposal. These
are small circular openings of 0.500, 0.250, 0.079, and 0.039 inch
diameters placed on a disc which can be rotated to select the proper size aperture. The smallest opening (0.039) was used in this
work.
The viewing eyepiece for observing the star visually follows
the aperture in the light path. The eyepiece allows visual observation of the star only if it is “pushed in” to the photometer. Deflection of the light rays into the eyepiece is accomplished by use
of a prism. This also blocks the light from reaching the phototube.
With the eyepiece withdrawn, the light path is unobstructed and
a signal can be generated. The outline of the particular aperture
in use can also be seen when the eyepiece is used, as the aperture
is illuminated by a battery-powered bulb. When the eyepiece is
withdrawn to take a photoelectric reading, the bulb is switched off
by a micro-switch. The starlight then passes through a filter.
The filters are mounted on a slide so that the observer can
select one of the ultraviolet (Corning 9863), blue (Corning 5030 and
Schott GG13), and yellow (Corning 3389) filters, which correspond
to the Johnson-Morgan standard U-B-V system.
The Fabry lens serves to converge the bundle of light rays
onto a small area on the surface of the photocathode. It is made
of fused quartz with an anti-reflecting coating on the surfaces, a
physical diameter of 13+1 mm, and a focal length of 1941 mm.
The filtered converging rays impinge on the cathode of the
RCA 1P21 multiplier phototube at the end of the light path.
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One of the three external electrical connections to the photometer leads from the high voltage power supply. The second is
the 12-volt line from the battery to the bulb lighting the aperture.
The third is the short shielded line carrying the output of the 1P21
to the DC amplifier.
High Voltage Power Supply. The power for the phototube
comes

from

a commercial

unit, the Victoreen

model

HV-25CT.

This provides a stable 1000 volt DC potential which is reduced to
approximately 75 to 150 volts between any two dynodes by means
of a series resistance voltage divided.
This voltage divider is
essentially a series of resistors connected directly to the 1P21 tube
socket pins.
DC Amplifier. The DC amplifier is used to amplify a current, in the order of a nano-ampere, from the phototube to a level
detectable by the recorder. The properties most important to an
amplifier in a photoelectric system are its linearity and gain stability. In the amplifier used here these qualities are met by using
large negative feedback. The first stage of the amplifier consists
of an ‘electrometer’ tube of high input impedance. This is put
in parallel with a large load resistor.
The size of the load resistors is determined so as to change the
amplification in increments of 2.5 magnitudes, from 0 to 12.5. The
feedback resistors are in increments of 0.25 magnitude from 0 to
2.50. Magnitude here refers to stellar magnitude. Different combinations of these resistors are used to produce the suitable signal
on the recorder chart. The combination of resistors desired is selected with two rotary switches mounted on the amplifier. The
time constant of the amplifier is controlled by a third rotary switch
which gives a choice of four time constants.
The electric circuit of the amplifier is similar to the one described by Whitford (1962).
Amplifier Power Supplies. The amplifier requires DC voltages of 1250, —105,

+67.5, +4.5, and also filament power.

The

+250 and —105 DC voltages, and the 6.3 AC voltage are supplied
by two regulated power supplies of conventional design.
A battery box supplies the +67.5, +4.5, and 1.5 voltages for
the electrometer tube. The filament of the electrometer tube is
wired with a potentiometer in the circuit. By varying the filament
current with this potentiometer, an accurate zero point balancing
of the recorder is possible.
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1
of 44i Bootis

JD Hel
Phase

0.4155
0.4243
0.4358
0.4479
0.4623
0.4697
0.4796
0.5130
0.5348
0.5555
0.5809
0.5981
0.6087
0.6229
0.6307
0.6492
0.6561
0.6844
O25
0.7295
Ora 2i
0.7837
0.8032
0.8117
0.8247
0.83438
0.8455
0.8584
0.8680
0.9121

‘0.9717
0.9800
0.9956
0.0039
0.0345
0.0586
0.0832
0.0970
0.1053

Am

—0.821
0.780
0.884
0.814
0.830
OMOM
0.750
0.788
0.765
0.809
0.891
0.796
0.845
0.918
0.880
0.933
0.875
0.869
0.957
0.940
O:07
0.893
0.950
0.942
0.910
0.902
0.910
0.925
0.887
0.889
0.816
0.745
0.787
0.769
0.766
0.856
0.869
0.838
aeORO

2430000-+-

Phase

Am

8867.7659
.7684
.7835
.7895
.7916
MOON
.7980
.8087
8139
8165
8197
8219
8271
8308
8334

0.1203
0.1299
0.1862
0.2087
0.2165
0.2318
0.2401
0.2803
0.2997
0.3093
0.3213
0.3296
0.3490
0.3628
0.3724
0.3874
0.3967
0.4125
0.4216
0.4372
().4462
0.4595
().4696
0.4839
0.4929
0.5108
0.5209
0.5336
0.5422
0.5549
0.5637
0.5759
0.5837
0.5961
0.6036
0.6161
0.6241

—0.844
0.858
1.048
1.037
1.028
0.949
1.033
0.913
0.881
0.925
0.972
0.927
0.877
0.854
0.860
0.906
0.872
0.878
0.819
0.827
0.791
0.857
0.828
0.796
0.813
0.823
0.814
0.843
0.818
0.805
0.803
0.837
0.865
0.899
0.876
0.903
0.891
Soe ORC E

8374

8399
844]
8466
8507
8532
8567
8594
8632
8657
8705
8732
.8766
8789
8823
8846
8879
8900
8933
8953
8986
9008
9039

0.6355
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Recorder. The recorder is a “Speedomax G” built by the Leeds
and Northrup Company.
It has a single pen which marks the
continuous strip-chart to correspond with the signal current from
the amplifier. The chart is set to run at a rate of 1 inch per minute.
The recorder responds to signals in the 0 to 10 millivolt range,
a 10 millivolt signal giving a full deflection of the pen (9-1/2
inches).
Miscellaneous Accessories. The observatory is equipped with
a high frequency receiver for receiving WWV time signals on
either 5, 10, or 15 megacycles.
Two electric clocks, one for sidereal time and the other on
Eastern Standard Time were used, as well as a barometer, ther-

mometer, and hygrometer. Readings of all these instruments were
made periodically and the final reading recorded nightly in the
observatory log.
OBSERVATION

AND

Data

REDUCTION

The stars observed on 16-17 April 1965 were 44i Bootis, whose
right ascension (1900) was 15°0"30*, declination (1900) +48° 3’, visual magnitude 4.76 and spectral type Gl, and the comparison
HR 5581, whose right ascension (1900) was 14°53"4°, declination
(1900) +50° 2’, visual magnitude 5.62 and spectral type F7.
A definite sequence of observations was followed.
First the
zero point was set by balancing the equipment with the amplifier
gain at the minimum value. The dark current of the 1P21 was
measured by turning the amplifier gain to a pre-selected setting.
The dark current reading was followed by a measurement of the
sky background. This was accomplished by withdrawing the eyepiece of the photometer while the telescope was pointed to an
area of sky totally devoid of stars (or apparently so) and close to
the variable. After the sky deflection had been made, the comparison star was centered in the aperture and readings made of
its light. The variable reading was made next and a continual
sequence of these readings followed in a general order: sky-comparison-variable-sky-comparison-variable-etc. Each object was observed through both the blue and yellow filters with the individual
readings lasting about 45 seconds. For the stars observed, the response of the phototube when used with the ultraviolet filter was
not sufficient to make a signal change detectable from the back-
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TABLE
Blue

JD Hel
2430000+

Phase

8867.5775
.9799
5843
.0900
0919
947
0980
.6036
.6075
.6094
.6150
.6221
.6271
.6330
.6353
.6402
.6419
.6474
.6497
.6527
6549
6595
.6618
.6656
.6680
.6739
.6763
.6816
.6873
.6898
.6927
.6962
.6993
£7032
.7107
.7264
.7289
.7330
Miao
7412
7434

0.4168
0.4259
0.4422
0.4638
0.4707
0.4811
0.4933
0.5146
0.5291
0.5361
0.5569
0.5835
0.6022
0.6242
0.6328
0.6509
0.6574
0.6779
0.6865
0.6976
0.7047
0.7233
0.7319
0.7459
0.7547
0.7770
0.7858
0.8055
0.8270
0.8364
0.8472
0.8602
0.8719
0.8862
0.9142
0.9730
0.9821
0.9976
0.0054
0.0282
0.0363

ACADEMY
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Observation
of 44i Bootis

JD Hel
Am

—(.663
0.668
0.696
0.649
Or 22,
0.673
0.612
0.664
0.668
0.656
0.646
0.729
0.745
0.759
0.723
0.762
0.779
0.790
0.796
0.768
0.818
ORF
0.783
0.832
0.778
0.789
0.800
0.768
0.802
0.750
0.759
0.782
0.833
0.781
0.741
0.629
0.659
0.629
0.643
0.625
—().654

2430000+-+

Phase

8867.7476
£7502
.7566
7603
.7624
.7667
7691
.7840
.7900
ofA
£7962
Moos
8049
8091
8150
8204
8224
8256
8280
6320
8384
8411
8447
8471
8513
8537
.8600
8639
8661
8716
.8770
8794
8852
8884
8905
8939
8950
8993
9012
9045
9064

0.0521
0.0617
0.0858
0.0995
0.1074
0.1234
0.1325
0.1880
0.2103
0.2183
0.2336
0.2448
0.2660
0.2816
0.3036
0.3238

0.3314
0.3428
0.3524
0.38672
0.3913
0.4011
0.4146
0.4237
0.4393
0.4483
0.4716
().4864
0.4948
0.5150
0.5355
0.5443
0.5660
0.5780
0.5858
0.5984
0.6057
0.6184
0.6257
0.6379
0.6451

Am

—0.690
0.677
0.672
0.793
0.741
0.805
0.787
0.806
0.860
0.959
0.816
0.886
0.810
0.825
0.831
0.856
0.858
0.768
0.817
0.819
0.829
0.828
0.786
0.769
0.755
0.666
0.745
0.647
0.717
0.712
0.758
0.655
0.687
0.774
0.784
0.786
0.774
0.772
0.789
0.842
OMG
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2438867.5700
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867.7400
JD

9

867.9100

Hel

Tt
0.5

Photometry

oe
0.0

0.5

PHASE
Fig. 4.

Yellow and blue observations of 44i Bootis on 16-17 April 1965.
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ground noise. Infrequently, the check star HR 5635 was observed,
and also the zero point and the dark current were occasionally
checked. The number of sky readings was sometimes reduced if
no change in the sky was apparent. Records of the time, temperature, relative humidity, and barometric pressure were periodically
recorded on the continuous chart.
To make the strip-chart data more usable it was later reduced
to tabular form. Since the chart ran continuously at a constant
rate, the Eastern Standard Time of each variable reading could
be determined. This was converted to a heliocentric Julian Date
(JD Hel) by using the American Ephemeris and Nautical Almanac.
The phase of each variable reading was calculated from the set
of light elements given by Schneller (1964):
JD Hel Min = 2437362.6179 + 0.:267814191 E.
The difference in magnitude, 4m, between the variable star and
the comparison star at the time of a variable reading was determined from the following relation:
1 (comp.)
Am = 2.5 Log ————
] (var.)

where |(comp.) is the apparent luminosity of the comparison star
and | (var.) that of the variable; and this ratio is of course equal
to the ratio of chart-readings of the two stars with sky readings
subtracted.
Linear interpolation was employed wherever value
between readings was needed.

The values, (JD Hel, Phase, 4m),

for the yellow and blue observations are listed in Tables 1 and 2
respectively, and plotted in Fig. 4.
DISCUSSION

AND

CONCLUSION

Earlier observations of the triple system 441 Bootis by Schilt,
Oosterhoff, Stebbins and Huffer, Shapley and Calder, Plaut, and
Eggen, as summarized in Binnendijk (1955), have shown that its

mean light curve changes. Eggen (1948) has shown that the light
curve varied from day to day with irregular variation outside the
eclipses and pronounced change of depth of the secondary minimum (in the order of 0".04). The present work (refer to Fig. 4)
shows: (1) the variation of depth of the secondary minimum from
cycle to cycle, approximately 0”.033 in the yellow observation;
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(2) conspicuous “brightening up” about phase 0.2 during the time
of observation, approximately 0".1 in the yellow observation; and
(3) difference in light curves ih the two colors around phase 0.25.
The probable error for each yellow observed point is estimated
to be + 0".017, and the same value for each blue observed point.
The eclipsing component of 44i Bootis is of the W Ursae
Majoris type. Variations of light curves of eclipsing binaries of
this type are not uncommon.
Here the picture is further complicated by several indications in earlier observations that the brighter, non-eclipsing component of the visual pair is slightly variable.
The study of the nature of the variation of its light curve is an interesting, challenging, and unsolved problem. It is not until the
two components of the visual binary are observed separated that
new information may be obtained.
To conclude, the words of Harlan J. Smith (1963) are quoted

here:
“Variable stars will normally occupy amateur or small-scale
professional photoelectric observatories, but a rich array of other
applications exists. Variable stars alone can provide a generation
of work for small telescopes equipped with good modern photometers, while the super-photocells and photometers ultimately
available will make twelve-inch telescopes equal to present thirtyinch ones in limiting magnitude, greatly extending their useful life.
“,.., nature has not yet set the limits on what can be achieved
in astronomical photometry—the future is still bounded primarily
by our energy, our ingenuity, and our insight into astronomy.
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The Mannich Reaction of 2-Naphthol with Secondary Amines
J. E. FERNANDEZ

AND W. I. FERREE, JR.

THe Mannich reaction involves the reaction of a non-tertiary
amine, formaldehyde, and a compound having a hydrogen atom
which is labile through proximity to an electron attracting group
(Reichert, 1959): It is an important reaction both synthetically for
the production of compounds with a terminal methylene group,
and biologically because it is thought to be involved in the biogenesis of alkaloids (Reichert, 1959). In addition, the Mannich
reaction is interesting chemically because it seems to proceed
through several mechanisms of nearly equal probabilities. Therefore, the mechanism can change abruptly with subtle changes in
reaction

conditions

or

reactants

(Fernandez,

1964;

Fernandez,

Fowler, and Glaros, 1965). For this reason, the mechanism of the
Mannich reaction has been studied by several workers who have
found seemingly conflicting results (Burke, Nasutavicus, and
Weatherbee, 1964).
The use of aqueous solvents complicates studies of this reaction
because several species are formed, all of which may act as intermediates. It has proved a difficult task to derive meaningful
results from such systems. For example, it has been generally established that the reaction proceeds through the initial reaction
of amine with formaldehyde to form two intermediates, (I and II),
either or both of which should be capable of reacting with the
active hydrogen compound (HZ) to form the product (Lieberman
and Wagner,

1945; Butler, 1956; Fernandez,

1964).

RoNH + CH,0 === R,NCH,OH ———= R,NCH,NR, + H,0
(I)
(1)

I + HZ——-R,NCH,Z + H,0
Il + H2—~ R,NCH,Z + HNR,
We have therefore been engaged in studying several examples
of this reaction in aprotic solvents. In this way the intermediates
can be studied individually without danger of interconverting
them.
Recently, evidence has been offered to support a mechanism
in which the active hydrogen compound reacts in its enol form
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examples

studied

were

Abe

OH

0”) Cf
GS

HNR,

+ RNCH,X
ae
(X = OH or NR)
0
cejNR,

aa

oo2NR,

and (Fernandez and Fowler, 1964, 1965):

/

/

R,CHNO,== RCN.

,
R,NCH,CR,NO,
+ HX

jo

On

R NCH, X

/

»

cH

0

Roe \

RN OnYO Y

:

In these cases, the cyclic transition state involves hydrogen
bonding between the enolic OH and the X group.
We now wish to add evidence for this proposition through
reactions of some 2-naphthol derivatives in which the phenolic
hydrogen is absent.
In addition we wish to report a study of
the formation 1,1’-methylenedi-(2-naphthol) as it is related to the
Mannich reaction of 2-naphthol.
Since 2-naphthol undergoes the Mannich reaction only at the
alpha position, it provides a simple model for studying the role
of hydrogen bonding. We find that in the absence of the phenolic
hydrogen atom, reaction does not occur.
Thus, reactions of 2methoxynaphthalene fail to yield any Mannich base on reaction
with piperidine or morpholine and formaldehyde (Table 1, runs 11,
12). This may be explained either by the lack of hydrogen bonding, or by the relatively low electron-releasing effect of the methoxy group as compared with the oxy anion which is undoubtedly
present in equilibrium with 2-naphthol under the basic Mannich
conditions. The latter alternative is not attractive in view of the
fact that reactions employing sodium naphthoxide run under anhydrous conditions yield only small quantities of Mannich base
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(Table 1, runs 7, 8, 9). The lack of reactivity of 2-methoxynaphthalene is notable since this compound condenses with formaldehyde in acid under mild conditions to form 1,1’-methylenedi(2methoxynaphthalene) (Runti and Collino, 1959).
IANe Ls, Al

Mannich

reactions of 2-naphthol, 2-methoxynaphthalene,
sodium 2-naphthoxide
Percent

Yield

and

of Product*®

2-Naphthol
Run
No.

Reactants*, ft

or

PMN

MBBN

2-Methoxynaphthalene

or
PMMN

or
MBMN

1. Naphthol. + MBP

2, Naphthol + C,H,,N.HCl + CH,O
3.

Naphthol + C,H,,N.HCl
peerl5O | 0.009 HCl

4. Naphthol + C,.H,,N + CH,O
5. Naphthol + CH,O
6. MB2N + C;H,,N + 0.009 HCl
7.
8.
9.
10.
11.
12.

Sodium 2-naphthoate
Sodium 2-naphthoate
Sodium 2-naphthoate
Naphthol + PMN +
2-Methoxynaphthalene
2-Methoxynaphthalene
C.H,,N + CH,O

+ MBP
+ MBM
+ PMN
0.018 HCl
-+- MBP
+

45

0

52

99

0

0

0
84
0
0

99

0
0
0
De
66
0
56
99

18
0
2
42
0

86
82
0
0
95
0
0

99

0

0

0
0

*MBP = methylene bispiperidine, C;sHi:1N = piperidine, MB2N — methylene bis(2-naphthol), MBM = methylene bismorpholine, PMN = 1-piperidinomethyl-2-naphthol,
PMMN
= _ 1-piperidinomethyl-2-methoxynaphthalene,
MBMN = methylene bis(2-methoxynaphthalene).

tAll quantities

were

0.01 mole

unless

otherwise

specified.

Ten

milli-

liters of dioxane was used as solvent in all runs except those employing
sodium 2-naphthoate in which N,N-dimethylformamide was used.

The data in Table 1 indicate that the Mannich reaction employing 2-naphthol can yield either the expected Mannich base (I)
or the 1,1’-methylenedi(2-naphthol) (II) depending upon conditions.
In the absence of catalysts, the major product is the Mannich base
(runs 1, 4). In the absence of amine, II forms in good yields.
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H_NR.
Ge.

CHO + HNR,

plesk

I

OH

aoe

HO

OH

(I)

(IL)

The use of amine hydrochloride results in a reduced yield of I
(run 3), while an excess of acid results in a quantitative conversion
to II (run 2). This variation of product with catalyst can be explained either (a) by the participation of I as an intermediate in
the formation of II, or (b) by assuming that the relative rates
of formation of I and II are greatly altered and II becomes the
predominant product in the presence of excess acid. Alternative
(a) is ruled out by the failure of I to react with 2-naphthol in the
presence of excess acid (run 10). Our conclusion is, therefore, that
I and II are formed in parallel reactions. The irreversibility of the
formation of II is shown by the results of run 6. In basic medium
however, the reaction to form II may proceed through I as an intermediate (run 9).
We conclude from these experiments that a hydrogen bonded
species, such as III, is essential to the formation of the Mannich

Cis

(X = OH or NR,)

bases of 2-naphthol. In the presence of excess acid, such hydrogen
bonding is prevented by the formation of the ammonium ion of
the secondary amine or methylene bisamine. In the strongly basic
media, hydrogen bonding is prevented by the formation of phenolate ion.
An increase in acidity increases the phenol/phenolate ion ratio

while simultaneously decreasing the amine/ammonium ion ratio.
Therefore, the pH at which the maximum amount of free phenol

FERNANDEZ

AND

FERREE:

Mannich

Reaction

Liz

and free base can coexist should be the most favorable for formation of the hydrogen bonded species (III). This hypothesis is supported qualitatively by the kinetic studies of Alexander and Underhill (1949) and Cummings and Shelton (1960) if the enol of the
ketone corresponds to the phenol in our work. These studies demonstrated an optimum pH of ca. 4 when the active hydrogen compound was ethylmalonic acid, and of ca. 11 when the active hydrogen compound was cyclohexanone.
In both cases dimethylamine and aqueous solutions were employed. In the former case,
the strongly acidic ethylmalonic acid requires a strongly acid solution to insure sufficient quantities of the undissociated acid.
In the latter case, a much more basic solution can be tolerated
while maintaining the cyclohexanone primarily in the undissociated form.
A similar conclusion was reached by Fernandez and Fowler
(1964) in a study of the reaction of 2-nitropropane with methylene
bisamines.
EXPERIMENTAL

Materials. The chemicals used were commercial products of
the highest purity available; they were further purified when necessary. Temperatures are uncorrected.
Mannich Reactions of 2-Naphthol and Piperidine and. Morpholine. Table 1 contains the results of reactions of 2-naphthol, 2methoxynaphthalene, and sodium 2-naphthoxide with piperidine
or morpholine and formaldehyde. All the reactions were run by
allowing 0.01 mole of each substrate in 10 ml. dioxane to react at
room temperature for twenty hours, and worked up according to
the procedures outlined below.
Procedure A. Reactions employing 2-naphthol or 2-methoxynaphthalene were worked up by adding water dropwise until the
solution became turbid, adjusting to pH 4-6 with dilute HCl, and
extracting with ether. The ether was dried over CaSO, and evaporated to yield 2-naphthol, 1,1’-methylenedi(2-naphthol) or 2methoxynaphthalene. The HCl layer was neutralized with NaOH
and extracted with ether.

The ether was

dried over CaSO,

and

evaporated to yield Mannich base. The products were identified
by melting point and mixture melting points with authentic samples.
Procedure B. Reactions employing sodium 2-naphthoxide were
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worked up by evaporating off most of the solvent under vacuum,
then adding ether to precipitate unreacted sodium 2-naphthoxide.
This salt was filtered out, hydrolyzed, the solution adjusted to pH
6-7, and recovered as 2-naphthol. The ether filtrate was extracted
with dilute HCl to remove Mannich base and unreacted amine.
The acidic solution was then neutralized with 1 M NaOH, and
the resulting precipitate or oil extracted with ether. The ether
and amine were then evaporated to leave the Mannich base. The
ether layer resulting from the HCl extraction was also evaporated
to recover unprecipitated 2-naphthol and 1,1’-methylenedi(2-naphthol). The products were identified by melting points and mixture melting points with authentic samples.
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Verification of Monotropa hypopithys in Florida
DanrEL

B. Warp

J. K. Smatt (1903) appears to have been the first to record the
Pine-sap, Monotropa hypopithys L. (Ericaceae), for Florida, and
although others have since repeated this southern limit for a predominantly temperate plant, the probability is high that all such
statements are based upon Small’s original report. No Florida collections of this species are in Florida herbaria, and none were encountered in the larger northern herbaria examined by Gupton
(1962).
Such unsupported statements of range are not uncommon in
Small’s works, although as more detailed knowledge accumulates
it is also not uncommon to find that Small’s stated ranges are more
accurate than would be predicted from inspection of his collections
and those available to him. This is the case with Monotropa
hypopithys, as verified by the following collection:
Stem and ovary pinkish-red; plants all in fruit; frequent over
several acres of dry Pinus clausa scrub, east edge of Orange Springs,
Marion

County,

Florida.

(deposited in FLAS;

Richard

H. Spielman, 25 November

duplicates to FSU

1965

and GH).

The plants grew near scattered colonies of the much more common Monotropa uniflora, or Indian Pipes, but could readily be distinguished from this better known species by the presence on each
stem of three to nine flowers. Although in an area very familiar
to the collector, they had never before been seen by him, suggesting that there may be a marked annual fluctuation in numbers.
The southernmost collections reported by Gupton for Monotropa hypopithys are Clay County, Alabama (Harper, NY), and
Muscogee County, Georgia (Boykin, NY). The present station, in
the north-central portion of the Florida peninsula, thus represents
a range extension to the southeast of approximately 300 miles.
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A Pacific Polychaete

in Southeastern

United

States

Joun L. Taytor

THE marine polychaete worm Poecilochaetus johnsoni Hartman
was originally described from a specimen taken near the mouth of
Mission Bay, southern California (Hartman, 1939), and has not
been previously reported from the Gulf of Mexico or the Atlantic
seaboard (Hartman, 1965). This report records the occurrence of
P. johnsoni in the southeastern United States and presents information on the biology of this rarely collected species. Specimens
were collected in Florida at Seahorse Key, Tampa Bay, Naples,
and Biscayne Bay in 1958-65. During the same period, the worm
was also taken in North Carolina at Cape Lookout and in Core and
Bogue Sounds.
EXTERNAL MORPHOLOGY
Specimens of P. johnsoni from southeastern United States correspond with the species description (Hartman, 1939) except for a
greater variability in spinous setae and anal cirri. The original
account reported three, four, or perhaps five falcate spines on
the second and third setigers and described three simple and subequal cirri along the ventral border of the anus, and one on its
middorsal border.
Most specimens collected in the southeast have four falcate
spines on the second setiger and three on the third. Exceptions
are fairly common,

however,

and some

individuals have three to

six spines on either setiger. Anal cirri usually form a ventral series
of three, consisting of one median and two lateral processes. The
midventral cirrus is simple, but the lateral pair may be divided
distally once or several times. Only one specimen has a single
middorsal cirrus; some have two dorsal cirri arising separately or
jointly at a common base; and on others, the dorsal border of
the anus appears plain. These features are evidently labile for
eastern races of the species and do not seem of sufficient meristic
importance to warrant establishment of a distinct taxonomic separation between southeastern and Pacific forms of the worm.
ECOLOGY

Environmental conditions in areas where P. johnsoni has been
collected are summarized in Table 1. These records show that
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commonly occurs in coastal situations having temperate

or subtropical characteristics, moderate tidal flow, and a substrate

of silty sand.
At most localities the mean annual salinity is above 30 0/oo and
fairly stable, but at Seahorse Key, Florida, and in Bogue and Core

Sounds, North Carolina, the mean value is lower and freshets periodically create brackish conditions. Although the benthic habit
of P. johnsoni may mitigate the effects of dilute seawater, it seems
likely that the worm has some capacity for osmoregulation or other
physiological adjustment during periods of osmotic stress.
Marine grasses are a conspicuous feature in many areas where
P. johnsoni occurs.
The friable dwelling tube has been taken
among roots and rhizomes, as well as in clear areas between
patches of vegetation. In May 1965, 189 specimens were collected
in a bottom sample one-half meter square, at the southern end
of Core Sound, North Carolina, adjacent to Whitehurst Island, in

tidal flats densely vegetated with Zostera marina.
Commensal pinnotherid crabs tentatively identified as juvenile
Pinnixa chaetopterana were found in tubes of P. johnsoni at Seahorse

Key, Florida,

and Whitehurst

Island, North

Carolina.

In

both areas adult P. chaetopterana were collected from tubes of
larger polychaetes. The small tube of P. johnsoni imposes a size
limit on commensal

crabs that can be accommodated;

the associ-

ation is probably temporary, providing a refuge for young crabs
during early post-larval stages.
Reproduction of P. johnsoni apparently takes place in spring,
summer, and fall when water temperature is about 20 C or above.
Plankton from Tampa Bay contained larval stages of P. johnsoni
in April, May and August (John A. Kelly, Jr., and Alexander Dragovich, unpublished). At Cape Lookout, North Carolina, a specimen
taken by Lawrence McCloskey in November had ruptured median
and posterior parapods, presumably damaged during release of
gametes.
In comparison with other species of Poecilochaetidae (Hannerz,

1956), P. johnsoni has been considered most closely related to
Poecilochaetus tropicus Okuda from the Pacific (Hartman, 1939 and
1959). From an ecological standpoint, however, P. johnsoni resembles in many respects the eastern Atlantic species, Poecilochaetus serpen Allen, studied on the English coast (Allen, 1904). The
population concentration of P. johnsoni at Whitehurst Island,
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North Carolina, provides an excellent opportunity for detailed
studies and clarification of the biology of this unusual and littleknown spioniform polychaete.
MATERIAL

EXAMINED

Seahorse Key, Florida: 2 specimens (anterior portion only), E.
Lowe

Pierce,

coll., 1958, U. S. National

Museum

No.

32616;

8

specimens (anterior portion only), John L. Taylor, coll., September
22, 1960; 1 specimen (anterior portion only), John L. Taylor and
Carl H. Saloman, coll., August 5, 1964.

Tampa

Bay, Florida:

2 specimens

John L. Taylor and Car] H. Saloman,

(median

fragments

colls., August

only),

10, 1964; 4

specimens (juvenile, meroplankton), Alexander Dragovich and John
Kelly, Jr., colls., April 11, 1961, May 8, 1962, August 16, 1962 (2).
Naples, Florida: 1 specimen (anterior portion only), Charlene
Long, coll., December

1958.

Biscayne Bay, Florida: 1 specimen (anterior portion only), Robert T. Paine, coll., January 26, 1960.

Cape Lookout, North Carolina: 1 specimen (anterior portion
only), Lawrence McCloskey, coll., November 4, 1963.
Core Sound, North Carolina: 189 specimens (entire specimens
and fragments), John L. Taylor, coll., May 4, 1965.
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Closkey, Duke University Marine Laboratory, and Hugh Porter,
University of North Carolina Institute of Fisheries Research, gave
notes and records for environmental conditions in Bogue Sound,
Core Sound, and at Cape Lookout. Dr. John Bradshaw, Scripps
Institution of Oceanography, furnished temperature and _ salinity
records for Mission Bay, California, and vicinity.
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A New

Burrowing Barnacle from the Western
Harry

W. WELLS

Atlantic

AND JACK T. TOMLINSON

In the course of an ecological study of sessile marine invertebrates of the northeastern Gulf of Mexico, numerous specimens of
an undescribed species of burrowing barnacle have been collected
by the senior author. These specimens were found embedded in
characteristic, easily recognized burrows in dredged shell material,
especially in shells of the turkey wing ark, Arca zebra Swainson,
and the mossy ark, Arca imbricata Bruguicre (= Arca umbonata
Lamarck), and in masses formed of calcareous red algae (Lithothamnium and Goniolithon species). Independently, the junior author had found this species in shells from North Carolina and
Florida and in dead coral from Puerto Rico.
These

barnacles

are members

of the suborder

Acrothoracica,

which are recognized by their having a soft mantle without calcareous plates, reduced cirri, no abdomen (except appendages in
cyprid stages), and dwarf males. Under the system of classification of the Acrothoracica proposed by Berndt (1907), they would
be placed in the genus Kochlorine, which was established by Noll
(1875) for a species he described from Cadiz, on the Atlantic coast
of Spain. Later Noll (1883) described another species of Kochlorine from the Cape of Good Hope, South Africa; and Tomlinson
(1963) has recently described a species from Japan. The description of a fourth species follows.
|
Genus

Kochlorine

Noll 1875

Diagnosis (emended). Mouth cirri biramous, may be weakly
segmented; 3 pairs of terminal cirri; 1 pair of 2-segmented caudal
appendages; lateral bar often present.
Kochlorine floridana, new species

Diagnosis. Kochlorine with 1 pair of short conical
rows of tack-shaped teeth on mantle aperture, and with
attachment process moderately developed.
Type locality. At 8-10 meters depth in the Gulf of
Dog Island, Florida, approximately 8 miles southeast of
Franklin Co., Florida.

spines and
lateral bar;
Mexico off
Carrabelle,
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Type material. Female holotype (USNM cat. no. 1138221) with
one attached male, collected 16 May 1963, and some paratypes
(USNM cat. nos. 113222, 113223, 113224, and 118225), deposited
in the Division of Crustacea, U. S. National Museum. Other paratypes and additional material in the author's collections.
Additional material. ¥YLorma:
SE of Pensacola, from the bryozoan Hippoporidra edax (Busk), California Academy of Sciences,
R. Kiwala, coll.; St. Andrews Bay entrance, near Panama City,
from Murex fulvescens Sowerby, G. Bertrand, coll.; off Cape St.

George (Gulf of Mexico) from Aequipecten gibbus (Linne), H. W.
and M. J. Wells, colls.; Fernandina Beach from Arca imbricata,
A. Ross, coll.; off St. Augustine, from Murex fulvescens and other

shell material, H. W. and M. J. Wells, colls.

cEorcta: off Sapelo

Island, from Arca imbricata and other shell material, J. Kraeuter,
coll. sourH CAROLINA: off Charleston, M/V Silver Bay Sta. 1389,
from Arca imbricata and calcareous algae; off Georgetown, M/V
Silver Bay Stas. 1360, 1392, from Arca zebra. NORTH CAROLINA:

Shackleford Banks, from Murex fulvescens, H. W. and M. J. Wells,
colls., V. Zullo, coll.; Back Sound, from shelly bottom,
Wells, coll.; Cape Lookout jetty, A. Ross, coll.; Diamond

H. W.
Shoals,

from Murex fulvescens and Cassis madagascariensis (Lamarck,
H. W. Wells, coll. In addition, the “Alcippe lampas” recorded for
the Beaufort area by Wells (1961) is in reality K. floridana. PUERTO
RICO: from dead coral fragments, W. A. Newman, coll.

Other ma-

terial found in Murex microphyllus Lamarck from Tuléar, Madagascar (by courtesy of the Institut Royal des Sciences Naturelles de
Belgique), is regarded by the junior author as being identical.
DESCRIPTION

Female.
Body compressed, sac-shaped in lateral view (Fig. 1),
and slightly asymmetrical with the posterior end twisted slightly
to the side. Holotype length, 2.10 mm; width, 1.25 mm; thickness, about 0.75 mm.

In a series of 18 additional females, 0.53

to 3.33 mm long, body width 0.518 to 0.702 times body length,
with the smallest specimens proportionately narrowest.
Mantle surface with irregularly scattered small bi- or tricuspate
hooks, slightly more numerous in lateral patches near site of attachment of males; a series of Jarger tack-shaped teeth around
aperture margin. Mantle containing superficial longitudinal muscle bands and deeper circular bands; suffused with red pigment
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Fig. 1. Kochlorine floridana, n. sp., female, lateral view, with attached
male.
Abbreviations: AP - attachment process, C - mantale cavity, CA - caudal appendage, DG - digestive glands, E - esophagus, EM - embryos, G - gan-.
glion, K-knob, LB - lateral bar, M-male, MC-mouth cirrus, MP - mouth
parts, PH - pharynx, S - stomach, SP - spine.
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near aperture. Aperture gently arched, bearing a pair of short,
blunt spines, usually studded with strong teeth. Apertural length
0.484 to 0.767 times body width, proportionately longer in smallest
specimens.

Apertural rim and spines ornamented in a characteristic

pattern of three rows of heavy teeth. Teeth in outer row bifid, in
inner two rows broad and tack-shaped, with single acute dorsal
and ventral spines and lobate lateral margins to the crown, thus
resembling a flower. Comb-like row of spinules guarding apertural inner edge at ventral end; rounded spinous knob at dorsal
end. Knob of large specimens prominent, bearing up to ten ventrally curved spines; spines and knob reduced or absent in juvenile
specimens.

Attachment process moderately developed, more or less protruding, mid-dorsal and posterior to knob. Body normally lodged
in surrounding shell by projection of attachment process into a
small depression in burrow wall, disk posterior to attachment
process, attached to walls of burrows in mollusk shells. Pads of
shed cuticle often retained in the form of a cone at disk site in
specimens removed from calcareous algae (Fig. 3a). One or two
pairs of dissociated antennules occasionally attached to this cuticle, from former attachment

of males at this site.

A lateral bar,

finely reticulated, on each side extending posteriorly from apertural margin.
Distinct muscle bands extending from attachment
process along dorsal body wall to posterior end, from attachment
process to point posterior to stomach, and from attachment process to mouth region. Another muscle band extending from mouth
region to point posterior to stomach.
Body enclosed within mantle, tapering and, in the contracted

state, curving dorsally; posterior end bending sharply ventrally;
two pairs of small, fleshy ventral protuberances in midregion.
Head rounded, studded with one or more rows of fine hairs.

Di-

gestive tract: muscular pharynx extending dorsally from mouth;
long esophagus extending posteriorly; broad stomach; pair of small,
round digestive glands attached to stomach at juncture with esophagus; anus situated at end of short intestine, between terminal
ClITi.

Paired mouthparts of mandibles with palps and two pairs of
maxillae. Mandible (Fig. 2a) with three simple teeth of decreasing size, a small bifid tooth at the tip of its cutting edge, numerous
spines, and numerous rows of bristles; apodeme extension short,
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Fig. 2. Kochlorine floridana, n. sp., female: a. mandible, b. first: maxilla,
c. second maxillae, d. mouth cirrus, e. caudal appendage and basal segments
of third terminal cirrus. (a-c to same scale; d-e to same scale.)
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not hooked. Palp edged by row of hairs, with a tapering end extending beyond mandible tip, closely appressed to labrum. First
maxilla (Fig. 2b) bilobate, with many bristles; two strong, curved
teeth at tip of superior lobe; long curved or hooked apodeme attached at base. Second maxilla (Fig. 2c) relatively large and soft,
with long flexible bristles at tip and along edges.
Mouth cirri (Fig. 2d) posterior to second maxillae, capable of
extending anteriorly well beyond apertural margin; with two short
rami attached to a long 2-segmented pedicle.
Anterior ramus
longer, 4-segmented; posterior ramus indistinctly 3- or 4-segmented; both provided with numerous flexible, usually feathery bristles.
Three pairs of biramous terminal cirri and one pair of uniramous caudal appendages attached to posterior end of body.
Rami of terminal cirri subequal, with numerous, distinctly segmented articles with long setae along the inner side of their curvature. Setal arrangement (Fig. 3d) characteristic: a distal pair of
long setae (usually with a minute median seta) and a middle pair
of short setae on the inner side of each segment, with one or two
setae of intermediate size situated at intervals on opposite (outer)
face of cirrus. Intermediate sized outer setae spaced from 1 to 5
segments apart, with mean number of intervening segments being
1.69 in cirrus 2 (for 1 specimen), 2.90 in cirrus 3, anderen
rus 4. Mean number of segments (for 5 specimens) in the anterior
and posterior rami respectively: 27.0 and 37.0 for cirrus 2, 40.5
and 45.6 for cirrus 3, and 42.0 and 44.8 for cirrus 4. Pedicles edged
with bristles, 2-segmented with proximal segment much the longer, and with oblique sutures between segments. Caudal appendages (Fig. 2e) 2-segmented, their tips not reaching the first articulation of cirral pedicles; terminal segment with three feathery
setae and a minute spine at tip; proximal segment minutely ridged
ventrally, with one dorsal seta.
Although all specimens 0.962 mm or more in length show the
cirral complement described above, specimens smaller than 0.8
mm exhibit an incomplete cirral complement.
Two specimens,
0.611 and 0.767 mm long, bear two pairs of cirri and a pair of
short, stout cirral buds anterior to the cirri, as well as caudal appendages. Two other specimens, 0.572 and 0.598 mm long, possess
only two pairs of cirri and the caudal appendages. The smallest
specimen, 0.533 mm long, bears only a single pair of well devel-
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oped cirri and a pair of short cirral buds, as well as the more
slender caudal appendages.
The excavation produced in shell material is smooth-walled and
somewhat variable, corresponding to the shape and size of the
inhabitants body. The excavation slants obliquely in a dorsal
direction and expands to its greatest width in the lower half.
This lower part of the burrow is usually twisted slightly to one
side. Typically, a small depression occurs immediately below the
dorsal lip, in a position corresponding to the attachment process
of the barnacle. The orifice (Fig. 3e) is a narrow slit in surface
view, broader at the ventral end, and is considerably shorter than
the maximum height of the burrow.
Particularly at the narrow,
dorsal end, a delicate ridge composed of opaque calcium carbonate
may be built up around the orifice edge. In certain mollusk shells
(e.g. Atrina species), these deposits around the orifice and the similar opaque lining of the excavation stand out in marked contrast
to the translucent crystalline structure of the surrounding. shell.

01mm

Fig. 3. Kochlorine floridana, n. sp.: a. lateral view
from calcareous algae by acid treatment, showing cone
male, c. cyprid larva, d. setation of segments of terminal
burrows produced by large and small individuals. (b-c to

of female removed
of shed cuticle, b.
cirrus, e. orifices of
same scale.)
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Male. Body lobate (Fig. 3b), 0.41 to 0.46 mm long, 0.11 to 0.14
mm wide. One lobe more cylindrical and bluntly rounded than
the others, with a small pigment spot, projecting into a depression
in mantle of female. Attachment by a pair of stout antennules approximately 0.11 mm long connected to body by a slender neck
region 0.07 to 0.10 mm long (Fig. 3b). Penis tapering, 0.985 mm
long by 0.020 to 0.015 mm wide, extending from posterior end of
one male.
These dwarf males attach to the wall of a burrow occupied
by a female or to the mantle of the female on one or both sides.
Supernumerary males are common, with as many as five males
associated with a single female. Additional pairs of male antennules occasionally remain attached to the cuticular material. Thus,
each female may be served by a number of relatively short-lived
males.
Cyprid larva. Body elongate, tapered at both ends (Fig. 3c),
0.55 mm long and 0.19 mm wide, with a pair of prominent antennules near middle of body, and a pair of pigmented eyespots.
Remarks.
This species is placed in the genus Kochlorine Noll
because it possesses three pairs of terminal cirri and a pair of caudal appendages in the adult female. These characters distinguish
Kochlorine from Balanodytes Utinomi, Lithoglyptes Aurivillius,
and Berndtia Utinomi, related acrothoracican genera known to burrow into calcareous shells and coral. Balanodytes has four pairs
of terminal cirri (Utinomi, 1949b); Lithoglyptes has four pairs of
terminal cirri and caudal appendages (Tomlinson and Newman,
1960); and Berndtia has five pairs of terminal cirri (Utinomi, 1949a).
From other species described in the genus Kochlorine, K. floridana differs in the shape or number of projections on the aperture
of the female, having a single pair of short conical spines. Kochlorine bihamata Noll (1883) from the Cape of Good Hope, South
Africa, and K. habei Tomlinson (1963) from Japan bear a pair of
hook-like projections on the apertural margin. Kochlorine hamata
Noll (1875) from Spain bears a single hook-like projection on the
aperture as well as a pair of stout conical projections similar to
those found on K. floridana. Kochlorine floridana also differs from
K. habei in possessing many large tack-shaped teeth around the
aperture, and from K. hamata and bihamata in possessing a more
or less prominent attachment process, corresponding to the attach-
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ment process described for Balanodytes taiwanus Utinomi (1949b)
from Formosa.
The burrows produced by Kochlorine floridana show some resemblance to acrothoracican barnacle burrows described by Ross
(1965) from Florida Miocene material. The discovery of Kochlorine floridana in western Atlantic waters adds this species to the
Recent Caribbean and western Atlantic fauna considered by Ross.
However, an attempt to relate the excavations in Miocene material
to this species does not seem justified by the evidence at hand.
Kochlorine floridana is named in allusion to the collection of
the type specimens from Florida waters.
DISCUSSION

At the type locality, K. floridana is an abundant inhabitant of
shell material.
Its burrows occur chiefly in shells of the turkey
wing ark, Arca zebra, whether or not the mollusk is alive. The
burrows are most common in the oldest part of the shell, i.e. in
the umbonal region.
At the type locality, Kochlorine floridana
also occurs in masses of calcareous algae, calcareous serpulid polychaete tubes, compartments of the acorn barnacle (Balanus calidus
Pilsbry), dead coral, and shells of the mossy ark (Arca imbricata),
the wing oyster (Pteria colymbus Roding), the rock oyster (Chama
macerophylla Gmelin), and pen shells of the genus Atrina.
By its burrowing activity, K. floridana contributes to the erosion
and destruction of shells that accumulate in nearshore waters. In
these waters, it shares its ecological role with boring sponges (Cliona species) and several species of burrowing pelecypods and polychaetes, which are also abundant in calcareous material at the type
locality.
The classical interpretation of the boring mechanism in boring
barnacles relates their penetrating ability solely to mechanical
erosion by teeth and hooks of the mantle as the mantle is moved
by muscular contraction (for Trypetesa, Darwin, 1854; for Balanodytes, Utinomi, 1949b; for Lithotrya, Darwin, 1854, and Yonge,

1963).
dorsal
posits
(1854),
rather

The deposits of calcareous material found at the narrow,
end of Kochlorine burrows fit the description of similar dein the burrow of Trypetesa lampas (Hancock) by Darwin
who attributed this deposition to a chemical phenomenon
than to biological secretion. An opaque calcium carbonate
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layer lines the dorsal wall of the Kochlorine burrow and forms a
ridge at the dorsal end of the orifice. To what degree the barnacle
participates in shaping these deposits is not known.
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Acetes Shrimp on the Florida East Coast
Epwin

A. JOYCE, JR.

Durinc spring when commercial shrimp are known to be spawning, shrimp boat operators are often much concerned over the
many small shrimp of less than an inch in length which become
entangled in the meshes of the nets. These shrimp are transparent
when first brought on board, but as they dry out they become
opaque and drop from the nets in large numbers.
Concern is
sometimes so great that the shrimpers wish to have the grounds
closed at this time of year to avoid the unnecessary killing of
“millions of baby white shrimp.”
Recently, however, it was learned that these are not the young
of the commercial shrimp but are instead adult members of the
family Sergestidae (Joyce, 1965). To verify this, specimens were
sent to Dr. L. B. Holthuis of the Rijksmuseum van Natuurlijke
Historie, Leiden, Netherlands, who kindly identified them as
Acetes americanus carolinae Hansen.
This sergestid occurs from North Carolina throughout the Gulf
of Mexico and south to Brazil.
There are two subspecies, of
which A. a. carolinae is the northern form (Holthuis, 1959). Consequently, the appearance of these small adult shrimp should in
no way hinder or cause concern to shrimping operations on the
east coast of Florida.
LITERATURE

CITED

Ho.truuis, L. B.
1959.
Crustacea Decapoda
Zool. Verh. Leiden, ao. 44, pp. 1-296.

of Suriname

(Dutch

Guiana).

Joyce, Epwin A., Jr. 1965.
The commercial shrimps of the northeast coast
of Florida.
Florida Board of Conservation, Prof. Paper Ser., no. 6,
pp.

1-224.

Florida Board of Conservation Marine
burg, Florida.
Contribution No. 91.

Quart. Jour. Florida Acad.

Sci.

29(1)

1966:

Laboratory, St. Peters-

A New

Frog of the Genus
COLEMAN

Hyla from British Guiana
J. GoIN

A sMALL, brilliantly marked tree frog from British Guiana has
been called to my attention by Miss A. G. C. Grandison, for whom
this attractive little species is named.

Hyla grandisonae, sp. nov.
Type. British Museum (Nat. Hist.) 1938.10.3.25, collected from
a leaf of a shrub in the forest at Mazaruni, British Guiana, by
J. Smart.

Diagnosis, A small Hyla with reduced webbing between the
fingers, a well developed patagium, and brilliant white dorsal surfaces of the upper arms.
Perhaps most closely related to Hyla
rondoniae Bokermann (1963) and Hyla bokermanni Goin (1960),
but readily distinguished from both of these by the more strongly
developed vomerine teeth, the larger choanae, the bright white
dorsal surfaces of the upper arms, and the lack of oval white
spots on the anterior faces of the thighs.
Description of type. Vomerine teeth in two rather long, heavy,
series, lying close together between the posterior halves of the
rather large rounded choanae; tongue three-fourths as wide as
mouth-opening, wider than long, its posterior border fused and
nearly straight. Snout short, rounded when viewed from above,
markedly truncate in profile, the upper jaw extending slightly beyond lower; nostrils more

lateral than superior, considerably pro-

jecting, their distance from end of snout about one-third that
from eye, separated from each other by an interval nearly equal
to their distance from eye.

Canthus rostralis well defined, curved;

loreal region concave and nearly vertical, the upper lip flaring out
slightly below it. Eye large, very prominent, its diameter equal to
its distance from nostril; palpebral membrane not reticulate; interorbital distance about equal to width of upper eyelid, which is
relatively wide and about equal to distance between nostrils.
Tympanum very distinct, about three-fifth the diameter of eye,
separated from eye by a distance equal to about one-half its own
diameter. Fingers webbed at base, fourth a disk’s length longer
than second, just reaching to disk of third, which covers about twothirds the tympanic area; no projecting rudiment of a pollex; no

40

QUARTERLY

JOURNAL

OF

THE

FLORIDA

ACADEMY

OF

SCIENCES

ulnar ridge; toes more than one-half webbed, the web on fourth
toe reaching the base of the penultimate phalanx, and that on
third and fifth toes reaching the distal end of their penultimate
phalanges; third and fifth toes subequal, disk of fourth covering
about one-third the tympanic area; a distinct oval inner, but no
distinct outer, metatarsal tubercle; no tarsal ridge; no dermal

ap-

pendage on heel. Body not elongate, in post-axillary region distinctly narrower than greatest width of head; when hind leg is
adpressed, heel reaches almost to nostril; when limbs are laid along

the side, knee and elbow considerably overlap; when hind legs
are bent at right angles to body, heels overlap slightly. A well
developed patagium extends from the back of the upper arm to
the side of the body. Skin of upper parts smooth; a distinct glandular ridge passes above tympanum where it then turns downward
and terminates; skin of throat and chest smooth, that of belly and
lower surface of thigh uniformly and very finely granular; no
traces of a skinfold across chest; adult male vocal sac apparently
internal.

Skin of head not coossified with skull, roof of skull not

exostosed.,
Dimensions.
Head and body 20.8; head length 9.4; head width
8.3; femur 9.8; tibia 10.4; heel-to-toe 11.0 mm.

Color in alcohol. A very strikingly marked little frog. The
dorsal ground color is dark brown with the under surfaces of the
chin, throat, and body gray. There is a rather distinct rounded
white spot on the occipital region, and the dorsal surfaces of the
upper arms are clear white. The patagium, while not white like
the dorsal surfaces of the upper arms, is unpigmented.
The left
heel has been injured, but there is a short white line on the right
Ince
Discussion. This species is certainly related to the group of
small, dark, brightly patterned South American hylas, of which
H. parviceps Boulenger (1882) seems to be the best known member. H. grandisonae seems structurally most like H. rondoniae
and H. bokermanni but it differs from these in having slightly
larger legs, a larger tympanum, heavier rows of vomerine teeth,
and larger choanae. It differs from all these in dorsal pattern and
in lacking oval white spots on the anterior faces of the thighs. From
parviceps it differs further in having a well developed patagium,
which parviceps lacks.
If, as I suspect, the development of a patagium is more indica-

Gorm:

New

Guianan

Frog

Al

Fig. 1. Dorsal view, side of head, roof of mouth, and underside of hand
and foot of the type of Hyla grandisonae.
Actual snout to vent length 20.8
mm.
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tive of relationships than is pattern, we would find H. rondoniae,
bokermanni, and grandisonae most closely related, with H. parviceps a more distantly related form. On the other hand H. rondoniae, bokermanni, and parviceps each have oval white spots on
the anterior faces of their thighs, but the thighs of H. grandisonae
are uniformly dark anteriorly.
Acknowledgments.
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the fine figure of the type specimen; and the National Science
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A Second Specimen of Ophisaurus ceroni
J. Atan HoL_Man

The glass lizard Ophisaurus ceroni was described on a single
individual with a partially broken tail, found dead on the road,
in coastal dune-scrub within the city limits of Veracruz, Veracruz,
Mexico (Holman, 1964). The capture of another O. ceroni is thus
of interest, as it represents the first Ophisaurus taken alive and undamaged in Mexico and the second known specimen of O. ceroni
(Figs. 1-2).

Fig. 1.

Ophisaurus

ceroni Holman.

Photograph

from life.

This topotype, Museum of Natural History Illinois State University No. 391, was taken in coastal dune-scrub (Fig. 3) at Veracruz, August 31, 1965, by J. Alan Holman and Donna Rae Holman.
DESCRIPTION

Snout-vent length 181 mm; tail length 335 mm;

snout-vent/tail

.040; length of regenerated portion of tail 43 mm; head width
10.8 mm; eye diameter 3.5 mm; dorsal scales in 14 longitudinal
series; scales around parietal 7-7; upper labials 11-11; preoculars
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3-3; postnasals 2-2; scales around tail 18; scales along lateral fold
101.

Fig. 2.

Head

of Ophisaurus

ceroni

Holman.

Photograph

from life.

Frontonasal divided into anterior and posterior frontonasal;
labials separated from orbit by lorilabials and suboculars; prefrontals separated by a posterior extension of the frontonasal;
upper postnasal in contact with supracanthal row as well as with
anteriormost canthal; anterior frontonasal separates postinternasals; five supraoculars; canthals extending to just anterior to middle of eye; frontal broad posteriorly, pointed anteriorly, anterior

end separating prefrontals; interparietal broad anteriorly, tapering
to a point posteriorly; occiptal narrower than interparietal at its
greatest width; frontoparietal in contact with third and fourth
supraoculars; first and second upper labials in contact with nasal.
Body broader than high; dorsal scales keeled, ventrals smooth

and flat. Ear opening oval, larger than round nostril. Dorsal
ground color grayish-brown, interrupted by three distinct dark
stripes, two lateral and one mid-dorsal. Each lateral dark stripe
divided by a light line and occupying parts of two scale rows; middorsal stripe divided by very thin light line and occupying adjacent halves of two scale rows; discrete white spots lacking on
both back and sides; no stripes or other dark pigmentation below
lateral fold. Head light grayish-brown; both top and sides of
head speckled with dark spots; vertical bars lacking on neck.

Houtman:

Fig. 3.
at Veracruz,

Mexican

Glass Lizard

Type locality of Ophisaurus ceroni Holman.
Veracruz,

Mexico,

September

AD5

Coastal dune-scrub

3, 1965.

DISCUSSION

The specimen has all the diagnostic characters that separate
O. ceroni from other species of the genus. The few minor differences between the second specimen and the holotype may be
attributed to individual variation.
These differences are as follows: (1) prefrontals separated by a posterior extension of frontonasal (prefrontals in broad contact in holotype); (2) occipital narrower than interparietal at its greatest width (occipital about as
broad as interparietal at its greatest width in holotype); (3) lateral
and mid-dorsal stripe relatively broad with each stripe divided by
a thin light line (lateral and mid-dorsal stripe somewhat narrower,
not separated by thin light lines in holotype); (4) vertical neck bars
absent (four quite indistinct, vertical bars on neck of holotype).
The new lizard was caught at 9:00 am as it crawled in a
grassy section of coastal dune-scrub only a few feet from where
the holotype was collected. In captivity, the lizard spends much
time partially or fully buried in the sand. The reptile emerges
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occasionally and crawls about with very deliberate motions. During such times it will usually take cockroaches (Nauphota cinerea)
from the end of a forceps. On one occasion it ate 10 roaches within a few minutes, but it has never chased the insects.

Once the

lizard attacked a large, sluggish grasshopper that was placed in
the terrarium, but after chewing on the insect for more than half
an hour, the lizard declined to swallow it. Newly born garter
snakes (Thamnophis elegans vagrans) were offered, but were not
attacked by the glass lizard. Carr (1940) states that Florida Ophisaurus eats small snakes and lizards.
McConkey (1954) recognized three New World Ophisaurus
species in his comprehensive study of the genus. Since two additional species have been described from Mexico (see McConkey,
1955; Holman, 1964), I append the following key to the known
New World species of Ophisaurus.
Key

tro

NEw

Wor.up

SPECIES

OF

OPHISAURUS

i

Scales along: lateral fold97 or less
O. compressus
Scales alone lateral fold’ 98 or more 2 eee
Y

2.

Dark stripes or dark pigmentation below lateral fold. —_
O. attenuatus
No dark strikes or dark pigmentation below lateral fold.
3

3.

Mid-dorsal
white spots
Mid-dorsal
white spots

4.

Distinct vertical white neck bars present.....__.__- =.
Vertical white: neck bans) absent sete
aes eee

dark stripe distinct throughout; frontonasal divided;
on dorsum absent.
2.)
O. ceroni
stripe indistinct or absent; frontonasal usually undivided;
on dorsum present...
ee eee
4
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An Extinct Lizard of the Genus
RicHARD

Leiocephalus from Jamaica

ETHERIDGE

Tue iguanid lizard genus Leiocephalus is now confined to the
West Indies where it occurs on almost all islands except Jamaica
and those islands to the south and east of Hispaniola. An extinct
species has been described from the Late Pleistocene of Barbuda,
and another form apparently became extinct on Martinique in this
century (Etheridge, 1964a). The former existence of these two
species led me to suggest that Leiocephalus might have occurred
throughout the Lesser Antillies and on Puerto Rico in the not-tooremote past. An extinct species is also known from the Late Pleistocene of Hispaniola (Etheridge, 1965) and from the Early Miocene
of Florida (Estes, 1963).
The discovery of an extinct species of Leiocephalus in several
Jamaican cave deposits indicates that the range of the genus during the Late Pleistocene may actually have included virtually all
islands of the West Indies.
JAMAICAN LOCALITIES

Dairy Cave. The best known fossil deposits in Jamaica are
found in Dairy Cave (Fig. 1), about 2.5 km west of Dry Harbour
(now known as Discovery Bay) in St. Anns Parish; 18°27’25” N,
77° 22/38” W. Koopman and Williams (1951) and Hecht (1951)
have given general descriptions of the cave. Some fossils of Leiocephalus were collected here by Dr. Harold E. Anthony in 1919
and 1920. The probable site of Anthony's collection has been determined by Dr. Walter Auffenberg at about 200 feet west southwest of the main entrance. It is designated in Auffenberg’s field
notes for 1958 and on the map (Fig. 1) as Locality E.
In 1958 Dr. Auffenberg obtained additional fossils of Leiocephalus from two other localities within Dairy Cave. One of these,
designated Locality G, is about 25 feet south southwest of Anthony’s site. The bones were recovered from a small amount of
matrix taken from two solution holes in the wall, about 12 feet
above the cave floor. The second site, Locality D, was discovered
in a roughly circular chamber about 15 feet across and 10 feet
high, near the eastern end of the cave. According to Auffenberg’s
field notes much of the matrix has been removed in phosphate mining. The original floor of flow stone is about three feet below the
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limestone floor, and is provided with pillars of travertine connecting the old floor with the ceiling. Below this is a series of beds,
more or less consolidated near the top, more clayey near the bottom. About four feet above the original floor is a layer of shell.
Below this the shell layer gradually gives way to layers of dark
reddish clay. The fossils of Leiocephalus, together with those of
other lizards and mammals, from this locality are from the lower
layers of clay. In his field notes Auffenberg suggests the likelihood
that this layer was contemporaneous with Anthonyss “lizard layer’.
main
entrance

vy

Po

cee

ee

a

a

He
J

Fig. 1. Map of Dairy Cave, St. Anns Parish, Jamaica.
Prepared from a
map originally drawn and surveyed by the Jamaica Geological Survey.
Entrances to the cave are indicated by arrows.
Localities from which fossils
have been obtained are indicated by crosses and are designated A through G.

Montego Bay Airport Cave. This site was discovered by Auffenberg on June 28, 1957, near the west end of the air strip at
Montego Bay, St. James Parish; 18°30’22” N, 77°5411” W. Ac
cording to his field notes the cave is fairly large but much of it
has been dug out in mining for phosphate. In one of the large
chambers at the eastern edge of the main entrance to the cave he
located a bone-bearing deposit below the former travertine floor.
The

cave

earth

there

is semiconsolidated,

reddish

in color

and

contained an abundance of broken shells and bone. The bone
is yellowish in color and chalky in consistency. The verk dark red
color of the beds led him to believe that these deposits are very
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old, with no possibility of recent mixture as seems to be the case
for some fossil lizards in Dairy Cave (Auftenberg, field notes, 1957).
The fossil lizards were collected by Auffenberg during this visit,
and again in June 1958.
Portland Ridge Caves. Several fossiliferous caves have been
explored in Portland Ridge, Clarendon Parish.

ignated Portland
H. E. Anthony in
man and Williams
were obtained by
his field notes of

One of these, des-

Cave I by Auffenberg, was discovered by Dr.
1919 or 1920, and has been described by Koop(1951). The fossil Leiocephalus from this cave
Dr. Auffenberg on July 7, 1957. According to
that year the fossils were taken at Locality E,

near the end of the left, i.e., south, passage.

Three beds may be

distinguished at this locality: Bed 3, about 2 feet deep from
the surface, is composed of fine soil, grayish at the surface and
grading to reddish at its base; Bed 2 lies below this, 3 to 8 inches
deep, comprised of pebbly, red, slightly consolidated earth, containing many bones, most of which are of white color; and Bed 1,

about 8 inches deep, whitish and extending to the limestone, containing bones that are blackish. The bones of Leiocephalus were
taken from Bed 2.
A second cave in Portland Ridge, designated Portland Cave
III, is located

about

1000

feet

southwest

of Portland

Cave

I.

Fossil Leiocephalus were collected here by Dr. Ernest E. Williams
in 1953. According to Auffenberg’s field notes of 1957 the cave
is small and provided with two openings, one at the north end and
one at the south end. To the east it is connected with a very large
and deep cave on a lower level. In a test pit Auffenberg located
a bone-bearing layer about 4 feet down from the surface, just
above a layer of white earth. The Leiocephalus bones collected
by Williams near the south entrance may have come from this
layer.
Leiocephalus jamaicensis new species
Holotype. A left dentary, No. 2311 in the vertebrate paleontology collections of the American Museum of Natural History.
Collected by H. E. Anthony in 1919 or 1920.
Type Locality. Dairy Cave, about 200 feet west southwest
of the main entrance (Locality E), 2.6 km west of Dry Harbour,
Seams Parish, Jamaica; 18°27°25” North Latitude, 77°22’38”
West Longitude. Probably Late Pleistocene.
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(AMNH = American Museum of Natural

University of Florida, the Florida State Museum).

Dairy Cave, Loc. E: maxillae AMNH 2312-3, parietal AMNH 23814,
caudal vertebrae AMNH 2315. Dairy Cave, Loc. D: dentaries UF
8503-4.
Dairy Cave, Loc. G: dentary UF 8502.
Montego Bay
Airport Cave: dentary UF 8505, parietal UF 8506, frontal UF
8508, pterygoid UF 8509, caudal vertebrae UF 8510. Portland
Cave I, Loc. E: dentaries UF 8511-2, maxilla UF 8513, pterygoid
UF 8514, body vertebrae UF 8516 (2), caudal vertebrae UF 8518
(3). Portland Cave III: dentaries UF 8489-90, maxillae UF 8491-3,
articular-surangular UF 8494, premaxillae 8495 (2), frontal UF
8496, caudal vertebrae UF 8497 (5), 8500, body vertebrae UF
8501 (2).
Diagnosis. A large species of Leiocephalus apparently allied
to L. melanochloris, L. screibersi and L. inaguae, from which it
differs only in having attained a greater maximum size. Its maximum snout-vent length was at least 130 mm, as great as the
largest living form, L. carinatus microcyon, and may have been
as large as 170 mm.
The maximum recorded snout-vent lengths
of melanochloris, schreibersi and inaguae are 108 mm, 90 mm and
73 mm respectively.
Leiocephalus jamaicensis also differs from L. carinatus, L. punctatus, and L. loxogrammus in lacking pterygoid teeth, from L.
personatus and L. pratensis in that the surface rugosities of the
frontal and parietal bones do not form a pattern of the overlying
scales, from L. apertosulcus in having a closed Meckelian canal,
from psammodromus, greenwayi, cubensis, punctatus and _stictogaster in that the anterior border of the angular process of the
articular bones forms an obtuse angle rather than a right or acute
angle with the medial border of the articular, from macropus,
loxogrammus, personatus and raviceps in that the main axis of the
articular process projects medially rather than posteromedially
from the articular condyle, and from cuneus in that the articular
and retroarticular processes are not separated by a distinct indentation.
Description of Type. The nearly complete left dentary is 16.5
mm long from its broken posterior border to the symphysis. Its
tooth row, measured in a straight line from the projected anterior

border of the first tooth to the projected posterior border of the
last tooth (both are missing) is 12.8 mm long. The height of the
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dentary at the position of the next-to-last tooth is 3.1 mm.
There
are 24 teeth or vacant alveoli; missing are (front to back) teeth
number 1, 6, 8, 10, 17, 22 and 24.

The second and third teeth are

bluntly conical and curve inward and slightly backward.
The
fourth and fifth teeth are similar to these except that there is a
slight posterior cusp near the base of the crown in each. The
crown of the seventh tooth is very slightly flared, compressed
linguo-labially, and has a small anterior and posterior cusp below
the median one. The eleventh tooth and all of the more posterior
ones have a crown that is flared in an anterior-posterior direction,
linguo-labially compressed to form a moderately sharp cutting
edge, strongly tricuspid and curved inward.
The anterior and
posterior cusps of each tooth are smaller than the median cusp
and separated from it by a wide groove that fades out at the base
of the crown. The occlusial edge of each of these teeth is slightly oblique to the main axis of the tooth row. All of the tricuspid
teeth are crowded closely together so that the anterior cusp of each
tooth is overlapped labially by the posterior cusp of the preceding
tooth. Below their flared crowns the shaft of each tooth expands
gradually toward its ankylosed base. About 40 percent of each
tooth rises above the alveolar border of the dentary. A vertical
row of very small foramina is visible in the lingual face of the
dentary in the narrow spaces between the teeth.
The labial and ventral faces of the dentary are smooth, except
where the most superficial layers of bone have been erroded away
or scraped in preparation. The lower half of the labial face and
the ventral face are convex.
The upper half of the labial face
is convex anteriorly, becoming flattened to slightly concave and
lightly scored posteriorly. A large, shallow, triangular and slightly
concave depression in the upper half of the posterior labial face of
the dentary extends forward to the level of the twentyfirst tooth,
marking the former position of the anterolateral process of the
coronoid.
Four mental foramina form a row in the labial face
between the second and thirteenth tooth.
A large, > shaped indentation in the posterior border of the
lingual face of the dentary extends forward to the level of the
posterior border of the twentyfirst tooth, marking the former position of the angular and splenial. Anterior to the apex of this
indentation (the former anterior border of the anterior inferior
alveolar foramen) the lingual face is shallowly concave to the
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level of the nineteenth tooth, and smoothly convex beyond this
point. Meckel’s canal penetrates the anterior end of the dentary
as a small opening just below and behind the symphysial surface.
Additional Dentaries.
Three additional dentaries from Dary
Cave, two from Portland Cave I, two from Portland Cave III, and

one from Montego Bay Cave are referred to this species. Two
complete dentaries measure 12.8 mm and 12.4 mm along their
tooth rows and contain 24 and 21 teeth and vacant alveoli respectively. The first 11 teeth are missing in one of these specimens
and the remaining teeth have flared, strongly tricuspid crowns as
in the type. In the other the crowns of the first seven teeth are
simply pointed, the eighth tooth is tapered and weakly tricuspid,
the ninth tooth is missing and the tenth and all of the more
posterior teeth have flared and strongly tricuspid crowns.
In
a partial dentary the crowns of the first five teeth are simply
pointed, the sixth is missing, the seventh is tapered and weakly
tricuspid, the eighth and ninth are missing and the tenth and all
of the more posterior teeth are flared and strongly tricuspid. Thus,
the transition from simply pointed anterior teeth to flared and
strongly tricuspid posterior teeth may begin as far forward as
the fourth tooth and be completed as far posteriorly as the ninth.
Maxillae. Two maxillae from the type locality, 3 from Portland
Cave III and one from Portland Cave I are referred to this species.
‘I'wo complete specimens measure 8.8 mm and 11.9 mm
along their tooth rows and contain 18 and 20 teeth plus vacant
alveoli respectively. In the smaller specimen the first two teeth
are simply pointed, the third is missing, the fourth is tapered and
weakly tricuspid and the fifth and all of the more posterior teeth
are flared and strongly tricuspid. In the larger specimen the first
three teeth are simply pointed, the fourth is tapered and weakly
tricuspid, the fifth and sixth are missing and the seventh and all
more posterior tooth crowns are flared and _ strongly tricuspid.
Premaxillae. Two premaxillae from Portland Cave III contain
seven teeth or vacant alveoli; one median tooth flanked by three
on each side. The crowns of all of the teeth are simply pointed
and curved slightly backward.
They measure 4.0 and 4.5 mm
across the widest part of the rostrum. The former positions of the
overlapping nasal bones are indicated by smooth sutural scars on
the dorsal surface of the slender nasal process.
Frontals. One frontal from Portland Cave III and another
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from the Montego Bay Airport Cave may be definitely assigned
to the genus Leiocephalus because of their sharply projecting crista
cranii, a feature which distinguishes this genus from Anolis, the
only other iguanid genus in the caves. However, the two frontals
differ in their shape and ornamentation and possibly do not come
from the same species. If they do not, then it is uncertain which
one of them should be assigned to L. jamaicensis.
The Portland Cave specimen is 3.8 mm wide across its narrowest interorbital distance and is estimated to have been about
§.6 mm wide across its parietal border.
Heavy rugosities ornament the entire dorsal surface and orbital margins of the bone
but do not form a regular pattern corresponding to the scales
which overlayed them. A deep, narrow, oval notch in the parietal
border indicates the former position of the parietal foramen.
The Montego Bay specimen is 2.5 mm wide across its narrowest interorbital width and is estimated to have been about 9.6 mm
wide across its parietal border. Thus, the orbital borders are more
strongly concave than in the Portland Cave specimen.
In addition, the dorsal

surface

of the element

is smooth,

and

a wide,

shallow indentation in the parietal border indicates the former
position of the parietal foramen.
Parietals. A nearly complete parietal, broken in preparation,
from the type locality and a fragment of another from the Montego
Bay Airport Cave are referred to this species. The Dairy Cave
specimen is 10.6 mm wide across its frontal border. The lateral
borders of the roof converge strongly toward the occipital border,
which has been broken away. Strong rugosities, similar to those
of the frontal from

Portland

Cave, ornament

the dorsal surface

of the roof. The Montego Bay specimen, though fragmentary,
is obviously from a smaller individual. The lateral roof borders
converge posteriorly but remain widely separated at the occipital
border.
Its upper surface, though not completely smooth, is
much less rugose than that of the Dairy Cave specimen.
Pterygoids. A nearly complete pterygoid from Portland Cave
and part of another from Montego Bay Airport Cave are referred
to this species. The anterior end of the palatine process and the
posterior end of the pterygoid process are broken away in the
Portland Cave specimen. It is 5.2 mm wide between the posteromedial corner of the palatine plate and the lateral extremity of
the ectopterygoid process, and 1.5 mm wide across the narrowest
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part where the palatine plate meets the pterygoid process. The
ventral surface of the palatine plate is perfectly smooth, without
the slightest trace of teeth or alveoli.
The Montego Bay specimen lacks the distal parts of the palatine, pterygoid and ectopterygoid processes.
It is 1.9 mm wide
across the narrowest part where the palatine plate meets the pterygoid process.
The ventral surface of its palatine plate is also
smooth and lacks all evidence of teeth or alveoli.
Articular + Surangular. A fused articular + surangular from
Portland Cave III is 16.6 mm long from the posterior end of the
retroarticular process to the broken anterior end of the surangular;
about one mm should be added to this for the length of the intact
element.
The short, robust angular process projects medially from the
articular condyle for a distance of 2.4 mm.
Its upper surface is
smoothly convex.
Distally the process curves slightly upward.
The anterior border of the process curves irregularly forward toward the medial border of the articular. The retroarticular process
projects posteriorly from the condyle for a distance of 2.6 mm and
is 2.6 mm wide at the condyle. Its medial, lateral and posterior
borders are somewhat raised, surrounding a shallow, more or less
rectangular depression. The retroarticular and angular processes
are united posteromedially by a thin shelf whose margin forms a
very shallow sigmoid curve between the distal extremities of the
two processes.

Caudal Vertebrae. Five posterior segments of autotomic caudal vertebrae from the type locality, four posterior segments, one
anterior segment,

an intact autotomic

vertebra

and nine vertebrae

from the anterior, nonautotomic part of the tail from Portland
Cave III, and one posterior segment from the Montego Bay Airport Cave are referred to this species.
The centrum of the largest nonautotomic vertebra is 5.0 mm
long, including its condyle.
Well developed zygosphenes are
present on a median projection of the neural arch between the
prezygapophyses, and corresponding zygantra are present between
the postzygapophyses.
The neural spine is strongly compressed
and tapered. A thin, median crest rises above the neural arch,
sloping steeply downward from the neural spine to the interzygapophyseal projection of the arch. The centrum is strongly compressed ventrally to form a blunt, median keel below. The trans-
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verse processes are wide and flat, slightly tapered toward their
distal extremities, and oriented posterolaterally.
Measurements of the intact autotomic vertebrae are: greatest
length of the centrum, including its condyle 6.0 mm, length of the
anterior segment from the anterior ventral border of the centrum
to the fracture plane 1.0 mm, length of the posterior segment from
the fracture plane to the anterior ventral border of the condyle
3.2 mm, width of the centrum posterior to the plane of fracture
1.2mm.
Moderately well developed zygosphenes and zygantra
are present on a small median projection of the neural arch between the prezygapophyses and corresponding zygantra are present between the postzygapophyses.
A thin, median crest rises
vertically above the neural arch between the neural spine and the
fracture plane. It ascends abruptly above the plane as a thin,
spine-like projection, then abruptly descends to the neural arch
of the anterior segment. The fracture plane passes more or less
vertically through the spine, down through the neural arch, curves
posteriorly around the bases of the transverse processes and continues vertically down through the centrum. The dissociated segments of the other autotomic caudal vertebrae are similarly constructed; however

their proportions

differ greatly, due, no doubt,

to their different points of origin from the caudal vertebral column.
Body Vertebrae. Two body vertebrae from Portland Cave I
and two from Portland Cave III are referred to this species. The
largest, apparently from near the middle of the body, has a centrum, including its condyle, 5.9 mm long. Zygosphenes and zygantra are moderately well developed.
The neural spine is robust, strongly compressed and wider at the top than at the base.
The sharp anterior border of the spine slopes steeply downward
to the neural arch, and continues forward as a low, median neural

crest. The centrum is strongly compressed ventrally to form a
blunt, median keel.
Maximum Size. The snout-vent lengths of the animals from
which the fossils came have been calculated by multiplying various measurements of the fossils by the ratio of measurements of
the same elements of skeletons of modern species to their snout-

vent lengths. Assuming that the proportions which existed in the
extinct species fall within the limits of those which exist among
all living forms, a minimum and maximum estimate of snout-vent
length may be obtained for each fossil of the extinct species. The
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minimum and maximum estimates for the largest fossil of each
of several elements are as follows: dentary 90-120 mm, maxilla
111-120 mm, frontal 109-134 mm, parietal 107-131 mm, and articu-

lar-surangular 130-170 mm. Thus, L. jamaicensis probably reached
a maximum size of at least 130 mm and may have reached a maximum size as great as 170 mm.
Comparisons.
The fossils described here are referred to the
genus Leiocephalus on the basis of numerous osteological characteristics which distinguish that genus from the related South
American genera Stenocercus, Tropidurus, Ctenoblepharis, Liolaemus, Urocentron, Proctotretus, Platynotus, Plica, and Ophryoes-

soides (Estes, 1963; Etheridge, 1964a, 1965, 1966a). The osteological characteristics which distinguish these genera, the tropidurines,
from other groups of iguanid lizards have been given by Etheridge
(1964b).
Slight but consistent structural differences in the skeleton may
be used to differentiate most of the living and extinct species of
Leiocephalus.
Those which distinguish L. jamaicensis are given
in the diagnosis. Although these differences are useful for the
identification of fossil bones, most of them are not of the sort
that may be used to indicate the phylogenetic relationships of the
species to one another. For this reason little can be said as to the
probable relationships of L. jamaicensis to other forms, except that
since it can be distinguished from L. schreibersi, L. melanochloris,
and L. inaguae only by its larger maximum size, it is probably
most closely allied to those forms.
The maximum snout-vent length attained by any living species
is 130 mm, recorded for L. carinatus microcyon (Schwartz, 1959).
L. hermimeri, which apparently became extinct on Martinique in
this century, reached 139 mm (Boulenger, 1885). The extinct forms
L. cuneus of Barbuda and L. apertosulcus of Hispaniola apparently reached a maximum snout-vent length of about 200 mm
(Etheridge, 1964a, 1965).
Only two living species have been
reported as fossils: L. personatus from Cerro de San Francisco, Dominican Republic, (Etheridge, 1965) and L. carinatus from New
Providence Island (Etheridge, 1966b). The maximum size of these
fossils is approximately equal to that attained by modern populations of the same species at those localities today.
Other living species of West Indian lizards are known as fossils and a number of them grew to a larger size than in modern
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populations from the same area; e.g. Anolis leachii on Barbuda,
Anolis ricordi on Hispaniola, and Anolis sagrei on New Providence.
In these species the ontogenetic gradients known to exist in modern

populations are continued in the fossils to a greater maximum size.
Hecht (1951) described an extinct Jamaican gecko, Aristelliger
titan, which attained a maximum size greater than the largest living species. However, there appears to be no structural difference between A. titan and the modern Hispaniolan species A. lar
that cannot be accounted for solely on the basis of the larger size
of A. titan (Etheridge, 1965). Thus there are no anatomical reasons for not considering A. titan to have been a Jamaican popula-

tion of A. lar that grew to a larger size than does the present population of the species on Hispaniola.

Leiocephalus

jamaicensis

may be distinguished from schreibersi, melanochloris, and inaguae

only by its greater maximum

size.

A. lar, decision

L. jamaicensis

to recognize

As is the case of A. titan and
as an extinct

species,

rather than as a large Jamaicana representative of L. melanochloris,
L. schreibersi, or L. inaguae, must be made on some grounds other
than anatomical comparisons.
In my description of the Barbudan form, L. cuneus (Etheridge,
1964a), I failed to come to grips with the problem of distinguishing it from L. herminieri of Martinique. L. cuneus differs from all
living species in the extreme anterior position of the transition
from simple to tricuspid teeth; however, I have no information
as to the position of this transition in the now extinct L. herminieri. L. cuneus grew considerably larger than L. herminieri,
but the possibility remains that L. cuneus merely represents a population of L. herminieri that lived on another island and grew to
a larger size.
Discussion
Liocephalus, Stenocercus, Tropidurus, Ctenoblepharis, Liolaemus, Urocentron, Proctotretus, Platynotus, Plica, and Ophryoes-

soides appear to form a group of related genera, the tropidurines,
within the family Iguanidae, and their closest allies appear to be
the sceloporine genera of North America, Sceloporus, Uta, Urosaurus, Petrosaurus, Sator, Uma, Callisaurus and Holbrookia

(Eth-

eridge, 1964b). Leiocephalus is the most distinctive genus among
the tropidurines; that is, the skeletal and integummentary differences between it and the other tropidurine genera are greater than
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those between any other two tropidurine genera (Etheridge, 1966a).
The existence of Leiocephalus in the Early Miocene of Florida
(Estes, 1963) indicates that the peculiar specializations of the genus
were attained by at least mid-Cenozoic, and therefore the divergence between the tropidurines and sceloporines must have occurred at a still earlier time.
Two possibilities are apparent. 1) Sceloporines and tropidurines
may have coexisted in North and Middle America during the midCenozoic, and that following the migration of Leiocephalus into
the West Indies the continental tropidurines became extinct north
of Panama; or 2) that tropidurines and sceloporines diverged in
South and North America, respectively, following some event
which caused the separation of their common

ancestral stock, e.g.,

the Eocene opening of the Panamanian portal, that Leiocephalus
evolved in the West Indies from a South American tropidurine immigrant, and that the Florida fossils represent an invasion from
the islands to the North American mainland.
Because of the close geographic proximity of Florida to the
West Indies, and the inconclusive evidence (Estes and Tihen,
1964, p. 466) tor the former existence of tropidurines elsewhere
on the mainland north of Panama, the latter alternative appears
more reasonable. If this is correct, then Leiocephalus must have
achieved its distinctiveness in the West Indies at least by midCenozoic. The former existence of Leiocephalus on Jamaica and
Barbuda clearly indicates that the genus must have occurred
throughout most if not all of the West Indies in the past. Furthermore, the presence of extinct species of Leiocephalus in three of
the four large West Indian lizard faunas that have been studied
to date indicates that the current distribution of the genus may
not reflect the extent of its range and structural diversity even in
the very recent past.
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Growth

and Longevity

L. R. ARRINGTON

of Rats Fed Different Diets
AND

C. B. AMMERMAN

THE average life span of the male laboratory rat is considered
to be about 700 days; females are reported to live about 10 per
cent longer (Carlson and Hoelzel, 1947; Sherman et. al., 1949;
French et al., 1953; and Sperling et al., 1955): Maximum life may
reach 1200 days in the male and 1300 days in the female (Berg and
Harmison, 1957). Many factors, including nutrition, are known to
influence longevity.
Considerable evidence is available to show
that certain types of food restriction or undernutrition may result
in longer life span than high nutrient intakes which permit maximum growth (McCay, et al., 1935; McCay, 1947; Silberberg and
Silberberg,

1955;

Ross,

1959;

Berg

and

Simms,

1960;

and

Berg,

1960).
The rat is considered to remain in a continuous state of growth
(Dunn et al., 1947), but maximum body weight may be expected
just beyond 400 days. A decline in weight accompanies aging and
may equal 30 per cent during the last 300 days (Everitt, 1957; Everitt et al., 1957).
Many different strains of laboratory rats and different dietary
regimes are used in research. The purpose of the study reported
here was to determine the growth and longevity of Long-Evans
rats fed natural, semi-purified, and purified diets.
PROCEDURE

Weanling rats of the Long-Evans strain produced in this laboratory from a closed colony were used as experimental animals.
The experimental young were weaned at 23-24 days of age from
females which had been fed a complete commercial pelleted rat
diet (Purina Laboratory Chow). At the time of weaning they were
placed on the respective dietary regimes and housed individually
in stainless steel cages maintained in an air conditioned room at
77-79° F. Experimental diets and fresh tap water were supplied
ad libitum. No other treatments were given throughout the life
span other than periodic removal for weighing and transfer to
clean cages. No exercise was enforced and the only activity was
voluntary movement within the individual cage.
The diet referred to as the natural diet was

a complete com-
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mercial pelleted ration considered to supply nutrient requirements
of the rat.
The semi-purified diet contained, in per cent: corn meal, 38;
corn starch, 10; vitamin free casein, 10; zein, 10; sucrose, 25; minerals (USP XIV), 3; corn oil, 2; NaCl, 0.5; and vitamins (Vitamin

Diet Fortification, Nutritional Biochemicals Corp.), 1. This diet
was also modified for an additional treatment by replacement of
the casein with zein in order to provide a diet deficient in the
amino acids lysine and tryptophane. Fourteen rats were fed this
amino acid deficient diet, and 14 were fed the control with casein.
In addition, 138 rats which had been fed the amino acid deficient

ration for 4 to 8 weeks were changed to the control diet. In preliminary studies, this deficiency had resulted in growth failure and
early mortality of the rats. The change to a diet supplemented
with lysine and tryptophane was made in order to observe the
effects of this early dietary deficiency upon longevity after the
change to a normal diet. The transfers to the control diet were
made at 4 to 8 weeks after consuming the deficient diet, and the
time of change was selected for each rat when severe symptoms
of deficiency were so evident that it apparently would not have
survived without amino acid supplementation.
The control purified diet contained, in per cent: corn starch, 40;
sucrose, 22; casein, 26; corn oil, 4; cellulose, 3; minerals, 4; and

vitamins, 1. Two similar diets containing less casein (8 and 14
per cent) and corresponding increases in carbohydrates were fed
to additional rats in order to study the effect of level of protein
intake upon longevity. The control diet supplied 22 per cent protein, considered to be adequate for normal growth; the two lower
levels of casein were considered inadequate.
Growth data were obtained from weekly body weight measurements during the first two months after weaning and at approximately monthly intervals throughout the life span. Statistical comparisons were based upon the analysis of variance.
RESULTS

AND

DISCUSSION

Data representing the average and range of life span of rats
fed the three diets are recorded in table 1. Longevity was not
affected by the different types of diets. Male rats consuming the
semi-purified diet appeared to live longer than those consuming
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of Rats Fed Different Diets
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No.
Diet

Natural

Purified

Semi-purified

2

cy

Rats

Av.

Range

Days

%

re)
2
re)
2
}

5
5
8
10
7

657
889
667
901
805

379-993
640-1045
227-1298
511-1211
340-1154

232

35

897

552-1270

718
897

227-1293
511-1270

3
2

il
19
20

600
500

GRAMS
IN

400
300
200

WEIGHT
BODY
100

AGE
Bice 1

over

Sex

Q
Ay. all treatments

Life Span (days)

IN DAYS

Weight changes of Long-Evans

rats during life span.

35
19
25
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the natural or purified diets, but considerable variation was observed and the difference was not statistically significant. Within
all treatments, females lived longer than males. The average excess of females over males was 179 days or approximately 25 per
cent longer. This additional survival time of females is greater
than that reported by others (Carlson et al., 1947; French et al.,
1953; Sperling et al., 1955). No evidence of specific infections was
observed and all deaths recorded were included in the average.
Average body weights of the two sexes through the major portion of the life span are plotted in figure 1. The weights represent the combined average of those consuming the natural, control
semi-purified, and highest level of protein in the purified diet. It
should be noted that the number of rats surviving the latter portion of the period had been decreased and the body weight averages represent a progressively smaller number of animals. During
the terminal stages of life most of the rats lost weight for periods
which ranged from a few days to several months.
Using the
highest weight attained and the lowest near death, the average
decreases for males was 18 per cent, for females 13 per cent.
Rats fed the amino acid deficient diet gained very little and
had a very short life span (table 2, figure 2). When other rats
which had been fed this diet for 4 to 8 weeks were changed to
the contro] diet containing casein, body weight increased rapidly
and the life span was essentially equal to that of rats consuming
the adequate diet continuously.
The average life span of the
former group was numerically less, but considerable variation was
observed and the difference was not statistically significant.
The purified diets which were inadequate in quantity of protein (7 and 12 per cent) promoted a slower rate of weight gain
than the control, but length of life spran was not affected (table 2).
Although the gain of rats consuming the lowest level was much
less during the early months of the treatment period, after 16
months the average weight approximated 85 per cent of the higher
level. These observations are in general agreement with those
of others that certain systems of restricted feed or nutrient intake
do not decrease life span (McCay et al., 1935; McCay, 1947; Silberberg et al., 1955; Ross, 1959). The quality of protein fed in
this trial was considered satisfactory and quantity only was restricted.
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of Amino Acid Deficiency, Change from Amino Acid Deficient
to Adequate Diet and of Protein Intake Upon Longevity
No.

Amino
Amino

SCIENCES

acid deficient*
acid deficient

changed to adequate*

Life Span (days)

Rats

Av.

Range

14

187

30-431

13

737

397-1082

6
6
6

754
745
796

253-1059
227-1002
449-1293

22% Protein**
12% Protein**
7% Protein**

*Semi-purified diet.
**Purified diet, all protein supplied by casein.
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Fig. 2. Growth and longevity of rats fed a semi-purified control diet,
amino acid deficient diet, and amino acid deficient changed to control diet.
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SUMMARY

Weanling Long-Evans rats were fed natural, semi-purified, or
purified diets in a growth and longevity study. For additional
studies, the semi-purified diet was modified to be deficient in the
amino acids lysine and tryptophane, and the purified diet included
three levels of protein, two of which were inadequate for normal
growth. The average life span of rats on the different types of
complete diets was not significantly different. Combined average
for longevity of the males from each group was 718 days; females, 897 days. Growth of rats fed the amino acid deficient diet
was severely retarded and average life span was 187 days. Rats
fed the amino acid deficient diet for 30 to 60 days and changed
to the control increased rapidly in weight and lived essentially a
normal life span. Purified diets containing 7 or 12 per cent protein as casein promoted slower growth than the diet with 22 per
cent protein but did not significantly affect life span.
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Effect of Vitamins
he.

A and E on Copper

SrIRLEY, H. L. CHAPMAN,

in Heart of Cattle

Jr., J. F. Eastey, AND T. J. CUNHA

CERTAIN dietary factors are known to affect the concentration
of copper in tissues of animals. McCall and Davis (1961) demonstrated that high dietary protein levels markedly decreased the
deposition of dietary copper in the liver of rats. High dietary
levels of copper resulting in increased levels of vitamin A in the
liver of swine demonstrated an interrelationship between these
nutrients (Shirley, et al., 1962). Kneta (1963) found 0.5 and 0.39
mg per cent copper in the myocardium of calves and cattle, respectively, and that heart contained more copper than skeletal
tissue.

The present study was made to determine if (a) high levels of
vitamins A and E given orally during November through March,
(b) high levels of vitamins A and E given orally during June through
September, and (c) high levels of vitamins A and E given by intramuscular injection, affected the concentration of copper, ash, and
water in the ventricle of the heart of cattle.
PROCEDURE

Three trials were made.
Trial 1. High dietary levels of vitamins A and E in concentrate rations on winter pastures.
Seventy-two Brahman-British
crossbred steers, with an average age of ten months, were fed ad
libitum a ration consisting of ground snapped corn, dried citrus
pulp, cottonseed meal, urea, and minerals. By analysis, the ration
contained approximately 8 ppm copper. During the experimental
period they grazed Roselawn St. Augustine pasture from November through March for 136 days. Monthly analyses of the pasture
during this period gave average values of approximately 4 ppm
copper, 2.5 ppm molybdenum, 40 mg carotene per kg dry weight
and 0.2 per cent nitrate. Twenty-four steers were randomly allotted to each of three vitamin A palmitate supplementation levels
of 0, 25,000, and 50,000 IU (International Units) per day. The
steers fed each level of vitamin A were subdivided into groups of

eight steers each and fed 0, 50, and 250 IU of vitamin E (alphatocopherol acetate) per day. The steers were slaughtered after
136 days on the treatments, and the Jeft ventricle was frozen im-
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mediately at —8 C and analyzed within a few days for copper, ash,
and water.
Trial 2. High dietary levels of vitamins A and E in concentrate rations on summer pastures.
Thirty-two Brahman-Angus
crossbred steers approximately ten months of age were fed the
same basal ration ad libitum as those in trial 1 above, during June
through September for 98 days. Monthly analyses of the pasture
during this period gave average values of 6.3 ppm copper, 3.0 ppm
molybdenum, 60 mg carotene per lb. dry weight and 0.2 per cent
nitrate. Half were supplemented with 25,000 IU of vitamin A per
day. Each of these two vitamin A dietary groups was subdivided
and half fed 50 IU of vitamin E per day. The steers were slaughtered after 98 days on the treatments, and the left ventricle was
frozen as above prior to analysis for copper, ash, and water.
Trial 3. High levels of vitamins A and E injected intramuscularly. Thirty-two Brahman-British crossbred steers approximately
ten months old were fed the ration of trials 1 and 2 above ad libitum
for 160 days. They were divided into four equal groups on the
basis of weight and each group given one of the following treatments: (a) no supplementary vitamins A and E, (b) 720,000 IU of
vitamin A, (c) 1,400 IU of vitamin E (alpha-tocopherol acetate), and
(d) 720,000 IU of vitamin A plus 1,400 IU of vitamin E per 28
days per steer by intramuscular injection in the rump muscle.
They were slaughtered at the end of the trial and the left ventricle frozen immediately at —8 C and analyzed for copper, ash,
and water.
Water and ash were determined by the A.O.A.C. (1960) oven
and furnace methods, respectively; and copper by the dithiocarbamate method of Sandel (1959). Statistical analyses were made
according to Duncan’s Multiple Range Test (1955).
RESULTS

AND

DISCUSSION

Trial 1. High dietary levels of vitamins A and E in concentrate rations on winter pasture. The effects of vitamins A and E
on the concentration of water, ash, and copper in the ventricle of
the steers are shown in Table 1. The treatments had no significant effect on these constituents. Average values for water in the
heart ventricle varied among the treatment groups from 77.4 to
78.7 per cent. Corresponding values for percentages of ash varied
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and Copper

from 4.7 to 5.1, and copper concentrations
24.7 ppm on the dry weight basis.
TABLE
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ranged from

17.5 to

1

Copper level in heart of cattle on winter pasture with fattening ration
and supplemental vitamins A and E (8 steers per treatment)
Vitamin
IU

A

0
0
0)
25,000
25,000
25,000
50,000
50,000
50,000

Vitamin
IU

E

0
50
250
0
50
250
0
50
250

Water
%

Ash
% dry wt

TE
Tso
TSoa
717.9
78.4
78.2
78.6
77.8
11.4

4.8
4.8
4.9
5.0
4.7
4.8
Halt
4.9
5.0

Copper
ppm dry wt

19.7
20.2
DAT
aS
17.8
Tile,
Pa Tl
21.8
DOD,

Trial 2. High dietary levels of vitamins A and E in concentrate rations on summer pasture. The levels of supplementation
of vitamins A and E on summer pasture in this trial had no effect
on water, ash, and copper in the ventricle as shown in Table 2.

These values are very similar to those of Table 1. Weight gains,
carcass data, and feed consumption of the steers of trials 1 and 2
were reported by Chapman et al. (1964).
TABLE

2

Copper level in heart of cattle on summer pasture with fattening ration
and supplemental vitamins A and E (8 steers per treatment)

Vitamin A
IU

Vitamin E
IU

Water
%

Ash
% dry wt

Copper
ppm dry wt

0
25,000

0
0

79.9
80.0

5.0
or

20
21

0
25,000

50=
50

79.8
79.9

Del
5.1

Wi
20
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Trial 3. High levels of vitamins A and E injected intramuscularly. Data are presented in Table 3 for the concentration of water, ash and copper in the ventricle of steers given vitamins A and
E by intramuscular injection. Average water values for the treatments varied only from 79.1 to 79.2 per cent; corresponding ash
values ranged from 5.3 to 5.4; and average copper concentrations
varied from 16 to 19 ppm on the dry weight basis. In the liver,
average

copper

values

among

the treatment

groups

varied

from

360 to 434 ppm on the dry weight basis at the time the steers
were slaughtered. The injected vitamin A and E treatments had
no significant effect on the concentration of the water, ash, and
copper in these tissues. Injection of vitamins A and E intramuscularly resulted in essentially the same tissue concentrations of water,
ash, and copper as when these vitamins were administered orally
at high levels as in trials 1 and 2.
TABLE

Copper

Vitamin A
IU

0
720,000*
0
~720,000*

3

level in heart of steers injected intramuscularly
A and E (8 steers per treatment)
Vitamin
IU

0
0
1,400*
1,400*

"Injected intramuscularly

E

with

vitamins

Water
%o

Ash
% dry wt

Copper
ppm dry wt

79.1
79.2
79.1
UDP

5.3
5.3
5.4
5.4

19
16
i)
18

each 28 days during

160-day feeding trial.

SUMMARY

Separate groups of Brahman-British crossbred steers approximately 10 months of age were fed ad libitum a ration consisting
of ground snapped corn, dried citrus pulp, cottonseed meal, urea,

and minerals for 136 days on winter pastures, and 98 days on summer pastures. During the winter trial, 24 steers were randomly
allotted to each of three vitamin A palmitate oral supplementation
levels of 0, 25,000, and 50,000 IU per day.

The steers fed each

level of vitamin A were subdivided into groups of eight steers
each and fed 0, 50, and 250 IU of vitamin E (alpha-tocopherol ace-

SHIRLEY

ET AL.:

Vitamins

and Copper

tl

tate) per day. During the summer trial the same treatments were
made as during the winter except those treatment groups given
50,000 IU of vitamin

A and 250 IU of vitamin

E were

deleted.

Vitamins A and E were injected intramuscularly into the rump of
similar animals fed the same ration on pasture as above during the
winter for 160 days. These treatments were (a) controls, (b) 720,000
IU of vitamin A every 28 days, (c) 1,400 IU of vitamin E, and (d)
720,000 IU of vitamin A plus 1,400 IU of vitamin E per 28 days
per steer.

The treatments had no significant effect on the concentration
of copper, ash, and water in the ventricle of the steers. Those
given the oral doses of vitamins A and E during the winter had
average values for copper in the ventricle that varied among the
treatment groups from 17.5 to 24.7 ppm; and corresponding values
for percentages of ash that varied from 4.7 to 5.1. Average values
for water varied from 77.4 to 78.7 per cent. Similar values were
obtained in those steers given oral doses of the vitamins during
the summer, and those injected intramuscularly with large doses
of vitamins A and E.
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Organotin Esters
McDonaLp

Moore

AND

FRANCIS

C. LANNING

In connection with our current research on acyloxygermanes,
we prepared the heretofore unknown tin tetrabenzoate. ‘Tin tetrabutyrate was also prepared by a method unreported for it preparation.

Schmidt, Blohn, and Jander (1947) prepared tin tetracetate by
solvolysis reaction of stannic iodide in acetic anhydride, and Anderson (1964) prepared tin tera-i-butyrate from stannic chloride and
silver isobutyrate.
Henderson and Holliday (1965) prepared the
above two tin esters and tin tetraformate, tin tetrabutyrate, tin
tetralaurate, and tin-tetrastearate from the reaction of tetravinyltin
with the carboxylic acids.
In the present work we carried out the synthesis of two organotin esters from stannic chloride and the sodium salts of organic acid
in anhydrous benzene.
Tin tetrabutyrate and tin tetrabenzoate
were prepared in 83.2 and 74.6 per cent yields, respectively (Table
1). Tin tetrabenzoate is a white solid that begins to decompose at
118°C, while tin tetrabutyrate is a colorless semisolid.
Like tin tetracetate (Schmidt, Blohn, and Jander, 1947) these
organotin esters react with water and alcohol. They decompose

when heated.
Infrared spectra of these compounds were determined between
4000 and 700 cm?.
Both organotin esters show significant absorption bands near 1704 and 1262 cm, corresponding to values
reported by Henderson and Holliday (1965) as characteristic of the
carbonyl] stretching bands in organotin esters. No anhydrides were
present, as no bands occur between 1850 and 1720 cm.
A benzene solution of tin tetrabenzoate reacts with twice the
stoichiometric amount of phenylmagnesium bromideto yield after
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hydrolysis tetraphenyltin (43.6 per cent yield), triphenylcarbinol,
and a ketone. The analysis of tetraphenyltin and triphenylcarbinol
is given in the experimental section of this report. A ketone was
indicated by the infrared spectrum and by a positive ketone test
with 2, 4-dinitrophenylhydrazine, but could not be isolated. An
absorption chromatographic method is being worked out to separate these substances.
It is significant to note that acyloxysilanes react with twice the
stoichiometric amount of Grignard reagents to produce a_ polysiloxane, (R.SiO), (Lanning and Moore, 1958), and tetrapropoxygermane reacts with twice the stoichiometric amount of ethylmagnesium bromide to produce triethylgermanium oxide and _teraethylgermanium, while twice the stoichiometric amount of phenylmagnesium produces triphenylgermanium oxide (Lanning and
Moore, unpublished). The mechanism for the reaction of tin tetrabenzoate with phenylmagnesium bromide will be published later.
Experimental

preparation

of organotin

esters.

The

apparatus

and method used in preparing the organotin esters were very
similar to those used by Lanning and Moore (1958) to prepare
tetracyloxysilanes.
The stannic chloride and sodium salts were
chemically pure reagents. Anhydrous benzene was used as the
diluent.
The preparations were carried out by adding .05 mole of stannic
chloride dissolved in 50 ml of benzene dropwise into a slurry of 1.5
times the calculated amount of anhydrous sodium salts dispersed in
300 ml of benzene.
The temperature was lowered to 5° by use
of an ice bath. The stannic chloride was added slowly over a onehour period. The mixture was stirred during the addition of the
stannic chloride and for 2 1/2 hours thereafter. When the benzene solution gave no test for chloride ion, the sodium chloride
and excess sodium salts were removed. The benzene was removed
from the filtrate under reduced pressure at 0° leaving nearly pure
organotin esters. The analyses and yield of these esters are given
in Table 1.
The tin analysis was carried out by converting the organotin
esters to SnO», using fuming nitric and sulfuric acids. Best results
were obtained by transfering the organotin ester-benzene solution
to a pre-weighed 50 ml Erlenmeyer flask, removing the benzene
under reduced pressure, and analyzing the organotin ester for tin

in the same flask.

Moore

AND

LANNING:

TABLE,

Analysis

Organotin

Esters
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I

Of Organotin

Esters
Tin

Compound

Yield

M.p.

Calcd.

(C,H,CO,),Sn
(Gali-CO;),Sn

83.2
74.6

118 dec

25.41
19.68

%

Found

25.47
19.53

The infrared spectra of organotin esters and the products from
tin tetrabenzoate with phenylmagnesium bromide were obtained
with a Perkin-Elmer,

model

137, Infrared Spectrometer.

The or-

ganotin esters were determined from a benzene solution using
matched cells. All the other products were made into pellets with
potassium bromide.
Reaction of tin tetrabenzoate with phenylmagnesium bromide.
A benzene solution containing 15 g of tin tetrabenzoate was added
through a dropping funnel into twice the stoichiometric amount of
a Grignard reagent prepared from bromobenzene in the usual
manner. The mixture was stirred mechanically and maintained at
the boiling point for one hour after the addition was complete.
The Grignard complex was hydrolyzed in an ammonium chloride
solution containing ice. Some hydrochloric acid was added afterwards to react with the magnesium halide precipitate.
A large amount of white needles and a small amount of yellow
solid were formed. This material was collected. The yellow solid
was removed with forceps, and the white needles were washed
with petroleum ether.
The analysis proved the white needles
to be tetraphenyltin, 2.3 g (43.6%), m.p. 238°, lit .226°. Anal. caled.
HOmGonklegons ©. 67.49: H, 4:72: Sn, 27.29.
Found: C, 67.88: H,
4.84; Sn, 27.25. The carbon, hydrogen, and tin analyses were de-

termined by Schwarzkoff Microanalytical Laboratory, Woodside
77, New York. The infrared spectrum was identical to the spectrum for tetraphenyltin, which was supplied free by the Peninsular
Chemresearch,

Inc.

The organic layer was separated and dried with Drierite. The
benzene-ether solution was removed under pressure leaving a
waxy product. The infrared spectrum of this product indicated
a ketone, alcohol, and tetraphenyltin. Triphenylcarbinol was re-
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moved by extracting this product with ethanol and when recrystallized four times from ethanol gave a m.p. 160-1°, lit. 161-2°.
The infrared spectrum of triphenylcarbinol was identical to the
authentic material, and a mixture melting point with the authentic
material was undepressed. An ethanol solution of the crude product gave a positive ketone test with 2, 4-dinitrophenylhydrazine,
but could not be isolated, probably because the ketone was not
produced in sufficient quantity to identify.
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A New

Monogenetic

Trematode

CHARLES

from Georgia

E. PRICE

Georcia is a fruitful area for the study of monogenetic trematodes, as the state possesses an impressive array of teleost fishes
that serve as hosts. The writer has thus far described new species
of Dactylogyrus, Gyrodactylus, and Cleidodiscus, and the paper
here presented represents the first account of Actinocleidus from
this state.
Actinocleidus is one of 46 genera belonging to the subfamily
Ancyrocephalinae of the family Dactylogyridae.
Eight of these
have members in the North American parasite fauna, totaling
approximately 105 species.
The new Actinocleidus brings the
total species of this genus to 24.
MATERIALS

AND

METHODS

A single host specimen of Lepomis auritus (Linnaeus) was obtained from

Mr. Emory

Milner

from his branch

near Hollanville,

Georgia, to whom the author wishes to express his sincere thanks.
The branchial material and recovered parasites were treated as
described by Price and Mizelle (1964), and measurements were
performed as outlined by Mizelle and Klucka (1953). Measurements and illustrations were made microscopically with the aid of
a filar micrometer ocular and a camera lucida, respectively. All
measurements

are given in microns.

Actinocleidus

georgiensis sp. n.

Host and locality. Lepomis auritus (Linnaeus); Milner’s Branch,
three miles southeast of Hollanville, Georgia.
Number of Specimens Studied. Two.
Types. Holotype deposited in the Helminthological Collection,
U. S. National Museum, Washington, D. C. Paratype in author's
collection.
Description. A dactylogyrid of moderate size, provided with
a thin, smooth cuticle devoid of scales or spines. Body length 334,
greatest width of body 55, near midlength. No anterior cephalic
lobes formed; vestigial lateral cephalic lobes present.
Two pairs of eyespots, members of posterior pair much larger
and slightly closer together than members of other pair. A few
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comprising eyespot granules scattered in cephalic region. Head
organs not readily observed; apparently three to five pairs. Peduncle short and narrow, setting the haptor off distinctly from body
proper. Haptor somewhat irregular in outline, two finger-like lobes
of tissue projecting posteriorly from the haptor, accompanying the
anchors.
Length of haptor 51, width 74.
Two pairs of anchors, all members quite similar (Figs. 1 and 2),
Each anchor composed of (1) a solid base with prominent deep
and superficial roots, (2) a solid shaft connected to (3) a solid point.
Length of anterior anchor 35, width of base 13; length of posterior
anchor 34, width of base 14. Anchor wings prominent, arising
in a depression on lower portion of base and inserting near junction of shaft and point.

=

0.05 mm
Fig. 1. Actinocleidus georgiensis sp. n.
1, anterior anchor;
anchor; 3, anterior bar; 4, posterior bar; 5, 6, haptoral hooks;
accessory

2, posterior
7, cirri; 8,

pieces.

Two haptoral bars, articulated to each other near their midpoints, the anterior bar much larger than the posterior one (Figs.
3 and 4). Lateral halves of anterior bar joined together by a central portion measuring about one-fifth as wide as the adjoining
lateral halves.
Length of anterior bar 43. Posterior bar with
prominent articulating surfaces; length of posterior bar 26.
Haptoral hooks 14 (7 pairs), similar in shape and essentially in
accord with the hook arrangement described by Mizelle and Crane
(1964). Hooks similar in length, but some pairs are of heavier construction than others (Figs. 5 and 6). Each hook composed of (1)
a solid elliptical base well differentiated from (2) a solid shaft,
and (3) a sickle-shaped termination provided with an opposable
piece. A posteriorly projecting structure extends from a point
opposite the opposable piece for a distance of ca. one-half the
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Weneth ot the shaft. Hook lengths: nos. 1, 3, and 6—15; nos. 2, 4,
and 5—14; no. 7—16.

Copulatory complex consists of a cirrus and accessory piece
(Figs. 7 and 8). Cirrus arises from an expanded base, the tube
strongly curved and tapering to a sharp termination.
The accessory piece, articulated to cirrus base, begins its course as a sclerotized rod and is bifid distally. One ramus heavy and with a botuliform ending, the other ramus less prominent. Testis postovarian.
Prostate large, folded, of a yellowish color, and filled with small

discrete granules.
Vas deferens somewhat undulate, not looped
around intestinal limb. Vagina a chitinized tube, opening laterally
near left body margin; vagina associated with a well-defined seminal receptacle.
Vitellaria poorly developed, with little tendency to form lateral
bands. Intestinal crura confluent posteriorly.
TAXONOMIC

CONSIDERATIONS

The species apparently most closely related to the present form
is A. subtriangularis, described by Mizelle and Jaskoski (1942) from
the gills of Lepomis miniatus. Several sclerotized parts are quite
similar in these two parasites, including the haptoral hooks. The
task of comparing these species is made difficult by the apparent
significant degree of distortion of the single specimen used in the
description of A. subtriangularis but an adequate degree of dissimilarity exists in morphology of accessory pieces (especially in
the manner of joining to cirrus bases), haptoral bars, and vagina
to set the two apart.
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Barnacles

of the Northeastern
Harry

W.

Gulf of Mexico

WELLS

In the course of research on fouling organisms in the northeastern Gulf of Mexico, several species of barnacles (Cirripedia)
have been collected which had not been reported previously from
these waters.
As records have accumulated since the study began in 1961, the gaps in our knowledge of this important group
have become more impressive and more inviting to the attention
of the student of marine biology.
Because barnacles grow in
great abundance on most structures and require control measures
costing many millions of dollars annually, they are usually regarded as the most important component of the fouling community. They are well represented in the northeastern Gulf of
Mexico, both in quantity and in numbers of species.
In this report are listed the species of barnacles from inshore
waters of the northeastern Gulf of Mexico with annotated remarks
on their collection and distribution. These records are presented
here to augment our knowledge of the barnacle fauna, and to
alert students and investigators in marine biology to their presence. A large number exhibit relatively close associations with
specific substrates, particularly with other marine animals, and
provide interesting subjects for research on their symbiotic existence and related adaptations of morphology, physiology, and
life history. Although these barnacle species are often segregated
among their respective preferred substrates or hosts in juvenile
and adult stages, the larval stages (nauplius and cypris larvae)
occur together with other plankton, and contribute to the great
numbers of larval plankton in the sea. Consequently, a thorough
analysis of the planktonic stages would depend on a recognition
of the numerous species of barnacles present in our waters.
A number of new records are included which extend known
geographic ranges from other areas and from the southern part
of the Gulf of Mexico, and which contribute to our knowledge
of the local fauna and to the zoogeography of the Gulf.
MATERIALS

AND

METHODS

Collections of barnacles were made principally in the vicinity
of the Florida State University Marine Laboratory at Alligator
Harbor, Franklin County; and in the vicinity of the dredged en-
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trance to St. Andrews Bay, near Panama City, Bay County, Florida,
approximately 90 miles west of the laboratory.
This part of the Gulf coast is dominated by sandy beaches and
low marsh-lands, generally unsuited for attachment of barnacles.
However,

hard substrates

terial, and such man-made

available in this area include shell ma-

structures as jetties, pilings, old boats,

buoys, and bridge piers, as well as several hard bottom

rock out-

crops a short distance offshore. These structures present habitats
suitable for a number of sessile marine invertebrates, including
several common species of barnacles. The shells of certain invertebrates and the leathery skin of sea turtles present satisfactory attachment sites for a number of more selective species, several of
which appear to be restricted to such symbiotic associations with
other animals.
Additional species are highly modified parasitic
forms, penetrating into the tissues of certain species of crabs.
Collections from these several habitats constitute the basis for this
report. For identification, the specimens were examined under a
stereoscopic microscope, and where necessary, their mouthparts and

cirri were examined by means of a compound microscope.
Identifications were made primarily with the aid of Pilsbry’s
monographic treatment of the American species (Pilsbry, 1907,
1916), which is strongly recommended for illustrations and descriptions of most species recorded here. Previous records of barnacle distribution in the Gulf of Mexico have been tabulated and
analyzed by Henry (1954, 1959), whose studies have served as
valuable points of reference.
More recent records have been
reported from the Panama City area by Hulings (1961).
An unpublished mimeographed check-list (R. W. Menzel, editor) and a modest reference collection of marine animals of the
immediate vicinity are provided by the Florida State University
Marine Laboratory for the use of students and investigators. The
check-list, containing nine barnacle species identified by Charles
Yentsch, has provided a point of departure for this study.
In the following systematic treatment, collection data are provided for at least one occurrence of each species examined. No
attempt was made to account for every collection of the more
common species.
Available records from the literature of barnacles from the northeastern Gulf are included in this account.
Representative specimens will be deposited in the collections of
the United States National Museum.
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Suborder Balanomorpha

Family BaLanmaE:

Subfamily BALANINAE

1. Balanus amphitrite amphitrite Darwin
From rock jetties at the entrance to St. Andrews Bay, near Panama City, Bay Co., 6 November 1964. This species has been recorded from St. Marks, Wakulla Co., and locations on the Florida

West coast by Henry (1959) as B. a. denticulata.
2. Balanus calidus Pilsbry

From shells collected on hard bottom 3 miles SE of Dog Island
(off Carrabelle, Fla.), at 20-30 feet, 29 September 1962; 29 October
1962; 23 November 1962; 16 May 1963; 19 June 1965; from other

barnacles (Chelonibia testudinaria) attached to a loggerhead turtle
(Caretta caretta) collected near Bald Point, 2 May 1965; and from
shells of the calico scallop (Aequipecten gibbus) from off Cape
St. George, 2 October 1962.
Apparently this common species
attaches to a variety of substrates in waters of high salinity
(> 30 0/oo). It has been recorded from the Panama City area by
Hulings (1961).
3.

Balanus

declivus

Darwin

From loggerhead sponges (Spheciospongia vesparia) collected
at 6 feet depth at St. Teresa, Franklin Co., 10 February 1962 and
16 May 1964. Several specimens were completely imbedded in
the sponge tissue, with only the aperture remaining visible at the
bottom of a shallow pit. The long, curved rostral plate typical of
this species provides a large surface available for sponge attachment.
This barnacle is characteristically imbedded in sponges.
It possesses a special series of rasping spines on the fourth cirri
which would assist in retarding overgrowth by tissues of the host
sponge. This species has not been reported previously from this
part of the Gulf, previous records being those of Pilsbry (1916)
from off Cape Sable in southern Florida, and of Henry (1954)
from Texas.
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From rock jetties at the entrance to St. Andrews Bay, near
Panama City, 6 November 1964; and from pilings at St. Teresa,
25 May 1964, by W. Stewart.
This common species occurs on a

wide variety of substrates, and is particularly abundant near the
low tide line and in estuarine areas.
5. Balanus galeatus (Linné)
From gorgonians (Leptogorgia virgulata) collected at St. Teresa,
16 May 1964; at the entrance to St. Andrews Bay, near Panama
City, 2 July 1965 (by D. Flescher); at 3 miles SE of Dog Island,
16 May 1963. This species occurs on whip corals (gorgonians),
particularly on the denuded stems where the barnacles may become encrusted by regenerative growth of the gorgonians’ outer
soft layer (coenenchyme).
As the barnacle develops, changes in
its growth form tend to elevate the barnacle’s aperture above the
encrustation that may be encroaching upon its basal attachment.
6. Balanus

improvisus Darwin

From rock jetties at the entrance to St. Andrews Bay, near Panama City, 6 November 1964; and from pilings at St. Teresa, 25 May
1965, by W. Stewart. This very abundant species occurs on many
substrates in this area, particularly on pilings and oyster shells.

7. Balanus trigonus Darwin
From the compartments of another barnacle (Chelonibia caretta) on the carapace of a loggerhead turtle (Caretta caretta) off
Alligator Harbor, 22 April 1964.
Pilsbry (1916) recorded this
species from sponges; on the third cirri it possesses special spines
that can break sponge tissue from its aperture.
Henry (1954)
recorded a single occurrence from the Gulf of Mexico without
any more detailed locality data, but with a notation that it was
associated with deep water crabs or palinurids. As a result of
recent discoveries of this species in the Miami area (Moore and
McPherson, 1963) and on the North Carolina coast (Wells et al.,
1964; Ross et al., 1964), it has been suggested that it may be extending its geographic range. Transport on sea turtles could contribute materially to its passive dispersal to new areas. However,
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its additional occurrence off Georgia and on the northeast and
west coasts of Florida (personal collections) suggests that it is more
widely distributed along the coast of the southeastern United
States than published records indicate.
8.

Balanus

venustus

niveus

Darwin

From rock jetties at the entrance to St. Andrews Bay, near
Panama City, 6 November 1964; from dead shells, St. Teresa, 26

September 1964; and from shells of the calico scallop (Aequipecten
gibbus) from off Cape St. George, 2 October 1962. This subspecies
is abundant and occurs on a wide variety of hard substrates. It
has been recorded previously from the Atlantic and Gulf coasts
as B. amphitrite niveus (Pilsbry, 1916, Henry, 1959), but Harding’s
nomenclature, based on the Darwin types (Harding, 1962), is followed here. The colored form described from Sarasota Bay by
Pilsbry (1916, p. 94) is common offshore.
9.

From

Balanus

loggerhead

venustus

turtles

obscurus

Darwin

(Caretta caretta)

collected

near

St.

Teresa, 22 April 1964, and near Bald Point, Franklin Co., 2 May

1965.

This subspecies has not been reported previously from the

Gulf of Mexico, nor from mainland

North American

waters, but

it is known from Jamaica (Harding, 1962).
10. Acasta cyathus Darwin
From a sponge (Ircinia fasciculata) from Lighthouse Point,
Franklin Co., 10 March 1962. This species is a common inhabitant of certain sponges in the northeastern Gulf: tube sponges
(Callyspongia vaginalis), stinker sponges (Ircinia fasciculata), vase
sponges (Ircinia campana), and sponges of the genus Verongia.
In each case, the barnacle is anchored within the sponge tissue
by recurved spines on the compartmental plates. It possesses
stout spines on the fourth cirri which serve to prevent occlusion of
the barnacle aperture by lateral growth of the host sponge. The
genus Acasta is characterized by these morphological adaptations
associated with life in sponges (Pilsbry, 1916). Although Henry
(1954) recorded this species only from the southern part of the
Gulf, it is contained in the checklist of the Florida State University
Marine Laboratory.
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Pyrgoma floridanum Pilsbry

From coral (Siderastrea radians) from St. Teresa, Franklin Co..,
at 2-10 feet depth, 4 November 1961, 10 February 1962, 16 May

1964.
This species commonly occurs on and imbedded within
the coral mass, usually marked by swollen, gall-like knobs on the
corallum. One coral colony 11 cm in diameter bore 8 living specimens at its surface, and the empty plates of several other specimens completely imbedded in the interior of the corallum.
Pilsbry (1931) described this species from specimens associated with
another coral (Manicina areolata) from off Tarpon Springs, approximately 160 miles SE of St. Teresa.
Members of this genus are
typically associated with corals (Pilsbry, 1916).
Subfamily CHELONIBIINAE
12.

Chelonibia caretta (Spengler)

From the carapace of a
St. Teresa, Franklin Co., 22
reported from the Gulf of
ously from New Jersey and
13.

Chelonibia

loggerhead turtle (Caretta caretta) at
April 1964. This species has not been
Mexico, but has been reported previthe West Indies (Pilsbry, 1916).
manati lobatibasis Pilsbry

From a loggerhead turtle (Caretta caretta) from near Bald
Point, Franklin Co., 2 May 1965.
The specimen was partially
imbedded, the basal lobes of the parietes penetrating 3-4 mm into
the skin of the turtle. Pilsbry (1916) described this subspecies
from a loggerhead turtle collected at Osprey, Florida, approximately 50 miles S of Tampa. It apparently has been known only
from his original discovery.

14.

Chelonibia patula (Ranzani)

From a blue crab (Callinectes sapidus) collected in Alligator
Harbor, 11 October 1964. This species is typically associated with
arthropods; in this area it is common on the carapace of older,
mature blue crabs and on “horseshoe crabs” (Limulus polyphemus).
15.

Chelonibia testudinaria (Linne)

From loggerhead turtles (Caretta caretta) at St. Teresa, 22 April
1964, and near Bald Point, Franklin Co., 2 May 1965. This species
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is characteristically found on the carapace of the loggerhead turtle; it frequently supports a secondary layer of encrusting organisms. Although it has been recorded from several locations in the
Gulf (Pilsbry, 1916), the nearest recorded locality for this species
has been Pensacola, 100 miles W of Panama City.

16.

Platylepas hexastylos (Fabricius)

From a loggerhead turtle (Caretta caretta) near Bald Point,
2 May 1965. These barnacles were depressed and partially imbedded in the skin, producing a convex basal surface.
Structurally, this species is well adapted to life on sea turtles; each
compartmental plate is reinforced by a calcareous strut. Pilsbry
(1916) has recorded this species from a loggerhead turtle from
Osprey, approximately 50 miles S of Tampa.
He also described
a variety (or subspecies), Platylepas hexastylos ichthyophila, from
a garfish caught in brackish water in Hernando County, approximately 40 miles N of Tampa.

17. Platylepas hexastylos variety
From a loggerhead turtle near Bald Point, Franklin Co., 2 May
1965. More than twenty specimens similar to the form described
and illustrated by Pilsbry (1916: p. 287; Pl. 67, fig. 4) as a variety
from Sicily. This variety is not depressed but has a cylindrical
form, with lobate bases of the parietes projecting downward into
the turtle’s skin.

18.

Stomatolepas praegustator Pilsbry

From a loggerhead turtle (Caretta caretta) near Bald Point,
Franklin Co., 2 May 1965. Forty specimens were found in the
mouth cavity and upper gullet, where they were partially imbedded. An additional group of 55 specimens were removed from
the soft dermis of the dorsal aspect of the hind legs, where they
were also partially imbedded. Pilsbry (1910) described this species
from the gullet of a loggerhead turtle from the Tortugas. A second
collection, made by W. L. Schmitt from the tongue of a loggerhead
turtle at the same locality, is contained in the U. S. National Museum (usNM No. 79178). The present account is apparently but
the third record of this species, and the first report of its occur-
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rence on the outside of a turtle’s body. The beautifully sculptured
compartmental plates provide anchorage in the host’s tissue.
Family CHTHAMALIDAE

19.

Chthamalus fragilis (Darwin)

From rock jetties at the entrance to St. Andrews Bay, near
Panama City, Bay Co., 12 October 1963 and 6 November 1964;
and from Alligator Harbor, 22 April 1964. This species is widely
distributed in the northeastern Gulf where it is common on suitable
substrates in the intertidal zone, on wood, stone, metal, and frequently on salt marsh grass (Spartina patens).
Is usually occurs
higher in the intertidal zone than any other macroscopic sessile
marine invertebrate.
20.
From
Panama

Chthamalus

stellatus bisinuatus Pilsbry

rock jetties at the entrance
City, 12 October

to St. Andrews

Bay, near

1963, 30 April 1964, and 8 May

1965,

by W. Stewart. Numerous specimens were widely distributed in
the intertidal zone interspersed among specimens of Chthamalus
fragilis, which outnumber them. This subspecies has been reported
previously from Brazil (Pilsbry, 1916; Oliveira, 1941) and West
Africa (Stubbings, 1961).

Suborder Lepadomorpha
Family LEPADIDAE

21.

Lepas anatifera Linné

From shells of purple sea snails (Janthina species) collected at
St. Andrews State Park, near Panama City, Bay Co., 28 April 1963,

and from driftwood near Panama City, 11 April 1965, by H. Matthews.
This species is characteristically attached to driftwood
and other floating substrates.
22.

Lepas pectinata Spengler

From floating Gulfweed (Sargassum species) and shells of purple sea snails (Janthina species) washed ashore at St. Andrews
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State Park, near Panama City, 28 April 1963. This species is also
characteristically associated with floating substrates.
Family TRmLASMATIDAE

23.

Octolasmis hoeki (Stebbing)

Reported as a commensal in the branchial chamber of an oxystomatous crab (Calappa flammea) from a nearshore area near
Panama City (Hulings, 1961).
24.

Octolasmis lowei (Darwin)

From the branchial chambers of blue crabs (Callinectes sapidus)
collected at Alligator Harbor, 10 July 1965, by T. Borkowski; and
the branchial chamber of a stone crab (Menippe mercenaria) at
St. Teresa, 30 August 1965. This common species is a commensal
in the branchial chambers of crabs, particularly in older, mature
blue crabs. It has been reported previously from the Alligator
Harbor area by Pearse (1952) as O. mulleri, which is recognized
today as a synonym of O. lowei (Causey, 1961).
Family ALEPADIDAE
25.

Conchoderma

virgatum

(Spengler)

From the dorsal fin on an orange filefish (Alutera schoepft) collected 31 December

1964, by H. Matthews;

and from

the head

of a cowfish (Lactophrys tricornis) collected 9 April 1966, by T.
Scanland, both at the entrance to St. Andrews Bay, near Panama
City. Although not recorded from the Gulf of Mexico, this species
has been reported elsewhere from seaweeds, sea turtles, and large
fish, as well as from the bottoms of ships (Pilsbry, 1907).

Family SCALPELLIDAE

26.
From

Scalpellum arietinum Pilsbry

the calico scallop (Aequipecten

gibbus) beds off Cape

St. George, 2 October 1962; and from materials dredged 15 miles

S of Alligator Point, 14 November 1965. This species has been
reported from a nearshore area near Panama City (Hulings, 1961).
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Order RHIZOCEPHALA

Family SACCULINIDAE

27.

Sacculina pustulata Boschma

Reported as a parasite on a spider crab (Hemus cristulipes)
collected 10 miles SE of Alligator Point (Reinhard, 1955).
28.

Loxocephalus texanus Boschma

From blue crabs (Callinectes sapidus) collected in Alligator
Harbor, 11 October 1964. This species is not uncommon as a parasite of blue crabs in this area.
29.

Loxothylacus panopaei

(Gissler)

From a hairy crab (Pilumnus sayi) from 15 miles S of Alligator
Harbor, at 60 feet depth, 14 November 1965 (by T. Scanland):
and from mud crabs (Neopanope packardi) from St. Andrews Bay,
near Panama City, 20 September 1957 (Oceanographic Institute
collection). This species is a parasite of mud crabs (Xanthidae).
and has been reported in the Gulf from Tampa and from Englewood, approximately 75 miles S of Tampa, and in Louisiana and
Texas (Reinhard and Reischman, 1958).
30.

Peltogaster species

From hermit crabs (Pagurus longicarpus) from Live Oak Island,
Wakulla Co., 3 November 1962 and 21 November 1963. To my
knowledge, this sacculinid parasite of hermit crabs has not been
reported previously from the Gulf of Mexico.
Order ACROTHORACICA
Family KocHLORINDAE
31.

Kochlorine floridana Wells and Tomlinson

From shells of the mossy ark (Arca imbricata = A. umbonata),
the turkey wing ark (Arca zebra), and a variety of other molluscs,
and from calcareous bryozoans, coral, barnacle compartments
(Balanus calidus), tubes of serpulid polychaetes, and calcareous red
algae; 3-5 miles SE of Dog Island, 30-35 feet depth, 29 September
1962, 29 October 1962, 23 November 1962, 16 May 1963 (Wells and
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Tomlinson, 1966), and 19 June 1965. Also from shells of the calico
scallop (Aequipecten gibbus) from off Cape St. George, 60 feet
depth, 4 October 1962; and from shells of the giant eastern murex
(Murex fulvescens) from rock jetties at the entrance to St. Andrews
Bay, near Panama City, 5 November 1965, by G. Bertrand.
GEOGRAPHIC

CONSIDERATIONS

Of the 31 taxa included in this report, a high percentage are
newly recorded from the northeastern Gulf of Mexico.
Six taxa
have not been recorded previously from the Gulf: Balanus venustus obscurus, Chelonibia caretta, Platylepas hexastylos variety,
Chthamalus stellatus bisinuatus, Conchoderma virgatum, and Peltogaster species. Present records of the following species extend their
known distribution 400 miles northward into the shallow waters
of western Florida: Balanus declivus, Acasta cyathus, and Stomato-

lepas praegustator.
Records of four species extend their known
geographic range at least 200 miles northward along the Florida
west coast; and additional records represent new localities for
species that have been collected at other localities around the
Gulf of Mexico. These new records are not to be taken as evidence of recent movement of many barnacle species into the
study area. Instead, they reflect an increasing interest in the local
fauna by marine biologists. It is to be expected that further research on this group will extend the known distribution of several of these barnacle species even further.
This barnacle fauna includes a number of widespread, warmtemperature species that are also distributed along the Atlantic
coast of the United States as far north as New Jersey or Massachusetts: Balanus venustus niveus, B. eburneus, B. improvisus,
Chelonibia patula, and Chthamalus fragilis. The barnacles most
often found in estuaries and inshore areas of brackish water are
these warm-temperate species. Most exhibit a continuous distribution around the tip of peninsular Florida through waters of
distinctly tropical characteristics (Moore and Frue, 1959; Stephenson and Stephenson, 1950). For an analysis of geographic affinities, Conchoderma virgatum and the Lepas species, which are
nearly cosmopolitan, should be added to these widespread species.
Species of tropical or subtropical distribution which do not
extend north of Cape Canaveral or Cape Hatteras on the east coast
far outnumber the widespread species.
They include Balanus

92

QUARTERLY

JOURNAL

OF

THE

FLORIDA

ACADEMY

OF

SCIENCES

amphitrite amphitrite, B. calidus, B. declivus, B. galeatus, B. trigonus, B. venustus obscurus, Acasta cyathus, Chthamalus stellatus
bisinuatus, Octolasmis species, Scalpellum arietinum, Saculina pus-

tulata, Loxothylacus manopaei, and Kochlorine floridana. The species associated with sea turtles (Platylepas, Stomatolepas, and Chelonibia species) should be included here, for they are usually considered to be tropical although subject to being transported by
their hosts to extratropical shores. This sizeable group of species
is an indication of the importance of the tropical element in the
fauna of the northeastern Gulf.
These barnacles generally are
found in offshore or higher salinity waters in this area.
The case of Chthamalus stellatus bisinuatus warrants special
comment, for this tropical form has been discovered in numbers
near Panama City, but to our knowledge has not been recorded
previously from the Gulf of Mexico. Although another subspecies,
C. s. angustitergum, has been reported from the Florida Keys (Pilsbry, 1916; Stephenson and Stephenson, 1950), C. s. bisinuatus has
been recorded previously only from Brazil (Pilsbry, 1916; Oliveira,
1941) and West Africa (Stubbings, 1961). However, C. s. bisinuatus
evidently has a wide distribution in the eastern Gulf of Mexico,
for it also occurs in suitable habitats on the southern west coast
of Florida (personal collections). The abscence of previous records
from this region probably is due to the inconspicuous appearance
of this species and its apparent preference for intertidally situated
hard substrates.
Henry (1954) notes that members of the genus
Chthamalus are often overlooked by collectors because of their
small size and inconspicuous form.
Alternatively, modern man
has created many suitable habitats for this species by his construction of jetties, bridge pilings, and navigational aids, and this
species may enjoy a wider distribution as a consequence.
Its
presence in the Panama City area might have resulted originally
from its transport on the hulls of ships that use this port.
In summary, the barnacle fauna of the northeastern Gulf consists of a mixture of warm temperate and tropical species.
SUBSTRATE

Of the barnacles recorded from the northeastern Gulf, a majority (17) exhibit relatively specific symbiotic associations with

particular substrates or hosts. One large group attaches to the
exposed surfaces of sea turtles, particularly to the carapace, but
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also to the skin of the head, neck, legs, and ventral surfaces:
Chelonibia caretta, C. manati lobatibasis, C. testudinaria, Platy-

lepas hexastylos, P. hexastylos variety, and Stomatolepas praegustator (which also attaches in the posterior part of the turtle’s mouth
cavity). Heavy accumulations of Chelonibia species may occur on
the turtle’s carapace, especially near the posterolateral margins,
providing suitable surfaces for attachment by a secondary layer
of fouling organisms.
Such secondary encrustations may include
barnacles of less specific substrate requirements, hydroids, anemones, bryozoans, serpulid polychaetes, molluscs, and algae Sabellid and spionid annelids and molluscs which burrow into the
calcareous plates of the Chelonibia contribute further to the fauna
of the sea turtle shell.
Another large group exhibiting specific substrate requirements
is comprised of the barnacles associated with crabs: Chelonibia
patula, which typically attaches to the carapace; Octolasmis hoeki
and O. lowei, which attach to crabs’ gills; and the parasitic species
Sacculina pustulata, Loxocephalus texanus, Loxothylacus panopaei,
and Peltogaster species, which invade the inner tissues of their
hosts and extend to the outside as sacs attached to the abdomens
of their hosts. Other barnacles are characteristically imbedded in
sponges (Balanus declivus and Acasta cyathus) or in coelenterates
(Balanus galeatus and Pyrgoma floridanum).
Another species that exhibits a relatively specific affinity for
a special substrate is Kochlorine floridana, which perforates only
calcareous materials.
The remaining 13 species, including the barnacles most likely
to be seen by biologists or laymen, are relatively non-specific in
their choice of substrate and have been recorded from a wide
variety of objects. Generally, these species attach to non-living
structures, but they may also occur wherever living organisms present a suitable firm substrate. Thus, the shells of arthropods and
molluscs may provide attachment for such barnacles, whether the
arthropod or mollusc is alive or not. Balanus amphitrite amphitrite, B. calidus, B. eburneus, B. improvisus, B. trigonus, B. venus-

tus niveus, B. c. obscurus, Chthamalus fragilis, C. stellatus bisinuatus, and Scalpellum arietinum are species of the northeastern Gulf
that exhibit such non-specificity.
Addititonal examples of barnacles of non-specific habits would include Lepas anatifera, L.
pectinata, and Conchoderma virgatum which however, are pri-
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SUMMARY
Thirty-one taxa of barnacles are recorded from inshore waters
of the northeastern Gulf of Mexico, including 16 which are newly
reported from this area. Six taxa are newly recorded for the Gulf
of Mexico, including Balanus venustus obscurus, Chthamalus stellatus bisinuatus, Chelonibia caretta, Platylepas hexastylos variety,
Conchoderma virgatum, and Peltogaster species. This barnacle
fauna consists of a mixture of warm-temperate and tropical species.
Many species exhibiting specific symbiotic relationships with sea
turtles, with crabs, and with other marine organisms are represented.
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PHOTOELECTRIC observation of VV Orionis was made on November 20-21, 1965, in blue (effective wave length — 0.425 micron),

B, and in visual (effective wave length — 0.545 micron), V, wave
length regions, using the 12:5-inch reflecting telescope at the University of Florida (Chen and Rekenthaler, 1966). The star BD-1°949 was observed for comparison. During the seven hour period,
27 individually observed points were obtained in B and 25 points
in V. The minimum light was determined by Hertzsprung’s
method to have occurred at 2439085.7867 and 2439085.7979 in B
and V, respectively, both values being in heliocentric Julian Date.
The average value then is 2439085.7923.
Beta Persei

was

observed

on November

24-25, 1965, with Pi

Persei as the comparison star. In the five-hour period 35 individually observed points were obtained in B and 33 in V. The times
of minimum in heliocentric Julian Date were determined to be
2439089.6899 and 2439089.6888 in B and V, respectively. The average of these values is 2439089.6894.
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Tue dragonfly fauna of the Bahama Islands remained virtually
undocumented until Westfall (1960) listed the Bahamian odonate
specimens in the collection of the American Museum of Natural
History. Vaurie (1952) and Rabb and Hayden (1957) had _previously discussed the collecting of some of these specimens in their
general accounts.
I was fortunate in being able to collect dragonflies in the Bahamas during three visits there. These trips allowed me to sample
the faunas of South Bimini (17-19 November 1962), Cat Island (27
November-2 December 1963), and San Salvador (26 December
1963-2 January 1964). In addition, I received collections made by
Dr. Fred G. Thompson on Andros (30 October-1 November 1963)
and by Cecil R. Warren on South and East Bimini (16-22 August
1964). My wife, Mary Lynn, collected a single specimen on Grand
Bahama Island (11 April 1963). Dr. Minter J. Westfall, Jr., called
my attention to a Bahamian specimen of interest in the University
of Florida Collections and allowed me to borrow specimens in his
care. Dr. Oliver Flint permitted me to examine pertinent specimens of Anax longipes in the United States National Museum, and
Dr. Thomas W. Donnelly furnished a specimen and addititonal information of the same species.
The following list includes all
specimens obtained in the above-mentioned collections.
Lestes

scalaris

Gundlach.

car

IsLANpD,

1 mi.

S Tea

Bay,

29

November (2); sAN SALVADOR, 6.6 mi. S Cockburn Town, | January
(3). A mating pair and a single male were observed at a small
pond surrounded by buttonwoods on Cat Island, all two to three
feet above the water. The species was common at the San Salvador locality, and several mating pairs were seen. They perched
low in the dense stand of Phragmites occupying most of the shallower parts of the pond. None was observed in the coppice, where
L. spumarius was often encountered.
The appendages of the four males collected agree in detail with
those figured by Calvert (1909: Pl. I, Figs. 17, 18). They have
been compared with specimens from Cuba, Jamaica, and Puerto
Rico, and agree in all respects, with the exception of one aspect of
the wing venation, which apparently varies geographically.
<A
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postnodal index was devised by totalling the postnodals of all four
wings for each specimen. Bahamian specimens have fewer postnodals (31-40 in five specimens) than do those from Jamaica (40-48
in seven specimens). A Cuban individual agrees best with those
from the Bahamas (29 postnodals), and one from Puerto Rico is
intermediate (39 postnodals).
L. scalaris has been recorded from Cuba, Puerto Rico (Calvert,
1909), and Hispaniola (Needham, 1941). The present records add
Jamaica (by the courtesy of M. J. Westfall, Jr.) and the Bahamas to
the known range, which is thus the entire Greater Antilles and
Bahamas.
It is completely sympatric with the following species.
Lestes spumarius Selys. souTH BrMINt, 16-22 August (1); car
ISLAND, hills above The Bight, 28 November (1); Orange Creek, 1
December (1); SAN SALVADOR, 3.6 mi. S Cockburn Town, 1 January
(3). At the last locality, several mating pairs were seen in low
weeds around a small pond that was completely surrounded by
coppice. Other adults were observed in grass at a pond 6.6 mi. S
Cockburn Town; when disturbed, they flew immediately into the
adjacent low coppice. Only three were found on Cat Island, although many hours were spent in their favored habitat.
The
species was rather common in the coppice on South Bimini in
both August and November.
On all three islands where I observed spumarius, individuals were seen in the densest forest present, in which they hung vertically from small twigs five to seven
feet above the ground. When flushed, they flew only a short distance (ten to thirty feet) but were so well camouflaged that I usually lost sight of them until I disturbed them again.
As in L. scalaris, individuals from the Bahamas

and Cuba have

fewer postnodals than do those from elsewhere in the Greater Antilles. A Cuban specimen has 39, thirteen Bahamian specimens
have 40-47, eleven Jamaican specimens have 45-56, and two Hispaniolan specimens have 45-48 postnodals. In this species a correlated variation in size is evident. The hind wings of ten Bahamian males vary from 19-21 mm, those of two males from Hispaniola and six males from Jamaica from 22-23 mm. No such variation
was noted in scalaris, in which the range of the hind wing length
is 17-19 mm. Larvae and exuviae of Lestes were collected on Andros, Cat Island, and San Salvador, but I have been unable thus

far to determine their specific identity.
Argiallagma minutum

Selys.

Car IstANp, 1 mi. S Tea Bay, 29
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November (1); sAN saLvapor, 3 mi. S Cockburn Town, 26 December (1); 3.6 mi. S$. Cockburn Town, 1 January (2). This species was
common at ponds on both islands. Larvae, exuviae, and tenerals
were numerous at shallow marshes with abundant sedge (Eleocharis spp.) growth near Tea Bay. Another larva was collected
from a pond 5 mi. NW Fresh Creek, Andros.
Ischnura ramburi Selys. anpros, Andros Town, 31 October
(12); 2.5 mi. SE Andros Town, 31 October (1); car IsLaNnp, 1 mi. S
Tea Bay, 29 November (4); sAN sALvApoR, 1 mi. NE Cockburn

Town, 28 December (1); 6.6 mi. S Cockburn Town, 1 January (1).
I. ramburi was locally common on Cat Island and uncommon on
San Salvador. Only one was seen on South Bimini in November
1962. Large series of larvae were collected on Andros and in a
fresh-water pond south of Tea Bay on Cat Island.
Westfall (1960) reported both “typical ramburi with the dorsum
of segment 9 entirely black, and also the subspecies credula Hagen”
from the Bahamas.
I have re-examined most of the specimens
listed by Westfall and categorized them and the ones listed above.
Individuals with more than half of the dorsum of segment nine
black were called “ramburi,’ those with more than half of that
segment blue were called “credula,’ and those with about half
black and half blue were called “intermediate.” Both males and
homochromatic females were included.
On South Bimini, Andros,
and New Providence, ramburi is the predominant form (10 of 12

specimens).
On Stanyard Cay, San Salvador, Crooked Island,
Great Inagua, and South Caicos, credula is the predominant form
(11 of 13 specimens). Mixed populations are present on Eleuthera
(5 ramburi, 3 intermediate, 1 credula) and Cat Island (3 ramburi,
2 intermediate, 8 credula). Thus a geographic correlation is clearly evident, the northern Bahamas inhabited by the ramburi-type
and the southern islands by the credula-type, with intermediate
populations on the intervening islands.
Credula is the dominant or exclusive form elsewhere in the
West Indies (Calvert, 1901-1908; Klots, 1932; Whitehouse, 1943)
and ramburi the dominant form in Florida (Byers, 1930; and my
examination of over 800 specimens from south Florida), and the
two may be distributed more-or-less in the pattern of allopatric
subspecies in these areas. However, Calvert (1901-1908) reported
much mixing of the two types, and I have taken both throughout
southern Mexico and examined credula from as far north as Sinaloa
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and ramburi from as far south as Colima on the Pacific coast and
Guatemala on the Caribbean coast.
Considering the extremely
broad area of overlap of the two forms and the common occurrence of both chromotypes in far-flung populations, no biogeographic purpose is served by the formal recognition of credula
as a subspecies, and I consider it a strict synonym of ramburi.
Anomalagrion hastatum Say. SAN SALVADOR, 6.6 mi. S Cockburn
Town, 30 December (1). No others were seen on any of the islands, surprising in light of the abundance and wide distribution
of the species from Westfall’s (1960) records.
Anax junius Drury. anpros, Andros Town, 31 October (1);
CAT ISLAND, 1 mi. S Tea Bay, 29 November (1). A few were seen
on South Bimini at a fresh-water rockpit. Last instar larvae were
very common in another rockpit on the same island and were found
emerging not long after dark on 18 November. Adults were scattered over Cat Island, breeding in the ponds near Tea Bay. Two
females oviposited (unattended by males) at one pond, and a very
young Anax larva was collected there. A half-grown junius larva
was taken in a pond 2 mi. SE Andros Town, Andros.
Anax longipes concolor Brauer. SAN SALVADOR, 1 mi. N Cockburn Town, 26 December (1); 6.6 mi. S Cockburn Town, 1 January
(1). A half-grown larva of this species was collected from a small
pond

at Knowles,

Cat

Island.

Several

males

flew

over

a small

pond south of Cockburn Town, and four or five individuals cruised
over the scrub at Watling’s Castle, the highest hill in the area.
When first seen in the field, these dragonflies were a source of
puzzlement to me, as they looked like no Anax known from the
northern hemisphere.
When in the hand, it could be seen that
they were structurally much like A. longipes from Florida, but
smaller and differently colored.
Notes on the coloration of the
male in life were taken: frons and thorax lime green, abdominal
segments 1 and 2 same color, 2 porcelain blue distally; 3 to 10
blackish with pale green spots (small transverse ones on anterior
third and larger rhombic ones on posterior third of middle segments); appendages brown; femora reddish, remainder of legs
black. The female was quite similar, although lacking the blue
on the second segment. Both are fully hardened adults.
Brauer described Anax concolor from Brazil in 1865, and Hagen
(1890) and Martin (1908) considered it a race of A. longipes. During the same period, Kirby (1890) and Muttkowski (1910) listed it
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as a full species in their catalogues, the latter mistakenly reporting
it from throughout the known range of longipes. The same authors
were divided on their ideas of the range of longipes, Kirby recording it from only the United States and the other three listing it
as well from Haiti and Mexico, Muttkowski from Jamaica, and
Martin from Brazil. Calvert (1901-1908) did not discuss concolor
but recorded longipes from the United States, Mexico, Brazil, and
Haiti. He then (1909) added the Bahamas to the known range of
the species from a specimen taken on Eleuthera.
Thus no real
consistency is evident in the treatment of these forms at the turn
of the century. Since that time, no mention of the relationship
of longipes and concolor has appeared in the literature, and nothing has been said of the biology of concolor.
My specimens from San Salvador agreed with the diagnosis
of the Brazilian concolor rather than the northern longipes, prompting an analysis of the distribution and relationship of the two forms.
The following specimens were examined: Arkansas, 3; Tennessee,
1; North Carolina, 5; South Carolina, 6; Georgia, 6; Florida, 11;
San Salvador, 2; Dominica, 4; Mexico, 1; Costa Rica, 1; Bolivia, 5;
anal |Binevall, 2

Hind

wing lengths of these specimens

in millimeters

are as

follows: United States, 49-51; San Salvador, 46-48; Dominica,
46.5-49: Mexico, 45; Costa Rica, 46; Bolivia, 45-46; and Brazil, 40-

44. Measurements of the hind femora and tibiae of United States
specimens (respectively 13.5-15 mm and 12-13 mm) do not overlap
those of tropical specimens (respectively 10-13 mm and 9-11 mm).
The abdominal coloration is difficult to assess in many of the dried
specimens. All United States individuals, insofar as can be determined, have reddish abdomens.
The male abdomens are unpatterned, those of the females obscurely marked with paler spots.

Teneral females (two reared from North Carolina) are spotted
exactly as described above for the San Salvador male, except the
spots are blue on segments 3 to 8 and yellowish to greenish on
nine.

I have seen no teneral males, but the very conspicuous spot-

ting of the teneral females in longipes, later replaced by red-brown
overall, indicates concolor as the ancestral form. Some specimens
from outside the United States appear to have reddish abdomens,
but this may be an artifact of drying. The abdomens of two males
which I collected (San Salvador and Veracruz, Mexico) were brightly marked in life but faded to brown after drying. Probably all
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tropical populations of the species have dark brown or black abdomens with bluish or greenish spots.
Although published records are valueless at the subspecies level
(all West Indian and Mexican records, for example, having been
listed merely as longipes), I consider the two forms allopatric representatives of one another, the relationship best expressed by the
use of trinomials. Provisionally, A. 1. longipes is restricted to the
United States, occurring along the Atlantic and Gulf coastal plains
from Massachusetts (Hagen, 1890) to eastern Texas (T. W. Donnelly, in litt.). At least a few individuals have been found west
of the Appalachians in Ohio (Borror, 1937; Borror and Epstein,
1942) and Indiana (Montgomery, 1949). A. I. concolor probably
occurs throughout the West Indies and from Mexico (Veracruz
and Guerrero) through Central America to Brazil. Thus the two
races are separated by a salt-water gap between the Bahamas and
Florida and a desert gap between central Texas and northeastern
Mexico, both of which are important biogeographic barriers for
terrestrial organisms. Either gap might be crossed with ease by
a strong-flying species like longipes, but breeding success should
be poor to nonexistent in the intervening areas. Even assuming
the sporadic incursion of individuals of one race into the territory
inhabited by the other, interbreeding may be prevented by the
visual dissimilarity of the races. If indeed odonates choose their
mates visually, at least in groups which bear bright, species-specific
patterns, then longipes and concolor are as effectively isolated reproductively as any two species of Anax. I am at present retaining
them as subspecies because of their structural identity and obvious
very close relationship.
Gynacantha ereagris Gundlach.
ANnpros, Andros Town, 31 October (2). Westfall (1960) overlooked a Bahamian record of this
species (Calvert, 1919), a male collected on Crooked Island on 24
November 1890 by the University of Pennsylvania Expedition. On
Cat Island ereagris was fairly common in low scrub adjacent to
a marshy area east of the coastal coppice at Orange Creek. One
was shot after observing it at close range, but a large snake (Alsophis), which darted out from the spot where it fell, diverted my
attention long enough for the dragonfly to flutter away. On San
Salvador, a few brown aeshnids were seen which were probably
this species. From those observed on Cat Island, my impression
is that this species frequents more open areas than does G. nervosa.
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Only two were observed in the dense coppice, whereas many were
seen in the open scrub nearby.
Gynacantha nervosa Rambur.
soutH Brmint, 18 November (1).
Five or six were seen in the coppice in as many hours of field work
there. As none was found on the other islands by me or previous
collectors, it may be that nervosa has reached the Biminis from
southern Florida, where it is very common.
Triacanthagyna trifida Rambur.
SAN sALvaApor, 7.1 mi. N Cockburn Town, 27 December (1). This species swarmed at dusk in
small numbers at two localities on San Salvador.
Orthemis ferruginea Fabricius.
sourH BrMINi, 16-22 August
(1); ANDROS, 2.5 mi. SE Andros Town, 31 October (4); CaT ISLAND,
1 mi. S Tea Bay, 29 November (2); sAN SALVADOR, 6.6 mi. S Cock-

burn Town, 1 January (1). Both sexes were observed in numbers
on all islands visited, being exceeded in general abundance only
by Erythrodiplax umbrata.
Libellula needhami Westtall. NEW PROVIDENCE, July-August
1961 (1). Dr. Westfall has asked me to include this specimen, a
male collected by Martin Dickinson, in the present paper.
It
furnishes the first Bahamian record for needhami.
Macrodiplax balteata Hagen. cat IsLAND, 1 mi. S Tea Bay,
30 November (1). Males were seen at a number of open Chara-

filled fresh-water ponds on Cat Island, and a pair in tandem flew
over one of the ponds for some time. A last instar larva was collected at Andros Town, Andros.

Idiataphe longipes cubensis Scudder. ANpDROs, 5 mi. NW Fresh
Creek, 1 November (1).
Brachymesia furcata Hagen.
CAT ISLAND, 1 mi. S Tea Bay, 29
November (2). This species was fairly common at ponds on Cat
Island, and one male was observed at a pond on San Salvador.
Pachydiplax longipennis Burmeister. ANpDRos, Andros Town, 31
October (1); 2.5 mi. SE Andros Town, 31 October (2).
Micrathyria didyma Selys. caT IsLAND, 1 mi. S Tea Bay, 29
November (1); Tea Bay, 1 December (1); SAN saLvapor, 6.6 mi. S
Cockburn Town, 1 January (1). A few of each sex were seen at
small ponds and in the coppice near Tea Bay. Exuviae were collected there and at Knowles on stems of Typha within a foot of the
water. A few adults perched on Phragmites at the pond on San
Salvador.
Erythrodiplax berenice naeva Hagen. soUTH BIMINI, 16-22 Au-
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gust (23); EAST BIMINI, 21 August (4); ANDROS, 2.5 mi. SE Andros
Town, 31 October (1). Westfall (1960) recorded E. b. berenice
Drury from the Bimini Islands and E. b. naeva from elsewhere in
the Bahamas, following determinations made by Dr. Donald J.
Borror.
My Bimini material is rather intermediate between the
two races. The small stigma and relatively open venation ally it
with naeva, as does the lack of pigment in the wings of all females.
The penes are not the much angulated structures of naeva, but
they diverge from Floridian berenice in the direction of naeva.
The single Andros male is identical in venation and stigma size to
the Bimini males, but its penis is more typical of naeva, although
still not as extreme as those of Greater Antillean males or even
many from the Florida Keys. In general, I believe that all Bahamian specimens of the species should be referred to naeva,
even though the structure of the penis varies as much as it does.
Bimini specimens are quite distinct from E. b. berenice as typified
by specimens from North Carolina, Florida, Mississippi, and Texas.
Erythrodiplax connata Burmeister.
ANDROS, 2.5 mi. SE Andros
Town, 31 October (1). This female is apparently the same as specimens from Andros and New Providence associated with E. connata by Borror (in Westfall, 1960).
Erythrodiplax justiniana Selys. anpros, 2.5 mi. S Andros Town,
30 October (1).
Erythrodiplax umbrata Linnaeus.
SOUTH BIMINI, 16-22 August
(14); anpros, Andros Town, 31 October (1); 2.5 mi. SE Andros
Town, 31 October (3); 2.7 mi. SE Andros Town, 31 October (8);
2 mi. NW Fresh Creek, 1 November (1); sAN SALVADOR, 6.6 mi. S
Cockburn Town, 1 January (1). Males were seen in numbers in
late November at an area where leakage from a water pipe produced marshy conditions on South Bimini. They were also common around a few ponds on Cat Island and one on San Salvador.
Females were widespread in scrub and coppice on South Bimini
The series from
and Cat Island, greatly outnumbering males.
Andros, collected at random

around several ponds, included more

young than mature individuals. Larvae were collected at the same
ponds, and exuviae were found within a few inches of the water in
a sinkhole pond on Cat Island.
Lepthemis simplicicollis Say. car 1sLAND, 1 mi. S Tea Bay, 29
November (1). This species was fairly common at a few localities
on Cat Island but was not observed on San Salvador, where it was
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apparently common in March 1953 (Westfall, 1960). Two exuviae
and a few small larvae were taken on Cat Island.
Lepthemis vesiculosa Fabricius. This species is uncommon in
the Bahamas; the Van Voast-American Museum of Natural History
Expedition collected none, and I saw no adults on my fall and winter visits at a season when vesiculosa is common in south Florida.
However, an exuvia and last instar larvae were collected from small

ponds at two localities on Cat Island.
Tramea abdominalis Rambur.
cat IsLAND, Tea Bay, 30 November (1); Orange Creek, 1 December (1); san sauvapor, 6.6 mi.
S. Cockburn Town, 1 January (1). Only scattered individuals of
this and the following species were seen.
Tramea

binotata

Rambur.

GRAND

BAHAMA

ISLAND,

Freeport,

11 April (1); ANpRos, 2.5 mi. SE Andros Town, 81 October (3); 1.5
mi. S. Andros Town, 1 November (1); Cat 1sLaNnp, 1 mi. S Tea Bay,
30 November (2); san saLvapor, 7.1 mi. N Cockburn Town, 28
December (1). This species was slightly more common than T.
abdominalis on the islands visited. Among small numbers of trameas with narrow wing spots observed on South Bimini, several
were approached closely enough to associate them definitely with
this species.
Lramea lacerata Hagen. One female of this species seen on
South Bimini in late November was easily identified by its overall
black color, large wing patches, and conspicuous yellow abdominal
spots. These occupy most of segment seven of the abdomen and
are an excellent field recognition character for T. lacerata.
Tramea onusta Hagen.
soutTH Bimini, 16-22 August (3); CAT
ISLAND, The Bight, 28 November (2); Knowles, 1 December (3);
SAN SALVADOR, 6.6 mi. S Cockburn Town, 1 January (1). A few
onusta were seen on South Bimini and San Salvador, and on Cat

Island it was everywhere the common species. Males and mated
pairs were present at all the fresh-water ponds, the pairs ovipositing in typical Tramea fashion.
Immature individuals swarmed
over the road from one end of the island to the other, and larvae

of all sizes and exuviae were common at most ponds. Three larvae
were reared.
Pantala flavescens Fabricius.
soUTH BIMINI, 16-22 August (1);
19 November (1); anpRos, 2.5 mi. S Andros Town, 30 October (2);
SAN SALVADOR, 3.3 mi. S Cockburn Town, 1 January (1). A few
adults were seen on South Bimini, and full-grown larvae were com-
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mon in a small fresh-water rockpit along with those of Anax junius.
An exuvia was found on a grass stem at an almost dry pond in
pineland on New Providence, 26 November 1963, and a few adults
were seen at the same place. Two larvae were collected at 5 mi.
NW Fresh Creek on Andros. A few adults were seen on Cat Island
and more on San Salvador, where one was collected in late after-

noon hanging from a twig at the edge of a path through the coppice. It moved up the path ahead of me in a manner reminiscent
of a Gynacantha.
Discussion

Westfall (1960) listed 26 species of Odonata from the Bahama
Islands, two of which (Epiaeschna heros, Pachydiplax longipennis)
were without specific locality data. Gynacantha ereagris, listed
by Calvert (1919) from the islands, brought the list to 27. The
present paper cites a definite locality for Pachydiplax and adds six
species to the known fauna (Lestes scalaris, Gynacantha nervosa,
Libellula

needhami,

Macrodiplax

balteata,

Lepthemis

vesiculosa,

and Tramea lacerata), bringing the total to 33. Of this list, at least
six species (Coryphaeschna ingens, Epiaeschna heros, Gynacantha
nervosa, Celithemis eponina, Libellula needhami, and Tramea
lacerata) may be only vagrants from the nearby Florida peninsula,
but the others are probably breeding residents. All previous records of Bahamian dragonflies referred only to the adults, but the
present paper records the collection of larvae of at least twelve
species.

As presently known, the Bahamian odonate fauna indicates
affinities with both the Greater Antilles and the southeastern United
States.
Records of Coryphaeschna ingens, Epiaeschna heros,
Celithemis eponina, and Tramea lacerata indicate mainland affinities, but these isolated records of stragglers are of little zoogeographical importance.
Pachydiplax longipennis remains the only
species which faunistically ties the Bahamas to Florida rather than
the Antilles. From the south the Bahamas have received populations of Lestes scalaris, L. spumarius, Argiallagma minutum, Anax
longipes concolor, Gynacantha ereagris, Micrathyria didyma, Erythrodiplax connata cf. connata, E. justiniana, and Dythemis rufinervis, none of which occur in Florida, as well as eleven tropical
species which have reached Florida as well. Of special interest
is the presence in south Florida of Antillean species which have
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not colonized the Bahamas so far as is known.
These include
Lestes tenuatus, Enallagma cardenium, Neoerythromma cultellatum, Coryphaeschna viriditas, Miathyria marcella, and Tauriphila
australis. Anax amazili and Brachymesia herbida, both wanderers
to south Florida, do not breed there and cannot be considered
important in this connection.
The stream-dwelling habits of E.
cardenium may have precluded its establishment in the Bahamas,
as would the breeding habits of Miathyria and Tauriphila (Paulson, 1966), but L. tenuatus, N. cultellatum, and C. viriditas should

find satisfactory breeding sites in the Bahamas. The fortuitousness
of colonization may be the most important factor in the differences
between the tropical odonate faunas of south Florida and the
Bahamas.
The seasonal aspects of Neotropical dragonfly faunas have received little attention in the literature.
This has been because
collections were made on short visits of nonresident collectors who
could not draw a picture of seasonal changes. Calvert attempted
to correlate the seasonal distribution of a few forms with the
rainy season

(1908, 1931; Calvert

and Calvert,

1917), but he un-

fortunately never published the seasonal data he accumulated
for many species in his year in Costa Rica. The writer (1966)
found that as high as 29 per cent of the anisopteran and 42 per
cent of the zygopteran fauna of southern Florida were found as
adults throughout, or at least during, mid-winter. As on the Tropical mainland

and elsewhere

in the West

Indies,

the Bahamian

fauna is too poorly known seasonally to allow the conclusions possible to workers

in better documeted

areas.

However,

available

records indicate that a very high proportion of Bahamian species
fly throughout the year. All of the widespread and common residents (Lestes spumarius, Argiallagma minutum, Ischnura ramburi,
Anomalagrion hastatum, Orthemis ferruginea, Idiataphe longipes,
Brachymesia furcata, Erythrodiplax berenice, E. umbrata,

Tramea

abdominalis, T. binotata, T. onusta, and Pantala flavescens) have
been taken in the winter months (December to February). Dragonfly collecting in the Bahamas has been concentrated in the winter (October to April), and mid-summer records are scattered.
Enough of the latter are available for the less common species,
most of which have been taken in the winter, to indicate an all-

year season for them as well. Mid-winter occurrence has been
reported for Anax longipes, Brachymesia furcata, and Erythrodiplax
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berenice, species usually absent at that season in southern Florida.
The southern Bahamas, south of the Florida peninsula, are the
source of some of these records. On both Cat Island and San Salvador I was impressed by the abundance of Odonata relative to
their numbers in the Florida Keys at the same season. The Keys
are climatically much like the Bahamas and could support adult
Odonata in numbers throughout the year, yet an extreme midwinter reduction in individuals if not species in the former area
has been brought about by some extrinsic factor(s) apparently not
present in the Bahamas. These tropical species might be expected
to be relatively intolerant of temperate conditions, yet it is noteworthy that they are the long-season species in southern Florida,
rather than the temperate species which have moved into that
area from the north.
Although poorly documented, it appears
that some of the Bahamian species have flight seasons like those
which they occupy in southern Florida. Thus the gynacanthines
fly during the fall and Pantala hymenaea in mid-summer.
A final word on the subject of Bahamian Odonata concerns further problems in the area. A thorough knowledge of the fauna
of the major islands, especially Grand

Bahama, Andros, and Great

Inagua, will be necessary to elucidate the present zoogeographic
status of the area. The relative proximity of Andros to Florida
and its extensive fresh-water marshes make it a likely target for
invasion by Floridian species, especially those of the Everglades.
Coryphaeschna ingens, Libellula needhami, Celithemis eponina,
and Brachymesia gravida, for instance, should find their ecological
requirements adequately satisfied on that island as Pachydiplax
apparently has. At least ten species of Bahamian birds, mostly
restricted to the northern islands, show direct affinities with Flor-

ida forms rather than Antillean forms (Bond, 1956), and a similar
phenomenon may yet be discovered in the Odonata. In addition,
the Bahamas from a practical standpoint represent a very accessible area to study life histories and habits of tropical dragonflies,
amply justifying repeated visits by the serious investigator.
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Hermaphroditism

in Mullet, Mugil cephalus Linnaeus
Martin

A. Mog, JR.

THE striped or black mullet, Mugil cephalus Linnaeus, is found
throughout the world in tropical and temperate areas. Because
of its great commercial importance and abundance, this species
has been the subject of extensive research. Thompson (1963) has
provided a useful synoptic treatment of the world-wide biological
data that have been accumulated.
Despite wide interest in reproduction of striped mullet, only
two well authenticated observations of mullet spawning have
been recorded.
The work of Anderson (1958) and the observations of Arnold and Thompson (1958) indicate that spawning
normally occurs well offshore in waters 20 to at least 750 fathoms
deep. When they have a total length of about 20 mm, the fry
enter inshore nursery areas. Stenger (1959) described the anatomy
and histology of the gonads of individuals ranging from 20 mm
total length to mature adults. He found that M. cephalus develops
through a juvenile, sexually-indifferent stage into either a male
or female.
Normal, functional intersexuality does not exist in
M. cephalus, although oocyte-like cells are found in the undifferentiated and male gonads.
HERMAPHRODITISM

In describing the commercial production of M. cephalus in
Australia, Kesteven (1942) stated that, “Hermaphrodite roe are not
very rare, one or two being found each season,” but he provided no
details. Stenger (1959) discovered an ovotestis when an apparently
normal ovary from a 250 mm SL individual was sectioned. Islets
of testicular tissue were scattered throughout both lobes of the
predominately ovarian gland.
Male and female elements were
not separated by mesenteries, and small oocytes in various stages
of growth were scattered throughout the male tissues. The organ
was encased by a muscular tunica characteristic of a maturing
ovary. According to Atz (1964), these are the only recorded instances of hermaphroditism in adult M. cephalus.
Orlandi (1902) described an ovotestis found in a specimen of
Mugil chelo Cuvier. Only the gonad was obtained from a fisherman.
Orlandi’s description shows the gland to be primarily an
ovary with secondary development of testicular tissue in most of
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the left lobe. In addition, a small, superficially lobular appendix
filled with testicular tissue was laterally attached to the left side
of the common trunk.
Two hermaphroditic striped mullet, M. cephalus, have been
brought to the Florida Board of Conservation Marine Laboratory
in recent

years.

In both

instances,

commercial

fishermen

saved

the gonads as a curiosity and gave them to the Marine Laboratory
after the fish had been processed for market.
On

October

28, 1959, an officer of the Florida

Conservation

Patrol obtained an ovotestis of M. cephalus from a commercial
fisherman in Sarasota County.
The gland was delivered to Dr.
V. G. Springer at the Marine Laboratory where it was preserved
in 10 per cent formalin. The ovotestis is small, about 30 mm in
length, and is predominantly testicular. Ovarian tissue forms the
posterior half of the right lobe and occurs on the left lobe as a
small superficial patch on the posterior end. A portion of the
patch of ovarian tissue on the left lobe is missing.
Male and
female elements are separated by mesenteries, and there is apparently no integration of male and female tissue. The ova average 0.3 mm in diameter (eggs of normal, ripe females are about
0.7 to 1.0 mm in diameter). The right lobe measures 30 mm in
length and 6.5 mm at its greatest width, and the left lobe measures
20 mm in length and 8.0 mm in width. The center of the right
lobe is constricted to 2.0 mm at the point where the male and
female elements join. The ducts and common trunk were destroyed when the gonad was removed from the fish, and the presence of a vas deferens or an oviduct could not be determined.
In September 1963, a hermaphroditic M. cephalus was found
in the commercial catch at Saunders Fish House at Dunedin,
Florida. The gland was taken from the fish, eventually frozen,
and delivered to the Marine Laboratory. It was then refrozen and
came into my possession several days later. The posterior tip of
the right lobe was preserved in Bouin's fluid and the rest of the
gonad was preserved in 10 per cent formalin. This gonad consists
of two separate lobes joined posteriorly into a common trunk. The
ducts were not removed with the organ and their structure is unknown.

The

membranes

of the common

trunk, however,

have

the appearance of an ovarian muscular tunica, and the testicular
elements are separated from the lumen of the common trunk by
serosal membranes.
Fig. 1, illustrates the general form of the
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1. Ovotestis of hermaphroditic mullet (Mugil cephalus).
aa a left lobe 125 mm.
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tissue is most

abundant in the anterior third of the left lobe, but even in this
area it does not completely replace the underlying testicular tissue.

Ovarian tissue occurs elsewhere as small superficial patches on the
testicular tissue. A patch of ovarian tissue on the posterior end
of the left lobe fills the common trunk. Male and female tissues
are completely separated by mesenteries.
The tip of the right lobe containing both male and female
elements was sectioned at eight microns and stained with Harris’
hematoxylin and eosin. The tissue was in poor condition because
of post-mortem histolysis and the effects of freezing; nevertheless,
the resulting preparations showed the major features of internal
structure. A section of the gland containing both male and female elements and the mesenteries separating them is shown in
Fig. 2. The gonad is encased by a complex mesenteric capsule
that varies in thickness. This capsule is thickest between the male
and female tissues and is generally thicker around the female elements than the male. The capsule appears to be an ovarian mus-

Fig. 2. Section through right lobe of ovotestis of hermaphroditic mullet
(Mugil cephalus).
Haematoxylin and eosin 37X.
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cular tunica in the stained section and over most of the gonad.
The testicular tissue is encased in thin serosal membranes which
are exposed in areas distant from ovarian tissue and within the
common trunk.
The internal structure of the testicular elements in the stained
sections appears abnormal. ‘There is an extensive proliferation of
stromal tissue that has disrupted normal tubular structure, but
spermatogenesis

appears

normal.

The

ovarian

tissue

contains

advanced oocytes and shows a normal lamellar structure within
the stained sections. Both male and female elements are ripening and appear to be at the same developmental stage as normal
gonads of mullet destined to spawn within two or three months.
The diameter of the ova averaged 0.4 mm.
Both gonads described above appear to be basically female
with extensive secondary development of testicular tissue. In the
case of the larger gonad, this view is supported by the similarity
of the capsule to the muscular tunica of a normal ovary and the
disorganized structure of the testicular tissue.
The possibility of self-fertilization in abnormally hermaphroditic fish has been the basis of much conjecture. Johnson (1932) discussed the problem and advanced the following three conditions
necessary for self-fertilization to take place: “1, simultaneous maturation of ova and sperm in the one individual; 2, a complete sys-

tem of gonadial ducts which will permit union of the ripe germ
cells; 3, the sperm and ova must be of a physiological constitution
which permits of mutual activation resulting in fertilization.” To
these

conditions

should

be

added:

4, the

individual

must

be

capable of spawning behavior characteristic of the species or be
capable of abnormal release of gametes.
Seltf-fertilization may
occur either internally before the release of gametes, or externally
after the spawning act. Stenger (personal communication) has
suggested that the hermaphroditic mullet he described in 1959
would probably have spawned as a female in December, and if
the sperm were then present and viable, self-fertilization would
seem to be possible. The larger gonad described above (taken
in September 1963) might have spawned in October or November,
and if male and female gametes were released simultaneously, selffertilization would probably have occurred.
I do not believe macroscopically detectable hermaphroditism in
Florida mullet is as common as Kesteven (1942) reports for Austra-
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lian mullet. No other reports of hermaphroditism in M. cephalus
were obtained despite conversation and correspondence with many
ichthyologists and fish dealers in Florida. It is, however, possible
that the type of hermaphroditism discovered by Stenger (1959) is
relatively common since the gland must be sectioned before the
abnormal condition is evident.
Doctors James W. Atz and Albert H. Stenger graciously reviewed the manuscript and Richard P. Saunders, Florida Board
of Conservation Marine Laboratory, provided the photograph.
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Review

of the Lutjanus campechanus

Complex

of Red Snappers

Luis R. Rivas

THE taxonomic status of certain species of Lutjanus, commonly
known as red snapper, has remained confused in spite of several
reviews during the past 80 years (Jordon and Swain, 1885; Jordan
and

Fesler,

1893;

Jordan

and

Evermann,

1898;

Hildebrand

and

Ginsburg, 1925; Ginsburg, 1930).
As pointed out by Camber (1955) and Carpenter (1965) at least
10 species of snappers are marketed as red snapper. Commercial
fishermen, however, recognize each of these as a separate species
to which they refer by its individual common name.
The designation of “red snapper” is given only to the species variously referred to in the literature as Lutjanus aya, L. blackfordi, and L.
campechanus, and sometimes also to L. vivanus better known as
“silk snapper.”
This study shows that, in addition to the silk snapper, there
are two species of what may be called true red snappers.
One
of these, L. campechanus, appears to be restricted to the Gulf of
Mexico and the South Atlantic coast of the United States.
It
perhaps also occurs in Bermuda, the Bahamas, and along the
north coast of Cuba. The other, L. purpureus, occurs in the Caribbean Sea and its range extends southeastward along the coast
of the Guianas and probably to Brazil.
Commercial fishermen
call L. campechanus the “Gulf red snapper” and L. purpureus the
“Caribbean red snapper.”
Although Hildebrand and Ginsburg (1925) and Ginsburg (1930)
had previously recognized two species of red snappers their conclusions were open to question.

Because of the paucity of speci-

mens available to them it was thought that the apparent specific
differences might be due to intraspecific variation.
In addition
these authors misinterpreted the nomenclature as discussed below
under the species headings.
This study also shows that L. vivanus, the silk snapper, is closely related to L. campechanus and L. purpureus, especially to the latter with which it has been confused. These three species, herein
referred to as the L. campechanus complex, form a group well distinguished from the other members of the genus Lutjanus. Ginsburg (1930) pointed out the close relationship among these three
species.
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MeETHODS

Measurements and counts were made according to methods
already described by the author (Rivas, 1960) with the following
modifications and additions.
The mandible length is measured from the anterior tip of the
dentary to the posterior tip of the articular.
Lateral scales were counted as the number of oblique rows
(inclined forward) above the lateral line between the posttemporal
(scale bone) and the middle of the caudal base. The scales above
lateral line were counted downward and backward from the dorsal fin origin to, but not including, the lateral line. The scales
below lateral line were counted upward and forward from the
anal fin origin to, but not including, the lateral line. Opercular
scales were counted as the number of rows parallel with the margin of the subopercle; the uppermost row may comprise only one
scale. The scales above opercle were counted as the number of
oblique rows (inclined forward) above the opercle.
In the tables (2-4) discrepancies between the number of specimens included and the total number of specimens available for
scale counts are due to partial or nearly total loss of scales as a
result of poor preservation. This occurred most frequently in the
L. campechanus specimens.
The gillraker counts presented a problem.
In juveniles and
young the anterior rakers of the lower limb (first arch), although
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In the adults,

however,

these

rakers are reduced to tubercles which are difficult to distinguish
from the inter-raker tubercles. Also, the young show no distinction between developed and undeveloped (rudiments) gillrakers,
in contrast with the adult. On the upper arch all gillrakers whether
developed or rudimentary can be made out in both young and
adult. For this reason rudiments are not included in the counts
for the lower limb and, for this character, only specimens 100 mm
in standard length or larger are included in the key and Table 5.
Because of the long-standing confusion it has been difficult to
untangle the synonymies and references.
Many references could
not be verified through lack of adequate descriptions, figures, or
records of available specimens.
These references are not listed.
NONAPPLICABILITY

OF

NAMES

PROPOSED

BY

BLOCH

Since its original proposal the specific name aya has been frequently applied to the red snapper. However, a study of the original description of Bodianus aya Bloch (1790, p. 45) reveals that
the name almost certainly does not apply to a species of Lutjanus.
Bloch states that a spine occurs at the posterior tip of the
opercle but this is not so in Lutjanus. The number of branchiostegals in lutjanids is 7, not 5 as stated by Bloch. His figure clearly
shows 9 dorsal spines followed by 19 rays and one anal spine followed by 8 rays. In the text the number of dorsal spines is given
as 9 and the total number of dorsal] elements as 27. The total
number of anal elements is given as 9 of which one is a spine. In
western Atlantic Lutjanus there are 10 dorsal spines, not 9, and
12-14 dorsal rays, not 18 or 19, with a total of 22-24, not 27 or 28

dorsal elements.

There are 3 anal spines and 8 or 9 anal rays,

a total of 11 or 12, not 9 anal elements. The anal fin is described
(and figured) as rounded whereas in the red snappers it is conspicu-

ously pointed. Also the anal fin is placed too far back and the
pectoral and pelvic fins are too short. Although not described in
the text the figure clearly shows the occurrence of scales on the
interorbital, top of snout, preorbital, and suborbital. These areas
are devoid of scales in Lutjanus. Finally, the habitat of aya, as
given by Bloch (lakes of Brazil) is certainly not that of the red
snappers.
Bloch’s figure is reminiscent of a Sciaenops-like sciaenid except
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for the shape of the dorsal and caudal fins. Although a red color
is not common among sciaenids it does occur in Sciaenops ocellata,
the channel bass, also commonly known in Florida as “redfish.”
The profile and squamation of the head, as shown in Bloch’s figure, are sciaenid-like.
The emarginate caudal fin, as described
and figured, is not a sciaenid feature, but in the adult Sciaenops the
caudal fin is truncate or even somewhate emarginate. The single
anal spine is another sciaenid feature which occurs in several species of Cynoscion and in Menticirrhus. With respect to the habitat
given by Bloch, “Landseen von Brasilien,’ it may be said that it
would apply to a sciaenid rather than to a red snapper. It is possible that the name aya will eventually be found to apply to an
as yet unrecognized sciaenid from the little known coastal lagoons
of Brazil.
At best, some sort of perciform fish is recognizable from Bloch’s
description and figure but certainly not a lutjanid. There is no
specimen available whereupon the identity of aya could be verified since the name was based on a pre-Linnaean description by
Marcgrave and a drawing presumably by Prince Maurice.
AIthough Cuvier and Valenciennes (1828, p. 346) claim that the
original figure was altered in Bloch’s copy, Prince Maurice's drawing is equally unidentifiable.
The name Bodianus ruber Bloch and Schneider (1801, p. 330)
was based on a condensed version of the original description of
Bodianus aya Bloch.
THE Lutjanus campechanus

COMPLEX

The western Atlantic species of Lutjanus may be subdivided
into three well defined species groups as characterized in the following key.
la.

Scales

above

opercle

in 2 or 3 rows.

Lateral

scales

40 to 48, usually

41 to 47. Jaws subequal or upper jaw projecting beyond lower.
<Accessory lateral lines on caudal fin absent, or rarely present only on lower
half.
Lateral spot absent.
Coloration not predominantly red in life.
1.

lb.

L. griseus species

group

Scales above opercle in 4 to 7 rows.
Lateral scales 46 to 53, usually
47 to 51. Lower jaw slightly to strongly projecting beyond upper.
Accessory lateral lines on caudal fin present.
Lateral spot present or absent.
Coloration predominantly red in life.

2a.

Dorsal

rays

12, rarely

13.

Two

vertical

rows

of scales

between
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posterior margin of orbit and upper end of preopercular margin.
Lower jaw strongly projecting beyond upper.
Lateral spot present.
2.

2b.

L. synagris

species

group

Dorsal rays 14, rarely 13. Three or four vertical rows of scales between posterior margin of orbit and upper end of preopercular margin.
Lower jaw slightly projecting beyond upper.
Lateral spot
present or absent.
3. L. analis species group

The L. campechanus complex (L. campechanus, L. purpureus,
L. vivanus) belongs to the L. analis species group, which also includes L. buccanella. The relationships among these species are
analyzed in the following key, which also provides a means for
identification.
kay

Pectoral rays 15 to 17, usually 16. Géillrakers 7 or 8; only one developed
on upper limb. Lingual teeth absent. Vomerine patch of teeth crescentshaped, without a median backward extension.
Suborbital width 10 to
12 percent of standard length. Lateral spot present in young and adult.
Ie Gs analis

lb.

Pectoral rays 16 to 18, usually 17. Gillrakers 8 to 12, usually 9 to 11;
one to three, usually two developed on upper limb. Lingual teeth present. Vomerine patch of teeth anchor-shaped, with a median backward
extension.
Suborbital width 6 to 9 percent of standard length. Lateral
spot always absent or present only in young.
2a.

Scales above opercle in 4 to 6, usually 5 rows.
Lingual teeth in
a single patch.
Posterior margin of anal fin rounded, the middle
rays not exserted, Anal fin length 59 to 64 percent of head length.
A conspicuous jet-black, comma-shaped mark on base of pectoral fin.
Tips of middle caudal rays not black.
Lateral spot always absent.
2. L. buccanella

2b.

Scales above opercle in 6 or 7 rows.
Lingual teeth in two patches,
the anterior one much smaller.
Posterior margin of anal fin angulate or pointed, the middle rays exserted. Anal fin length 65 to 81
percent of head length. No jet-black, comma-shaped mark on base
of pectoral fin. Tips of middle caudal rays black, the fin sometimes
entirely margined with black. Lateral spot present in young, diffuse
or absent in adult. (L. campechanus complex).
3a.

Anal rays 9, rarely 8. Lateral scales 46 to 50, usually 47 io 49.
Scales above lateral line 7 to 10, usually 8 or 9. Scales below
lateral line 15 to 19, usually 16 or 17.
Géillrakers 8 to II,
usually 10. Scales on anterior side of body, below lateral line,
conspicuously larger than those on posterior side.
Suborbital
width 8 or 9 percent of standard length.
3. L. campechanus
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Lateral scales 49 to 53, usually 50 or 51.

Scales above lateral line 9 to 12, usually 10 to 12.

Scales below

lateral line 16 to 24, usually 17 to 23.
Géillrakers 9 to 12,
usually 10 or 11. Scales on anterior side of body, below lateral
line, not conspicuously larger than those on posterior side. Suborbital width 6 or 7 percent of standard length.
4a.

Scales below lateral line 16 to 19, usually 18.

lateral line 9 to 11, usually 10.
5 or 7 rows.

Scales above

Cheek

Scales above

scales in 6, rarely

lateral line, on anterior side of

body, smaller than those below.
Pelvic fin length 53 to
62 percent of body depth.
Lateral spot, when present
(young), about equal to, or larger than eye.
Iris red in
live and freshly preserved specimens.
4.

4b.

L. purpureus

Scales below lateral line 20 to 24, usually 21 to 23. Scales
above lateral line 10 to 12, usually 11 or 12. Cheek scales
in 7, rarely 8 rows.

Scales

above

lateral line, on anterior

side of body, about equal to those below. Pelvic fin length
63 to 76 percent of body depth. Lateral spot, when present (young), smaller than eye. Iris yellow in live and fresh-

ly preserved specimens.
5.

L. vivanus

For more rapid and positive identification, with the campechanus complex, the sum of lateral scales and scales above and below
lateral line may be used. This is 69-75 in campechanus; 77-81,
rarely 76 or 82 in purpureus; and 82-87, rarely 81 or 88 in vivanus.
Lutjanus campechanus

(Poey)

Gulf red snapper
Mesoprion campechanus Poey, 1860, p. 149 (original description;
locality designated); 1861, p. 365 (listed; common name;
from hearsay); 1868, p. 294 (eye color; weight; Campeche;

Cuba,

from

no specific
Campeche,
Key West;

hearsay).

Lutjanus campechianus, Poey, 1875, p. 29 (references; yomerine teeth; comparisons; Key West; Campeche); 1962, p. 86 (description; comparisons;
history; Key West; Campeche; Habana), pls. 70 C-J, 71 A-C.

Lutjanus blackfordii Goode and Bean, 1879, p. 176 (original description; comparison; Pensacola; Savannah).

Lutjanus_ blackfordii, Hildebrand and Ginsburg, 1925, p. 80 (description;
comparison; Pensacola; Rebecca Shoals; Key West), fig. 1. Ginsburg,
1930, p. 269 (characters; commercial importance; biology; nomenclature; synonymy).
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Lutjanus vivanus (not of Cuvier and Valenciennes), Jordan
p. 453 (comments; synonymy in part; Key West).

and Swain,

1885,

Lutjanus aya (not of Bloch), Jordan and Fesler, 1893, p. 447 (common names;
synonymy

in part;

habitat

in part;

occurrence

in part;

specific

name

doubted; comments on types of campechanus and blackfordi), pl. 30.
Carpenter, 1965, pp. 1-35 (review of fishery; Gulf of Mexico), fig.
(cover photograph).
Neomaenis

aya (not of Bloch), Jordan and Evermann,

1898, p. 1264 (common

names in part; description; comments on type of campechanus;
ymy in part; Key West), pl. 197, fig. 516.

synon-

As the names aya Bloch (1790) and ruber Bloch and Schneider
(1801) do not apply to a snapper, campechanus Poey (1860) is the
oldest name available for the Gulf red snapper.
The most recent reviewers (Hildebrand and Ginsburg, 1925,
p. 82; Ginsburg, 1930, p. 372) applied the name campechanus to the
Caribbean red snapper. The evidence presented below, however,
indicates that the name campechanus refers to the Gulf red snapper and that the frequently accepted name blackfordi is synonymous with it.
In the first paragraph of the original description Poey states
that the fish is so named (campechanus) “parce quon le péche
également sur le banc de Campéche ...” Although no specific
locality is given in the original description Poey subsequently
states (1868, 1875) that his campechanus is taken in Campeche Bank
and in Key West. In his last (posthumous) publication Poey (1962)
added Havana to Campeche Bank and Key West.
Poey never
gave any indication that campechanus occurred outside the Gulf
of Mexico. As already indicated in the introduction the Caribbean
red snapper ( purpureus) is not known to occur in the Gulf of
Mexico and the Gulf red snapper is not known to occur in the
Caribbean.
Since critical diagnostic characters were not given by Poey,
the original description of campechanus could apply to either the
Gulf or the Caribbean red snapper. In the light of the above discussion, however, and since the type almost certainly came from
Key West (see below), the name campechanus is here accepted
as the valid one for the Gulf red snapper.
Jordan and Evermann (1898) stated that the type of campechanus “ ... is a stuffed skin of a young fish... . ” without any indication of length or locality. Subsequently Howell-Rivero (1938,
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p. 196) stated that the types of campechanus comprise two specimens (mMcz 9982) the largest of which is the “holotype.” A study
of these specimens, however, shows that they actually are Caribbean red snapper (purpureus) and neither one could have been
Poey’s type of campechanus for the following reasons.
The original description of campechanus was based on a single
specimen 370 mm. in length (total, as it was customary with Poey).
The largest specimen, considered by Howell-Rivero as the “holotype, is 355 mm in total length, 15 mm short of the required
length. The caudal fin is undamaged.
Among the specimens examined at the United States National
Museum a Gulf red snapper (USNM 25235) 373 mm in total length
(285 mm standard length) is believed to be the holotype of campechanus. The length is almost in perfect agreement and, according to the records, the specimen came from Key West (to Havana)
and was sent by Poey. Furthermore, this specimen has only 8
anal rays (as given in the original description) instead of 9 which
is the usual number for campechanus (Table 5). This specimen,
here recognized as the holotype, is described as follows.
Dorsal spines, 10. Dorsal rays, 14. Anal spines, 3. Anal rays,
8. Pectoral rays, 17. Lateral scales, 47. Scales above lateral line,
7; below, 17. Cheek scales in 6 rows. Gillrakers, 9 (plus 5 rudiments); one (plus 5 rudiments), on upper limb. Predorsal length,
418. Preanal length, 710. Head length, 400. Snout length, 153.
Suborbital width, 88. Maxillary length, 151.
Mandible length,
193. Orbit diameter, 67. Interorbital width, 84. Body depth, 386.

Caudal peduncle depth, 121. Dorsal base length, 505. Anal base
length, 154. Pectoral fin length, 323. Pelvic fin length, 235. Anal
fin length, 272. Middle caudal rays length, 203. Scales on anterior side of body, below lateral line, conspicuously larger than
those on posterior side. Scales above lateral line, on anterior side
of body, smaller than those below. Posterior margin of anal fin
pointed, the middle

rays exserted.

Lingual teeth in two patches,

the anterior one much smaller. Vomerine patch of teeth anchorshaped, with a median backward extension.
General coloration
yellowish-brown after more than 100 years in preservation. Tips
of middle caudal rays black.
The holotype of L. blackfordi from Pensacola, Florida, 544 mm
in standard length (usnM 21330) has been examined and found to
be conspecific with campechanus.
Two specimens of campech-
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anus, 585 and 606 mm in standard length (usnmM 87823, 87824),
reported by Hildebrand and Ginsburg (1925, p. 81) as blackfordii
have also been examined.
Camber (1955, p. 16) discussed the occurrence of two “types”
of red snapper in the Gulf of Mexico (Campeche Bank). Type B
consisted of 16 specimens which were less humped, more slender,
and with smaller scales than 619 specimens of Type A. Camber
also stated that radiographs showed osteological differences between the two types but he did not say what those differences
were. The more slender smaller-scaled specimens of Type B are
suggestive of the Caribbean red snapper (purpureus) but the
material examined in this study does not show any species differences correlated with Camber’s types A and B. Of the specimens
examined from Campeche Bank, including some used by Camber
in his study (ummm 4848), some were slender, some were humped,
and some were intermediate. In fact, there was gradual intergradation between the extremes corresponding to Camber’s_ types.
There was no correlation between body depth and relative size
(number) of scales or any other meristic, proportional, or color
character.
All these specimens are typical campechanus.
The
possibility, however, that purpureus may occur in the Gulf of Mexico cannot be dismissed.
This species differs from purpureus and vivanus in the higher
number of anal rays (Table 5), the fewer scales and gillrakers
(Tables 2-5), the longer head, snout, maxillary, mandible, and anal

fin, the deeper body, and the wider suborbital (Table 1). The
enlarged scales on the anterior side of the body are a good field
character to distinguish campechanus from purpureus and vivanus.
The distribution of campechanus appears to be restricted to the
shelves bordering the Gulf of Mexico and the South Atlantic coast
of the United States northward to Cape Hatteras. No verifiable
records from the Bahamas, the North coast of Cuba, or the Caribbean Sea are available to the author. In South Florida and Campeche Bank, at least, campechanus occurs syntopically (Rivas, 1964)
with vivanus.
The absence of a shelf along the Caribbean coast of Yucatan
and the Caribbean

coast of extreme

western

Cuba,

and on both

sides of the Windward Passage may be of significance in the allopatric distribution of campechanus and purpureus. The collecting
records available and other sources (Camber, 1955, p. 23) indicate

126

QUARTERLY

JOURNAL

OF

THE

FLORIDA

ACADEMY

OF

SCIENCES

that these two species usually occur at depths of less than 80
fathoms.
Good illustrations of campechanus are given by Hildebrand and
Ginsburg (1925, fig. 1, as Lutianus blackfordii) and by Carpenter
(1965, cover photograph, as L. aya).
The commercial fishery for this species has been recently reviewed in detail by Carpenter.
Material examined.
129 specimens from the following 36 localities. Campeche Bank: Triangle lighthouse, usnm 196785 (1);
28 n. mi. ESE of Arcas Cays, USNM 158426 (8); 12 n. mi. NE of Arcas
Cays, ummm 4839 (1); Arenas Cays, umm 6107 (12); 65 n. mi. WNW
of Campeche, Mexico, umm

4837 (1); 130 n. mi. Nw of Campeche,

Mexico, umm 4840 (2); 58 n. mi. NW of Campeche, Mexico, UmMiM
4836 (1); 75 n. mi. N of Carmen, Mexico, umm 2425 (2); Gulf of
Campeche, umim 1226 (1); ummm 4842 (2); ummm 4848 (15). Off
Texas:
80 n. mi. S of Galveston, usnM 126763 (1); 83 n. mi. S of
Galveston, UsNM 185539 (1); 19 n. mi. E of Brazos Santiago, UMIM
2419 (11); 115 n. mi. ESE of St. Josephs Island, ummm 2420 (15);
98 n. mi. E of Corpus Christi, ummm 4883 (14). Off Louisiana:
25
n. mi. SE of Barataria Bay, umim 4841 (14). Off Mississippi: S ot
Mississippi Delta, usnm 155381 (1); usnm 155382 (1); S of Horn
Island, umm 6061 (1). Off Alabama: 35 n. mi. SW of Mobile,
UMIM 2422 (6). Off Florida: S of Pensacola, usnM 21330 (1); usnM
158625 (1); usnm 80682 (1); usnm 31918 (1); usnm 21463 (1); 22
n. mi. NNW of Loggerhead Key, Dry Tortugas, umim 4843 (1); off
Rebecca

Shoals,

umiM 2374
672 (4); off
Canaveral,
188515 (1).
(1).

usnm

87824

(1); 5 n. mi. N of Rebecca

Shoals,

(4); off Key West, usnM 25235 (1); off Miami, umm
Port Everglades, umm 4368 (1); 44 n. mi. sE of Cape
umim 6071 (3); 33 n. mi. ENE of St. Augustine, USNM
Off North Carolina: © of Cape Hatteras, usnm 133966
Lutjanus purpureus Poey

Caribbean red snapper
Mesoprion aya (not of Bloch), Cuvier and Valenciennes, 1828, p. 346 (description; size; comments; Haiti).
Poey, 1866, p. 267 (compared with
profundus = vivanus; name purpureus attributed to Cuvier and Valenciennes; Santo Domingo).
Lutjanus purpureus Poey, 1867, p. 157 (compared with profundus = vivanus);
1875, p. 28 (name attributed to Cuvier and Valenciennes; compared
with profundus = vivanus), p. 29 (original designation of name pur-
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color; Batabano, Cuba).
on validity and name).

Jordan

and

PNeomaenis aya (not of Bloch), Evermann and Marsh, 1900, p. 174 (common
names; description; life color; range in part; commercial value; habits;

angling value; synonymy

excepted; Puerto Rico), pl. 20.

Lutianus campechanus (not of Poey), Hildebrand and Ginsburg, 1925, p. 82
(description; comparison;
off Honduras).
Ginsberg,
1906, p. 268
(characters in key), p. 273 (comments; comparison; eye color; nomenclature; synonymy in part; off Honduras).
Howell-Rivero, 1938, p. 196

(specimens

only: erroneously

Lutjanus aya (not of Bloch), Poey,
compared

Buba;

with

Santo

profundus

Domingo;

designated

as types of L. campechanus).

1962, p. 85 (synonymy
—

Puerto

vivanus;

comments;

in part; coloration;
history;

Batabano,

Rico), pl. 70 B.

The use of the name purpureus for the Caribbean red snapper
appears to be justified on the basis of the following discussion.
Poey (1866, p. 267) stated that Cuvier and Valenciennes (1828,
p. 346) had changed the name aya to purpureus in a subsequent
page of the same publication. At the same time Poey compared
his profundus (= vivanus) with the aya of Cuvier and Valenciennes
and commented that it (aya) could be confused with profundus.
Poey also stated that he had seen a specimen from “Santo-Domingo’ which he believed to be the same as Cuvier and Valenciennes’
aya (purpureus) but different from his profundus. The name purpureus was never mentioned by Cuvier and Valenciennes and there
is no explanation as to why Poey erroneously attributed the name
to them. The fact remains, however, that Poey mentioned purpureus in his paper and that he recognized it as representing a red
snapper closely related to, but different from profundus = vivanus.
It is also significant that Poey does not mention campechanus,
the other close relative described by him six years previously and
which he probably considered distinct enough not to be confused
with purpureus and vivanus.
Subsequently Poey (1867, p. 157)
stated that the main difference between purpureus and profundus
(= vivanus) is the location of the small scales on either side of
the nape. This difference, although real, is of very minor importance in distinguishing these two species. Later Poey (1875, p.
28) again erroneously attributed the name purpureus to Cuvier
and Valenciennes.
He also discussed his specimen from Santo
Domingo (previously referred to by him, 1866, p. 267) as an individual 300 to 350 mm long, very similar to profundus (= vivanus)
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but different and believed by him to be the true purpureus. In
this paper, on the next page, Poey (1875, p. 29) formally listed
“Lutjanus purpureus’ as a species heading (between L. profundus
and L. campechianus) with the names aya Bloch, ruber Bloch and
Schneider, aya Cuvier and Valenciennes, and purpureus Cuvier
and Valenciennes as synonyms. In addition, Poey stated that purpureus is also found in Santo Domingo and that he had seen it
only once from Cuba (Batabano, south coast). Finally, in his last
(posthumous) publication, Poey (1962, p. 85) listed purpureus as a
synonym of aya which he considered distinct from campechanus
and profundus (= vivanus). The specimen figured in this publication is said by Poey to have come from Batabano.
It may be concluded from the above discussion that the name
purpureus refers to the Caribbean red snapper and that it should
be attributed to Poey, not to Cuvier and Valenciennes.
Also,
although the name was mentioned by Poey in 1866 and 1867 his
designation in 1875: 29 may be accepted as the original. Although
no formal description or definition of purpureus was given by Poey
in 1866, 1867, and 1875 the name may not be declared a nomen
nudum according to the now current Rules since it was proposed
before 1931 and there are sufficient “indications.”
In fact, the
species was actually described and figured by Poey (1962, p. 85,

pl. 70 B), as “Lutjanus aya” in his last publication.
Only one specimen was definitely referred to by Poey (1875, p.
28) as the true purpureus.
He stated that the fish, from Santo
Domingo, was “.. . de 300 a 350 milimetros de largo . . . ” (total)
and that it had been sent by him to Agassiz. There is only one
specimen at the Museum of Comparative Zoology which could
possibly be this specimen. It is the specimen (mcz 9982), largest
of two by 110 mm, erroneously designated as the holotype of
campechanus by Howell-Rivero (1938, p. 196). This specimen, 355
mm in total length (273 mm. standard length), a typical purpureus,
is here recognized as the holotype of the species and described
below.
Dorsal spines, 10.

Dorsal rays, 14.

Anal spins, 3.

Anal rays,

8. Pectoral rays, 17. Lateral scales, 50. Scales above lateral line,
10: below, 19. Cheek scales in 6 rows. Géillrakers, 11 (plus 5 rudiments); 2 (plus 5 rudiments) on upper limb. Predorsal length, 393.
Preanal length, 698. Head length, 359. Snout length, 125. Suborbital width, 68. Maxillary length, 135. Mandible length, 166.
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84.
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Body

depth,

352.

Caudal peduncle depth, 111. Dorsal base length, 498. Anal base
length, 139. Pectoral fin length not measured (tip broken off).
Pelvic fin length, 206. Anal fin length, 249. Middle caudal rays
length, 179. Scales on anterior side of body, below lateral line, not
conspicuously larger than those on posterior side. Scales above
lateral line, on anterior side of body, smaller than those below.
Posterior margin of anal fin pointed, the middle rays exserted.
Lingual teeth in two patches, the anterior one much smaller. Vomerine patch of teeth anchor-shaped, with a median backward extension. General coloration yellowish-brown after about 100 years
in preservation. Tips of middle caudal rays black.
A specimen of purpureus, 540 mm. in standard length (UsNM
87822) reported by Hildebrand and Ginsburg (1925, p. 82) as
Lutianus campechanus has been examined.
This species differs from campechanus in the characters already
indicated under that species. It is more closely related to vivanus,
from which it differs mainly in the fewer scales (Tables 2-4), the
shorter pectoral and pelvic fins (Table 1), the larger lateral spot,
and the red eye (yellow in vivanus). The eye color combined with
the number of anal rays and the relative size of the scales (see key)
constitute good field characters to distinguish purpureus trom
campechanus and vivanus.
The collecting data of the specimens studied and the tew verifiable records from the literature indicate that purpureus occurs
on the shelves bordering the Caribbean Sea and that its range
extends southeastward along the coast of the Guianas probably
to Brazil. It is sympatric with vivanus with which it is also known
to occur syntopically (see Rivas, 1964). As already indicated under
campechanus the absence of a shelf on both sides of the Yucatan
Channel and the Winward Passage may be of significance in the
allopatric distribution of purpureus and campechanus.
A good illustration of purpureus (as Lutianus campechanus) is
given by Hildebrand and Ginsburg (1925, fig. 2).
Material examined. 41 specimens from the following 17 localities. Off Honduras: no specific locality, usnM 87822 (1); umm
6112 (6). Off Panama: 3 n. mi. N of Cabo Tiburon, umm 6094 (2).
Off Colombia: 28 n. mi. wsw of Cabo La Vela, umm 6111 (1). Off
Venezuela: 22 n. mi. NE of Cabo La Vela (Colombia), umrm 6086
(2); 12 n. mi. NNw of Punta Manzanillo, ummm 6093 (2). Off Aruba:
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5 n. mi. sw of w end, umm 6110 (1). Off British Guiana: 70 n. mi.
N of Georgetown, ummm 2424 (10). Off Surinam: 65 n. mi. NE of
Paramaribo, USNM 185195 (1); 60 n. mi. NNW of Paramaribo, USNM
185328 (1). Off French Guiana: 90 n. mi. Nw of Cayenne, USNM
185047 (1); 80 n. mi. NNW of Cayenne, UsNM 185307 (2), UMim 2423
(2); 45 n. mi. NNE of Cayenne,usNM 185379 (3). Off Lesser Antilles:
St. Lucia, usnm 41281 (1); Martinique, usnmM 178626 (1). Off
Haiti: Port-au-Prince, usnmM 132545 (1), usnm 183695 (1). Off Hispaniola?: mcz 9982 (2).
Lutjanus vivanus (Cuvier and Valenciennes)

Silk snapper
Mesoprion vivanus Cuvier and Valenciennes, 1828, p. 343 (original description; depth of capture; size; common names; Martinique).
Jordan,
1887, p. 534 (comments on types).
Mesoprion profundus Poey, 1860, p. 150 (original description; Cuba); 1861,
p. 365 (listed; common name; Cienfuegos, Cuba); 1866, p. 267 (compared with aya = purpureus); 1867: 157 (compared with purpureus;
nuchal scales); 1868, p. 294 (common name; eye color; opercle; food
value; weight).
Howell-Rivero, 1938, p. 196 (synonymy; type specimens).

Lutjanus torridus Cope, 1871, p. 469 (original description; St. Kitts), fig. 5.
Hildebrand and Ginsburg, 1925, p. 77 (species not identifiable from
original description).
Lutjanus profundus, Poey, 1875, p. 28 (comments;
1962, p. 85 (compared
Lutjanus

with aya =

compared with purpureus);

purpureus;

Cuba), pl. 70 A.

vivanus, Jordan and Fesler, 1893, p. 445 (common

names;

synonymy

in part; eye color; comments).
Hildebrand and Ginsburg, 1925, p. 78
(comments on identity).
Ginsburg, 1930, p. 265 (common names; description;

key;

variation;

nomenclature;

economic

synonymy;

importance;

range;

relationship;

Campeche

Bank),

characters

in

fig. 1.

Neomaenis vivanus, Jordan and Evermann, 1898: 1262 (common names;
scription; synonymy in part; Cuba).
Evermann and Marsh, 1900:
(common names; description; synonymy; Puerto Rico).

de175

Although lacking in most diagnostic characters the original description of vivanus obviously refers to one of the three species of
the complex reviewed in this study. The Gulf red snapper, campechanus, may be eliminated on the basis of locality since vivanus
was described from Martinique.
The original locality, however,
is of no value in deciding whether the name vivanus applies to the
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silk snapper or to the Caribbean red snapper since both of these
species are sympatric. The conspicuous black margin of the caudal
fin and the depth of capture (90-100 fathoms) given by Cuvier and
Valenciennes for vivanus may be good clues. In the silk snapper
the black margin of the caudal fin is much more conspicuous than
in the Gulf and the Caribbean red snappers. Also the silk snapper
is usually taken along the edge of the shelf at depths of 80-120
fathoms whereas the other two species are usually taken at depths
of less than 80 fathoms

(Camber,

1955, p. 23, and personal obser-

vations).
Because of the statements in reference to depth of capture and
the black margin of the caudal fin given in the original description
there is the strong possibility that the name vivanus refers to the
silk snapper rather than to the Caribbean red snapper, purpureus
(see also discussion under the latter species).
Furthermore, the
name vivanus has been currently applied to the silk snapper and
for the sake of stability it is advisable to retain it for the silk
snapper.
Contrary to statements by Jordan and Swain (1885, p. 453),
Jordan (1887, p. 534), and others, no specimen that could be considered as the type of vivanus was mentioned by Cuvier and Valenciennes in the original description.
Therefore, there is no
specimen in existence whereupon the name vivanus could be positively verified or a type designated.
In view of the absence of original type material a specimen
from Mayaguez, Puerto Rico (closest available to type locality),
270 mm in standard length (usnmM 164632) is here designated as
the neotype of vivanus and described as follows.
Dorsal spines, 10. Dorsal rays, 14. Anal spines, 3. Anal rays,
8. Pectoral rays, 17. Lateral scales, 51. Scales above lateral line,
12; below, 22. Cheek scales in 7 rows. Gillrakers, 11 (plus 5 rudiments); 2 (plus 5 rudiments), on upper limb. Predorsal length,
400. Preanal length, 726. Head length, 374. Snout length, 140.
Suborbital width, 66.
Interorbital width, 82.
Anal base length, 148.

241.

Maxillary length, 145. Orbit diameter, 79.
Body depth, 342. Dorsal base length, 495.
Pectoral fin length, 330. Pelvic fin length,

Anal fin length not measured (tip broken off).

Middle cau-

dal rays length, 189. Scales on anterior side of body, below lateral
line, not conspicuously larger than those on posterior side. Scales
above lateral line, on anterior side of body, about equal to those
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below.
Lingual teeth in two patches, the anterior one much
smaller. Vomerine patch of teeth anchor-shaped, with a median
backward extension.
General coloration yellowish-brown after
about 67 years of preservation. Tips of middle caudal rays black.
The original description of profundus (Poey, 1860, p. 150) refers
to this species, but the two specimens recorded as “cotypes” by
Howell-Rivero (1938, p. 196) are not the types of profundus. Poey
stated that his description was based on a single specimen 260 mm
(total length) but the specimens recorded by Howell-Rivero (mMcz
9966, 9990) have total lengths of 340 and 415 mm, respectively.
One of two specimens sent by Poey to the United States National
Museum and identified by him as profundus is almost certainly
the original type. This specimen (usNM 24796), here recognized as
the holotype of profundus, measures about 255 mm in total length
(upper caudal fin lobe frayed), 198 mm in standard length, and
bears Poey’s original cloth tag with his species No. 28.
The holotype of Lutjanus torridus Cope (1871, p. 469) from St.
Kitts, Lesser Antilles, 229 mm in standard length (ANSP 13225)
has been examined and found to be conspecific with L. vivanus.
This species differs from campechanus in the characters already
indicated under that species. As already discussed vivanus is more
closely relate dt opurpureus from which it differs in the characters
already discussed under the latter. The yellow eye is a good field
character to distinguish vivanus from campechanus and purpureus.
This species is known to occur along the edge of the shelves
bordering the southern Gulf of Mexico, the Straits of Florida, and
the Caribbean Sea. North of the Yucatan Channel vivanus occurs
sympatrically with campechanus.
In the Caribbean Sea it occurs
sympatrically with purpureus.
As already discussed under campechanus and purpureus absence of a shelf on both sides of the Yucatan Channel and of the
Windward Passage could be interpreted as a barrier to the southward dispersal of campechanus and to the northward dispersal of
purpureus. This need not be so in the case of vivanus since available collecting data and records from the literature (Camber, 1955:
23) indicate that this species usually occurs at depths of 80 to 100
fathoms or more.
Material examined.
18 specimens from the following 12 localities. West Indies: no specific locality, usnM 33264 (1). Off
Jamaica: no specific locality, usnmM 37730 (1). Off Puerto Rico:
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Mayaguez, usnM 164632 (1). Off Lesser Antilles: St. Kitts, ansp
13225 (1). Off Panama: 18 n. mi. ENE of Punta Manzanillo, umim
6100 (1); 4 n. mi. N of Cabo Tiburon, umm 6097 (1). Off Cuba: no
specific locality, usnm 12557 (2); Bahia Honda, usnm 82436 (1);
Havana, usnM 24782 (1), usnm 24796 (1), usnM 25010 (1). Off Florida: Marathon, ummm 6010 (1); Miami ummm 6011 (1); Port Everglades, ummm 2626 (3), umm 2712 (1).

TABLE

Comparison

of similar

length

specimens

L. campechanus
(No. = 21)
Character!

Standard length
Head length
Snout length
Suborbital width
Maxillary length
Mandible length
Body depth
Pectoral fin length
Pelvic fin length
Anal fin length

1

of Jutjanus

campechanus

L. purpureus
(No. = 10)

complex

L. vivanus
(No. = 9)

Range

Mean

Range

Mean

Range

Mean

190-418
376-411
146-161
80-89
145-158
180-195
350-405
316-343
215-250
268-319

296
392
151
85
152
187
376
329
233
288

160-435
338-397
121-147
65-70
129-150
160-186
312-381
287-313
189-224
241-288

SL5
361
131
68
138
2
354
301
205
262

198-420
356-377
127-140
64-73
123-146
170-177
320-354
310-339
222-246
243-284

266
369
135
67
138
174
337
32]
233
256

1 Standard length in millimeters; other characters expressed in thousandths
of the standard length.

TABLE

2

Frequency distribution of lateral scales in the Lutjanus campechanus complex
Lateral

Species

INOw

L. campechanus

76

L. purpureus
L. vivanus

38
18

Oe

Ce

47 ee aor

la

49)

26 ne 22
Cy

scales

50S

510)

52).

iG
all

3
2

53

8
Ses
See

Mean

48.2
Dy

50.4
ASMP
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3

Frequency distribution of scales above lateral line and cheek scale rows
in Lutjanus campechanus complex
Scales above

8

lateral line

Species

No.

7

91011

12

L. campechanus
L. purpureus
L. vivanus

76
38
18

4 42 25 5
Ge2i el
295

No.

CS
37

15.

16

17

below

18

S20,
425
Saal

G2
SO
2iaan
3112} Slee
18
17

5.9
6.1
lee

19

lateral line

20

21.

222324

lO)
hOgess

7

ies

Gea
17.9
2

TABICn

3

Gy)

Ano

5

distribution of anal rays and of gill rakers on lower limb of
first arch in Lutjanus campechanus complex

Anal rays
Species

No.

8

Eycampechanus,

126

“147

L. purpureus
L. vivanus

scale rows

)655/GeMicam

distribution of scales below lateral line in
Lutjanus campechanus complex

L. campechanus
L. purpureus
L. vivanus

Frequency

5S)

4

Scales

Species

No.

8.4
10.1
ee) Males

TABLE
Frequency

Cheek

Mean

AN
Be)
Ses

Gillrakers

9

Mean

OF

AD

No.

8

9

10).

819

80

2

28°

48

oe?
8.0

35
18

L
l

14
4

02s
“222
TO
2

Mean
RoiG
SiesOG
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Centrarchid

Spawning

in the Florida Everglades

James P. CLucsron
KNOWLEDGE of the spawning characteristics and requirements
of freshwater fishes is important to present day fish management.
Predictions of future fishing success are sometimes made possible
by knowledge of spawning activities. In some instances fish populations have been regulated by encouraging or discouraging the
spawning of certain species. Water levels kept at the proper height
during the spawning season of the shore-spawning species will
permit a normal hatch while a drawdown can be used to suppress
a population when it has become overcrowded. Treatment of the
margins of a lake with a fish toxicant during spawning periods
can also be used as an aid in reducing the numbers of an undesirable species.
Peninsular Florida is almost unique compared to the rest of the
continental United States because much of it is subtropical and
has little seasonal fluctuation in temperature.
Old residents tell
of year-round spawning of bass and the smaller sunfishes, but
little information appears in the literature to establish the actual
spawning periods of these species. Available information on centrarchid spawning in Florida is from the central portion of the
state; an area approximately 250 miles north of the study area
described in this paper.
THE

Stupy

AREA

In 1955 the Florida Game and Fresh Water Fish Commission
undertook a number of studies to learn more about the fish populations and other aquatic life within three Conservation Areas in
southern Florida located approximately 20 miles west of the
Miami-Fort Lauderdale-West Palm Beach region.
These three
areas, totaling approximately 1,345 square miles, are a portion of
the original Florida Everglades that is now enclosed by a vast
network of levees and canals. The Conservation Areas were created to retain surplus water during the hurricane and rainy season,
to regain irrigation water supplies in time of drought, to serve as
potential reservoirs to maintain urban ground water tables, and to
provide for fish and wildlife. These marshes and their bordering
canals are the primary freshwater fishing areas of south Florida.
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The majority of the investigations by the Game and Fresh
Water Fish Commission were carried out in Conservation Area
2, a tract of 137,000 acres.
The ground elevation slopes from
about 13 feet to between 7-10 feet above mean sea level from
north to south. Because of the gradual slope over a 15-mile stretch,
a change of one foot in water level can either inundate or dry
vast areas of marsh. The water depths in the southern portion of
Area 2 range between 2-5.5 feet. The water level stages are established and controlled by the Central and Southern Florida Flood
Control District.
SPAWNING

SURVEY

Observations of spawning were made between December 1960
and July 1964 in Conservation Area 2. The levees around this
area provided a berm or shelf of rock and clay on certain parts of
which centrarchid nests were easily visible. While driving slowly
along the levees, a biologist wearing polaroid glasses could look
down without leaving the car and observe fish on the levee berm.
The species observed spawning were: largemouth bass (Micropterus
salmoides), bluegill (Lepomis macrochirus), redear sunfish (Lepomis microlophus), and spotted sunfish (Lepomis punctatus). Other
centrarchids that were present in the Conservation Areas, but not
observed spawning on the levee berm were: warmouth (Chaenobryttus gulosus), dollar sunfish (Lepomis marginatus), bluespotted
sunfish (Enneacanthus gloriosus), black crappie (Pomoxis nigromaculatus), and the Everglades pygmy sunfish (Elassoma evergladei).
During the period between December 1960 and September
1961, counts

of bass nests were

made

over

a 10-mile

section of

levee berm (Table 1). The marsh extended directly to this levee
and because of the thick vegetation, only limited sections of the
berm were visible. Counts were made in the same sections each
time. The completion of an additional levee in September caused
the area where the counts were made to become dry, consequently
losing its fishery value. Thereafter, observations were made along
a new interior levee to the north. The new levee had a 125-foot
wide canal adjacent to it which made observations possible along
its entire length. However, actual counts were impractical because
of wind action on the water surface and the great numbers of
spawning fish at certain times of the year. Therefore, only gen-
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of each species were

1

Counts of bass nests along 10 miles of levee in Conservation Area 2,
Broward and Palm Beach counties, Florida.
Water temperature
was recorded 12 inches below the surface at mid-day
Date

Nests with bass

Nests without

bass

Water temperature

1960
Dec.
Dec.

4
14

0
0

0
0

een
G2

Dec.
yal)>
(Deckse19)™ *

GORE

(iante23)4

Omi

(Kel.

1961
Jan. 26

Feb.

Numerous

10

56

Feb. 16

104

33

65 F

Feb. 28

50

102

74 F

Mar.
Mar.

20
28

35
35

16 Es
64 F

16
23
5
13
18
May 3

67
13
26
25
12)

3
14
i
=
‘

70 F
TS a
78 F
(Ae
80 F

through
Aug. 31

0

0

3
10

Mar.
Mar.
April
April
April

63

37)"?

82 F

to
92 F

*It was not possible to discern between vacant bass nests and_ nests
vacated by other centrarchids on these dates.
**Frish, Harry M.
1962.
Annual water quality variations at certain
points in the Everglades. Florida Game and Fresh Water Fish Comm., Tallahassee, 14 pp. (mimeographed report).
SPAWNING

Largemouth Bass. The largemouth bass is the first of the centrarchids to spawn each year in south Florida. Spawning usually
commenced when the water cooled to the low 60s F. During
the period of the investigation, these temperatures occurred between mid-December and mid-January. Clugston (1964) reported
successful spawning of largemouth bass between November 15 and
December 15, 1960, in a 1.2-acre pond located approximately 20
miles east of the Conservation Areas.
February was the peak
spawning month during every year of the study. Most bass spawn-
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ing occurred when the water temperature neared 70 F, and all
spawning appeared to stop when the water temperature rose above
80 F. The bass ceased spawning along the levees by April Ist
in 1960, 1962, and 1964, and by May Ist in 1961 and 1963. The
spawning season ranged between 2.5-4.0 months in lengths. The
general spawning pattern observed each year corresponded closely
with the 1960-1961 season shown in Table 1. The location of
nests at least 10 feet from each other showed the characteristic
territorial behavior of the largemouth bass. Most of the bass nests
were observed in water 12-30 inches deep.
Bluegill and Redear Sunfish (Shellcracker). The spawning requirements and habits of these two species are quite similar.
Therefore, it was not always possible to distinguish which of the
two species was being observed. Generally the bluegill and redear sunfish started spawning in late February or early March when
the water temperature approached 70 F. Nests were most abundant when the water temperature was between 75-80 F, but on
a number of occasions, they were observed spawning when the
water temperature was 90 F. Spawning along the levee appeared
to cease by October 1. The spawning season normally lasted 6-7
months, although during this period, there might often be times
when they ceased spawning for 1-3 weeks.
Counts were made on three occasions in 1964 to illustrate the
great numbers of the smaller sunfishes spawning along the interior levee. The total number of nests observed were: 1,284 on
April 10; 1,373 on April 24; and 724 on June 9. These counts in-

cluded bluegill, redear sunfish, and spotted sunfish. In April the
mid-day water temperature was 75-77 F. By June 9, the temperature had risen to 86 F.
The bluegill and redear sunfish are community spawners. Frequently, when the nests were only a few inches from each other,
the area appeared as one large nest 6 or more feet in diameter.
The nests were usually found in water 18 to 36 inches deep.
Spotted Sunfish (Stumpknocker).
The spawning season of the
spotted sunfish in the Everglades is difficult to define. This species
spawned intermittently throughout the spring and summer and
until November in 1963. They were found spawning in small
numbers when the mid-day water temperature was 64 F. More
commonly, they started to spawn in fair numbers when the water
temperature neared 75 F in March or April. The preferred spawn-
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ing temperature range appeared to be 80-85 F. Spotted sunfish
were observed spawning in great numbers on August 31, 1961,
when the water temperature was 92 F. However, during the same
year, no spotted sunfish could be found spawning from mid-June
until the end of July when the mid-day water temperature ranged
between 86-89 F.
This species generally fanned out its nests within one foot of
the shore in water that was only 6 inches deep. They were the
most pugnacious of the centrarchids observed.
Bass, bluegill,
and redear sunfish would usually flee the nest and wait in the
shadows until the observer left the area before returning to the
bed. The spotted sunfish would dart away from the nest, but
return almost at once to stay over the eggs. On a number of occasions, they returned while the observer was holding a _thermometer in the nest.
DIscussroN

Great numbers of largemouth bass, bluegill, redear sunfish, and

spotted sunfish were observed spawning along the levees of Conservation Area 2. The observed maximum spawning seasons varied
from 4 months for the largemouth bass to 8 months for the spotted
sunfish. November was the only month in which no centrarchid
spawning was observed.
It is known that both light and temperature play an important
part in controlling the reproductive cycle of many fishes. Centrarchids normally are predisposed to spawn during a lengthening
photoperiod and increasing temperature. Many have observed that
bass spawning occurs first in the spring when the water temperature warms to 60-65 F. Bass spawning may start in mid-May in
Wisconsin (Mraz, Kmiotek, and Frankenberger, 1961) and in midApril in Alabama (Swingle and Smith, 1950). In central Florida
(latitude 28-29° N) it appears that bass spawning occurs in March
and April (Carr, 1942; Horel, 1951; McLane, 1955) although they
have been observed spawning “as early as January’ in the St.
Johns River (McLane, op. cit.). In south Florida (latitude 26°
N.) bass spawning commenced in the coolest period of the year,
i.e., during December or January. The water temperature apparently must drop to nearly 60 F, or approximately the same temperature that the water must warm to in the cooler latitudes, before spawning begins. This is also the period of the least day-
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light hours.
However, bass spawning increases as the daylight
hours become longer and until the water temperature increases
to around 70 F.
Aronson (1957), in reviewing the work of other investigators,
discusses many ecological factors which may affect the reproductive habits of fishes. He breaks these into three major headings:
meteorological, habitat, and social. The more irregular spawning
described for the smaller sunfishes suggests that factors in addition to photoperiod and temperature contribute to their reproductive pattern although no specific items were detected in this study.
The depth of the water in most of the marsh is not too deep
for centrarchid spawning anytime throughout the year. Because
of the dark bottom (peat) of the marsh and the thick vegetation,
it was not possible to determine the degree to which the many
centrarchid species used the marsh for spawning.
All of the
species observed spawning on the berm were also seen spawning
on the peat or roots of the vegetation in the marsh. The great
numbers of fry of all centrarchids that were found many miles
from the levees while taking population estimates (Clugston and
Dineen, unpublished data) indicate that spawning occurred over
the entire area.
Lowering of the water level occurs during much of the spawning season, but it occurs at such a slow rate that it does not appear
to affect the spawning adversely in any way. During May and
June, when the water level was at its lowest, all species except
the largemouth bass were seen spawning.
However, from April
through August, bass fry 1-1.5 inches long were observed in the
marsh a number of times. Perhaps, because of the greater water
depths and the shade afforded by the dense vegetation, the water
may remain sufficiently cool in the marsh to encourage bass spawning at a date later than actually observed.
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The Exotic Herpetofauna of Southeast Florida
WAYNE

KING AND

THOMAS

KRAKAUER

In 1910 Barbour reported the first successful invasion of south
Florida by an exotic species of amphibian, Eleutherodactylus planirostris, and in 1922 Stejneger reported the first exotic reptiles,
Hemidactylus turcicus and Sphaerodactylus cinereus, to be established in the state (see also Fowler, 1915). By 1940 the list of
exotics had increased to eight species (Carr, 1940), and by 1957 to
twelve (Duellman and Schwartz, 1958). The introductions come
from three sources, accidental importation on produce shipped
into the state, escape from wholesale animal dealer-importers, and
the intentional release of animals. The last two sources account
for the rapid increase in the rate of herpetofaunal introductions
since 1945. The success of many of the introductions results from
south Florida's semitropical climate and flora and depauperate
fauna.
This paper lists the exotic species that have been introduced
into south Florida, delimits their present local ranges, and records
how each was introduced, when known.

The animals are treated

in three groups, species established and breeding, species not known
to breed locally, and species unreported since their release.
ESTABLISHED

BREEDING

SPECIES

The giant toad, Bufo marinus, was first reported in southeast
Florida by Neill (1957).
Duellman and Schwartz (1958) listed
B. marinus in the “ ...

western part of Miami, Dade County, 17

May 1955.” The present population is not the result of an introduction near Pennsuco prior to 1958 (see Duellman and Schwartz,
1958; Riemer, 1959), but results from the accidental release of
approximately 100 specimens by an importer formerly located at
Miami International Airport, whence the species has spread. Other
animal dealers deliberately released the species in 1963 at Pembroke Park, Broward County, and in 1964 at Kendall, Dade County.
The

Kendall

animals

came

from

Surinam;

all others

were

from

Colombia.
The present distribution of B. marinus in Florida
extends from Homestead in southern Dade County, north to Pembroke Park and Hollywood in Broward County, and from the
Intracoastal Waterway west to the Everglades.
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planiros-

tris, from Cuba, has been recorded throughout most of south Florida (Barbour, 1910; Deckert, 1921; Carr, 1940; Goin, 1947; Neill,

1957; Duellman and Schwartz, 1958). It is abundant throughout
the Florida Keys and the eastern half of Dade, Broward, and
Palm Beach counties. Its introduction was probably an accidental
consequence of ship commerce.
The giant treefrog, Hyla septentrionalis, from Cuba and Hispaniola, occurs from Key West in southern Monroe County, where
it was first recorded, northward along the eastern half of Dade and
Broward counties to Dania (Barbour, 1931; Trapido, 1947; Wright
and Wright, 1949; Peterson, Garrett, and Lantz, 1952; Schwartz,
1952; Allen and Neill, 1953; Duellman and Schwartz, 1958; King,

1960). Eggs and tadpoles of this frog are found in many outdoor
fishponds and swimming pools in southeast Florida.
Its initial
introduction seems to be an accident of shipping.
The yellow-headed gecko, Gonatodes albogularis fuscus, was
established in Key West prior to 1939 (Carr, 1939, 1940; Duellman
and Schwartz, 1958) and is still abundant there today. By 1965
a reptile fancier had secondarily introduced it into Dade County,
in the vicinity of Day Avenue and Matilda Street, Coconut Grove.
This species probably was introduced to Key West on shipments
from Cuba or Jamaica.
The Indo-Pacific gecko, Hemidactylus garnoti, was introduced
into Dade County prior to 1964. This species is established in two
widely separated locations, in the immediate vicinity of 3811 Wood
Avenue

in Coconut

Grove,

and

19 Terrace

between

70 and

73

Courts SW, Miami. As both localities are homes of University of
Miami Institute of Marine Science personnel, the introduction
may have resulted from the International Indian Ocean Expedition
(1960-1963).
The Mediterranean gecko, Hemidactylus turcicus turcicus, has
been reported primarily from Key West and Big Pine Key, Monroe
County (Fowler, 1915; Stejneger, 1922; Barbour, 1936; Duellman
and Schwartz, 1958; King, 1959).
In the Miami area it occurs
in several localities, 22 Street and 3 Avenue NE, and along NW
South River Drive between 42 and 27 Avenues NW.
Whether
these are isolated populations, or part of a single widespread population, is not known to us. A reptile fancier established one disjunct colony in the vicinity of 9885 SW 80 Drive, Sunset Park.
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The mainland populations are undoubtedly secondary introductions from the Key West colony, and the latter probably was an
accident of shipping.
The ocellated gecko, Sphaerodactylus argus argus, was reported from Key West, Monroe County, by Savage (1954). Duellman and Schwartz (1958) were unable to find the colony in Key
West, and therefore reported it no longer extant.
The colony,
however,

was

located

on the western

end of the island near the

aquarium as recently as 1964. These animals could have been
introduced in shipments from Jamaica or North Bimini, Bahamas.
The ashy gecko, Sphaerodactylus cinereus, a Cuban and Hispaniolan species, was first reported from Key West by Stejneger
(1922). Duellman and Schwartz (1958) report that the colony is
thriving on Key West, and that S. cinereus also occurs on Boca
Chica Key, Monroe County. These are the only populations known
to us. While S. cinereus is restricted in distribution, Sphaerodactylus notatus is widespread both in the Florida Keys and on the
mainland. These distributions led Duellman and Schwartz (1958)
to believe that S. notatus is an indigenous member of the Florida
fauna, a conclusion with which we agree.
The Bahamian bark anole, Anolis distichus distichus, was initially discovered in Brickell Park, Miami, in 1946 (Smith and McCauley, 1948; Duellman and Schwartz, 1958). This lizard is abundant in the Miami area from the Miami River south to Kendall,
and from the Atlantic shore to West Miami. In addition, it occurs

on Key Biscayne in the area of Crandon Park Zoo. It is most
abundant in Coconut Grove and Coral Gables. The first population almost certainly was a deliberate release. In Coconut Grove
the species has spread without human aid, but virtually all other
populations result from secondary introductions by reptile fanciers.
In life, this race has an ash-gray dorsal groundcolor and a pale
yellow dewlap.
The green bark anole, Anolis distichus dominicensis, a Hispaniolan race, occurs in a small colony in Miami, along the Tamiami
Canal near 32 Avenue and 24 Street-Road NW. It was most probably accidentally introduced on a freight boat that trades between the Miami River and Hispaniola. In life, this race has a
pea-green or gray-green dorsal groundcolor and a pale orange
dewlap.
The knight anole, Anolis equestris equestris, from Cuba, was
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reported in south Florida by Neill (1957). The main colony, and
area of first introduction, is centered in a twenty city block area
of Dade

County,

Coral Gables, from Coral Way

in the north to

Bird Road in the south, and from Le Jeune Road on the east to
Segovia Avenue on the west.
Secondary releases occurred in
Coconut Grove in the vicinity of Day Avenue and Matilda Street;
in Coral Gables on Old Cutler Road near Matheson Hammock;
in Sunset Park in the vicinity of 9885 SW 80 Drive; and in Peters
at US Highway 1 and Eureka Drive. It is also reputed to be on
Key Biscayne; in Brickell Hammock on the grounds of the Viscaya
Museum;

and in Broward

County,

in the vicinity

of Davie,

but

this has not been confirmed by us. The original introduction was
made in 1952 by a student in the University of Miami Department
of Biology, whose buildings are in the center of the main population. The subsequent spread was accomplished by reptile fanciers,

who

feared

that

the

species

would

become

“extinct”

in

Miami.
The Bahamian ground anole, Anolis sagrei ordinatus, was reported to occur in a six block area adjacent to Shenandoah Elementary School at 1023 SW 21 Avenue (Bell, 1953). This locality
now supports a colony of Anolis sagrei sagrei. Duellman and
Schwartz (1958) do not list A. s. ordinatus from the Miami area,
and we suggest that if A. s. ordinatus occurred at Shenandoah
School, it was never abundant there. Oliver (1948; see also Carr
and Goin, 1955) reported A. s. ordinatus from Lake Worth city,
Palm Beach County. A small colony also exists in South Miami,
in the vicinity of US Highway 1 and 61 and 62 Avenues SW.
Although the Lake Worth introduction was deliberate, the South
Miami population seems to have been derived from accidental
introduction on Bahamian shells and corals sold at that location.

In life, males of this race have a pale brown to ash-gray dorsal
groundcolor and a dewlap with a mustard-yellow groundcolor.
The Cuban ground anole, Anolis sagrei sagrei, has been collected from Key West, Miami, Tampa, St. Petersburg, and West
Palm Beach (Barbour, 193la; Oliver, 1950; Duellman and Schwartz,
1958; King, 1960; see also Ruibal, 1964, for the synonymy of
A. sagrei stejnegeri with A. s. sagrei). This species abounds throughout most of metropolitan Dade, Broward, and Palm Beach counties, and in Key West and Cudjoe Key, Monroe County. Its present distribution is the result of at least three separate accidental

148

QvuaARTERLY

JOURNAL

OF

THE

FLORIDA

ACADEMY

OF

SCIENCES

introductions into Florida ports—Key West prior to 1931; Port
of Palm Beach, 1960; Port Everglades (Broward County), 1964.
From these initial populations, the species has spread by secondary
releases and by its own abilities to compete and increase its
numbers until today it is one of the most successful reptiles in
south

Florida.

In life, males

of this race have

a rust-brown

to

ash-gray dorsal ground color and a dewlap with a red ground
color.
The curly-tail lizard, Leiocephalus carinatus armouri, from the
islands of the Little Bahama Bank, was first reported in Palm Beach
County (Dueliman and Schwartz, 1958; King, 19€0). Another race,
L. c. virescens,

occurred

in Miami

prior to 1940 (Barbour,

1936;

Carr, 1940), but died out shortly thereafter.
Colonies of L. c.
armouri occur in Dade County on the grounds of iMami Seaquarium on Virginia Key, and Crandon Park Zoo on Key Biscayne.
Both colonies were produced by deliberate releases by the personnel of these institutions.
In addition, L. carinatus coryi from
Bimini, Bahamas, is believed to be present at Crandon Park Zoo,
although we have been unable to collect any. The Palm Beach
population is still extant.
The Colombian

ground lizard, Ameiva ameiva petersi, was first

reported by Duellman and Schwartz (1958; see also Neill, 1957)
from 34 Avenue and 79 Street NW, Miami.
This colony began
when animals escaped prior to 1954 from an animal importer formerly located at that locality. They are believed to have come
from Colombia.
Since that time, the colony has occupied an
area of about 25 city blocks, from 79 Street NW, Miami (E 25 St.,
Hialeah), south to 76 Street NW, Miami (FE 22 St., Hialeah), and
from 36 Avenue NW, Miami, west to E 8 Avenue, Hialeah (Le

Jeune Rd.). This is an area of weed-filled vacant lots, railroad
right-of-ways, and residential lawns and gardens.
ESTABLISHED

NON-BREEDING

SPECIES

The second group includes established species for which we
have no evidence of breeding at the time of this writing. These
colonies may exist only as long as the
dence of breeding might be found at
The red-eared turtle, Pseudemys
northern United States, is concentrated

adult animals live, or evisome later date.
scripta elegans, from the
in a small canal in Miami
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bordering the Little River Canal, located at 107 Street at 18 Avenue
NW.
Adult specimens were collected for us by children from
this locality. Another colony exists in the canals in the area of
Crandon Park Zoo, Key Biscayne.
Both colonies resulted from
deliberate releases.
The spectacled caiman, Caiman sclerops, is found as a feral
pet in the various canal systems in and adjacent to cities in south
Florida. It has been found as far north as Palm Beach County.
It appears

to successfully

overwinter,

but

nests

have

not

been

found. This species is imported in large numbers from Colombia,
and is a common item in many tourist shops throughout Florida.
The Tokay gecko, Gekko gecko, from southeast asia, is present
in the immediate vicinity of 3310 NW South River Drive, Miami.

At least three specimens of unknown

sex were released prior to

1965 by an animal importer at this locality in an attempt to control
roaches in the buildings. In addition, four or five specimens were
released by a reptile fancier in the vicinity of Day Avenue and Matilda Street,

Coconut

Grove,

although

we

have

been

unable

to

discover the species at this locality.
This species has also been introduced into north Florida. In
August 1963, a professor in the University of Florida released
two adult females and one adult male Gekko gecko on his house
in Gainesville, Alachua County, Florida.
Two more of unknown
sex were released October 1964. They survived two winters with

a low temperature of —11C. As of April 1965, at least one male
and one female were alive, but there was no evidence of young.
The rhinoceros iguana, Cyclura cornuta cornuta, from Hispaniola, was introduced, as part of an exhibit, to several “islands” at
Miami Seaquarium, Virginia Key, Dade County. Several of these
animals have escaped from this exhibit and are frequently seen
running around the grounds of the Sequarium. Additional specimens reportedly have been seen on nearby Key Biscayne.
The green iguana, Iguana iguana iguana, is a frequent escapee

from animal dealers and reptile fanciers.
The species appears
to survive and grow quite well, but the occasional winter frost
probably eliminates most of the population. Areas of concentration in the Miami

area

are

near

W

27 Street

and

E 7 Avenue,

Hialeah; in the vicinity fo Caballero Boulevard and Hardee Road,
Coral Gables; in the southwest corner of Miami International Air-

port; and on Key Biscayne.

At the first of these localities over
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300 individuals were released by one animal dealer between May
and September 1964. Most of these animals are imported from
Colombia.
The Texas horned lizard, Phrynosoma cornutum, from the
southwestern United States, appears occasionally in south Florida.
The species has been recorded from Dade, Duval, Escambia, Indian River, Lake, Marion, Orange, Polk, and Putnam counties
(DeSola, 1934; Goff, 1985; Carr, 1940; Carr and Goin, 1955; Allen

and Neill, 1955). The species was successfully breeding in north
Florida on Fort George Island, Duval County, as of September
1953. Several individuals were released by a reptile fancier prior
to 1964 in Dade County, in the vicinity of 9885 SW 80 Drive, Sun-

set Park, and over 100 specimens were released between May and
September 1964 by an animal dealer in Hialeah, near W 27 Street
and E 7 Avenue.
Finally, a small colony near NW South River
Drive

and

33 Avenue,

Miami,

resulted

when

animals

escaped

from an animal dealer at that address.
One specimen was also
collected in southwest West Palm Beach, Palm Beach County.
The South American ground lizard, Ameiva ameiva ameiva,
is established in Dade County, Kendall, in the immediate vicinity

of 78 Avenue and 125 Street SW.
Approximately eight adults
were imported from Surinam by an animal dealer and released
near his house prior to 1964. Numerous reports place this species
on Elliott and Little Arsenicker Keys, Dade County, but we have
repeatedly been unable to obtain specimens from these islands.
Six specimens were also released in 1964 by an animal dealer in
Hialeah near W 27 Street and E 7 Avenue.
The boa constrictor, Constrictor

constrictor, is collected infre-

quently in cities in south Florida. These snakes are undoubtedly
feral pets, although one reptile fancier released juveniles along
Loop Road (State Highway 94) in an attempt to establish it in the
Everglades.

Nowhere, to our knowledge, is there a center of con-

centration for this species.
Several races
animal dealers in south Florida.
SPECIES

The third group
sufficient numbers

UNREPORTED

SINCE

are imported by the

RELEASE

consists of species which were
to have become

not been found by us since.

established,

released in

but which

have

As the list of species is long and the
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number of localities is small, we will list these by locality. The
approximate number of individuals released is given preceding
each species name.
In the vicinity of W 27 Street and E 7 Avenue, Hialeah, including the adjacent Hialeah (Red Road) Canal, an animal importer
at that address released the following species between May and
September 1964: saLaAMANDER:—200 Notophthalmus viridescens
viridescens, 200 Triturus pyrrhogaster; rRoG:—1000 Hymenochirus
boettgeri, 200 Xenopus laevis, 10 Agalychnis dacnicolro; ruRTLES—
25 Kinosternon scorpioides, 25 Chrysemys picta belli, 25 Chrysemys
picta dorsalis, 100 Graptemys pseudogeographica kohni, 20 Pseudemys dorbigni, 20 Pseudemys scripta callirostris, 150 Pseudemys
scripta ornata, 10 Podocnemis

lewyana,

10 Podocnemis

sexituber-

culata, 250 Podocnemis unifilis; L1zARDs—10 Cordylus cordylus niger, 6 Sceloporus magister, 60 Sceloporus poinsetti, and 40 Cnemidophorus picturatus. Most of these animals were released rather
than destroyed, when they became sick and unsuitable for sale.
A few were released rather than to glut the market for a commercially rare species. During 1946, reptile fanciers released 48
juvenile

Pseudemys

malonei,

from

Great

Inagua,

Bahamas,

into

this canal (Hodsdon and Pearson, 1946), but the exact site of
release is not known.
In the vicinity of Pembroke Road and US Interstate Highway
95, Pembroke Park, Broward County, prior to 1964, an animal deal-

er released the following species: rroc—6 Bufo blombergi; TurtLES—oChelus fimbriatus, 20 Pseudemys scripta ornata; and LizARpsS—4 Basiliscus basiliscus.
At 9550 SW 67 Avenue, Kendall, Dade County, the owners of a

plant nursery released an unknown number of the Panamanian
frog, Atelopus zeteki. This species was last seen at this locality
three years ago.
In the vicinity of 84 Street and 100 Avenue SW, Sunset Park,
Dade County, prior to 1965, a herpetologist released a small number of West Indian species: FRoc—Eleutherodactylus portoricensis;
LIzARDS—Hemidactylus brooki, Sphaerodactylus macrolepis, Anolis
conspersus conspersus, Anolis cybotes cybotes, and Anolis distichus
ignigularis.
Discussion
If such wholesale introductions continue, they will have a detrimental effect on the native fauna of Florida, for when the intro-
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duced animal competes for a niche already filled by a native species, the result can be the elimination of the latter. Indeed there
is evidence that the native species of Bufo and Anolis are being
adversely affected by competition from Bufo marinus and the
many introduced anoles.
It is our sincere hope that such introductions will be stopped
before an exotic amphibian or reptile undergoes a population
explosion, as has occurred with certain mammals ands birds. It
is to prevent just such an occurrence that the State of Florida
prohibits unauthorized introductions (Florida Administrative Code,
1962, Chap. 165-16), and yet none of the above introductions were
made under State permit. If introductions are to occur, we hope
they will be made by responsible biologists only after extensive
studies have determined that the introduced species will not compete severely with the native fauna.
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The Vertebral Musculature

WALTER

of Chersydrus (Serpentes)

AUFFENBERG

ALTHOUGH earlier studies have shown that epaxial myology of
snakes may be extremely useful in determining relationships, much
work remains to be done. Mosauer’s tripartie classification (1935)
of myological patterns (boid, crotalid, colubrid) appears to be
sound, though too simplified to be useful in detailed evolutionary
studies of trunk musculature.
Muscle arrangements intermediate
between typical colubrid and boid snakes have been reported
(Auffenberg, 1958), and a more detailed scheme of myological evolution in haenophidian snakes has been proposed (Auffenberg,
1961).
The present study was stimulated by the recent suggestion
that the genera Acrochordus and Chersydrus are not colubrids, but
comprise a distinctive family of haenophidians, probably close to
the Aniliidae (Hoffstetter and Gayard, 1964). Two adult specimens
of Chersydrus granulatus from Bombay, India, were dissected as
the basis for the following myological descriptions. Unless stated
otherwise, all remarks pertain to the muscles of the middle trunk
region.

M. spinalis et semispinalis
(Fig. 1, sp.ssp.)
As in the Boidae, this muscle cannot be separated into spinalis
and semispinalis portions. It arises from a tendinous arch that
stretches between the neural spine and the postzygapophysis of
the same vertebra, with the concave edge of the arch directed
caudally.
From this arch the muscle extends as a flat ribbon,
directed forward, medially and dorsally. It is inserted by a long
tendon into the caudodorsal edge of the neural spine of a more
anterior vertebra. In the middle of the body the muscle spans 8
segments. The medial portion of the muscle seems to represent
the spinalis and the lateral portion the semispinalis.
Both are
fused throughout their entire lengths and are inserted by means
of a common terminal tendon.
M. interarticularis superior
(Fig. 1, ras)

In Chersydrus this muscle is very similar to that found in all
boids examined, except Sanzinia (Auffenberg, 1958).
It arises
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from the lateral portion of the tendinous arch of the spinalis-semispinalis and is directed caudoventrad to be inserted on the medial
tendon of the longissimus immediately before the insertion of
the latter in the posterior lateral border of the postzygapophysis
of the vertebra next craniad.
A few fibers are also interlaced
with both more anterior and posterior interarticularis muscles.
Near its origin some of the fibers are interlaced with those of
the multifidus and these are directed under the preceeding tendinous arch towards the insertion of the multifidus.
Still deeper
fibers of the interarticularis superior run from one postzygapophysis to the next postzygapophysis anteriorly.
M. multifidus

(Fig. 1, m)

As in most boid snakes, this muscle originates on the ventral
surface of the tendinous arch in Chersydrus. It extends cranially
for two to three segments and is then inserted into the caudal edge
of the lamina of a preceding vertebra. At its lateral surface it is
joined by a few fibers of the interarticularis superior.
M. longissimus dorsi
(Ete leate)
This muscle is similar to that in Constrictor, with a tendinous

origin at the craniolateral portion of a prezygapophysis.
At the
level of about the seventh vertebra cranial to its origin the muscle
becomes blended into an aponeurosis forming the lateral fascial
tunnel. The aponeurosis is slightly but regularly thickened into a
series of posterior directed V’s. Each arm of the V-shaped aponeurosis becomes more tendinous and better defined further along its
length. The more ventral tendon serves as part of the origin of the
medially belly of the retractor costae. The dorsal tendon inserts on
a vertebra, where it is joined by tendons of the interarticularis.
The longissimus and its tendon span 10 to 12 vertebrae.
M. retractor

costae

(Fig. 1, RCM, RCL)
The two lateral retractor costae muscles are differentiated from

one

another

only by an indistinct tendinous

area.

The medial

AUFFENBERG:

Musculature

of Chersydrus

ALI5S7/

SP,
SSP

2

:

g

: AK
wu ie
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Fig. 1. Vertebral musculature of Chersydrus.
Dorsal (A), lateral (B),
and ventral (C) views.
CCS, costocutaneus superior; CVD, costovertebrocostalis, dorsal member; CVV, costovertebrocostalis, ventral member; IAI, interarticularis

inferior;

JAS,

interarticularis

superior;

L, longissimus

dorsi;

LC,

levator costae; M, multifidus; RCL, retractor costae, lateral belly; RCM,
retractor costae, medial belly; SCD, supracostalis dorsalis; SP, spinalis; SSP,
semispinalis; TA, tendinous arch.
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belly (RcM) originates on the aponeurosis of the medial tendon of
the longissimus, as well as by means of a slender tendon that runs
dorsocaudally to the upper portion of a rib. The insertion of the
lateral belly (RcL) is into the dorsal side of a rib, where it is closely
associated with the origins and insertions of the costocutaneus
superior and the supracostalis dorsalis, respectively. These two
muscles are identical to those found in the genus Constrictor.
M. costovertebrocostalis

(Fig. 1, cvp, cvv)

This muscle is represented by two weakly defined heads. The
shorter-fibered, dorsal member (cvp) originates on the costal tubercle and the lateroventral surface of a centrum and is inserted
on the transverse process and the anterior portion of the head
of the succeeding rib.
The longer-fibered, ventral member (cvv) arises on the cranial
border of a diapophysis and the adjacent rib head and inserts by
means of a tendon on the caudolateroventral border of the hypapophysis of a vertebra four segments anteriorly. Some fibers from
the deeper head are interlaced with those of the more superficial
head. Mosauer (1935) considered the fibers of the longer head as
representing a distinct muscle, the transversohypapophysis. However, in a previous study of vertebral musculature in snakes the
writer (1958) suggested that the transversohypapophysis is a well
developed portion of the costovertebrocostalis found in all snakes
possessing hypapophyses.
M. interarticularis

inferior

(Fig. 1, raz)

This muscle arises from the cranial circumference of an accessory process, passing anteriorly to insert into the caudal circumference of the accessory process of the next anterior vertebra,
but mostly into the tendons of the levator costae. Mosauer (1935)
believed that the association of this muscle with the levator costae
is typical of colubrid snakes, but the arrangement is also found
in the crotalids (Mosauer, 1935).
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costae
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This muscle arises by means of a small tendon from the caudal
circumference of the tip of the accessory process. At this point
the fibers of the interarticularis inferior are inserted into its surface. The fibers of the levator costae arising from this tendon
spread laterally, caudally and ventrally to insert into the cranial
border of the rib of the succeeding caudal vertebral element.
Other

Muscles

Most of the remaining vertebral muscles have been shown to
be quite stable when different groups of snakes are compared.
In Chersydrus granulatus the Mm. intercostalis quadrangularis and
tuberculocostalis muscles are present and very similar to those
described for colubrids (Mosauer, 1935) and some boids (Auffenberg, 1958). The Mm. intervertebralis, supracostalis dorsalis, supracostalis lateralis superior and inferior, antercostalis proprius,
intercostaloginosus,

costalis inferior, transversus

abdominus,

obli-

quus abdominus internis, costocutaneus superior and inferior are
also very similar to those described for other snakes.
DISCUSSION

The musculature of Chersydrus is unquestionably more like
that of the haenophidians than the caenophidians. This statement
is based on (1) the presence of a well developed tendinous arch,
(2) giving rise to an inseparable spinalis and semispinalis, as well
as (3) the multifidus. Among the haenophidians the arrangement
of the spinalis and interarticularis superior complexes are rather
distinctive for each major group.
The simplest arrangement is
found

in the genera

Python,

Boa, and

Constrictor,

and is only

slightly modified in Xenopeltis. The spinalis and semispinalis are
not divided. The interarticularis superior is composed of fibers
running from the anterior edge of one postzygapophysis to the posterior edge of the postzygaphysis of a more anterior vertebra. In
Sanzinia and Calabaria the interarticularis superior has similar
attachments, but it also has a mass of fibers running to the semispinalis portion of the tendinous arch. This last arrangement has
been considered as representing a primitive diagastricus (Auffen-
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berg, 1958, 1961), and is the pattern found in Chersydrus. In the
remaining haenophidians the spinalis-semispinalis complex is separated into two distinct muscles, one of which has migrated off of
the tendinous arch (Auffenberg, 1961).
In all haenophidians in which the vertebral musculature is
known, except Python and Anilius, the longissimus runs from an
accessory process of one vertebra to the neural spine of a more

CONSTRICTOR

& XENOPELTIS

ERYX

PYTHON

COLUBER

Fig. 2. Generalized vertebral musculature in haenophidian snakes, compared with that of a caenophidian, Coluber.
IAS, interarticularis superior;
LO, longissimus dorsi; NS, neural spine; POZ, postzygapophysis; PRZ, prezygapophysis; RCM, retractor costae, medial belly; SP, spinalis; SSP, semispinalis. The longissimus inserts on a neural spine in genera in the left column,
on a postzygapophysis in genera in the right column.
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anterior vertebra. In these two genera, as well as in Chersydrus,
the muscle runs between the process and a postzygapophysis.
In Sanzinia and Calabaria the multifidus originates on the neural arch, not on the tendinous arch, where it originates in all other
haenophidians and in Chersydrus.
The remaining vertebral muscles of Chersydrus are so similar
to those of other snakes that a comparison is unnecessary. <A diagramatic comparison of the most important vertebral muscles of
Chersydrus and other known haenophidians is provided in figure 2.
CONCLUSIONS

1. Chersydrus (and probably the closely related Acrochordus)
is properly placed with the haenophidians on the basis of its vertebral musculature, principally because of the presence of a well
developed tendinous arch.
2. Certain peculiarities of its vertebral musculature separate
it from all other haenophidian muscle arrangements described so
far. These differences are equivalent to those characterizing the
familial level within the haenophidians. Conclusions 1 and 2 support those of Hoffstetter and Gayard (1964) and Underwood (in
litt.) based on other morphological characters.
3. The vertebral musculature of Chersydrus (and probably
Acrochordus) exhibits certain similarities to the Boyleriinae (arrangement of the spinalis-semispinalis and interarticularis complexes) on the one hand, and to the Aniliidae on the other (insertion of
longissimus on postzygapophysis).
On the basis of its vertebral
musculature Chersydrus seems closer to the Boidae than to the
Aniliidae, and more distantly related to the Xenopeltidae.
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THE purpose of this article is to report the occurrence of microcrystalline variscite, (Al, Fe) PO,:2H,O, as an abundant constituent of weathered phosphatic sandstones in an exposure of the
Hawthorn Formation north of Ocala, Marion County, Florida.
Weathered portions of the Bone Valley Formation in central Florida
and weathered phosphatic beds of the Hawthorn Formation (farther
north) contain secondary phosphate minerals (the aluminum phosphate zone), derived, in part, from original grains and pellets of
carbonate-fluorapatite. Investigations of the mineralogy of the
aluminum phosphate zone in the Bone Valley Formation have disclosed the presence of secondary phosphate minerals, including
metastrengite (Hill et al., 1950), crandallite (Altschuler et al.,
1956), wavellite (Bergendahl, 1955), millisite (Owens et al., 1960),
and vivianite. Although variscite is a mineral that might be expected, as far as we know it has not been reported previously.
OcCURRENCE

Samples containing variscite were collected at a road cut in the
Hawthorn Formation on the east side of new U. S. 441, 8.1 miles

north of the intersection (in Ocala) of U. S. 441 and State Road
40. The cut exposed a maximum thickness of about 35 feet of clays
and phosphatic sands and sandstones of the Hawthorn Formation.
Within this section, variscite is confined to the uppermost sandstone beds, from the soil down to a vertical depth of about 6 to 9
feet. The variscite-containing rocks are poorly to moderately well
indurated, gray to yellowish brown, porous, fine-grained sandstones
with an argillaceous appearance. Five samples from the uppermost
sandstone beds are dealt with in this report and are numbered
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(2.5, 5, 6, 9, 11.5) to indicate the approximate vertical depth (in

feet) from which the sample was taken, measured from the ground
surface. In addition to the location just north of Ocala, we have
found that variscite occurs in very small amounts intimately mixed
with the wavellite at several locations farther north in Alachua
County.
IDENTIFICATION

Variscite was first noted as an unidentified peak on a differential
thermal analysis and later as several unidentified lines on an X-ray
diffraction pattern. Further collection of specimens from the same
location provided material containing large enough concentrations
of variscite so that it could be identified by X-ray, optical, and
thermal techniques. Nearly all the quartz sand and silt was easily
separated from the other minerals in the variscite-bearing rocks by
gentle crushing and sieving (200 mesh); however, attempts to
separate variscite (by specific gravity) from other minerals in the
minus-200 mesh fraction failed. Therefore, X-ray diffraction patterns
and DTA curves consist of the superimposed patterns of several
minerals.
X-ray diffractometer patterns were made on a General Electric
XRD-5 unit with a copper tube operated at 35 kv. and 15 ma. Using
highest amplifier gain, a time constant of 4 seconds, and a pulse
height analyzer to reduce background, each sample was scanned
from 32° to 6° 26 at a rate of 2° 26 per minute. The resulting patterns (Fig. 1.) show various mixtures of variscite, wavellite, apatite,
kaolinite, and quartz. The d-spacings for the variscite, computed
from the 24 angles through the range scanned, fall between the
values recorded for variscite and ferrian variscite on A.S.T.M.
cards no. 15-281 and no. 7-69, indicating the presence of a small
amount of iron that has substituted for aluminum (Table 1).
The presence of iron is also indicated by optical properties. Because of small crystal size, no interference figures were obtainable,
however (statistical) minimum and maximum refractive indices
were measured—X= 1.566 and Z=1.602. Palache et al. (1951) give
X—1.563, Y—1.588, Z=1.594 for the pure variscite end member
(AIPO,:2H,.O)
of the variscite-strengite series, and X=1.707,

Y=1.719, Z=1.741 for the pure strengite (FePO,:2H.O) end
member. The difference in refractive indices between pure variscite
and Florida variscite is most logically accounted for by assuming
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Fig. 1. X-ray diffractometer patterns (tracings) for samples 2.5, 5, 6, 9,
11.5. V, Variscite; W, Wavellite; A, Apatite; K, Kaolinite; and Q, Quartz.
For sample 2.5 approximate 29 angles are given for each variscite line.
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the presence of a small amount of substitutional iron, an interpretation which is consistent with the X-ray data.
TABLE

1

Comparison of 24 Angles and d-spacings for Variscites
Variscite
(ADS; DM. No. 15-281)

26

d

16.51
18.42
20.84
22.86
24.56
26.48
27.81
29.39

5.365
4.82
4.257
3.887
3.625
3.366
3.204
3.039

Variscite
(Florida )

Fe-Variscite
(A. S. T. M. No. 7-69)

26

d

16.46
18.37
20.76
22.64
24,32
26.66
OAL TC!
29.14

5.38
4.83
4,28
3.92
3.66
3.34
SPA
3.07

20
16.35
18.26
20.69
22.54
24.31
26.52
OAT)
29.08

d
5.42
4.86
4,29
3.94
3.66
3.36
3.24
3.07

Differential thermal analyses of each of the minus-200 mesh
fractions of the samples were carried to 800° C at a rate of 10° per
minute using a sensitivity of 25 per cent on a Deltatherm unit. On
these curves (Fig. 2) endothermic reactions at 175° C are attributed to variscite, endothermic reactions at 250° C and, in some
samples, at 275° (weak) are caused by wavellite, and endothermic
reactions (weak due to small percentage at 575° to 600° C are those
of kaolinite. Endothermic reactions below 150° C may represent
escape of hygroscopic water or reactions involving clays. For reference, in Fig. 2, DTA curves of wavellite (Montgomery County,
Arkansas ) and variscite (Fairfield, Utah) are included. Apparently
both variscite and wavellite produce pronounced and diagnostic
DTA

curves.
PETROGRAPHIC

CHARACTERISTICS

The variscite occurring in at least some of the rocks studied
may be readily seen and distinguished from other minerals in thin
section. The birefringence is moderately high, so that even with
very thin crystals second order interference colors can be seen.
Some of the variscite is found in silt- to sand-sized aggregates of
small equant or slightly elongate particles, somewhat like chert but
with moderate positive relief. Under very high magnification it can
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be seen that the particles are mostly aggregates of several elongate
radiating crystals. In other places variscite occurs as secondary
cement formed by both replacement and precipitation.
200
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Fig. 2. Differential thermal analysis curves (tracings) for samples 2.5,
5, 6, 9, 11.5. V, variscite; W, wavellite; and K, kaolinite. Variscite (Fairfield,
Utah) and Wavellite (Montgomery County, Arkansas) included for comparison. Endothermic reactions are downward.
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The relationships between variscite and other minerals in the
rocks show clearly that variscite is a late phase formed by replacement of pre-existing minerals and by filling of cracks and cavities.
Figs. 3 and 4 are photomicrographs typical of the appearance of
sample no. 2.5. In Fig. 3 the rounded, relatively large masses of
variscite are thought to be former apatite pellets replaced (at least
ultimately ) by variscite; matrix variscite is also present. In Fig. 4
the matrix of the sandstone consists almost entirely of variscite; in
places pores can be seen with chalcedonic-like linings of variscite.
There are many indications that clay and possibly wavellite have
been replaced by variscite, although no single clear-cut textural
feature can be cited as proof.

1

Bs

Fig. 3. Photomicrograph of sample 2.5 showing quartz grains, pellets of
aggregated variscite, fine-grained matrix containing variscite. Crossed polars.
Scale equals 1 mm.

ORIGIN

Using the X-ray patterns and DTA curves as a rough guide to
the relative proportions (in the minus-200 mesh fractions) of the
minerals variscite, wavellite, and apatite, at different levels in the
section from the ground surface to minus 11.5 feet, and from obser-
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Fig. 4. Photomicrograph of sample 2.5 showing quartz grains, pore spaces,
and matrix of almost pure variscite. Crossed polars. Scale equals 1 mm.

vations of textures seen in thin sections, we gain some insight into
the mode of origin of these minerals. From the X-ray patterns,
apatite (line at 32.0° 26) is absent (or nearly so) in sample no. 2.5,
and increases in percentage downward, reaching a maximum in the
lowest sample (no. 11.5). From the X-ray and DTA patterns, variscite (X-ray line at 16.5° 20) is greatest in the upper three samples
and does not appear in the lowest sample. Wavellite (X-ray line at
10.4° 26) is practically absent at the top of the section, is abundant
in the middle samples and decreases downward. These variations
(which are confirmed by observations of the thin sections ) are consistent with a weathering origin for variscite, where variscite and
wavellite are formed at the expense of apatite (and probably clay
minerals),and where some variscite may be formed at the expense
of wavellite. Possibly variscite has formed in the nearer-surface

more acidic environment while wavellite is the stable
slightly deeper acidic environment. The development
and other minerals in the aluminum phosphate zone
Valley Formations has been described by Altschuler

phase in the
of wavellite
of the Bone
et al. (1956)
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as the result of lateritic weathering of porous sediments, containing
carbonate-fluorapatite, by downward moving acidic solutions. Vari-

scite originates in a manner similar to that of wavellite, except perhaps in a more acidic environment.
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An Investigation of Ostracode Preservation
MERVIN

KONTROVITZ

Many authors have considered the problem related to fossil
preservation as it affects interpretation in paleoecology. If a fossil assemblage is used to reconstruct an ecological situation, knowledge
of the composition of the original population is necessary. Ager
(1963) emphasizes that preservation is selective for various groups
and within one group.
Ostracodes are abundant in many geologic formations and as
fossils they have been used as indicators of habitat (Benson and
Coleman, 1961). A factor that must be considered in the paleoecology of ostracodes (and other groups) is precisely what kinds of
specimens are preserved in relation to the proportions in the once
living assemblage.
To initiate this study, four ostracode species were selected from
Recent bottom samples collected in Florida Bay, near Vaca Key.
Bairdia victrix Brady, Cushmanidea elongata Brady, Loxocorniculum postdorsalatum (Puri), and Mutilus confragosa (Edwards)
were chosen because they are quite different in size, valve thickness, and ornamentation. Bairdia victrix Brady is a large smooth
species in contrast to Cushmanidea elongata (Brady) which is
small and thin-shelled. Moderate ornamentation is found on Loxocorniculum postdorsalatum (Puri), while Mutilus congragosa (Edwards) is heavily ornamented.
PROCEDURES

AND

RESULTS

Using the species just mentioned, 40 adult valves of each were
selected. Each valve was examined under magnification to insure
that there were no incipient fractures.
The base of the test device used consisted of a wooden box filled
with concrete into which four test tube holes were formed. While
the concrete was wet the plastic test tubes were coated with silicon
lubricant and thrust into the concrete, and left until it had hardened.
The concrete thus supported the plastic test tubes, but the tubes
could be removed at will. See Figure 1.
A small portion of the sediment from the sample was placed
in a plastic test tube which was to be encased in concrete (Fig. 1).
Ostracodes of each test species were placed on the wet matrix and
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covered with more sediment from the sample. The entire column of
sediment and ostracodes was then wetted, either with fresh or sea

water. The water was allowed to soak into the sample and at no
time during testing was the material dried out.

weight

cam

Figs. 1-2. Fig. 1 (upper). Slow crushing apparatus. Fig. 2 (lower). Sediment

agitator.

A wooden dowel was tipped with the rubber portion of a medicine dropper. This plunger assembly was then inserted into the
tube with ostracodes and matrix. A silicon lubricant was spread on
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the rubber plunger head to prevent water evaporation. During the
insertion, however, excess water was forced out past the seal, but

then the remaining water could not evaporate.
The tops of the wooden dowels (plungers) were covered with
a board so that the load would be evenly distributed. A plastic contained was placed on the board as shown in Fig. 1. Slowly, over a
period of a week, water was added to the container until the entire
load equalled 20 pounds. Using the cross-sectional area of the
plungers it was found that the pressure on the top of the matrix
was about 15 pounds per square inch.
Two trials were made, each with two tubes wetted with fresh
water, and two wetted with sea water. Each tube contained five

valves of each test species; therefore, each trial tested 20 valves
of each species.
After the load was removed, each test tube was carefully washed
and all matrix material was recovered in a 200 mesh screen. Under
magnification all particles were examined and ostracode valves and
fragments were recovered.
The results of the slow crush tests show that there is a difference
in resistance of ostracode valves to loading. Each of the four
species displays a different percentage of recovery.
Based on 40 valves of each species, it was found that the greatest recovery

was

for Bairdia

victrix, with 26 valves and two trag-

ments. Mutilus confragosa was second in abundance after the crush
tests. It yielded 18 complete valves and one recognizable fragment.
Loxocorniculum postdorsalatum showed more effect of the loading
giving only six valves and two fragments. Only one valve of the
original 40 was recovered of Cushmanidea elongata.
Another mechanical test was performed using the four test
species. Again, 40 valves of each were selected and these were also
examined to insure that they were not cracked or broken.
The 40 ostracode valves were placed in a small glass vial with a
thin layer of wetted sediment from the sample. The vial was closed
and placed in a metal cylinder so arranged that the vial rested on
an eccentric wheel. The eccentric was driven by a small electric
motor which rotated at 100 revolutions per minute (Fig. 2).
The maximum lift of the eccentric was 0.8 inches. Eccentric
configuration is shown in Fig. 2. Several shapes were tried until
one was selected that provided moderate agitation and smooth
operation.
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The vial was allowed to remain in the cylinder with the motor
operating for a week. When examined the ostracodes showed only
a polish; no further damage could be seen.
After two weeks of total operation the vial was again removed
and the contents examined. The smooth Bairdia victrix displayed
only a high polish. Cushmanidea elongata displayed a high polish
with some fractures visible. Ornamentation was slightly worn on
both Loxocorniculum postdorsalatum and Mutilus confragosa.
Finally, after three weeks of agitation, the process was stopped
and the ostracodes were removed from the sediment. It should be
noted that all examinations were carried out using a specially constructed screen made of standard 200 mesh. Each time, the entire

contents of the vial were examined under a microscope to insure
complete recovery of all fragments.
At the end of the three week test the most abundant ostracode
found was Bairdia victrix. Of the 40 originally put into the vial, 36
of this species were found complete and one had been broken.
Mutilus confragosa was second in numbers recovered, with 24
whole valves and two fragments. Loxocorniculum postdorsalatum
remained as 20 valves and five fragments. The least number of
valves seen were those of Cushmanidea elongata; 14 valves and two
fragments were recovered.
In both tests the species showed the same order of resistance.
The tests were not intended to reproduce geologic time in any way,
but simply to demonstrate the ability of the various ostracode
valves to withstand crushing and abrasion.
An attempt was made to test, directly, the crush strength of
single valves by applying weight to a single valve.
A rod was attached to a light plastic container. This assembly
was free to move through a rigidly mounted vertical cylinder. Two
such assemblies were fabricated, one weighed 11.25 grams and the
other 30.04 grams, dry weight. Water was slowly added to the
cylinder thereby increasing the weight (Fig. 3).
The crushing tip of the apparatus was gently placed on the
outside surface of an ostracode valve. Water was allowed to flow
from a burette into the plastic contained. In this way it was hoped
that the weight needed to crush a valve could be measured.
All valves were wetted with tap water before crushing. This
is important to note because the strength of the valves is different
if dry. Once wetted the valves are less strong and this was selected
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Fig. 3. Rapid crushing apparatus.
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as the standard. Certainly in bottom sediment the valves are wet,
and it is a likely condition with ground water also.
It was hoped that weights determined for crushing could be
offered only as a means of comparing the four species. The values
were not to be construed as absolute crushing strengths.
In practice it was found that Cushmanidea elongata and Loxocorniculum postdorsalatum were crushed with the lighter of the two
units even if no water was added. The lighter unit weighed 11.25
grams as mentioned above.
Bairdia victrix and Mutilus confragosa were not crushed by the
lighter unit filled with water; the weight was 26.88 grams.
When the heavier unit was applied all Mutilus confragosa were
crushed without the addition of water. Bairdia victrix all required
some water to be added to cause crushing.
It is obvious that new crushing units wili have to be constructed which span the entire range of ostracode valves. Many
more trials will be required before the crushers can be made of
the proper weights. It will be interesting to see if fast crushing
can be correlated to the abrasion and slow crushing tests.
The abrasion and slow crush tests do indicate that ostracode
valves probably are not preserved in proportion to the species in
the living assemblage. If this premise is indeed probable, it is in
order to use a sample as an example of what could result. Ecological
data are derived from Benson and Coleman (1963), Puri and Hulings (1957), Hulings and Puri (1964), and Van Morkhoven (1963).
In the sample used in this study, Cushmanidea elongata equaled
41.8 per cent of the recovered ostracodes. If this species is not preserved in direct proportion to the living population, then the fossil
assemblage would reflect neither the true population nor the
ecology. This error would exist even if there were no disturbance
by factors such as currents.
In the sample, Bairdia victrix is 6.7 per cent of the total population. If this ostracode is preserved in greater proportions than Cushmanidea elongata an erroneous paleoecologic situation would be
reconstructed. Instead of a very shallow water, low salinity (less
than 30 parts per thousand) environment, the investigation might
conclude that the water was greater than 65 feet deep with a
salinity of 35 to 40 parts per thousand.
It is believed that much work should be done to approximate
the probable ratios of preservation of ostracodes and other micro-
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fossils. In this manner the paleoecology can be more validly used.
If no relationship can be established between living and fossil
population, the usefulness of the preserved populations in paleoecology is doubtful.
SUMMARY
Even if the ecology of modern groups were perfectly known,
the paleoecologists would be confronted with the question of
differential preservation. This is not a new idea, but a means is
needed to clearly demonstrate what groups are preserved or
destroyed.
Testing by mechanical means indicates that various ostracode
taxa are probably not preserved in proportion to the representation
in the living fauna. Extension of such testing will be useful to predict what proportions are preserved, and in reconstructing the
fossil populations of ostracodes and other groups.
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Florida Academy of Sciences Award for 1967

THE recipient of the Florida Academy of Sciences honors award
for 1967 was Dr. Alfred H. Lawton. The medal and citation were
presented by Dr. C. C. Clark at the 3lst annual meeting of the
Academy in Tampa, March 9-11.
Dr. Lawton holds the M.D. and Ph.D. degrees from Northwestern University and received an honorary Sc.D. degree from
Simpson College. During World War II he was an officer with the
U. S. Public Health Service. Afterwards he served as chief of the
Research Division for Medicine and Surgery of the Veterans Administration in Washington, director of medical research for the
United States Air Force, and more recently associate chief of staft
with the Veterans Administration Center at Bay Pines, Florida, and
director of research on aging for the U. S. Public Health Service at
St. Petersburg, Florida. He joined the staff of the University of
South Florida in 1965, where he is assistant dean of academic affairs.

His publications include two books and some 90 papers dealing
with chronic diseases and aging. His research includes experimental studies on the toxicity of trinitrotoluene, antagonism of the
vasopressor action of nicotine by potassium compounds, aortic
stenosis and sudden death, lactic acid metabolism, and biochemical

and physiological measurements of aged populations.
Dr. Lawton addressed the Academy on the subject “A Lifelong
Plunge into the Universe of Ideas.”
Quart. Jour. Florida Acad. Sci.
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Revision of the Selenodont Artiodactyls from Thomas Farm
THomas

H. Patron

THE unusual and fascinating nature of the Miocene artiodacty]
fauna from the Thomas Farm quarry in north central Florida was
first brought to light through a series of articles by T. E. White
(1940, 1941, 1942, 1947). Although Simpson (1932) had earlier
described Oxydactylus floridanus (=Nothokemas floridanus) and
an indeterminate cervid from the Thomas Farm, it was only after
the extensive Harvard University excavations from 1939 to 1947
that the extent of the fauna was realized.
Several Miocene and Pliocene artiodactyls occur both in Florida
on the Texas Gulf Coastal Plain. Comparison of material from
the two regions led to a reévaluation of several artiodactyls from
Texas and a suprageneric reallocation of some of the Thomas Farm
species (Patton, 1967 and Ms). The author considers the Thomas
Farm Fauna to be of Early Hemingfordian (early Middle Miocene)
age.
The Miocene vertebrate faunas from the Gulf Coastal Plain of
Texas and Florida are becoming sufficiently well known that a
revision of at least a portion of the artiodactyl fauna would be
timely and helpful to those workers not familiar with this fossil
province. Earlier listings of the Thomas Farm artiodactyls are provided in Romer (1947), Ray (1957), Olsen (1962), and Patton
(1964). Apparently C. Ray and B. Patterson, in an unpublished list
of these forms, visualized some of the changes made below.
I should like to thank Bryan Patterson of the Museum of
Comparative Zoology, Stanley Olsen of the Florida State Geological Survey, and Beryl Taylor of the Frick laboratory, American
Museum of Natural History, for the generous loan of most of the
fossil material discussed herein.

Order ARTIODACTYLA Owen, 1848
Suborder TyLopopa Illiger, 1811
Family Camelidae Gray, 1821
Subfamily Camelinae Gray, 1821
Nothokemadinae

White,

1947
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Genus Nothokemas

White, 1947

Nothokemas floridanus (Simpson), 1932
Oxydactylus floridanus Simpson, 1932, p. 35, figs. 20-21.
Paratylopus grandis White, 1940, p. 33, pl. 5, figs. A, B.
Nothokemas grandis (White); White, 1947, p. 508, figs. 5-6, in part.

Type. FGS V-5247, part of a right maxilla with P?-M?. Paratype, FGS V-5238, a right ramus with P;-Ms3.
The genus Nothokemas was originally described by White
(1947) on the basis of characters exhibited in a crushed skull, a
right maxilla with P’-M*, and several mandibles with partially preserved dentitions, all recovered from the Thomas Farm quarry, but
not definitely associated. The type species of Nothokemas was designated by White (1947) as Nothokemas grandis, first described by
him (1940) as Paratylopus grandis, also from the Thomas Farm.
On the basis of comparisons of specimens from the Thomas
Farm and from the Garvin Gully Fauna of Texas, it is the writer's
opinion that Nothokemas grandis White (1947) and Oxydactylus
floridanus Simpson (1932) are synonyms. A comparison of the lower
jaws of the two genera follows (all after Patton, Ms):
In the unreduced condition of the premolars and the configuration of
both molars and premolars, the lower jaw of Nothokemas is remarkably
similar to Oxydactylus. As in Oxydactylus, the body of the mandible is deep
and thin, but the diastema anterior to P., is considerably longer. The mandible
in this region is much more attenuated than in Oxydactylus. Both genera are
brachyodont and both display a relative elongation of the molars. In a specimen
(MCZ 4323) referred by White (1947) to N. grandis, just anterior to the
mental foramen there is what appears to be an alveolus for a large canine-like
tooth. In a smaller and slightly dissimilar specimen (UTBEG 40067-10),
assigned to Nothokemas minimus n. sp., a large caniniform tooth is present.
Because of its position well anterior to the anterior mental foramen and the
posterior border of the symphysis, I believe this tooth to be the true canine.
Loss of P,, therefore, should be included in the generic diagnosis of
Nothokemas.
The lower molars of Nothokemas differ from Oxydactylus in the presence
of an intercolumnar tubercle between the protoconid and hypoconid. The
posterior edge of the entoconid of M, overlaps the hypoconulid, giving the
appearance of the beginning of an “outer lobe” on the talonid (White, 1947,
Dar ole)

The anterolingual fold of P, and P, is distinctly more
Nothokemas than in
of P, and P, is rather
is distinct on three of
disappeared from P,,
posterior

cusp

pronounced

in

Oxydactylus.
The posterolingual cusp (entoconid?)
strongly expressed in Nothokemas; In Oxydactylus it
the four specimens with P, intact, but it has virtually
the posterolabial cusp (hypoconid?) being the only

remaining.
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Because the genus Oxydactylus is in need of revision and presently lacks taxonomic unity, this and all subsequent comparisons
in this paper will be made with the following species only: O.
longipes Peterson (type species), O. brachyodontus Peterson, O.
campestris Cook, and O. benedentatus (Hay).
The molars of the upper jaw of Nothokemas differ considerably
from those of Oxydactylus. Strongly developed stylar cusps are
present on the paraselene and metaselene of Nothokemas, and a
prominent rib extends up each selene from the base of the crown
to the tip of both paracone and metacone. These features are not
as well expressed in Oxydactylus. In addition, intercolumnar
tubercles, or accessory tubercles, between the protoselene and
hyposelene, completely absent in Oxydactylus, are a consistent
character of the molars of Nothokemas. Prominent cingula are
present among the anterior margin of the anterior crescents of
M'-M*. On M! of the type( FSGS V-5247
)of Nothokemas floridanus,
this cingulum extends posteriorly around the anterior crescent, and
although part of the tooth is broken off in this region, it probably
connected with the intercolumnar tubercle.
The upper premolars of Nothokemas are unusually large and
robust. P? and P* are both proportionally longer and wider than
those teeth in Oxydactylus. P? of Nothokemas aiso differs from that
of Oxydactylus in its relatively greater size and in the greater development of the anterolabial flexus and the internal cingulum.
In summary,

the long diastema

anterior to P., loss of P,, the

posterior extension of the entoconid on Ms, the presence of intercolumnar tubercles on the upper and lower molars, the greater development of the posterolingual cusp on P,; and P;, and the more
pronounced anterolabial flexus and internal cingulum on P?, all
serve to separate Nothokemas from Oxydactylus. The systematic
affinities of Nothokemas are discussed below in the section on
Floridatragulus.
A partial left maxilla with dP?-*-M! (MCZ 4328), referred by
White (1947) to Nothokemas grandis, is placed here in Prosynthetoceras texanus. I have not examined two additional specimens.
These are a partial skull (MCZ 4329) and a partial right maxilla
(MCZ 4322).
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Subfamily Floridatragulinae new subfamily
Genus Floridatragulus White, 1940
Floridatragulus dolichanthereus White, 1940
Floridatragulus dolichanthereus White, 1940, p. 35.
Hypermekops olseni White, 1942, pp. 11-13, pl. 9, figs. 1-3.

Type. MCZ 3635, a partial mandible with right and left M,-M3.
White described the genus Floridatragulus from material
recovered from the Thomas Farm deposits and designated Floridatragulus dolichanthereus as the type species. His generic diagnosis
was given as follows:
A large brachyodont hypertragulid with a very long mandibular symphysis,

diastema between P, and P, equal to two thirds of that between P, and P.,,
basal pillars of molars low and elongate antero-posteriorly, ‘heel’ of M, divided
so that it forms two grinding crescents.

In 1942, White described Hypermekops on the basis of a skull
containing [’-?, P? and P*, and M?*° of the right side, and I? and P*

to M® on the left side.
Hypermekops olseni was designated the type
species. White’s generic diagnosis of Hypermekops was given as
follows:
A large brachyodont

hypertragulid with three incisors in the premaxillary,

fourth premolar and molars similar in form to those of Leptomeryx, P? three
rooted and probably with a median spur, P? double rooted, elongate anteroposteriorly and without median spur, I’ to P! caniniform and slightly recurved,
I largest.

Although White (1942, P. 13) was aware that Hypermekops
and Floridatragulus were closely related (he inferred on the basis
of snout length that Floridatragulus was derived from Hypermekops), the lack of a comparable material available at that time
precluded closer comparison of the two genera. On the basis of a
skull and jaw of Floridatragulus collected from the Thomas Farm
in 1964 by Stanley Olsen (now in the Frick Collection of the
AMNH), it now is possible to state that the skull assigned by
White (1942) to Floridatragulus clearly belongs to the same
species.
Hypermekops olseni is thus a synonym of Floridatragulus
dolichanthereus. A similar conclusion has been reached by Clayton
Ray and by Bryan Patterson in unpublished studies of these forms
(McKenna, 1966).
The skull and jaw collected by Olsen were not actually articulated but were recovered from the same part of the Thomas Farm
quarry (S. J. Olsen, personal communication). The size, preserva-
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tion, degree of tooth wear, extreme length of snout, and correspondence of occluding surfaces of these two specimens indicate
that they belong to the same individual. No other Thomas Farm
artiodactyl shows such remarkable morphological similarity to these
specimens. P*? in MCZ 3711 is represented only by alveoli. P? in
both specimens is slender, distinctly tricuspate, and has a weak
internal cingulum. More compelling evidence for the identity of
these two taxa is seen in the long, attenuated snout of both. In the
better preserved specimen (MCZ 3711) the elongated muzzle
possesses four caniniform teeth or alveoli. White (1942, p. 11-12)
interpreted these as representing I'-I*, C/, and P'. The largest
caniniform tooth in this series, according to White's interpretation,
would be I’. In the Frick specimen alveoli for the only two caniniform teeth occur between P* and the largest caniniform. What
appears to be the maxillo-premaxillary suture in this specimen is
located just anterior to the large caniniform tooth. If the maxillopremaxillary suture can be used to separate I* and C/, the anteriormost tooth in this series would be I’, the second (just posterior to
the maxillo-premaxillary suture) would be the upper canine, and
the subsequent three (on MCZ 3711) alveoli probably would represent a deciduous canine, P', and deciduous P'. The presence of
only two alveoli posterior to C/ in the Frick specimen indicates
that the retention of the more posterior deciduous teeth is somewhat variable. In any event, it is clear that the two skulls are too
similar to regard as representing separate taxa.

Floridatragulus barbouri White, 1947
Floridatragulus barbouri White, 1947, p. 505, fig. 4.

Two species of Floridatragulus are recognized in the Thomas
Farm Fauna, F. dolichanthereus White and F. barbouri White.

Floridatragulus dolichanthereus differs from F.. barbouri in its larger
size and in having a longer diastema between P, and P;. Remains

of Floridatragulus are not abundant in the Thomas Farm deposits,
and the sample available is small, but the differences appear to be
constant. Perhaps separation of the two species is justified best by
their stratigraphic occurrence.
It is uncertain whether F. dolichanthereus and F. barbouri lived
contemporaneously, or whether they represent an actual ancestordescendent lineage. The nature of the Thomas Farm deposit and
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the history of its excavation (White, 1942; Bader, 1956) suggest
that those forms as they are known so far were separated temporally. The largest species, F. dolichanthereus, was recovered from
the uppermost layers of the deposit and has not been found in any
of the deeper sediments (White, 1942, p. 30). The smaller less
advanced F. barbouri was recovered from a deeper portion of the
quarry. Hence, there is reason to accept the second alternative; that
F. barbouri is a representative of an earlier group which evolved
(there is no evidence to suggest replacement) into F. dolichanthereus.
Other evidence, based on associated fossil horses, also suggests
that the Thomas Farm fauna is heterochronic (Bader, 1956; Patton,

1964).
Other floridatragulines are present in Miocene deposits in the
Texas Coastal Plain (Patton, Ms). An as yet unstudied specimen
from the Garvin Gully Fauna appears to be similar to Floridatragulus barbouri, and F. dolichanthereus corresponds closely to
F. texanus from the Burkeville Fauna, differing from that species
only in having smaller premolars and a more invaginated talonid
on M,. A still larger form, F. hesperus, occurs in the Texas Cold
Spring Fauna; it has no known counterpart in Florida.
Discussion.
Systematic placement of the Floridatragulinae is
uncertain. To date only relatively fragmentary and unassociated
material from Miocene deposits in Texas and Florida has been
studied and, expectedly, has revealed little in the way of phyletic
clues. Fortunately, skull and jaw material from the Thomas Farm
is now available, and it is hoped that study of this material will
help in understanding the puzzling systematics of this group. A few
preliminary remarks are in order, however.
Floridatragulus bears considerable resemblance to members of
two families of artiodactyls, the Hypertragulidae and the Camelidae. Floridatragulus resembles members of the Hypertragulidae in
the presence of the intercolumnar pillars, a double enamel loop on
the heel of M;, rather prominent cingula, and in the occurrence
of a diastema between P, and P,. In the hypertragulids the detached P., tends to be unicuspid; in Floridatragulus this tooth is
bicuspid, though weakly so. The anterior lower premolars of Floridatragulus are laterally compressed as in camels, and P,, although
more foreshortened than in most camels, retains the general features
of that group. In the skull and jaws of Floridatragulus from the
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Thomas Farm, now in the Frick Laboratory, the extremely elongated muzzle has four caniniform teeth (or alveoli) on each side,
probably
representing modifications of the incisors, C/, and P'.
This is a characteristic feature of the Tylopoda, in which the upper
incisors and anterior premolars may undergo reduction, but in which
there is never a complete loss of the upper incisors. In contrast,
the hypertragulids are marked by either extreme reduction or complete suppression of the upper incisors, although they may be retained in some of the very primitive types.
Because of its similarity to the camels, but also because of its
distinctness within that group, I have referred Floridatragulus to
the Camelidae but as a separate subfamily. Certainly those characters which distinguish it from the Camelinae are equivalent in
taxonomic

weight to those of other camel

subfamilies,

even, for

example, the Stenomylinae. Perhaps for parallel reasons, White
(1947) tentatively placed the genus Nothokemas (as the type of
a new family) in the Hypertragulonidea.
Of these two problematical genera, Nothokemas more closely approximates the features
of the Camelidae. In the unreduced condition of the premolars and
the configuration of both molars and premolars, the lower jaw of
Nothokemas is remarkably similar to Oxydactylus. As in Oxydactylus, the body of the mandible is deep and thin, but the diastema anterior to P, is considerably longer. The mandible in this
region is much more attenuated than in Oxydactylus. Both genera
are brachyodont and both display a relative elongation of the
molars.
In addition, if the skull (MCZ 4329) assigned to Nothokemas
by White (1947) does in fact belong to that genus, it can be seen
to possess a closed orbit, a more advanced feature not shared by
Floridatragulus. Although certain primitive characters possessed by
both Nothokemas and Floridatragulus are shared by members of
the Hypertraguloidea, e.g., intercolumnar tubercles, they are not
restricted to that group but may be regarded as archaic traits retained by several disparate artiodactyl groups, including the Camelidae. The increase in similarity between the camels and hypertragulids as we look further back in geologic is well documented
(Scott, 1940; Matthew, 1905; Colbert, 1941; Simpson, 1945). The
two divergent groups are supposedly recognizable as early as the
Late Eocene, but in the Middle Miocene of the Gulf Coastal Plain
we have two genera which share few features in common with any
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of the contemporary representatives of those basal stocks. Nothokemas conceivably could be derived from some early Oxydactylus,
but that genus seems too advanced to have provided an ancestor
for Floridatragulus. Whether or not the morphological similarity
between either one or both of the Gulf Coast genera and some
members of the Camelidae is the result of recent common descent,

parallelism, or convergence is too fine a distinction to make with
the information available. However, the possibility remains that
both genera are descendants of an early and distinct branch off the
tylopod lineage which became isolated in the Gulf Coastal Plain
and occupied an adaptive zone in this region similar to that occupied by some camels in the Great Plains. With the invasion of the
Gulf Coast by several diversified camel genera from the Great
Plains during the Early Pliocene or slightly earlier, the autochthonous Gulf Coast genera became extinct.
Suborder RuMINANTIA

Scopoli, 1777

Infraorder TRAGULINA

Flower, 1883

Family Protoceratidae Marsh, 1891
Genus Prosynthetoceras Frick, 1937
Prosynthetoceras texanus (Hay), 1924
Dromomeryx texanus Hay; Hay, 1924, p. 15-16, pl. 11, figs. 8-12.
Dromomeryx angustidens Hay; Hay, 1924, p. 16, pl. 11, figs. 6-7.
Merycodus grandis Hay; Hay, 1924, p. 17-18, pl. 111, figs. 9-11.
Protolabis francisi Hay; Hay, 1924, p. 14, pl. 111, figs. 5, 6. (in part).
?Cranioceras texanus (Hay); Frick, 1937, p. 82, 97.
?Synthetoceras rileyi Frick; Frick, 1937, p. 603, 605, fig. 66.
Blastomeryx texanus (Hay); Wood and Wood, 1937, p. 137, pl. 1, figs. 5, 6.
PSyndyoceras texanus (Hay); Hesse, 1942, p. 163 (?Syndeoceras texanus, p.
167, lapsus).
Syndyoceras australis White, 1941, p. 97, pl. XV, figs. 1, la, 2, 2a.
Synthetoceras (Prosynthetoceras ) douglasi White, 1947, p. 504, fig. 3a.
cf. Miolabis sp. indet., Simpson, 1932, p. 37.
cf. Miolabis tenuis, Ray, 1957, p. 18.

Nothokemas grandis White, 1947, p. 508. (in part).

Type.

TAMU

2387, a right M® from the Garvin Gully Fauna

of Texas.
Two genera of synthetocerines, Syndyoceras and Synthetoceras

(Prosynthetoceras), have been recognized from
covered from the Thomas Farm. In 1941, white
ceras australis on the basis of a right lower jaw
(MCZ 3654, type), and a left maxilla with P*-M?

fossil material redescribed Syndyowith P, and P,-M;
(MCZ 3642, para-
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type). He also referred to this species three right mandibles and a
core of a postorbital horn. In 1947, White described Synthetoceras
(Prosynthetoceras) douglasi from a badly crushed palate with
P*-M? of both sides.
A comparison of the Thomas Farm specimens with material
from the Garvin Gully and Burkeville faunas of Texas shows that
the specimens assigned to S. australis White and P. douglasi White
are inseparable from P. texanus (Hay) and should be included in
the synonymy of that species. In cusp morphology as well as in
dimensions of the teeth and jaws, there appear to be no significant
differences between and among the specimens from both areas.
Inasmuch as I have not seen the horn core White (1942) referred
to Syndyoceras australis (it was not illustrated by White), no
comparisons could be made with the Texas material. However,
the horns, especially the rostral horn, of Prosynthetoceras texanus
are considerably advanced over those of Syndyoceras cooki from
the Great Plains. The evolution of the rostral horn of the synthetocerines has involved primarily the lengthening of the main shaft,
resulting in an increase in the distance from the base of the rostral
horn to the point of bifurcation. In Syndyoceras the point of bifurcation is very close to the base of the horn; in fact the horns flare
away from each other at the point of union just above the nasal
passage. The rostral horn of Prosynthetoceras, on the other hand,
has lengthened to the degree where there is a definite shaft between
the maxillary union and the point of bifurcation.
In 1932, Simpson referred several teeth (FSGS V-4970) from
Midway, Florida, to the genus Miolabis but considered the species
indeterminate. He regarded these specimens as bearing considerable resemblance to Miolabis tenuis, but declined to designate them
as such. Ray (1957) lists this reference as “cf.Miolabis tenuis.”
A comparison of the original specimens from Midway with material from Thomas Farm and Garvin Gully and Burkeville faunas
reveals no significant difference in size or morphology between the
teeth referred to Miolabis and those confidently assigned to
Prosynthetoceras texanus. Although isolated molars of Prosynthetoceras and Floridatragulus are very similar in morphology, those
of Floridatragulus are considerably larger than those of Prosynthetoceras in beds of the same age. For this reason, I have included
White (1947) to Nothokemas grandis is assigned to P. texanus.
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A partial left maxilla with dP?-*-M! (MCZ 4328) referred by
White (1947) to Nothokemas grandis is assigned to P. texanus.
This immature dentition is far too small to belong to Nothokemas
but compares very closely to specimens of P. texanus from Texas
deposits.
For reasons I have given elsewhere (Patton, in press) I believe
that the elevation of Prosynthetoceras to generic rank more accurately reflects its relative position in the taxonomic hierarchy of the
Synthetoceratinae. Thus, the synthetocerine material from the Garvin Gully and Burkeville faunas of Texas and that from the Thomas
Farm of Florida are considered by the writer to belong to a single
species, which on the basis of priority, is designated Prosynthetoceras texanus.
Infraorder Pecora Linnaeus, 1758

Family Cervidae Gray, 1821
Genus Blastomeryx Cope, 1877
Blastomeryx Parablastomeryx floridanus (White), 1940, p. 34.

The larger deer specimens from the Thomas Farm, including
not only White’s type (MCZ 3626) but several other specimens in
the collections of the University of Florida and the Florida State
Geological Survey, are all characterized by a relatively short postsymphysial diastema. If Fricks (1937) criteria for separating
genera in his Division Blastomerycini are applied, the Thomas
Farm specimens would be assigned to the genus Parablastomeryx,
which White (1940) did. The systematics of this group, however,
is clearly in need of revision and, accordingly, it is often difficult
to decide on supraspecific placement. Not only is the validity of
certain morphological criteria in question, but the relative weight
of Frick’s supraspecific categories is sometimes indeterminable and
unmanageable. Until the confusion is removed, it seems advisable
to defer judgment on this assignment.
Genus Machaeromeryx Matthew, 1926
Machaeromeryx gilchristensis White, 1941
Machaeromeryx gilchristensis White, 1941, p. 97, pl. 14, fig. 5

Generic assignment for this tiny ruminant appears to be valid.
However, because of the scanty and fragmentary nature of the
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Thomas Farm specimens specific comparisons between it and specimens assigned to the type species from the Upper Harrison beds of
Nebraska are not likely to be particularly useful. In view of the
great geographic separation between the two occurrences, specific
differentiation is probable.
In summary, the revised list of selenodont artiodactyls of the
Thomas Farm Fauna is as follows:
Family Camelidae

Subfamily Camelinae
Nothokemas floridanus (Simpson), 1932
Subfamily Floridatragulinae!
Floridatragulus dolichanthereus White, 1940
Floridatragulus barbouri White, 1947
Family Protoceratidae
Prosynthetoceras texanus (Hay), 1924

Family Cervidae
Blastomeryx gilchristensis White, 1941
Machaeromeryx gilchristensis White, 1941
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Distribution of Euglenida in North Florida
Joun J. McCoy

THE great diversity of aquatic situations in the State of Florida
lends itself ideally to limnological and ecological studies of the
microfauna of various habitats. During the course of this study, a
number of these habitats in north and central Florida were periodically sampled for determination of their protozoan fauna. This
paper represents a compilation of the data for the order Euglenida.
DESCRIPTION

OF

HABITATS

Large Streams. One river, the Santa Fe, was sampled periodically during this study. From its source near Lake Santa Fe,
Bradford-Alachua County, it flows westerly and slightly to the north,
to a point near Branford, Suwannee County, where it empties into
the Suwannee River. The Santa Fe is a “black” river, colored by
the addition of various organic materials derived from pine flatwoods and cypress swamps. Four sampling stations were used.
These were at O’Leno State Park in Columbia County, Worthington
Springs in Union County, four miles south of Starke on U.S. Route
301 in Bradford County, and at the rivers mouth in Suwannee
County.
:
Small Streams. Hogtown Creek in Gainesville, Alachua County, was sampled during this study. This creek is a relatively shallow
stream with moderate flow. Both sandy and silty bottom conditions
occur. Samples were taken at a number of randomly picked points.
Sinks and Lakes. Sinks and lakes are conspicuous elements in
the aquatic situations of north and central Florida. Mainly of solution origin, these vary in size from a few feet in diameter to relatively large bodies of water. Bottom conditions range from sand to
silt, and the amount of rooted and floating vegetation varies considerably. Lake Alice, Lake Santa Fe, Lake Newnan, and Lake
Hampton in Alachua County and Lake Kingsley in Bradford County were periodically sampled. In addition, samples were taken from
several sinks found on the campus of the University of Florida.
Cypress Ponds. Cypress ponds are numerous in north and central Florida. Fluctuating water levels create a variable habitat frequently reflected by changes in the species composition of the
microfauna inhabiting these ponds. A number of ponds near Otter
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Creek in Levy County, and several smaller ponds in Alachua County were sampled. The latter were located within the Gainesville
city limits, and near the large sink known locally as the Devil’s
Millhopper.
Miscellaneous.

In addition to the habitats listed above, a num-

ber of temporary or artificial aquatic situations were sampled. These
included numerous roadside ditches throughout north and central
Florida, settling lagoons for sewage disposal plants in Ocala and
Gainesville, and a small pond, hereafter referred to as Campus
Pond, behind the sewage disposal plant for the University of
Florida. Campus Pond is maintained by receiving final effluent from
the disposal plant.
METHODS

With the exception of roadside ditches, habitats were sampled
monthly. The temporary nature of such ditches prevented periodic
sampling. Samples were taken from the bottom, surface, and at
intermediate depths. Formaldehyde was added to these as a preservative. Temperature and pH data were recorded at the time of
collecting. Samples were centrifuged and subsamples of the precipitate examined.
FAUNAL

LIsT

Euglena acus Ehrenberg. Santa Fe River, Hogtown Creek, sinks, Lake Alice,
cypress ponds, roadside ditches, Campus Pond.
Euglena sciotensis Lackey. Campus Pond.
Euglena oxyuris Schmarda. Hogtown Creek, cypress ponds, roadside ditches,
Campus Pond.
Euglena spadix Gojdics.
Sinks.
Euglena oblonga Schmitz.
Sinks.

Euglena
Euglena
Euglena
Euglena
Euglena

mutabilis Schmitz. Santa Fe River.
rostrifera Johnson.
Hogtown Creek, settling lagoons, Cypress Pond.
gaumei Allorge and Lefevre.
Cypress ponds, Campus Pond.
flava Dangeard. Sinks, Lake Santa Fe, Campus Pond.
agilis Carter.
Settling lagoons.

Euglena fusca (Klebs) Lemmermann.
Lake Newnan, cypress ponds, Campus
Pond.
Euglena helicoideus (Bernard) Lemmermann.
Cypress ponds.
Euglena vivida Playfair. Roadside ditches.
Euglena convoluta Korshikov.
Cypress Ponds.
Euglena allorgei Deflandre.
Campus Pond.
Euglena chadefaudii Bourrelly.
Sinks.
Euglena limnophila Lemmermann.
Santa Fe River, Hogtown Creek, sinks,
cypress ponds, roadside ditches.
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Euglena spirogyra Ehrenberg.
Hogtown Creek, cypress ponds, Campus Pond.
Euglena hemichromata Skuja. Sinks, settling lagoons.
Euglena mangini Lefevre.
Santa Fe River, Campus Pond.
Euglena ehrenbergii Klebs.
Lake Santa Fe, cypress ponds, roadside ditches,
Campus Pond.
Euglena grisoli Deflandre.
Hogtown Creek.
Euglena velata Klebs. Santa Fe River, settling lagoons, Campus Pond.
Euglena splendens Dangeard.
Cypress ponds.
Euglena chlamydophora Mainx.
Cypress ponds.
Euglena mainixi Deflandre. Campus Pond.
Euglena deses Ehrenberg.
Hogtown Creek.
Euglena proxima Dangeard.
Santa Fe River, Lake Santa
Fe, Campus Pond.
Euglena subehrenbergii Skuja.
Campus Pond.
Euglena elenkinii Poljanski. Campus Pond.
Euglena tuberculata Drezepolski.
Santa Fe River, cypress ponds, Campus
Pond.
Trachelomonas volvocina Ehrenberg.
Hogtown Creek, sinks, Santa Fe River,
Lake Santa Fe, Lake Newnan, Lake Hampton, cypress ponds, roadside
ditches, Campus Pond.
Trachelomonas hispida (Perty) Stein. Santa Fe River, Hogtown Creek, sinks,
Lake Alice, Lake Santa Fe, Lake Hampton, cypress ponds, roadside
ditches, settling lagoons, Campus Pond.
Trachelomonas caudata (Kefferath) Conrad. Lake Alice.
Trachelomonas armata (Ehrenberg) Stein.
Cypress ponds, roadside ditches.
Trachelomonas fusiformis Deflandre.
Cypress ponds.
Trachelomonas urceolata Stokes.
Sinks, Campus Pond.
Trachelomonas acanthostoma Stokes.
Sinks, cypress ponds.
Trachelomonas rotunda Swirenko.
Santa Fe River, cypress ponds, Campus
Pond.
Trachelomonas gibberosa Playfair.
Cypress ponds, Campus Pond.
Trachelomonas oblonga Lemmermann.
Santa Fe River, cypress ponds.
Trachelomonas abrupta Swirenko.
Santa Fe River, Lake Hampton.
Trachelomonas superba Swirenko.
Lake Hampton.
Trachelomonas pulcherrima Playfair.
Cypress ponds, Campus Pond.
Trachelomonas polonica Drezepolski. Cypress ponds.
Trachelomonas bacillifera Playfair. Sinks, cypress ponds, Campus Road.
Trachelomonas zorensis Deflandre.
Lake Hampton, Campus Pond.
Trachelomonas acuminata (Schmarda) Stein.
Santa Fe River, sinks, Campus
Pond.
Trachelomonas rugulosa Stein. Lake Newnan.
Trachelomonas speciosa Deflandre.
Cypress ponds.
Trachelomonas intermedia Dangeard.
Cypress ponds.
Trachelomonas angustispina Deflandre.
Cypress ponds, Santa Fe River.
Trachelomonas allia Drezepolski.
Cypress ponds, roadside ditches.
Trachelomonas verrucosa Stokes.
Campus Pond.
Trachelomonas perforata Awer.
Cypress ponds, roadside ditches, Campus
Pond.
Trachelomonas allorgei Deflandre.
Campus Pond.
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Trachelomonas
Trachelomonas
Trachelomonas
Trachelomonas
Trachelomonas
Trachelomonas

subglobosa Skvortzov.
Santa Fe River.
tambowika Swirenko.
Santa Fe River.
dubia Swirenko.
Cypress ponds.
hexangulata Swirenko. Cypress ponds.
lacustris Drezepolski.
Cypress ponds.
giardiana Playfair. Cypress ponds, Campus Pond.

Trachelomonas woycickii Koczwara.
Lake Hampton.
Trachelomonas spectabilis Deflandre.
Cypress ponds.
Trachelomonas globularis (Awer.) Lemmermann.
Santa Fe River, cypress
ponds.
Trachelomonas magdaleniana Deflandre. Cypress ponds.
Trachelomonas bernardinensis Vischer.
Cypress ponds.
Trachelomonas sarmatica Drezepolski.
Cypress ponds.
Trachelomonas niklewskii Drezepolski.
Cypress ponds.
Trachelomonas lackeyi McCoy.
Campus Pond.
Lepocinclis ovum (Ehrenberg ) Lemmermann. Santa Fe River, Hogtown Creek,
sinks, Lake Alice, cypress ponds, Campus Pond.
Lepocinclis marssonii

Lemmermann.

Santa Fe River, cypress ponds.

Lepocinclis texta (Dujardin) Lemmermann.
Hogtown Creek, sinks, settling
lagoons, Campus Pond.
Lepocinclis cymbiformis Playfair. Sinks, cypress ponds, Campus Pond.
Lepocinclis glabra Drezepolski. Cypress ponds, Campus Pond.
Lepocinclis globosa France.
Campus Pond.
Phacus

curvicauda

Swirenko.

Santa Fe River, sinks, Campus

Pond.

Phacus alatus Klebs.
Sinks, Campus Pond.
Phacus pusilus Lemmermann.
Sinks.
Phacus horridus Pochmann.
Cypress ponds.
Phacus glaber (Deflandre) Pochmann.
Sinks, cypress ponds, Campus

Phacus inflexus Pochmann.
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus
Phacus

Phacus
Phacus

Pond.

Campus Pond.

pyrum (Ehrenberg) Stein.
Sinks.
circumflexus Pochmann.
Campus Pond.
hamatus Pochmann.
Campus Pond.
corculum Lemmermann.
Campus Pond.
caudatus Hubner. Lake Alice, cypress ponds.
onyx Pochmann.
Cypress ponds, roadside ditches, settling lagoons,
Campus Pond.
undulatus Pochmann.
Sinks, cypress ponds.
margiritatus Pochmann.
Santa Fe River, sinks.
granum Drezepolski.
Campus Pond.
thrombus Pochmann.
Sinks, Campus Pond.
segreti Allorge and Lefevere.
Cypress ponds.
ranula Pochmann.
Sinks.
suecicus Lemmermann.
Santa Fe River, sinks, cypress ponds, Campus
Pond.
tortus (Lemmermann)
Skvortzov.
Sinks, cypress ponds, Campus
Pond.
trypanon Pochmann.
Cypress ponds, Campus Pond.
musculus Pochmann.
Sinks, cypress ponds.
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Cypress ponds, Campus Pond.

Phacus acuminatus Stokes.
Sinks, cypress ponds, Campus Pond.
Phacus platalea Drezepolski.
Cypress ponds, Campus Pond.
Phacus longicauda (Ehrenberg) Dujardin.
Sinks, cypress ponds,
ditches, Campus
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roadside

Pond.

Phacus
Phacus
Phacus
Phacus
Phacus
Phacus

orbicularis Hubner.
Sinks.
wettsteini Drezepolski.
Campus Pond.
makrostigma Pochmann.
Sinks, cypress ponds.
carinatus Pochmann.
Sinks, Campus Pond.
circulatus Pochmann.
Cypress ponds.
pleuronectes (O. F. Muller) Dujardin.
Sinks, cypress ponds, Campus
Pond.
Phacus raciborski Drezepolski.
Cypress ponds.
Phacus aenigmaticus Drezepolski. Campus Pond.
Cryptoglena pigra Ehrenberg. Sinks, cypress ponds, Campus Pond.
Anisonema steini Stokes.
Cypress ponds.
Anisonema grande Stein.
Sinks
Entosiphon sulcatum (Dujardin) Stein.
Sinks.
Entosiphon

ovatum

Stokes.

Sinks.

Menoidium gracile Stokes. Sinks, cypress ponds, Campus Pond.
Menoidium tortuosum Stokes.
Sinks.
Menoidium pelucidom Perty. Sinks.
Distigma proteus Ehrenberg.
Sinks, cypress ponds.
Peranema tricophorum Ehrenberg. Campus Pond.
Euglenopsis vorax Klebs. Sinks.
DISCUSSION

Eleven genera representing 121 species were recorded during
the course of this study. Cypress ponds, Campus Pond, and sinks
were the habitats containing the greatest number of species. For
each habitat, the percentage of the total number of species found
is as follows: cypress ponds, 52 per cent; Campus Pond, 49 per
cent; sinks, 35 per cent; Santa Fe River, 18 per cent; lakes (combined) 13 per cent; ditches, 9 per cent; Hogtown Creek, 8 per
cent; settling lagoons, 6 per cent. A given species was frequently
found in more than one habitat.
For each genus, the largest
number of species was found in either cypress ponds, Campus
Pond, or sinks (Table 1).
Cypress ponds, sinks, and Campus Pond contained 109 of the
121 recorded species, 75 of which were only found here. A total
of 44 species was recorded from more than one of these habitats
with the following distribution: cypress ponds and sinks, 7 species;
cypress ponds and Campus Pond, 15 species; sinks and Campus
Pond, 8 species; cypress ponds, sinks, and Campus Pond, 14 species.
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Environmental conditions in the habitats above were apparently
more favorable to euglenoids than those of other sample areas. The
number of shared species suggest important similarities between
these habitats.

With

the limited data available,

such conditions

and similarities could not be determimned. The pH of these habitats was variable. Sinks were alkaline with a range of 7.1 to 7.8
and a mean of 7.3. Campus Pond ranged from 6.7 to 8.4 with
a mean of 7.5. Cypress ponds were acid with a range of 6.4 to
6.8 and a mean of 6.6. Temperature was not considered to be
significant.
The data in Table 1 indicate a variability in habitat preference
for members of the order. The genus Trachelomonas was represented in cypress ponds by 25 species. This is nearly twice the
number of trachelomonads present in any other habitat. When
considering that 12 of these species were recorded only from
cypress ponds, a decided preference for such a habitat seems indicated. The acid condition prevalent in cypress ponds may be
significant in this regard. According to Hall (1965), pH may affect
the utilization of nitrogen sources by flagellates.
Single-habitat preference appears to be lacking for most of the
other genera. The genus Euglena was represented in Campus Pond
by 17 species, and in cypress ponds, sinks, Hogtown Creek, and the

Santa Fe River by 12, 7, 7, and 7 species respectively. The minimum number of species of Euglena recorded from any one habitat
was five, as contrasted with one for Trachelomonas, and relatively

few species of this genus were recorded from only a single habitat.
Distribution of the six species of Lepocinclis was comparable to
that for Euglena.
The genus Phacus was found to be well represented in and
nearly restricted to three habitats, i.e., Campus Pond, cypress ponds,
and sinks, with approximately the same number of species found in
each. All of the 34 recorded species were found in at least one of
these habitats, and 17 were found in more than one. Cryptofilena
was restricted to these same three habitats.
The remaining genera, Anisonema, Entosiphon, Menodium,
Distigma, Peranema, and Euglenopsis, are colorless forms, and are
generally similar in their patterns of distribution. Eight of the ten
recorded species were found in sinks. Species were also recorded
from cypress ponds and Campus Pond.
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SUMMARY

1.

Eleven genera representing 121 species of the Order Euglenida
were recorded from various aquatic habitats in Florida.

bo

Cypress ponds, sinks, and a pond receiving final efhuent from
a sewage disposal plant were found to contain the largest
numbers of species.

3.

Single habitat preference, i.e., cypress ponds, was indicated
for Trachelomonas, but most of the other euglenoids were more
widely distributed.
ACKNOWLEDGEMENTS

The author is greatly indebted to Dr. James B. Lackey of the
University of Florida for his encouragement and help during the
course of this research. I am indebted to Dr. Richard M. Johnson
of Asheville-Biltmore College for aid in collecting and his many
helpful criticisms.
LITERATURE
Hari,

R. P. 1965.

Protozoan nutrition.

CITED
Blaisdell Publishing Co., New York.

90 pp.

Department
INEZG.

of Biology, Asheville-Biltmore

Quart. Jour. Florida Acad. Sci.

29(3).

1966 (1967)

College, Asheville,

Two New

Subfamilies of Monogenenetic

Trematodes

C. E. PRicr

An evolutionary sequence of genera within the monogenetic
trematode family Dactylogyridae will go far toward improving the
current state of classification of this family. As some point of
reference is a basic necessity, the most variable and most readily
observable structures are best utilized as the main bases of such a
proposal. Among the monopisthocotylean monogenetic trematodes
two highly variable entities exist, the copulatory complex (sclerotized male genital organs) and the attaching armament of the
haptor (posterior attaching disc). Of the two, the sclerotized portions of the haptor seem to furnish more significant information.
During the course of this study, it has become apparent that a
definite need exists for establishment of two additional subfamilies
within the Dactylogyridae. Recognition of these subfamilies should
aid in better understanding the evolution within this family.
CuRRENT

TAXONOMIC

STATE

OF

THE

FAMILY

In his monograph concerning the Monogenea, Yamaguti (1963)
lists four subfamilies as comprising the Dactylogyridae: Dactylogyrinae Bychowsky, 1933; Ancyrocephalinae Bychowsky, 1937; Linguadactylinae Bychowsky, 1957; and Geneticoenterinae Yamaguti,
1963.
One of the major characters differentiating the various subfamilies is the number of anchors (large haptoral hooks) present
in the haptor. As pointed out by Yamaguti, the number of anchors
is a sound trait on which to base subfamilial classification.
Members of the Dactylogyrinae possess a single pair of anchors.
The species belonging to this taxon are morphologically homogeneous and seem to warrant subfamily status without question.
More study is required before acceptance or refutation of the
proposed subfamilies Geneticoenterinae and Linguadactylinae. Both
are apparently closely related to the subfamily Ancyrocephalinae.
It is the subfamily Ancyrocephalinae which represents what is
probably the most confused area among the many confused areas
of classification within the suborder Monopisthocotylea. Presently
containing more than 50 genera, the Ancyrocephalinae is overburdened with taxonomic errors, inconsistencies, and synonymy. It

200

QUARTERLY JOURNAL OF THE FLORIDA ACADEMY OF SCIENCES

is hoped that the present work will make a worthwhile contribution
to the taxonomy of this group.
PRopPOsED

NEw

SUBFAMILIES

All but three of the 50 or so genera currently included in the
Ancyrocephalinae possess four anchors in the haptor. Heteronchocleidus Bychowsky (1957) and Trianchoratus C. Price and Berry
(1966) are monotypic genera whose members possess three anchors.
The genus Anacanthorus Mizelle and C. Price (1965) contains three
species, all of which lack anchors entirely.
The atypical architecture of the haptors of these three genera
is here interpreted by the present author as being of a highly
divergent nature, and these genera should not be grouped with
parasites possessing four anchors. These divergent genera quite
definitely belong in the Dactylogyridae, but in subfamilies other
than the Ancyrocephalinae.
As the three involved genera were originally placed in the subfamily Ancyrocephalinae on several bases, thus establishing them
as showing affinities with that group, the subfamily diagnoses can
be given quite simply.
HETERONCHOCLEIDINAE n. subfam.
Dactylogyridea: Dactylogyridae. With characters of the superfamily and family, some characters of the Ancyrocephalinae. Three anchors, one median and a
bilaterally symmetrical pair posterolateral.
Hooks 14 or 16. Included genera: Heteronchocleidus and Trianchoratus.
ANACANTHORINAE n. subfam. Dactylogyridea: Dactylogridae.
With characters of the superfamily and family, and some characters of the Ancyrocephalinae. Anchors lacking. Hooks 18. Only
included genus: Anacanthorus.
Key

TO

SUBFAMILIES

OF

DACTYLOGYRIDAE

As more study is required concerning the validity or proper
status of the subfamilies Geneticoenterinae Yamaguti and Linguadactylinae Bychowsky, they are omitted from the following key.
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SUMMARY

Three divergent genera of monogenean trematodes have been
removed from the subfamily Ancyrocephalinae and placed in newly
established subfamilies of the family Dactylogyridae. This taxonomic adjustment is made primarily on the number of anchors present
in the haptor.
The genera Heteronchocleidus Bychowsky and
Trianchoratus C. Price and Berry are placed in the new subfamily
Heteronchocleidinae; members of these genera possess three haptoral anchors. The genus Anacanthorus Mizelle and C. Price, the
members of which lack anchors entirely, is placed in the new subfamily Anacanthorinae.
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Mayfly Nymphs from Northwestern Florida
ROBERT

F. SCHNEIDER

SINCE publication of The Mayflies of Florida (Berner, 1950),
13 species of Ephemeroptera have been added to the fauna of the
northwestern part of the state. This paper gives the occurrence
of species now known from each of the nine major rivers, from the
Perdido on the western border of the state, eastward to the Escambia, Blackwater, Yellow, Shoal, Choctawhatchee, Holmes, Chi-

pola,

and

Apalachicola,

respectively.

The

records

of Berner

(1950, 1955, 1958) are included, as well as new distributional data
obtained by the writer during investigation of water pollution for
the Florida State Board of Health from 1960-1965, and differenti-

ated in the list by asterisks.
collected is also given.

The habitat in which the nymphs were

Family EPHEMERIDAE
Hexagenia bilineata (Say). Apalachicola River. Leaf detritus
and silt bottom.
Hexagenia munda elegans Traver. Apalachicola River. Leaf
detritus and silt bottom.
Hexagenia munda marilandica Traver. All nine rivers. Leaf
detritus and silt bottom.
Pentagenia vittigera (Walsh). Apalachicola River. Silt bottom.
Family NEOEPHEMERIDAE

Neoephemera compressa Berner. Apalachicola. Vegetation.
Neoephemera youngi Berner. *Perdido, *Yellow, *Chipola, Apalachicola. Vegetation and silt bottom.
Family CAENIDAE

Brachycercus sp. A. Shoal, Choctawhatchee, Apalachicola. Leaf
detritus, silt bottom, sand bottom. Recorded as Brachycercus sp. A
by Berner (1950).
Brachycercus sp. *Escambia, *Yellow. Leaf detritus, silt, sand.
Caenis diminuta Walker.
*Escambia, *Yellow, *Shoal, *Choctawhatchee,
bottom.

Holmes,

Chipola,

Apalachicola.

Leaf

detritus,

silt
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Caenis hilaris (Say). *Perdido, *Escambia, *Yellow, *Shoal,
*Choctawhatchee, *Holmes, Chipola, Apalachicola. Leaf detritus,

clay bottom, vegetation, log or board, sand bottom.
Family BAETISCIDAE
Baetisca escambiensis Berner.
Escambia.
Silt bottom, sand
bottom.
Baetisca becki Schneider and Berner. *Perdido, *Blackwater,
*Shoal. Gravel or rock, sand bottom.
Baetisca gibbera Berner. Escambia, *Shoal, *Choctawhatchee,
Apalachicola. Log or board, sand bottom.

Baetisca obesa (Say). *Blackwater, *Yellow, *Choctawhatchee,
*Chipola, Apalachicola.
Leaf detritus, vegetation, log or board,
silt bottom.
Baetisca rogersi Berner. Perdido, Escambia, Blackwater, Yellow,
Shoal, Choctawhatchee, Apalachicola. Gravel or rock, log or board,
silt bottom, sand bottom.

Family LEPTOPHLEBIIDAE

Choroterpes hubbelli Berner.
sand bottom.
Habrophlebiodes

Choctawhatchee.

brunneipennis Berner.

*Perdido,

Silt bottom,
*Escambia,

Apalachicola. Leaf detritus, silt bottom, sand bottom.
Habrophlebia vibrans Needham. *Perdido, *Escambia, * Blackwater, Apalachicola. Leaf detritus.
Leptophlebia intermedia (Traver). Perdido, Escambia, Shoal,
Choctawhatchee, Chipola, Apalachicola. Leaf detritus.
Paraleptophlebia bradleyi (Needham). Perdido, *Escambia,
“Yellow, *Shoal.

Leaf detritus, vegetation, silt bottom.

Paraleptophlebia
Blackwater,

volitans

McDunnough.

Shoal, Choctawhatchee,

Holmes,

Perdido,

Escambia,

Apalachicola.

Leaf

detritus, gravel or rock, vegetation, log or board.
Family EPHEMERELLIDAE

Ephemerella choctawhatchee Berner.
*Perdido, *Escambia,
*Blackwater, Choctawhatchee, Chipola. Vegetation, sand bottom.
Ephemerella hirsuta Berner. Perdido, *Escambia, Apalachicola.
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Leaf detritus, vegetation.
Ephemerella rotunda Morgan.
Ephemerella

deficiens Berner.

Apalachicola.
Escambia,

Vegetation.

Blackwater, Yellow,

Shoal, Chipola, Apalachicola. Leaf detritus, vegetation.
Ephemerella trilineata Berner. All nine rivers. Leaf detritus,
vegetation, log or board.
Ephemerella dorothea Needham.
*Choctawhatchee, *Holmes.
Leaf detritus, vegetation.
Family TricoRYTHIDAE

Tricorythodes albilineatus Berner. Perdido, Escambia, Blackwater, Yellow, Choctawhatchee, Chipola, Apalachicola. Clay bottom, vegetation, log or board, silt bottom, sand bottom.

Family SIPHLONURIDAE
Isonychia fattigi Traver. Apalachicola. Leaf detritus.
Isonychia pictipes Traver. *Perdido, Holmes, Chipola, Apalachicola. Gravel or rock, log or board, sand bottom.
Isonychia sp. A.

Perdido, Escambia, Blackwater, Shoal.

Leaf

detritus, log or board, sand bottom.
Isonychia sp. B. *Shoal, Holmes. Vegetation, log or board.
Isonychia sp. G. *Chipola, Apalachicola. Leaf detritus, log or
board, sand bottom.

Family HEPTAGENIIDAE

Heptagenia flavescens (Walsh).
*Perdido, *Shoal, Apalachicola. Leaf detritus, gravel or rock, vegetation.
Stenonema exiguum Traver. All nine rivers. Gravel or rock,
vegetation, log or board.
Stenonema interpunctatum (Say). Apalachicola. Vegetation.
Stenonema proximum Traver. All nine rivers. Gravel or rock,
vegetation, log or board.
Stenonema

smithae

Traver.

All nine

rivers.

Leaf

detritus,

gravel or rock, vegetation, log or board.
Family AMETROPODIDAE
Siphloplecton speciosum Traver. Perdido, Blackwater,
Choctawhatchee, Chipola, Apalachicola. Vegetation.

Shoal,
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Family BAETIDAE
Baetis australis Traver.

Perdido, Chipola, Apalachicola.

Leaf

detritus, vegetation, log or board, silt bottom, sand bottom.

Baetis ephippiatus (Traver). Perdido, Escambia, Choctawhatchee, Holmes, Apalachicola. Vegetation.
Baetis intercalaris McDunnough.
Holmes, Chipola, Apalachicola. Vegetation, sand bottom.
Baetis propinquus (Walsh). Apalachicola.
Gravel or rock,
vegetation.

Baetis spiethi Berner. Perdido, Choctawhatchee, Holmes, Chipola, Apalachicola. Vegetation, log or board.
Baetis spinosus McDunnough.
All nine rivers. Leaf detritus,
vegetation, log or board, silt bottom, sand bottom.
Callibaetis floridanus Banks.
*Perdido, “Escambia,

*Choctaw-

hatchee, *Holmes, Chipola, Apalachicola. Leaf detritus, gravel or
rock, vegetation.
Centroptilum hobbsi Berner.
*Perdido, *Escambia, *Blackwater, *Yellow, *Shoal, *Choctawhatchee, Chipola, Apalachicola.
Vegetation, log or board.
Centroptilum viridocularis Berner.
“Escambia, *Blackwater,
*Yellow, Choctawhatchee, Holmes, Chipola, Apalachicola. Vegetation, sand bottom.

Cloeon rubropictum McDunnough.
Apalachicola. Vegetation,
log or board.
Cloeon sp. A. Holmes, Apalachicola. Vegetation, log or board.
Pseudocloeon alachua Berner. *Escambia, *Holmes, *Chipola.
Vegetation.
Pseudocloeon bimaculatum Berner. Perdido, Escambia, Blackwater, Yellow, Shoal, Choctawhatchee, Chipola.
Leaf detritus,
gravel or rock, vegetation, sand bottom.
Pseudocloeon parvulum McDunnough. *Holmes, Chipola, Apalachicola. Gravel or rock, vegetation.

Pseudocloeon punctiventris McDunnough.
tawhatchee, Apalachicola.

*Blackwater, *Choc-

Gravel or rock, vegetation, sand botton.

Family BEHNINGIDAE.
Dolania americana Edmunds and Traver. *Sweetwater Creek
(a tributary of Blackwater River). Sand bottom. The only previous record of this family in the New World was the original
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description of D. americana, based on five nymphs from the Savannah River system in South Carolina (Edmunds and Traver,
1959).
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Caribbean Recruitment of Florida’s Spiny Lobster Population
Haroip W. Sims, JR., AND RoBert M. INGLE

Tue Florida spiny lobster, Panulirus argus (Latreille) is an animal
of considerable importance to Florida fisheries.
The principal
fishery is centered in the Florida Keys and southeastern Florida,
but it ranges throughout the Gulf of Mexico and along the east
coast of the United States to Beaufort, North Carolina (Moore,
1962).
Previous reports have been published on various phases of the
biology of this animal.
Crawford (1922) wrote on spawning
habits and artificial hatching.
Crawford and De Smidt (1922)
covered life history, utilization, and the findings of a spiny lobster
hatchery formerly operated by the U. S. Fish and Wildlife Service
at Key West. Smith (1948a, 1958) dealt with the fisheries generally
and made notes on life history, methods

of capture, markets, and

legal regulations. Dawson and Idyll (1951) reported on conservation methods. Lewis (1951) described the phyllosoma larvae and
was first to mention that foreign recruitment may take place. Later
Lewis, Moore, and Babis (1952) reported on the post-larval stages.
Robinson and Dimitriou (1963) published on the present and past
status of the fishery. Ingle et al. (1963) proposed a possible Caribbean origin of Florida’s spiny lobster populations and were the first
to emphasize the importance of the Yucatan Straits in such recruitment. Several mimeographed reports have been prepared by the
University of Miami on the production of marketable lobsters. The
present summary provides an extension of the work reported by
Ingle and co-workers.
MeETHODS

AND

MATERIALS

Between August 1962 and August 1963 eight trips were made
through Florida Straits to the Yucatan Straits for the purpose of
collecting plankton. Samples were taken during the day and night
when work was underway. Some cruises and sampling were terminated before reaching the Yucatan Straits, as weather and rental
boat fees governed the number of days work on each cruise. During
the eight trips 413 samples were taken and a total of 6931 phyllosoma larvae belonging to the genus Panulirus were collected.
Standard tows were made at random with a conical California-
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TABLE

1

Vertical distribution and diurnal migration of phyllosoma
Cruise number 7, June 1963. Number collected by each net by day or night

Station

Day

Night

Number

*300/s

Surf.

I
2
3
4

5
14
liat

0
0
0

5
6

ili
iS

1
0

7
8
9

5
0
1

1
0
0

10
It
112

13
14
15
16
1G
18

Trawl Sample
35
4
14
0
14
0
4]
0

19

36

2D,

DS}

0

0

24

Ih

0

25
26
DY

0

0

30

Surf.

0

25

1
5
24

62
80
245

4

21

24
28

153
162

5

20
21

28
29

*300/s

Try Net
Try Net
1

*Oblique tow 300 foot to surface.

0

It

4

5
i!

ol
272,
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1 (Continued )

Vertical distribution and diurnal migration of phyllosoma
Cruise number 7, June 1963. Number collected by each net by day or night
Station
Number

31
32
33
34
35
36
37
38
39
40
41
42
43
44
A5
46
47
48

Night

Day

*300/s

Surf.

*300/s

Surf.

22

14

107

WW
D®|W

Ot
=
oS

1a

*Oblique tow 300 foot to surface.
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type plankton net with a diameter of one meter at the mouth and
about 15 meters in length. The main body of the net was constructed or number 30 grit nylon gauze with a finer section of
number 56 grit nylon gauze at the cod end. It was lowered into
the water to a depth of 150 or 300 feet and was then brought to
the surface over an oblique tow which brought it from scheduled
depth to surface in 30 minutes. At the same time another net of the
same type, or of 2 meter in diameter in some cases, was towed just
below the surface. Phyllosoma larvae were collected in both nets.
Samples were preserved immediately in 5 per cent formaldehyde.
Later they were washed, then stored in 3-5 per cent formaldehyde
buffered with borax and marble chips.
In the laboratory all phyllosoma larvae were removed from
plankton collected in each sample. Various known and unknown
species were separated and the number of larvae for each species
recorded.
Total length, measured from the apex of the angle
formed by the eye stalks to the tip of the telson, and the possible
stage of development were recorded.
Tables 2-6 deal with the
phyllosoma larvae of only Panulirus.
THE

PHYLLOSOMA

LARVAE

The phyllosoma larvae of the Palinuridae (typical spiny
lobsters) and the Scyllarides (sand or shovel-nosed lobsters) are
leaf-like and transparent plankton.
The colloquial name stems from Leach (1816), who gave such
larvae the generic name Phyllosoma. Other workers notably Guerin
(1830), Richters (1873), and Ortmann (1893), carried on the name
in the belief that these forms were adult. White (1847) gave the
adult form of a spiny lobster the generic name Panulirus. It was
not until the early 1900’s that many zoologists simultaneously discovered that the phyllosoma were the larval stages of spiny lobsters.
Although Phyllosoma has priority, it has been used exclusively for
larvae, and the International Commission on Zoological Nomenclature recently suppressed Phyllosoma in favor of Panulirus (Von
Bonde, 1932).
The long larval life of phyllosoma is well documented by Smith
(1948b), Sheard (1949), Lewis (1951), Johnson (1960a), and
many others. The wide geographic dispersal, via ocean currents,
is shown by Gurney (1936), Smith (1948a), and Thorson (1961).
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Because P. argus is the commonest spiny lobster in the area of
this study as well as in the Caribbean, the area of possible recruitment, it is assumed that the majority of phyllosoma reported upon
here belong to that species. Probably some are of the species
P. guttatus (Latreille) and P. laevicauda (Latreille), both of which
are reported in scattered populations throughout the areas of study
by Holthuis and Zaneveld (1958), Holthuis (1946), and Smith
(1948b). There is no published literature describing laboratoryreared phyllosoma of P. argus, P. guttatus, or P. laevicauda, and no
one has ventured to describe the larvae of P. guttatus or P. laevi-

cauda from planktonic collections. Lewis (op. cit.) described from
plankton 11 stages in the larval development of P. argus. Although
our data are not in complete agreement with those of Lewis, we
provisionally accept his designations.
It appears there could be
intermediates between many of the stages Lewis describes, but
little more than conjecture could be added without laboratory
raised material.
For 300 Panulirus phyllosomas selected at random, an attempt
was made to separate the three species meristically, by comparing
such body parts as fore-body width to total length and fore-body
width to hind-body width. These ratios failed to show any specific
differences.
To further check this method the same Panulirus
phyllosomas were plotted against an equal number of phyllosomas
of Parribacus, of the family Scyllaridae. Phyllosoma of these two
genera are similar in body shape, but the two are easily separable
on morphological characteristics.
The graphs failed to show a
difference between the two genera until the very late stages, and
then only because Parribacus grows much larger as a phyllosoma.
From work of Saisho (1964), who compared the first stages of
several species of Panulirus, and from our own observations on
Parribacus (Sims, 1965), it does not appear to be possible at present
to distinguish between the phyllosomas of closely related species.
SURFACE

CURRENTS

AND

LARVAL

MIGRATION

Ocean currents affect the distribution of food for fish, they warm
or cool areas of the sea so that certain species of marine life might
dwell there, and they aid in the distribution and transmigration of
the eggs and larvae of these species. Consequently, a knowledge
of currents is essential for the understanding of the variations in
abundance of marine animals that depend on them.
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Published studies on the surface currents of the Caribbean Sea
and Gulf of Mexico (Sverdrup et al., 1949; Leipper, 1954; Stommel,
1958; Drummond

and Austin,

1958;

Stewart,

1962;

Ichiye, 1962;

Day, 1961; Salsman and Tolbert, 1963; Tapenes, 1963; Wust, 1964)
indicate that the currents of the Caribbean, via the Yucatan Straits,
may be of importance in seeding Florida and the Gulf of Mexico
with tropical marine life. These wind driven currents of the
Caribbean, after going through numerous local eddies and gyres
along shorelines, flow into the narrow straits between Cuba and
Yucatan. After leaving the Yucatan Straits the water fans out into
various parts of the Gulf of Mexico. Water on the eastern edge of
the straits turns to the right to enter the Florida Straits and Gulf
Stream, water mid-way in the straits flows northward into the Gulf
of Mexico where it (1) enters the so called “loop current” (Salsman
and Tolbert, 1963; Univ. of Miami, 1957), which flows first northward

toward

the United

States

coastline,

then

turns

south

and

enters a clockwise eddy flowing along the continental shelf of
Florida’s west coast; or (2) after a northward flow turns to the left
and enters a counterclockwise eddy that flows along the coasts of
Mississippi, Louisiana, and Texas. Water on the western side of
the straits flows into the southwestern Gulf and Campeche area.
There is an indication that some of this water leaves the Gulf by
subsurface and counter currents (Leipper, 1954; Salsman and
Tolbert, 1963). Leipper (1954) gives a generalized current pattern of the surface currents of the Gulf of Mexico and Yucatan
Straits.
There is biological evidence that tropical Caribbean fish and
invertebrates are carried to Florida by these currents (Caldwell
and Briggs, 1957; Briggs, 1958; Caldwell,

1959; and Dawson

and

Idyll, 1951). Cuppy (1917) and Arendt (1963) show that ocean
currents transport large numbers of “sea beans” from the Caribbean
to the coasts of the Gulf of Mexico and east Florida.
With this oceanographic and biological evidence in mind we
initiated a drift-bottle study which would help establish the rate of
flow of the surface currents in which the phyllosoma probably
travel. The data discussed herein cover work during the spring
and summer of 1963, with notes on a small drop made in the fall
of 1962.
|
The release of drift-bottles was made in conjunction with our
plankton sampling cruises. Bottles of various types were dropped
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during cruises in the months of September and October, 1962, and
April, June, and August of 1963. Fig. 1 shows the approximate
location of each release. Table 7 gives a complete list of the returns to date.
Drirt

BotrLE

RELEASE

AND

RETURN

DATA

During the fall of 1962, 20 bottles were released in the Yucatan
Straits. One was recovered 18 days later at Snake Creek bridge in
the Florida Keys, a distance of more than 360 miles, with a minimum rate of 20 miles a day. Another was found at Key Largo 119
days after release; as this bottle was found high on the beach it may
have been there for some time. A third bottle released toward the
western side of the Yucatan Straits, was recovered after 210 days at
Matagorda, Texas.
In April, 1963, 212 drift-bottles were released in groups of 6
along a course from Dry Tortugas to Alacran Reef and then south-
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Fig. 1 Drift-bottle release
Survey Chart No. 1007).
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west to the Yucatan Straits. At some stations soft drink bottles
(161) were released for the U. S. Fish and Wildlife Service Biological Laboratory, Galveston, Texas. It is interesting to note that
most of the bottles released between Dry Tortugas and 88°35’ west
longitude were recovered in the Florida Keys and on the Florida
east coast. Those released near the Tortugas showed more returns
in the Florida Keys than did bottles released west of there. The
one exception was station 20, whence one recovery was made at
Grand Isle, Louisiana, and another at Veracruz, Mexico.
All the
bottles released west of 88°35’ W, were recovered from the coasts

of Texas and Louisiana.
Bottles released along the north coast
of Yucatan and in the western Yucatan Straits were found in
Florida, the Bahama

Islands, Texas, and Louisiana.

According to

current charts all these bottles should have stranded in the northwestern Gulf. Observed returns can only be explained by the
existence of uncharted eddies or by the effect of local wind and
tidal conditions after the initial dispersal. The effect of wind on
drift-bottles is shown by Chew et al. (1962), who reported on the
abnormalities in returns of drift-bottles released in the wake of
hurricane Carla. The general effect of wind on surface and subsurface currents is discussed by Sverdrup et al. and by Leipper.
The fact that no recovery was made from station 32 in less than
92 days suggests that the bottles may have spent some time traveling around before being caught in a current that carried them
ashore. To date 24 per cent of the bottles released in April, 1963,
have been recovered.
In June 1963, 434 of our own drift-bottles and 135 bottles provided by the Fish and Wildlife Service were released, mostly in or
slightly south of the Yucatan Straits. The quickest return from
this area was 65 days, and the mean number of days for all recoveries was 120. This would suggest that the bottles may have
been retained for it was shown by the fall release that such a trip
could be made in as few as 18 days. Again, bottles released on the
western side of the Yucatan Straits were recovered from Jacksonville, Florida, to southwestern Texas.

To date returns have reached

23 per cent of those released.
Only 192 bottles were dropped in August, 1963. They
released at four sites in and just north of the Yucatan Straits.
two stations have yielded returns. From Station A2 recoveries
made on the Florida east coast and at Port O'Connor, Texas.

were
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Station A4 returns were made from the east coast of Florida only.
The transport appeared to be much faster at the time of this release.

One bottle reached Delray Beach, Florida, in 20 days, a rate

of not less than 30 miles a day. The mean rate for all returns was
50 days or about 12 miles a day. We have recovered only 7 per cent
of those released.
PosstIBLE

INTERPRETATIONS

OF

DRIFT-BOTTLE

DATA

Data thus far developed from this study indicate that the rate
of flow of the surface current from the Yucatan Straits to Florida
is sometimes, at least, as fast as 30 miles a day. Such rapid transport could have important bearing on the recruitment of phyllosoma
larvae. Lewis (1951) feels that the length of the planktonic life
of P. argus is more than 6 months. Other workers (Gurney, 1936;
Johnson, 1960a; Prasad and Tampi, 1959) predict similar lengths
of time for other species. All estimate that 9-13 stages develop during this interval. Saisho (1962) was able to raise the larvae of
P. japonicus to the eleventh phyllosoma stage in 90 days. However, his stage XI is equal in size and development to stage V as
described by Lewis. Saisho interprets this to mean that there must
be many more stages in the development of the larvae than past
studies have indicated.
The opinion shared by Saisho (1962),
George and Cawthorn (1963), and Inoue and Nonaka (1963) is
that the length of time between ecdyses varies with age and becomes increasingly longer as the phyllosoma mature. Saisho’s work
on P. japonicus showed that the time between stage I and II averaged 7.4 days, while the time between stage X and XI averaged
13 days. From these data we may assume that the length of time
from stage I to the last stage in P. japonicus must be more than 6
months and that the total number of stages must be more than 11.
The same is likely true of P. argus.
When applied to our drift-bottle data, these findings have interesting cannotations.
For example, the data shown by driftbottle No. 77A, which traveled from the Yucatan Straits to Snake

Creek bridge in the Florida Keys in 18 days, suggest that even at
this rate of transmigration any first stage phyllosoma hatched in the
Yucatan Straits undergoes two ecdyses before reaching Florida.
Therefore, any first stage phyllosoma larvae found in Florida waters
must be the spawn of local populations. Deductions of this type

AUG.
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1963
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should be of value in locating offshore populations. It is possible
that older stages could pass from the Caribbean to Florida without
ecdyses; however, it may be deduced from the drift-bottle study
that some of the objects carried by the surface currents of this area
may spend some time in the eddies and slow moving currents that
retard their northward movement.
It is possible that larval development is accelerated in the warm
tropical waters of the Caribbean and lower Gulf of Mexico. If so
the distance from the source of recruited larvae to Florida would
be shorter than the distance in higher latitudes.
VERTICAL

DISTRIBUTION

AND

DIURNAL

MIGRATIONS

A phyllosoma larva is not a static object like a drift-bottle. AIthough planktonic in nature and at the mercy of prevailing currents, the larvae may inadvertently retard their northward movement by undergoing changes in vertical distribution.
Harada
(1957), George and Cawthorn (1963) and Johnson (1960a) suggested that the phyllosoma larvae follow the typical daily vertical
migration of zooplankton (Moore, 1958). Our observations both
in the laboratory and at sea agree with these data. In tanks at the
Pigeon Key Field Station, early stage phyllosoma swam the length
of a 12 foot tank to congregate in the dim light surrounding a flashlight beam. If the beam was moved to the other end of the tank
all the larvae followed within 5-10 minutes.
Table 1 lists the data collected during cruise number 7, made
in June 1963. During this cruise two one-meter nets were fished
simultaneously at each station in an attempt to show a variation
in the catch of each net during night and day. One net was fished
just below the surface and well behind the boat, to reduce the
chance of catching sargassum weed, which was abundant in the
area. Every attempt was made to keep the top of the net not
deeper than one foot. The second net was fished in the oblique
manner, 300 feet to surface in 30 minutes. Both nets were fished
for the same length of time. The deep net was brought out of the

water as soon as it reached the surface to prevent it from taking
surface plankton, as closing devices were not available. The data
clearly show that the largest number of phyllosoma were collected
by the deep net during day sampling, 7 Am to 7 pm, and by the
surface net during the night. Almost no larvae were taken on the
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surface during day samples, and the few larvae that were collected
by the deep net at night may have been inadvertently captured in
surface water as the net was lowered and raised.
Differences in direction between surface and subsurface waters
are not uncommon and are frequently described in oceanographic
reports. These differences in current direction coupled with the
vertical distribution and migration of phyllosoma larvae could aid
in the retention of phyllosoma in a given area and would augment
chances for some local recruitment in Florida. This must remain
a speculation, however, until supporting evidence is developed.
SEASON

OF

HATCHING

AND

OCEANOGRAPHIC

DISTRIBUTION

The first phyllosoma stage was collected every cruise except
the one made in January when the youngest stage was stage II.
The last stage (XI) was taken every trip except April. First stage
post-larvae were collected only in April, June, and August. In no
cruise did the range fail to extend from Stages II to X.
Such data suggest that hatching takes place throughout the year
at various points in and below the area of study. Supporting evidence is given by Smith (1948b) and Holthuis and Zaneveld
(1958), who found gravid female spiny lobsters in the Caribbean
from October to June, and by Lewis (1951), who reported them in
Florida from March to November.
In an attempt to show a progression in the modal sizes of
phyllosoma transmigrating from the Caribbean to Florida and from
Florida north, four sampling areas were set up; Area I, from latitude 20-22° N, including the Yucatan Straits and the waters north
of the Yucatan Peninsula; Area II, between latitude 22-24° N, including the waters west of Cayo Arenas and east to Alligator Reef
in the Florida Keys; Area II], the waters between latitude 24-26° N;
and Area IV, a straight line due east of St. Augustine, Florida extending to the middle of the Gulf Stream. Area IV was sampled
only during the months of July and August, 1962. Tables 2-4 give
the data collected in each of the areas. Table 5 combines Areas
I-I1]. Table 6 provides information obtained in the Gulf Stream
east of St. Augustine. Monthly size frequency graphs are provided
for each area (Figs. 2-5).
These tables and figures show no modal progression in size or
stage between areas or from month to month. Geographically the
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larvae are spread almost uniformly throughout the areas sampled
except for the area in the Yucatan Straits, where the narrow channel
and less surface area probably account for a concentration of the
larvae and more are taken per sample.
A small number of early stage phyllosoma larvae belonging to
the genus Panulirus have been collected in the Gulf of Mexico west
of St. Petersburg, Florida.
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of larval stages in Area IV.
DISTRIBUTION

OF

LARVAE

Studies made at the Pigeon Key Field Station indicate that
hatching takes place on offshore reefs on the ocean side of highway
U.S. 1. Samples of the plankton taken over these reefs during the
spawning period yielded numerous first stage phyllosoma larvae.
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In samples taken farther offshore the percentage of stage I lessened
and a wide size range was collected. From the bridges along U. S.
1 in the Florida Keys, 1237 samples produced only 7 phyllosoma
larvae, viz.: three stage I collected in May 1963, and single specimens of stages I, III, VI, and VIII collected in August 1963.

Prasad

and Tampi (1957) and Johnson (1960b) reported similar findings
and feel that there is a rapid offshore movement of the first stage.
If this is the case in the Florida Keys, then this stage must enter
the Gulf Stream to be carried toward northern waters. Some of
these larvae may be able to re-enter coastal populations by being
caught in one of the numerous eddies that lie along the eastern
coast of the United States and in the Bahamas.
Great numbers
must drift northward with the Gulf Stream to oblivion in the North
Atlantic.
Twenty-six per cent of the phyllosomas collected during the 8
cruises were in the first stage. The largest single catch of this stage
was made in April, 1963, when 712 were collected in a 30 minute

sample taken just northeast of Cabo Catoche, Yucatan. All the
other samples containing large numbers of stage I were collected
within 50 miles of land, but it was not uncommon

to collect this

stage more than 100 miles offshore.
The middle stages, IV through VII, accounted for the greatest
number of phyllosomas collected.
These were collected every
month and in every area sampled indicating a good mixing of larval
populations and a constant recruitment.
The last stage accounted for only one-half of one per cent of
the total number collected. Small numbers were collected both inshore and offshore and on the surface as well as in the deep water.
Post-larvae were collected in the offshore waters of the Florida
and Yucatan Straits during the months of April, June, and August
and were collected in the inshore waters of the Florida Keys from
April to August. Large numbers of post-larvae were reported in
Miami from January to March (Lewis et al., 1952), and they occur
throughout the year in the Indian River at Stuart, Florida (Witham
et al., 1965). The post-larvae apparently may enter the inshore
waters to undergo juvenile development, but their occurrence both
inshore and offshore suggests metamorphosis takes place regardless
of the suitability of location for survival.
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SUMMARY

A large number of plankton samples were taken with | meter
and % meter plankton nets in the waters of the Yucatan and
Florida Straits. The absence of a progression of model size or stage
for phyllosoma larvae of Panulirus argus from southern to northern
stations or from month to month indicates that year around spawning takes place in the Caribbean. This assumption is supported by
the continuous presence of gravid females. The wide size range
throughout the period sampled is also consistent with widespread
recruitment from the Caribbean.
Drift-bottle data indicate that the rate of flow of the surface
water from the Yucatan Straits to Florida may be as fast as 30 miles
a day, but many floating objects take longer because of eddies and
slower currents. Moreover, in a laminated current system in which
contiguous layers move in opposing directions, horizontal movements of vertically migrating plankton may be retarded. Phyllosoma
larvae undergo such vertical migration.
Successful migration of planktonic animals over long distances
is largely dependent upon length of larval life and speed of currents. Prevailing hydrographic conditions in the Yucatan and
Florida Straits give strong evidence of the seeding of Florida
waters with Caribbean hatched phyllosoma larvae. Information is
now needed to show how these larvae enter coastal populations
and what methods may be employed to retain greater numbers of
them to insure their survival and growth. The international scope
of current and future investigations emphasizes the need for cooperative efforts throughout the Caribbean area.
Even though
spawning in Florida is probably greatest in spring and summer,
the year around delivery of larvae from the Caribbean and continuous recruitment of newly formed post-larvae makes year classes
difficult to distinguish.
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Organotin Esters and their Reaction with Grignard Reagents
McDonatp

Moore Ann F. C. LANNING

IN a previous paper, Moore and Lanning (1966) reported the
preparation of two organotin esters and that tin tetrabenzoate reacted with phenylmagnesium bromide to produce tetraphenyltin,
triphenylearbinol, and a ketone. The ketone produced, from the
reaction of two times the stoichiometric amount of phenylmagnesium bromide with tin tetrabenzoate (Moore and Lanning, 1966),
was identified as benzophenone by conversion of the ketone to a
semicarbazone derivative.
In this work a further study has been made of the reaction of
organotin esters with Grignard reagents.
An ether solution of dibutyltin diacetate reacted with twice the
stoichiometric amount of butylmagnesium bromide to yield, after
hydrolysis, tetrabutyltin, 5-methyl-5-nonanol, and 2 hexanone. The
results may be accomplished by the proposal shown in Fig. 1. No
2-hexanone was formed when four times the stoichiometric amount
of the Grignard reagent was used.
Owing to the high eletropositivity of the tin atom, the tin is attacked by the butyl group of the Grignard reagent. The ketone is
produced when insufficient amounts of Grignard reagent are used.
The reaction of tin tetrabenzoate with twice the stoichiometric
amount of phenylmagnesium bromide was carried out, and benzophenone was isolated. These results, when considered in connection with the report of Moore and Lanning (1966) on reaction of
tin tetrabenzoate with phenylmagnesium bromide, suggests that the
reaction occurs according to Fig. 2.
In the present report, unsuccessful attempts were made to prepare the organotin esters of oxalic, malonic, and succinic acids from
their sodium salts with stannic chloride in anhydrous benzene. Lan-
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ning (1953) could not prepare any of the silicon esters of the lower
members of the dicarboxylic acids from their sodium salts with silicon tetrachloride in anhydrous diethyl ether.
Bu Mg'Br_

z

ee

Buz Sn*(O-C-CH3)2+2
Bu Mgt Br) ——————>

[Bu,Sn*(0-C-CH3),|
O°

Bug Sn+ 2CH3-C-OMgBr

2Bu'Mg‘Br
OH

O

HO

OMgBr

Bu

Bu,Sn+CH,-C-Bu,+Bu-C-CH, <——— Bu,Sn+CH,-C-Bu,+CH.,-C(OMgBr),
-MgBrOH
Fig. 1. Proposed mechanism
butylmagnesium bromide.

for the reaction of dibutyltin diacetate with

Br-Mgt-Ph”
Onsen

Oo”
(Ph-C-0), Sn +4 Ph Mgt Br>--——>

[(Ph-C-O), Snt]
oO

PH, Sn+Ph-C-OMgBr

Q H,0
Pha Sn+Ph3COH+Ph,C

<———

4 PhMgBr
De
Pha Sn+Ph3-C-OMg

Br+Ph,-C(OMgBr)o

-MgBrOH
Fig. 2. Proposed mechanism
phenylmagnesium bromide.

for the reaction

of tin tetrabenzoate

with

EXPERIMENTAL

Reaction of Organotin Esters with Grignard Reagent. The reactions of dibutyltin diacetate with Grignard reagent were carried
out with two and four times the stoichiometric amount of ethylmagnesium bromide.
In each case the Grignard reagent was prepared from bromobutane in the usual manner.
It was then added through an additional funnel into an ether solution containing 0.03 mole of dibutyltin diacetate. A stoichiometric amount would be 2 molecules of the
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Grignard reagent to one of the organotin ester. The mixture was
stirred mechanically and maintained at the boiling point for one
hour after the addition was completed. The Grignard complex was
hydrolyzed in an ammonium chloride solution containing ice. Some
hydrochloric acid was added afterward to react with the magnesium
precipitate. The organic layer was separated and dried with Drierite. The ether was removed under reduced pressure. This left a
viscous light yellow oil. This oil was distilled and the results are
given in Table 1.
TABLE

1

Product obtained from reaction of dibutyltin diacetate with
2.0 times the stoichiometric amount of ethylmagnesium bromide

Product
% Yield
Boiling Point
Lit.
Found

(C,H,),-Sn

(C,H,),COHCH,

C,H,COCH,

88.4

49.0*

a3"

14510
145-610

84-519
86-710

PATE
128-9

Np2°=1.4736
Np?2=1.4730

Nyp?29°=1.4341
Np?2—1.4360

Index of Refraction
Lit.
Found

2,4 Dinitrophenylhydrazone
Lit.

106

Found

105-6

* The per cent yield was based upon all the acetate-formed alcohol.
» The per cent yield was based upon all the acetate-formed ketone.

The above reaction was repeated with four times the stoichiometric amount of Grignard reagent and only tetrabutyltin and 5methyl-5-nonanol were isolated. The analyses and yields are given
im) Walle: 1.
The infrared spectrum of tetrabutyltin was identical to an authentic sample. The spectrum of 5-methyl-5-nonanol showed significant absorption bands at 1150 and 1310 cm‘ that are due to
tertiary alcohols. The 2,4 dinitrophenylhydrazone was prepared in
the usual manner from 2 hexanone and purified from ethanol.
Reaction of tin tetrabenzoate with phenylmagnesium bromide
was carried out in a .05 molar solution using twice the stoichiometric amount of Grignard reagent according to Moore and Lan-
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ning (1966). A stoichiometric amount would be four molecules of
the Grignard reagent to one of the organotin esters. The Grignard
complex was hydrolyzed in an ammonium chloride solution containing ice. Some hydrochloric acid was added afterward to react
with the magnesium halide precipitate. The organic layer was separated and dried with Drierite. The benzene-ether solution was removed under pressure leaving triphenylcarbinol and tetraphenyltin
along with an oil. The oil was dissolved in ethanol and a semicarbazone was made in the usual manner. The semicarbazone was
purified from ethanol and had a melting point corresponding to
benzophenonesemicarbazone 162-3 (Lit. 164).
TABLE

2

Product obtained by reaction of dibutyltin diacetate with
4.0 times the stoichiometric amount of ethylmagnesium bromide

(Cnesn
% Yield

92.6

(C,H, ),COHCH,
73.4

Boiling Point
(ort

14510

84-510

Found

145-4610

86-710

at

Np2°=1.4736

Np2°=1.4341

Found

Np22=1.4730

Np22=1.4370

Index of Refraction

Experimental Attempted Preparation of Organotin Esters of the
Dicarboxylic Acids. The method was a modification of that used
by Moore and Lanning (1966) to prepare the organotin esters of
two monocarboxylic acids. Stannic chloride (5.8 ml .05 m), dissolved in 50 ml of benzene, was added dropwise into slurry of 1%
times the calculated amount of anhydrous salts dispersed in 300 ml.
The stannic chloride was added slowly over a one hour period. The
mixture was stirred during the addition of stannic chloride and for
2% hours thereafter. The benzene solution was allowed to stand
for 12 hours and gave a positive chlorine test. The mixture was
stirred and kept at the boiling point for two hours. The reactions
did not take place as a positive chlorine test was obtained again
after the solution had stood for another 12 hours.
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Wavellite-Cemented
FRANK

Sandstones from Northern Florida

N. BLANCHARD

AND

STEPHEN

A. DENAHAN

MICROCRYSTALLINE wavellite is known to be a constituent of the
aluminum phosphate zone of the Bone Valley Formation of central
Florida, and brief reference has been made to microcrystalline
wavellite in the Hawthorn Formation (Altschuler et al., 1956 and
Espenshade and Spencer, 1963). Megascopic spherulitic wavellite
aggregates and spherulitic nodules of quartz grains cemented by
microcrystalline wavellite, from the Bone Valley Formation, have
been described by Bergendahl (1955). The purpose of this article
is to report a number of occurrences of wavellite, similar to that
described by Bergendahl, in the Hawthorn Formation and in other
formations of Miocene age in northern Florida, and to present evidence for the formation of wavellite by pseudomorphic replacement
of quartz and feldspar (not previously recorded as far as we know),
phosphate pellets, and clay minerals, and by open filling of pores
and fractures.
LOCATIONS

AND

OCCURRENCE

Most of the wavellite-bearing rocks described in this article were
found in weathered phosphatic argillaceous sandstones of the Hawthorn Formation in Alachua and Marion Counties, Florida at the
following locations:
1. Fisher sink, sec. 36, T. 8 S., R. 18 E., Alachua County
. Spider sink, sec. 2, 1.9 S., R. 18 E., Alachua’ County,
Old Thomas sink, sec. 28, T. 9 S., R. 18 E., Alachua County
cut (I-75 at north Gainesville interchange), sec. 19, T. 9 S., R.
CO
rm
LO Road

19 E., Alachua County
Cadillac hill (road cut), sec. 3, T.
UW
BS

9 S., R. 18 E., Alachua County

Road cut (I-75 at State Road 236), sec. 18, T. 7 S., R. 18 E., Alachua
County

i . Road cut (new U. S. 441, 8.1 miles north of intersection, in Ocala, of
U. S. 441 and State Road 40), Marion County

Wavellite-bearing specimens from locations
found in place in poorly indurated sandstone,
from the other locations were found mainly or
and concretionary masses in unconsolidated

5, 6, and 7 were
whereas specimens
entirely as nodules
sediment and soil.

Other occurrences of wavellite include:
8. Road

cut

(State Road

Jefferson County

146), sec.

1, T. 2 N., R. 6 E., near Ashville,
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Fig. 1. Photomicrographs of wavellite (w), replacing feldspar (f), microcline (m), and quartz (q), respectively. Figures at left are with crossed polars; those at right are the corresponding views in plain light. Scales in millimeters.
Specimens are from location 1, Fisher sink, Alachua County, Florida.
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Among the nodules and concretions, the material found at Fisher
sink is typical; there, irregular concretionary masses of sandstone
are composed of quartz grains tightly cemented with wavellite and
contain only traces of feldspar, phosphate pellets, limonite, and clay.
Some of the material looks like an ordinary well-indurated argillaceous sandstone, while other specimens are composed of an interlacing network of irregular and closely spaced veinlets of wavellitecemented quartz grains, that separate poorly indurated clay-filled
cavities. The white resistant wavellite veinlets stand out in relief
as a result of differential weathering. Material from the Jefferson
County location is similar, except that some specimens consist of
white masses of nearly pure wavellite, and much of the material is
in macroscopic spherulitic aggregates. In hand specimens the cryptocrystalline and microcrystalline wavellite resembles a white argillaceous cement and cannot be identified positively without chemical or instrumental techniques; the macrocrystalline wavellite is
white, occurs in radiating acicular crystals with well-developed
prismatic cleavage, and is easily identified in hand specimen.
IDENTIFICATION

In most of the sandstones studied, the wavellite crystals are
large enough and abundant enough so that they can be identified
readily in crushed fragments or thin sections by optical properties.
In other specimens cryptocrystalline wavellite was suspected from
observation of thin sections and confirmed by x-ray and differential
thermal analysis. Biaxial positive interference figures, with moderately large 2V, are easily obtained from the more coarsely crystalline wavellite; crystals are elongate parallel with c, are length slow,
and have extinction parallel with the best cleavage (spherulitic aggregates show “pseudointerference figures”, as in Fig. 8); measured
refractive indices for material from Jefferson County are X=1.527,
Y—1.535, and Z—1.554.
These properties and values correspond
closely with data recorded for wavellite by Palache et al. (1951)
and for Florida wavellite by Bergendahl (1955).
X-ray diffractometer patterns, run on powdered whole-rock
samples and on the minus-200 mesh fraction, were compared with
the pattern yielded by wavellite from Montgomery County, Arkansas, and with data from A.S.T.M. card +2-0075; these comparisons

supported the identification.

Fig. 2. Photomicrographs of wavellite (w), replacing quartz (q) and carbonate-fluorapatite (a), respectively.
Figures at left are with crossed polars;
those at right are the corresponding views in plain light. Scales in millimeters.
Specimens are from location 1, Fisher sink, Alachua County, Florida.
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Differential thermal analysis (run to 800° C.) of each of the
wavellite-bearing rocks (both whole rock and minus-200 mesh fractions) gave curves with strong endothermic peaks at 250° C.
Wavellite from Montgomery County, Arkansas showed the same
peak as well as an additional weak endothermic peak at 275° C. Diagnostic DTA curves can be obtained with either coarsely crystalline or cryptocrystalline northern Florida wavellite, even with small
percentages of the mineral. A partial review of the literature on
differential thermal analysis in general (Kauffman and Dilling, 1950,
and others) and specifically on phosphate minerals (Manly, 1950,
and others) suggests that this technique provides an excellent method for identification of wavellite, especially where the mineral is
cryptocrystalline and not positively identifiable in thin section.
MINERALOGY,

PETROGRAPHY, AND ORIGIN

Examination of thin sections shows that wavellite has formed
by pseudomorphic replacement or original grains of the sandstone
(including quartz, feldspar, and phosphate pellets ), replacement of
matrix clay minerals and possibly secondary phosphatic cement, and
by open filling in pores and fractures. Replacement involves microscopic or submicroscopic solution of one mineral species followed
by almost immediate deposition of another species in the space provided. Evidence of replacement consists of recognition of relict texture, or residuals of the original mineral, or both.

If the form of the

original mineral is preserved, the replacement is described as pseudomorphic.
Fig. 1 (upper) shows the outline of a former feldspar crystal
which shows pseudomorphic replacement by wavellite. Replacement is clearly controlled by the feldspar cleavage, as the coarse
wavellite crystals have grown with traces of their prism faces parallel with traces of the cleavage of the feldspar.
The wavellite
Fig. 3.

Upper:

Microcrystalline

wavellite

cement

(w)

and quartz

(q).

Wavellite probably formed by replacement of an original clay matrix. Crossed
polars. Scale in millimeters.
Specimens from location 1, Fisher sink, Alachua
County,

Florida.

Lower left: Macrocrystalline wavellite cement (w) and quartz (q). Wavellite probably formed mainly by cavity fillings. Crossed polars. Scale in millimeters. Specimen from location 8, Jefferson County, Florida.
Lower right: Photomicrograph showing spherulitic aggregates of wavellite
(note pseudointerference figure) cement (w) and quartz (q). Crossed polars.
Scale in millimeters.
Specimen from location 8, Jefferson County, Florida.
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which has replaced the feldspar is distinctly more coarsely crystalline than the microcrystalline wavellite of the matrix. Fig. 1 (lower)
shows a microcline crystal (characteristic twinning shows faintly)
also pseudomorphically replaced by wavellite. Within the large
mass of coarsely crystalline wavellite there are several residuals of
microcline with identical optical orientations, indicating that the
microcline was originally a single crystal grain. Quartz grains have
been replaced by coarsely crystalline radiating wavellite; “floating”
residuals of quartz (lower right corner of Fig. 2, upper) within the
large mass of wavellite, have identical optical orientations indicating that they were originally part of a single-crystal grain of quartz.
The quartz grain in the upper left corner of Fig. 2 (upper) appears
to be partly replaced by wavellite. Fig. 2 (lower) shows a large
phosphate pellet almost completely replaced by wayvellite.
Fig. 3 (upper) shows quartz grains embedded in a cement matrix of microcrystalline wavellite; infrequent spherulites of more
coarsely crystalline wavellite (Fig. 3, upper left) are also present.
From Figs. 1-3 (upper) it seems probable that at least some of
these spherulites represent former grains which have been replaced
completely by wavellite.
The microcrystalline nature of much of
the matrix wavellite is thought to be inherited from an original clay
matrix, now replaced by wavellite. This contention is strengthened
by observations of rocks from locations 5 and 6 where all degrees
of transition can be seen from clay to slightly and completely wavellitized clay.

The wavellite replacements are described as pseudomorphic
(in part) because the texture of the original rock is preserved and
reflected by differences in crystal size of the wavellite; more coarsely crystalline wavellite formed by replacement of grains and from
precipitation in open space while cryptocrystalline wavellite formed
by replacement of clay.

A combination of DTA, x-ray, and optical studies of the wavellite-bearing sandstones show small amounts of variscite (Blanchard
and Denahan, 1967), kaolinite, feldspars, carbonate-fluorapatite
(as grains), and infrequent “heavy” minerals associated with the
wavellite and quartz. Crandallite and millisite are reported to be
abundant in the aluminum phosphate zone of parts of the Bone
Valley Formation in central Florida, (Altschuler, et al., 1956 and
Owens, et al., 1960), but we have not yet been able to detect these
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minerals associated with wavellite in the Hawthorn Formation in
northern Florida.
From field observations and from mineralogy and texture observed in thin section, we recognize three fairly distinctive types of
wavellite-bearing rocks:
(1) Bedded sandstones were found in place at locations 5, 6, 7,
and 8. These rocks occur near the present ground surface and bear
obvious indications of intense weathering. Feldspar is almost completely lacking, kaolinite is present in at least small amounts and is
the dominant clay mineral, and phosphate pellets and grains have
been nearly or completely destroyed. Wavellite in these rocks is almost entirely cryptocrystalline to microcrystalline, and is commonly
mixed intimately with kaolinite and traces of relict phosphate. The
wavellite seems to have formed from pre-existing minerals, especially clay minerals and carbonate-fluorapatite grains, by reactions
with downward moving acidic solutions (as described by Altschuler
ebal., 1956).
(2) Wavellite was found as concretions and nodules in unconsolidated soil and sediment at locations 1, 2, 3, 4, and 8. In most of
these rocks microcrystalline to macrocrystalline wavellite cements
sand grains in interlacing networks of irregular and closely spaced
veinlets, which separate poorly indurated clayfilled cavities. The
resistant wavellite veinlets stand out strongly as a result of differential weathering, and this boxwork texture resembles that seen in clay
in which desiccation cracks have been filled with sand that has
washed in. These concretions and nodules appear to have formed
largely by precipitation of wavellite in open spaces and to a lesser
extent by replacement of original minerals. The aluminum phosphate has been carried downward through permeable zones until
an environment favorable for precipitation was encountered.
(3) The third type of occurrence seems to be a more extreme
case of the second type. In these rocks macrocrystalline wavellite
cements quartz grains (Fig. 3, lower left) and also occurs as rather
large pure masses, some of which contain macroscopic spherulitic
aggregates of wavellite (Fig. 3, lower right).
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Notes on Spiny Lobster Larvae in the North Atlantic
Haroip W. SIMs, Jr.

Various species of Palinuridae, spiny lobsters, and Scyllaridae,
sand lobsters, are found throughout tropical and subtropical areas
of the world as well as in certain areas warmed by tropical currents.
Although adult migrations may be extensive, they tend to follow the
coast and deeper water seems to form a barrier to adult distribution.
Widespread distribution of the species is largely accounted for by
the dispersal of pelagic larvae by ocean currents.
The phyllosoma, leaf-like and transparent, is well adapted to a
planktonic existence.
The long larval life is well established by
Smith (1948); Lewis (1951); Johnson (1960) and many others.
Their wide geographic distribution is shown by Gurney (1936);
Smith (1948b) and Thorson (1961, p. 468).
In the eastern Atlantic, adult spiny lobsters and sand lobsters
range from as far south as southern Brazil, throughout the Caribbean, and as far north as Beaufort, North Carolina (Chace and Dumont, 1949; Moore, 1962). Larvae have been reported as far north

as Bermuda by Lebour (1949). To my knowledge this paper constitutes the first report of phyllosoma larvae captured in the North
Atlantic Current.
My report deals with a collection of phyllosoma larvae made by
Dr. Rudolf S. Scheltema, of Woods Hole Oceanographic Institution.
Collections were taken over a two year period from October 1962 to
October 1964, during various cruises made between Woods Hole,
Massachusetts and the Azores. Samples were taken using a 3/4
meter plankton net fished in an oblique or vertical manner from 200,
100, or 30 meters to surface. The time of each tow varied from
10 to 30 minutes. The samples were preserved in formaldehyde.
The phyllosomes were later separated from other organisms and
shipped to the author. Thirty-three phyllosomes of four genera
were captured, the majority of them between 30-45° N. lat. and 7264° W. long. However, live specimens were caught as far northeast
as 30° 45’ N., 32° 05° W. A list of stations yielding phyllosoma
larvae is shown on Table 1. Taxonomic difficulties prevented identification beyond genus.
Of the four genera represented, Panulirus accounted for the
largest number, 27. They ranged in size from 3.4-23.0 mm (Stages
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3-10 according to Lewis, 1951). Sims and Ingle (1966) extended
the size range for Lewis’s stages of Panulirus larvae. Even these
maxima were extended in each stage by larvae caught in the North
Atlantic.

BERMUDA

Fig. 1. Location
arvae.

of North

Atlantic

stations

which

produced

phyllosoma

The water temperature, at time of sampling, averaged 10 degrees centigrade lower than the average temperature in which
southern larvae were collected.
The lower temperature may in
some manner bring about larger sizes for the various stages. There
is a possibility that some of these larvae belong to the species Panulirus guttatus which is common in Bermuda and may have larger
phyllosoma stages. There are no published data on morphological
differences between the larvae of P. argus and P. guttatus and attempts to separate Caribbean collections meristically have not been
successful.
One stage 6, 8.3 mm larva of Panulirus was collected at Station
AII-13-45, which is 2100 nautical miles from the known

northern

range of the genus. This apparent dispersal distance is consistent
with previous estimates made by Ingle et al. (1963).
One phyllosome, genus Scyllarus, was captured at Station AII13-5, about 600 miles due east of Cape Cod. The larva appeared
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to be in the last or close to the last stage. There are no published
data on the complete phyllosoma stages of the scyllarids and to
place this larva into a species is impossible at this time. Adult Scyllarus americanus, S. chacei, and S. nearctus are reported to occur
as far north as North Carolina (Holthuis, 1960).
The genus Scyllarides was represented by two specimens. One
from Station AII-13-3, 400 miles east of Cape Cod and another
from Station A284-10KG, about 300 miles east of Cape May Light.
Holthuis (1946) reports the adult of Scyllarides americanus (nodifer) and S. guineensis var. bermudensis from Bermuda. The larvae
of these species have not been described. The phyllosome from
Station AII is larger and unlike other Scyllarides larva I have examined. The fore-body is as wide as long and twice as wide as the
mid or hind-body which are formed as one. The antennae are flat
and paddle-like composed of 2 segments. Antennule segments 4,
with an endopod. The second maxilla is widely expanded in the
shape of an anvil, but bears no setae. Maxilliped 1 is finger-like,
extending behind the second maxilla. Maxillipeds 2 and 3 are typical, both lack exopods. Long coxal spines are found on the third
maxilliped and on all pereiopods. Pereiopods 1-4 appear to be well
developed, all bearing setose exopods. Most of pereiopods 3 and 4
are missing on this specimen. Pereiopod 5 is formed of 3 segments
and is shorter than the tail. The uropods are formed as two pairs
budding just forward of the telson which is formed of two long
spines radiating at an acute angle. Four pairs of pleopods are
formed on short stalks. The larva is without gills. A long spine
projects upward on the dorsal carapace at the intersection of pereiopods 1-4. This larva is placed in the genus Scyllarides following the
key suggested by Gurney (1936).
The second Scyllarides larva, collected at Station A284-10KG is
similar to the larva in Gurney’s Figure 26, p. 431.
Three specimens of the genus Parribacus were collected: one
(7.4 mm, stage 6, at Station AII-13-10) just west of Flores in the
Azores; one (22.9 mm, stage 9, at Station A284-5K ) about 400 miles
northeast of Cape Hatteras; and one (8.9 mm, stage 6, at Station
A284-1G) about 1100 miles east of Atlantic City, New Jersey. The
larvae were similar to ones I collected in the Yucatan and Florida
Straits and fit well within the size ranges as shown in my descriptions of phyllosomes of Parribacus (Sims, 1965). Adults of Parri-
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_bacus antarcticus (Lund) are not reported north of Florida and
there is no record of the species occurring in the Azores.
DISCUSSION

In his interesting paper on species dispersion by ocean currents,
Gunnar Thorson reiterates the fact that phyllosomes are truly longdistance larvae, drifting 90-120 days before settling. Consequently
these larvae should be found in plankton far from the range of the
adults. Studies in the Florida Straits showed that large numbers of
phyllosomes are carried through the Yucatan Straits where they
enter the Florida Current. As samples were taken northward in the
current, fewer larvae were taken per tow. It is probable that some
of them settle in Florida and Bahamian waters, and others are retained in the cyclic eddies that gyrate shoreward or into the Sargasso Sea. Some apparently are carried with the axis of the Gulf
Stream into the North Atlantic where larval development is probably slowed as the water cools and great mortality must occur. It
is evident,

however,

that some

larvae

can

survive

temperatures

down to 18.6°C as was noted at Station AII-13-3.
Thorson (1961) states, “A surface current of average velocity
will take some 22 to 23 weeks to pass from Cape Hatteras to the
Azores. Guppy (1917) reports drift-bottles drifting 273 days to
cover the same route. Although these figures may not be typical of
normal current speeds the fact remains that a drift of this rate was
recorded and it could be expected that a few isolated phyllosomes
could be transported in the same manner. It is probable that the
modal time is longer than that mentioned above. If so, all the
young larvae collected east of Cape Hatteras probably originated
from there or from Bermuda.
Phyllosomes recruited from the
Caribbean or Florida would probably be well into the last stages
before reaching high latitudes; unless, of course, the lower temperatures slow larval development. If we use Thorson’s figure of about
18 nautical miles a day, then a phyllosome hatched at Bermuda
should be near the last stage by the time it reaches the Azores. The
fact that early stages of the genus Panulirus were captured within
1000 miles of the Azores suggests that the larval life may be longer
in these latitudes. There is always the possibility that deep water
individuals produced the larvae we obtained, but there is no evidence to support this theory. It is not possible to evaluate an
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Azores source since only a few adult samplings have been attempted
there and these have been negative. The occurrence of a stage 6
Parribacus phyllosome, just west of Flores suggests that this genus
occurs further north than Florida. A vigorous search for adult
spiny lobsters in this area would be helpful.
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Account of an Octopus Bite
ARTHUR

C. WITTICH

It has been long known that bites of certain species of octopuses
are poisonous (Halstead, 1959), but actual descriptions of the bites
and the sensations experienced by the persons bitten are rare in the
literature.
Consequently, the following account appears worth
reporting.

While sorting biological specimens from a trynet sample, during
a regular sampling run of the Florida Board of Conservation Research Vessel R/V Hernan Cortez, I received a bite from a small
female octopus (Octopus joubini Robson), with a body length of
50 mm.
The sample was taken at 1855 hours on 3 March 1966,
about 18 miles west of Egmont Key, Florida (27° 37’ N, 83° 07’ W),
at a depth of 10 fathoms.
The animal adhered to the back of my left hand, rapidly
stretched all eight tentacles, and then contracted tightly. This
produced an astringent effect on my skin. Suddenly a sharp, piercing sensation occurred in my hand directly below the animal's
bulbous body. The combination of the animal's tight grip, its slippery body, and the fact that my other hand was wet caused difh-

culty in removing the octopus quickly. During this slight time
interval of approximately four seconds a severe pain proceeded
from the bite region up my arm to the deltoid area. Here the pain
terminated and diffused into a vague and generalized sensation
which remained in the shoulder region.
- The wound consisted of two small circular holes which emitted
a slight stream of blood. Almost instantly a pure white welt of
about 25 mm diameter formed around the bite. The region began
to swell, and the pain in my arm subsided slightly. A commercial
antiseptic was applied to the wound.
During the following hour I experienced constant pain localized
in the bite region, accompanied by nausea, headache, and fever.
This condition remained for the first eight hours, progressively
lessening during the next 12 hours. Neither food nor liquids were
desired for about 24 hours, during which time I remained in bed.
On the morning of March 5, 36 hours after the bite, I was able
to get up and take nourishment. The next day I felt well with no
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apparent adverse effects except a sensitive and swollen wrist. Normal appetite and body functions resumed.
The bite region remained swollen and had a noticeable itchiness
for the following three weeks. During this period there was a serous discharge from the unhealed wound. At the end of the third
week these conditions subsided, leaving a 3 mm wound surrounded
by a 10 mm red periphery. One month after the bite was received,
these measurements were reduced to 2 mm and 6 mm, respectively,
and healing proceeded rapidly.

The specimen had the following measurements:

top of head to

tip of longest arm, 72; longest arm, 51; maximum radius, 99; mantle
length, 50 mm.

A report of another bite by the same species, O. joubini, appeared in a recent number of Sea Secrets (Anonymous, 1965). The
sensations recorded by the victim of this bite, Edward A. Schumann,
M.D., were very similar to the symptoms I experienced. Both bites
occurred on the hand.
ACKNOWLEDGMENTS
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A Small Miocene Herpetofauna from Texas
J. ALAN HoLMAN

Recorps of North American Miocene amphibians and reptiles
are so few that the discovery of a small herpetofaunal assemblage
from the Miocene of the Texas Gulf Coastal Plain is of much interest. The fossils were found by Bob H. Slaughter, Curator of the
Shuler Museum of Paleontology of Southern Methodist University,
who collected, washed, and sorted the material from the site, and

kindly sent the herpetological remains to me for study.

These fos-

sils represent at least two salamanders, two frogs, a crocodilian, a

lizard, and two snakes. All of the six genera identified have living
representatives, but the two forms discussed at the specific level are
extinct.

A recent flood has buried the site under a considerable amount
of silt, but Mr. Slaughter will continue to study the locality, and
plans a future publication that will detail the site and its mammalian remains. The following information has been supplied by
Mr. Slaughter. The site lies within the Flemming formation and is
stratigraphically slightly below the Coldspring local fauna which
has been provisionally referred to the late middle Miocene by Quinn
(1955). The deposit is on the property of Mr. F. S. McGee and is
near the base of a feature called Pine Isle which was formed by the
truncation of a regional high by the Trinity River. The site lies at
longitude 95° 03’, latitude 30° 41’, and is seven miles northeast of
the town of Coldspring on the western bank of the Trinity River in
San Jacinto County, Texas.
I wish to take this opportunity to thank Mr. Slaughter for allowing me to study these fossils that he collected while working under
the support of National Park Service (Southwestern Region) Contract Number 14-10-0333-1712. My work was supported in part by
National Science Foundation Grant GB-5988. Donna Rae Holman
made the drawings.
Class AMPHIBIA
Order URoDELA
Family Sirenidae
Siren sp. indet.
Material. Thoracic vertebra, SMP-SMU

61869, Fig. la.

Fig. la. SMP-SMU 6189, vertebra of Siren sp. indet., ventral view; b and c,
SMP-SMU 61870, holotype vertebra of Notophthalmus slaughteri n. sp. (b,
posterior view, c, dorsal view); d, SMP-SMU 61871, holotype left ilium of
Hyla miocenica n. sp., lateral view; e, SMP-SMU 61872, right ilium of Rana
cf. R. pipiens, lateral view; f, SMP-SMU 61874, left dentary of Eumeces sp.

indet., lingual view.

Remarks. This fragmentary vertebra represents the family Sirenidae and is assigned to the genus Siren rather than to the genus
Pseudobranchus on the basis that the fossil has the lower margin of
its centrum very slightly curved rather than concave (Goin and
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Auffenberg, 1955). The Texas fossil is similar in size to Miocene
and Pliocene species of Siren and is larger than fossil and recent
species of Pseudobranchus.
Unfortunately, certain important parts of the fossil are missing.
Thus, I feel that it is unwise to attempt a specific designation. The
possibility exists that the Texas vertebra represents a new form, as
the only other pre-Pleistocene Siren fossils known are Siren hesterna
Goin and Auftenberg from the lower Miocene of northcentral Florida, and Siren simpsoni Goin and Auffenberg from the middle Pliocene of northcentral Florida. Both the Florida and the Texas sirens
are small forms. The centrum length of the Texas Siren is 2.50 mm.
This length is 2.67 mm in the lower Miocene form, S. hesterna, and
it is about 3.0 mm in the middle Pliocene S. simpsoni (estimated
from Fig. 1 in Goin and Auffenberg). The Texas fossil probably
represents an adult as it has an interrupted notochordal canal.
Following is a description of the fossil. The neural arch, the aliform processes, and the neural spine are missing. The left prezygapophysis is missing. The right prezygapophysis is ovaloid in shape
and its prezygapophyseal face is flat and has its margin slightly
elevated. The centrum is amphicoelous, constricted at its middle,
and has it notochordal canal interrupted by a bony partition. The
left transverse processes are broken. The right transverse processes
are posteriorly directed. The lower margin of the centrum is only
slightly curved when viewed from the side, and the bottom of the
centrum has a well-developed keel. There is a large fossa on each
side of the keel at about its middle. The right fossa is smaller and
slightly posterior to the left one. Marked depressions occur on each
side of the keel.
Family Salmandridae

Notophthalmus slaughteri n. sp.
Holotype. Dorsal vertebra, SMP-SMU 61870, Fig. Ib and Ic.
Diagnosis. A Notophthalmus that resembles Notophthalmus robustus Estes of the lower Miocene of northcentral Florida in its low
neural spine, but differs from N. robustus and is similar to modern
species of Notophthalmus in having its rib bearers longer and less
stubby.
Etymology. The species is named in honor of its collector, Bob
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H. Slaughter, Curator of the Shuler Museum of Paleontology of
Southern Methodist University.
Description. The vertebra is relatively complete, but it has part
of its right postzygapophysis and the anterior part of its neural
spine missing. The nural spine is relatively low and its top portion
is a thickened cap of pitted dermal bone. The prezygapophyses
have round faces. The neural arch is relatively low and the neural
canal is slightly depressed. In anterior view, the prezygapophyses
have their edges turned upward slightly and the rib-bearers are
relatively long and narrow.
The cotyle is round and the notochordal canal is interrupted. In posterior view, the dorsal part of
the neural arch is quite robust, but the ventral portion is thinner.
The bottom of the centrum is only slightly constricted at its middle
and is quite distinct from the transverse processes which have their
bases highly sculptured.
Remarks. Estes (1963) has pointed out that of the living genera
of the Salamandridae, only Notophthalmus and Cynops have the
same peculiar pattern of the dermal cap of the neural spine, and
furthermore that Cynops lacks the extensive pitting on the dermal
cap that is found in Notophthalmus.
The fossil vertebra agrees
with the latter genus in this character. It seems quite possible that
N. slaughteri is the temporal equivalent of N. robustus, as the major
difference between the two is the more robust rib-bearers of the
latter species. Notophthalmus slaughteri resembles N. robustus and
differs from the recent species in having a lower neural spine, although some vertebrae of a recent N. viridescens (Rafinesque)
from Brown County, Indiana have neural spines that are almost as
low as in N. slaughteri.
In summary, it should be emphasized that the vertebrae of all
known Notophthalmus from Early Miocene to the present are very
similar in detailed structure and differ mainly in relative proportions.

Order ANURA
Family Hylidae
Hyla miocenica n. sp.
Holotype.

Left ilium, SMP-SMU 61871, Fig. 1d.

Diagnosis. A moderately large Hyla that shows similarities to
Hyla arenicolor Cope, Hyla squirella Sonnini and Latreille, and
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Hyla versicolor Le Conte, but differs in that its dorsal protuberance
is more oval in outline than in the former two species, and is less
flattened and more produced from the shaft than in the latter
species.

Description. The terminology of this section follows Chantell
(1964). The ilium is complete except that part of the dorsal surface of the dorsal protuberance is broken, and the tips of the dorsal
and ventral acetabular expansions are partially broken. The dorsal
prominence is only moderately developed. The dorsal protuberance is oval in outline, is well produced laterally, and is longer than
it is high. The surface of the dorsal protuberance is rounded, and
the protuberance is moderately distant from the acetabular border.
The acetabulum is well excavated and has a distinct border. The
ventral acetabular expansion is extensive and its anterior border
makes a wide angle with the shaft. The shaft is slightly curved and
lacks either a crest or a ridge.
Discussion. The Texas fossil Hyla resembles some of the recent
species of Hyla more than it does hylids that have been described
from the lower Miocene of Florida and from the “Mio-Pliocene”
of Nebraska. Hyla miocenica differs from Hyla goini Auftenberg
from the lower Miocene of northcentral Florida in that its dorsal
protuberance is longer and is farther from the acetabular border.
Hyla miocenica differs from Pseudacris nordensis Chantell in having
a much more extensive ventral acetabular expansion and in having
its dorsal protuberance closer to the acetabular border. Upon comparison with species of North America Hylidae the fossil appears
most similar to Hyla arenicolor, H. squirella, and H. versicolor all
of which have individuals that are rather close in structure to H.
miocenica. Nevertheless, H. miocenica may be separated from individuals of these species available to me on characters given in the
diagnosis section. Unfortunately, it is impossible to say to which
of the recent species the fossil species is most closely allied.

Family Ranidae
Rana cf. Rana pipiens Schreber
Material. One left and one right ilium belonging to separate individuals, one sacral vertebra, SMP-SMU 61872, Fig. le.
Remarks.

These ilia are not distinguishable from those of recent
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Rana pipiens (Holman, 1965) and are tentatively assigned to this
species. The ilia represent two small individuals.
Based on the report of Tihen (1954) the Texas fossil sacrum is
also similar to that of recent Rana pipiens. The length of the centrum of the fossil is 2.0 mm, the width is 2.0 mm, thus the ratio of
the length of the centrum divided by the width of the centrum is
1.0. This indicates the fossil falls into Tihen’s (op cit. p. 219, Fig.
1) Rana pipiens group. The intercondylar space of the fossil measures 0.6 mm. The ratio of the width of the centrum divided by the
intercondylar space is 3.33. This ratio also indicates the fossil is
similar to Tihen’s (op. cit. p. 220, Fig. 2) R. pipiens group. I can
find no subjective characters to distinguish the fossil sacrum from
those of recent Rana pipiens at hand.
This is only the second Miocene locality in the New World that
has yielded the genus Rana. Two extinct species of Rana and Rana
cf. R. pipiens have been identified from the early Miocene beds of
northcentral Florida (Holman op. cit.). One of the extinct forms,
Rana bucella, shows no close affinities to recent or fossil Rana species, but the other form, R. miocenica, is similar to recent R. pipiens.

Class REPTILIA
Order CrocopiLiA
Family Alligatoridae
cf. Alligator sp. indet.
Material.

Two small teeth, SMP-SMU 61873.

Remarks. These teeth have a thick enamel layer with a finely
striated surface and have a sharp anterior and posterior keel as seen
in recent Alligator mississipiensis (Daudin ) teeth.
Order SQUAMATA

Family Scincidae
Eumeces sp. indet.
Material. Left dentary, SMP-SMU 61874, Fig. 1.
Remarks. This partial dentary is referable to the genus Eumeces, but it is not assigned to species because of its fragmentary
nature, and because several species of recent Eumeces are not available as skeletons. The bone represents about the anterior one-half
of the lower jaw of a skink a little larger than a recent Ewmeces
obsoletus (Baird and Girard) with a skull length of 19.7 mm as
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measured from the tip of the rostrum through the occipital condyle.
A description of the fossil dentary follows.
The Meckelian
groove is open and the ramus above this groove is robust. Nine
teeth and remnants of teeth are present. The teeth are columnar
and regularly spaced. The crowns are swollen and quite distinct
from their bases. The tooth crowns are striated and show patterns
of wear only on the lingual side. These patterns of wear on the
crowns take the form of grooves. None of the recent skeletons I
have examined show as much wear on the tooth crowns. Each of
the two posterior complete teeth is about one-fourth produced
above the dorsal rim of the dentary, whereas each of the two anterior complete teeth is about one-third produced above the dorsal
rim of the dentary. In labial view, the bases of the teeth are quite
constricted and have their surfaces very smooth. There are four
foramina on the labial side of the dentary. The most anterior foramen is at the tip of the bone and is ventral, the most posterior one
is dorsal, and the middle two are intermediate in position. Eumeces
sp. from the early Miocene of northcentral Florida (Estes, 1963) is
the earliest record of the genus. There are no other Miocene records.
Family Columbridae
Colubridae sp. indet.

Material. Fragmentary vertebra, SMP-SMU 61875.
Remarks. This vertebra is too fragmentary for sufamilial identification, but on the basis of its being longer than wide, its moderately high neural spine, and the thin base of its broken hypapophysis it is referred to the family Colubridae.
Family Viperidae
Viperidae sp. indet.
Material.

Vertebra, SMP-SMU

61876.

Remarks. This vertebra represents the first Miocene record of
a viperid snake from North America. Previously, the earliest records are those of Brattstrom (1954) who reported Agkistrodon
contortrix (Linnaeus) and Crotalus viridis (Rafinesque) from the
early Pliocene of Nebraska.
A description of the vertebra is as follows. In dorsal view, the
vertebra is wider than long. The neural spine is broken off. The
right prezygapophysis is broken and the left prezygapophyseal
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shape. The accessory process of the left prezygapophysis is broken.
In anterior view, the neural arch is robust, the cotyle is round and
is larger than the neural canal, and the depressions on either side of
the cotyle are moderately deep. A rather large fossa is present in
the left of these depressions. The transverse processes are almost
entirely broken. In ventral view, the centrum is triangular in shape
and is wider anteriorly than it is posteriorly. The hypapophysis is
broken at its base, but it is thick as in modern viperids. Moderately
excavated depressions occur on either side of the bases of the hypapophyses. In posterior view, the neural arch is robust and the
condyle is round and about the same size as the neural canal.
DISCUSSION

Perhaps the most striking aspect of the fossil herpetofauna is
that its genera are modern. In fact, all six of them can be found in
or near the area today. It is also interesting to note (although
snake material is scarce) that the Colubridae and the Viperidae are
the only snake families represented, for earlier North American
Cenozoic deposits have their ophidian faunas almost completely
dominated by boid snakes (Holman, 1964).
Based on the habitat preferences of the majority of living species of most of the genera identified in the present study (Siren,
Notophthalmus, Hyla, Rana, and Alligator), a quiet water situation
such as a marsh or a swamp was probably an important feature of
the area during the time of the accumulation of the fossils, The
type of terrestrial situation represented is unknown since the specific
affinities of Ewmeces and the snakes are obscure.
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Diet of the Bowfin in Central Florida
MIcHAEL

C, DIANA

Stupy of the diet of bowfin (Amia calva) in central Florida was
undertaken in hopes that it would add to the scarce knowledge of
the local food habits of the species, and give an indication of its
role in managing fish populations. The study was conducted while
I was employed by the Florida Game and Fresh Water Fish Commission as part of the federal aid project F-17-R according to the
Dingell-Johnson Act. I am indebted to Roger A. Martz and Rudolph H. Howell for assistance in capturing the fish, and to Dr.
John C. Briggs for his help in preparing the manuscript.
METHODS

Specimens were procured by electric shocking, using a 220-volt
A.C. generator, during the first three months of 1965 between the
hours of 8:00 A.M. and 5:00 P.M. Only the fish along the littoral
zone of the lake to a depth of about eight feet were captured. No
attempt was made to shock fish in deeper water. A shocked fish
could be scooped out of the water using a dip net. Individual fish
were given a number, and records were kept of length, weight, and
sex in addition to the exact locality of the capture, the date, and the
time of day. The whole digestive tract was then cut out and immersed in 10 per cent formalin solution.
Very near the conclusion of the study it was found that merely
placing the eviscerated digestive tract in 10 per cent formalin was
inadequate. It was found that tape worms in the stomach were
able to live up to five hours after the digestive tract was immersed.
There may possibly be some food deterioration after the stomach
is immersed in formalin. In future studies it would be advisable to
inject the stomachs with formalin before immersion.
In the laboratory, the stomach was separated from the intestine
at the pyloric constriction. The volume of the stomach contents
was measured by water displacement. Individual food items were
separated, identified, and counted. The volume of each food type
was determined, as well as its frequency of occurrence.
To examine the diet in relation to management, fish found in
the stomach contents from Lake Griffin and Lake Harris and Helena Run were categorized as rough fish or game fish.
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AREAS

In this investigation, no attempt was made to determine the
availability of food types from each location. However, observations while collecting yielded the following information which
might help to explain diet dissimilarities in the different locations.
Number

Volume

Dorosoma petenense 64%

Dorosoma petenense 72%

Unidentified
10%
Dorosoma cepedianum
24%

entrarchidae 0. 6%

Ameiuridae 0.7%
Cyprinidae0.7%

sats Shee 4%
aeae
Volume

Ameiuridae 40%

Unidentified 32%

Cyprinidae 1%

Number

Centrarchidae 50%

Ameiuridae 10%

Cyprinidae 23%

Centrarchidae
21%

Unidentified 17%

Fig. 1. Number and volume of fish from stomachs of bowfin (Amia calva).
Upper figures are based on data from Lake Griffin, lower figures from Lake
Harris and Helena Run.

Helena Run, partly a spring run fed by Bugg Spring, is located
in Lake County and drains Lake Denim into Lake Harris. A swamp
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borders the collecting area on both sides of the run. There are
many dead-end canals extending perpendicular to the run. Many
bowfin were collected in these canals, but the majority were collected in the main part of the run.
Lake Griffin is a 8,800 acre lake in Lake County drained by the
Oklawaha River at the northern end. The northern third of the
lake is well covered with Nuphar. The main collecting area was
at the southwest shore. Most of the bowfin were collected in canals
and along the shore in the lily pads and maiden cane. Lake Griffin is the most fertile of the collecting areas, its water very dense
with phytoplankton.
This fertility is partly caused by drainage
from the Leesburg Sewage Treatment Plant and the Minute Maid
Company Citrus Processing Plant. Twin Palms is a fish camp midway up the western shore of Lake Griffin.
Little Lake Harris is actually the southern end of Lake Harris
situated between Howey-In-The-Hills and Astatula. The collecting
areas were in the narrow coves and canals near Astatula. Many
snakes were observed sunning on the Nuphar and Eichornia growing along the water's edge.
Lake Harris is a 17,000 acre lake south of Leesburg. It is less

fertile than Lake Griffin but still has an abundant shad population.
The bowfin from this location were collected along the shore to the
north and south end of the mouth of Helena Run. This is primarily an area of emergent grass and cypress trees.
Venetian Gardens is a pleasure area located on Lake Harris.
The bowfin from this area were collected in the deep clear canals
lacing the area.
The area entitled “boat docking area” was also located on Lake
Harris very near Venetian Gardens. It is a small deep cove well
grown with subsurface algae appearing to be Spirogyra. A good
population of adult bass was evident.
The St. Johns River location was not in the Leesburg area. The
collecting area was out from Crow’s Bluff along the shoreline of
Norris Dead River among numerous Nuphar. This water had a
higher salinity than any other area examined. In some cases the
shocker could not be used because of the high salinity.
Lake Dora is a very fertile lake located in Lake County south
of Tavares. The fish from this area were collected along the south-

west shore in the maiden cane.
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Lake Eustis is a 7,400 acre lake in Lake County located at Eustis. The bowfin collected were shocked from the shore area among
the maiden cane.
RESULTS

During the course of this research, 131 bowfin were collected,
18 of which had empty stomachs.
Upon examination, the full
stomachs demonstrated a wide variety of food items.
Some of
these will be described to help clarify the data.
A red rubber fishing worm was found in a bowfin from Helena
Run.

Since it was not nutritious, it was not entered in the data.

Two instances of bird remains were discovered in two different
stomachs, one from Little Lake Harris and one from Lake Griffin.
The first was a black bird found coiled up in the spiral valve of the
intestine, with only 12 feathers remaining in the stomach.
The
other was a coot’s leg (Fulica americana). It is possible that the
black bird was eaten alive, and that the leg was torn from a live
coot, but this is doubtful. The coot’s leg was in the stomach with
distal end extending out of the lower esophageal region. If the
coot had been alive the leg’s position in the stomach should have
been reversed. Of course, the bowfin might have dropped the leg
and then reversed its position, but in my opinion both should be
considered carrion.
Another item which could also be considered carrion was found
in two bowfin from the Venetian Gardens location. This was some
type of previously cooked meat, tentatively identified as a pork
chop.
It should be noted that there is a high volume of detritus from
Helena Run. This is because one of the bowfin contained 10 ml
of mud and detritus. The same stomach also contained the remains of what seemed to be either a mud siren or eel. Perhaps
the mudfish devoured the mud and detritus while in pursuit of the
food item.
In several instances, vertebrae were found that could not be
identified.
They may have been small snakes, salamanders, or
lizards. In the data they are designated as unidentified vertebrates.
It should also be noted that amphipods, and snails are included.
Those found were very small and, like detritus, are probably accidental food items.
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The detailed data giving the numbers, volumes, and frequencies of food items from each location are given in the following
paragraphs.
The stomach contents of 26 bowfin from Helena Run contained:
25 fish with a volume of 123.8 ml and a frequency of occurrence of
14, 30 crayfish (82.3 ml, 15), 13 prawns (1.2 ml, 5), 30 insects
(3.76 ml, 13), 10.77 ml of detritus with a frequency of 5, 2 amphi-

pods found in one stomach, 1 snail (0.05 ml), 2 unidentified vertebrates (0.4 ml, 2), 4 unidentified items (4.3 ml, 2), 1 snake (175
ml), and | mud siren or eel with a volume of 50 ml.
Twenty-three bowfin from Lake Griffin contained: 51 fish (288
ml, 19), 22 crayfish (32.14 ml, 12), 286 prawns (16.02 ml, 19), 10
insects (1.42 ml, 7), 0.81 ml of detritus with a frequency of 10, 10
amphipods (0.04 ml, 6), 3 snails (0.05 ml, 4), 1 salamander (1.8
ml, 1), 1 frog (1.9 ml), and the leg of a coot found in one stomach
for a volume of 18 ml.
The 18 bowfin collected from Little Lake Harris were found to
contain: 10 fish (48.98 ml, 8), 24 crayfish (36.15 ml, 15), 12 prawns
(0.5 ml, 5), 7 insects (1.1 ml, 5), 0.04 ml of detritus from 3 stomachs, 1 amphipod, 2 snails (0.01 ml, 1), 4 unidentified items (1 ml,
3), 2 snakes (123 ml, 2), 1 salamander (0.4 ml), 1 frog (1.9 ml),
and the remains of a black bird.
Twelve stomachs from Lake Harris contained: 11 fish (206.4 ml,
8), 11 crayfish (16.73 ml, 9), 9 prawns (1.28 ml, 4), 9 insects (1.38
ml, 4), 4 unidentified vertebrates (4.57 ml, 4), 1 snake (54 ml),
and 1 salamander with a volume of 0.6 ml.
The ten stomachs from Lake Dora contained: 9 fish (132.5 ml,
9), 1 prawn, and 1 mud siren or eel (2.5 ml).
Nine stomachs from the St. Johns“River contained: 2 fish (230
ml, 2), 3 crayfish (9 ml, 1), 7 prawns (0.42 ml, 2), 2.6 ml of detritus from 2 stomachs, 1 amphipod (0.02 ml), 1 snake (50 ml), and
2 fiddler crabs (0.9 ml, 2).
From Venetian Gardens, the five bowfin collected were found
to contain: 2 fish (27 ml, 3), 2 crayfish (10.6 ml, 2), 0.8 ml of detritus from one stomach, and cooked meat remains found in two

stomachs for a volume of 47.2 ml.
Five stomachs from Lake Eustis contained: 5 fish (2.95 ml, 3),
5 crayfish (5.4 ml, 3), 82 prawns (12.4 ml, 5), 13 insects.(1.6 ml,
2), 5 amphipods found in two stomachs, and 2 snails (0.02: ml,-I).
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Four stomachs from Twin Palms contained: 5 fish (2.43 ml, 4),
3 crayfish (12.2 ml, 2), 273 prawns (22 ml, 4), 1.5 ml of detritus
from two stomachs, 10 amphipods (0.03 ml, 2), 1 snail (0.02 ml),
and 1| unidentified item with a volume of 0.8 ml.
Two stomachs from the “boat docking area” contained: 1 fish
(mle
crayfish (1:7 ml, 2), and 0.2 ml of detritus from both
stomachs.
The stomach from Lake Yale contained: 1 prawn, and 1 unidentified vertebrate with a volume of 1.8 ml.
The total of 113 full stomachs collected during the study contained: 121 fish (1064 ml, 72), 102 crayfish (206.2 ml, 61), 684
prawns (53.82 ml, 46), 69 insects (9.26 ml, 31), 16.52 ml of detritus
from 23 stomachs, 28 amphipods (0.09 ml, 13), 8 snails (0.2 ml, 8),
7 unidentified vertebrates (6.77 ml, 7), 9 unidentified items (6.1 ml,
f)) oesmakes| (402,ml, 5), 3 salamanders (2.8 ml, 3), 2 frogs
(25.9 ml, 2), 2 fiddler crabs (0.9 ml, 2), 2 instances of bird remains
(18 ml, 2), 2 mud sirens or eels (52.5 ml, 2) and cooked meat for
a volume of 47.2 ml found in two stomachs.
Further identification of the fish taken from the stomach contents of the bowfin from Helena Run and Lake Harris showed the
following groups of fish present: 15 centrarchids ranging 1-6 inches
in length, 3 catfish from 2-8.5 inches long, and 7 cyprinodontids
from 1-1.5 inches long.
In comparison, the stomach contents of bowfin from Lake Griffin contained 30 threadfin shad, 2-5 inches long, an 8% inch gizzard
shad, 3 cyprinodontids,

each 1 inch long, one 3 inch catfish, and

one 1% inch centrarchid.
DISCUSSION

The bowfin has been generally reported to be a piscivorous fish,
and the present study showed the diet to be 56 per cent fish (Table
1). However, Berry (1955) noted that out of 77 stomachs from
Newnan's Lake, Florida, only two were found that did not contain

fish. A similar situation was found only in Lake Dora (Table 1).
The occurrences of crayfish, frogs, insects, carrion, and snails
are similar to the variety of food items found by Lagler and Hubbs
(1940) and by Lagler and Applegate (1942) from southern Michigan waters. The rather high percentage of prawns and snakes may
be peculiar to the diet of bowfin in central Florida (Table 1).
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Neither of these items was reported by Scott (1938), Lagler and
Hubbs (1940), Lagler and Applegate (1942), or Berry (1955).
In 1955, Berry found that the bowfin provided no control on the
shad population in Newnan’s Lake. Scott (1938), on the basis of
a food study in which he found that bowfin ate mostly game fish
in Indiana lakes, reported that bowfin are destructive and useless.
It is important to note that 88 per cent of the volume of fish found
in the stomach contents of bowfin taken from Lake Griffin contained
shad (Fig. 1). From a fish management standpoint, it appears
that the bowfin in Lake Griffin may exert a considerable control
on the shad population. The bowfin from Lake Griffin contained
only about 1 per cent game fish by volume. Shad were not evident
in the stomach contents from Lake Harris and Helena Run, and
there was an increase in game fish and catfish consumption representing greater pressure on desirable species in these waters (Fig.
1).
CONCLUSION
From the great variety of food items contained in the bowfin
stomachs, it seems that this species will eat whatever it can catch
and swallow.
The incidence of snakes in the stomach contents
indicates a very aggressive nature, a character that makes the bowfin a desirable species for anglers.
Whether or not bowfin can be used as a management tool depends on the individual circumstances of the particular habitat in
question. A bowfin population which is harmful in one lake might
prove an effective control on rough fish in another lake.
The data show that during the months of January, February,
and March the main food item of bowfin in central Florida is fish.
Crayfish and prawns represent the second and third most valuable
food items. Snakes are present in high volume, but have a low
frequency of occurrence. Perhaps as more snakes become active
with the warming weather their value in the bowfin diet will increase. The rather high frequency of insects in the diet may be
contrasted to their low volume.
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First Gulf of Mexico Record for Lutjanus cyanopterus
Martin A. Mog, Jr.

A LARGE lutjanid fish, Lutjanus cyanopterus (Cuvier), cubera
snapper, was taken on 14 July 1966 with hook and line by the crew
of the R/V Hernan Cortez of the Florida Board of Conservation
Marine Laboratory. The fish was caught west of St. Petersburg,
Florida (27°43’ N, 84°10’ W) in 25 fathoms. The specimen measured 672 mm standard length and 840 mm total length, and is now
deposited in the ichthyological reference collection of the Marine
Laboratory (FSBC 4001).
This identification is based on the following salient taxonomic
characters (Rivas, 1949): vomerine patch crescent-shaped, without
a distinct background projection; upper and lower canines strong
and well developed; six gill rakers present on the lower limb of the
first arch. Additional morphological features are as follows: head
2.7 in SL; depth 2.2 in SL; maxillary 2.7 in head, reaching just to the
vertical of the anterior orbital margin; snout 2.3 in head; pectoral
1.4 in head; dorsal X-13; anal III-8; pectoral 17; branched caudal

rays 15; scale rows approximately 46.
Rivas (1949) reported on the first record of this species for the
Atlantic coast of the United States. This was a large specimen
(1,000 mm SL) taken off Ft. Pierce, Florida, on 4 May 1948. Rivas
also stated that the small L. cyanopterus are rarely taken, even in
areas where the adults are common.
Professor Luis R. Rivas, University of Miami, graciously provided the following records of this rare snapper taken from United
States waters since 1949. Monroe County, Florida, Big Pine Key,
88 mm SL, UMIM 5761; Dade County, Florida, Coral Gables Canal,
375 mm SL, UMIM 4838. In addition to the above, Christensen
(1965) reported on two small specimens, 188 mm SL and 44 mm
SL, taken from the northwest branch of the Loxahatchee River,
Florida, on 3 August and 26 November of 1960. Professor Rivas

confirmed the identifications and these specimens are deposited in
the Florida State University ichthyological collections. A few other
small specimens of L. cyanopterus (100 to 224 mm SL) taken from
Caribbean and Bahamian waters since 1949 are now deposited in
the collections of the United States National Museum and the University of Miami Ichthyological Museum (UMIM).
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The cubera snapper does not appear on any faunal lists of the
Gulf of Mexico or the Atlantic Ocean north of Ft. Pierce, Florida,
that are available to me, and I believe this is the first record of L.
cyanopterus in the Gulf of Mexico as well as the northernmost record
of occurrence in the western Atlantic. Dr. William D. Anderson,
Jr., University of Chattanooga, and Luis R. Rivas (personal communications ) also know of no other Gulf or north Atlantic records
of this species. However, L. cyanopterus is probably not as rare

in the Gulf of Mexico as the above data indicate. Dr. John C.
Briggs, University of South Florida (personal communication), informs me that several fish identified to this species have been taken
from Texas waters, but unfortunately there are no records or preserved specimens available. It is also possible that L. cyanopterus
may have been frequently taken in the Gulf and mistaken for its
congener, L. griseus, especially since L. griseus is ubiquitous in the
Gulf and in morphology very close to L. cyanopterus.
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The Molid Fish Ranzania laevis in the Western
C. RicHARD

Atlantic

ROBINS

THE occurrence of Ranzania laevis (Pennant) in Florida waters
has been suspected for some time, for anglers’ descriptions of a
strange slender sunfish scarcely could apply to anything else. A
specimen was finally obtained from the stomach of the dolphin,
Coryphaena hippurus Linnaeus, from off Palm Beach, Florida, on
April 1, 1962. This specimen (UMML 10490) was donated to the
Marine Laboratory collection by the late Al Pflueger, Miami taxidermist. It represents the first record from Atlantic waters of the
United States. Data for this specimen follow: length from snout
tip to upper posterior point of body 217 mm, greatest body depth
94 mm, 17 basal elements in the clavus, the attached rays mostly
lost, dorsal rays 20, anal rays 18, vertebrae 19, axil of pectoral fin

slightly below level of center of eye.
Examination of the literature for other western Atlantic records
shows lack of documentation for many of them and confusion concerning the range.
The following discussion summarizes past
records for the region. Jordan and Gilbert (1883, p. 967) state
that Ranzania truncatus (=laevis) is occasional off our[United
States] Atlantic coast. There seems to be no published basis for
this statement which is carried through other papers such as that
by Jordan and Evermann (1898, p. 1755) who add, once taken in
the Bermudas, again without discussion or documentation.
Bean
(1906, p. 80) records it from Bermuda solely on the basis of the
Jordan and Evermann statement.
Schreiner and Ribeiro (1903, p. 83) report one specimen of
Ranzania (0.53 meters) taken at “punta de Egrepunha, em S.
Christovao” in the Bay or Rio de Janeiro, December 25, 1900. This
record is repeated by Ribeiro (1915, p. 164) and the specimen is
figured.
Pellegrin (1912) reports observations of a school of Ranzania
seen by Foureau, Governor of Martinique, off that island. Three
specimens (0.62-0.64 meters) were sent to the Paris Museum and
were identified by Pellegrin who provided also a good illustration
and color description.
Schmidt (192la, p. 6, footnote) refers to several postlarval
specimens (5-7 mm) collected by the pana in the Sargasso Sea.

288

QUARTERLY

JOURNAL

OF THE FLORIDA

ACADEMY

OF SCIENCES

Schmidt (1921b, p. 77, fig. 4) refers to Pellegrin and figures larvae
(1.7, 1.8, and 2.4 mm) from the Sargasso Sea. The 1.7 mm specimen is perhaps not a Ranzania for it shows none of the spines
so typical of molid larvae. Schmidt (1926, p 80) again refers to
eggs and early larval stages “in great numbers, chiefly those of
Ranzania” from the Sargasso Sea and later Schmidt (1932, pp. 253255, figs. 196-197) illustrates the egg and 5 specimens of Ranzania
from 1.7 to 53 mm, but does not attach locality data to them.
Beebe (1934; pls. 4-5) figures adults and larvae of Ranzania.
However, the caption (pl. 4) includes the statement, “These slowmoving thick-set fish (Ranzania truncata) are fully eight feet long”
which seems inappropriate for Ranzania as it is not known to approach such size.
Fraser-Brunner (1951) in his review of the family includes no
new information on Ranzania in the western Atlantic.
Finally
Briggs (1960, p. 178) includes it in his list of fishes with circumtropical distributions.
Ranzania laevis, may now be added to the known fish fauna of
Florida and thus of the Atlantic coast of the United States. The
few reports of Ranzania compared to the countless sightings of
other molids suggest that it is quite rare in the western Atlantic.
It may prove more common in equatorial waters between Africa
and Brazil.
James C. Tyler, The Academy of Natural Sciences, Philadelphia,
assisted with the literature and reviewed the manuscript.
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Iodine Toxicity in Relation to Hormones
L. R. Arrincron, R. N. Taytor, C. B. AMMERMAN,
AND A. C. WARNICK

Excess dietary iodine has been shown to result in lactation
failure in rats and high mortality of the young (Ammerman et al.,
1964; Arrington et al., 1965). Levels from 500 to 2500 ppm caused
increasing mortality which approached 100 per cent at the higher
level.

Ovulation

rate, implantation,

litter size, and birth weight

were not affected.
Gestation time was not affected, but prolonged and incomplete parturition and lack of mothering instinct
were observed.
High mortality of newborn rabbits from females
fed 250 to 1000 ppm iodine has been observed, but hamsters and
swine were not affected by 2500 ppm dietary iodine (Arrington
et al., 1965).
Other studies of the effects of excess of iodine
(Correa and Welsh, 1960; Galton and Pitt-Rivers, 1959; Wolff et al.,
1949), have not measured the effects upon lactation and survival
of the young. Egg production was reduced, per cent hatchability
of eggs decreased, and hatching of eggs delayed in poultry fed
excessive iodine (Perdomo et al., 1966).
These effects of excess iodine suggested an interference with
hormone production or action. The present study was designed to
compare the effects of dietary thyroid and thiouracil with excess
iodine and to study the effects of lactogenic hormones and progesterone upon rats fed excess iodine.
PROCEDURE

Virgin female Long-Evans rats, fed a stock diet (Purina Laboratory Chow) were bred to normal males at 110-130 days. Dietary
treatments were provided by adding the thyroid hormones or
potassium iodine to the ground stock diet. Treatments started
10-12 days after mating and continued for 21 days after parturition.
Control diets contained K,CO,; in amounts to provide K equal to
that in iodine diets. Experimental diets and tap water were provided ad libitum. Females were permitted to litter in individual
cages and observations were made for number of young born alive,
lactation of the females, and survival of the young.
|
Experiment 1. Dietary treatments were: (1) control, (2) control plus 2500 ppm iodine as KI, (3) control plus 28 or 56 mg
thyroid (desiccated, defatted, porcine orgin, Nutritional Biochem-

ARRINGTON

ET AL.:

Iodine Toxicity and Hormones

291

icals Corp.) per 100 gm diet and (4) control plus 100, 300, or 500
mg thiouracil (2-Mercapto-4-hydroxy pyrimidine) per 100 gm diet.
All diets were fed ad libitum and intake measured for the first
three weeks.
Experiment 2. Prolactin and oxytocin were administered separately and in combination to pregnant rats fed 2000 and 2500 ppm
iodine as KI. Prolactin was administered subcutaneously in daily
doses of 4 or 8 IU per rat beginning at littering in trial 1, and 8 or 16
IU beginning 10-12 days prior to littering in trial 2. Oxytocin (20
USP units per ml, Armour Veterinary Laboratories) was administered intramuscularly in daily doses of 5 or 10 USP units at 10-12
days before littering. A combination of prolactin (16 IU) and
oxytocin (5 USP units) was given to 8 rats in trial 2. An equivalent
volume of physiological saline was administered to rats not receiving prolactin

or oxytocin.

Hormone

treatments

were

continued

for 6 days post littering or until young died.
Experiment 3. Progesterone (Henley and Co.) was dissolved
in corn oil and administered subcutaneously in alternate daily doses
of 2 and 6 mg per rat. Administration was started 10 days prior to
littering and was continued for 10 days after littering.
RESULTS

AND

DISCUSSION

Prolonged parturition, failure of lactation and high mortality of
young were observed in rats fed excessive iodine (table 1). Survival of the young from females fed 2500 ppm iodine was significantly less (P < 0.01) than controls.
Dietary thyroid (28 and 56 mg per 100 gm feed) had no effect
upon lactation or survival. There was no incidence of lactation
failure nor was there an indication of increased lactation as indicated by weaning weight of the young.
The two higher dietary levels of thiouracil (300 and 500 mg
per 100 gm diet) resulted in decreased feed intake, prolonged
parturition, lactation failure and mortality of the young which
were similar to and approximately equivalent to the effects of 2500
ppm iodine. Feed intake and survival of the young at 10 days
were significantly lower (P < 0.01) than controls. Approximately
15% of the females fed iodine or the higher levels of thiouracil
failed to complete parturition in the normal time. These were
sacrificed at 48 hours after parturition started and live and dead
fetuses were found in utero.
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1

Reproduction and survival of rats fed excess iodine, thyroid, and thiouracil
Treatment

No.
Litters

Control

21

2500 ppm I,
Thyroid, 28*
Thyroid, 56*

13
Ml
9

Thiouracil, 100*
Thiouracil, 300*
Thiouracil, 500*

13
ES

No.
Av. daily
Lactating feed, gm.
20

9
tt
9
2
8
6

9

% Surviving

% Born
alive

20.4

Maye
18.3
18.9

3 da.

10 da.

98

98

91

90
100
96

59
97
97

Ane
93
97

iy!
Ae

91
UP

94
68

88
Ales

IPAS

75+

69

625

*Mg per 100 gm diet.
** Significantly less than control (P<0.01).
{Calculated as young delivered; some females failed to deliver all young.

TABLE

2

Lactation of rats and survival of young females fed excess iodine and
treated with oxytocin and prolactin

Dietary
I2, ppm

Prolactin
IU

Oxytocin
USP units

No.
litters

% Surviving

% Born
alive

3 da.

98
99
97
89
92
98

98
30
8
23
18
9

98
26
3
23
155
a

5

a
7
7
6
o

96
96
93
82
95

90
42,
40
48
63

90
35D
30
48
63

5

8

89

39

31

10 da.

Trial 1

0
2500
2500
2500
2500
2500

—
=
4
8
—
—

—
—
—
—

0
2000
2.000
2000
2000

—
—
8
16
—

—
—
—
—

2000

16

5
10

8
18
5
a
18
21
Trial 2

ARRINGTON

ET AL.:

Iodine Toxicity and Hormones

293

The lactation failure produced by high levels of dietary iodine
was not alleviated by the lactogenic hormones (table 2.) Prolactin
(4, 8, and 16 IU and oxytocin (5 and 10 USP unit) administered
separately or in combination to rats fed iodine were not effective
in inducing lactation. Oxytocin appeared to increase survival in
the second trial, but a summary of both trials indicated no effect.
Weaning weights (21 days) of the young surviving from females
fed iodine or iodine plus hormones were significantly lower
(P < 0.05) than controls.
Progesterone was not effective in improving lactation of females
fed 2000 ppm iodine or the survival of their young (table 3). The
incidence of lactation failure and mortality rate was equal to or
higher among those iodine females treated with progesterone than
in those without progesterone.
TABLE

3

Effect of progesterone upon lactation and survival of young from rats
fed excessive iodine

Treatment
Control
Control + 2 mg
Progesterone
2000

ppm

Iodine

Nee

Nol

Litters

Lactating

3 days

10 days

3

3

96

96

4

4

95

95

10

5

26

25

27

24

0

0

2000 ppm I, + 2 mg
Progesterone

5

2;

2000 ppm I, + 6 mg
Progesterone

6

0

% Survival

The values listed in all tables for percentage survival of young
are based on number of young born alive in each litter. Subsequent mortality represents, in most cases, mortality of the entire
litter. Some females lactated and a portion of them raised all
young born through the normal suckling period.
The effects of thiouracil which were similar to those of excess
iodine suggest that the excessive iodine may act as a thyroid inhibitor.
Further experiments are required, however, to identify
the mode of action of iodine in producing the effects observed.
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SUMMARY

Pregnant female rats were fed 2000 and 2500 ppm iodine or thyroid and thiouracil to compare the effects of iodine with the hormones. Additional rats fed iodine were given prolactin, oxytocin
and progesterone.
Lactation failure and high mortality of the
young were observed in rats fed excess iodine and thiouracil but
thyroid was without effect. Prolactin, oxytocin, and progesterone,
at the levels studied, were not effective in inducing lactation in rats
fed excess iodine.
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Variation in some Snakes from the Florida Keys
Dennis

R. PAULSON

In their study of the herpetofauna of southern Florida, Duellman and Schwartz (1958) discussed the variation in specimens
examined by them from different parts of that area. Among species
from the lower Florida Keys especially singled out for comment
were the snakes Diadophis punctatus Linnaeus, Storeria dekayi
Holbrook, and Thamophis sauritus Linnaeus.
Recent acquisition
of additional material of these species has made it possible to
elaborate further on their divergence from mainland populations.
Specimens utilized for this study are now in the following collections: United States National Museum (usnm), University of
Michigan Museum of Zoology (ummz), University of Kansas
Museum of Natural History (xu), University of Illinois Museum
of Natural History (urmNH), University of Miami Reference
Collection (umrc), and the personal collections of Albert Schwartz
(as), Richard Thomas (rr), Donald W. Buden (pws), and the
author (pre). With the exception of five specimens from the
Lower Keys in the University of Michigan collection, none of these
specimens has been discussed heretofore in print. Ventral scale
counts were made as suggested by Dowling (1951).
Measurements are expressed in millimeters.
ACKNOWLEDGMENTS
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permission to borrow University of Michigan specimens, and Dr.
Albert Schwartz, Richard Thomas, and Donald W. Buden for the
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Diadophis punctatus Linnaeus

Duellman and Schwartz (1958) discussed two specimens of this
species from Big Pine Key, noting differences from mainland specimens in ventral and subcaudal counts and cephalic pattern. Their
comment, “Additional material from the lower keys may show that
the population there is worthy of subspecific designation,” prompt-
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ed a special effort to collect Diadophis on Big Pine Key. With the
acquisition of four more specimens, it is clear that the population
on that island indeed deserves nomenclatorial recognition. This
form may be called
Diadophis punctatus acricus, new subspecies
Holotype. usNM 151831, an adult female from 3.9 miles north
of U. S. 1, on Florida 940, on Big Pine Key, Monroe County,
Florida, collected 14 June 1964 by Dennis R. Paulson. Original
number prpP 3034.
Paratypes.
All from Big Pine Key, Monroe County, Florida:
KU 79851 (original number pre 3035), UImMNH 55626 (original no.
pRP 3036), and prp 3039, two males and a female collected 14 June
1964 by Dennis R. Paulson and Donald W. Buden; ummz 107186,

a male collected 23 July 1952 by John Dickson; and ummz 111365,
a female collected 1 September 1954 by L. Neil Bell.
Diagnosis.
A race of Diadophis punctatus like the nominate
race in having fifteen scale rows throughout, eight supralabials,
and a single row of large midventral spots, but differing from it and
the other named races by its pale grayish-brown head, obscurely
spotted and little contrasting chin and labials, and virtual lack of a
muchal ring.
Range. Known only from Big Pine Key, Monroe County, Florida.

Fig. 1.

Holotype of Diadophis punctatus acricus, USNM

151831.

Description of type (Fig. 1). Total length 289, tail length 55.
With the normal head scalation of the species (Blanchard, 1942),
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including paired internasals, prefrontals, supraoculars, parietals, and
loreals and a single median frontal; nostrils in the border between

the anterior and posterior nasals, but more in the former; two
preoculars and two postoculars, one anterior and two posterior
temporals, and eight supralabials and eight infralabials on each
side; eye bordered ventrally by fourth and fifth supralabials; dorsal
scales in fifteen rows throughout the length of the body, with preapical pits from 0.2 of the scale length from the posterior end;
135 ventrals and 44 subcaudals; anal plate divided.

Coloration in life: dorsum of head pale grayish-brown, dorsal
ground color darkening posteriorly to become blackish by halfway
to vent, black beyond that; a faintly indicated darker vertebral
stripe in the nuchal area disappearing posteriorly in the increasingly
darker ground color; supralabials whitish, speckled with fine gray
dots; a pale yellowish-orange triangle on each side of the neck extending upward as a faintly indicated line about one scale wide,
separated from its opposite by two mid-dorsal scale rows; chin
whitish, faintly flecked with gray; belly darkening from white at
level of third or fourth ventral through pale yellow, dark yellow,
and orange to anal plate; ventrolateral markings and midventral
spots same color as dorsum at equivalent level; in about one-eighth
of the ventrals, dorsal ground color confluent with the mid-ventral
spot on one side or the other (on both sides in only a few scales);
the ventral spots transversely oriented, most approximately triangular, with the apex directed anteriad; anal plate black with
orange at anterior border and white at posterior border; underside
of tail orange, the dorsal ground color extending well onto the
subcaudals in the form of bars or triangles, the latter being separated from their opposites by only about one-fifth of the width
of the subcaudal surface; iris orange.
Associated specimen. vrp 617, a male with the data “western
part of Miami,’ is a problematical specimen.
Its ventral count
(128) is two below that of any mainland south Florida specimen
and is only one above the mean of Lower Keys specimens. Its
subcaudal count (47) could place it with either the Lower Keys
or mainland populations.
Its coloration and pattern, however,
definitely allocate it with D. p. acricus, and I am so considering it
in further discussions. The specimen was given to me as part of
a collection made in south Florida by an individual who visited
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Big Pine Key on frequent occasions and is, I suspect, mislabelled.
Variation. One paratype, ku 79851, is of interest in having an
entire anal plate. Among the 1,932 specimens of D. punctatus
which Blanchard (1942) examined, entire anals occurred in only
a few specimens of the race arnyji.
Seven specimens were utilized for scale counts. Supralabials
8-8 (five specimens) and 8-7 (two). Infralabials 8-8 (four), 8-7
(one), and 7-7 (two).
Preoculars 2-2 (four) and 2-1 (three).
Postoculars 2-2 (five), 2-1 (one), and 1-1 (one). Anterior temporals 1-1 (seven). Posterior temporals 2-2 (two), 2-1 (one), and
1-1 (four). Ventrals 127-128 (mean, 127.3) in males and 134-136
(135.0) in females. Subcaudals 47-53 (mean, 49.5) in males and
42-44 (49.5) in females.
Total length 208-227 in males and 237-289 in females.
One
male is smaller but is unmeasurable.
Tail length 45-55 in males
and 46-55 in females; thus females have proportionally shorter tails.
The three specimens collected alive on 14 June 1964 were
compared with one another with regard to coloration. One, the
type, has been described above. xu 79851 was colored like the
type, but the canthus rostralis was slightly paler than the cephalic
ground color. UIMNH 55626 differed from the type in its more
grayish (less brownish) head and paler belly; the latter was almost
entirely yellow, with orange coloration appearing just before the
vent. It also had less contrasting supralabials.
The dorsal ground color of all is similar in preservative. The
heads of all are pale to dark gray dorsally with paler supralabials,
the latter contrasting with the ground color. All have a faintly
indicated nuchal ring, restricted to the lower scale rows in some
and extending most of the way around in others. At its maximum,
the ring is a paler zone, less than one scale wide and interrupted
mid-dorsally by a single scale row. In a few specimens the ring
is almost indiscernable.
The infralabials and chins of the specimens vary from virtually
immaculate to faintly spotted with gray. None is conspicuously
spotted with black as in D. p. punctatus. Ventral spotting varies
from that of the type to small semicircular spots. Only in the type
are any spots confluent with the dorsal ground color. In the other
specimens, dorsal color extends onto the ventrals as short triangles.
Subcaudal dark markings extend from about one-eighth to twofifths the width of the subcaudal surface on either side.
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Comparisons. D. p. acricus differs from all other subspecies in
the extreme reduction of the nuchal ring and the paleness of the
head (the other races have distinct muchal rings from one to three
scale rows wide and heads as dark as or darker than the dorsal
ground color). It lacks the strong contrast between the dorsal
head color and the labials and chin which the other races display.
It also differs in its obscurely spotted chin and labials, unspotted in
D. p. edwardsi Merrem and contrastingly spotted in the other races.
D. p. acricus agrees with D. p. punctatus in usually having eight
supralabials and a belly regularly marked with a single mid-ventral
row of large spots.
A paratype was paler anteriorly and ventrally than a specimen
of D. p. punctatus from the south Florida mainland, with which it
was compared in life. Its iris was entirely orange, whereas the
mainland snake had a gold iris, darker and heavily overlain with
blackish ventrally and laterally.
Individual D. p. acricus taken so far are smaller than adults of
all other races except stictogenys Cope. Blanchard (1942) examined many specimens of D. p. punctatus larger than those of
acricus listed here, and about a third of specimens of both sexes of
punctatus which I examined are larger than any acricus.
The Lower Keys race can also be differentiated on the basis of
its ventral counts. These completely separate it from D. p. edwardsi, arnyi Kennicott, and docilis Baird and Girard, and cluster at
the lower edge of the variation of D. p. punctatus and stictogenys.
However, ventral counts of D. p. acricus do not overlap those of
south Florida D. p. punctatus examined by me, which varied from
131-141 (mean 134.3) in males and 137-145 (mean 141.7) in females. The low counts of D. p. acricus may represent the end of
the clinal variation shown by the race punctatus from north to south
(Blanchard, 1942).
Subcaudal counts are intermediate between the high counts of
D. p. edwardsi and docilis and the low counts of D. p. arnyi,
stictogenys, and punctatus. They overlap those of all races, including south Florida D. p. punctatus. Specimens of the latter which
I examined showed a variation in subcaudal count of 46-51 (mean
48.4) in males and 37-44 (mean 40.6) in females.
An index figure was derived by subtracting the subcaudal from
the ventral count in each specimen. This figure ranged from 74-81
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in Big Pine Key males and 83-91 in mainland males, 91-94 in Big
Pine Key females and 93-111 in mainland females. By this method,
complete separation of males and almost complete separation of
females was obtained.
A single specimen from Key Largo was discussed by Duellman
and Schwartz (1958). The ventral count (137) of this female is
at the low extreme for south Florida specimens but above counts
of D. p. acricus, larger series of which may, however, be found to
encompass that figure. The subcaudal count (40) is below the
minimum of acricus and near the mean for D. p. punctatus from
south Florida. I have not examined this specimen, but from its
scale counts and the description of its head color and pattern it is
clearly D. p. punctatus.

Remarks. Although D. p. acricus is known only from Big Pine
Key at present, it is likely to be found on other Lower Keys sufficiently large to support pineland and scrub vegetation. Among
these are No Name, Little Torch, Middle Torch, Ramrod, Cudjoe,

Summerland, and Sugarloaf Keys. Most individuals of the type
series were collected when they crossed the road through the key’s
extensive pineland at night. Three specimens collected alive on
14 June 1964 were taken on the same short stretch of highway,
from 2.6 to 3.9 miles north of U.S. 1, and between 1943 and 2010
hours. The evening was warm and dry with little wind. The only
other vertebrates taken on the road were two Storeria dekayi Holbrook and three Bufo terrestris Bonnaterre. The habitat in which
these were taken is well illustrated by Duellman and Schwartz
(1958, fig. 6, p. 193). The substrate is almost completely rocky
with many solution holes and a few scattered loose rocks. No
snakes were found in several hours of turning rocks in the pineland during the day.
Etymology.
From the Greek a (not) and krikos (a ring), in
allusion to the “ringlessness” of this subspecies. D. 1. regalis is the
only other form in the genus without a conspicuous nuchal ring.
Specimens

examined.

D.

p. punctatus,

total 22.

chester County, 7.9 mi. SW Summerville (as 304).
8 mi. N. Alta

(as 210); Alachua

County,

SourH

Caroxtna:

Dor-

FLorma: Jackson County,

GAINESVILLE

(DRP 1274); Putnam

County, Drayton Island (umrc 55-183); Martin or Palm Beach County, “east
side, Lake Okeechobee” (umrc 55-182); Glades County, 4.8 mi. NE Fla. 721
on Fla. 78

(pre 1289);

2.6 mi. SW

Fla. 721 on Fla. 78 (pre 1524); Dade

County, no other data (umrRc 55-595); 4 mi. E. Fla. 94 on U.S. 41 (pre 3040);
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0.5 mi. S U.S. 41 on Fla. 27 (pre 1490); Miami area (including Allapattah,
Coconut Grove, and Coral Gables) (umrc 55-180, 55-184, 55-186, 55-468; pre
1, 1292; pws 18); 4 mi. S South Miami (pre 3055); Matheson Hammock (As
249); Monroe County, 2 mi. W Dade County line on Fla. 94 (pws 94); near
Coot Bay (rr 866); East Cape Sable (umrc 55-179).
D. p. acricus, total 7. FLorma: Monroe County, Big Pine Key (type and
paratypes); “Dade County, western part of Miami” (probably equals Big Pine
Key) (pre 617).

Storeria dekayi Holbrook

In Trapido’s monographic study of this genus (1944), no specimens from the Florida Keys were listed. Duellman and Schwartz
(1958) recorded four specimens of S. d. victa Hay from the Keys
(Big Pine, No Name, and Sugarloaf) and commented upon differences in scale counts and coloration between those individuals and
others from the southern mainland.
Two additional specimens
have been recently collected, furnishing additional data on the
population of the Lower Keys.
Ventral counts for two males from the Lower Keys are 129 and
131. The same figures for three females from that area are 128,
136, and 140. Subcaudal counts of these specimens are 55 for a
single male and 49, 49, and 51 for the females.

Ventral counts of nine males from the southern Florida mainland range from 132-144 (mean 139.6). Ventral counts of five females from the same area range from 136-147 (mean 143.4). Subcaudal counts of eight mainland males range from 65-71 (mean
67.8), and those of four mainland females range from 54-62 (mean
58.0). These counts agree well with those presented by Trapido
(1944) and Duellman and Schwartz (1958), with the exception of
the subcaudal counts of males. Both the range (53-73) and the
mean (62.4) given by Duellman and Schwartz indicate counts
lower than those recorded by Trapido and the present author.
The Lower Keys population is similar to that in northern
Florida in ventral and subcaudal counts, as given by Trapido
(1944) and by Duellman and Schwartz (1958), but differs substantially from that in south Florida, especially in its much lower
subcaudal counts.
As pointed out by Trapido (1944), specimens of S. d. victa from
southern and northern Florida differ in head markings. Specimens
from Gainesville, for example, are characterized by the contrast be-
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tween the pale occipital area and the conspicuous black nuchal
markings. Young individuals from southern Florida are similar, but
most of the adults from that region lose this contrast and possess
virtually concolored heads and necks. Adults from the Lower Keys
are intermediate between typical north and south Florida victa.
All have a pale occipital area and dark neck markings, but these
are not so contrasting as in Gainesville specimens.

It is of interest that Storeria dekayi is distinctly different on the
Lower Keys from the population of the geographically annectant
southern mainland. That it is more similar to populations farther
north may be of significance. This may be a case of the isolation
of a formerly continuous “highland” population and its increasing
separation from the parent stock by the spread of a “lowland” population differentiating in the Everglades area. This has been postulated for Coluber constrictor Linnaeus (Auffenberg, 1955) and is
likely for Elaphe obsoleta Say as well. Further study, with attention to color differences (I have seen no living specimens from
north Florida), may indicate the advisability of recognizing three
races of S. dekayi in peninsular Florida.
A single specimen from Key Largo furnishes the only record for
the species from the Upper Keys. It is a young female (snout-vent
length 125) with a conspicuous head pattern, 144 ventrals, and 50
subcaudals. From these characteristics it is impossible to relate it
definitely to either the Lower Keys or the mainland populations.
S. dekayi may follow the pattern of Diadophis punctatus, Coluber
constrictor, and Elaphe guttata Linnaeus, in which the Upper Keys
populations are more similar to mainland populations than they are
to those on the Lower Keys.
As in Diadophis, individuals of Storeria from the Lower Keys
average smaller than those from the mainland. One male from the
Lower Keys has a total length of 255, and three females from that
area vary from 224-293 in total length. The three largest males and
females examined from the mainland have total lengths of 310-324
and 312-391, respectively.
Specimens examined.
Total 22. Fiorma: Alachua County,
Payne’s Prairie (pre 3310; as 90); Broward County, about 4 mi.
NNW Andytown (prp 826, 827, 908); Dade County, 7.6 mi. N
U. S. 41 on Fla. 27 (prep 2465); Miami area (including Coral
Gables) (umrc 55-410, 55-411, 55-414, 55-415, 55-466, 55-469,

PAvuLson:

Variation

in Some

Snakes

50-616; pre 1293; pwB 17); west of Princeton

303

(pre 1448); Monroe

County, Key Largo (pre 1427); Big Pine Key (ummz
108212; pre 3037-3038); Sugarloaf Key (umRc 55-409).

108211-

Thamnophis sauritus Linnaeus
Duellman and Schwartz (1958) examined a single specimen of
this species from Big Pine Key, the only record for the Keys. Rossman (1963), in his revision of the sauritus group of Thamnophis, included the Florida Keys in the range of T. s. sackeni Kennicott but
did not further discuss the Keys population. Eight specimens are
now available from Big Pine Key. These include an adult male,
two adult females, and the young of one of the females. The young
were removed from the female in a fully developed state (on 2
July). The female measured 430 in snout-vent length and 258
in tail length. Five of a total of eight young were saved, and four
of these ranged from 134-143 (mean 138.5) in snout-vent length.
The total lengths of three were 214-224 (mean 218.7). These
snakes are considerably smaller than most newborn young examined
by Rossman (1963) from Florida.
Sixteen male and eleven female T. sauritus were examined from
the southern Florida mainland. Ventral counts for these specimens
ranged from 162-172 (mean 166.6) in males and from 155-166
(mean 159.5) in females. Ventral counts of Big Pine Key specimens varied from 162-166 (mean 163.6) in five males and from
156-165 (mean 159.3) in three females. From these data, it can
be seen that little difference exists between these two populations
in this character.
Many specimens of this species lack the tail tip when collected.
Of 35 specimens examined for this study, only 21 could be used
for subcaudal counts, which were made only when the tail ended
in an obvious spine. Subcaudal counts of southern mainland specimens ranged from 123-140 (mean 129.8) in eight males and from
115-134 (mean 122.8) in six females. The same counts for Big Pine
Key specimens ranged from 138-145 (mean 138.6) in five males and
from 127-128 (mean 127.5) in two females.
The population of T. sauritus on Big Pine Key differs from that
of the southern mainland (and those of the remainder of the range
of the species) in its higher subcaudal counts. Rossman (1963)
discussed the somewhat clinal nature of the variation in this char-
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acter, and his illustration of this (Fig. 10, p. 154) shows that subcaudals tend to increase toward the south. The condition on Big
Pine Key may be considered the terminus of this cline, although
admittedly disjunct geographically and of a greater magnitude of
difference than that between other annectant populations.
Unfortunately, none of the material from Big Pine Key is accompanied by information on color in life. As coloration is of the
greatest significance in diagnosing subspecies of this group, further
discussion of the possible nomenclatorial recognition of the Lower
Keys population must await the collection of additional specimens.
Ribbon snakes are apparently not uncommon on those keys with
permanent fresh water, as I have observed others on Big Pine Key
and found two individuals (both badly smashed road kills) on
Cudjoe Key.

Specimens examined. Total 35. FLorwa: Collier County, 2.3 mi.
W. Carnestown (pRP 513); Deep Lake (umrc 55-541, 55-548);
Broward County, 12.1 mi. NNW Andytown (pre 669); 8.5 mi.
NNW Andytown (pre 668); 6.9 mi. NNW Andytown (prp 667);
4.9 mi. NNW Andytown (pre 671); 4 mi. NNW Andytown (pRP
828-829); Dade County, Hialeah (umrRc 55-524) Coral Gables
(umRC 55-522); Franjo (prep 1221); “Krome Avenue, 10 miles
west of Miami” (umrc 55-523); 19 mi. W and 5.0 mi. S. Miami
(pRP 847); Monroe County, Pinecrest (UMRC 55-508-517, 55-542,
595-556-557); Big Pine Key (ummz 11372; pre 640, 1325 and five
young from it.)
DISCUSSION

Fourteen species of snakes have been recorded from the Florida
Keys (Duellman and Schwartz, 1958). Of these, four are restricted
to the Upper Keys and one to the Lower Keys, the rest extending
through both groups of islands. The fourteen include four subspecies described from the Keys. These are Diadophis punctatus
acricus, Coluber constrictor haasti Bell, Elaphe guttata rosacea
Cope, and Elaphe obsoleta deckerti Brady. Of these, C. c. haasti
has been synonymized with C. c. priapus Dunn and Wood (Auffenberg, 1955) and E. g. rosacea and E. o. deckerti with E. g. guttata
Linnaeus and E. o. quadrivittata Holbrook respectively (Duellman
and Schwartz, 1958). Although there is no question that specimens
of Coluber from the Lower Keys can be matched by specimens from
northern Florida and elsewhere in the range of priapus, “haasti” is
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a very homogeneous form, consisting entirely of shiny black snakes
with or without white chins and labials, and never with the paler
bellies and more extensive labial and gular white areas often found
on peninsular priapus. It is also a smaller form, as Bell (1952)
pointed out.

The situation with Elaphe is even more open to debate. Most
specimens of E. guttata from the Lower Keys are easily separable
from most mainland specimens. Even though there is some indication of a clinal trend in the color variation of this species, the
population heretofore considered an endemic Keys subspecies is a
relatively homogeneous one, and its nomenclatorial status should
not be threatened by the occasional mainland specimens with its
diagnostic characters. The Lower Keys population differs at least
in coloration of adults from all others of the species, and students
of variation and zoogeography should be cognizant of this difference, even if the name rosacea is not utilized.
The same comments are in order for E. obsoleta. Adult specimens from the Keys are easily distinguishable in life from 90 per
cent or more of specimens of the mainland races quadrivittata or
rossalleni Neill. Apparently the young of all three south Florida
nominate forms are indistinguishable from one another, a condition
which has parallels in other species (e.g., Coluber constrictor).
However, typical adults of each form are recognizable as such, and
these “typical” specimens not only represent the vast majority of
their respective populations but occur over well-defined geographic
and ecologic areas and seem to satisfy the criteria utilized in distinguishing subspecies. One of the reasons given by Duellman and
Schwartz (1958) against recognizing a race deckerti is that individuals from the eastern mainland of southern Florida often show
faint dorsal blotches. If the Lower Keys have a recognizable population, it might be expected that intergrades between it and rossalleni (which occupies the adjacent mainland) would be found iv
that area, as Neill (1949) originally stated.
The controversy about Florida races of these two species of
Elaphe has persisted long enough (Neill, 1949, 1954; Dowling,
1952; Duellman and Schwartz, 1958) to indicate any solution as
subjective. Considering some or all of the named forms invalid
should not obscure the recognition of their value to the student of
biogeography. The latter must depend upon the systematist for
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his basic tools, i.e., morphologically and geographically defined
populations. My subjective interpretation of the situation is that
more is to be gained by the maintenance of the names rosacea and
deckerti for the endemic Keys populations of Elaphe than by their
suppression. Typical rosacea is restricted to the Lower Keys and
intergrades with guttata in the Upper Keys. The fact that rosacealike individuals occur on the southern mainland is to me indicative
of an extension of the gene pool of the Lower Keys form northward
after its original isolation in that area. The range of E. o. deckerti
extends at least from Elliott Key (pre 3068) to Grassy Key (not
preserved ).
Of the remaining Keys species, Storeria dekayi, Thamnophis
sauritus, and Micrurus fulvius Linnaeus differ from their nearby
mainland relatives in scale counts. The first two are discussed in
the present paper, and counts listed by Duellman and Schwartz
(1958) for Micrurus from Key Largo show the rather pronounced
difference in ventral counts between specimens from there and the
mainland. Another specimen more recently collected on Key Largo
agrees with the previously cited examples in its low ventral count.
The two specimens of Drymarchon corais Daudin I have seen
from the Lower Keys (both from Big Pine Key) were entirely
black, without any indication of pale gray or pinkish on the head,
as is usual on mainland specimens. Again, more material of this
species from the Keys may show the presence of a recognizable
entity there, but I know of only a few preserved specimens from
that area.
The specimen of Heterodon platyrhinos Latreille from Key
Largo which was discussed by Duellman and Schwartz (1958) has
a low ventral count, but an insufficient series of mainland females
was at hand for comparison. The validity of this record may be
questionable, as Key Largo is a very unlikely locality for a Heterodon. The next farthest south definite record for the species is
Homestead, although the indefinite citation “Cape Sable road” may
be still farther south. This species is generally found in sandy
areas, in which it burrows, and I doubt if it would become estab-

lished on Key Largo, where its usual prey (Bufo) is absent. Toads
do occur on the Lower Keys, and Heterodon could survive there,
short of the difficulties encountered in burrowing in limestone
rock.
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The other snakes occurring in the Keys (Opheodrys aestivus
Linnaeus, Tantilla coronata Baird and Girard, Natrix fasciata Linnaeus, Agkistrodon piscivorus Lacépéede, and Crotalus adamanteus
Beauvois ) have not been studied adequately to determine whether
they too are differentiated from their mainland relatives. Roger
Conant is studying Natrix fasciata, and Tantilla from Florida have
been examined by Sam R. Telford, Jr., but neither work has been

published as yet. Only a single specimen of T. coronata is available from the Keys (Key Largo), but adequate material is present
in collections of the other species. Natrix Agkistrodon, and Crotalus, with their superior powers of dispersal through coastal
habitats, may avoid differentiation by continuous gene flow. The
first two are aquatic and the last semi-aquatic, often seen swimming
in mangrove-lined canals and even in Florida Bay. Opheodrys
would be worth further study, as it may not disperse so rapidly and
is known from throughout the Keys.
The Keys support endemic races of Kinosternon bauri Garman,
Malaclemys terrapin Schoepff, and Eumeces egregius Baird. As
well, populations of Scaphiopus holbrooki Harlan, Bufo terrestris,
Hyla cinerea Schneider, Gastrophryne carolinensis Holbrook, Rana
pipiens Schreber, Anolis carolinensis Voigt, and Lygosoma laterale
Say differ to some degree from mainland populations (Duellman
and Schwartz, 1958; writer’s observations). Eight of the 14 species
of snakes occurring on the Keys exhibit variation from the norm of
populations on the mainland. It is clear that the isolated nature
of the Keys, especially the lower ones, has served as a mechanism
to promote at least a low order of speciation.
The degree of endemism shown by the entire herpetofauna of
the Keys is striking. Of 30 indigenous species (excluding the
aquatic sea turtles, Malaclemys, Crocodylus, and Natrix), at least
18 (60 per cent) exhibit marked population differences between
the Keys and mainland or between the Upper and Lower Keys.
This high percentage appears to be unique in temperate North
America but may be parallelled or exceeded by some of the
Mexican coastal island groups. In some of the latter cases, however, the inhabitants of the islands are isolated by considerable
distances of deep water. Florida Bay and most of the channels
between the Keys are shallow, usually protected waters which may
allow relatively rapid dispersal of reptiles and amphibians with a
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lowering of sea level. Additional collecting and further study of
the herpetofauna is imperative before booming development destroys the already limited habitats.
ADDENDA
The proposed union of Diadophis regalis with D. punctatus (Mecham,
1956, Copeia, pp. 51-52; Gehlbach, 1965, Proc. U. S. Nat. Mus., vol. 16, pp.
300-307) was questioned by Myers (1965, Bull. Florida State Mus., vol. 16,
pp. 43-90). This problem does not affect the conclusion of the present paper.
Telford (1966, Bull. Florida State Mus., vol. 10, pp. 261-304) described

the Tantilla from southeastern Florida as a new species, T. oolitica. The single
Key Largo specimen differed in head pattern from all Dade County specimens
examined.
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Effectiveness of Family Psychotherapy
SIDNEY B. DENMAN

THE literature dealing with the etiology of mental illness generally affirms that in many psychiatric disorders the family relationships of the patient are of major significance.
As a consequence of this theoretical position, family psychotherapy has been
extensively utilized as one of the methods of treatment for psychiatric patients.
If it is true that family relationships are significant factors
in the development of psychiatric disorders, and that family psychotherapy is an effective therapeutic agent, one might expect to
find a significant difference in the level of post-hospital adjustment
between those patients who receive extensive family psychotherapy
and those who receive little or no family psychotherapy. A search
of the literature resulted in finding only two references, (Sampson,
Messinger, and Towne, 1962) and (Glasser, 1963), which were
directly related to studying the empirical results of family therapy
efforts. In an effort to learn more about this significant area, this
research attempts to learn about the relationship between the
quantity of family psychotherapy and the reported level of adjustment of discharged psychiatric patients.
SUBJECT GROUP

The subject population for this study consisted of 251 patients
who were consecutively discharged between January 1, 1965, and
December 31, 1966, from a small voluntary psychiatric inpatient
unit with a capacity of 32 beds and an average daily census of 27
patients. Inasmuch as this psychiatric unit is a part of a university medical center, no claim is made that patients discharged
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from this unit are typical of the American psychiatric patient population.
Data

SOURCES

Data for this study were obtained from two major sources.
Hospital records on all 251 patients provided information on age,
sex, referral source, financial status, diagnosis, and length of hos-

pitalization. Other data were obtained by a questionnaire mailed
to each discharged patient. At the time the questionnaire was
sent, these patients had been discharged for an average of approximately one year and ranged in post-discharge time from 3 to
24 months. Of the 251 questionnaires mailed, 166 or 66 per cent
were completed.
A word of caution must be inserted about the use of a questionnaire in obtaining follow-up data on psychiatric patients.
Ideally, one would like to have a more systematic evaluation of
post-hospital adjustment of patients made by a team of psychiatrists, psychologists, and psychiatric social workers to avoid possible
errors in patient self-report on level of post-hospital adjustment.
Such an ideal research situation was impossible under the financial limitations of this research effort. There was no alternative
other than to supplement hospital data with a mailed questionnaire.
METHODOLOGY

In an effort to learn about the influence of variations in the
quantity of family psychotherapy on reported post-hospital adjustment, two groups of discharged patients were selected. One
consisted of 62 patients whose families participated in two or
fewer family therapy sessions, and a second group consisted of 70
patients whose families participated in ten or more sessions of
family therapy during the patient’s hospitalization. The patient
composition of these two groups did not differ at the .05 level of
significance in socio-economic
nosis.

status, sex, referral source, or diag-

The level of post-hospital adjustment for these discharged patients was determined by examining the patients’ responses to
questionnaire items concerning level of personal adjustment, em-

DENMAN:

Family

Psychotherapy

24

(ce)

ployment capability, and the status of their present family relationships.
The questionnaire consisted of a Likert-type rating
scale of five alternative responses along a continuum extending
from “very much better” to “very much worse”. Patient responses
to the categories of “very much better” and “somewhat better”
were combined to serve as a measure of an improved level of
adjustment. The three categories of “about the same”, “somewhat
worse’,

and “very much

worse’,

were

combined

to serve

as an

indicator of a lack of improvement in post-hospital level of adjustment.
FINDINGS

The majority of the discharged psychiatric patients included in
these two groups reported themselves as functioning at a higher
level in terms of personal adjustment, employment capability,
and family relationships than they were during the three months
prior to hospitalization.
While 77 per cent reported themselves
as functioning “very much better” or “somewhat better”, only 23
per cent reported themselves as “about the same”, “somewhat
worse , and “very much worse’.
When the group receiving ten or more sessions of family therapy
was compared with the group receiving two and fewer sessions,
no differences at the .05 level of significance were found in reported level of post-hospital functioning in terms of personal adjustment, employment capability, or personal relationships with
their families. Patients in the group receiving more family therapy
did not report themselves as functioning significantly any better
than the group receiving little or no family therapy.
IMPLICATIONS

The failure of this research to find a positive relationship between the quantity of family therapy and a higher level of reported post-hospital adjustment for discharged psychiatric patients
was unexpected. It had been assumed that a larger quantity of
psychotherapy with the families of patients would make increased
contributions to patient improvement.
This study was limited to seeking to learn of any possible relationship between the number of family therapy sessions and the
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level of reported post-hospital adjustment. No effort was made to
measure any possible relationship between post-hospital adjustment and other variables. All that can be reported here is that
no positive relationship was found between the number of sessions
of family therapy and an improved level of reported post-hospital
adjustment for these discharged psychiatric patients.
LITERATURE

CITED

GuasserR, P. H.
1963.
“Changes in Family Equilibrium During Psychotherapy.” Family Process, vol. 2, pp. 245-264.
SAMPSON, H., S. I. MESSINGER, AND R. D. Towner.
1962.
“The Mental
Hospital and Family Adaptations.”
Psychiatric Quarterly, vol. 36,
pp. 704-719.

Department of Psychiatry, University
Medicine, Gainesville, Florida 32601.
Quart. Jour. Florida Acad. Sci. 30(4) 1967 (1968)

of Florida College

of

Morphological Variations of Gymnodinium
ALEXANDER

VariABILiTy

in dinoflagellates

external environment

breve Davis

[DRAGOVICH

reflects

and is, therefore,

internal

processes

and

useful in both taxonomic

and ecological studies (Bursa, 1963). Deformed Gymnodinioideae
in laboratory cultures were noted by Kofoid and: Swezy (1921),
Lebour (1925), and Biecheler (1952). Morphological variations
of dinoflagellates under natural conditions, often induced by chang-

es in salinity and temperature or by hydrostatic pressure, occur
frequently in the vicinity of estuaries (Bursa, 1963). This paper
describes several variant forms of the Florida red-tide organism,
Gymnodinium breve, observed in field samples (Fig. 1).
The fish-killing Florida red tide is a natural phenomenon in the
Gulf of Mexico associated with discolored water containing dense
populations of G. breve. Gymnodinium breve also occurs in Trinidad (Lackey, 1956) and is the chief suspect related to fish mortalities that occur frequently in the Orinoco River (Gulf of Paria)
(Rounsefell and Nelson, 1966).
Published material on morphological variations in G. breve is
scarce. Since 1948, when Davis described this naked dinoflagellate
as a new species, few publications have been concerned with its
morphology. Lackey and Hynes (1955) gave descriptions of G.
breve; Steidinger (1964) published two photographs of G. breve
(from living specimens); and Steidinger and Williams (1964) defined a new variation of G. breve and discussed cyst formation.
Variation in cultured forms was reported by Wilson (1967); he
also described the most common encystment stage and the general
features of reproduction.
This study is based on plankton samples collected monthly from
February 1964 through February 1965 at 6 locations in Tampa Bay
and Charlotte Harbor (Florida), and 16 locations in neritic waters
of the Gulf of Mexico (Dragovich and Kelly, 1966). The neritic
stations were positioned at 5, 10, 15, and 20 miles offshore along a
series of 4 transects perpendicular to the coastline. At each station
the water column was sampled at 5-m intervals from surface to
bottom. Station depth varied from 5-20 m.
The five morphological variations most frequently observed during this study are described in this paper, under the arbitrary des-

246

QUARTERLY

JOURNAL

OF THE

FLORIDA

ACADEMY

OF SCIENCES

Fig. 1. Sketches of morphological variations of Gymnodinium breve.

ignations of forms A, B, DF, C, and D (Fig. 1). All drawings were
made from living specimens.
Form A is a wide, flat cell; breadth varies from 20u to 40u. The
cell is several times broader than long. The breadth referred to
throughout this paper is the breadth across the girdle, ventral view.
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Breadth is used instead of length because it is more clearly defined
in G. breve than the length.
The cytoplasm is transparent, finely granulated, and without
distinct chromatophores; in transmitted light appears pale green in
color. A large nucleus is usually positioned near the center, all cells
have a small apical protuberance of epicone, and a transverse
groove, or girdle, is centrally located. The sulcus extends into the
epicone, and both girdle and sulcus appear smooth, though slightly
impressed. The organism is equipped with a transverse and a longitudinal flagellum. The transverse flagellum is within the girdle and
circumscribes the cell in this form and in all other forms. No ingested food was noted.
The shape of form B is similar to that of form A but has the
appearance of being slightly deformed and inflated. The breadth
of the cell varies from 25, to 60, and is several times greater than
the length. Numerous round and discoid chromatophores are present. The clarity of the cell varies from translucent to opaque, and
the appearance of the cytoplasm in transmitted light varies from
light green to yellowish brown. The nucleus, epicone, sulcus, and
girdle are more pronounced in form B than in form A; the flagella
are the same as in A. No ingested food was observed.
Forms classified as DF are probably predivision stages of form
B, but the actual division process was not observed. Form DF is
generally larger than form B and measures up to 70» wide. The
cell is butterfly-shaped, and some cells have a split along the sulcus
up to the epicone.
The shape of form C is suboval, and the cell breadth varies
from 18 to 40u. The cell may contain numerous oval, suboval, and
discoid chromatophores or may be without distinct chromatophores.
Cell color usually is pale green or yellowish green, and the cell may
be transparent, translucent, or opaque. The distinct nucleus is
located centrally; in some cells, it is contained entirely in the hypocone. The epicone is smaller than the hypocone in some specimens, and the apical protuberance of the epicone was not observed
in all cells. The sulcus (which extends into the epicone and at
times branches) and girdle are pronounced and impressed. Cells
have flagella as do forms A and B. No ingested food was noted.
Form C was similar to the typical mature G. breve cell in cultures
described by Wilson (1967).
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Form D is intermediate between forms B and C, but is neither

as wide as form B nor as flat as form C. The apical protuberance
of the epicone and the nucleus, chromatophores, sulcus, girdle,
flagellae, and color are similar to form B.
The described forms occurred at all depths; at times, all forms
were present in single samples. Although similar forms were observed in earlier investigations, records of their occurrence in the
field samples were made for the first time in the present study.
Form C occurred more frequently than the others and was the
only one found in Charlotte Harbor (Florida). Studies have disclosed occurrences of form B during bloom and nonbloom periods
of red tide. Form A occurred in the offshore waters through most
of the year, but was never seen in bloom proportions. Form D was
present throughout the area, but was less frequent than forms A, B,

and C.
From an ecological point of view, form A may indicate unfavorable conditions for the development of red tide, and form B (and
DF) favorable conditions.
Forms C and D may be regarded as
ecologically intermediate forms between A and B (and DF).
Culturing of these forms from single cell isolates will be required to determine whether they are the same species. Observations of unialgal cultures of G. breve have shown that forms B and
DF may transform into type C cells (John H. Finucane, personal
communication). Thus it is possible that these forms belong to the
same species. Wilson (1967) reported that some of the irregularlyshaped G. breve cells reverted to normal cells when transferred
individually with a micropipette to fresh medium.
The facts that forms observed under natural conditions and in
culture differed from the original description (Davis, 1948) suggest that further and more detailed research on taxonomy and
ecology of G. breve is needed.
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Chinsegut Hill-McCarty Woods, Hernando County, Florida
STEPHEN L, BECKWITH

THE name Chinsegut Hill holds a certain fascination to residents and travelers alike in the vicinity of Inverness and Brooksville, two towns situated in west-peninsular Florida along Highway
U. S. 41. It is the present home of the Beef Cattle Research
Station, Agricultural Research Service, U. S. Department of Agriculture.
In the past it was designated as a National Wildlife
Refuge, and before that it was the home of Colonel and Mrs.
Raymond Robins. The present report is concerned with a general
survey from September 1965 through July 1966 of a five-acre tract
owned by The Nature Conservancy in an area known as McCarty
Woods immediately adjacent to the Chinsegut Hill tract itself.
Grateful acknowledgment is made to The Nature Conservancy,
particularly Dr. Walter S. Boardman, for assistance in making this
study possible. The author is also deeply indebted to Dr. Dan
Ward, Mr. John Beckner, and Mr. William G. D’Arcy of the University of Florida Herbarium for aid in identifying plants. Scientific names of plants are in accord with Radford et al. (1964) or
Small (1933); common names of plants are derived from the above
or from Kelsey and Dayton (1942).
Common and scientific
names of vertebrates are from Blair et al. (1968).
LOCATION

AND

HisroricAL

BACKGROUND

The Chinsegut Hill-McCarty Woods area is located in Hernando County six miles north of Brooksville, or about 50 miles north
of Tampa. This county was first known as Benton County in 1843,
but its name was changed to Hernando County a few years later,
and its present boundaries were established in 1887. Early homesteaders came largely from Georgia (Jones and Morrison, 1915).
What is now known as Chinsegut Hill was first owned by
Colonel Pearson of Columbia, South Carolina, in 1842. In 1852
it was acquired by Colonel Francis N. Ederington, and in 1904
Colonel Raymond Robins purchased this tract from the grandchildren of Colonel Ederington.
The name “Chinsegut” Hill,
given to it by Colonel Robins, was derived from the Innuit Indian
Tribe of Alaska and means “The Spirit of Lost Things.” Colonel
Robins was a colorful figure in diplomatic and economic circles
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while Mrs. Robins (the former Margaret Drier) was noted primarily for her cultural and social activities. The hospitality and
generosity of Colonel and Mrs. Robins became almost legendary
and brought Chinsegut Hill its fame (Treiman, undated).
One of the outstanding features of Chinsegut Hill is a tract
of about 400 acres of old growth, “virgin” longleaf pine, which
represents the only remaining sizeable acreage of such trees in
Florida.
(See Figs. 1 and 2.) Colonel and Mrs. Robins’ interest
in preserving this magnificent stand of trees and at the same time
in providing a location for investigating cattle raising in westcentral Florida, which they rightly foresaw as being of great economic importance, caused them to transfer ownership of their
lands to the Federal Government in 1932. They were given “For
maintenance of a wildlife refuge, forest preserve and experiment
station’ (Miss Lisa von Borowski, pers. com.).
Mrs. Robins
passed on in 1945 and the Colonel in 1954, but the name Chinsegut Hill lingers on about the Brooksville area.
In order to perpetuate in its natural state a portion of the virgin
stand of longleaf pine in the Chinsegut Hill area, in 1965 The
Nature Conservancy acquired title to a five-acre tract bordering
the western boundary of Chinsegut Hill itself in what is known as
McCarty Woods.
This tract was originally owned by Colonel
Robins, but was omitted in the 1932 deed to the Government because of some doubt as to its title.
Stupy TECHNIQUES

Vegetation Analyses

Vegetation sampling stations marked with aluminum stakes
were located every 100 feet along two lines 100 feet apart, 10
stations per line (Fig. 3). At each station trees were randomly
selected for study by the point-centered quarter method described
by Cottam and Curtis (1956). This method selects sample trees
in each quadrant about a station depending upon their proximity
to the center point. Since there were 20 grid points and 4 quadrants per point, this technique resulted in a random sample of 80
trees. A tree was designated as having a dbh (diameter at breast
height) of 3.0 inches or more.
Tree diameters were taken with
a diameter tape, and heights were measured with an Abney level.
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Cee
—
Fig. 1. Growth form of “virgin” longleaf pine in a roadside park north of
Inverness (Citrus County), Florida. Note the flattened, spreading crown and
the abundance of Spanish moss (Tilandsia usneoides), an air plant common
in this locality.
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Fig. 2. Longleaf pine stand with dense understory of sweetgum, water
oak, and similar species resulting from fire exclusion for at least 34 years.
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In addition to trees sampled as described above other hardwoods were also measured as they were encountered. These were
particularly large or tall individuals that were missed in the random sample. Such observations provided supplementary data on
trees present on the study area. Nineteen other trees were measured in this manner.
Because of the interest in the longleaf pine on this tract additional trees of this species were also measured. Increment borings
were taken from representative trees as they occurred in each
quadrant to obtain information on growth rate. Eighteen trees
were

bored

for this purpose,

and, of these, nine

were

bored

a

second time for determining ages. Seven years were allowed to
correct age at breast height to actual age.
Ground vegetation, up to a height of four and one-half feet,
including grasses, herbs, shrubs, and trees less than 3.0 inches dbh,
was evaluated at 10 of the stations used in the point-centered quarter method described above, five stations being randomly selected
from each of the two lines of points. At each station so chosen
three random points were located within a radius of 50 feet.
Clusters of three plots measuring 0.5 < 2.0 meters were then laid
down near each point, one plot at the point, a second plot two
meters west, and a third plot two meters east. There were thus
nine plots located about each station, or a total of 90 plots on
which measurements were made.
Plant abundances were estimated ocularly as the percentage of
the total area covered by each plant. Indices to express the amount
of area covered were the following:

Index
‘iF

Amount of Area Covered
Less than 1.0%
1.0 to 20.0%

20.1 to 40.0%
40.1 to 60.0%
Ok
WW

60.1 to 80.0%
80.1 to 100%

The final coverage index for a species was obtained by adding
all the indices for it on the various plots and dividing by the number of plots on which it occurred. In the vegetative analyses, “T”
designated a coverage of less than 1.0 per cent; in the final sum-
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mary “t meant that the average coverage index was less than 0.1.
Frequencies of occurrence were also calculated to show the distribution of each plant over the study area. Abundance data for the
various plants thus included both a coverage index and a frequency
index expressed as a percentage.

Soil Analysis
An extension type auger was used in obtaining samples of the
soil present on the McCarty Woods Tract. Due to the difficulty
in boring through the thick, plastic clay and the coarse pulverized
limestone it was impractical to go much below a foot or two in
depth. However, one boring was made down to the 5-foot level.
Nine soil samples were taken in all.
Bird and Mammal

Observations

Rodents were sampled with Sherman live traps measuring
3 x 3 x 9 inches. These were set out at stations one chain apart
along each line of vegetation sampling plots. There were 13 stations in each line and two traps per station, for a total of 52 traps
on the study area. The trapping period was the nights of September

18 and 19, 1965.

A mixture of rolled oats and sunflower

seed was used as bait. All rodents captured were identified, aged
and sexed, and marked by toe clipping prior to release.
Abundance data for birds and mammals other than rodents
were recorded only on an incidental basis. For this reason it is possible to only list species encountered rather than attempt any
quantitative estimates of relative numbers.
DESCRIPTION OF THE CHINSEGUT HitL-McCarry

Woops

Climate

The Chinsegut Hill area is characterized by a subtropical climate with a mean annual temperature near 72 F and an average
annual precipitation of about 58 inches (U. S. Department of
Commerce, 1966). Temperature extremes range from the low 20's
(usually in January) to the upper 90’s in May or June. November,
with an average of only 1.84 inches of rainfall, is the driest month
of the year. The wettest months are usually June, July, and
August each with about 8 inches or more of precipitation. Oc-
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casionally as much as 15 inches of rain may occur in one of the
summer months.
Geology and Topography
Terrain in the Chinsegut Hill area is quite rolling by contrast
to many sections of Florida. Cooke (1945) describes this region
as part of the Central Highlands, which extends down the middle
of peninsular Florida southward almost to Glades County. In the
Brooksville area these Highlands are underlain by Suwanee Limestone of late Oligocene origin. According to Cooke in Hernando
County this limestone is quite variable in color and_ hardness.
Where it occurs in an unaltered form it usually has a yellowish or
creamy color and generally consists of soft, granular lime-like
particles, some of which are of organic origin. It may occur in
layers up to 100 feet thick.
Elevations in McCarty Woods range from just over 160 feet in
the extreme northwest corner to less than 144 feet in the lower
central portion (Fig. 3). Chinsegut Hill itself, about one and
one-half miles to the northeast, has an elevation

of 274 feet and

is one of the highest points in central Florida. By contrast a low
of 70 feet occurs only one and one-quarter miles north of McCarty
Woods. Such marked changes in elevations are hardly characteristic of Florida where in many places the terrain is so level that
it may drop only a foot or two in several miles.
Soils

Three main soil types are present on this tract: (1) Fellowship
stony clay loam, (2) Hernando fine sandy loam, and (3) Hernando
stony clay loam (Jones and Morrison, 1915). In general surface
soils are grayish or dark brownish-black fine sand and are quite
shallow, usually not over 4 to 6 inches in depth. Below this occurs
dark-brown or blackish, gritty, or more frequently, plastic clay.
In the Fellowship series, which occupies only the northern portions
of the study area, beginning at a depth of 12 to 18 inches there
occurs a creamy, pulverized rocky limestone, obviously derived
from the Suwanee Limestone mentioned above. Other evidence
of this formation was the presence of limestone outcropping in
the vicinity of stations 7 and 8 (Fig. 3). In Hernando fine sandy
loam the gritty or plastic clay extends to at least 30 inches in depth.
This soil type predominates in the southerly three-quarters of the
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tract. Hernando stony clay loam is apparently a graduation between these two principal soil types and comprises only a small
portion of the area.

The shallow nature of the surface soils and the presence of
clay causes drainage to be extremely poor in nearly level parts of
the tract. This is particularly noticeable following heavy thunderstorms or prolonged periods of precipitation when water stands in
saucer-like depressions in the north-central or extreme southeastern
portions of the area.
Fire History

McCarty Woods has been protected from fire for many years.
According to Miss Lisa von Borowsky (letter dated November 21,
1965), who worked closely with Colonel Robins and is a long-time
resident of the Brooksville area, these woods have not been burned
since before 1932, or for as long as 34 years. The protection from
burning is apparent in the numerous saplings of white ash, sweetgum, American hornbeam and others up to 2 inches dbh, as well
as the density of litter present. A lapse of several years following
burning must be required before conditions become favorable for
some tree species to seed in, for two white ash saplings measuring
1.6 and 1.7 inches, respectively, were each only 13 years old.
The absence of fire is also evident in the lack of any significant
amount of longleaf pine reproduction. The smallest such tree examined was 11.4 inches dbh, although others as small as 9-10 inches
were observed but not measured. Wahlenberg (1946) regards fire
as virtually a necessity in perpetuating natural stands of this
species.

Vegetation of the
Chinsegut Hill-McCarty Woods
Overstory Vegetation

Quadrat studies and other observations revealed a total of 2]
plant species regarded as trees on the area.
Thirteen of these
were recorded by the point-centered quarter method, four by
understory vegetation quadrat studies, and four by general observations. Tree species encountered were the following (listed
in order of frequency of occurrence according to the point-centered
quarter method):
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Sweetgum (Liquidambar styraciflua)
Water oak (Quercus nigra)
Pignut hickory (Carya glabra)
American hornbeam (Carpinus carolinianus)
Eastern hophornbeam (Ostrya virginiana)
Longleaf pine (Pinus palustris)
Swamp chestnut oak (Quercus michauxii)
Live oak (Quercus virginiana)
Florida basswood (Tilia floridana)
Hybrid oak (Quercus nigra x Q. virginiana)
Winged elm (Ulmus alata)
White ash ( Fraxinus americana)
Persimmon (Diospyros virginiana)
Cabbage palm (Sabal palmetto )
Redbay (Persea borbonia)
Sugarberry (Celtis laevigata)
American elm (Ulmus americana)
Ground oak (Quercus pumila)
Sweetbay (Magnolia virginiana)
Sour orange (Citrus aurantium)
Fringetree (Chionanthus americanus)

259

36.3
15.0
8.8
8.8
8.8
7.5
5.0
2.5
2.5
kD
1.2
1.2

per
per
per
per
per
per
per
per
per
per
per
per

cent
cent
cent
cent
cent
cent
cent
cent
cent
cent
cent
cent

1.2 per cent

—
_—
—
—
—
—
—
—

According to the above tabulation sweetgum was by far the
most abundant tree, occurring in a total of 29 (36.3 per cent) of
the 80 possible locations. Most of these were 5 inches or less in
diameter, but a few were over 9.0 inches dbh.

This tree was also

the most widely distributed species as it occurred the entire length
of the tract. Water oak was the next most common tree species,
although it occurred in only 12 (15.0 per cent) of the quadrants.
The next most common hardwoods were American hornbeam and
eastern hophornbeam, which occurred only in the central or southern (lower) portions of the study area. Other species encountered
were swamp chestnut oak, live oak, Florida basswood, winged elm,
white ash, and persimmon. One tree observed was definitely a
hybrid between water oak and live oak. Quadrat studies of understory vegetation added the following species to the list of trees
present on the tract: Ground oak, sweetbay, sour orange, and
fringetree. The finding of fringetree on this tract is the first record
of this species in Hernando County. In addition to the above trees
the following species were observed but not tallied because they
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failed to occur on the plots: Cabbage palm, redbay, sugarberry,
and American elm.
Exceptionally large or tall specimens of all hardwoods encountered were measured whether or not they occurred on the
study plots. Diameters and heights of such trees are listed in the
following tabulation:

Tree Species
Pignut hickory
Swamp chestnut oak
Live oak

American elm
Sugarberry

Diameter
(inches )
20.6
21.9
27.4
30.2
42.9
39.4
16.4
21.6

Height
(feet)
88
75
103
105
110
87
69
68

It will be noted that the two largest trees recorded were both
live oaks, one measuring 42.9 inches and 110 feet in height and
the other 39.4 inches dbh and 87 feet in height. Two of the tallest
trees measured were swamp chestnut oaks of 30.2 inches and 105
feet and 27.4 inches and 103 feet.
Longleaf pine.—This species occurred in only the northerly
three tiers of observation plots, or in the north 250 feet of the tract.
This is also the highest portion of the area (Fig. 3). Longleaf pine
occurred in only 6 (7.5 per cent) of the 80 possible locations. The
tallest individual measured had a height of 103 feet and a diameter
of 15.6 inches, but the largest pine recorded was 22.3 inches in
diameter and 87 feet tall.
The maximum age determined from increment borings was 135
years, and this from a tree measuring 19.6 inches dbh. The youngest tree was 105 years old measuring 15.3 inches in diameter. Based
on the nine borings taken, the average age of longleaf pines on
the study area was 116.6 years.
Based upon measurements made from increment borings the
longleaf pines had a recent growth rate (i.e. during the last inch
of diameter growth) averaging about 12.5 years per inch, but this
ranged froma low of only 5 years (19.6 inch diameter) to a maximum of 26 years (21.0 inch diameter). Early growth rate of
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these pines was at the rate of from 2 to 4 and occasionally as
many as 7 years per inch of diameter. These data compare with
rates of 10.0 and 5.4 years for recent and early growth, respectively, of longleaf pines in South Carolina according to Wahlenberg
(1946). McCarty Woods trees, therefore, made more rapid growth
during their early years and slower growth in the immediate past

few years than South Carolina trees.
Understory Vegetation
This class of vegetation comprised all major plant species from
the surface to four and one-half feet above the ground. Many tree
species previously encountered by the point-centered quarter method were also recorded in this quadrat study, and for that reason
they are also mentioned in the following species list. Plants are
grouped according to whether they are trees, shrubs, vines, grasses,
or herbs. The first figure following each species is the average
coverage index and the second is the frequency of occurrence expressed as a percentage of the total 90 quadrats.
Trees
Longleat pine (Pinus palustris)
Pignut hickory (Carya glabra)
American hornbeam (Carpinus carolinianus)
Eastern hophornbeam (Ostrya virginiana)
Swamp chestnut oak (Quercus michauxii)
Water oak (Q. nigra)
Ground oak (Q. pumila)

Live oak (Q. virginiana)
Sweetbay (Magnolia virginiana)
Sweetgum (Liquidambar styraciflua)
Sour orange (Citrus aurantium)
Persimmon (Diospyros virginiana)
White ash (Fraxinus americana)
Fringetree (Chionanthus americanus)

Shrubs
Dwarf palmetto

t
0.4
1.4
2
0.2
1.0
0.5
0.3
3.0
2
1.0
1.0
0.8
1.0

Wal
10.0
34.4
4.4
8.9
53.3
222,
3.3
3.3
11.1
2.2
ial
10.0
Jil
14.4

(Sabal minor)

0.5

Saw palmetto (Serenoa repens)

1a

lees

Blackberry (Rubus penetrans)
Poison sumac (Toxicodendron radicans)

0.3
0.9

lest
73.3
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Buckthorn (Sageretia minutiflora)
Stiffcornel dogwood (Cornus stricta)
Devilwood (Osmanthus americanus )
American beautyberry (Callicarpa americana)
Viburnum (Viburnum scabrellum)

0.7
0.9
1.0
0.4
0.6

Vines

Wild-bamboo (Smilax auriculata)
Bullbriar (S. bono-nox)
Wild-grape (Vitis rotundifolia)
Pepper-vine (Ampelopsis arboreum)
Virginia creeper (Parthenocissus quinquefolia )
Yellow jessamine (Gelesmium sempervirens)
Catsclaw (Doxantha unguis-cati)
Fevervine (Paederia foetida)
Creeping cucumber (Melothria pendula)
Climbing hempweed (Mikania scandens)
Grasses

Carpetgrass (Axonopus sp.)
Paspalum langei
Panicum anceps
Panicum joori
Panicum sp.

Nutgrass (Cyperus sp.)
Herbs

Ressurrection fern (Polypodium pedioides)
Bracken fern (Pteridium acquilinum)
Ebony spleenwort (Asplenium platyneuron)
Wood-grass (Oplismenus setarius)
Green dragon (Arisaema dracontium)
_ Fringed orchid (Habenaria quinquesta)
Swamp smartweed (Polygonum hydropiperoides)
Smartweed (P. virginianum)
Cock’s comb (Celosia nitida)
Beggar-weed (Desmodium sp.)
Cadillo (Urena lobata)
Frost-weed (Crocanthemum sp.)
Violet (Viola walteri)
Spiny-pod (Cyanchum scoparium)

On
1.0
0.8
0.2
0.3
Om
0.5
0.6
0.4
0.1
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Dichondra (Dichondra carolinensis)
Blue curls (Trichostema dichotomum)
Sage (Salvia lyrata)
Elytraria (Elytraria carolinensis)
Dyschoriste (Dyschoriste sp.)
Ruellia (Ruellia caroliniana)
Justicia (Justicia cooleyi)
Wild-coftee (Psychotria nervosa)
Twin-berry (Mitchella repens)
Bedstraw (Galium floridanum)
Birthwort (Aristolochia sp.)
Crownbeard (Verbesina laciniata)
Beggar-ticks (Bidens bipinnata)
Shrubs.—Of
most numerous

all plants encountered
one was common

0.4
t
0.2
0.6
O22
t
0.7
0.9
0.7
t
t
0.5
0.1

5.6
3.3
10.0
ela
14.4
eh
alee
Pahl
Pa)al
4.4
Gn7,
ee
10.0

on this five-acre tract the

poisonivy.

This species occupied

as much as 20-40 per cent of some plots and occurred on 73 per
cent of all plots examined. Other common shrubs observed included:

Dwarf

palmetto,

saw

palmetto,

blackberry,

buckthorn,

stiffcornel dogwood, devilwood, American beautyberry, and viburnum. The noting of dwarf palmetto on this area represents its first
record for Hernando County.
Vines——In proportion to other areas of similar size McCarty
Woods has a relatively large number of vines, some woody in texture, others of a more or less herbaceous

nature.

The most com-

mon vines (with frequencies of occurrence of 40 per cent) were
wild-bamboo and catsclaw, which were both characteristic of the
southern or lower and moist three-quarters of the tract, and yellow
jessamine, which was abundant in the dryer, northerly portions of
the tract. Other common vines were Virginia creeper, wild-grape,
and fevervine. Virginia creeper, catsclaw, and fevervine together
frequently formed dense tangles over fallen trees and occasionally
solid mats over extensive portions of the ground surface.
Grasses and Herbs.—The most abundant grass-like plants observed were nutgrass and panic grass, which occurred on 43 and
30 per cent of the quadrats, respectively, and were fairly well distributed over the entire study area. Among the herbs by far the
most common one was wood-grass, a creeping, perennial herb,
which occurred on almost two-thirds (65 per cent) of the quadrats
and sometimes occupied up to 60 per cent of the area where it
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occurred. It was distributed practically over the entire study area.
Another herb, almost as numerous as wood-grass, was elytraria,
which was present on slightly over one-half (51 per cent) of the
plots examined. Other more frequent herbs included some that
were restricted to the moister portions of the area. These were
justicia, twin-berry, and elephant’s foot. Another common herb,
wild-coftee, was limited to the more level, poorly drained, central
portion of the study area.
Some herbaceous plants collected on this area also represented
county records. These included cadillo and blue-curls, which had
not been previously collected in Hernando County although they
had been reported in neighboring areas. Still another herb, a
smartweed (Polygonum virginianum) was not only a new county
record but established a more southerly extension of its range than
had been previously reported. Earlier records had placed the
southern limit of its range in Marion County, some 40 miles to the
north.

Animal Life
In two nights of trapping with 52 Sherman live traps the only
rodent captured was the cotton mouse (Peromyscus gossypinus).
A total of at least seven different individuals were present on the
area. One more mouse was captured the first night but it escaped
before being marked, making it impossible to ascertain if it was
recaptured. These rodents are characteristic of subclimax, mesic
conditions that exist on this study area. They are also known to
occur in other environmental conditions, such as in the slash pine
flatwoods type, but this is usually in association with cotton rats
(Sigmodon hispidus). Cotton mice rather than cotton rats are
evidently more closely associated with the climax-type vegetation.
Shrews, particularly the short-tailed shrew (Blarina brevicauda)
might also occur on this tract, but none was captured for definite
proof of their presence.
Other mammals whose presence was determined by sight or
sign were the armadillo (Dasypus novemcinctus), gray squirrels
(Sciurus carolinensis), and raccoon (Procyon lotor). Birds either
seen or heard on this tract included the following:

Red-shouldered hawk (Buteo lineatus)
Bob-white (Colinus virginianus)
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Chuck-will’s widow (Caprimulgus carolinensis)
Red-bellied woodpecker (Melanerpes carolinus)
Pileated woodpecker (Dryocopus pileatus)
Blue jay (Cyanocitta cristata)
Tufted titmouse (Bacolphus bicolor)
Carolina wren (Thryothorus ludovicianus)
Ruby-crowned kinglet (Regulus calendula)
Red-eyed vireo (Vireo olivaceus)
Cardinal (Pyrrhuloxia cardinalis)
The above list is far from complete, since it fails to include
numerous warblers and other song birds that obviously pass
through the tract during their migration travels.
DISCUSSION

It is apparent from the foregoing summary that this area represents a rather unique environment in terms of its vegetative components. The northerly, higher one-quarter is characterized by
somewhat xeric conditions resulting in the presence of such plants
as longleaf pine, persimmon, saw palmetto, yellow jessamine, and
blue-curls. The height and diameter of the longleaf pine, the scarcity of pine reproduction, and the abundance of hardwoods as subdominants clearly indicate the direction of plant succession on this
end of the tract. Hardwoods invading this once longleaf site are
principally sweetgum and water oak.

Over the remainder of the study area the vegetation can be described as a mesophytic hammock, indicating that it has certain
plants characteristic of an advanced, subclimax nature. According
to Laessle (1942: 35) “Hammocks are woods dominated by broadleaved evergreen trees. They occur on a variety of soils, ranging
from well drained to nearly saturated, but they never occupy areas
that are seasonally or periodically flooded.” Climax-type plants observed here include trees such as pignut hickory, Florida basswood
and sweetgum, a large number of vines, particularly fever-vine, and

a wide variety of herbaceous species. The fact that succession here
is from hydric conditions is suggested by the shallowness of the
surface soils and the heavy, clayey structure of the subsoils. The
moist nature of the site doubtless accounts for the presence of the
smartweed (Polygonum virginianum), definitely a wetland species.
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IMPLICATIONS

The handling of this tract of land depends largely upon the
principal objectives which motivated its acquisition by The Nature
Conservancy. If one of these was to take possession of a unique
portion of near-climax vegetation typical of central Florida, then
this objective has certainly been accomplished. The only major
tree species which are characteristic of the true climax and are
absent from this area are southern magnolia (Magnolia grandiflora) and American holly (Ilex opaca) (Laessle, 1942).
If another objective was to acquire a stand of old growth longleaf pine characteristic of past days in this region of the country,
this has been accomplished. Although comprising only about an
acre, the longleaf pine stand on this tract is doubtless typical of
pine forests that occurred here before the advent of the white man.
There is a definite question, however, about the long-time pres-

ervation of these few longleaf pines, presumably a third major
purpose in the purchase of this area. Doubt arises from the slowed
growth rate of the larger trees and from the lack of pine reproduction. In regard to their rate of growth, these trees are probably in a somewhat critical state that could be easily upset by extreme environmental conditions. If, for example, they were subjected to a protracted drought of 6-8 weeks or longer they could
become so weakened that they would be easily attacked and killed
by various pine bark beetles such as the southern pine beetle
(Dendroctonus frontalis), Ips engraver beetles (Ips spp.) or the
black turpentine beetle (Dendroctonus terebrans). The presence
of hardwoods intermingled with the pines would aggravate the
drough further since they are more resistant to dry conditions and
thus better able to compete for available water supplies.
One of the primary reasons for concern for the welfare of the
longleaf pines is the almost complete lack of pine reproduction to
replace individuals that are lost to natural causes. This is due
largely to the long protection from fire and the resulting abundance
of hardwoods. To open up this stand of pines it would be of great
help to girdle or poison some of the larger gums or oaks and begin
a program of controlled burning. This would gradually clean out
the hardwoods, remove some of the heavy ground litter and promote the natural reseeding of the pines.
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There are certain other factors that have a detrimental effect
on the longleaf pines. One is the high incidence of lightning,
which may occur on as many as 80 days out of the year in the
vicinity of Chinsegut Hill (World Meteorological Organization,
1953-1956. In Komerak, 1964). Another factor is the general
height of the trees relative to surrounding hardwoods. Longleat
pines are somewhat taller than most hardwoods and they also occur
on higher ground elevations. These two factors make these trees
extremely susceptible to lightning strikes which would eliminate
them from the stand. This is another way in which one vegetative
type is replaced by another in the natural process of plant succession.
In regard to the mesophytic hammock portion of this tract it
could best be preserved by continuing to protect it from fire. Burning at this stage of development would probably remove some of
the thick debris that has accumulated and perhaps in time would
improve the general appearance of the area, but it seems wiser to
exclude fire and permit the area to develop further toward a climax vegetation type.
SUMMARY

A general survey of the flora and avian and mammalian fauna
was made from September 1965 through July 1966 of a five-acre
tract owned by The Nature Conservancy in McCarty Woods near
Chinsegut

Hill, six miles north of Brooksville,

Florida.

Soils are

generally shallow and underlain by clayey material over Suwanee
Limestone. Fire has been excluded for at least 34 years. About
one-fifth of the area is composed of old-growth longleaf pine up
to 135 years of age. A dense understory of mixed hardwoods such
as sweetgum and water oak and the shortage of pine reproduction
typifies the long absence of fire. The remaining portion of the tract
is described as a mesophytic hammock and contains a wide variety
of near-climax hardwoods and vines. Cotton mice were the only
small mammals

collected, but other mammals

and birds observed

were typical of the mesic environment. A program of hardwood
control by prescribed burning or other means would be helpful
in perpetuating the few longleaf pines, but fire should be excluded
from the mesophytic hammock portion of the area.
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Relationship of Sand Pine Scrub to Former Shore Lines
A. M. LAESSLE

No plant community in Florida has stimulated more interest
and near unanimity as to its floristic distinctness and the sharpness of its boundaries with the adjacent sandhill vegetation than
the Florida scrub. But much speculation has taken place as to the
reasons for the floristic differences and the general lack of intergradation between these associations as well as their origins and
successional relationships.
Vignoles (1823) was among the first to comment on the general
similarity in the appearance of scrubs wherever found.
Nash
(1895) commented on the almost complete floristic difference between scrub and adjacent sandhill vegetation and stated that the
“two floras are natural enemies and appear to be constantly fighting
each other.” He also commented, “A bare space of pure white
sand usually separates the two.” He considered the sands of both
communities to have had the same origin and attributed the generally darker surface of the sandhill soils to be caused by charcoal
deposited there by annual fires. Harper (1940) commented that
fires usually sweep through the scrub about once in a lifetime.
Whitney (1898) remarked that “the boundary between high pine
land (sandhills) and scrub can be located without trouble within
a few feet. . . . It will be shown later that there is no apparent
reason,

from the chemical

and physical examination,

to account

for this difference in the native growth on the scrub as compared
with high pine land—so far as our investigations show there is no
difference in the soil.”
Many have attributed the great vegetational differences between the communities to lower available nutrients in the scrub
soils (Harper, 1921; Kurz, 1942, with reservations; Laessle 1942,
1958a). Mulvania (1931) in his study in central Florida found

about 6 per cent greater water holding capacity in the sandhill
soils and concluded that most of the evidence indicates that factors
other than fire, such as differences

in soil and water

relations,

account for the differences between high pine and scrub forests.
Harper (1921) states that scrub soils are poor in humus, clay,
and potash.
Webber (1935) considered the relatively high frequency of
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fire in the sandhill community and the rarity of fire in the scrub to
be the most important factor in the maintainance of the sharp
boundary so generally evident when the two associations abut
one another. He stated that the scrub association is a fire-fighting
machine.
Both Kurz and Laessle (1942, 1958a) realized that most scrubs
occupy ancient dunes formed along shore lines of higher Pleistocene sea levels, some as high as 100 feet (Kurz) or 150 feet (Laessle,
1958a) above present sea level. Kurz also pointed out that with
very few exceptions the plants distinctive of scrub are also found
on relatively recent coastal dunes, and some scrubs might occupy
old wave formed bars or ridges.
Laessle (1958a) hypothesized that wave action along shores of
lakes and even stream action could have washed and sorted sand
deposits which now support scrub.
Kurz thought that the generally yellow soils occupied by sandhill vegetation would eventually be lightened in color by leaching
and be succeeded by scrub vegetation. While Laessle (1942,
1958a) thought that the two communities bore no seral relationship, he also found some sandhill communities occupying typical
dune sands.
Such diverse ideas on the reasons why such physionomically
and taxonomically diverse communities can exist side by side with
such sharp boundaries between them, often without any change of
elevation from one to the other, should, I believe, be capable of a

more consistent analysis and interpretation.
METHODS

Vegetational changes across the ecotone between scrub and
sandhill communities were studied by line transects (Buell and
Cantlon, 1950). A 100 meter tape was stretched at approximate
right angles to the ecotone with the 50 meter mark as close to the
middle of the ecotone as could be estimated. From the zero end
in the scrub, all herbs, lichens, and mosses

were

recorded in the

order intercepted and plotted to the nearest centimeter along a
line in a field notebook. On the same line the intercept to the
nearest decimeter of all shrubs (here defined as woody species
less than 6 feet high) and trees (woody species above 6 feet)

LAEssLE:

Scrub

and Shore

Lines

OAT

were also plotted. The results of six of these vegetational transects
without the amount of intercept are shown as plotted from field
notes for each of the three layers in Fig. 1. Some species are
omitted for the sake of simplification.
Soil profiles and soil samples were taken in each community
at least 20-50 meters away from the ecotone.
Ten soil samples
near both sides of the transect tape were taken in each community at depths of 0-2 inches, 2-6 inches, and 6-15 inches.

The

10 samples from each depth were then pooled from each community and analyzed by a graduate student under the direction
of Dr. Hugh Popenoe of the Soils Department of the University
of Florida. Chemical analyses were made from duplicate samples
after being air dried and passed through a 2 mm sieve.
Soil pH was determined using a Beckman Zeromatic pH meter
with glass electrodes. One part soil to 2 parts water was allowed
to stand overnight before testing in one method.
In a second
method KCl was added to the above solution to make a normal
solution, which was stirred and allowed to stand for 30 minutes
before testing. The second method is considered more accurate
as it compensates for such elements as aluminum which may be
present.

The exchangeable cations of Ca, Mg, Ka, and Na were extracted
with normal ammonium acetate buffered at pH 4.8. Calcium and
potassium were determined on a Beckman Model B Flame Spectrophotometer.
Magnesium and sodium were determined on a
Beckman Model DU Flame Spectrophotometer.
Extractable phosphorus was determined colorimetrically on a
Baush and Lomb Spectronic 20 colorimeter using strong Bray extractant.
Nitrogen was determined by titration of a boric acid
solution (Kjeldahl method for total nitrogen). Organic carbon in
the soil was determined by the Walkley-Black wet combustion
method as modified by Walkley. Organic matter was determined
using potassium dichromate as a reducing agent and titrating
with ferrous ammonium sulfate (modified Walkley-Black as modified by Walkley). Mechanical analysis was done by the method
of Bouyoucos (1951, 1962).
The same type of analyses were
made from 15 scrubs frorn widely scattered points as far south as
Deerfield, on the lower Florida east coast and Destin in the Flor-

ida panhandle.
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TRANSECTS

Fig. 1 shows linear distribution of selected species, those that
were

considered most characteristic

indicators of the two commu-
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Fig. 1 Line transects through scrub (0-50m) and abutting sandhill vegetation (50-100m). Darker symbols represent typically scrub species.
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nities. Those species most typical of the scrub are indicated by
the darker symbols, those of the sandhills by the lighter ones.

The most obvious and important difference is in the herbaceous
layer, especially the wire grasses Aristida stricta and Sporopolus
Junceus (S. gracilis (Trin.) Merr).
Only one small clump of
Aristida stricta was on the scrub side, and 249 clumps of the combined species were on the sandhill side. While a much larger
number of apparent clumps of wire grasses is shown in transect
4 than in any others, this may well be influenced by two factors.
Shortly after a fire has burned off an area, the blades are too
short to assume a horizontal position and are less apt to be intercepted, as was the case in transect 3. When fire has not occurred
for many years, closely spaced clumps may be so enmeshed with
both dead and living blades that they appear as a single clump.
In transect 4 fire had been recent enough for the separate entities
to be distinguished, but the blades were long enough to have
spread horizontally and thus were more readily intercepted. The
other four transects had not burned for at least 10 years, and
their intercepts no doubt often coalesced to form compound
clumps.
Woody species typical of the scrub such as myrtle and Chapman’s oaks, Lyonia ferruginea, and sand pine are not infrequently
encountered on the sandhill side but tend to become less common
with increasing distance from the scrub. Quercus chapmanii, perhaps because of its thicker more fire resistant bark, tends to show
proportionally greater survival in the sandhill side than does Q.
munciolg
tor example, on the scrub side 171 clumps of Q.
myrtifolia occurred to 59 on the sandhill side. Q. chapmanii intercepts were 14 in the former and 16 in the latter.
The absence of fire permits a rapid invasion of the sandhills
by sand pine where a seed source is available. This is best shown
in transect 2. In transect 3 many 2-3 year old sand pines had been
killed by the ground fire only a month previous to the sampling.
This fire, incidentally, burned right up to the edge of the scrub
where it apparently died out. Of the non-key species saw palmetto, Serenoa repens, was about equally distributed in each community (scrub side 27, sandhill side 35).
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Soi. TRANSECTS

Results from soil analyses were disappointing to me since I
had long felt the sites of most scrubs are associated with marine
features

such

as old dunes, bars, and beaches,

where

maximum

washing and sorting of sands had occurred (Laessle, 1958a). However, except for five sites all on the “ridge” where the red, clayey
“Citronelle” formation closely underlies the sandhill vegetation no
significant soil difference between the soils of sandhill and scrub
vegetation

was

apparent.

Here,

composite

results

are presented

of comparisons from the two communities located near Kingsley
Lake and Goldhead State Park in Clay County, Mogelvang’s Scrub
and the adjacent sandhill near Rock Springs in Seminole County,
and the Clarcona area just southeast of Clarcona, Orange County.
At these sites a very appreciable increase of phosphorus was encountered with increasing depth in the sandhill portions of the
transects. The average extractable phosphorus in the scrub and
sandhills, respectively, was as follows: 0-2 inch horizon, 4.97 vs.
14.32 ppm; 2-8 inch horizon, 1.35 vs. 25.08 ppm; 8-15 inch horizon,
0.92 vs. 26.97 ppm.
Samples from the two communities near Weekiwachee Springs
in Hernando County, and at Inverness-Lecanto and near Citronelle in Citrus County, however showed average extractable phosphorus in the scrub and sandhills, respectively, as follows: 0-2
inch horizon, 4.54 vs. 5.05 ppm; 2-8 inch horizon, 3.32 vs. 2.23 ppm;
8-15 inch horizon, 2.30 vs. 1.32 ppm.
Neither the phosphorus nor mechanical analyses showed any
overall consistent differences.
Slightly less yellow 8-15 inch samples from the scrub sides
were often observed and may well be due to the higher amounts
of organic acids leached from the greater accumulation of un-

burned litter encountered there.
Scrub unburned for 20 years or more had soil profiles with
exchangeable cations of K, Ca, and Mg frequently 2-3 times higher
than in the recently burned sandhills. For example, in the Citronelle transect the following analysis was obtained: averages from
the pooling of the 3 horizons samples gave 28.8 ppm vs. 11.5 ppm
for K, 290.0 ppm vs. 82.5 ppm for Ca, and 109.5 ppm vs. 36.25
ppm in scrub and sandhills, respectively. Garren (1943) stated
that burning decreases the acidity, increases the Mg and replace-
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able Ca and organic matter in long leaf pine soils, including that
of the sandhills.
On the other hand, if both communities had been unburned for
over 20 years such differences were negligible except for Ca and
Mg which were twice as abundant on the sandhill side: K, 14.0
womlooratnd-2)

mech Ca, 87.0 vs. 182.0 at 2-8 inch; Mg, 42.1 vs.

84.1 at 8-15 inch horizons.
Where appreciable difference in these elements is present in
the upper horizon in the soils of the two communities it is doubtless due to the burning of the organic particles on the sandhill
soils and their rapid loss through leaching. At the 8-15 inch horizon no consistent difference in these elements was evident.
Recent fires on the sandhill soils also tended to lower the C/N
ratio and raise the pH. In general the scrub soils proved slightly
more acid but comparisons between the soils in some transects
such as the Mogelvant scrub and adjacent sandhill soils, neither
of which had been burned for at least 20 years, show the reverse,

even

when

sampled.

run

by the N-KCI

method

for the three

horizons

The pH was 4.5 vs. 3.6, 0-2 inch, 4.65 vs. 4.30, 2-8 inch,

and 4.60 vs. 4.65, 8-15 inch with the scrub
level.

again first at each

DIscussION

With no substantiating evidence for any general chemical or
physical differences in the soils of the two communities it has become necessary to reevaluate some of the ideas expressed many
years ago. According to Webber, the nature and relations of the
scrub associations cannot be discussed without comparison with
the high pine association, as the two associations are so commonly
found in juxtaposition and occupy so nearly the same types of
soil in the same region and at the same altitude. He also mentions that the two communities may be at the same level or one
uphill or downhill from the other. The change from one flora to
the other is very abrupt between the tangled vegetation of the
scrub and the open forest of long leaf pines with a ground cover
mainly of grasses. The high pine lands burn over almost every
year and this condition has probably existed for many centuries.
The scrub association, however, is a fire-fighting machine.

Webber attributes the fire-fighting equipment to a number of
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distinct factors. Nearly all scrub plants are evergreen and drop
old leaves throughout the year. Scrub bushes and trees so fully
occupy the soil that they absorb available moisture and nutrition
to the extent that the flammable grasses and other herbs are excluded. The soil surface is thus relatively bare of flammable material except for gradually falling leaves and old twigs which
rapidly rot and disappear. Furthermore, a natural fire break is
maintained between the scrub and adjacent sandhill vegetation,
as the extensive root systems of both communities probably limit
the growth of flammable grasses and herbs between these communities.

Fire frequently approaches the scrub and dies out without
gaining entrance. After a number of uninterrupted fire-free years,
however, the scrub accumulates dead limbs and branches, and the
fire-break margin becomes partially covered with grass.
Under
these conditions, a fire may ignite the scrub.
Webber's ideas of a natural firebreak between the two communities are often evident to the eye but are not obvious from
the vegetational transects (Fig. 1), where the clumps of wire grasses and other more flammable herbs do not show an appreciable
decrease in their numbers near the scrub border. If the size of
the clumps of wire grasses is ignored there are in the six transects
41 such clumps within 10 m of the scrub borders, 50, 51, 56, and 52

in each successive 10 m interval from this boundary. But, individually, only transect 2 shows an obvious trend supporting this
concept while in transect 6 the reverse is evident.
To Webber's explanation as to the occasional spreading of fire
from the sandhills

to the scrub, there should be added

the fact

that lightning-caused fires may arise in the scrub. The author
has observed such an event when an old sand pine, heavily laden
with Spanish moss, burst into flame when struck by a bolt of
lightning. Old stands of sand pine are frequently festooned with
dense growths of this epiphyte (Fig. 2) which is highly flammable
when dry. Crown fires in the scrub could readily be started in
this manner in only relatively dense stands of sand pine.
Spanish moss could also be an important factor in allowing
creeping ground fires, which not infrequently gain access to the
tops of sand pines and thus start crown fires in scrubs. I have
observed many instances of multiple aged stands of sand pine
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Fig. 2. A 50 year old stand of sand pine, 1/2 mile north of Cocoa City
Limit on the E. side of U.S. 1, showing an abundant growth of Spanish
Moss.

which no doubt developed after ground fires had partially opened
scrubs by killing back much of the shrubby understory and even
some of the sand pine. But, as mentioned by Webber, rapid
sprout growth from the crowns of such burned scrub shrubs, soon
develop enough shade to prevent the entrance of the heliotrophs
from abutting sandhill vegetation, at the same time acting as
nurse plants to any young sand pines started from seeds released
by such fires. Cooper et al. (1959) showed that young sand pine
seedlings cannot survive soil temperature above about 125 F.
ORIGIN

AND

SUCCESSIONAL

RELATIONSHIPS

Whitney likewise could find no apparent difference from chemical and physical analyses of the soils of these communities to account for their great vegetational differences and thought that it
was chance that determined what area became scrub and sand-
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hill associations and said that the two kinds of vegetation were
not capable of growing together.
According to Webber, the origin of the large scrub areas is
probably traceable in part to the poor, arid character of the soil
on which the associated plants of the scrub can succeed better
than any other group of plants. It would seem probable that in
the early formative period of plant distribution in this part of
Florida,

the scrub

oaks, because

of their mode

of spreading

by

sprouts from the roots and their adaptability to succeed in such
arid soils, found in these areas an opportunity to dominate the
other vegetation and finally to extend their territory as natural
conditions permitted.
This does not explain why scrub vegetation should become established instead of the sandhill type unless
it can be proved that the scrub soils are actually poorer and drier
than those occupied by sandhill vegetation.
I think it more than chance that scrubs for the most part
occupy well drained positions on ancient marine shoreline features as dunes, bars, and beaches and even old fresh water shore-

lines and stream deposits (Laessle, 1958a).
Even recent dunes
are colonized by scrub species. It is relatively rare that scrubs
cannot be tied to any of ancient marine or freshwater features.
Yet some sandhill communities do occupy definitely dune topography, for example, the previously reported area east of Frostproof. This makes the problem difficult to deal with in a simple
and satisfactory way. Evidence of greater tolerance of scrub species to salt spray is abundant.
It is especially striking on the
dunes just before entering St. Andrews State Park, Bay County,
Florida (Fig. 3). No examples of the sandhill communities in
such a severe environmental situation have been observed. The
sites originally occupied by scrub vegetation fit most situations
and the persistence of sandhill vegetation becomes more plausible
in the light of the scrub’s resistance to frequent fire as pointed
out by Webber.
The present existence of scrub along the shoreline about Red
Hill (see the Childs topographic Quadrangle, U. S. Geological
Survey, 1953), mentioned by Laessle (1958a) as being mid-Pleistocene according to MacNeil (1950), is at least 1,000,000 years old
and may be as much as 10,000,000, and thus Pliocene or even
late Miocene (H. K. Brooks, 1966), a most striking example of
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Fig. 3. A highly modified scrub on the second dune ridge 1/4 mile W.
of St. Andrews State Park.
This scrub not more than 150 yards from the
Gulf of Mexico shows the effect of wind and salt spray.
The sand pine
though at least 60 years old scarcely reached 3 feet in height but had

branches extending at least 25 feet to the leeward.

the scrub’s persistence. Brooks further states that the maximum
Pleistocene sea level did not exceed 90 feet above present and
believes that the climate at many times in the Pliocene was as dry
as that of Corpus Christi, Texas. Perhaps both the sandhill and
scrub vegetation have existed and maintained their same positions
without any great floristic change through all this time or even
longer.
Possible successional relationships between the two communities
have been most varied and speculative. The following from Garren summarizes some of the ideas concerning scrub forests at that
time. According to Pessin scrub on dunes with no fire would be
succeeded by long leaf pine, oak, hickory and on dunes with infrequent fire would be followed by long leaf pine. Harper (1940)
thought that there would be no change with fire once in a lifetime. Webber thought that fire would destroy the scrub if frequent and it would be followed by turkey oak and bluejack oak.
Albert thought that scrub fires in young, non-cone bearing pine
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would be followed by scrub and myrtle oak, and that crown fires
in older sand pine stands would result in no change.
To these ideas must be added those of Kurz who stated that
high pine land vegetation was succeeded by scrub. Laessle (1942)
considered that these communities had no seral relationship. Miller (1950) thought that sand pine scrub was succeeded by high
pine-turkey oak.
Laessle (1958a) stated: “Scrub and_ sandhill
vegetation represent the two most prevalent well-drained sub- or
fire-climax communities in peninsular Florida.
Each in the absence of fire would eventually, and often very rapidly, be succeeded
by predominately evergreen hardwood tree communities, known
in much

of the

Southeast,

as

hammocks.”

Webber

considered

that even with the destruction of the high pine forest (sand hill
community ) scrub would very rarely replace it.

After extensive observation throughout most of Florida and
southeastern Alabama, my thinking on the matter unfortunately
cannot be summed up succinctly. Since the time when most of
the above opinions were expressed many areas of sandhills which
have close proximity to scrubs have been protected from fire for
twenty or more years and the very rapid spread of sand pine
from nearby scrub is very striking. One such area extends for
many miles along U. S. 98 in the area included in the Eglin
Air Force area, between Pensacola and Fort Walton.

Here, with

no sign of fire for a very long period, sand pines of all ages
were present from 1.5 ft. d.b.h. to small seedlings but very little
other typical scrub vegetation was present. Myrtle oak was sparse
with scattered Ceratiola present. The other tree vegetation was
predominantly sandhill species such as turkey oak and long leat
pine. Both wire grasses Aristida stricta and Sporobolus junceus
were thin and scattered.
Most of the other herbs were typical
sandhill forms, the exception being Rhynchospora dodecandra
which was frequent. The rapid spread of sand pines to the sandhill islands in the Ocala National Forest is nearly everywhere evident since fires have been prevented. Its spread in the sandhills
at the University of Florida Conservation

Reserve,

Welaka,

Put-

nam County, Florida, is continuing rapidly from a nearby scrub,
since observed by Laessle (1958b).
The same trend was also
marked in the Camp Blanding area, particularly in the Clay
County portion where at least two scrubs are known to occur.
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The invasion of sandhills by the typically scrub oaks, Q. myrtifolia
and Q. chapmanii is apparently much slower but their occurrence
there with decreasing frequency as one moves further from adjacent scrubs is evident from the transects (Fig. 1). It would thus
appear that the scrub species will differentially invade the sandhills but that a much longer fire free period must occur for complete replacement to be accomplished.
It is also of interest to
note that in spite of the supposed racial difference in the panhandle form and the peninsular form described by Little and
Dorman (1952) in which the former was described as having less
serotinous cones, seed release by both subspecies without fire is
sufficient to cause their rapid invasion of adjacent sandhill communities when fire is eliminated.
Of interest in this regard is Webber's interpretation that the
present limits of the large scrub areas became established centuries
ago and that a state of near equilibrium has existed for many
years. If Webber considers fires to be a natural condition in the
sense that lightning frequently causes them in this region, then I
agree with him but would extend the time of relative stability of
the two communities to millions of years rather than hundreds.
The Florida scrub is the ecological equivalent of the California
chaparral and according to Axelrod (1958) extensive paleobotanical studies over the past 40 years have shown that chaparral has
been a major plant formation in California since mid-Pliocene.
The fate of scrub kept fire-free for extended periods of time
is not as clear as I once thought (Laessle, 1942, 1958a). One
scrub on Bear Point, an arm like projection into Lake Placid’s
eastern shore, just north of Childs, Highlands Country, Florida, has
been protected from fire for an extended period and is composed
of typical scrub flora except for a complete lack of sand pine.
This scrub has the aspect of a hammock but lacks any characteristic arboreal hammock species. Part of this peculiarity may be the
lack of a seed source in this region of such typically hammock
species such as Magnolia grandiflora, Quercus laurifolia, Carya
glabra, Ilex opaca, Persea borbonia, Cornus florida, etc., which are
rare and far from this site. Such typical scrub species as Carya
floridana with a d.b-h 13.1 inch and Quercus myrtifolta with a
d.b.h. of 11.0 inch were observed as also were such characteristic
hammock species as Mitchella repens and Callicarpa americana.
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Though no signs of fire were detected on the tree trunks here,
charcoal was detected in a soil sample at a depth of 7-8 inches.
The nearest sand pines were at least a mile from this scrub.
It seems very likely that sand pine formerly occurred here but
the lack of fire for an extended period has not permitted its regeneration.
Sand pines over 75 years old are very rare and on
this basis a fire free period of at least this duration is suggested.
Another very old scrub with a few large and widely scattered
72 year old sand pines was studied on U.S. 1, about 1 mile south
of the Rosedale Road, Indian River County, Florida. Though no
sign of fire was observed on the oldest trees, charcoal was also
abundant in the soil here. There were a few 8-10 foot sand pines
and a few small seedlings but the ground vegetation was very
sparse consisting mostly of lichens with extensive areas of bare
white sand.

Lichens,

Cladonia

evansii, C. leporina, C. subtenuis,

and C. prostrata comprised 11.9 per cent of the ground cover.
The per cent of shrub cover, mostly Ceratiola ericoides, Quercus
myrtifolia, and Serenoa repens was only 15.6 per cent.
The
tree canopy composed almost exclusively of sand pine was only
23.19 per cent. It is difficult to imagine how this sparse vegetation could possibly support a fire either of ground or crown type
which could initiate a rejuvenation of the scrub vegetation. No
signs of any invasion of hammock species were observed. It thus
appears that it is possible for scrubs to run out, or at least, reach
a very depauperate condition in which state they may remain indefinitely.

A similar and almost as sparsely vegetated scrub was studied
at Destin, Okaloosa County, Florida.

Here no fire was evident on

the bark of sand pines, some of which were over 105 years old.
Ground vegetation composed only 9.9 per cent cover which was
mostly Cladonia evansii, C. subtenuis, C. leporina, and Dicranum

condensatum. Shrubs formed 33.8 per cent cover largely of Quercus myrtifolia and Chrysobalanus oblongifolius. The tree canopy
was 40.1 per cent, 33.36 of it being scattered sand pine which in
spots contained some juvenile trees. No signs of invading hammock species nor species typical of any other community were detected. Here charcoal was also found in the soil. Parts of this
scrub contained enough sand pine reproduction and ground vege-

LAESSLE:

Scrub

and

Shore

Lines

283

tation to make rejuvenation possible either by means
or crown fire, but this scrub’s fate seems dubious.

of ground

It is worth noting that the three scrubs described above are
small and isolated from abutting sandhill vegetation or any other
flammable communities.
On the other hand scrubs showing evidence of succession
toward hammock are not infrequently encountered.
One _ such
example was studied on the offshore bar and dune system just
West of U.S. A1A, about a mile north of Ormond

Beach, Volusia

County, Florida.
Here fire protection has been in effect for a
considerable period due to its close proximity to many dwellings.
Many laurel oaks, red bays, and a few Magnolia grandiflora were
thoroughly mixed with scrub species.
Although the sand pines
were quite mature, many

in the 8-10 inch d.b.h. class, the larger

laurel oaks were only about 2 inch d.b.h.
Soil analysis in the
exchangeable cations, K, Ca, Mg, and P while higher than in
most scrubs studied were not appreciably different from others
which showed no signs of invasion by hammock species. Young
scrub soils, as the one here, may not have been subject to the
leaching of elements for a long period as were many of the very
old inland ones and this factor may well be of significance.
I have observed no evidence of succession toward sandhill
vegetation from scrub. There are, however, some typically sandhill plants as Quercus laevis found in extensive otherwise typically
scrub areas, notably in many portions of the Ocala National Forest.
Here they are always scattered and not generally accompanied
by any appreciable number of young trees. Here, also, are occasional sandhill herbs such as Stillingia spathulata and stinging
neetle, Cnidoscolus stimulosus but never in large numbers and
only when a more clayey subsoil is found within a foot or two
from the surface or when there is evidence of mixture of dune
sand with soils from nearby areas supporting sandhill vegetation,
(Laessle, 1958a). I have never observed the invasion of Pinus
palustris in the scrub. This supports the observations of Webber
that large long leaf pine trees extend entirely to the margin [of
the scrub]. The complete absence of the remains of the extremely
decay-resistant heart of longleaf stumps even in the periphery of
the scrub was given by Laessle (1958a) as supporting evidence of
the past spatial stability of the two communities.
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However, the finding of sandhill vegetation on definitely dune
topography as a shoreline feature of the Sangamon interglacial stage
as reported by the author (1958a, p. 375), does hint at the idea that
scrub vegetation may have formerly existed there and that an
unusually high frequence of fire may have eliminated it.
CONCLUSION

Webber's paper was based on his observations on inland scrubs,
many of which lack the higher phosphorus content observed in
abutting sandhills. He believes the lack of frequent fires in the
scrub, and their almost yearly occurrence in the sandhills, to be
the most important single factor responsible for the maintainence
of the very sharp boundary between the communities and to
account for their spatial stability for the very extended periods.
Where scrub is not isolated from higher sandhill vegetation the
former occupies the more coastal position probably because of the
greater salt spray tolerance of scrub vegetation, the factor that
ground fires burn down hill with difficulty, and the fact that onshore winds would tend to keep fires less frequent in the areas
occupied by scrub.
In the light of well established Cenozoic
shorelines away from present coastlines, similar origins for most
of the more ancient scrubs is postulated.
There remains the problem of explaining the scrubs which cannot be tied to the definitely ancient shore lines. Part of this
difficulty may be due to the great changes in topography that
have been wrought by the karst nature of Florida which has extensively changed the original topography through solution of the
soft Ocala limestone.
Furthermore, many of such problematic
scrubs are partially or completely bordered by vegetation much
less subject to frequent fires than in the sandhills. Provided the
soil is poor and excessively drained, even subtle differences in
fire frequency may be enough to permit the development of such
partially fire-protected scrubs.
While scrubs are remarkably similar with regard to their major
vegetative components their apparent isolation from each other is
not as great as one might at first believe. Such important scrub
elements as myrtle oak (Quercus myrtifolia), Chapman’s oak (Q.
chapmanii), live oak (Q. virginiana, with its many variations),
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and tree lyonia (Lyonia ferruginea) frequently occur in the drier
portions of intervening “scrubby flatwoods” of Laessle (1942).
These species also are often widely scattered in the sandhills and
drier hammocks.
The major gap in the range of typical scrubs
containing sand pine is between the inland peninsular scrubs in
Clay County and the panhandle scrubs the nearest of which are
in Franklin County, a distance of approximately 150 miles. The
nearest coastal peninsular scrub at Cedar Key, is over a hundred
air line miles from the Franklin County scrub. If the range of
sand pine were once more continuous, it is most likely that very
considerable erosion of the limestone plain in the region of the
Suwannee River Valley is the most plausable cause for the large
gap in the present range of the sand pine (H. K. Brooks, personal
communication). If the separation of sand pine into two races, a
panhandle form and a peninsular form is valid, as proposed by
Little and Dorman, this gap in the present range must have
existed for a considerable period.
The present sandhill vegetation presents no such spatial problem, as this community is nearly continuous from at least south
central North Carolina, and Hale County in central Alabama, to
its southern limit in Desoto and Highlands counties, Florida.
In conclusion, there is little doubt that these most distinct
communities have existed essentially unchanged, for the most part
from at least the Miocene, and that the differential frequency of
fire in them has played the major role in maintaining their most
contrasting floristic and structural characteristics.
Soil difference
between scrub and sandhill areas, at least as far as the macroelements and physical characteristics present are concerned, are
not consistently great enough to account either for the generally
sharp boundary between them, nor for their more general spatial
pattern.
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1967 (1968)

Sea Turtle Nest Survey of Hutchinson Island, Florida
Rosert A. Roura
EACH summer a considerable number of sea_ turtles come
ashore on the beach of Hutchinson Island, near Stuart, Florida,
to lay their eggs (Fig. 1). The bulk of the nesting population
consists of loggerhead turtles, Caretta caretta caretta (Linne); how-

Fig. 1.

A loggerhead turtle nest.

ever, a few green turtles, Chelonia

mydas

mydas

(Linne), have

also been reported as nesting here.
Raccoons frequently dig up the nests and local residents have
estimated that between 50 and 75 per cent are destroyed. This
study was undertaken to obtain an estimate of the total number
of nests and eggs and also the extent of nest damage by predation.
METHODS

AND

MATERIALS

Three one-mile stretches of beach were designated as study
areas (Fig. 2) and were checked during the day on Monday,
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Hutchinson Island, Florida, showing study areas.

Wednesday, and Friday of each week in May, June, July, and
August of 1967. A beach buggy was used for transportation and
was driven up each nest trail to count and mark the nest. The
new nests in each area were counted as well as those disturbed by
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raccoons. The moon phase and the position of the nest relative to
the dune front were recorded. The dune front was defined as the
seaward face of the dunes where erosion takes place during
periods of extreme high tide.
RESULTS

AND

CONCLUSIONS

The turtles began nesting during the first week in May and
continued through the last week in August. The peak of activity
was reached during the last week in June, shortly after the sum-

mer solstice.

Figure 3 illustrates that nesting activity appeared to
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Sea turtle nesting and nest predation.

be directly related to increasing and decreasing day length. The
greatest nesting activity occurred in the last two weeks of June
and the first two weeks of July. Nesting activity during the
month of June was slightly higher than in July (Fig. 4).
The total number of nests which occurred in area A was found
to be 209. The height of the dune front of area A ranged from
0 to 5 ft. Tall Australian pines, growing continuously along the
beach behind the dune front, presented a high, dark skyline.
Area B had a total of 308 nests. The dune front here averaged
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0 to 3 ft. with a predominant vegetation of sea grapes which
presented a lower and brighter skyline than area A. A total of
188 nests were observed in area C (Fig. 5). The height of the
300
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Fig. 5.

AREA B
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Nesting by area.

dune front of this area ranged from 5 to 10 ft. The predominant
sea grapes were considerably taller than those in area B and
presented a high, dark skyline. The only discernible difference in
the areas was the varying skyline and this may indicate that the
turtles are attracted to a relatively bright beach on which to nest.
No apparent correlation between nesting activity and moon
phase could be established.
A definite nest site preference relative to the dune front was
noticed since 689 nests occurred below and 16 nests occurred above
the dune front. It must be noted that in area A the dune front
was apparently too high to permit any turtles to climb over it.
The other areas have a lower dune front and the turtles were able
to crawl over without apparent difficulty.
An effort was made to determine the total numbers of nests
and eggs for the entire 22.4 mile beach on Hutchinson Island.
Table 1 gives the results obtained by using the formula, estimated
no.: no. counted: miles surveyed: miles of beach. Carr (1952)
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lists an average of 120 to 130 eggs per nest for Atlantic loggerhead
turtles. Since that species is the predominant one on the island,
the egg number estimates were based on an average of 125 per
nest.

Predation by raccoons was easily recognized from the egg shells
scattered around the nest area (Fig. 6). During the month of

Fig. 6.

A turtle nest destroyed by raccoons.

May, this predation was almost nonexistent since only one nest
was destroyed in the study areas. In June, eight nests were destroyed and July had the greatest incidence of predation with 40
nests being damaged.
August showed a decline with only six
nests destroyed (Fig. 7). Area A had the greatest incidence of
predation for the entire nesting season with 40 disturbed nests.
Area B followed with 13 nests damaged and area C showed only
two destroyed nests (Fig. 8).
As area A is the least used by fishermen and bathers, this
might account for the heavy predation by raccoons.
Area B is
used more heavily and area C is used to the highest degree and
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contains a public beach. The little-used areas probably have a
higher raccoon population. The fact that predation did not occur
to any great extent until July may reflect the possibility that the
raccoons

require some

time to become

oriented to the presence of

the eggs on the beach.
It is possible that animals other than
raccoons are responsible for some of the predation but only the
tracks of raccoons were seen around the nests examined.
Some
poaching was noticed outside of the study areas but this was kept
to a minimum by conservation officers. Total predation was low
since only 7.8 per cent of the counted nests were destroyed. It
was also noted that the raccoons did not necessarily dig up only
freshly made nests. Some of the nests were several days old when
they were destroyed.
Several unusual nests were noticed during the course of this
project. The largest nest of the loggerhead type was observed on
May 12, with the tracks measuring 5 ft. 9 in. across. The smallest
was found on July 12, with the tracks measuring 24 in. across. In
area B, on May 22, an unusual nest was noted in that the flipper
marks were much closer together on the tracks than is the case
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with a loggerhead track. The nest area also contained a pit which
is not characteristic of loggerhead nests. Another nest of this same
type was found in area C on August 12, and both closely resembled
Carrs (1952) description of a green turtle nest. A green turtle
nest had been reported from this area (Carr and Ingle, 1959)
and to determine if these nests might also be those of green
turtles, the 74 eggs from the August 12 nest were dug up and
reburied in an enclosure. The first of the eggs hatched after 71
days and verified the tentative identification.
If the earlier nest
was also that of a green turtle, it can be estimated that approximately 15 green turtles nested along the entire length of Hutchinson Island. The validity of this estimate is enhanced by the observation of several of these green turtle nests outside the study
areas.
TABLE 1
Estimates for sea turtle nests and eggs
May

Total nests counted#
Destroyed nests counted
Estimated nests»

Estimated eggs

Estimated nests destroyed
Estimated eggs destroyed

94
I)
702

June

July

285
8
2,128

262
AO
1,957

August

64
6
478

Total

705
55
D260

87,750

266,000

244,625

59,750

658,125

8
1,000

60
7,500

299
31,370

45
5,625

412
51,500

a Total counted in 3 miles of beach.
» Estimated for 22.4 miles of beach.

SUMMARY

An estimated 5,265 nests containing about 658,125 eggs occurred on Hutchinson Island from May through August, 1967.
Through similar projection of the sample data, a total of 51,500
eggs were believed to have been destroyed by raccoons (7.8 per
cent). Peak nesting activity occurred during the last week of
June. The nesting turtles appeared to prefer a relatively bright
beach.
No significant relationship between nesting activity and
moon phases was found. Most of the nests occurred below the
dune face and only a few turtles climbed over the dunes. Significantly, two green turtle nests were found in the study areas and
an estimated 15 green turtles probably nested on Hutchinson Island.
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Yolk Pigmenting Value of Dried Kenaf Tops
Jack L. Fry, GEorcE M. Herrick, AND R. H. Harms

KenaFr (Hibiscus cannibus L.) is a tall, woody, annual plant
which produces a long, unbranched stem when grown in dense
stands. It is native to Africa where it is used for both food and
fiber. It is widely cultivated for fiber production in the tropics
and subtropics, including many Latin American countries.
There has recently been much interest in the use of kenaf in
animal feeds and as a pulp source for paper manufacture.
New
varieties of kenaf have been developed by Wilson et al. (1965).
When Everglades-41 variety was at about the 6 foot growth stage,
it was found by Wing (1967) to make a silage comparable to
that of most high quality roughages.
In paper manufacturing it is probable that the leaves will be
recovered, dried, and made available to the feed industry as kenat
leaf meal.
It has been suggested that this meal might replace
alfalfa as a xanthophyll source in the diets of laying hens and
broilers. The study herein reported is an investigation of the potential of kenaf as a pigmenter of egg yolks.
MATERIALS

AND

METHODS

Dehydrated kenaf tops were used in two trials to replace
alfalfa in the diets of egg production type hens. The kenaf meal
was prepared from plants approximately 125 days old. The top
TABLE 1
Basal diet composition
Ingredient
Degerminated white corn meal
Soybean meal (50 percent protein)
Ground limestone
Defluorinated phosphate
Salt
Vitamin and trace mineral mix?
Sand

Percent
68.00
20.80
5.90
1.95
25
50
2.60

1 Supplied per kilogram of diet: 6,600 I.U. vitamin A, 2,200 I.C.U. vitamin
Ds, 500 mg. choline chloride, 40 mg. niacin, 4.4 mg. riboflavin, 13 mg. pantothenic acid, 22 mcg. vitamin Biz, 125 mg. ethoxyquin, 20 mg. iron, 2 mg. copper, 200 mcg. cobalt, 1.1 mg. iodine, 100 mcg. zinc, 71 mg. manganese, and
2.2 mg. menadione sodium bisulfite.

296

QUARTERLY

JOURNAL

OF THE

FLORIDA

ACADEMY

OF SCIENCES

36 inches of the plants (Everglades-41 variety) were dried and
then ground in a Wiley mill. The composition of the pigment-free
basal diet is shown in Table 1. In the first trial the kenaf and
alfalfa leaf meal (20 per cent protein) were incorporated into the
diet at 2% per cent and 5 per cent each. When the kenaf and
alfalfa were added to the diet, adjustments were made in the
level of corn, soybean meal and sand in order to keep the diets
iso-caloric and iso-nitrogeneous. The nutrient analysis of ingredients according to Maddy et al. (1963) was used as a basis for
these formulations.
A synthetic pigmenter, beta-apo-8’-carotenal,
was used as a “control” at levels of 30, 60, 90, and 120 grams per
ton of basal.
Eighty individually caged hens which had been in production
approximately 10 months were depleted of pigment by feeding
the basal diet (Table 1) for 35 days. At this time yolk color was
evaluated visually using a color rotor (Heiman and Carver, 1935)
and found to have an average score of 5.5. The hens were then
randomized into groups of ten and one group placed on each of
the treatments.
Visual color rotor scores were obtained on all
eggs collected during a 14-day repletion feeding period.
In the second trial the alfalfa and kenaf were included in the
test diets on the basis of analyzed xanthophyll content.
Kenat
meal (71 mg xanthophyll per pound) was used at 5 per cent of
the diet whereas alfalfa leaf meal (105 mg xanthophyll per pound)
was

used at 3.38 per cent of the diet.

Levels of 30, 60, and 90

grams of beta-apo-8’-carotenal were fed; twenty pigment-depleted
hens were on each of the five test diets. Yolk color scores were
obtained as previously described.
RESULTS

AND

DISCUSSION

Maximum yolk pigmentation occurred between the 10th and
14th day after repletion feeding began. The maximum average
scores for each test diet in both trials are presented graphically
in Figures 1 and 2.
Color rotor scores of eggs from hens fed the diet containing
2% per cent alfalfa equalled that of the group fed 5 per cent
kenaf in the first trial (Fig. 1). Color scores of eggs from hens
fed 5 per cent alfalfa were two units higher than these groups.
When comparing the values obtained when increasing levels of
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Trial #|

oe

e

5 % Alfalfa

5%
‘Ss

Kenaf
* and

24 % Alfalfa

2+ %Kenaf

>

wo

Maximum
Scores
Color
Yolk

CuemiOmmrzone
Taye 1.
trial

30)

40
«50
60'°
70°
80’ 90°
100
gM/ton Beta apo-8-carotenal

Yolk pigmentation

by beta-apo-8’-carotenal,

I10

120

alfalfa, and kenat

1).

beta-apo-8’-carotenal were fed it appears that utilization of pigment in the feed does not result in a linear relationship with the
amount of pigment present in the feed.
A comparison of the values obtained for the two different
levels of kenaf and alfalfa with their equivalents in pigmenting
value by beta-apo-8’-carotenal suggests a similar non-linear relationship of pigmentation and ingredient level. Higher levels of
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#2

€ 3.38 % Alfalfa
5%

Kenaf

>

ro)
=

o

@

Scores
Maximum
Color
Yolk
~s

ae
wee
ae

0

10

Toe
trial

2.

20

30

.e)

gM/ton

Yolk pigmentation

50

60

70

80

90

100—s

Beta -apo-8- carotenal

by beta-apo-8’-carotenal,

110

120

alfalfa, and kenaf

2).

these ingredients would no doubt be less effective per xanthophyll
unit.

Although kenaf was only one-half as effective as alfalfa when
used on an equivalent weight basis, xanthophyll determinations
indicated that 3.38 per cent alfalfa should be equivalent to 5 per
cent kenaf in the diet. When these levels were used in trial 2
(Fig. 2) yolk color scores of 11.8 and 11.3 were obtained for
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alfalfa and kenaf, respectively, indicating a less efficient utilization of the xanthophyll in kenaf.
It is apparent that the laying hen can utilize the xanthophyll
in kenaf; however, the xanthophyll level in kenaf is not as high
as in alfalfa leaf meal and it appears that the biological activity is
not as high. It should be pointed out that the kenaf used in these
studies was from the top 36 inches of plants of 125 days maturity.
It has been suggested that a better source for this purpose might
be (1) the top 24 inches of the plant, (2) stripped leaves of
plants of this maturity, or (3) the entire plant at about the 6 foot
stage of maturity. It has been estimated (Killinger, personal communication) that approximately two tons of oven dry kenaf meal
could be produced per acre from kenaf at the 6 to 7 foot growth
stage.

All of these three sources would be expected to have higher
xanthophyll and protein content and less fiber than the sample
used in this study. Also, the sample was stored (55-60F.) for
approximately 3 months prior to use; since no anti-oxidant was
added there may have been a significant loss of xanthophyll.
SUMMARY

Two experiments were conducted with egg production type
hens to evaluate dehydrated kenaf tops as a source of xanthophyll
in poultry feeds.
Kenaf at 5 per cent of the diet produced
acceptable yolk pigmentation but was not as effective as alfalfa
on either a weight basis or a xanthophyll content basis.
Further study of other kenaf sources is warranted since there
is the possibility of kenaf being readily available as a feed ingredient for yolk pigmentation.
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Persistent Viremia in EIA Infected Horses

J. H. Fiynn, G. H. WappeELL, anv V. R. SAuURINO

In a few virus diseases one of the characteristics associated with
the host-virus relationship is a viremia. This viremia is, however,
short in duration in most cases as exemplified by measles virus and
others. The virus disease of the horse, equine infectious anemia
(EIA), has been considered by the field of veterinary medicine as
unique due to a persistent viremia. Numerous clinical studies have
shown the presence of virus within the peripheral blood stream for
extended periods of time (Dreguss and Lombard, 1954; Mott et al.,

1947). Clinically the disease may establish itself as an acute infection which terminates fatally or manifests itself as a subacute or
chronic infection. This subacute or chronic infection is the form
in which prolonged viremia occurs, and is termed clinically as a
“carrier state.
In a so-called “carrier” horse, the disease equine infectious
anemia generally manifests itself clinically with repeated febrile
episodes about every 15-30 days. The only method of confirming a
clinical diagnosis of EIA in the chronically infected animal was,
until 1966, by injecting blood from the clinically suspected animal
into a normal, uninfected, recipient horse. Establishment of disease
in the recipient animal was evidence of infection in the suspect
horse.
In 1966, Saurino et al. described a serologic test for the determination of the existence of virus in the peripheral blood of the
“carrier horse as well as the acutely infected animal. This serologic
test was the immune adherence (JI.A.) test previously described by
Nelson for the detection of Treponema pallidum (1953). The IA
test has proven to be the first reliable and sensitive diagnostic test
for the disease. The test is, however, measuring only the soluble
antigens of viral products after the virus particles have been removed from the serum by absorption with red blood cells.
This study was undertaken to provide a serologic test for the
measurement or viral antigens, both soluble and insoluble in origin,
found in the serum of horses infected with EIA. The test used was
the indirect passive hemagglutination test (IPHA). This serologic
test employed purified gamma globulin coated onto sheep red blood
cells by the method of Stavitsky (1954). In support of the IPHA
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the IA was used to measure only the soluble viral products found
in the sera of infected horses. The IPHA is a sensitive and reliable
test which has been used in various immunologic problems concerning virus infection (Lefkowitz, 1966; Smith, personal communication).
All horses used in this study were thoroughbreds. The animals
infected with EIA consisted of three clinically different types. The
virulent, acute type of infection (V) was consistently caused by the
classical Wyoming strain of EIA virus. The virulent carrier (VC)
was a field case which was undetectable clinically except for intermittent

fever.

This

strain

of virus, when

animal

tested, rapidly

killed two test horses. A mild carrier (MC) was also a field case
and was clinically undetectable except for intermittent febrile episodes. When the MC horse was animal tested one horse failed to
show signs of infection and the second test animal became a
“carrier.” The animals employed for testing the MC strain of virus
were

MCT,

and MCT,.

Sera from twenty-four

normal

thorough-

bred horses were employed as clinically normal animals and therefore served as controls.
ANTIGENS

The antigens used in all serologic tests, hemagglutination, imumne adherence and indirect passive hemagglutination, were horse
sera. The sera was removed from clotted bloods by centrifugation
within 24 hours after obtaining the sample. All blood cells were
removed from the sera to avoid hemolysis. The sera were stored at
-20°C, and were

heat inactivated

at 56°C.

for 30 minutes.

This

was done to inactivate complement which may have reacted producing positive readings.
The antigen used in the IA test was absorbed twice with 0.2 ml
packed human group O red blood cells (RBC’s) per ml of sera.
Each absorption was for 30 minutes at room temperature. The sera
used in the HA and IPHA were heat inactivated but not absorbed.
The sources of antigen were sera from the three clinically distinct types of EIA; virulent (V) type, virulent carrier (VC) type
and mild carrier (MC) type. Sera were also obtained from the
mild carrier’s test horses (MCT, and MCT.), and a normal group
of horses.
The virulent type of sera was obtained from a horse which had
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been inoculated with the Wyoming strain of virus. This horse was
a thoroughbred gelding, 3 years of age. The horse showed all the
characteristic clinical signs of the disease after injection and at
necropsy the spleen was enlarged approximately eight times normal
size. Based on the clinical signs and symptoms the horse was considered to be acutely infected with a virulent strain of the virus.
The virulent carrier (VC) type of sera was obtained from a
thoroughbred gelding, approximately 8 years of age. The disease
was diagnosed on the basis of clinical signs, recurrent fever, and
inoculation of test horses. The VC horse, although clinically appearing normal except for recurrent fever cycles, produced acute
terminal cases of the disease in two test horses following injection
of this sera. Based on the clinical response of the test horses, this
horse was considered a carrier of the virulent strain of the virus.
The mild carrier (MC) type of sera was obtained from a thoroughbred stallion, 3 years of age. This type of the disease clinically showed only intermittent fever with no other significant signs.
Sera from this horse was injected into two thoroughbred test
horses,

MCT,

and

MCT.).

One

of the

test

animals

(MCT,)

showed acute signs of the disease within two weeks after injection.
Test animal (MCT:) showed no clinical signs throughout the test
period. This animal (MCT:) was subsequently challenged with
the VC strain of virus and developed an acute infection followed
by development of the carrier state. Test animal (MCT,) also
developed a mild type of carrier state with only the recurrent fever
as a clinical sign.
The clinically normal horses used in all these tests were thoroughbreds of various ages. All the normal horses were in training
for racing and none exhibited clinical signs under this stress.
ANTIBODY

The antibody used in both the IA and IPHA was obtained from
the sera of infected horses (VC, MC, and MCT,)

and from normal

horses (N). The 19S antibody component was obtained from these
horse sera by fractionation. The sera was fractionated by ion exchange columns (DEAE), (Allen, et al., 1955). Each serum was
dialized against 0.015 M tris buffer (2-amino-2-hydroxymethyl-l,
3-propanediol) at 4°C overnight. The columns (20 cm long, 0.8
em inside diameter) used for fractionation were packed with
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DEAE-cellulose (N,N-diethylaminoethyl ether cellulose). The dialized sera was added to the top of the column. A two step salt
gradient (NaCl) was used to fractionate the sera. The first gradient
was obtained by mixing 0.12 M NaCl in 0.015 M tris buffer with
a 0.00 M salt solution in buffer and then passing through the seeded column. The second step consisted of 0.4 M NaCl in 0.015 M tris
buffer mixing with 0.04 M NaCl in 0.015 M tris buffer solution and
then passing through the same column. The solutions passing
through the column under constant air pressure eluted off the various proteins by ion exchange. After passing through the column
the solutions were passed into a continuous flow cell in a Gilford
recording spectrophotometer (model 2000) at a wave length of
280 mp. At this wave length the solutions were measured for proteins and the quantity of absorbance was read continuously and
was recorded in a characteristic pattern. The antibody portion of
the serum being fractionated was collected and stored at -20°C in
5 ml fractions. Storage in 5 ml aliquots was done to reduce degeneration of the large gamma-globulins (19S) to smaller gammaglobulins (7S). The antibody used in the IA and IPHA was both
unconcentrated, and concentrated 5:1 with polyethylene glycol.
The antibody fractions were characterized by sucrose density
gradient ultracentrifugation. The 19S and 7S antibody fractions of
sera were identified by comparison with a standard protein with a
known S value (S refers to Svedberg units). The density gradients
were prepared by layering 6.5 ml each of four sucrose solutions
(30, 25, 20, and 15 per cent) into a 35 ml centrifuge tube, (Beckman, polyethylene). The solution with the highest density was
added first followed by the progressively less dense solutions. The
gradients were allowed to equilibrate over-night at 4°C to establish
a linear gradient. After equilibration, 2 ml of the concentrated protein fractions obtained by serum fractionation were layered on separate linear gradients. The marker protein bovine serum albumin
(BSA), 90 pg/ml and 2ml of 15 per cent sucrose was mixed with
the antibody proteins. The gradients were centrifuged at 25,000
rpm for 18 hours in an SW-25 swinging bucket rotor (Beckman
model L preparative ultracentrifuge).
,
The density gradients were removed from the centrifuge after
18 hours, pierced through the bottom of the tube and read by continuous flow by the Gilford recording spectrophotometer (Gilford
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Instrument Laboratories, Inc., Oberlin, Ohio) at a wave length of

280 mp» for proteins. The S values were determined by a comparison with the standard BSA (Wood, 1964).
The amount of protein in the gamma-globulin fractions used
in the IA and IPHA was determined by a phenol test. The procedure was that of Bradshaw (1966). Four dilutions of each of
the fractions used (1:40, 1:160, 1:640, and 1:2560) was tested.
Quantitation was done with a spectronic 20 (Beckman) colorimeter at a wavelength of 740 mp. The amount of protein was determined by a standard BSA curve.
SEROLOGY

Hemagglutination: Each of the animal sera was tested by
hemagglutination following heat inactivation. The sera were diluted initially 1:10 and then 2 fold dilutions to 1:20,480 in normal
saline. The sera were diluted in a total volume of 0.2 ml and in
separate experiments 0.05 ml of 1.5 per cent human group 0 RBC'’s
and sheep RBC’s were added. The test was read after settling at
room temperature for 1-1% hours.

The test was read as +, +, or

— agglutination. The controls were 0.2 ml saline and 0.05 ml of
RBC’.
Immune Adherence: The immune adherence test used was that
described by Nelson (1953). The test was used due to its high
sensitivity for antibody 0.001 to 0.003 pg antibody nitrogen/ml
(Nelson, 1953). The test used heat inactivated and twice absorbed
sera as the antigen. The sera were diluted in Verona buffer saline
(VSB). The initial dilution was 1:10 followed by four-fold dilutions
to a dilution of 1:163,840 in a volume of 0.1 ml. The optimal antibody dilution for use was determined by a block titration. A total
volume of 0.1 ml of antibody was added to each of the tubes containing 0.1 ml of the serum dilution and the mixture was incubated
for 20 minutes at 37°C. After incubation 0.2 ml of guinea pig
complement (1:100) was added and the mixture was further incubated for 10 minutes at 37°C. After the second incubation 0.05 ml
of human group 0 RBC’s was added, the tubes were shaken and
incubated at 37°C for another 10 minutes with shaking. The reaction mixture was then removed from incubation and allowed to
settle at room temperature for 24% hours. The patterns on the bottom of the tubes were read on the basis of 4+ agglutination to 0
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for no agglutination. Controls for the IA test included antigen controls with and without complement, antibody controls with and
without complement, complement control and cell control.
Indirect Passive
Hemagglutination: The indirect passive hemaggluttination test was adapted from the procedures of Boyden
(1951), Smith (personal communication), Cook (1964), Fauconnier (1965), and Lefkowitz (1966). This test was also chosen because of its high sensitivity to antibody nitrogen (0.003-0.005 pg
antibody nitrogen/ml). Preserved sheep red blood cells (Hyland

Laboratories )were washed four times in 0.15 M phosphate buffered
saline (PBS), pH 7.2 and resuspended to a concentration of 1.5
per cent. The cells were mixed with an equal volume of tannic
acid solution in PBS, pH 7.2 at a concentration of 1:20,000 and
allowed to stand at 4°C for 15 minutes. The sensitized cells were
centrifuged and washed once in PBS at pH 7.2. The cells were
then resuspended to the original volume (1.5 per cent in PBS, pH
6.4. It was of utmost importance that the cells were coated with
antibody (19S or 7S) immediately after sensitization with tannic
acid.
One volume of antibody (concentrated 5 times with polyethylene glycol and dialized against PBS, pH 6.4 overnight at 4°C) and
an equal volume of sensitized cells (1.5 per cent) were mixed in
one-half the volume PBS, pH 6.4 (earlier experiments employed
19S antibody directly from the column). The mixture was incubated at room temperature for 15 minutes. The coated cells were
washed once in a solution of normal heat inactivated rabbit serum
at a dilution of 1:50 in PBS, pH 7.2 (NRS, Hyland Laboratories).
The cells were then resuspended to original volume (1.5 per cent)
ma INUgus) 160), qolsl Wo
The test antigen for IPHA was horse sera which had been heat
inactivated but not absorbed. The antigen was diluted 1:10 initially and then in four-fold dilutions to 1:63,840 in PBS, pH 7.2 containing NRS at a 1:50 dilution. A final volume of 0.5 ml of each
serum dilution was mixed with 0.05 ml of coated sensitized cells.
The mixture was then incubated at 37°C for 30 minutes with shaking. After incubation the tubes were allowed to stand at room
temperature for 2 to 2% hours before reading. The agglutination
pattern on the bottom of the tubes was read and scored on the
basis of 4+ for total agglutination to 0 for lack of agglutination.
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PROTEIN PATTERN OBTAINED
WITH DEAE-CELLULOSE

i

\ = 280 mp
ISS

ABSORBENCY
0.00M

NaCl /0.12 M NaCl

0.04M

NaCl /0.40 M NoCl

Fig. 1. Elution pattern of serum proteins from a horse infected with equine
infectious anemia. The serum proteins were eluted from a column of DEAEcellulose with increasing concentrations of NaC]. Proteins were quantitated by
absorbance at a wave length of 280 My.

The controls in these experiments consisted of NRS coated tanned
cells and antigen, NRS coated cells and PBS, pH 7.2; antibody
coated cells and PBS, pH 7.2; tannic acid cells and PBS, pH 7.2,
and uncoated cells in PBS, pH 7.2.
EXPERIMENTAL

RESULTS

Serum Fractionation: Fig. 1 depicts a typical protein pattern
acquired by elution of sera from DEAE-cellulose with increasing
concentrations of NaCl. The first portion of the pattern includes
the 7S gamma-globulin proteins, which was eluted by the 0.00 M
NaCl to 0.06 M NaCl gradient. The second portion of the pattern
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BOVINE SERUM
ALBUMEN

GAMMA GLOBULIN
S= 7.08
ABSORBENCY

MENI

30%

SUCROSE

GRADIENT

IS%

Fig. 2. Characterization of 7S gamma-globulin by sucrose density gradient
centrifugation. Sucrose gradients (15/30 per cent w/v) were centrifuged at
25,000 rpm’s in an

SW-25

rotor

for 18 hours.

Proteins

were

quantitated

by

absorbance at 280 my.

was obtained by the 0.04 M NaCl to 0.2 M NaCl gradient. This portion includes the 19S gamma-globulin which was collected and
utilized herein for serologic tests.
Antibody Characterization: The protein removed from the horse
sera was characterized by both the phenol test and sucrose density
gradient centrifugation. The results of the nitrogen determinations
indicated that the quantity of protein per ml of column fraction
varied with the column. The range of protein gamma-globulin as
indicated by the phenol test was between 24.8 and 30 »g per ml.
The density gradients showed the protein peaks removed by
fractionation to contain 7S gamma-globulins (Fig. 2) and 19S
gamma-globulins (Fig. 3). The 7S fraction was obtained from the
first protein peaks eluted from the DEAE and the 19S fraction was
obtained from the last protein peak to be eluted. In Figs. 2-3, the
large peak is the 4.68S bovine serum albumin (BSA, 90 g/ml)
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which acted as the marker protein. The sedimentation constant of
the two unknown peaks in Figs. 2-3 were calculated by the proportion:
distance from meniscus (A) _

Sedimentation constant (A)

distance from meniscus (B)

Sedimentation constant (B)

Figure 2:

Sedimentation Constant

Dg
= 35 mm
Dy, = 93 mm
SF =4.68 S

35 mm _ 4.68S
53 mm
SE

Figure 3: Sedimentation Constant
D,
= 32 mm
Dy
129 mm
Sg = 4.68 S
Spy = 285

32 mm = 4.68S
129 mm
SE

Sia 18 .84

The 19S gamma-globulins were stored in small aliquots to reduce the break down of the 19S to 7S. Premininary tests demonstrated that 7S antibody did not react well in the IA test but did
react in the IPHA.

Hemagglutination: The hemagglutination test (HA) was run
on all serum samples, in separate experiments with both human
group 0 red blood cells and sheep blood cells. The HA indicated
the need for absorption of the serum before using the human cells
in the immune adherence

test; however, results of the HA

using

the sheep RBC’s indicated no significant agglutination (titer<
1:10). The lack of agglutination by sheep RBC’s allowed the use
of unabsorbed serum in the IPHA.
Immune Adherence and Indirect Passive Hemagglutination: In
previous work with the animal test it had been established that a
horse once infected with the virus of EIA would either succumb
to the infection or become a “carrier”. In earlier work Saurino et
al. showed that both the IA and IPHA tests were capable of detecting single positive sera from horses infected by virus causing
each of the three clinical types of infection.
Immune

adherence and indirect passive hemagglutination tests
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BOVINE SERUM
ALBUMIN
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Fig. 3. Characterization of 19S gamma-globulin by sucrose density gradient
centrifugation. Sucrose gradients (15/30 per cent w/v) were centrifuged at
25,000 rpm’s in a SW-25 rotor for 18 hours. Proteins were quantitated by
absorbance at 280 my.

were performed on sera from the mild carrier (MC) horse cellected
over an 18 day period in an attempt to show the fate of the virus
and virus products during one eighteen day fever cycle. Over the
18 day period the temperature was taken twice daily, the MC horse
showed no characteristic clinical signs of disease except the febrile
peaks every 12-13 days. In Fig. 4 the febrile response over an
eighteen day period is compared with levels of virus and virus
products as indicated by IPHA and IA. The figure depicts a comparatively low level of antigen present at the onset of the cycle.
A gradual rise leads to a leveling-off of the antigen levels. This
leveling is concomitant with a leveling-off in the temperature of
the animal. The temperature response occurs two days after the
highest virus titer. The onset of fever also coincides with a rapid
drop in the titers as indicated by both tests.
The comparison of virus titers with temperatures of MCT,
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Fig. 5. Comparison of serologic and clinical responses of a mild carrier test
horse (MCT,) of equine infectious anemia over an 18 day period. Results of
immune adherence and indirect passive hemagglutination tests in relation to
the febrile response.

showed for the first ten days a normal temperature and lack of antigen (Fig. 5). The figure compares the titer of antigen with temperature over a twenty-three day period from preinoculation
through one fever cycle. On the eleventh day following infection,
antigen was detectable by the IPHA and by the thirteenth day,
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both IA and IPHA indicated the presence of antigen. The antigen
level gradually rose until a febrile response occurred on the fifteenth and sixteenth days. An antigen peak was reached on the
nineteenth day.
The MCT, horse was compared to the temperatures taken over
the same twenty-three day period as MCT,. However, no temperature changes were noted and no virus titers were obtained with
either the IA or IPHA.
The twenty-four “normal” sera were run as controls and no significant titers were obtained.
DISCUSSION

The virus disease of equine infectious anemia (EIA), like other
virus diseases, establishes a parasitic relationship with the host
which may result in either death of the host or a prolonged carrier
state. Unlike most virus diseases, the virus of EIA is found in the
sera continually during the life of the infected animal. In development of the IPHA test for use to detect the EJA virus in the sera,

a new approach was followed. Purified antibody (19S) obtained
from infected horses was employed to detect the presence of virus
or soluble virus products in the sera of infected animals. The results of the correlation of clinical signs and daily temperatures,
with the levels of virus over an extended period of time, revealed
in the case of the MC horse a_ fluctuation of levels of virus and/or
virus products. The fluctuation can be interpreted as a possible
course of the viral infection; the virus being influenced by the hosts
defenses.
In the MC horse the IPHA and JA test showed a low level of
antigen during the febrile responses. The presence of an antibodyantigen complex would result in low titer and may also be responsible for the induction of a febrile response. The levels of
virus in the days following the febrile response indicated a rise
and leveling off.
The equilibrium state at this point is the most important consideration in the disease for this represents a true carrier state. The
antigen level does not rise, therefore antibody or other neutralizers
are probably acting. The presence of this neutralizing substance
is not, however,

able to affect a decrease in antigen, and thus a
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steady equilibrium between virus and antibody is established.

As

the results indicated, the virus in the MC horse showed a rise and

resulting high titer on the thirteenth day. This rise in titer may be
due to the intracellular replication of the virus being complete and
a large influx of virus being liberated. The virus immediately drops
on the day after reaching its highest level and the febrile response
occurs. This immediate drop in virus level would suggest rapid
neutralization of virus by the antibody.
The MCT,

horse showed

no initial infection

with EIA;

how-

ever, within eleven to fourteen days after inoculation with blood
from horse MC antigen was detectable in the peripheral blood.
The virus initially showed an increase with a concurrent temperature. The febrile response probably was due to the destruction of
cells in the host by the virus. The virus rose to highest levels after
the first febrile response. The virus then established a peculiar
stable state of equilibrium with its host. This stable state, however,
was disrupted by the liberation of large quantities of virus and
resulted in clinical manifestations as shown by a febrile episode.
The combination and comparison of the serologic and clinical
results obtained in these animals is merely suggested as a possible
in vivo course of the disease. The evidence obtained pertained to
only two studies of daily correlation of serologic results with clinical signs and more information would be required before the actual in vivo course of the disease is adequately characterized.
The IPHA proved itself as sensitive, or even more sensitive, in
detecting virus than the IA test. The reactivity of the antibody
with sera from horses infected only with EIA indicated the detection of a highly specific antigen. The tests also were accurate in
the determination of those horses not infected with EIA. The results of this study verifies the reliability of the IPHA on both positive and negative sera and its sensitivity in daily testing of infected
horses.
The more distinct advantage of the IPHA over the IA is that the
IA only measures soluble antigens representing infection and replication of the virus within the host. The IPHA, on the other hand,
measures presumably both soluble viral antigen as well as the virus
particle. Thus, it is not surprising that in some instances one may
find one of these serologic tests (the IA or IPHA) more sensitive
than the other. It is interesting to note that levels of antigen vary
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2-4 fold in practically all instances as depicted in Figure 4. In most
instances, the IPHA show the highest levels; however, in some instances the IA shows the highest antigen levels. This might indicate that the IPHA does not have the capability, as does the IA, of
detecting soluble viral antigen as well. Further investigation on
the comparison of these two tests is warranted.
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Temperature and Humidity Effects on Survival of Chickens

R. W. Dorminey, H. R. Wison, I. J. Ross, anp J. E. JONES

Witson and Armas (1963) found that with a relative humidity of 75 per cent, the survival time of four-week old White
Leghorn chicks decreased sharply as the temperature was increased from 40.5C to 48.8C. Lee et al. (1945) observed that
under natural conditions relative humidity was an important factor in the tolerance of laying hens to temperatures of 40.5C or
greater. However, very little is known concerning the exact relationships between temperature and relative humidity (R.H.) when
both were at high levels.
The following experiment was designed to determine the effects
of temperature, humidity, and air flow rate on the survival time
of five-week old White Leghorn chicks.
PROCEDURE

Two experiments were conducted with five-week old White
Leghorn chicks obtained from nine hatches.
The chicks were
pedigree

hatched

from

the

F, generations

of two

genetic

lines

which had been previously selected for a high and a low heat
tolerance (Wilson et al., 1966). Chicks were brooded in floor
pens with infra-red lamps as a heat source and were given water
and commercial type starter feed ad libitum.
The heat cabinet used was the same as that described by
Ross and Myers (1963) with the modifications listed by Wilson
et al. (1966). The temperature inside the chamber was controlled
within +0.2C, the R.H. within +2.5 per cent and the air flow
rate within +0.1416 cubic meters (m*) per minute. The chamber
temperature dropped approximately 1.94C while the chicks were
being placed in the chamber, but it recovered to approximately
0.4C of the desired temperature within three minutes after the
start of the test. The unit fully recovered within ten minutes
after the start of the test.
Temperatures of 40.5, 42.2, and 43.9C were used with 60,
75, and 90 per cent R.H. and air flow rates of 1.1327, 1.6990,
and 2.2653 m* per minute, resulting in 27 different environmental
treatments. Since only one heat cabinet was available it was im-
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possible to run 27 treatments per day. Therefore, nine different
hatches were made on different days to facilitate the use of chicks
when they were exactly five weeks of age. The same procedure
was used for the second experiment.
A specially designed wire
cage with 30 individual compartments was used to keep the birds
separated and facilitate the maintenance of individual records.
Thirty chicks were equalized according to genetic line and sex in
each environmental treatment.
The survival time of individual chicks was measured in seconds
from time of placement in the chamber (Wilson et al., 1966)
and converted to minutes and tenths of minutes for analysis. The
data of both experiments were combined and subjected to analysis
of variance according to the procedure of Snedecor (1956).
RESULTS

AND

DISCUSSION

A significant difference (P<.01) was found in survival times
between the two genetic lines with the lo-line chicks surviving
an average of 72.4 minutes and the hi-lines an average of 99.9
minutes.
The survival time of the males was 81.8 minutes and
the females 86.0 minutes.
None of the interactions involving
genetic lines or sex were significant. Therefore, lines and sexes
were combined for this presentation.
Both temperature and humidity significantly (P<.01) affected
survival times (Table 1). Each time the temperature was increased, survival time was decreased. Survival time was decreased
significantly when the R.H. was increased from 60 to 75 per cent,
and the decrease approached significance when the R.H. was increased from 75 to 90 per cent. The effect on survival time of
increasing the R.H. from 60 to 75 per cent was similar to that
observed by Yeates et al. (1941) on body temperature when
the R.H. was increased from 65 to 75 per cent.
Apparently,
temperature had a greater effect on survival time than humidity
within the ranges studied.
The temperature X humidity interaction was found to be significant (P<.01) indicating the extent to which temperature affects
survival time is dependent upon the humidity and vice versa.
Survival time was shortened more when R.H. was increased from
60 to 75 per cent than from 75 to 90 per cent in both absolute
terms and on a percentage change basis (31.4 vs. 15.5 per cent

318

QUARTERLY

JOURNAL

OF THE

FLORIDA

SWAB
TC

ACADEMY

OF SCIENCES

Ere

Survival times of chicks as influenced by temperature,
relative humidity and air flow rates
Survival time
REEL.

Air Flow

(%)

(m3 )
IPS 27
1.6990
2.2653

60

Av.
75

UB 27
1.6990
22693

Av.
90

S27;
1.6990
PIGS

Av.
Av.

Av.

ILAUS PA7/
1.6990
2.2653

(min.)+

Temperature

40.5C
204.92
199.1
162.8

AX2E
102.4
100.4
90.5

43.9C
AT.5
49.3
48.2

Average
ITNSES
116.3
100.5

188.9

97.8

48.3

111.7

LT)
129.9
141.4

DED
64.1
58.1

43.7
39.0
41.6

(est
Tile
80.4

129.5

59.9

41.4

76.9»

O72
109.9
TD)

44.4
44.4
52.0

32D
33.9
31.9

61.4
62.7
65.0

109.4

46.9

32.8

63.0»

143.1
146.3
138.4

68.1
69.6
66.8

41.2
40.7
40.6

84.1
85.5
81.9

142.6*

68.2

40.87

83.9

1 Means with different superscripts differ significantly
2 Each value represents the average of 60 birds.

(P<.01).

and 38.8 vs. 21.7 per cent, respectively) at both 40.5 and 42.2C.
However, at 43.9C this relationship was reversed (14.3 vs. 20.5
per cent). This demonstrates that survival time was affected more
by increasing the humidity at the lower temperatures than at the
higher temperatures and that increasing the R.H. from 60 to 75
per cent had a greater effect than increasing it from 75 to 90 per
cent, except at the highest temperature.
This might have been
expected since Wilson and Edwards (1953) reported that the
effect of 72 per cent R.H. on respiratory rate and body temperature was more pronounced at 37.8C than at lower temperatures.
The survival time decreased more when the temperature was
increased from 40.5 to 42.2C than when it was increased from 42.2
to 43.9C in absolute terms at all humidities.
However, the percentage change was approximately equal at 60 per cent R.H. (48.2
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vs. 50.6 per cent) and was much higher in the 40.5 to 42.2C change
than in the 42.2 to 43.9C change at 75 per cent R.H. (53.7 vs. 30.9
per cent) and at 90 per cent R.H. (57.1 vs. 30.1 per cent). Therefore, at the higher temperature and lower humidity, the effect of
increasing the humidity was masked to some extent by the magnitude of the temperature effect. This may indicate that as temperature increased the critical effect of R.H. was reached at a lower
point.
Air flow rates did not significantly affect the survival time of
the chicks. This might have been expected since the major source
of heat loss in the chick is by evaporative cooling from the lungs
and in this study it was possible to maintain a constant relative
humidity at all air flow rates. However, with decreased air flow
rates this factor might become more important.
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SUMMARY

Five-week old chicks from high and low heat-tolerant lines
were subjected to temperatures of 40.5, 42.2, and 43.9C with 60,
75, and 90 per cent relative humidity and air flow rates of 1.1327,
1.6990, and 2.2653 cubic meters per minute. Survival times were
142.6, 68.2, and 40.8 minutes, respectively, for temperature and
111.7, 76.9, and 63.0 minutes, respectively, for relative humidity.
Genetic line, temperature, and humidity were found to have significant effects on survival times of the chicks while sex and air replacement rate did not significantly affect survival times.
The
temperature < humidity interaction was significant.
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Interferometry of Jupiter at 18 Mc/s

Jorce May Aanp THomas D. Carr

Ir is believed that the radiation emitted at decameter wavelengths from the planet Jupiter originates in areas which are
considerably smaller than the visible disc of the planet. Radio
interferometers must be employed in the measurement of the
angular sizes of such small sources. The Michaelson interferometer, which is widely used in both radio and optical astronomy,
presents severe technical problems in the case of the Jovian radio
source. It is extremely difficult to maintain phase coherence between the signals arriving at the mixing point from the ends of the
baseline of a Michaelson interferometer when the baseline is very
long, and baselines of great length may be required to resolve
the radio sources on Jupiter. For this reason a type of interferometer which does not require phase coherence in signal transmission
is being used at the University of Florida in an attempt to determine the sizes of the Jovian sources.
This work describes the
system employed and presents some preliminary results which
have been obtained with it.
THE

MICHAELSON

INTERFEROMETER

The angular separation between the fringes of the Michaelson
interferometer, whether it be of the optical or of the radio variety,
is approximately equal in radians to the ratio of the wavelength
(X) to the baseline length (d). For sources of small angular
diameter compared with the fringe separation, the intensity at the
fringe minima is essentially zero.
However, for progressively
larger sources or more closely spaced fringes, the fringes tend to
become more and more smoothed out. It is possible to deduce
the equivalent one-dimensional angular distribution of brightness
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across a small source from the manner in which the relative fringe
depth decreases due to this smoothing process as the baseline is
made longer. The limit of resolution which can be obtained in
this way is of the order of \/d radians.
Thus by using interferometers having baselines capable of being extended to great
lengths, it is possible to resolve much smaller sources than could
be resolved with a single lens, mirror, or antenna.

Interferometers have been widely used at the shorter radio
wavelengths to measure the angular sizes, and in some cases the
apparent shapes, of cosmic radio emitters subtending extremely
small angles.
Such interferometers generally consist of a fixed
antenna and a movable one, the signals received by the two
antennas being conveyed to the receiver through transmission lines
or radio links of essentially equal electrical lengths.
Intensity
maxima and minima (i.e., radio “fringes”) are produced as the
source moves relative to the lobe pattern of the interferometer.
In some cases the rotation of the earth is sufficient to produce the
desired relative motion; in others the lobe pattern is rotated by the
artifice of introducing a uniformly changing time delay into one of
the transmission lines.
Interferometric resolution of small-angle sources at the longer
radio wavelengths is much more difficult because of the extremely
long baselines which are required. The principal difficulty lies
in the transmission of the radio frequency signals from the antennas
at the ends of the baseline to the receiver at an intermediate
position. Transmission lines of lengths greater than a few miles,
and the associated repeater amplifiers which would be required
to overcome attenuation effects, are prohibitively expensive. Radio
relay links are practicable only up to line-of-sight distances, unless
expensive repeater stations are employed.
Sky-wave propagation
cannot be used because the instability of the ionosphere prevents
the maintenance of phase coherence.
THe

BrRrown-l[Iwiss

INTERFEROMETER

To overcome these difficulties, Brown and Twiss (1954) developed an interferometer of a different type. In the postdetection
correlation interferometer, as it is called, there is a receiver at each

antenna,

and

the audio

signals from

the receiver

outputs

are
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transmitted to a common location where they are correlated. No
fringes are produced.
The angular dimensions of the source in
this case are deduced from measurements of the degree of corela-
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tion between pairs of audio signals obtained with several baseline
lengths.
A simplified diagram of such an interferometer is shown in
Fig. 1. The audio output of the receiver at each end of the baseline is rectified and is recorded on a pen recorder. The two audio
signals are also fed into the correlator, located at one of the stations, where they are multiplied and their averaged product is
recorded on a third pen recorder. A radio transmission link is
used. The great advantage of this system is that since information
is conveyed over the transmission link in the form of an audio
modulation rather than as a phase-coherent radio frequency signal,
transmission requirements are much less stringent.

Since sky-wave

propagation could be employed for transmission, baselines of hundreds or thousands of miles become possible. The purpose of the
delay network is to compensate for signal delay incurred in transmission

from

the remote

station,

and

also for the difference

in

arrival time of the incident radiation at the two antennas when the
direction of the source is not normal to the baseline. The deflections of the three recorders are used to determine the normalized
correlation coefficient of the two audio signals. This quantity is
measured for each of a series of baseline lengths. It can be shown
that the normalized correlation coefficient for the rectified audio
outputs of the receivers is proportional to the square of the
modulus of the Fourier transform of the brightness distribution
for a given value of d/d, provided the source is assumed to be
radially symmetrical. Thus the angular distribution of brightness
across the source can be deduced from a series of measurements
of the normalized correlation coefficient for different baseline
lengths. The principal disadvantage of the post-detector correlation interferometer is that its accuracy is greatly reduced by
background noise unless the source is relatively strong.
DECAMETER-WAVELENGTH RADIATION FROM JUPITER

The planet Jupiter sporadically emits powerful bursts of radio
noise at frequencies below 40 Mc/s.

This decametric

radiation,

as it is called, has been studied with simple broad-beam radio
telescopes at the University of Florida for a number of years
(Smith and Carr, 1964). Such instruments provide information
on the times of occurrence of the radiation and its intensity, but
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cannot be used to measure the size of the radiating source. Early
experiments by Gardner and Shain (1958) indicated that rapid
fluctuations in the envelope of the Jovian noise received at two
locations a few kilometers apart were often largely uncorrelated.
These scintillations were attributed to the effect of drifting ionospheric irregularities, The relatively extreme degree of the scintillation was interpreted as proof that the source is of very small
angular diameter in comparison with other known radio sources.
It was suspected by later workers that despite the presence of
strong scintillations which were often uncorrelated over distances
of a few kilometers, the ionospheric irregularities might produce
very little degradation in the correlation of radio frequency components. Proceeding on the assumption that this is true, programs
were initiated independently at the C.S.I.R.O. Radiophysics Laboratory in Sydney, Australia and at the University of Florida Radio
Observatory to measure the size of the Jovian radio source interferometrically. Results were obtained first by the Australian group
(Slee and Higgins, 1966).
The mountainous character of the
terrain near Sydney made possible the use of the Michaelson
(phase coherent) radio interferometer with very long baselines,
since the signal from the remote antenna could be relayed to the
mixing point by a line-of-sight radio link. Slee and Higgins, operating at 19.7 Mc/s, found that with a baseline of 85.5 km a stable
fringe pattern was observed despite the fact that the burst envelope amplitudes obtained at the two stations were scintillating
more or less independently of one another.
It was concluded,
as had been suspected, that the ionospheric irregularities affect
the correlation of the radio frequency components from the two
antennas relatively little. Slee and Higgins extended the baseline
to a maximum of 200 km. From the observed decrease in relative
fringe height with increase in baseline, they concluded from a
limited number of observations that the apparent source width
was approximately 15 sec of arc.
ReEsuLtTs WITH THE MopiFIeED BRown-Twiss

INTERFEROMETER

The interferometer employed by the University of Florida is a
modification of the Brown-Twiss interferometer.
A frequency of
18 Mc/s was selected, since it represents a compromise between
decreased Jovian activity at higher frequencies and increased

6

QUARTERLY

JOURNAL

OF THE

FLORIDA

ACADEMY

OF SCIENCES

difficulty with ionospheric effects at lower frequencies. The receiving stations were at Gainesville and Ocala, Florida, defining a
baseline which is 55.3 km in length and is oriented in an approximately north-south direction.
A block diagram of the modified post-detector correlation interferometer

is shown

in Fig. 2.

An

antenna,

a receiver,

RECEIVER

LOW

PASS BAND
FILTER

and

a

RECEIVER

LOW
TIMING

SYSTEM

AMPLIFIER

PASS BAND
FILTER

AMPLIFIER
TELEPHONE
LINE

MAGNETIC TAPE
RECORDER
CONTROL
SYSTEM

MAGNETIC TAPE
RECORDER
CONTROL
SYSTEM

Fig. 2. Block diagram of the modified post-detector
meter used at the University of Florida.

correlation interfero-

dual-track tape recorder are located at each station. The filtered
audio output of the receiver is recorded on one track of the tape
recorder, and a timing signal on the other track. The same timing
signal is used at both stations; it is produced at the base station
and is transmitted to the other via telephone line. The Jovian
signal itself could not be transmitted by telephone line because of
excessive phase and amplitude distortion. After recordings have
been made, the tape from the remote station is brought to the
base station, where the signals on the two tapes are compared.
Tape recordings were made only during periods of intense emission from Jupiter. A single observer controlled the operation of
both stations.
On play-back, the recorded Jupiter noise from one station was
fed to a cathode ray oscilloscope, and the associated timing signal
was made to flash a small neon lamp. The cathode ray spot and
the flashing lamp were photographed simultaneously with a camera in which the film travelled with continuous motion at 60 inches
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per second. The marks produced on the film by the lamp flashes
permitted the time of any part of the Jupiter noise waveform to
be read with an accuracy of about 0.2 millisecond. Tapes which
had been recorded at both stations were played back individually
through the same transcription system, eliminating in this way
any possible difference introduced by the equipment. Corresponding sections of the films from the two stations were identified
with the aid of the timing signals, and pairs of sections containing
simultaneously-recorded signals were aligned side-by-side for measurement of the degree of correlation and for other studies. A
sample of a pair of these films is shown in Fig. 3.
\

AUATAT CRyf po,

AW
Fig. 3. Audio-frequency noise from Jupiter obtained with receivers
km apart during the 1964-65 apparition. Time marks are milliseconds.

55.3

The degree of correlation between a pair of rf signals entering
separate receivers is closely related to that of the audio signals at
their outputs. The necessary condition for good rf correlation, and
hence for good audio correlation, is that the source diameter in
radians be small compared with X/d. From Fig. 3 it is evident
that there was good pulse-for-pulse correlation when the receivers
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were spaced at 55.3 km (3324). We can therefore set an upper
limit of about one minute of arc (the apparent angular size of
the visible disc of the planet is close to this figure) for the size
of the source of decametric radiation from Jupiter. This is consistent with the results of Slee and Higgins.
Longer baselines will be required to resolve the source. The
correlation coefficient obtained with the 55.3 km baseline was
obviously close to unity. As the baselines are increased, the correlation coefficient will of course become less and will become more
difficult to estimate. A calibration system is being developed to
aid in making quantitative determinations of the correlation coefficient. Pairs of noise signals having various known values of
correlation coefficient will be produced by the calibrator and will
be recorded. A curve can thus be obtained of the average number
of pulse coincidences per unit time interval for the two noise
signals as a function of their correlation coefficient,
Then the
pulse coincidence rate for the pair of Jupiter signals can be measured from the photograph, and with the aid of the calibration
curve the correlation coefficient can finally be determined.
Two new stations providing longer baselines are planned. One
is at St. Petersburg, Florida, at a distance of 193 km from the
base station in Gainesville, and the other is at Maipu, Chile, which
is 7040 km distant. With the latter baseline it is theoretically
possible to achieve a resolution of 0.5 second of arc. Timing signals from radio station WWYV, corrected for propagation effects,
will be used in place of those sent by telephone line. It is expected
that these increased baselines will permit the source to be resolved and angular estimates of its size to be made on a routine
basis.
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Effect of Hurricane Betsy on the Southeastern Everglades
TAYLOR

R. ALEXANDER

On September 7-8, 1965 Hurricane Betsy affected the lower
southeast coast of Florida with winds of 120 miles per hour and
tides 6 feet above normal. Extensive flooding by salt water blown
in from the east occurred.
Damage in the form of total kill to
much of the native flora was spectacular in parts of the area
indicated in Fig. 1. The affected area is a part of the region
described and designated by Egler (1952) as the Southeastern
Saline Everglades. This extensive mainland region lies east, southeast, and south of the Miami

Oolite rock rim and extends to salt

water. Severe damage was confined to parts of the areas designated by Egler as Belts 3 and 4. They are generally classified
as coastal glades and mangrove physiographic divisions and extend
inland as much as 10 to 12 miles from salt water. A part of the
Everglades National Park lies within the affected area.
The entire region is characterized as a very flat sawgrass
prairie, dotted at frequent intervals by tree islands (low hammocks )
and a mangrove fringe belt at salt water. The soils are Perrine
or Flamingo marl under most of the sawgrass, and peat under
the tree islands. Mangroves occur on both marl and peat. The
region encompasses fluctuating boundaries of fresh to brackish to
salt water. Hence, from the inland edge of the Southeast Saline
Everglades there is a gradual but steady change in vegetation
toward completely salt tolerant species. Natural drainage is toward the southeast.
Anthropic activity in the area has had important influences
on the direction and amount of water flow and associated with
these have been inevitable vegetational changes.
Roads on elevated and inadequately culverted roadbeds and canals with spoil
banks act as channels, dams, and barriers for both fresh and salt

water movement.
Some of these have been in place since 1905.
The damage patterns from Betsy and other recent storms, in part,
are definitely related to man-made structures.
In this instance,
the roadbed of U. S. highway 1 south from Florida City and a new
canal known as C 111 and its spoil banks are especially significant
(Fig. 1). This canal was begun in 1964 and completed in 1966
(Klein, 1965).
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Fig. 1. Map of southeastern
area east of dotted line.
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Canal 111 is located just north of the northeast boundary of the
Everglades National Park and was constructed without a salinity
control structure near its mouth that would protect against high
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For these reasons

it

could be assumed that ecological changes may occur in the nearby Park areas. Since a pattern of damage did develop involving
C 111, the data reported herein is especially significant to this
type of ecological problem and can serve as a reference for
further studies in this location.

The vicinity of the intersection of U. S. 1 and C 111 has been
the site of continuing field studies by the author since 1947. This
long-term low hammock study is still in progress and was initially
reported by Alexander (1955). Some of the long-term plot sites
were bisected and some destroyed when C 111 was dug. This
allowed a series of reference and continuing measurements to
determine the differences, if any, that might develop north and
south of the canal. Early in 1965 a study was started on the relationship of blue green algae to marl formation in the area. A
number of soil, water, and algae collecting and measuring sites
had been visited monthly before the hurricane. Data from these
afforded an opportunity to compare the “before and after” situation that developed.
This report is an account of the observations on plant kill,
survival, natural post-storm seeding, and of certain edaphic conditions east of the damage line shown in Fig. 1. Most herbaceous
plants were badly broken, defoliated, and in many instances rotted
so quickly that their remains were impossible to identify. Hence,
much of the emphasis on plant damage relates to woody plants.
Measurements of chloride content, electrical conductivity as a
measurement of total salts concentration, salinity, and pH of surface water and soil are included. The period reported includes
the sampling date, August 13, before the storm and the following
six months from September 1965 to March 1966.
MrtTHOpDS

Plant lists were available from previous plot and transect
studies (Alexander, 1955; Egler, 1952) and were used as a basis
for determining the plant population. The prairie was almost a
pure stand of sawgrass in most areas.
Several hammocks in
different locations were checked every month to see if defoliated
and broken plants were sprouting. Recovery in the form of root
sprouts and seed germination during the first six months after the
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storm was so limited that plot and transect methods were not
practical. Instead, lists were made as hammocks were searched
each month for signs of survival or recovery. Plant names used
are from the checklist of Lakela and Craighead (1965).
The sawgrass prairie about one quarter mile west of U.S. 1
and both north and south of C 111 was analyzed in February
after the storm using 120 randomly located meter square plots to
determine frequency and density of sawgrass.
Dead and living
culms were counted so the data could be used to determine survival.
Surface water samples were collected in 500 ml bottles by
carefully moving an open bottle from top to bottom so as to
equally sample the entire water layer. Three sites were used for
soil collections: (1) prairie marl under sawgrass; (2) near-by
peat at the margins of low hammocks; and (3) peat near the centers of the same hammocks.
Soils were collected from three positions at each site and a composite sample of 500 cc made for
analysis. Analyses for chlorides, electrical conductivity, and pH
were made following procedures used by the Dade County (Florida) soils laboratory

(Llewellyn,

1963).

Electrical

conductivity,

reported as millimhos per centimeter at 25 C, was measured with
a “Solubridge” RD 15 instrument (Industrial Instruments).
A
Beckman model 76 pH meter was used in the laboratory and a
battery operated pocket pH meter (Analytical Measurements Inc.)
in the field. Salinity was measured with a set of three hydrometers (Sea Water Test Set-G. M. Mfg. & Instrument Corporation).
Chloride determination was by silver nitrate titration.
VEGETATIONAL

DAMAGE

The area of severe plant kill is shown in Fig. 1.

Two weeks

after the storm the area looked scorched as far as one could see,
except that a few very salt tolerant species were still green or
leafing out (scored minor or no injury in Tables 1, 2, and 3).
It was obvious that many of the plants in the low hammocks as
well as the sawgrass were severely injured or dead. In the area

to the west of U. S. 1 the plants in at least 350 low hammocks
looked dead. Plants in the triangular area northwest of the intersection of U. S. 1 and C 111 were hurt the worst especially for a
distance about three miles from the point of intersection. The kill
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was severe just west of U. S. 1 and generally decreased in severity
toward the west.
Another

damaged

area, not shown

in Fig. 1, was

within the

Park and located just north of West, Cuthbert, and Seven Palm
Lakes. This was observed and reported by Robertson (personal
communication from William B. Robertson, Jr., Research Biologist,
Everglades National Park, Homestead, Florida, 1965). Observation was done by low level aircraft reconnaissance.
This area
centered about 20 miles west southwest of the intersection of

U.S.

f and C 111)

Plant kill occurred

in“anareayabouteasix

miles long, east to west, and about one-half mile
widest.
Within this area the degree of damage
Effects were similar to those seen to the northeast.
tall sawgrass was killed and Paurotis wrightii growing
was severely damaged.
Robertson presumed that
levee north of the lakes (Craighead, 1964) trapped
the Geri bankacire:

wide at its
was spotty.
Dense and
in this area
the natural
saltwater as

In the area east of U. S. 1 the damage was not as extensive and
uniform as it was to the west of this highway. One reason is the
fact that proportionally a greater part of the vegetation is salttolerant mangroves.
However, species in low hammocks throughout the area were affected severely, especially near the coast.
Another reason is that considerable inland acreage has been or is
being farmed and the original vegetation is either missing or
greatly disturbed. Furthermore, the exotic Casuarina equisetifolia
has become well established and dominates sizeable areas. This
species tolerated the change in salt concentration and survived
with little damage.
The hammock trees were wind-damaged considerably but not
to the extent to cause death. When leafing-out failed to occur and
cambial zones

turned brown, it became

obvious that most of the

defoliated plants were dead. Tables 1-3 show the effect on each
species. Included species are from the entire area east of the severe damage line in Fig. 1. Where a species is checked in the first
two columns, it usually indicates a high percentage of kill but
that survivors were found. Those that finally root sprouted were
included under the column, severe injury.
Large and high windrows (up to two feet high) of trash and
plant remains were deposited on the eastern edge of each ham-

ALEXANDER:

Effect of Hurricane

TABLE

Betsy

1.

Effect on woody plants in area of greatest damage

Complete
kill

Species

Annona

glabra

Baccharis

—

spp.

—
—

Calyptranthes

—

pallens

Casuarina equisetifolia
Cephalanthus occidentalis
Chiococca alba

erecta

Eugenia spp.
Ficus aurea
Hippocratea

volubilis

x
—
—

—

Metopium toxiferum
cerifera

—

Randia aculeata

—

—
x
—
x
x

radicans

Vitis munsoniana

—

—

~—

—

—

—

x

x

x
x

x

Taxodium

micrantha

Og

x

Swietenia Mahagoni

Trema

—
x
x

x

x

Persea borbonia
Pithecolobium
gaudelupense

Toxicodendron

x

25.

—

Xe
—

distichum

—

x

x

Rhizophora mangle
Salix caroliniana
Schinus terebinthifolius

Ke
x

—
—

virginiana

guianensis

Xi

X

x

Rapanea

x

—

Magnolia

Myrica

—
—

x
x
me
x
x
x

—
—

Ilex cassine

Morinda roic

New
Seedlings

—
—

—

icaco

Coccoloba uvifera

Minor or
No Injury

5X

Bumelia celastrina

Conocarpus

x
ax

x

Berchemea scandens
Borrichia spp.

Chrysobalanus

Severe
Injury

—

x

—
—
—

x

x
-—
x

x

wm

ws
OM
mM
wm

va

|

|

X

—

—

|

wm
A
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2.

Effect on herbaceous dicotyledonous plants in area of greatest damage
Complete
kill

Species
Aster

Severe

Minor

Injury

No Injury

or

New

Seedlings

exilis

Centella erecta
Chamaesyce scoparia
Eupatorium leptophyllum
Heliotropium parviflorum
Ipomoea cathartica
Ipomoea

sagittata

Mikania_

batatifolia

Parthenocissus quinquefolia x

Pass‘flora pallida
Pluchea spp.
Samolus ebracteatus
Solanum verbascifolium

ie
Paes
eee
See

TABLE

3.

Effect on monocotyledonous plants in area of greatest damage

Species

Complete

Severe

Minor

Kill

Injury

No

or

Injury

Crinum americanum
Distchol's spicata
Eleocharis cellulosa
Epidendrum tampense
Juncus roemerianus
Mariscus

jamaicensis

Muhlenbergia capillaris
Paspalum vaginatum
Pe'tandra_ virginica

Rhynchospora tracyi
Sabal palmetto
Serenoa repens

Smilax spp.
Sporobolus virginicus
Tillandsia spp.
Typha domingensis
Vanilla _dilloniana

ene
lueee
|eee
ayeu
oe

New

Seedlings
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mock.
The usual loose and rather thick mat of organic debris
and duff on the soil was floated away, becoming a part of the
windrow deposit for the next hammock to the west. Very little
new sediment from the Bay was deposited anywhere. Hence, the
soil was cleaned of its organic litter and exposed directly to the
sun since the canopy was also gone. In some hammocks numerous
windthrows

occurred.

In others most trees were

left broken, but

upright and leafless. Roots and the organic soil layer were severely
disturbed and loosened in every hammock.
The sawgrass areas looked dead above the water but leaves
were green below the surface.
However, most of these turned
brown as the water level dropped. Only on the elevated edges of
the hammocks were there areas of relatively undamaged sawgrass.
Epiphytes, orchids, and bromeliads were damaged according
to position above ground level. Those that were high enough
to escape being covered by salt water survived with little damage.
In the case of vanilla orchid vines, the parts of vines up in the
tree were unhurt, while the parts of the same vines that were
near the ground and were salt affected died. Hence, such species
were checked in the first three columns of Table 3.
The algae mat that normally covers the surface of the marl
prairie had disintegrated within two weeks, particularly north of
C 111 and near the coast. A fine flocculent sediment apparently
derived from the disintegrating mats covered the marl to a depth
of an inch and a half. As this settled an unusual reddish tan color
developed on top. Where the mat remained partially intact a
black color developed through most of its profile. When stirred
the bottom materials smelled strongly of hydrogen sulfide.
VEGETATIONAL

SURVIVAL

The more southernly located hammocks looked comparatively
green after the storm owing to the abundance of the red mangrove, Rhizophora mangle, that was hardly damaged and Conocarpus erecta that locally suffered some defoliation but leafed out
quickly. The latter tends to replace the Rhizophora in hammocks
away from the coast. These two trees afforded most of the green
seen in the hammocks for the first six months.
Nearer the coast,
species typical of salt water areas were not damaged and were
not tabulated.
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The frequency of sawgrass on marl from the meter square plot
study was 100 per cent with a culm density of 32. In the area of
U. S. 1 and C 111, the survival north of the canal was only 4 per
cent while south of the canal it was 23 per cent.
Survival of
sawgrass increased away from the canal and coast.
Eleocharis
cellulosa survived the storm and spread rapidly in the areas of
sawgrass kill. Especially to the north of C 111 this sedge was
the only green plant above the water between the hammocks.
Other plants that survived without extensive damage were
Borrichia arborescens, B. frutescens, Bumelia celastrina, Casuarina

equistifolia, Sabal palmetto, Serenoa repens, and Solanum verbascifolium.
The first seedlings of any great number, other than red mangrove, were seen on December 12 three months after the storm.
Among these were sawgrass and poison ivy. Six months after the
storm

seedlings

of Aster

exilis,

Baccharis

halimifolia,

Mariscus

jamaicensis, Mikania batatifolia, Parthenocissus quinquefolia, Persea borbonia, Pluchea foetida, P. petiolata, Smilax, and Vitis munsoniana were rather common, but not abundant. Gametophytes of
a moss and two ferns, Acrostichum spp. and Blechnum serrulatum,
were noted in several hammocks.
The fern sporophyte plants
had been injured but had recovered quickly. All of these young
plants were in hammocks on soil that was above water. During
the first six months after the storm the marl prairie was continuously under water and no seedlings of any species were seen.
However, an alga, Chara sp., developed in water over the marl
areas and became abundant especially north of C 111.
ENVIRONMENTAL

CONDITIONS

Heavy rainfall in southern Florida for several months preceeding Betsy had raised the water table above the soil in the marl
prairie. Only the elevated interior of the low hammocks was free
of standing water when the storm struck. The August 13 hygrometer datum on the water north of C 111 (Fig. 2) indicates fresh
water.
This instrument was not accurate at very low salinities.
Conductivity measurements of the surface water on August 13
were 5.9 north of C 111 and 8.3 to the south. These data reflect
the fact that the area was under salt influence. (For comparison,
surface water from these same localities at the end of a prolonged
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Fig. 2. Graph showing differences in water salinity in parts per thousand
over marl north and south of Canal 111.

rainy season has been found to be as low as 0.85 and 1.4, respectively. )
Salt water pushed inland during the storm overflowed the tops
of roadbeds and in some cases became impounded since it could
not follow the natural drainage back to the bay. Salt water also
flowed up the canals and flooded out on the land. This gave rise
to a variety of soil conditions.
This impoundment was most
severe west of U. S. 1 and north of C 111. Other lesser areas of
impoundment occurred along canal banks and roads elsewhere.
The level of salt water at the peak of the storm tide over the
marl soil near the coast was about four feet. Two weeks after
the storm, water eighteen inches deep covered the marl north of
C 111 and west of U. S. 1 and only the very highest parts of the
hammocks were above water.

The extent of surface water contamination by salt water expressed as salinity (sea water at 35 parts per 1000) is presented
in Fig. 2. Also the rapid rate of recovery toward fresh water
condition is apparent. Similar data were obtained throughout the
area of extensive kill.
The salt content of the soils of the area expressed as ppm

chlorides is shown in Table 4.

Electrical conductivity measure-

ments correlated very well with all the other soil measurements
taken. For example, on the August 13 collection date, mar] soil
of the high-damage area was 2.3 millimhos per centimeter.
On

September 26 the marl south of C 111 was 6.8 and north of C 111
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4.

Soil chlorides (ppm) in area of greatest kill

Gollection

Date
ANH

Hammock

Prairie marl

Margin

Center

8,650

5,850

MB, (GS)

Sept. 7 & 8
Sept. 26
Nov. 6
Dec. 12
janwoa 66
Feb. 12
Mar. 3

peat

ING Ge bia

Sri

2,900

3,700

Hurricane Betsy
10,450
1222.0
9,250
5,850
5,100
4,500

Rainfall

at Site*
—

8.00**

—
1,100
3,000
850
600
500

19,300
8,000
4,250
3,100
2,850
2,600

~

10,850
10,050
2,600
1,850
DMO)
2,100

—
9.50”
Wh8)5)
1.20”
2.40”
1.00”

* Since last date
** Fistimated

it was 13.0. The soil of hammock margins also regularly tested
much higher in conductivity than samples taken from hammock interiors. Except for the September 26 measurement, hammock margin soils were higher in conductivity than nearby marl.
Soil pH remained fairly constant and was usually above 7.0
for all samples. Marl samples were 8.0 or slightly higher; hammock interiors were slightly less alkaline and hammock margins
were occasionally as low as 7.0.
DISCUSSION

The data from several measurements of different soil factors
supports the conclusion that the death of plants in this storm was
primarily due to the sudden overland influx of salty water (salinty
of 30) that penetrated the root zone raising soil chlorides to as
high as 19,000 ppm. Apparently, there was not sufficient time for
root cells to adjust osmotically, even in many species considered
salt tolerant. Furthermore, the entire flora had been exposed during previous months to a freshening water cycle. For comparison,
a level of 1000 ppm chloride in soil is critical for the most tolerant
crops and is considered a problem. Soils that have an electrical
conductivity of over 4 millimhos per cm are unsuitable for many
crop plants. One mmho/cm is equivalent, on the average, to 640
ppm of salt (Bernstein, 1964). After the storm, electrical con-
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ductivity measurements ranged above 6 mmhos/cm.
also support the salt kill concept.
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These data

Samples of surface water were not collected between September 26 and November 6 and it is known that water levels dropped
drastically before heavy rains occurred at the end of October.
These restored water levels to the levels that prevailed just after
the storm. Evaporation rates measured in comparable areas are
known to be about 0.3 pan inches per day (Tabb, Dubrow, and
Manning, 1962). It is very likely the salt content of the water
in the impounded areas increased somewhat above the peak
shown in Fig, 2 rather than decreased steadily as indicated. The
November 6 sample was diluted with fresh rain water and the
real salt peak was missed. The surface water freshened considerably within two months after the storm. This agrees with published data on Hurricane Donna of 1960 when salinities in Florida
Bay and adjacent waters returned to normal in six weeks (Tabb
and Jones, 1962).
This interpretation of salt water being the principal contributing factor in the plant kill is at variance with reasons given for
the Hurricane Donna kill in 1960. Craighead and Gilbert (1962)
reported that “. . . no abnormal increase (chlorides) followed the
receding tidal water.
Probably the copious rainfall during and
just after the storm diluted the sea water.” It should also be noted
that Betsy did not leave the extensive silt and marl deposit that
characterized the area of the Donna kill and neither was impoundment of water behind man-made structures a problem with the
return of the Donna storm tide to the Bay.
One of the unexpected effects was the kill of sawgrass over
such an extensive area. Sawgrass is known to be euryhaline and
is frequently found growing robustly in saline and brackish areas.
Kills of this sort may be the reason for the relative thin stand of
sawgrass in these areas as compared with thick stands in more
inland locations where such salt fluctuation is not a factor.

Equally spectacular was the rapidity of spread of Eleocharis
cellulosa north of C 111 forming thick stands in what was previously an almost pure stand of sawgrass. This may be one explanation of the rather mystifying pattern of distribution of these
and similar plants in the Saline Everglades. It is interesting to note
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that Egler (1952) studied 50, randomly chosen, 10 sq. m. plots
in 1948 and found Eleocharis (listed as sp.) with a frequency of 83
per cent but with only rare or occasional occurrence. Observations
by the writer on the occurrence of E. cellulosa in this study and
prior to Hurricane Betsy support the type of distribution reported
by Egler. Hence, it seems possible that E. cellulosa was present
but not abundant in most of the affected area. Post storm conditions seem to have favored rapid growth for Eleocharis but not
sawgrass.

Measurements

indicate a rate of spread as much

as 10

inches a month.
Sawgrass seedlings were found three months after the storm.
Seeds germinated only in the peat soils. Seedlings were most
common in a very narrow band just above the water level at the
margins of the low hammocks.
No seedlings were observed anywhere on the marl which was frequently as much as twelve inches
under water.
Algal mats are a consistant feature of the Saline Everglades.
It has been suggested that the algae are involved in the formation
of marl. There is usually a very prominent layering observable
in the mats and the upper part of the marl. Whether or not these
mats are the source of this marl is not known. Also the importance
of these mats to the ecosystem is not clearly understood.
In any
event, the algal mats were affected by the sudden changes in the
water after the storm.
Six months afterwards there were still
sizeable areas where the mats had not reformed or had abnormal
characteristics.

Study of the recovery of the tree islands known as low hammocks during the next decade should yield information on their
ecology. It is possible that kills of this sort in the past decades have
been effective in controlling low hammock development.
It is
already apparent that their flora will be different in the immediate
future than that existing prior to hurricane Betsy, September 8,
1965. Of equal interest will be the future of the sawgrass areas
that were replaced by Eleocharis cellulosa.
This report documents an important example of the effect
man-made structures can have on native vegetation.
It is the
writers opinion that the vegetational kill northwest of the intersection of U. S. Highway 1 and Canal 111 should serve as a
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Wherever

Effect of Hurricane

extensive

low areas

Betsy
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exist near seacoasts,

and

where native vegetation is of primary concern extreme care should
be exercised in the building of structures that may impound storm
driven salt water.
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Fishes of the St. Johns River, Florida
MARLIN

E.. TAGATZ

Tue St. Johns River watershed has an area of approximately
§,350 square miles. The headwaters are about 50 miles north of
Lake Okeechobee and 15 miles inland from Florida’s east coast.
From there, the river flows northward 260 miles to the vicinity of
Jacksonville, and then swings eastward for about 25 miles before
emptying into the Atlantic Ocean.
Tidal influence extends as far
upstream as Lake George, 115 miles above the mouth.
Salinity
varies greatly in the lower reaches, but south of Jacksonville it is
normally less than 1 0/oo.
This system is of particular interest because of the extent to
which marine forms penetrate the strictly fresh waters in the river’s
upper reaches. Such fishes as Archosargus probatocephalus, Sciaenops ocellata, Micropogon undulatus, Pogonias cromis, Lutjanus
griseus, and Dasyatis sp. have been found far upstream. As a result, the so-called primary-division freshwater fishes, i.e., those
fishes that are intolerant of salt water (Myers, 1938, 1951), often
occur together with various marine species.

The St. Johns estuary is a nursery area for the young of many
marine fishes that spawn in the ocean, and also is a feeding and
spawning area for various adult marine fish. Spawning populations in the river consist of species that are anadromous, those that
extend their breeding range into the river, and some that have
established isolated resident populations in the fresh water.
The abundance of marine fishes beyond the zone of brackish
water (salinity of 50/oo or less) probably is due to the configuration of the river and to the presence of moderate traces of salt in
its upper reaches.
Many tributary creeks and large coves along
the lower 25 miles of river provide areas of intermediate salinity
where fish can undergo gradual transition from salt to fresh water.
Odum (1953) stated that the main reasons for the extensive movement of marine forms into the St. Johns system appear to be the
abundance of calcium chloride in the water and the presence of
the salt springs that drain into the river. Salinity actually increases
with distance upstream between Palatka and Lake George from
the discharge of a number of these springs (Beck, 1965).
The boundary between brackish and fresh water, which moves
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back and forth from its usual location in southern Jacksonville, determines the upstream or downstream penetration of many species.

The following selected salinity readings indicate the effect of tidal
stage and runoff on the vertical and horizontal location of brackish
waters. In October, at low tide, salinity in the channel, 29 miles
upstream, was ()0/oo at the surface and 4.6 0/oo at the bottom; at
high tide, it was

10.2 0/oo at the surface and 10.9 0/oo at the bot-

tom. Salinity on the channel bottom normally is greater than that
at the surface. Freshwater fishes rarely occur downstream of the
boundary between brackish and fresh water, and, conversely, marine

forms that cannot tolerate fresh water seldom occur upstream of
the boundary. For example, Ictalurus catus and I. punctatus were
the only freshwater forms collected at salinities above 1 o0/oo (up
to 90/oo).
The abundance and size of many fishes changes seasonally with
temperature. Gunter (1945) stated that the temperature cycle was
more definite than general salinity changes and was chiefly responsible for the seasonal movements and other recurrent activities of
marine fishes in Texas. The occurrence in the St. Johns of marine
forms that reach the northern or southern limit of their ranges off
northeast Florida is particularly dependent on favorable seasonal
temperatures.

Various scientists have contributed to knowledge of the fish
fauna of the St. Johns River, particularly since the turn of the century. The first comprehensive checklist of Florida fishes included
112 species from the St. Johns, of which 28 were found only at the
mouth (Evermann and Kendall, 1900). Fowler (1945) included
a number of records from the system in his study of fishes of the
southern Piedmont and Coastal Plain. The most extensive study
was a 10-year investigation by McLane (1955), who provided an
annotated list of the species known to occur in the St. Johns drainage, but excluded those forms found only near the mouth. Of the
118 forms he reported, 52 are strictly freshwater species. Some of
McLane’s data (collected in 1953) were from a long-term study of
the exploited fish populations of the river (Moody, 1961). Carr
and Goin (1959) reported the occurrence of certain marine species
in the St. Johns in their guide to the freshwater fishes of Florida.
Briggs (1958) summarized the ranges of St. Johns River fishes in

his checklist of Florida species.
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From April 1961 to November 1963, the seasonal occurrence of
fishes in trawl and seine collections was noted during a study of
the blue crab (Callinectes sapidus) in the St. Johns River by the
Bureau of Commercial Fisheries. Capture of fish was incidental
to the “random” or regular sampling of juvenile crabs. The number and size range of many of the fish collected from 10 to 135
miles upstream were summarized and a complete checklist was
prepared.
A 70-foot seine having a funnel-shaped bag 15 feet long (net,
%e-inch, and bag, 5/32-inch

stretched

mesh)

and an 8-foot trawl

(net, %-inch, and bag, 44-inch stretched mesh) were used to obtain
nearly all of the fish. Specimens of Sphyrna lewini were obtained
from commercial fishermen.
At the time of each collection we determined surface salinity
in parts per thousand (hydrometer readings corrected for temperature) and surface water temperature in degrees centigrade. All
salinity readings beyond 30 miles upstream were less than 1 0/00
and were recorded as 0 0/oo.
Specimens in each sample were identified, counted, and measured in the field. Representative individuals from almost all collections were preserved in 10 per cent formalin and sent to the
Florida State Museum, Gainesville, Fla., for identification and inclusion in its collection of fishes. Lengths of fishes with forked
tails were measured from the tip of the snout to the caudal fork;
those with nonforked tails were measured to the tip of the longest
caudal ray. Fork lengths were taken in preference to other measurements because of the ease and speed with which they could be
obtained.
COLLECTING

LOCALITIES

Collections were obtained from 12 localities or stations that were
assigned letters from A to L according to distance upstream (Fig.
1). Fish from tributary streams (stations A, C, E, and F) were
captured 1 to 3 miles from the mouth of the tributary. Specimens
from the main river and from Lake George (stations B, D, and G
to L) were taken in the channel and adjacent waters.
The various stations represented different types of habitat. The
bottom material at stations C, E, and F was muck; at all others it
was firmer mud and sand. Bottom vegetation was most dense at
stations H and I where it consisted of coontail-moss (Ceratophyllum
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The maximum depths were 6

feet at station C, 11 feet at F and K, and more than 20 feet at all

other stations.
The following is a complete list of collections, numbered consecutively by station and date. Data for each station are given in
the order: year, collection number (in parentheses), month and
day, surface salinity (o/oo) and surface temperature (°C). Salinity is omitted for stations G to L, where all readings were 0 0/oo.
Station A (10 miles upstream).
IGGIE
Gl ) April 18—14.6, 20.0;
(3) June 7—21.5, 28.8
HOG2

1963:

eens) Mian. 13—28.2> 17.4:
(6) Apr. 9—25.8, 19.3;

(8) Feb. 14—7.7, 11.0;

(2) May 17—27.3, 25.2;
(5) Mar. 29—20.8,

21.5

(7) Sept. 19—15.8, 30.0
(9) Feb. 20—10.8; 13.0;

( 10) Mar. 5—9.5, 19.0; (11) Mar. 21—11.4, 18.5;
( 12) Apr. 9—22.1, 21.3; GIS) Aor 22=—119) 552.7,0:
( 14) Apr. 23—15.4, 23.5; (15)) May 7—26°8, 23.5:
(1 6) May 2223.1, 27.0; (17) June 5—24.7, 26.6;
(1 8) June 18—22.5, 28.7; (19) July 3—14.5, 27.4;
(20)0) July 23—14.5, 29.2; (21) Aug. 13—15.8, 29.8;
(2 2) Aug. 26—20.1, 29.5; (23) Aug. 27—25.2, 28.7;
(24 ) Sept. 30—10.3, 24.0: (25) Oct, 4—7.9, 26.2;
(26 Nove 1S"=13:1) 17.4;
~~

Station B (13 miles upstream)
1962;
(1) Mar. 13—28.0,
(3) June! 623.7,
(5) Sept. 6B—16.0,
1963:
(7) July 23—19.6,

17.0;
28.5:
28.3;
30.0

Station C (20 miles upstream)
HOGI
lo) Oct 2413.4, 22.9.

1962:

(2) May 15—30.2, 26.5;
(4) Aug. 6—14.1, 30.1;
(6) Sept. 19—15.8, 30.0

(2) Nov. 20—13.7, 20.3;

) Dec. 19—9.0, 19.8
) Jan. 15—24.5, 12.8; (5) Feb. 19—22.2, 18.5:
) Mar. 29—18.0, 21.5; Co pelo 9010) 23.5.
) May 25—25.0, 29.5; (9) June 14—19.9, 29.2;
) July 12—17.5, 31.4; (11) Aug. 10—0, 30.6;
) Aug. 16—14.0, 31.0; (13) Aus. 30—13.7, 30.8;
) Sept. 17—10.2, 29.1; Cis) Octk<24——1114 2120;
) Nov. 19—8.8, 18.0;

Chie) Decwlv— 120" 1250:

)

1963:

Dec. 18—10.3, 13.0
C20) Keb 4
) Jan. 17—6.9, 14.0;
) Mar. 4—0, 17.5; (22) Mars —0.

)
)
)
)

Mar.
Apr.
May
June

18—5.2,
10—10.5,
8—21.3,
4—22.7,

21.0;
21.5;
24.0;
26.4;

earl 035:
16.8:

(24) Mar. 19—3.9, 25.7;
(26) Apr. 23—6.7, 23.0;

(28)

May 21—16.6, 26.2:

(30) June 17—10.3, 28.5;
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July 2—0, 27.5;
(32) July 23—5.8, 29.1;
Aug. I3—I33, 31.0:)
(84) Aue, 2676s oile>Sept. 9—4.0, 28.5;
(36) Sept. 30—O0, 25.4;
Oct 8—0) 2451
(38) Oct 1810823105
Nov.

Station D (22 miles upstream)
1961:
(1) Aug. 16—24.5, 29.0
1962:
(2)
May 29—13.7, 29.7
1963:9
(3) Jans 29-1873; 1-7
Station EF, (25 miles upstream)
I961;
(1) Apr. 18—5.7, 21.0;
(2) May 9—Ill3n2a8:
(3) June 7—14.3, 30.8;
(4) Aus. 16—13:5, 28:2;
(5) Oct. 24—9.5, 22.0;
(6) Nov. 20—8.8, 20.5;
(7) Dec. 19—10.0, 20.5
1962:
(8) Jan. 15—17.8, 14.0;
(9) Feb. 19—19.0, 21.2:
(10) Mar. 29—16.9, 18.5;
(11) May 25—22.1; 33.8;
(12) June 14—14.9, 29.9;
(13) July 12—15.3, 34.1;
(14) July 27—11.0, 30.0;
(15) Aug. 10—O, 32.6;
(16) Aug. 16—9.0, 31.8;
(17) Sept. 17—8.4, 30.8;
(18) Oct. 24—8.0, 21.0;
(19) Nov. 19—5.5, 19:4:
(20) Dec. 17—10.8, 11.0
1963: (21) Jan. 17—5.2, 13.0;
(22) Mar. 6—2:0; 19:5;
(23) Mar. 20—3.0, 23.5;
(24) Apr. 8—13.9, 20.3;
(25) Apr. 24—6.6, 24.3;
(26) May 6—17.9, 22.8:
(27) May 20—14.9, 27.0;
(28) June 3—22.1, 26.7;
(29) June 19—11.9, 29.1;
(30) July 1—0, 29.8;
(31) July 16—10.5, 30.2::
(32) July 24—=siGR2 9:3;
(33) Aug. 14—12.2, 29.8;
(34) Aug. 27—9.0, 31.0;
(35) Oct: 62
248=
(386) nOck9—0 ears.
(37) Nov. 20—2.2, 16.5
Station F (30 miles upstream)

1962:
(1) May 29-119,
Station G (40 miles upstream)

3274

1961:
(1) Apr. 17—20.0; . (2) May 8—25.5;
(3) Jume 19—25:0
Station H (60 miles upstream)
1961:
(1) Apr. 17—21.0;
(2) Apr. 19—21.0;
(3) May 8—25.5:
) June 16—29.0;
(5) Aug. 25—29.5;
(6) Oct. 23—24'5:
) Nov. 21—20.0;
(8) Dec. 13—20.2
) Jan. 19—12.0;
-(10) Feb. 21—19.0;
(11) Mar. 28—20.5;
2) Apr. 20—21.2;.
(13) May 14—26.8;
(14) June 13—28.0;
) July 17—29.0;
(16) July 30—29.3;
(17) Aug. 7—30.5;
) Aug. 13—31.6;
(19) Aug. 15—34.0;
(20) Sept. 14—31.0:
) Oct. 19—241:
(22) Nov. 20/7;
4(23)) 2Decwia==se5
1963: (24) Jan. 23—14.0;.
(25) Feb. 13—13.0;
(26) Mar. 12—20.0;
(27) Mar. 25—20.0;
(28) Apr. 11—22.2;
(29) Apr. 26—23.8;
(30) May 9—25.0;
(31) May 23—28.0;
(32) June 14—28.9;
(33) June 24—28.8;.
(34) July 11—28.4;
(35) July 29—29.5;
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(36) Aug. 1230.0; (37) Aug. 2829.8: (38) Sept. 1626.0:
om@ct 2245. (40) Oct. 10-235. (41) Nov. 21166
Station I (84 miles upstream)
1961:

(1) Apr. 20—21.5;

(4) Aug. 29—28.8;
(7) Dec. 12—21.1
1962:

(8) Jan. 16—12.9;
(11) Apr. 25—25.8;
(14) July 30—33.5;
(17)

1963:

Sept. 26—30.0;

(2)

May 11—19.0;

(5) Oct. 12—25.2;
(9) Feb. 12—16.0;
(12) May 28—30.2;
(15) Aug. 17—30.0;
(18)

Oct. 12—27.4;

(3)

June 8—29.0;

(6) Nov. 28—20.8;
(10) Mar. 28—19.7;
(13) June 13—32.8;
(16) Sept. 18—29.7;
(19)

Nov. 21—19.0;

(20) Dec. 14—8.8
(21) Jan. 23—15.5

Station J (105 miles upstream)
1961:

> (1)

May

11—22.0;

(4) Nov. 23—19.9:
IQo2

Reo) mane

2——1 2.0.

(2)

June 22—26.0;

(3)

Oct.

17—23.0;

(5) Dec. 21—17.8
(7) Keb. 15—20.5=

(8)

Dec.

19——12.2

(2)

May 12—23.8:

(3): June 20—26.5.

(2)

May 12—28.5;

(3)

Station K (120 miles upstream)
NOG

1962:

Gle) Apr. 21=—20'5:

(4) July 10—29.0

(5) May 2329.0

Station L (135 miles upstream)
LOGIE

Gl

meAors 2121.0

June 20—26.8

FISHES

The fish fauna of the St. Johns River consists of 55 species that
are typical freshwater forms and 115 that are euryhaline (occur
both in sea water and water of moderate to zero salinity). One
species, Cyprinodon hubbsi, is endemic to the river system. Families particularly well represented are Clupeidae, Cyprinodontidae,
Centrarchidae, Sciaenidae, and Gobiidae.
The list of marine fish for the St. Johns would be longer if fish
collected in the river within a few miles of the mouth had been
included.
In this category, I collected Anchoa lyolepis (dusky
anchovy), Hippocampus erectus (spotted seahorse), Pomatomus
saltatrix (bluefish), and Sphaeroides spengleri (bandtail puffer).
The following list is a taxonomic grouping of all records of fish
for the St. Johns known to me, 170 species representing 55 families.
This listing is primarily based on 116 species reported by McLane
(1955) and 51 records from the present study. The changes that
were made in the records given by McLane are: Notropis sp. to N.
welaka, Ogcocephalus sp. to O. cubifrons, Ictalurus platycephalus
to I. brunneus (validated by Dr. Ralph Yerger, Florida State Uni-
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versity) and deletion of Alosa pseudoharengus (a 19th-century
record considered in error). The checklist also contains Paralichthys albigutta (reported in Carr and Goin, 1959), and, from specimens in the Florida State Museum collection, Elassoma okefenokee
and Umbra pygmaea. Nomenclature follows that of Bailey, Lachner, Lindsey, Robins, Roedel, Scott, and Woods (1960).
For each of the 101 euryhaline species collected in the present
study, I have included a summary of the stations (collection number in parentheses) at which it was taken, the ranges in surface
salinity and temperature when collected, and number and length
range of fish, by month.
Salinity is in parts per thousand, water
temperature in degrees C, and length (FL) in mm.
Some specimens were not identified to species and are listed as undetermined,
by genus or family. In addition to Anchoa hepsetus and A. mitchilli, one other engraulid (of uncertain identity) was collected and
is referred to as Anchoa sp. Fourteen euryhaline species, those
reported for the river but not obtained in this study, are listed with
the notation “None captured.”
Entered without annotation are the 55 species that are confined to fresh water (indicated by an F). Except for an adult
specimen of Eleotris picta captured at station H on August 13, 1962
(first record of occurrence in the river) my samples of strictly
freshwater forms provided little new information.
Fifty-one species not previously recorded are designated by an
asterisk.
Family PETROMYZONTIDAE
Petromyzon marinus Linnaeus.

Sea lamprey.

None captured.

Family SpHyYRNIDAE

Sphyrna lewini (Griffith and Smith). Scalloped hammerhead*.
Station: B(3).
Salinity 23.7, temperature 28.5.
Number and
length: June (2, 324-381).
Family DAsyATIDAE
ray.

Dasyatis americana Hildebrand and Schroeder.
None captured.
Dasyatis sabina (Lesueur). Atlantic stingray.

Southern stingStations: A(6),

Tacatz:
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Paar 20) ee (7), D(1L), E(37), H(12, 16, 22, 38), 1(8, 9, 13, 16,
18-21), J(3-6, 8). Salinity 0-25.8, temperature 8.8-32.8. Number and
length: Jan. (5, 495-635); Feb. (3, 478-533); Apr. (3, 533-711);
June (2, 508-521); July (2, 394-660); Aug. (2, 330-700); Sept. (2,
310-432); Oct. (2, 500-508); Nov. (5, 381-711); Dec. (8, 432-648).
Family ACIPENSERIDAE
Acipenser brevirostrum Lesueur.
Shortnose sturgeon.
None
captured.
Acipenser oxyrhynchus Mitchill. Atlantic sturgeon. None captured.

Family LEPIsOSTEIDAE
Lepisosteus osseus (Linnaeus). Longnose gar. F
Lepisosteus platyrhincus DeKay. Florida gar. F

Family AMUDAE
Amia calva Linnaeus.

Bowfin.

F

Family ELOPMAE

Elops saurus Linnaeus.
Ladyfish.
Stations: A(25), C(33),
F(20, 37), H(17), 1(12). Salinity 0-13.3, temperature 11.0-31.0.
Number and length: May (1, 51); Aug. (3, 198-250); Oct. (1, 305);
Nova
195): Dec. (1, 239).
Megalops atlantica Valenciennes. Tarpon. None captured.
Family CLUPEDAE

Alosa aestivalis (Mitchill). Blueback herring. Stations: C(7),
L(2). Salinity 0-20.0, temperature 23.5-28.5. Number and length:
April (1, 28); May (1, 39).
Alosa mediocris (Mitchill). Hickory shad. None captured.
Alosa sapidissima (Wilson). American shad. None captured.
Brevoortia smithi Hildebrand. Yellowfin menhaden.
Stations:
A(24); D(3). Salinity 10.3-18.3, temperature 11.7-24.0. Number
and length: Jan. (2, 201-266); Sept. (15, 228-254).
Brevoortia tyrannus (Latrobe). Atlantic menhaden*. Stations:
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A(25), C(13). Salinity 7.9-13.7, temperature 26.2-30.8. Number
and length: Aug. (1, 123); Oct. (10, 69-74).
Dorosoma cepedianum (Lesueur).
Gizzard shad.
Stations:
C(22), G(3), HO, 37), 1(5, 6, 8, 9, 12. lay 20) Gee eee
Salinity 0, temperature 8.8-30.5. Number and length: Jan (4, 99121); Feb. (2, 55-64); Mar. (1, 111); May (1, 287); June 2, 75-80);
July (9, 25-157); Aug. (12, 90-272): Oct. (lO\S1E234) eeNowe
115-220); Dec. (16, 68-237).
Dorosoma petenense (Gunther). Threadfin shad. None captured.
Harengula pensacolae Goode and Bean. Scaled sardine*. Stations: H(4, 33), I1(3, 12), J(2). Salinity 0, temperature 26.0-30.2.
Number and length: May (2, 23-27); June (103, 24-46).
Opisthonema oglinum (Lesueur).
Atlantic thread herring*.
Stations: A(15, 16, 22, 23), B(6), 1(20). Salinity 0-26.8, temperature 8.8-30.0. Number and length: May (160, 21-53); Aug. (48,
73-121); Sept. (1, 59); Dec. (2, 73-81).
Undetermined Clupeidae.
Stations: A( 10, 140 13,20) Gis
25-28, 32-34), E(22-24, 27), I1(4). Salinity 0-22.5, temperature
17.5-31.5._ Number and length: Mar. (19, 25-125); Apr. (50, 2297); May (58, 22-59); June (1, 61); July (45, 43-70); Aug. (46,
26-69).

Family ENGRAULIDAE
Anchoa hepsetus (Linnaeus). Striped anchovy. Stations: A(3,
12,24, 25), B(6); C(3), D(2), EC3, 12). ‘Salinity, 719222 eieatemd
perature 19.8-30.8. Number and length: Apr. (1, 94); May (2, 3745); June (23, 17-62); Sept. (2, 70-74); Oct. (2, 52-71) sWecm Gr
89).
Anchoa mitchilli (Valenciennes). Bay anchovy. Stations: A(2,
3, 7-9, 12, 14-22, 24, 25), B(6), C(1-9, 11-17, 19-22) 24-34536=39)),
E(3, 5-9, 11, 13-17, 21-29, 35, 37), FC), ©(1-3) (45 Gos ihiea
19, 23, 27; 28; 33) 35, 37, 40), 1¢ 7-11, 14, 15, 20). iG27a ease kimnig,
0-27.3, temperature 8.3-34.1. Number and length: Jan. (281, 21-60);
Feb. (26, 31-75); Mar. (92, 29-71); Apr. (321, 40-78); May (658,
23-77); June (738, 19-73); July (897, 21-71); Aug. (1,501, 21-83);
Sept. (153, 19-62); Oct. (3,189, 10-68); Nov. (119, 22-61); Dec. (63,
27-71).

Tacatz:
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Number and length: May (1, 37).
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Salinity 22.1, temperature 33.8.

Family UMBRIDAE
Umbra pygmaea (DeKay).

Eastern mudminnow.

F

Family EsociwarE
Esox americanus Gmelin. Redfin pickerel.
Esox niger Lesueur. Chain pickerel. F

F

Family SYNODONTIDAE

Synodus foetens (Linnaeus).
Inshore lizardfish*.
Stations:
Pieleelia-21 24°25), B(6), C(8-10, 29, 36), E(12-14, 28, 29, 35).
Salinity 0-26.8, temperature 13.0-34.1. Number and length: Feb.
(1599): May (13, 39-104); June (73, 36-118); July (26, 37-136);
Aug. (1, 49); Sept. (8, 22-63); Oct. (9, 45-83).
Family CypriInIDAE

Hybopsis harperi (Fowler). Redeye chub. F
Notemigonus crysoleucas (Mitchill). Golden shiner. F
Notropis chalybaeus (Cope). Ironcolor shiner. F
Notropis cummingsae Myers. Dusky shiner. F
Notropis hypselopterus (Gunther). Sailfin shiner. F
Notropis maculatus (Hay). Taillight shiner. F
Notropis petersoni Fowler. Coastal shiner. F
Notropis welaka Evermann and Kendall. Bluenose shiner.
Opsopoeodus emilae Hay. Pugnose minnow.
F

F

Family CaTosTOMIDAE

Erimyzon sucetta (Lacépede ). Lake chubsucker.

F

Family ARIDAE
Bagre marinus (Mitchill). Gafftopsail catfish. Station: D(3).
salinity 18.3, temperature 11.7. Number and length: Jan (1, 116).
Galeichthys felis (Linnaeus). Sea catfish. Stations: A(1, 6, 7),
C(12-14, 17, 25, 27), D(1), E(20). Salinity 10.2-25.8, temperature
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11.0-31.0._ Number and length: Apr. (7, 86-186); May (1, 112);
Aug. (12, 74-187); Sept. (8, 59-103); Dec. (3, 81-91).
Family IcrALURDAE
Ictalurus
Ictalurus
Ictalurus
Ictalurus
Ictalurus
Noturus
Noturus

brunneus (Jordon). Snail bullhead. F
catus (Linnaeus). White catfish. F
natalis (Lesueur). Yellow bullhead. F
nebulosus (Lesueur). Brown bullhead. F
punctatus (Rafinesque). Channel catfish. F
gyrinus (Mitchill). Tadpole madtom.
F
leptacanthus Jordan. Speckled madtom.
F
Family ANGUILLIDAE

Anguilla rostrata

(Lesueur).

American eel.

Stations: C(30),

E(27, 28, 32, 35), G(1), H(1, 611, 14, 16, 18, 19, 22, 23, 25-28, 3033, 30, 36, 38-40, 42), I(1, 7, 8, 21), J( 5-6), K(2,4). Salimity 0222m¢
temperature 8.3-34.0. Number and length: Jan. (31, 52-533); Feb.
(6, 155-635); Mar. (16, 136-508); Apr. (7, 115-495); May (10, 165546); June (6, 118-508); July (11, 152-610); Aug. (12, 74-576);
Sept. (2, 274-379); Oct. (9, 251-611); Nov. (10, 120-512); Dee. (10,
279-533).
Family BELONIDAE
Strongylura marina (Walbaum). Atlantic needlefish. Stations:
AQT, 25), C(31), E(28, 30, 32), Hi( 15; 17, 29) eG es alana

74); June (3, 136-198); July (5, 76-483); Aug. (6, 252-545); Sept.
(2, 114-324); Oct. (1, 356).
Family CyPRINODONTIDAE

Cyprinodon hubbsi Carr. Lake Eustis minnow.
F
Cyprinodon variegatus Lacépede.
Sheapshead minnow.
Station: E(30). Salinity 0, temperature 29.8. Number and length:
July (19):
Fundulus chrysotus (Ginther). Golden topminnow. F
Fundulus cingulatus Valenciennes. Banded topminnow. F
Fundulus confluentus Goode and Bean. Marsh killifish. Stations: A(9), C(16). Salinity 8.8-10.8, temperature 13.0-18.0. Number and length: Feb. (5, 50-56); Nov. (10, 33-53).

Tacatz:

Fundulus
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(Linnaeus).

Sih

Mummichog. _ Stations:

A(9, 21, 22, 25), C(16, 18, 21, 27-29, 31, 35, 37), E(22-25, 27-31,
33).

Salinity 0-22.7, temperature

13.0-30.2.

Number

and length:

Feb. (7, 50-57); Mar. (42, 6-64); Apr. (11, 54-66); May (52, 34-68):

June (81, 24-93); July (48, 17-78); Aug. (6, 34-53); Sept. (2, 2530); Oct. (6, 28-55); Nov. (15, 31-63); Dec. (25, 35-65).
Fundulus majalis (Walbaum). Striped killifish. Station: B(6).
Salinity 15.8, temperature 30.0. Number and length: Sept. (2, 75io)
Fundulus notti (Agassiz). Starhead topminnow. F
Fundulus seminolis Girard. Seminole killifish. F
Fundulus similis (Baird and Girard). Longnose killifish*. Stations: A(9), B(5, 6). Salinity 10.8-16.0, temperature 13.0-30.0.
Number and length: Feb. (4, 60-62); Sept. (6, 22-56).
Jordanella floridae Goode and Bean. Flagfish. F
Leptolucania ommata (Jordan). Pygmy killifish. F
Lucania goodei Jordan. Bluefin killifish. F
Lucania parva (Baird and Girard). Rainwater killifish. Station: H(18, 20). Salinity 0, temperature 31.0-31.6. Number and
length: Aug. (5, 22-30); Sept. (9, 29-43).
Family PorcILiDAE
Gambusia affinis (Baird and Girard). Mosquitofish. Stations:
C(28, 29), H(17). Salinity 0-22.7, temperature 26.2-30.5. Number and length: May (19, 34-40); June (10, 31-43); Aug. (2, 42-43).
Heterandria formosa Agassiz. Least killifish. F
Poecilia latipinna (Lesueur). Sailfin molly. Stations: C(17),
E(24).
Salinity 12.0-13.9, temperature 12.0-20.3.
Number and
length: Apr. (1, 38); Dec. (1, 44).
Family GADIDAE

Urophycis floridanus (Bean and Dresel). Southern hake*. Station: A(8, 9). Salinity 7.7-10.8, temperature 11.0-13.0. Number
and length: Feb. (9, 34-120).
Urophycis regius (Walbaum).
Spotted hake*. Station: A(8,
9). Salinity 7.7-10.8, temperature 11.0-13.0. Number and length:
Feb. (8, 36-121).
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Family SyYNGNATHIDAE

Oostethus lineatus (Kaup). Opossum pipefish. None captured.
Syngnathus fuscus Storer. Northern pipefish*. Station: E(7).
Salinity 10.0, temperature 20.5. Number and length: Dec. (1, 108).
Syngnathus louisianae Gunther. Chain pipefish. Stations: A(1,
15-17), C(15, 29, 36), E(11, 12, 35, 36). Salinity 0-26.8, temperature 20.0-33.8. Number and length: Apr. (1, 195); May (3, 115298); June (5, 56-146); Sept. (6, 78-166); Oct. (6, 76-213).
Syngnathus scovelli (Evermann and Kendall). Gulf pipefish.
Stations: A( 1), C(6), H(9, 11, 22, 25, 37), Hi 1oeise2 On 2) aaanee
J(8), K(5). Salinity 0-22.1, temperature 12.2-33.8. Number and
length: Feb. (2, 56-135); Mar. (13, 88-126); Apr. (4, 64-130); May
(2, 70-141); July (2, 77-136); Aug. (5, 77-107); Sept. (3, 113-126);
Nov. (5, 81-121); Dec. (6, 71-99).
Undetermined Syngnathidae. Stations: A(3, 14, 19, 25), C(30,
31, 34, 37, 38), E(2, 4, 27-30).

Salinity 0-22.1, temperature 23.0-

31.5. Number and length: Apr. (1, 68); May (2, 68-126); June (6,
69-156); July (9, 32-157); Aug. (8, 36-179); Oct. (14, 78-156).
Family APHREDODERIDAE

Aphredoderus sayanus (Gilliams).

Pirate perch.

F

Family CENTROPOMIDAE

Centropomus undecimalis

(Bloch). Snook.

None captured.

Family SERRANIDAE

Centropristes philadelphicus (Linnaeus).
tion: A(8). Salinity 7.7, temperature 11.0.

Feb. (2, 129-131).

Centropristes striatus
A(8, 11, 17, 19, 21, 26).

(Linnaeus).

Rock sea bass*. StaNumber and length:

Black sea bass*.

Station:

Salinity 7.7-24.7, temperature

11.0-29.8.

Number and length: Feb. (1, 91); Mar. (2, 101-122); June (1, 28);
July

38S—7 Ip) Acree (alee 6))/- Noyes elenk7G))

Mycteroperca microlepis (Goode and Bean). Gag*. Station:
B(6). Salinity 15.8, temperature 30.0. Number and length: Sept.
(CL MS
Roccus saxatilis (Walbaum).
Striped bass.
Station: J(1).
Salinity 0, temperature 22.0. Number and length: May (1, 46).

Tacatz:
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Family LuryANIDAE

Lutjanus analis (Cuvier). Mutton snapper*. Station: E(12).
Salinity 14.9, temperature 29.9. Number and length: June (1, 65).
Lutjanus griseus (Linnaeus). Gray snapper. Stations: A(25),
C(35-37), E(8, 20, 35-37), H(42).
Salinity 0-17.8, temperature
11.0-28.5.
Number and length: Jan. (1, 67); Sept. (11, 19-54);
Oct. (27, 24-58); Nov. (4, 40-58); Dec. (1, 105).
Family CENTRARCHIDAE
Acantharchus pomotis (Baird). Mud sunfish. F
Centrarchus macropterus (Lacépéede). Flier. F
Chaenobryttus gulosus (Cuvier). Warmouth.
F
Elassoma evergladei Jordan. Everglades pygmy sunfish. F
Elassoma okefenokee Bohlke. Okefenokee pygmy sunfish. F
Elassoma zonatum Jordan. Banded pygmy sunfish. F
Enneacanthus chaetodon (Baird). Blackbanded sunfish. F
Enneacanthus gloriosus (Holbrook). Bluespotted sunfish. F
Enneacanthus obesus (Girard). Banded sunfish. F
Lepomis auritus (Linnaeus). Redbreast sunfish. F
Lepomis macrochirus Rafinesque. Bluegill. F
Lepomis marginatus (Holbrook). Dollar sunfish. F
Lepomis microlophus (Ginther). Redear sunfish. F
Lepomis punctatus (Valenciennes). Spotted sunfish. F
Micropterus salmoides (Lacépéde). Largemouth bass. F
Pomoxis nigromaculatus (Lesueur). Black crappie. F
Family PERCIDAE

Etheostoma fusiforme barratti (Holbrook). Scalyhead darter. F
Etheostoma edwini (Hubbs and Cannon). Brown darter. F
Etheostoma nigrum Rafinesque. Johnny darter. F
Percina nigrofasciata (Agassiz). Blackbanded darter. F
Family CARANGIDAE
Caranx

hippos

(Linnaeus).

Crevalle

jack.

Stations:

A(25),

B(7), C(28, 32), E(30). Salinity 0-19.6, temperature 26.2-30.0.
Number and length: May (5, 33-54); July (5, 38-106); Oct. (1, 47).
Chloroscombrus chrysurus (Linnaeus).
Bumper.
Stations:
A(20, 22), B(6), C(2), E(7).

Salinity 10.0-20,1, temperature 20.3-
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30.0. Number and length: July (3, 22-52); Aug. (2, 61-67); Sept.
(3, 44-48); Nov. (12, 48-65); Dec. (1, 105).
Oligoplites saurus (Bloch and Schneider).
Leatherjacket*.
Station: B(6).
Salinity 15.8, temperature 30.0.
Number and
length: Sept. (1, 55).
Selene vomer (Linnaeus). Lookdown*. Stations: A(19), E(29,
32, 35). Salinity 6.2-14.5, temperature 24.8-29.3.
Number and
length: June (1,59) July (6, 27-76): Oct) (IN s3a)r
Trachinotus falcatus (Linnaeus).
Permit*.
Station: E(31).
Salinity 10.5, temperature 30.2. Number and length: July (1, 50).
Vomer setapinnis (Mitchill).
Atlantic moonfish*.
Station:
A(20). Salinity 14.5, temperature 29.2. Number and length: July
(dh, Sieh)
Family GERRIDAE

Diapterus olisthostomus (Goode and Bean). Irish pompano.
Station: C(32, 34-36). Salinity 0-7.6, temperature 25.4-31.5. Number and length: July (2, 26-40); Aug. (2, 40-68); Sept. (16, 24-78).
Diapterus plumieri (Cuvier). Striped mojarra*. Station: C(13,
15). Salinity 11.1-13.7, temperature 21.0-30.8. Number and length:
Aug. (2, 71-73); Oct. (3, 63-76).
Eucinostomus argenteus Baird and Girard.
Spotfin mojarra.
Stations: A(20-22, 24, 25), B(6), C1, 13) 15, l6NS2ee4e3Gmeo)e
E(11, 12; 14, 17, 18, 31, 32, 36,37), H( 17-19) iC Gaae es alimony,
0-22.1, temperature 16.5-34.0. Number and length: May (1, 26);
June (2, 30-47); July (36, 36-85); Aug. (13, 28-98); Sept. (15, 22104); Oct. (61, 16-115); Nov. (134, 15-111); Dec. (2, 45-52).
Eucinostomus gula (Quoy and Gaimard). Silver Jenny*. Stations: A( 20-22), B(6), C(10), E(13, 31). Salinity 10.5-20.1, temperature 29.2-34.1. Number and length: July (16, 46-83); Aug. (6,
78-100); Sept. (2, 91-103).
Undetermined Gerridae.
Stations: A(18, 19), C(2, 3, 37, 38),
E:(6, 29, 30, 33-35). Salinity 0-22.5, temperature 19.8-31.0. Number and length: June (41, 36-58); July (66, 46-69); Aug. (19, 7995); Oct. (37, 22-102); Nov. (12, 46-73); Dec. (8, 44-73).
Family POMADASYIDAE

Orthopristis chrysopterus (Linnaeus).

Pigfish.

Stations: A(15-

Tacatz:
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17, 24), C(8), E(11-14, 16, 27, 32, 34, 35), H(15). Salinity 0-26.8,
temperature 23.5-34.1. Number and length: May (74, 17-54); June
(4739-69); July (19, 67-97); Aug. (3, 82-113); Sept. (1, 142); Oct.
(2, 115-118).

Family SCIAENIDAE
Bairdiella chrysura (Lacépéede).

Silver perch.

Stations: A(2,

Peostinie 19), C(2, 10, 11, 13, 14, 16, 29, 32, 38), D(3), E(3,

PeOwmlomliaw 22023, 28-30, 34), H(15, 17-20, 37). Salinity 0-27.3,
temperature 11.7-34.1. Number and length: Jan. (1, 142); Feb. (1,

81); Mar. (13, 104-137); May (10, 46-100); June (117, 22-97); July
(1315 45-124); Aug. (25, 71-122); Sept. (6, 83-91); Oct. (2, 135141); Nov. (3, 74-91).
Cynoscion nebulosus (Cuvier).
Spotted seatrout.
Stations:

C(15, 32, 34-38), E(18, 22, 35, 36), H(17).

Salinity 0-11.1, tem-

perature 19.5-31.5.
Number and length: Mar. (3, 97-118); July
(4, 64-84); Aug. (13, 13-136); Sept. (56, 15-128); Oct. (87, 19-173).
Cynoscion regalis (Bloch and Schneider).
Weakfish*.
StaMONSEEP A
Owlo)). (4), C(9 13), E(3). Salinity 13.7-26.8,. temperature 23.5-30.8. Number and length: May (2, 31-32); June (13,
23-65); Aug. (5, 143-206).
Leiostomus xanthurus Lacépéde.

Spot.

Stations: A(2, 3, 8, 10-

eles 9s 21), C(1-3, 6-11, 13-15, 21-29, 31, 33-38), D(3), EC1,
6, 10, 12-16, 19, 22-31, 33-37), G(1, 2), H(2-4, 6, 10-12, 14-16, 21,
30), I(1-3, 10-12), K(2). Salinity 0-27.3, temperature 11.0-34.1.
Number and length: Jan. (9, 124-158); Feb. (508, 20-188); Mar.
(2, 186, 17-164); Apr. (1,250, 16-178); May (823, 38-160); June
(504, 40-138); July (255, 57-115); Aug. (60, 68-157); Sept. (15,
96-137); Oct. (26, 97-185); Nov. (15, 105-136); Dec. (2, 129-130).
Menticirrhus americanus (Linnaeus). Southern kingfish*. Station: E(35). Salinity 6.2, temperature 24.8. Number and length:
Oct. (4, 28-44).
Micropogon undulatus (Linnaeus). Atlantic croaker. Stations:
A(1-3, 8-12, 14-16, 18), B(2), C(2-14, 16-22, 24-30, 32-35, 39),
DCS) eeki(lers, 6, 9-14) 16, 17, 19-25, 27-29, 31, 33, 37), F(1), G(1ay Hi 2-14, 16, 19, 20, 22, 23, 25-38, 40-42), 1( 1-16, 19-21), J(2, 6,
7), K(3-5), L(1). Salinity 0-30.2, temperature 8.3-34.1. Number
and length: Jan. (368, 16-105); Feb. (388, 5-147); Mar. (1,858, 16162); Apr. (1,711, 17-155); May (1, 110, 16-182); June (1,499, 24-
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145); July (395, 59-162); Aug. (268, 78-171); Sept. (13, 123-154);
Oct. (92; 27-175): Nov, (220) 11-162): Dee~( 392) 17-1 aiae
Pogonias cromis (Linnaeus).
Black drum.
Stations: A(16),
C(4, 17, 22, 26, 27).

Salinity 0-24.5, temperature 12.0-27.0.

Num-

ber and length: Jan. (1, 194); Mar. (2, 181-184); Apr. (1, 194);
May (4, 178-203); Dec. (3, 174-195).
Sciaenops ocellata (Linnaeus).
Red drum.
Stations: A(20),
C(29, 39), E(25, 27, 28, 37), H(31). Salinity 0-22.7, temperature
16.5-29.2. Number and length: Apr. (6, 106-129); May (3, 116164); June (11, 110-160); July (1, 249); Nov. (6, 31-70).
Stellifer lanceolatus (Holbrook). Star drum*. Stations: A(7),
C(36), E(3, 20). Salinity 0-15.8, temperature 11.0-30.8. Number
and length: June (3, 94-95); Sept. (24, 12-150); Dee. (1, 77).
Family SPARIDAE

Archosargus probatocephalus (Walbaum).
Sheepshead.
Stations A(8, 12, 15-18, 20-22, 24, 25), C(14), E(6, 11) 13) 165246 2she
H(12, 15, 31). Salinity 0-26.8, temperature 11.0-34.1.
Number
and length: Feb. (1, 95); Apr. (8, 75-258); May (7, 26-181); June

(3, 136-190); July (4, 59-166); Aug. (3, 166-194); Sept. (2, 106-

195); Oct. (4, 98-216); Nov. (1, 190).
Lagodon rhomboides (Linnaeus).

Pinfish.

Stations: A(8, 10,

12-14, 16, 19, 20, 25), B(6), C(8-11, 13, 15, 22, 30-32, 34, 38), D(3),

E(11-18, 22-33, 35, 37), H(15, 17, 20). Salinity 0-25.0, temperature 11.0-34.1. Number and length: Jan. (1, 94); Feb. (1, 127);
Mar. (14, 102-141); Apr. (14, 21-121); May (27, 22-157); June (32,

44-153); July (117, 43-159); Aug. (22, 73-170); Sept. (11, 104-146);
Oct. (23, 72-203); Nov. (2, 100-109).
Family EPHIPPIDAE

Chaetodipterus faber (Broussonet). Atlantic spadefish*. Stations: A(3, 21),/E(11, 13, 32, 36). Salinity 0-221) temperature
25.3-34.1. Number and length: May (2, 15-28); June (1, 98); July
(2943-58) Annee: (Ol, 32) Oct ile 24)p
Family TRICHIURIDAE

Trichiurus lepturus Linnaeus. Atlantic cutlassfish*. Stations:
B(3), C(1, 2). Salinity 13.4-23.7, temperature 20.3-28.5. Number
and length: June (3, 330-406); Oct. (1, 134); Nov. (1, 325).
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Family SCOMBRIDAE
Scomberomorus maculatus
(Mitchill).
Spanish mackeral*.
Stations: A(18), B(6). Salinity 15.8-22.5, temperature 28.7-30.0.
Number and length: June (1, 108); Sept. (1, 58).
Family ELEOTRIDAE

Dormitator maculatus (Bloch). Fat sleeper. Station: H(18).
Salinity 0, temperature 31.6. Number and length: Aug. (5, 97-126).
Eleotris picta Kner and Steindachner. Spotted sleeper*. F

Family GoBIIDAE
Awaous tajasica (Lichtenstein). River goby. None captured.
Bathygobius soporator (Valenciennes).
Frillfin goby. None
captured.
Gobioides broussonneti Lacépéede.
Violet goby*.
Stations:
B(3, 5), C(22), F(1), G(2). Salinity 0-23.7, temperature 16.832.4. Number and length: Mar. (1, 597); May (2, 185-200); June
fel o02) sept. (3, 381-572).
Gobionellus boleosoma (Jordan and Gilbert).
Darter goby.
Stations: A(8, 11, 14, 20-22, 25), B(6), C(15-17, 36, 39), E(17, 20,
21, 26, 27, 29, 34-37), H(20). Salinity 0-20.1, temperature 11.031.0. Number and length: Jan. (1, 32); Feb. (1, 37); Mar. (5, 2039); Apr. (5, 32-44); May (3, 42-49); June (1, 43); July (11, 2637); Aug. (5, 14-39); Sept. (9, 15-36); Oct. (10, 19-38); Nov. (17,
18-40); Dec. (3, 24-28).
Gobionellus gracillimus Ginsburg. Slim goby*. Station: C(29).
Salinity 22.7, temperature 26.4. Number and length: June (2, 129159).
Gobionellus hastatus Girard. Sharptail goby*. Stations: C(17,
30), E(14, 20). Salinity 4.0-12.0, temperature 11.0-30.0. Number
and length: July (1, 218); Sept. (1, 84); Dec. (2, 91-178).
Gobionellus shufeldti (Jordan and Evermann).
Freshwater

goby. Stations: A(10), C(10, 13, 17, 21-27, 31, 34, 36, 37), E(1, 2,

1059 22-26, 30, 37), G(1), H(18, 25, 27, 29), 1(7-9, 19). Salinity
0-21.3, temperature 12.0-31.6. Number and length: Jan. (2, 39-91);
Feb. (1, 67); Mar. (151, 28-74); Apr. (60, 28-77); May (11, 31-61);
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July (3, 44-73); Aug. (8, 24-41); Sept. (5, 15-33); Oct. (1, 59);
Nov. (21, 35-92); Dec. (11, 40-66).
Gobionellus smaragdus (Valenciennes). Emerald goby*. Station: E(13). Salinity 15.3, temperature 34.1. Number and length:
JulyaGi om):
Gobiosoma bosc (Lacépéde). Naked goby. Stations: A(8, 11,
14, 15), C(3, 16, 24, 28, 31, 35-38), E(12, 22-24 28 30°32) 3437)k
H(7, 9, 10, 20, 29, 33, 36, 40, 42), 1(15). Salinity 0-26.8, temperature 11.0-31.0._ Number and length: Jan. (91, 15-40); Feb. (7, 2037); Mar. (13, 33-50); Apr. (15, 24-42); May (2, 32-38); June (3,
29-34); July (7, 13-41); Aug. (10, 14-26); Sept. (38, 12-32); Oct.
(542, 14-47); Nov. (118, 16-33); Dec. (1, 20).
Gobiosoma robustum Ginsberg. Code goby*. Stations: E(14),
H(25). Salinity 0-11.0, temperature 14.0-30.0. Number and length:
Jan. (4, 20-23); July (1, 26).
Microgobius gulosus (Girard).
Clown goby. Stations: C(9,
34, 36-38), E(12, 13, 35-37), F(1), H(4-9, 12, 19) 20, 222
bees
41, 42), I(1, -4, 6, 7, 9-11, 13, 15; 16, 18) 9S 21; eG omar
K(1, 4, 5). Salinity 0-19.9, temperature 12.0-34.1. Number and
length: Jan. (26, 28-52); Feb. (3, 43-49); Mar. (11, 47-62); Apr.
(14, 25-65); May (4, 17-61); June (5, 23-62); July (2, 35-60); Aug.
(18, 17-45); Sept. (13, 22-47); Oct. (85, 11-54); Nov. (92, 14-61):
Dec. (80, 13-56).
Microgobius thalassinus (Jordan and Gilbert). Green goby”*.
Stations: A(15, 20, 25), C(13, 15, 24, 36, 37), E(12, 14 30032) 3537). Salinity 0-26.8, temperature 16.5-30.8. Number and length:
Mar. (1, 43); May (2, 46-47); June (4, 23-35); July (12, 24-42);
Aug. (1, 32); Sept. (2, 19-21); Oct. (12, 27-42); Nov. (16, 30-36).
Family TRIGLIDAE

Prionotus scitulus Jordan and Gilbert.
tion:

A(17,

18, 24, 25).

Leopard searobin*.

Salinity 7.9-24.7, temperature

Sta-

24.0-28.7.

Number and length: June (9, 43-63); Sept. (7, 22-43); Oct. (9,
26-58).
Prionotus tribulus Cuvier.

Bighead searobin*.

Stations:

A(3,

8-11, 12, 15, 19, 20), C( G6, 8, 15, 26, 35, 36, 39), HiGlOme IS za
Salinity 0-26.8, temperature 11.0-29.5. Number and length: Jan. (1,
68); Feb. (5, 61-88); Mar. (8, 19-93); Apr. (2, 28-71); May (2, 38-
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67); June (1, 32); July (3, 32-36); Sept. (5, 37-72); Oct. (1, 39);
Nov. (2, 46-47).
Family URANOSCOPIDAE
Astroscopus y-graecum (Cuvier).
Southern stargazer*.
Stations: A(11), D(3).
Salinity 11.4-18.3, temperature 11.7-18.5.
Number and length: Jan. (1, 65); Mar. (2, 45-55).

Family BLENNUDAE

Chasmodes bosquianus (Lacépede). Striped blenny*. Stations:
A(9), E(13). Salinity 10.8-15.3, temperature 13.0-34.1. Number
and length: Feb. (2, 51-63); July (1, 39).
Hypsoblennius hentzi (Lesueur).
Feather blenny*.
Station:
A(11, 17). Salinity 11.4-24.7, temperature 18.5-26.6. Number and
length: Mar. (3, 56-66); June (1, 65).
Hypsoblennius ionthas (Jordan and Gilbert). Freckled blenny*.
Station: A(17).
Salinity 24.7, temperature 26.6. Number and
length: June (1, 36).
Undetermined Hypsoblennius.
Station: A(16, 19, 21, 24-26).
Salinity 7.9-23.1, temperature 17.4-29.8. Number and length: May
eeeG2) aialy (ls 53); Aug. (1, 40); Sept. (3, 62-72); Oct. (2, 2252); Nov. (2, 61-62).
Family OPHIDIDAE

Ophidion welshi (Nichols and Breder).
Crested cusk-eel*.
Station: A(2, 5). Salinity 20.8-27.3, temperature 21.5-25.2. Number and length: Mar. (9, 69-179); May (3, 128-145).
Family STROMATEIDAE

Peprilus alepidotus (Linnaeus). Southern harvestfish*. Stations:
B(5), D(3). Salinity 16.0-18.3, temperature 11.7-28.3. Number
and length: Jan. (2, 81-90); Sept. (1, 96).
Family SPHYRAENIDAE
Sphyraena barracuda (Walbaum). Great barracuda*. Station:
A(20). Salinity'14.5, temperature 29.2. Number and length: July
(1, 41).
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Family MuciLarE

Agnonostomus monticola (Bancroft). Mountain mullet. None
captured.
Mugil cephalus Linnaeus. Striped mullet. Stations: A(10, 12,
17,18, 23; 25, 26), B(6), G(13, 18, 26) 29) 32°34) B22 a Aneenooe
36), H(17, 20, 29). Salinity 0-25.2, temperature 13.0-31.5. Number and length: Mar. (23, 24-166); Apr. (31, 22-330). June (69;
32-254); July (14, 76-330); Aug. (8, 122-381); Sept. (2, 131-159);
Oct. (3, 117-164); Nov. (6, 145-155); Dec. (13, 24-229).
Mugil curema Valenciennes.
White mullet.
Stations: A(19,
21), B(6), C(15, 16, 21, 31, 33°35), EG9) 22.2823 se spore
H(17, 20), 1(17). Salinity 0-22.1, temperature 16.5-31.5. Number
and length: Mar. (22, 22-139); June (56, 45-167); July (83, 48-92):
Aug. (24, 75-169); Sept. (14, 93-130); Oct. (9, 113-125); Nov. (13,
108-170).
Family ATHERINIDAE

Labidesthes sicculus (Cope). Brook silverside. F
Membras martinica (Valenciennes)._ Rough silverside. Station:
A(25). Salinity 7.9, temperature 26.2. Number and length: Oct.
(25; S2eKoy.
Menidia beryllina (Cope).
Tidewater silverside.
Stations:

A(16-19), C(15, 18, 28, 31, 32, 35-39), E(27, 28 30,3) same

H(3, 4, 8, 18, 20), 1(2, 3, 6, 17), J(2-6, 8), K(3) Ge)
easalnmniay
0-24.7, temperature 12.0-31.6. Number and length: Jan. (1, 45);
May (51, 25-42); June (363, 18-53); July (71, 38-57); Aug. (6, 3856); Sept. (38, 19-52); Oct. (28, 23-42); Nov. (8, 27-49); Dec:
(13, 21-54).
Menidia menidia (Linnaeus).
Atlantic silverside.
Stations:
A(10-12, 15, 20-22, 24-26), C(26, 34, 36), E(35, 36))) Ssalinuty,
0-26.8, temperature 17.4-31.5. Number and length: Mar. (100, 6596); Apr. (54, 57-96); May (3, 69-79); July (50, 55-65); Aug. (520,
38-59); Sept. (21, 54-63); Oct. (40, 32-71); Nov. (17, 37-72).
Family BoTHIDAE
Ancylopsetta quadrocellata Gill. Ocellated flounder*. Station:
A(6, 8, 11). Salinity 7.7-25.8, temperature 11.0-19.3. Number and
length: Feb. (4, 55-67); Mar. (1, 85); Apr. (3, 34-59).
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Citharichthys spilopterus Giinther.

Bay whiff.

AT

Stations: A(15-

pt 20)), BiG), C(2, 7-9, 11-15, 25, 27-29, 33-35, 39), E(3, 11-18,
28, 30, 32, 34-37), H(5, 19, 40), I1(2). Salinity 0-26.8, temperature
16.5-34.1. Number and length: Apr. (3, 38-86); May (45, 26-93);

June, (90, 31-97); July (45, 38-121); Aug. (35, 41-125); Sept. (14,
97-126); Oct. (8, 26-124); Nov. (5, 51-62).
Etropus crossotus Jordan and Gilbert.
MONG

AS. 9, I, 24-26), B(1, 6),

E( 14).

Fringed flounder*.

Sta-

Salinity 7.7-28.0, tem-

perature 11.0-30.0. Number and length: Feb. (2, 69-72); Mar. (1,
$9); June (3, 35-42); July (1, 78); Sept. (4, 33-88); Oct. (6, 2889); Nov. (1, 56).
Paralichthys albigutta Jordan and Gilbert. Gulf flounder. Stamouse
ll6,.17), C(6, 16), E(17). Salinity 7.7-24.7, temperature 11.0-30.8.
Number and length: Feb. (5, 127-168); Mar. (2,
plea Nay al 71): june (3, 66-68); Sept. (1, 139); Nov. (1, 159).
Paralichthys dentatus (Linnaeus).
Summer flounder*.
Stations: A(15), C(7). Salinity 20.0-26.8, temperature 23.5. Number
and length: Apr. (1, 73); May (2, 65-86).
Paralichthys lethostigma Jordan and Gilbert. Southern flound-

er. Stations: A(9, 21, 22), B(2), C(6, 8, 14, 16, 17, 21, 29, 30, 35,

So pee Oe 12213), GC2), H(3, 20; 29, 38), 1(2). Salinity 0-30.2,
temperature 12.0-31.0. Number and length: Feb. (1, 311); Mar.
(19, 22-56); Apr. (6, 40-78); May (6, 67-155); June (43, 61-145);

Aug. (3, 257-503); Sept. (6, 106-201); Oct. (1, 139); Nov. (3, 112
202); Dec. (6, 129-144).
Undetermined Paralichthys.

C(10-13, 21-28, 30-32, 36-38),
230,

Stations: A(1, 3, 10-12, 15, 18-20),

E( 13-15, 22-25, 27, 32, 34), H(4, 19,

32. 33, 37, 41), 1(4, 12, 13).

Salinity 0-26.8, temperature

14.0-34.1. Number and length: Jan. (1, 210); Mar. (126, 15-254);
Apr. (104, 32-178); May (43, 25-362); June (9, 71-240); July (27,
54-231); Aug. (13, 89-356); Sept. (3, 106-191); Oct. (4, 110-164).
Scophthalmus aquosus (Mitchill).
Windowpane*.
Station:
E(19). Salinity 5.5, temperature 19.4. Number and length: Nov.
(le 122.)

Family SOLEIDAE

Achirus lineatus (Linnaeus).
Lined sole*. Stations: A(15),
C(15, 21), E(20). Salinity 0-26.8, temperature 11.0-23.5. Number
piemencth: Mar. (1, 96); May (1, 31); Oct. (1, 77); Dec. (1, 92).
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Trinectes maculatus (Bloch and Schneider). Hogchoker. Stations: A(le5, 8) ll), €(9; 10, 25, 34 36, 37), Dis), Ga
aiigaseE
22, 35-37), F(1), G(2, 3), H(1, 2, 414, 16, 18-22, 25-42), I( 1-16,
18-21), J(1-8), K(1-5), L(1-3). Salinity 0-28.2, temperature 8.834.1. Number and length: Jan. (116, 26-108); Feb. (90, 27-128);
Mar. (785, 16-172); Apr. (230, 25-112); May (170, 36-114); June
(220, 15-122); July (140, 16-118); Aug. (189, 17-123); Sept. (70,
15-103); Oct. (366, 17-140); Nov. (240, 28-135); Dec. (231, 25-121).
Family CyNOGLOSSIDAE
Symphurus plagiusa (Linnaeus). Blackcheek tonguefish. Stations: A(1, 8-12, 15-22, 24-26), B(6), C(2, 9-1), 14, 16 ie 225:
27, 29-39), D(3), E(10, 13-15, 22, 24, 25, 28, 30-32, 34-375) saline
ity 0-26.8, temperature 11.0-34.1. Number and length: Jan. (8, 3281); Feb. (21, 44-106); Mar. (50, 31-88); Apr. (7, 32-115); May
(4, 25-77); June (20, 19-81); July (47, 19-68); Aug. (35, 11-76);
Sept. (55, 18-92); Oct. (91, 18-84); Nov. (28, 22-152); Dec. (3, 3337).
Family GoBrEsOCcIDAE

Gobiesox strumosus Cope. Skilletfish*. Stations: A(8), C(21),
E(19). Salinity 0-7.7, temperature 11.0-19.4. Number and length:
Feb. (1, 40); Mar. (1, 40); Nov. (1, 38).

Family BALISTIDAE
Stephanolepis hispidus (Linnaeus). Planehead filefish*. Stations: A(15-18), C(27, 29), E(3, 11-14, 26-29). Salinity 11.0-26.8,
temperature 22.8-34.1. Number and length: May (12, 17-60); June
(14, 21-59); July (3, 65-70).
Family TETRAODONTIDAE

Sphaeroides maculatus

fer*.

(Bloch and Schneider).

Northern puf-

Stations: A(16-19), C(10, 26, 29), E(12, 13, 28, 32, 33).

Salinity 6.7-24.7, temperature 23.0-34.1. Number and length: Apr.
(1, 16); May (1, 19); June (25, 18-56); July (4) 42-64) -eAueer Ge
40).
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Family D1IopONTIDAE

Chilomycterus schoepfi (Walbaum).
Striped burrfish*.
Stations: C(15), E(3, 4). Salinity 11.1-14.3, temperature 21.0-30.8.
Number and length: June (1, 23); Aug. (1, 101); Oct. (1, 39).
Family BATRACHOIDIDAE
Opsanus tau (Linnaeus). Oyster toadfish. Stations: A(1, 11,
Eielo- 2h 24-26) B(6), C19), E(6, 18, 24, 30, 32, 33). Salinity 0-24.7, temperature 14.0-30.0._ Number and length: Jan. (1, 51);
Mar (3, 133-233); Apr. (4, 130-161); June (2, 118-172); July (22,
18-289); Aug. (3, 26-163); Sept. (2, 135-229); Oct. (4, 89-205);
Nov. (7, 88-205).
Family OGCOCEPHALIDAE

Ogcocephalus cubifrons (Richardson).
captured.

Shortnose batfish. None
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Composition and Feed Value of Shrimp Meal
W. G. Kirk, R. L. Suimuey,

J. F. EASLEY, AND F’. M. PEAcock

SHRIMP meal, a by-product of the shrimp industry, is assuming
more importance as the yearly catch of these crustaceans increases
and as ways are found to utilize the inedible portions. On ship
processing is begun with the removal and discarding of the head,
followed by freezing. When delivered to the processing plant, the
shrimp are thawed, and the shell, legs, and vein removed.
This
material is then steamed, dried, bagged, and sold under the name
of Shrimp Meal or Shrimp Gel. It has been found to have commercial value as animal feed and fertilizer.
This report gives data on the chemical composition of shrimp
meal and its use as a protein supplement in cattle fattening rations.
MATERIALS

AND

METHODS

Shrimp meal consists mainly of small irregular flakes with many
finer particles. Some flakes are pale in color and reflect light while
others are of various shades of grey and brown. The meal has a
distinct shrimp or fish odor. Samples collected for analysis consisted of small aliquots of meal from several bags fed in each of the
four trials. Dry matter, crude protein, ether extract, crude fiber,
ash, phosphorus, urea, uric acid, and alkaline distillable ammonia

were determined by A.O.A.C. methods (1960); calcium by procedure outlined by Welcher (1957); nitrate and nitrite by methods
of Nelson et al. (1954); and acetylglucosamine (chitin) determined
according to Boas (1953).
CHEMICAL

COMPOSITION

The main constituents of shrimp meal as shown by the proximate
analysis (Table 1) are crude protein, crude fiber, and ash with a
limited amount of ether extract and a negative NFE (nitrogen-freeextract) value. The A.O.A.C. method of analysis using copper sulfate as a catalyst gave an average of 45.3 per cent crude protein.
The negative NFE value suggests that an “unknown” factor had
entered into the calculation of the composition of shrimp meal.
When the samples were analyzed for acetylglucosamine an average
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value of 27.2 per cent was obtained. When the nitrogen of this
compound was subtracted from the total nitrogen and the difference
multiplied by 6.25, an average value of 34.4 per cent crude protein,
not acetylglucosamine, was found. Essentially all the crude fiber
residue by the A.O.A.C. method was accounted for as glucosamine.
This indicated that the acetate group of the acetylglucosamine was
removed by the acid and alkali extractions of the crude fiber determination. The polymeric acetylglucosamine (chitin) is similar in
structure to the polyglucose structure of cellulose and thereby
might be expected to be in a proximate analysis crude fiber fraction.
TABLE

1

Composition of shrimp meal by the usual proximate analysis procedure
Nitrogen

Sample

Dry
Matter

Crude
Protein!

Crude
Fiber?

Ether
Extract

Ash

free
Extract

1

89.0

42.3

Zon

0.42

27.8

— 6.623

2

91.5

48.1

20.0

1.87

2m

=) '57

3

92.9

46.0

230

0.92

ADA)

On

4

O2N7

44.7

PASS}

OM.

25.7

= se

Average

91.5

45.3

O88)

0.98

252,

— oo

1 Per cent total nitrogen in samples times 6.25.
2 Analysis indicated the crude fiber was glucosamine, which is chitin without
the acetyl group.
3 Nitrogen-free extract values are obtained by subtracting the sum of percentage
values for moisture, crude protein, crude fiber, ether extract, and ash from 100.
The negative values obtained this way for NFE suggests that a spurious value
for crude protein had been calculated when the percentage N in the samples
was multiplied by 6.25 to obtain the per cent crude protein.

The results of further analyses of shrimp meal show the high
fiber content (Table 1) to be due to the nitrogenous substance glucosamine which results in spurious values for crude protein and
crude fiber. More appropriate composition values are given in
Table 2. When the shrimp meal was analyzed for nitrates, pyridine-ring type nitrogen, urea, uric acid, and ammonia salts, only a
trace was found. These data indicate that the crude protein fraction
is essentially all amino-nitrogen or true protein except that found
in the acetylglucosamine (chitin). The average percent of ash was

25.2 per cent with calcium 10.7 per cent and phosphorus 2.7 per
cent making 53.2 per cent of the total.
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According to the Merck Index (1960) chitin is a white amorphorus material forming the harder part of the horny substance of
crabs, beetles, and shrimp and is found in fungi and bacteria. It
is insoluble in the ordinary solvents, dilute acid and alkali used in
crude fiber determinations. It contains 7.2 per cent nitrogen.
TABLE

2

Corrected composition of shrimp meal accounting for chitin composition
Crude
Dry

Sample

i
2

Acetylglu-

Nitrogen

Protein

cosamine!

Ether

Matter

(not chitin)

(chitin)

Extract

Ash

Extract

free

89.0
91.5

S216
38.1

24.3
24.9

0.4
1.9

27.8
2 ali

3.9
4.5

3

92.9

34.0

29.9

0.9

WB

2.4

4

92.7

32.8

29.8

0.7

D5

3.7

91.5

34.4

Dl

1.0

25:3

3.6

Average

1Contains 1.744% nitrogen equivalent to 10.9% crude protein.
CATTLE

FEEDING

TRIALS

In a preliminary feeding trial of 102 days grade steers fed a
balanced ration of cottonseed hulls, a mixture of shrimp meal and
cottonseed meal, citrus pulp and alfalfa meal had an average daily
gain of 1.93 pounds. The steers on the average ate 1.96 pounds
shrimp meal daily.
In the second trial of 129 days cattle fed a balanced ration containing cottonseed meal had an average daily gain of 1.90 pounds,
consuming 984 pounds feed per 100 pounds gain. Animals fed
shrimp meal had an average daily gain of 2.19 pounds, eating 921
pounds feed for each 100 pounds gain. Improvement in slaughter
grade was from U. S. Utility to U. S. Good. Steers fed shrimp meal
made the fastest and most efficient use of their feed for gains but
this advantage was offset by a 2.4 per cent lower carcass yield compared to those fed cottonseed meal.
Eighteen grade steers in both Trials 3 and 4 were divided into
three lots of six steers each and fed in drylot for 124 and 125 days,
respectively. The three balanced rations of hay and cottonseed
hulls, citrus pulp, alfalfa meal and corn meal contained the same
weight of protein supplement: Lot 1, cottonseed meal; Lot 2, %4 as
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3

Average gain, feed consumption, carcass grade, and yield for steers fed in
Trial 3
1

2

Cotton-

%4 cottonseed meal,

Lot No.

Protein supplement

seed
meal
No.

steers

Age, months
Weight, lb.:
Initial
Gain
Daily gain
Daily protein supplement:
Cottonseed meal, lb.
Shrimp meal, lb.
Daily ration, lb.
TDN daily, lb.
TDN/100 pounds gain, lb.
Carcass grade
Carcass yield

6
17

Y% shrimp
meal

6
7

612
301
2.43

596
283
2.28

3.02

2.14
.70

24,32
16.04

660
High Good
60.91

3
Shrimp
meal

PAS)

14.73
646

High Good
60.22

TABLE 4
Average gain, feed consumption, carcass grade, and yield for steers fed in
Trial 4

Lot No.

Protein supplement

1
Cotton-

seed
meal

Yq shrimp
meal

6
22

No. steers

Age, months
Weights, lb.:
Initial
Gain
Daily gain
Daily protein supplement:
Cottonseed meal, lb.
Shrimp meal, lb.
Daily ration, lb.

805
323
2.58
2.28

505
27.20
16.49

TDN daily, Ib.

TDN/100 pounds gain, lb.
Carcass grade
Carcass yield

2
34 cottonseed meal,

627

High Good
61.15

639

High Good
60.48

3.03
PA sil
ape
680

High Good
61.30
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much cottonseed meal as Lot 1, and “4 shrimp meal; Lot 3, shrimp
meal.
The results of these two trials are summarized
and 4.

in Tables 3

DISCUSSION

Rations with shrimp meal as a protein supplement were eaten
readily and cattle remained in a healthy state. According to Morrison (1956) cottonseed meal, 41 per cent protein, has a 69 per cent
TDN (total digestible nutrients) and shrimp meal 43.5 per cent
TDN. This is a difference of 0.76 pounds more TDN per animal
when the protein supplement fed is 3 pounds daily in favor of cattle
fed cottonseed meal compared to animals fed shrimp meal. Shrimp
meal has approximately 19 per cent more mineral ash than cottonseed meal which probably accounts for much of the difference in
TDN in the two protein feeds. This may be a reason for the higher
average daily gain by steers fed cottonseed meal of 0.12 in Trial 3
and 0.32 pound in Trial 4.
The roughage feeds, hay and cottonseed hulls, fed in Trial 3
made up 15-17 per cent of the feed eaten. In Trial 4, hay, cottonseed hulls, shuck, and cob in the ground snapped corn, supplied
30-31 per cent of the total ration. Lot 1 in Trial 3 had 0.20 pound
higher average daily gain than in Trial 4, while Lot 3 fed shrimp
meal had the same rate of gain in both trials.
The steers fed in Trials 3 and 4 were of similar breeding but
those in Trial 4 averaged 5 months older and 194 pounds heavier
than the steers in Trial 3. Trial 4 animals had increased carcass
yield. This might be attributed to their greater age and weight or
to the higher percentage of roughage in their diet.
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Animal Remains from a Midden at Fort Walton Beach
ELIZABETH

S. WING

A SMALL sample of animal bones was excavated by the late
William Lazarus from a Deptford midden site which dates from
300 B.C. and is located beneath the Fort Walton Temple Mound
in Fort Walton Beach, Okaloosa County, Florida. This sample is
of interest in that knowledge of the Deptford period economy is
scant.
It represents all the bone within a portion of a level
(pit 5, level 11) 3 feet square and 0.7 feet deep and is composed
primarily of the remains of small fish.
For the various species minimum numbers of individuals are
given below and are the same as the largest number of identical
elements of skeleton present.
The number of bones or bone
fragments of each species is not given, because fish vertebrae, comprising the bulk of the material, are difficult to identify. Furthermore, some species are represented by only one preservable element, as teeth of shark and ear bones of shad, which would Eve
a bias to the bone count.
With few exceptions the remains are of small individuals,
comprising 20 species of fishes and six other vertebrates.
Jack
(Caranx), catfish (Galeichthys felis), and shad (Brevoortia ctf.
B. smithi) are by far the most abundant fishes at this site represented by at least 132, 25, and 21 individuals, respectively. The
species of jack that were identified are blue runner (Caranx crysos) and crevalle jack (C. hippos). Sheephead (Archosargus sp.),
mullet (Mugil sp.), spotted sea trout (Cynoscion nebulosus), and
flounder

(Bothidae)

are represented

by at least 12, 6, 5, and 4

individuals, respectively. The following fishes are represented by
at least one individual: bull shark (Carcharhinus cf. C. leucas),
bowfin (Amia calva), lady fish (Elops saurus), gafftopsail catfish
(Bagre marinus), snook (Centropomus sp.), kingfish (Menticirrhus sp.), drum (Pogonias cromis), pinfish (Lagodon sp.), barracuda (Sphyraena sp.), flounder (Paralichthys sp.), and toadfish
(Opsanus sp.). A few fragments of box turtle (Terrapene carolina), terrapin (Pseudemys sp.), and gopher tortoise (Gopherus
polyphemus ) were found in other parts of the Deptford midden
and could be considered occasional food animals in the economy
of this site. Finally two mammals, rabbit (Sylvilagus sp.) and
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white-tailed deer (Odocoileus virginianus), and one bird, a loon
(Gavia immer), are each represented by at least one individual.
Although the fish probably did not provide much more food than
the one deer represented, the Indians must have occupied much of
their time in fishing.
On the basis of the fishes that were caught, it is possible to
suggest some of the fishing techniques that may have been used.
All the fishes represented are found in shallow water along shore
and

around

rocks, so that boats

would

not have

been

essential

for catching the fish that are represented at the site. Most of the
fish that are represented in the midden are either carnivores or
omnivores and could have been caught with hook and line or nets.
The two vegetarian species, shad and mullet, are more easily
caught with nets.
In fact shad, a plankton feeder, cannot be
caught with hook and line. This species requires saline conditions
and would be more abundant in the Gulf than in the Bay. Great
numbers are now caught in nets along the northern part of the
Gulf Coast, and nets may have been used in aboriginal times.
Mullet, one of the most important commercial fishes of the Gulf
Coast today, are more adapted to brackish situations than shad.
The Indians probably caught the mullet in nets or impoundments
in the Bay. Although undoubtedly abundant in the Gulf Coast
waters, this species is represented in Florida coastal Indian sites
only by vertebrae of a few individuals.
Perhaps mullet were
caught incidentally to other fish and were prepared differently.
ACKNOWLEDGMENTS

I gratefully acknowledge the support of this work by grant
GS-284 and GS-1018 of the National Science Foundation.
Florida State Museum,

University of Florida, Gainesville, Flor-

ida, 32601.
Quart. Jour. Florida Acad. Sci. 30(1)

1966

(1968)

Fossil Vertebrates from Navassa Island, W. I.
THOMAS

H. PATTON

In October, 1965, members of the staff of the Florida State
Museum were given permission by the United States Coast Guard
to visit the island of Navassa, W. I., as guests aboard the USCG
Cutter Hollyhock. The major purpose of the trip was to prospect
for possible fossil vertebrate accumulations on the island. This
investigation is part of a continuing study of the systematics and
zoogeography of West Indian fossil vertebrates.
Because the
island of Navassa was previously unknown insofar as fossil vertebrates are concerned, a preliminary report on our findings may be
of interest to zoogeographers and paleontologists.
Navassa Island is a flat-topped limestone block situated 34
miles west of Cap de Irois on the southeast tip of Haiti at approximately 75° longitude and 18° 25’ N latitude. The island is about
2.2 miles long and 1.2 miles wide and narrows towards the northwest.

Its

most

conspicuous

features

are

an

ancient

wave-cut

terrace and the high bluff into which the terrace has been cut.
The surface of the terrace lies about 50 feet above sea level and
is bordered seaward by a steep scarp formed by waves at present
sea level.
The virtually flat upper surface of the island, also a wave-cut
feature, reaches a height of approximately 250 feet towards the
southeast and is tilted gently towards the northwest, where it is
about 140 feet above sea level. The upper surface is relatively
featureless, except for the presence of innumerable limestone
solution pits and cavities.
It is within these cavities that the
fossiliferous matrix occurs. The island is honeycombed with such
solution cavities, which are primarily of a vertical position. Within
most of them a cemented, phosphatic, sometimes fossiliferous,
rock is found adhering to the walls of the parent limestone. Apparently the phosphatic rock completely filled the majority of the
cavities at one time, but has been mined to the extent that in most
places little of the original material is left. Where the matrix occurs
in too small amounts to have made mining practical, it is still
undisturbed, but such situations were seldom encountered by our
party.

In addition to the hard phosphatic deposits already mentioned,
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soft sediments were observed in the bottoms of some of the deep
vertical-walled, solution pits that occur commonly in the southeast
part of the island. We were unable to climb down into these
pits on our first visit.
The phosphatic matrix has been treated with acetic acid and
so far has proved to be rather sparsely fossiliferous.
Several
reptiles were recovered, however, from a deposit approximately
150 yards from a lighthouse at bearing 20° NE. Three forms are
previously unreported from Navassa (Schmidt, 1921; Barbour,
1937).
A preliminary list of fossil vertebrates of probable Pleistocene
age from Navassa is given below, with the additions to the fauna
indicated by asterisks.
Class REPTILIA
Order CHELONIA:
Family Testudinidae:
Family Emydidae:

Geochelone

Pseudemys

Order SQuaAMATA:

Family Gekkonidae:

sp.*

sp.*

Suborder

Lacertilia

?Aristelliger sp.

Family Iguanidae: Cyclura sp.
Anolis sp.
Order SQuAMATA:

Suborder

Serpentes

Family Colubridae: Alsophis sp.*
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Notes on the Trematode Genera Cleidodiscus and Urocleidus
C. E. Price

THE monogenetic trematode genus Cleidodiscus Mueller, 1934,
is one of approximately 50 genera included in the subfamily
Ancyrocephalinae. Descriptive work within this subfamily began
for North America when Van Cleave and Mueller (1932) described Cleidodiscus aculeatus from the gills of Stizostedion vitreum.
The Ancyrocephalinae have long been in a state of taxonomic
disorder. One of the major reasons for this unsettled condition
has been the tendency of some workers to base new genera and
species on anatomical features of insufficient magnitude.
Between 1934 and 1938, J. F. Mueller proposed nine genera of
Ancyrocephalinae (then called Tetraonchinae), namely Actinocleidus, Aristocleidus, Cleidodiscus, Haplocleidus, Leptocleidus, Onchocleidus,

Pterocleidus,

and Hughes (1938)
cleidus, Cleidodiscus,
lated haptoral bars
pieces, appears to be

Tetracleidus,

and

Urocleidus.

Mizelle

reduced these nine genera to three, Actinoand Urocleidus. Actinocleidus, with articuand cirri with basally articulated accessory
a valid genus. Cleidodiscus and Urocleidus,

however, are not so well differentiated, and require a close comparison.

Generic diagnoses are quoted below from Mizelle et al. (1956).
Cleidodiscus Mueller, 1934
Synonyms:

Leptocleidus

Mueller,

1936,

in part;

Tetracleidus

Mueller,

NOSOseim apart

Diagnosis: Tetraonchinae (Ancyrocephalinae) somewhat flattened dorsoventrally and with trunk narrowly elliptical in outline (dorsal view).
Eyes
four, one pair larger than, and posterior to, the other.
Gut bifurcate,
without diverticula; rami confluent posteriorly. Gonads near middle of body.
Cirrus usually a simple cuticularized tube.
Accessory piece always present
and generally articulated with the cirrus.
Vagina usually present and
opening on left margin near mid-length of trunk (the vagina is dextral in
C. banghami; see Mizelle 1940).
Vitellaria consisting or numerous, small,
discrete follicles arranged in a pair of lateral bands extending from the
pharynegeal region to, or into, the peduncle; the bands always posteriorly,
and sometimes anteriorly, confluent.
Haptor generally distinct, discoidal or
subhexagonal; armed with two pairs of anchors and seven pairs of hooks.
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Anchors, one pair dorsal and the other pair ventral, with superficial roots
of each pair connected by a transverse bar; bars nonarticulate with each other.
Parasitic on gills of freshwater fishes.

Urocleidus Mueller, 1934. Emended by Mizelle and Hughes, 1938
Synonyms; Onchocleidus Mueller, 1936, in part; Tetracleidus
1936, in part; Aristocleidus Mueller, 1936, in part; Haplocleidus
1937, in part; and Pterocleidus Mueller, 1937, in part.

Mueller,
Mueller,

Diagnosis: Tetraonchinae (Ancyrocephalinae) with trunk, eyes, gut, gonads, vitellaria, and haptoral bars as described for Cleidodiscus.
Cirrus a
cuticularized tube, straight or undulate, with or without a cirral fin or
thread, infrequently corkscrew-like.
Accessory piece never basally articulated with the cirrus.
Vagina, when present, opening on the right margin
near mid-length of trunk.
Haptor generally distinct, subhexagonal; armed
with two pairs of anchors and seven pairs of hooks.
One pair of anchors
dorsal, the other pair ventral, in position.
Parasitic on gills of freshwater
fishes.

As an additional character, Yamaguti (1963) states that the
haptoral bars are similar in Urocleidus and dissimilar in CleidodisCus.
Comparison of the characters of the two genera indicates that
the morphology of the trunk, eyespots, gut, gonads, vitellaria,
and haptoral bars is quite or nearly identical to that of CleidodisCus.
It is readily ascertained that the haptor armaments of the two
genera are very much alike in all respects. Each haptor contains
two pairs of anchors, the bases of each pair supported by a transverse bar. The anchors are not articulated to each other in either
case, and the anchors are located in the same portions of the
haptors of both genera. All members of both genera possess 14
haptoral hooks, these hooks in each case being arranged in an
essentially common spatial organization. Yamagutis (1963) proposed differentiating factor of dissimilar bars in Cleidodiscus
and similar ones in Urocleidus is not a valid one. Several species
of Cleidodiscus, including the new species described later in this
paper, possess bars very similar in shape. It thus appears that no
significant differences in the haptoral armaments of these genera
exist.

The presence or absence of a vagina can scarcely be considered
a trait of generic magnitude. Mizelle and Hughes (1938) state
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that the absence of a vagina in North American fresh-water forms
is not of generic significance since this condition sporadically occurs in several of the old genera.
A survey of North American monopisthocotylean Monogenea
indicates without any serious question that position of the vagina
is a poor generic trait. The vagina of Cleidodiscus banghami,
for example, is dextral (Mizelle, 1940), whereas the vaginae are
sinistral in all other congeneric species. In the genus Dactylogyrus the vagina has been reported as on the right ventral margin
in D. amblops Mueller (1938), as being located near the midventral surface in D. columbiensis Monaco and Mizelle (1955),
and as being sinistral and lateroventral in D. vancleavei Monaco
and Mizelle (op. cit.).

In final analysis, only one character appears to differentiate
Cleidodiscus and Urocleidus.
The accessory piece is said to be
basally articulated to the cirrus in Cleidodiscus, whereas the cirrus is not joined to the accessory piece in Urocleidus. The articulated accessory piece is apparently derived from ancestral forms
possessing the non-articulated accessory piece. As it seems plausible that this character might furnish significant information of an
evolutionary nature, both genera should stand, but with revised
limits.
As concerns the species lacking an accessory piece entirely, it
has not been established beyond question that any North American
parasite related to either Cleidodiscus or Urocleidus actually lacks
the accessory piece. If any such species do in fact exist, Onchocleidus Mueller, 1936, is available for their inclusion. Onchocleidus
was established by Mueller to include Urocleidus-like forms which
lacked an accessory piece, but Mizelle (1955) stated that an
accessory piece has been observed in practically every species of
Onchocleidus and probably exists in all of them.

As several species presently classified in Cleidodiscus possess
accessory pieces which are apparently not actually articulated to
the cirri, these forms should be transferred to Urocleidus. They
will be known as U. alatus (Mueller, 1938), U. brachus (Mueller,
1938), U. chautauquansis (Mueller, 1938), U. chavarriai (E. Price,
1938), U. megalonchus (Mueller, 1936), and U. travassoi (E. Price,
1938).
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For any worker of the opinion that the trait of an articulated
or nonarticulated accessory piece does not exhibit enough importance to justify generic separation, the only alternative would be
to synonymize Cleidodiscus and Urocleidus.
A New

Species oF Cleidodiscus

The author wishes to express his sincere thanks and appreciation to Mr. Emory Milner for a single host specimen of Lepomis
auritus (Linnaeus) from his branch near Hollanville, Georgia.
The branchial material and resultant parasites were treated as
prescribed by C. Price and Mizelle (1964). Measurements were
made as outlined by Mizelle and Klucka (1953) and are expressed
in microns.

Cleidodiscus georgiensis sp. n.
Host and locality. Lepomis auritus (Linnaeus), the red-bellied
sunfish; Milner’s Branch, 3 miles SE of Hollanville, Georgia.

Number of specimens studied. Two.
Region of host's body inhabited by parasites. Gill filaments.
Types. Holotype deposited in the helminthological collection
of the U. S. National Museum, accession no. 61201. Paratype in
author's collection.
Description.
Dactylogyridae, Ancyrocephalinae.
A form of
relatively small size provided with a thin, smooth cuticle devoid
of scales or spines. Body constricted somewhat near mid-length.
Body length 340 (322-358); greatest body width 63 (58-68),
just anterior to constriction. Two pairs of eyespots, members of
posterior pair much larger and somewhat closer together than other
members.
Comprising eyespot granules exhibit a slight tendency
to dissociate; a few comprising granules scattered in the cephalic
region. Pharynx subspherical in dorsal view; transverse diameter
16 (14-18). Peduncle short and narrow, with result that haptor
is well set off from body proper. Haptor essentially subspherical
in outline, with a somewhat irregular posterior border; length 83

(75-91), width 80 (76-84).
Two pairs of anchors, all members

similar in both size and
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shape (Figs. 1-2). Each anchor composed of: (1) a solid base
provided with a prominent superficial and a short deep root, (2)
a solid shaft, joined to (3) a solid point. Shaft and point connect
at a definite angle. Length of ventral anchor 37 (35-39), width of
base 13 (12-14), length of dorsal anchor 36 (34-38), width of
base 14 (13-15).
Each of the haptoral bars simple and quite
similar (Figs. 3-4). Length of ventral bar 20 (18-21), length of
dorsal bar 23 (21-24).

:

3

5

Are
=

8

i
|

if

0.05 mm

Figs. 1-8. Cleidodiscus georgiensis sp. n., illustrating the major sclerotized structures.
1. Ventral anchor.
2. Dorsal anchor.
3. Ventral bar.
4.
Dorsal bar.

5, 6. Haptoral hooks.

7. Cirrus.

8. Accessory piece.

Haptoral hooks 14 (seven pairs), similar in shape, subequal in
size, and arranged in agreement with Mizelle and Crane (1964).
(Figs. 5-6). Each hook composed of a solid base, a solid shaft, and
a sickle-shaped termination provided with an opposable piece.
Hook lengths: no. 1— 28; nos. 2, 4— 22; no. 3— 23; nos. 6, 7— 24;
no. 5— 18.
Copulatory complex composed of a cirrus and an accessory
piece (Figs. 7-8). Cirrus arises from an inflated base as a tube
of narrow diameter, and opening ventrally; length 25 (23-28).
Accessory piece basally articulated to cirrus; as the accessory piece
shaft distally approaches the cirrus tube, it divides into two short
rami of approximately equal length; length of accessory piece 18
(16-20). Vagina not observed with certainty. Testis postovarian.
Vitellaria moderately well developed, forming two lateral bands.
Intestinal crura confluent posteriorly.
It is difficult to determine

which North American

Cleidodiscus
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species most clearly resembles the present form. Several species
of this genus possess haptoral armament similar to this new parasite, but none as yet described possesses a copulatory complex
closely resembling that of C. georgiensis.
SUMMARY

The monogenetic trematode genera Cleidodiscus and Urocleidus are very nearly identical in morphology.
The sole differentiating feature is the possession by Cleidodiscus of an accessory
piece basally articulated to the cirrus; in Urocleidus the accessory
piece is not joined to the cirrus base. Several species of Cleidodiscus are transferred to Urocleidus on that basis.
A new species, Cleidodiscus
gills of the red-bellied sunfish,
described.

georgiensis, recovered from the
Lepomis auritus (Linnaeus), is
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Aerial Respiration in the Florida Spotted Gar
BrtiAN

McCorRMACK

Many physotomous fishes use their gas bladder as a temporary
or supplementary organ of respiration. Among these are included
the Osteoglossidae, Mormyridae, Characidae, and Holostei (Bertin, 1957). Among the holostean fishes, the gars (Lepisosteus)
occur naturally in fresh and brackish waters, generally in ponds,
lakes, canals, and estuaries.
They are very common in the Mississippi Valley and Florida.
L. platyrhincus De Kay is quite
common in the Everglades, where it feeds on Gambusia affinis,
Fundulus chrysotus, Jordanella floridae, and the young of many

other fishes. It is itself an important prey of the alligator (Alligator mississippiensis). Its chief method of catching food is to
float motionless in mid-water and dart into a school of smaller
fish, seizing one of them in its long jaws armed with needlelike
teeth.
It has long been known that gars may survive in waters of low
oxygen concentration, such as often occur during dry periods in
the Everglades, when numerous fish crowd into the larger ponds.
The gars have often been seen to gulp air at the surface by
rising parallel to the surface and, when their backs touch it, they
thrust their snout out of the water and gulp some air. I have
noticed in the tank that the fish almost invariably, after this,
let out a few bubbles of air through their gill openings.
This
“exhalation”

can

occur

at other times

as well, however,

such as

just before they gulp air, or even while they are merely swimming
or resting on the bottom.
For a long time there was uncertainty as to whether or not the
gas bladder was really the organ whereby the garfish utilized
oxygen from the air. It was not until Potter (1927) analyzed
samples of gas drawn from the bladders of long-nosed gars (Lepisosteus osseus) and showed that a gaseous exchange of oxygen
and carbon dioxide indeed takes place in the gas bladder. The
oxygen concentration was highest immediately after the fish gulped
air and then gradually decreased, while the concentration of carbon dioxide increased correspondingly.
The gas bladder is thus
definitely the organ of aerial respiration in the garfish. Potter
further estimated that 50 per cent of the oxygen in the air was
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absorbed by the gas bladder. When a screen prevented the fish
from going to the surface to gulp air, the fish would die in five to
six hours in water of low oxygen concentration. It is this second
set of experiments that I have tried to repeat and expand, using
L. playtyrhincus as the subject. In this way one can compare how
a different species of gar reacts to the same conditions. Temperature considerations were introduced here, which Potter had almost
entirely ignored, so that the correlation between the two species
can only be approximtae.
My thanks to Professor L. R. Rivas for allowing me the use
of the Ichthyological Laboratory and his own library. My thanks
also goes to Drs. Hunt and Rich for allowing me the use of the
YSI Oxygen Meter.

MATERIALS

AND

METHODS

The fish used in the experiments were collected at “40 Mile
Bend” on the Loop Road (U. S. 94) off the Tamiami Trail. They
varied from 11-14 inches in total length. Before the experiments
they were kept for several weeks in an unaerated 35 gallon tank
and fed live Gambusia. At the time of the experiments all the fish
were transferred to another tank and then were tested one by one
in their original tank. Some fish were tested in another tank in
which the water temperature was lower.
Oxygen concentration
was controlled by means of an air pump. Without a heat control
system, however, the temperature could not be regulated.
The experiments consisted essentially in placing a fish in the
tank, waiting for an hour or so until it got adjusted to its new
environment, which could be inferred when it began to swim
normally and gulp air. A flexible plastic screen was placed on
top of the tank below the surface and wedged in with wooden
supports. In this manner a free exchange of oxygen from air to
water could be maintained, so that the oxygen content of the
water would remain constant. Measurements of temperature and
oxygen concentration in the water were made during the course
of the experiments by a YSI Model 51 Oxygen Meter.
The first three experiments show that Lepisosteus platyrhincus cannot survive without breathing air at temperatures of 20-21
C and 2-3 parts per million of oxygen. When access to air was
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permitted under the same conditions the fish survived for over a
month. L. osseus survived for 5-6 hours in what were probably
the same conditions (Potter, 1927), while L. platyrhincus died in
about an hour.
We may thus have here a significant species
variation.

At 21-22 C, and much higher oxygen concentration, as shown
by fish no. 5, L. platyrhincus can survive indefinitely without
aerial respiration.
Fish no. 6 shows that this is also true for
temperatures lower than 21 C. This is qualitatively true for many
other air-breathing fishes (Willmer, 1934; Horn and Riggs, MS).
What is interesting to note here, however, is that fishes nos. 5 and 6
TABLE

Effect of oxygen concentration
given access to surface

and temperature

Fish No.

Time

0, ppm

1

1230-1345

2.0
2eD

oe

1600-1650

3
|

1400-1500

A

1330-1830

5
6

*Fish removed

1800-2300
1330-0930

I

Temp®

on survival of garfish not

C

Total time

20.0
20.4

hrs
50 min

225

21.0

25

21.0

De
NS

20.4
20.4

Ie aie

6.5

24.0

5 hr

6.5

24.0

DD

21.5

6.0

22.0

6.5

14.5

6.5

15.0

Semin

5 hr
PAN joie

alive.

actually tried to gulp air, even though the experiments showed
that they did not need it. Other fish in conditions identical to
experiment 6, but without the screen, were observed to gulp air
once every 10-15 minutes. This implies that aerial breathing behavior may be partially independent of temperature and oxygen
concentration influences. Fishes nos. 1-3 were observed to gulp
air every 2-5 minutes. Thus the rate of aerial gulping does depend
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somewhat on oxygen concentration, but the behavior is shown
independent of oxygen values as well.
Fishes nos. 4 and 6 show that, as expected, at higher termperatures the fish need greater amounts of oxygen. Much more work
needs to be done on this with adequate temperature controls.
The characid, Erythrinus unitaenatus, does not use its gills
at low concentrations of oxygen (Willmer, 1934). The same was
noted

in the experiments

on

Lepisosteus;

at oxygen

concentra-

tions of 2.0-2.5 ppm the opercles are shut tight. At such low
concentrations of oxygen the fish’s blood may contain more oxygen
than the medium; to expose its gills to the water at such a time
would result only in the loss of more oxygen. Thus the fish conserves oxygen by not using its gills.
L. platyrhincus, however, shows opercular activity under these
conditions.
Just before the fish gulped air at the surface its
opercules expanded and contracted several times, although the gill
membranes remained shut. This may be the. way the fish draws
out stale air from its bladder preparatory to gulping new air.
Another series of opercular puffings was seen after the fish had
gulped air and exhaled through its gill openings.
Perhaps the
fish now was forcing the new air into its bladder.
At higher concentrations of oxygen L. platyrhincus clearly uses
its gills for respiration. Fish no. 4, for example, had a respiratory
rate of 20 opercular pumpings per minute when it was also allowed
to gulp air. Once the screen was put on this rate rapidly climbed
to 40 pumpings per minute.
SUMMARY

AND

CONCLUSIONS

L. platyrhincus has both aquatic and aerial respiration and
can exhibit both at the same time or either one alone, depending
on the conditions.
At low temperatures and high oxygen concentrations the fish can survive indefinitely without aerial respiration. The gills are adequate, but the fish still tries to gulp air,
perhaps to ease the work load of the gills. At very low oxygen
concentrations, the fish closes the gill covers and may live indefinitely on aerial respiration alone. At intermediate levels of oxygen
and temperature the fish exhibits both aerial and aquatic respiration.
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Invertebrates Found in Water Hyacinth Mats
James O'HARA
Tue water hyacinth, Eichornia crassipes (Mart.), is a perennial,
floating, mat-forming aquatic plant which is known to be established in most of the southern states.
In many areas where it
flourishes, it produces mats that cover thousands of acres of fresh
water and often develops so thickly as to impede navigation. The
plant has an extensive root system that often reaches a length of
three feet. This gives the hyacinth mat an interface area that is
greater than any other floating aquatic plant. Thus, the presence
of water hyacinths creates a vast new habitat for colonization by
aquatic invertebrates in areas of open water that would normally
be dominated by larger predaceous forms.
A number of studies have shown that direct relationships exist
between aquatic plants and many species of aquatic invertebrates.
Krecker (1939) and Rosine (1955) demonstrated a relationship
between invertebrate populations and the surface area of submerged aquatic plants. Scotland (1934) investigated the species
of animals associated with a floating plant. There have been no
studies done on the relationship between aquatic invertebrates and
water hyacinths.
Goin (1943) studied the lower vertebrate fauna associated
with water hyacinths, and Dickinson (1949) had occasion to
investigate hyacinth infested ponds in a study of the biota of
ponds and ditches. However, he gave no information regarding
the animals associated specifically with hyacinths.
In view of the lack of information concerning this plant-animal
relationship, this study was designed to survey the invertebrate
animals that are associated with the hyacinth root mat and obtain
an indication of their relative abundance. I would like to thank
Dr. B. P. Hunt, Dr. D. R. Paulson, and Dr. E. R. Rich for their
continuing help and guidance throughout this project. I would
also like to thank Dr. F. G. Butcher, Dr. J. P. Moore, Dr. H. van
der Schalie, and Dr. J. E. Wilson for identifying several of the
specimens collected.
This study is based on 11 collections made between December,
1959, and May, 1960, south of Lake Okeechobee, Florida (see
Appendix).
Collections were generally made in slow flowing
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canals up to one and one-half meters deep. All collections were
made in water deep enough to allow the collecting net to pass
beneath the roots without disturbing them. The use of the net is
similar to that described by Goin (1942). The sampling differed
from Goin’s by having a smaller mesh screening (30 meshes-tothe-inch) in the net. One portion of the net was isolated as a
center well with a known area and all quantitative measurements
were based on the organisms collected in this center well. The
animals and hyacinths were placed in a large plastic bag, preserved in 10 percent formalin, and taken to the laboratory. The
animals were then washed free of the root mass, identified and
counted. Details of these procedures are given by O'Hara (1961).

The invertebrate fauna associated with water hyacinths is generally typical of bottom fauna communities.
The invertebrates
collected totaled over 44,000 specimens comprising over 55 species.
The total list of species is not complete since not every animal
was fully identified.
The most abundant invertebrate forms collected were the Gastropoda with a total of 2,098 specimens in 11 collections. This
total consisted of about six species and comprised an average of
28 percent of the animals collected (Table I).
TABLE

1.

Invertebrate populations found in hyacinths

Collection

Animals/m2

Gastropoda

Hyallela
azteca

Insect
larvae

3%
Pat
Hi

2%
18
10

Other
animals

i
2
3

3,446
7,242
9,573

62%
40
60

33%
Pal
29

4
»

8,650
7,626

2
2
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70

9
5

28
23

6
Tl
8

6,505
SDT
10,370

7
33
36

72
oni
0

3
8
54

18
Daye
10

9

11,864

49

5

28

18

10
et

24513
84,223

18
0

2;
95

35
0

45
5

Average

16,484

28%

33%

15%

23%
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Hyallela azteca was the most common single species with a
total of 1,622 specimens obtained in collections 1 through 10.
Collection 11 contained a total of 81,430 H. azteca per square
meter. This exceedingly dense population occurred in a permanent lake situation as opposed to the slow flowing canal environment of the other collections. An average of 33 percent of the
animals collected belonged to this species, although this figure is
heavily weighted by the large population in collection 11.
The total number

of insect larvae collected was

1,242 for 11

collections.
This total was composed of about 33 species and
comprised an average of 15 percent of the total animals collected.
Other animal groups comprised a very small percentage of the
total animal numbers.
In collection 10 Oligochaeta comprised 41
percent of the total number of animals. This high percentage can
be correlated with strong evidence of agricultural pollution at this
location.
The worms (Tubifex sp.) were almost totally absent
at this same location one week before collection 10 was made.
The following is a list of the invertebrates collected in water
hyacinths, with notes on their frequency of occurrence.
Class TURBELLARIA

Planarians were found in all collections in small numbers. These
forms apparently become abundant in localized situations with
the greatest concentration found being over 1,000 per square meter
in collection 1.
Class OLIGOCHAETA

Tubifex sp. were noted to be in abundance only in collection
10. These forms are often considered to be indicators of organic
pollution, which agrees with the water condition at the site of
collection 10. Three unidentified species of Oligochaeta were also
found to live in hyacinths.
Class HrupDINEA

Dina lateralis was the most common leech found to live in
association with water hyacinths. Macrobdella ditetra,
Helobdella
triserialis, and Placobdella parasitica were also collected. Hirudoids were represented in all collections except 1 and 4 but
seldom in large numbers.
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Class GASTROPODA

Physa pomilia was
collections

except

the most frequently observed

collections

1, 3, and

11.

form in all

Helisoma

trivolvis

was the most common species found in collections 1 and 3. Collection 11 contained no Gastropoda. Pomacea miamiensis was represented occasionally as was Pseudosuccinea columella.
Amnicola
sactijohannis and Gyraulus parvus was relatively rare.
Class PELECYPODA

Sphaerium partumeium and Sphaerium securis occurred
in collections 3 and 5 and not in large numbers.

only

Class ARACHNIDA

Arrenurus

birgei, Arrenurus

major, Arrenurus

spetiolatus,

Ar-

renurus magnicaudatus, and Arrenurus falcicornis were found to
occur in water hyacinths but generally in very small numbers.
One form or another was found in all collections.
<A _ birgei
appeared to be the most common form. One unidentified hydracarina was also collected.
Class CRUSTACEA

Hyallela azteca was represented in all collections except collection 8. The relative abundance of this form is discussed earlier.
Palaemonetes paludosa occurred in collections 3, 4, 5, 6, 7, 9, and

11 but rarely in very large numbers.

Procambarus

alleni was

taken in collections 2, 3, 5, and 6, but no more than one specimen
was taken in each.

Class Insecta (Ephemeroptera )

Berner (1950) indicated that Caenis diminuta is rarely found
in association with water hyacinths because of lack of oxygen.
In collection 3, 4, 6, 7, and 8, this species and Callibaetis floridanus
were very common.
Collection 8 had a population of 1,652
Ephemeroptera per square meter, of which the greatest number
were C. diminuta.
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Class InsEcra (Odonata, Anisoptera)
Of the twenty-nine Odonata nymphs collected, eighteen were
Erythemis simplicicollis.
Cannacria gravida, Miathyria marcella,
Pachydiplax longipennis, and Tetragoneuria sp. were represented
in the collections. Anisoptera nymphs were taken in all collections
exeepimcollections 6, 7, 10, and 11.

Class INsEctra (Odonata, Zygoptera)

Ischnura ramburii and Enallagma sp. were identified as occurring in water hyacinths but were never present in large numbers.

Class INsecra (Diptera)
Because of difficulty in obtaining exact taxonomic determinations, insect larvae and pupae other than Ephemeroptera and
Odonata were largely identified only to family groupings. Insect
larvae were found in all collections except collection 11. Although
the representation in each collection was frequently very different,
the total relative abundance is presented here as a composite view
of the insects found in association with water hyacinths.
Chironomidae were by far the most abundant insect larvae
found in the hyacinth community. This group appeared to contain
several species in both larval and pupal stages, although the exact
number of species was not determined.
Ceratopogonidae were fairly abundant and only two species
were distinguished. Both larvae and pupae were collected.
Stratiomyidae larvae were taken only in collection 10 but
they were fairly abundant in this location.
Several unidentified Diptera larvae were also collected.

Class Insecta (Coleoptera)
Hydrophilidae and Dytiscidae adults were rare and no larvae
were taken.
Omophronidae adults were very common, being found in over
half the collections.
Haliplidae adults were quite abundant in
localized situations. Haliplus was the only genus noted.
Gyrinidae was represented only by the larval stage and never
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in great abundance, although the adults were commonly observed
in nearby open water. Gyrinus was the only genus noted.

Class Insecta (TRICHOPTERA)
No identification was made on these forms. There are at least
three species present in the hyacinth environment, as determined
by the types of cases found, although all are relatively rare.
Class Insecta (HEMIPTERA)
Nepidae were uncommon in water hyacinths. Ranatra sp. was
collected only twice.
Naucoridae were common in localized situations and all stages
of development of Pelocoris sp. were taken.
Belostomatidae were infrequent in most collections but occasionally nymphs were observed in large numbers.
This was
probably due to a hatching of an egg mass.
All stages of development of Belosoma sp. were taken.
CONCLUSION

The total number of organisms per square meter shows an
extreme variation from 3,446 to 84,223 per square meter with an
average of 16,484.
Attempts to relate invertebrate population
size to-size of the root mass were unsuccessful.
The animal
populations are considerably larger than are generally found in
bottom samples and in other plant associations. Ball (1948) reported 2,641 bottom organisms per square meter and 175 organisms
per pound wet weight of Potamogeton in Third Sister Lake in
Michigan.
This compares with a calculated minimum of 902
organisms per pound wet weight of hyacinth roots.
Cooper
(1941) found the average number of organisms in 44 Maine
lakes to be about 1,600 organisms per square meter of lake bottom.
Unpublished data of the author show an average of 2,449 organisms per square meter of lake bottom in three Florida lakes.
It is quite evident that the animal populations in water hyacinths are usually far larger than the populations obtained from
other aquatic habitats. One major factor contributing to a larger
population is the three dimensionality of the hyacinth environment compared to the relatively thin bottom environment.
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APPENDIX

All collections except number 11 were obtained in the canals
located alongside the highways indicated.
Collection 1. December 23, 1959.
Dade County. 0.5 miles south of 224th
Street on 87th Avenue near Perrine, Florida.

Collection 2. January 15, 1960. Broward County.
1.7 miles south of Florida
Highway 810 on Lyons Road near Margate, Florida.
Collection 3. February 27, 1960. Collier County.
Dade County line, on U. S. Highway 41.

10.4 miles west of Collier-

Collection 4. March 11, 1960.
on Florida Highway 78.

Glades County.

Collection 5. March 11, 1960.
on Florida Highway 78.

Glades County. 8.2 miles north of U. S. 27

Collection 6. April 29, 1960. Broward County.
on U. S. Highway 27.

6.0 miles north of Andytown

Collection 7. April 29, 1960.
Hendry County.
Highway 80 and U. S. Highway 27.
Collection 8. April 29, 1960.
Collier County.
town on Florida Highway 29.

Collection 9. April 29, 1960.
Collier
Station on U. S. Highway 41.

3.8 miles north of U. S. 27

0.6 miles

east of Florida

36.4 miles north of Carnes-

County.

6.4 miles

east

of Monroe

Collection 10. May 6, 1960. Collier County.
on Florida Highway 29.

36.4 miles north of Carnestown

Collection 11. May 6, 1960.

Peppers Cove on Lake Trafford.

Collier County.

LITERATURE
Batt,

CITED

R. C.
1948.
Relationship between available fish food, feeding
habits of fish, and the total fish production in a Michigan lake. Mich.
State Univ., Agr. Exp. Sta. Tech. Bull., vol. 206, pp. 1-59.

BerRNER, L.
1950.
The mayflies
Sei, Ser., vol. 4, pp. 1-267.

of Florida.

Univ.

Florida

Stud.,

Biol.

Cooper, G. C.
1941.
A _ biological survey of lakes and ponds of the
Androscoggin and Kennebec River drainage systems in Maine. Maine
Dept. Inland Fish and Game, Fish Sur. Rep., vol. 4, pp. 1-238.
Dickinson, J. C. 1949.
An ecological reconnaissance of the biota of some
ponds and ditches in northern Florida.
Quart. Jour. Florida Acad.
Sei vol, I pp. 1-28.
Goin,

C.

J.

1942.

A

method

with water hyacinths.

for

collecting

the

vertebrates

Copeia, vol. 1942, pp. 183-184.

associated

80

QUARTERLY

JOURNAL

OF THE FLORIDA

ACADEMY

OF SCIENCES

1943. The lower vertebrate fauna of the water hyacinth community.
Proc. Florida Acad. Sci., vol. 6, pp. 143-153.
Krecker, F. H.
1939.
A comparative
of certain submerged aquatic plants.

study of the animal population
Ecol., vol. 20, pp. 553-562.

O'Hara, J. 1961.
The invertebrate fauna associated
in south Florida.
Unpublished master’s thesis.

with water hyacinths
University of Miami,

66 pp.

Rosine, W. N. 1955. The distribution of invertebrates on submerged plant
surfaces in Mahee Lake, Colorado. Ecol., vol. 36, pp. 380-314.
ScotLanp, M. B.
1934.
The
vol. 15, pp. 290-294.

animals

of the

Lemna

association.

Ecol.,

Department of Biology, Central State University, Wilberforce,
Ohio
Quart. Jour. Florida Acad. Sci. 30(1)

1967 (1968)

FLORIDA ACADEMY
INSTITUTIONAL

OF SCIENCES

MEMBERS

FOR

1967

Archbold Expeditions
Barry College

Central Florida Junior @ollese

Florida Atlantic University

—

Florida Presbyterian College

Florida Southern College
Florida State University

Jacksonville University
Marymount College

Miami-Dade Junior College
Moin Park Hospital Foundation

Polk Junior College
Rollins College
St. Leo College Stetson University

University of Florida
University of Florida
Communications Sciences Laboratory
University of Miami

University of South Florida

University of Tampa

|

FLORIDA ACADEMY
Founded

OFFICERS

OF SCIENCES
1936

FOR 1967

President: JAcKsON P. SICKELS
Department of Chemistry, University of Miami
Coral Gables, Florida

President Elect: CLARENCE C CLARK
Department of Physical Sciences, University of South Florida
Tampa, Florida
Secretary: Joun D. McCrone
Department of Zoology, University of Florida
Gainesville, Florida

Z'reasurer: JAMES B. FLEEK
Department of Chemistry, Jacksonville University
Jacksonville, Florida
Editor:

PreERcE BRODKORB

Department of Zoology, University of Florida
Gainesville, Florida

Membership applications, subscriptions, renewals, changes
of address, and orders for back numbers should
be addressed to the Treasurer

Correspondence regarding exchanges
should be addressed to

Gift and Exchange Section, University of Florida Libraries
Gainesville, Florida

CY
NA

Fo}G63

~I Quarterly Journal
of the

Florida Academy of Sciences
Vol. 30

June, 1967

No. 2

CONTENTS
Rainfall distribution in the Miami area

Louis C. Sass

81

Ripley P. Bullen and Harold K. Brooks

97

Two ancient Florida dugout canoes

Variation in plantar tubercles in Peromyscus polionotus

Michael H. Smith

108

A new gill trematode from Georgia

Charles E. Price

111

A new centrolenid frog from Guyana

Coleman J. Goin

115

Behavior of iguana during rain storms

Coleman J. Goin

119

J. Alan Holman

121

C.J. Wilcox and H. H. Head

141

Additional Miocene anurans from Florida
Variation in bovine cholinesterase levels

Officers and members of the Academy

SSERARI

A

Mailed July 24, 1968

145

QUARTERLY JOURNAL OF THE FLORIDA ACADEMY OF SCIENCES
Editor:

Pierce Brodkorb

The Quarterly Journal welcomes original articles containing
significant new knowledge, or new interpretation of knowledge, in
any field of Science. Articles must not duplicate in any substantial
way material that is published elsewhere.
INSTRUCTIONS

TO AUTHORS

Rapid, efficient, and economical transmission of knowledge by means of
the printed word requires full cooperation between author and editor. Revise
copy before submission to insure logical order, conciseness, and clarity.

Manuscripts

should be typed double-space throughout, on one side of

numbered sheets of 8% by 11 inch, smooth, bond paper.
A Carson Copy will facilitate review by referees.
Mares should be 112 inches all around.
Tires should not exceed 55 characters, including spaces.

Footnotes should be avoided. Give ACKNOWLEDGMENTS in the text and
ADDRESS in paragraph form following Literature Cited.
LITERATURE CiTeED follows the text. Double-space and follow the form
in the current volume.

For articles give title, journal, volume, and inclusive

pages. For books give title, publisher, place, and total pages.
TABLES are charged to authors at $19.95 per page or fraction. Titles
must be short, but explanatory matter may be given in footnotes. Type each
table on a separate sheet, double-spaced, unruled, to fit normal width of page,
and place after Literature Cited.
Lecenps for illustrations should be grouped on a sheet, double-spaced,
in the form used in the current volume, and placed after Tables. Titles must
be short but may be followed by explanatory matter.
ILLUSTRATIONS are charged to authors ($17.30 per page, $15.80 per half
page. Drawincs should be in India ink, or good board or drafting paper, and
lettered by letting guide or equivalent.
Plan linework and lettering for reduction, so that final width is 4% inches, and final length does not exceed 6%
inches. Do not submit illustrations needing reduction by more than one-half.
PHotocrapus should be of good contrast, on glossy paper.
Do not write
heavily on the backs of photographs.
ProoF must be returned promptly. Leave a forwarding address in case
of extended absence.
REPRINTS may be ordered when the author returns corrected proof.
Published by the Florida Academy of Sciences
Printed by the Storter Printing Company
Gainesville, Florida

QUARTERLY

JOURNAL

of the

FLORIDA

ACADEMY

Vol. 30

OF

SCIENCES

June, 1967

No. 2

Rainfall Distribution in the Miami Area
Louts

C. Sass

In the Miami area, one has only to drive down the streets during
a shower to become aware of the highly local and very spotty
nature of many of the area’s rain storms. It may rain hard one day
in one area, while only a few blocks away no rain at all falls. The
newspapers regularly report daily weather data for 4 or 5 of the
local official Weather Bureau observation stations, and these published figures for rainfall frequently vary widely from station to
station for the given day. Questions follow as to whether these
evident station-to-station irregularities reported for individual days
will tend to cancel out with time. Or will some meaningful rainfall
distribution pattern appear, and, if so, how long a period of time
might it take for such a pattern to show up? This study answers
these speciiic questions, and then goes on to cover other interesting
aspects of rainfall distribution in the subject area.
SOURCE

OF Basic

DATA

The basic data behind this report are the raw rainfall statistics,
station-by-station, month-by-month, and year-by-year, for all Dade
County cooperating weather observation stations, that appear, along
with a great mass of other weather material all related to Florida,
in the U. S. Department of Commerce, Weather Bureau's “Climatological Data, Florida’, vols. 52 (1948), through 70 (1966).
SYSTEM

OF COMPILATION

FOLLOWED

The objective was to develop rainfall data over a long time span
at as many widely separated geographic points as possible within
Dade County. In 1948 there were 11 cooperating weather observation stations serving the Weather Bureau in Dade County, but two
of these stations (Pennsuco and Tamiami Canal) proved short-
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lived and of little use in this report. Over the next 19 years two
completely new observation stations were added (Royal Palm and
South Miami); three of the old stations changed name with only
insignificant changes in geographic location; and most of the other
old stations underwent slight changes in geographic location but
retained their original names. These complications were straightened out for the author with help from the local Weather Bureau
personnel, and Fig. 1 was developed which graphically portrays
the plan that was followed in compiling the statistics presented
herein. Fig. 1 shows 11 arrows, each arrow representing a “sta1948
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report.

tion” or locality for which it was possible to develop long term
data. Official Weather Bureau station names and numbers exactly
as given in the Department of Commerce's climatological reports
are shown just above each arrow, and the length of each arrow—
or portion of an arrow—depicts the years that the station was in
service. Finally, the numbers 1 through 11, in order, just to the
left of the arrows, are the simple numbers the author used to identify his 11 resulting data points, or “stations”, on the maps and
tables presented herein. Fig. 1 is, therefore, the “key” between the
published Weather Bureau records and the numbers presented in
this report.
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The map, Fig. 2, geographically locates all 11 of the resulting
“stations” as small numbered black circles against a background
showing the familiar Miami coast line, along with a few well-known
locality names and a few of the principal streets and highways that
traverse the area. This map reveals the areal distribution of the
stations with respect to one another and with respect to the area as
a whole. Good coverage is certainly indicated for the several hundred square miles in the immediate vicinity of the city of Miami,
and extending as far south as Perrine.
Unfortunately, coverage
over the remainder of the map area is limited to only three stations
(nos. 2, 9, and 10). Just two or three more stations, judiciously
placed throughout this large open area, certainly would have
strengthened the pictures developed.
AREAL

DISTRIBUTION

OF ANNUAL

RAINFALL

Table 1 presents rainfall statistics (stations versus years ) for the
1] stations in the Miami Area compiled in accordance with the plan
detailed in Fig. 1. At the bottom of the table, the totals of recorded
rain have been divided by the number of years of data involved,
to arrive at a simple arithmetical-average annual rainfall value, representative for the locale of each station. These average values
were then transferred to the base map and 5-inch isohyets were
drawn depicting the areal distribution of this rain. Fig. 3 presents
the resulting picture. This figure establishes that over the 19 year
period, while many of the marked differences in rainfall that are so
commonly noted for individual storms in the area do tend to cancel
out with time, there is still a simple, definite, interesting, large scale
pattern that remains. This pattern consists of increasing rainfall
as one moves inland from the Miami Beach station (No. 6), to the
Miami station (No. 1), to the International Airport station (No. 4),
and then on to the Hialeah station (No. 5) or to the South Miami
station (No. 11). Furthermore, a reversal of this trend takes place
somewhere west of the airport—possibly near the junction of Krome
Avenue and the Tamiami Trail—and the rainfall decreases westward from that point out to beyond the station at 40 Mile Bend
(No. 9). There can be no question regarding the validity of the
general distribution pattern as shown on Fig. 3. A glance at Table
1 proves that Station 6 (Miami Beach) and Station 1 (Miami) almost every year have had rainfall figures on the low side, whereas
Station 4 (International Airport) and Station 5 (Hialeah) are
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almost always high. The data for a few individual years may singly
afford a general isohyet delineation which closely approaches the
long-term pattern, but pictures for most years differ in small details, one from another, and from the long-term picture.

However,

review reveals that these differences in details smooth out with
time, and that something rather close to the general trend will usually have started to emerge after compiling 4 or 5 years of records,
and will certainly be evident after 10.
The general delineation of the isohyets shown on Fig. 3 bears
a reasonably close resemblance to those shown on the small scale
map of Florida rainfall which is presented on page 22 of the Weather Bureau’s “Climates of the States, Florida” (2), but Fig. 3 affords far greater detail. In spite of the sparsity of control points
over the western and southern portions of Fig. 3, the author went
ahead and planimetered the land areas between isohyets in order
to arrive at a weighted average annual rainfall for the land area
as a whole. The resulting number (57 inches) came out very close
to the simple arithmetic average of the annual rainfalls for all 1]
stations, which suggested that this given combination of stations
may, where necessary, collectively be considered as reasonably representative of the area as a whole.
Figure 4 presents miniatures of the same base map as that of
Figs. 2 and. 3, and on these miniatures 2.5-inch isohyets have been
sketched depicting the areal distribution of the 19 years of rainfall
(1948-1966) by quarters—ie. by three-month periods. It is of interest that a suggestion of the same crude isohyet pattern can be
seen in all four pictures. This tends to deny the possibility that
the residual annual pattern indicated in Fig. 3 is due to anomalous
happenings in any one season of the year.
YEAR

TO YEAR VARIATIONS

IN RAINFALL

The suggestion previously mentioned, that the simple arithmetic
average of the annual rainfalls of all of my given stations affords a
single figure reasonably representative of the average yearly rainfall
spread over the area as a whole, has been pursued and, at the right
hand side of Table 1, the totals of the recorded rain for all the reporting stations for each year are divided by the number of stations
reporting to arrive at yearly averages. These averages are plotted,
year by year, on Fig. 5 which clearly depicts wide variations in
annual rainfall—another characteristic of Miami's precipitation. The

APR
FEB.
MAR.

SEP,
AUG.
OCT.

(7

aaNd

IN2z

aNo4

oOo

a

-

>

z

Ww

qa

w

—
EVERGLADES

G

Scale Miles

NOV.
DEC.
JAN.

NSS
N

MANS
MQNAAGGRS

RA
MAyg\\ GEA
RM
AAV OO
\

Fig. 4.
Area.

~

Isohyets depicting quarterly distribution of rainfall in the Miami

MAY
JUNE
JULY

Sass: Rainfall in Miami Area

89

range of the values plotted is from a low of 36.60 inches in the dry
year of 1956, up to a high of 82.37 inches in the wet year of 1959
—with the wettest year having more than twice the rainfall of the
driest. The suggestive rather orderly cyclic repetition of peaks and
troughs every 5 to 7 years, evident in Fig. 5, is certainly of interest
and may shed some light on Dade County’s recurrent water table
and drought problems. The horizontal line on Fig. 5 at 56.8 inches
represents the arithmetic average of the 19 individual yearly
90"
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values. The irregular dashed line, broken by circles, shows the
running cumulative average, year-by-year, from 1948 through 1966.
This latter line suggests that at least 10 years of records—and possibly even 15 years—must be considered in order to arrive at a
tentative “norm” for the area.
It is of interest to note that, with
the wide variations in rainfall reported from year to year, even the

full 19-year average of 56.8 inches can itself rise or fall approximately one inch after the 20th year (1967), should that year happen
to repeat either the previously established maximum or the previously established minimum.
DIsTRIBUTION OF RAINFALL, BY MONTHS

The same arithmetic average approach that was applied to
yearly data in the preceeding paragraph was applied to monthly
data, and the results are presented in Table 2 and in Fig. 6. The
rainy season is quite clearly May through October. Just over 75
percent of the total rainfall for the year comes in these six months.
The shaded blocks in Fig. 6 depict the 19-year mean values as calculated for each month. The upper dashed line plots the maximum
values that were recorded for each month during the 19 year period,
and the lower dashed line plots minimum values. Table 2 also
gives the years in which the maximum and minimum rains fell, for
each month. The maximum and minimum lines plotted on Fig. 6,
TABLE

2

Monthly rainfall (inches) in Greater Miami Area, 1948-1966
Month

Jan.
Feb.
Mar.
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

19 Year
Maximum

5.88
5:8 p
6.28
10.07
1:82,
18.20
8.73
HOS
21.81
12575)
9.49
5.64

(1958)
(1957)
(1959)
(1960)
C1958)
(1966)
(1959)
RGl9
57 )
(1960)
(Gl9G65:)
(1959)
(1958)

19- Year
Minimum

21
Al
3)
24
82
3.08
2.78
4.19
2.95
1.99
43;
.26

(1949)
(1962)
E1956))
(1961)
(1965)
(1952)
(1963)
(1954)
(1961)
(1962)
G1952))
(1962)
Totals:

19 Year
Mean

19 Year
Median

1.81
1.97
2.01
3.26
5.65
8.08
6.25
6.57
9.10
8.02
2.34
1.89

81
LS
1.50
2 OTe
4.99
7.74
6.32
6.04
8.11
7.92
2.08
TLOAS)

56.95

51.08
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when compared against each other and against the means, clearly
demonstrate wide variations in monthly rainfall—yet another characteristic of the rainfall of this area. In fact, the numbers that were
averaged to arrive at the monthly means were spread over such a
wide range of values, and sometimes appeared to present such a
poor distribution of values, that an experimental column was added
to Table 2 to present 19-year median values for each month. These,
with one exception, proved to be lower than the 19-year means,
most of them, by some 5 to 25 percent.
The two summer peaks of rainfall so evident on Fig. 6 are another interesting characteristic of the rainfall of this area. One
peak occurs in June, and the second, in September-October. These
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Fig. 6. Graph of rainfall in the Miami Area, by months. Shaded area plots
the mean values; the upper dashed line plots maxima; and the lower dashed
line, minima.

92

QUARTERLY

JOURNAL

OF THE

FLORIDA

ACADEMY

OF SCIENCES

peaks are correlated by Riehl (3) with the mean position of an upper air trough which Riehl says extends southward from the middle
latitudes and lies over southern Florida in June. He goes on to
state that this trough is displaced westward into the Gulf of Mexico duing July and August, and then returns to again overlie southern Florida in September-October. Riehl concludes that the heavier and more frequent rainfall occurs when the trough is overhead,
and that the characteristic July-August drop-off in rainfall in southern Florida is due to this trough’s seasonal displacement westward.
RAINFALL

DISTRIBUTION

By DAYS

The International Airport station (No. 4) and the Miami Beach
station (No. 6) were selected as representative of the area as a
whole for a 10-year study (1955-1965) of a different type—a study
of rainfall by days. This study was planned to afford a measure
of the average number of days per year in the area that have measurable rainfall, and to afford a break-down of these rainy days into
categories based on the amount of rain that fell in the 24 hours
that comprised each of these days. Six categories were arbitrarily
chosen as follows:

Category
1
2
3
4
5
6

Range (inches per day)
Otome tO
JO
25
26etoy a0
Will 1) we)
POQ0stoyeIg
2.00 and up

Such a study would reveal how many days on the average have
light showers, medium showers, heavy rains, etc., and just how
much of the total yearly precipitation falls in each category. Results are summarized in Table 3 and Fig. 7.
In Table 3 the data for the International Airport and for Miami
Beach are shown side by side for ready comparison. It is interesting to note that at the Airport, for example, there were on the ayerage 125 days per year with measurable rain, and that, again on
the average, 58.81 inches of rain fell annually. Very light rains
(.01 to .25 inches) accounted for 56.7 percent of the rainy days,
but accounted for only 10.5 percent of the total inches of rainfall.
By contrast, heavy rains (1.00 inch or more) occurred on only 14
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percent of the rainy days, but accounted for 58 percent of the
inches. Putting this another way, very light rains fell on 71 days
in the average year but accounted for only just over 6 inches of
rainfall, whereas heavy rains fell on only 18 days, but accounted for
34 inches. The study shows, therefore, that a large percentage of
the year’s rain falls on the relatively few days that the area is subTABLE

3

Airport rainfall (inches) vs. Miami Beach rainfall (inches) on an intensity
basis, with days as the unit of time (1956-1965)
Miami

Miami

Differ-

Airport

Beach

ence

1. Av. no. of days per year with measurable rain 125
2. Av. total inches of rain per year
58.81
3. Av. no. of days per year with
between .01” and .10” of rainfall
47
3a. Total inches per year of such rain
2.03
Percentage line 3 is of line 1 (days)
37.6
Percentage line 3a is of line 2 (inches)
3.4
4. Av. no of days per year with
between .11” and .25” of rainfall
24
4a. Total inches per year of such rain
4.20
Percentage line 4 is of line 1 (days)
19.1
Percentage line 4a is of line 2 (inches)
7.1
5. Av. no. of days per year with
between .26” and .50” of rainfall
iil
5a. Total inches per year of such rain
1.83
Percentage line 5 is of line 1 (days)
16.9
Percentage line 5a is of line 2 (inches)
13.3
6. Av. no. of days per year with
between .51” and .99” of rainfall
15
6a. Total inches per year of such rain
10.60
Percentage line 6 is of line 1 (days)
8)
Percentage line 6a is of line 2 (inches)
18.0
7. Av. no. of days per year with
between 1.00” and 1.99” of rainfall
rS
7a. Total inches per year of such rain
Gil
Percentage line 7 is of line 1 (days)
10.1
Percentage line 7a is of line 2 (inches)
29.9
8. Av. no. of days per year with
more than 2.00” of rainfall
Sy
8a. Total inches per year of such rain
16.54
Percentage line 8 is of line 1 (days)
3.9
Percentage line 8a is of line 2 (inches)
28.1
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jected to larger storms. These larger storms are usually associated
with organized temporarily disturbed bands of “weather” and this,
in turn, explains why rainfall in individual months sometimes departs so drastically from the average. If just one or two heavy
storms fail to materialize within a given 28 to 31 day period, or
just one or two extra storms slip in during that period, the inches
data for that particular month are sharply affected. Fig. 7 plots
the cumulative percentage of days with measurable rain versus
the cumulative percentage of the total annual rainfall, with the
shaded area depicting the whole range of the curves that developed
for the two representative Miami area stations, calculated for in-
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dividual years as well as for their ten-year composites.
These
Miami curves proved to be just a bit more flexed than a similarlybased curve presented by Riehl (3) which portrayed Argentine
data. The dashed diagonal line on Fig. 7 represents the situation
for a hypothetical region where the same quantity of rain falls on
every single rainy day, and the amount of departure—or flexure—
from this base line is a measure of the variations present in the
quantities of rain that fall on the individual rainy days in the area
under study. Fairly sharp flexures, such as depicted on Fig. 7 and
by Riehl (3), must be generally characteristic of much of the
world’s rainfall. In any event, Miami's flexure is certainly high.
SUMMARY

Rainfall characteristics of the Miami Area can be summarized
as follows:
1. The average annual rainfall based on 19 years of records is
56.8 inches, but wide variations occur from year to year. The
wettest year has more than twice the rainfall of the driest.
The 19-year picture shows interesting rather orderly cyclic
repetitions of peaks and troughs every 5 to 7 year.
2. Some rain occurs in every month of the year, but the rainy
season is from May through October. The rainy season exhibits two maxima, the first in June, and the second in September-October.
Wide extremes from year to year in the
amounts of rain that fall in individual months are common.
3. During the dry season it rains on the average on about one
day out of every four or five; during the rainy season it rains
on almost half of the days. Most of the storms are light
showers (less than .25 inches of rainfall). Heavy rains (in
excess of 1.00 inch) occur on only some 10 to 25 days during
the year. Most, but not all, of these heavier storms come in
the rainy months.
4. Many of the storms are highly localized, with good rain in
one locale, and no rain at all in others.
5. A regional pattern of areal distribution of rainfall develops
over the years, with the least rain on Miami Beach, increasing inland to Miami, and continuing to increase on to the
International Airport, and possibly as far west as the junction
of Krome Avenue and the Tamiami Trail. Beyond this maximum point, rainfall tends to decrease westward.
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Two Ancient Florida Dugout Canoes
Riptey P. BULLEN AND HARotp K. Brooks

THis paper covers the discovery, investigation, and discussion
of two pre-Columbian canoes found in peat deposits of Central
Florida and subsequently dated by radiocarbon methods.
The
first canoe, found in Lake Apopka near Zellwood, will be referred

to as the Zellwood canoe to distinguish it from other Lake Apopka
fragments as well as from the canoe subsequently found at Orange
Park near Lakeland. The account of the Lakeland canoe follows
the report on the work at Lake Apopka.
THE

ZELLWOoD

CANOE

Late in January 1961, Henry Swanson of Orlando, then county
agent, telephoned the Florida State Museum and reported that
Arch Hodges, Superintendent of the Zellwood Drainage District,
had located an Indian canoe under five feet of peat and muck in a
drainage ditch in Lake Apopka.
A museum field party visited
the site but excessive rains prevented immediate excavation.

Excavation was accomplished 9 February with the assistance
of labor and necessary machinery kindly supplied by the Zellwood
Drainage District.
Continued clearing and slight deepening of
the drainage ditch disclosed two more portions of dugout canoes.
The site was revisited 21 February and the provenience of these
fragments ascertained. Owing to their fragmentary condition and
the time and expense which would have been involved, they were
not removed.
W. H. Sears, then at the Florida State Museum,
was in charge of the removal of the first or Zellwood canoe while

Bullen took notes, photographs, and peat samples. On the third
trip, Brooks was also present and took a series of peat samples.
Today, the eastern part of Lake Apopka consists of an extensive peat area which is under intensive cultivation. A dike holds
back the water of the lake while drainage ditches maintain a
proper underground water level. The farm of C, L. Clonts is
located near the dike a considerable distance west of what would
normally be the eastern edge of Lake Apopka.
It is separated
from the dike by a drainage ditch which parallels the dike.
The Zellwood canoe was first encountered during cleaning
operations in this ditch. Probing indicated that it extended from
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the ditch northeasterly into the Clonts farm. Excavation showed
it to have been 15 or more feet long, to have been split lengthwise
into two pieces which were lying side by side, and to have been
damaged at one end by the ditch-cleaning machine. As shown in
Fig. 1, it lay in a narrow sapropelic or plastic peat zone which
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and underlaid by thick deposits of fibrous peat.
surface of the peat down to the highest part
54 inches. The canoe was entirely within and
zone of plastic peat.

Fig. 2 illustrates the excavation and removal of the Zellwood
canoe.
It was necessary to construct coffer dams to isolate the
canoe area from the drainage ditch and then to pump water out
of the canoe excavation.
Owing to the weakness of the canoe
(lack of tensile strength) it was necessary to support it by a cradle.
Sides of the canoe were undercut and then supported by wooden
studs placed underneath. The studs were lashed to the canoe by
cloth and ropes passed under the canoe through lateral tunnels
cut in the peat. Then these studs were tied to a third which was
suspended above and distributed the pull from the hoisting equipment. A small boat trailer proved very satisfactory for hauling the
wrapped canoe to the museum.
Samples of peat were taken at a depth of 3 feet 11 inches from
the lower part of the superior zone of fibrous peat, from inside
the canoe itself, and at a depth of 5 feet 2 inches from the upper
part of the inferior zone of fibrous peat. These samples, plus a
piece of the canoe itself, were sent on 22 February 1961 to Dr.
Charles H. Fairbanks, then at Florida State University, Tallahassee,
for transmittal to the Oceanographic Institute of that institution
for radiocarbon dating.
At that time an arrangement existed
whereby samples for radiocarbon analysis which pertained to
changes in the sea level would be dated by the Exploration
Department of the Humble Oil and Refining Company.
Unfortunately these samples arrived as the arrangement was _ being
terminated and, hence, were never tested.
In 1965 Brooks, in connection with his research on Florida
peat deposits, arranged for a radiocarbon determination which
would date the Zellwood canoe.
Efforts were made in vain to
retrieve the samples delivered to the Oceanographic Institute in
1961. Fortunately untreated parts of the canoe were still available
at the Florida State Museum. These were taken by Brooks to the
University of Miami and dated by the Institute of Marine Science
under the direction of Dr. Gote Ostlund. The date (Sample ML324) was 1185 +75 years before present or around A.D. 765.
Some of the vegetable matter found within the Zellwood canoe

Fig. 2.

Excavating the Zellwood canoe.
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was examined by Dr. John H. Davis of the University of Florida
and by Dr. Paul B. Sears, Department of Biology, University of
Louisville, who happened to be in Gainesville at that time. This
material consisted chiefly of rods indentifiable as bottlebrush.
Leaves, which were in actual contact with the canoe, they identified as water lily leaves. It was their opinion that the sapropelic
or plastic zone in which the canoe was found represented a time
of extremely high water—high enough to prevent the continued
growth of peat—and that after an undetermined length of the time
the water level fell and peat started growing again.

That this zone of plastic peat covered a substantial area is
indicated by the subsequent discovery of parts of two more canoes.
The second fragment was found in the lake side of the same
drainage ditch some 38 feet south of the Zellwood canoe. Probes
indicated this fragment to be about 2 by 4 feet in size. The distance from the surface of the peat to the highest part of the canoe
was 54 inches as before. Here the dark plastic zone was rather
thick, 20 inches instead of 11, but its top at a depth of 54 inches
was at the same elevation as at location 1. Examination of the
profile indicated that the top 24 inches of the upper peat was
dark, oxydized, and fibrous while the lower 26 inches was striated

into light and dark fibrous zones. This situation was probably also
present at location 1 but was not noted by us because of the
extremely wet conditions under which we operated there.
Fragment 3 was found in the bottom of the same drainage
ditch 40 feet south of location 2 (78 feet south of location 1).
The ditch-cleaning machine had removed the sides of this fragment which extended longitudinally along the ditch for a distance
of about 5 feet. It is possible that fragments 2 and 3 came from
the same canoe.
As fragment 3 was badly damaged and lay below the water
level, we did no work at location 3 except to measure the depth
and to check that it was, like the others, in the same plastic peat
zone. The distance from the present surface of the peat down to
the remaining portion of the sides was 60 inches. This dimension
is 6 inches greater than for either of the other canoe fragments,
possibly because the ditch-cleaning machine had cut off the sides
or, by its weight, forced the fragments a little deeper into the
plastic peat zone.
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Cultivation of peat lands, as on the eastern part of Lake Apopka,
results in a gradual loss of peat so that the surface becomes lower
over the years. Enquiry elicited the estimate that the surface in
the Clonts farm area, where the canoe fragments were found,
had lowered about 2 feet since the building of the dike.
THE

LAKELAND

CANOE

Early in the spring of 1964 Mr. Joe Larned of Brewster,
Florida, informed the Florida State Museum that a dragline in the
American Cyanamid Company’s Orange Park mine had uncovered
three dugout canoes.
Of these, two were destroyed during discovery and the third, about 18 inches wide and 20 feet in length,

was removed by Larned. The depth at which these canoes were
found suggested respectable antiquity but their removal prevented
the recording of a profile or other provenience data and the site
was not visited at that time.
However, the potential value of a similar future discovery was
readily recognized, particularly in view of the previous records at
Lake Apopka. It was suggested to Larned that, if such an event
should occur again, we would appreciate being told about it
before the canoe was removed so we could make a scientific
investigation at the site.
Nearly a year later, early in January 1965, Mr. W. E. Stephenson, Community Relations Coordinator at the American Cyanamid
Company's Brewster Plant telephoned Bullen at the Florida State
Museum that Larned had located another canoe under some 6 feet
of mud at the Orange Park mine, northeast of Lakeland, Florida.

Ripley P. and Adelaide K. Bullen immediately visited the site.
The Lakeland canoe was located in the side of a drainage
ditch dug by a dragline at the Orange Park mine in 1960 as part
of the American Cyanamid Company’s phosphate mining operations.
While the dragline’s bucket damaged one end of the
canoe, loose dirt, always present during these operations, hid the
damaged end from view.
Subsequently erosion and slumpage
exposed a small portion of the canoe and, as discovered by excavation, broke it off about 4 feet into the bank.
The canoe extended into the eastern bank of the drainage
ditch with which it formed an approximately right angle. We
excavated the broken 4-foot front (or back?) end which, after
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data were recorded and photographs taken, was then removed.
Later Larned, Stephenson, and others returned to the site and
exposed the rest of it, an additional section 15 feet long. Unfortunately the other end was missing. The mid-portion of the
canoe was reburied pending chemical preservation and ultimate
disposition.
The Lakeland

canoe

was

made,

or at least hollowed

out, by

the traditional method of using fire and water.
No tool marks
were observable. Made of a coarse grained wood (Fig. 4), it was
27 inches wide at the top of the sides and 10.5 inches deep with
walls 2.5 inches thick. Its length would be in excess of 19 feet.
Unfortunately, the Zellwood canoe, also of a coarse grained wood,

has no comparable dimensions.
Fig. 3 shows the stratigraphic situation for the Lakeland canoe
while pictures (Fig. 4), taken by Stephenson during excavation,
show details of the front end. The deposits were more complicated than those at Lake Apopka.
The Lakeland canoe lay in a zone of fibrous peaty muck which
was about 12 inches thick. This zone was divided into an upper
0
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and a lower part by a thin layer of white sand (Fig. 3). The base
of this zone was approximately horizontal as were those of the
underlying black muck and gray-yellowish fine sand zones.
We
did not dig very deep into the basal black sand but from the
appearance of the sides of the drainage ditch it continued downward a substantial distance.
The top of the fibrous peaty muck which contained the canoe,
and also the thin dividing layer of whate sand, curved upward
and downward in conformity with the cross-section of the canoe
(Fig. 3). Another thin layer of white sand was found lining the
inside of the canoe (Fig. 4). Over all was a zone of muck about

Fig. 4. End of Lakeland canoe
during excavation.
Left, End in
situ.
Upper,
Close-up
showing
sand.

4 feet thick the upper half of which was rather peaty. There was
not a sharp line but a gradual transition between the black muck
and the fibrous peaty muck portions of this overlying deposit.
The gray-yellowish sand appeared to be an old beach surface.
It sloped downward in the drainage ditch face towards the north
in the probable direction of deep water.
Apparently there was
a rise of water which resulted in black muck intrusion upon an
old lake beach surface. Shortly peat started growing on this muck.
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A derelict Indian canoe became marooned in this growing peat
deposit and was eventually covered by it. The white sand in the
bottom of the canoe presumably blew in after the canoe became
marooned but possibly was present in the canoe earlier. The thin
zone of white sand which divided this peaty muck into two portions must have been deposited by wind.
It must represent a
pause in the building up of this peaty deposit. Other thinner and
less well delineated “layers” of white sand suggest a series of
minor halts in the deposition of the lower fibrous peaty muck zone
after the canoe became entrapped.
A sample of the fibrous peaty muck was taken from immediately
above the thin sand layer (X in Fig. 3) for radiocarbon dating.
It should be a little younger than the canoe itself. This sample
and a piece of the canoe were sent to Isotopes, Inc., Westwood,
New Jersey, for dating.
Science is indebted to the American
Cyanamid Company for sponsoring this phase of the investigation.
Sample 1-1662 (peat) gave an age of 2,600 +130 b.p. (about
650 B.C.).
Sample 1-1661 (wood) was dated at 3,040 +115
(about 1090 B.C.).
These dates are internally consistent.
Although 400 years may seem overlong to bury the Lakeland canoe, it
is consistent with the theory that the thin layers of white sand found
immediately above the canoe reflect pauses in the pow of the
peaty enveloping deposit.
GEOLOGICAL

IMPLICATIONS

That the age of the Lakeland canoe is about 1800 years older
than the Zellwood canoe is not surprising.
Each represents an
interval of time of rising water in the lake basins of Florida.
However, Pirkle and Brooks (1959) have established that normal
climatic fluctuations bring about changes in the water table of
ten or more feet in the porous Floridian aquifer.
Both the
Zellwood and the Lakeland sites are lakes controlled by these
climatic and sub-surface hydrological factors.
The general level of the water table and of the lakes in the
karst terrains of peninsular Florida are graded to sea level. Thus
fluctuations due to droughts or excessive precipitation have been
superimposed upon a general rise in water level correlated to a
ten foot rise in sea level during the last 4,500 years (Scholl,
1964). The fibrous peat represents growth and accumulation of
marsh plants in relationship to the rising water level. Interruption
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of deposition of fibrous peat is not always readily distinguishable
as shown by the occurrence of the Lakeland canoe within a marsh
type peat zone. The thin sand stringers are evidence of changing
conditions. However, it is possible in this case that the canoe was
drawn up on a marsh encroaching upon an open lake.
The
sapropelic plastic peats represent open lake conditions that existed
intermittently. Study of the peats in several lake basins in Florida
suggests that the interval, 3,000 to 1,000 b.p. (circa 1,000 B.C. to
A.D. 900), was the period of most rapid rise in water level.
CONCLUSIONS

A great many dugout canoes have recently been found in
Florida lakes and streams during long periods of drought and low
water.
They fall into three groups, namely: (a) fairly delicate
Seminole canoes with pointed bows, blunt overhanging sterns,
and, frequently, thwarts; (b) rather massive thick-walled dugouts,
pointed at both ends, with no overhang but usually with a transverse

hole at one

or both

ends;

and

(c) the much

more

rare,

traditional, Indian dugout canoe with blunt overhanging ends.
The first two were made with iron tools, the last hollowed out by
fire which left irregular bumpy interior surfaces.
Seminoles started settling in Florida after 1715 and their canoes
could have been made any time after that date, but most are less
than 100 years old. The heavy, double pointed, dugouts were
made by early settlers or soldiers and are probably around 100 to
150 years old. One of their chief functions was to serve as ferry
boats.
The “type c” or pre-Columbian dugout canoes were made at
least until 1564 as one is illustrated by Le Moyne (Lorant 1946:
29, 119), and post-Columbian examples may exhibit axe marks.
How long ago Indians made such canoes, and hence had available
water transportation, is of considerable anthropological interest.
The Lakeland and Zellwood finds are the only instances known in
which dugouts have been found under conditions suggesting respectable antiquity. That the radiocarbon dates support the implications of antiquity suggested by the depositional data is gratifying. These dates, 1090 B.C., and A.D. 765 respectively, make
the Lakeland and Zellwood canoes the earliest water craft known
for America.
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During the last phase of the Orange or fiber-tempered ceramic
period of Florida, steatite vessel sherds are found in Indian middens. Such sherds have been dated at the J-5, Summer Haven,
and Cotten sites at 1195, 1365, and 1065 B.C. respectively (Bullen
1961, P. 105). As the nearest sources for this material are the
mountainous or hilly regions of Alabama and Georgia and as steatite vessels are both bulky and very heavy, the introduction of
these containers has been considered by some to indicate the
presence of water-transport (Bullen and Bullen 1961, p. 14). It
will be noted the dates given above (1000-1400 B.C.) are about
the same as that given earlier for the Lakeland canoe (1090 B.C.).
Intercommunication and the diffusion of ideas (and/or people)
which occurred towards the end of the Archaic period may have
been to a large extent water borne.
On a continental basis, Coe (1960, p. 384) has suggested
communication

and

trade

between

La

Victoria,

Guatemala,

on

the western coast of Central America and the Guayas coast of
Ecuador in South America around 750 B.C. and Ford (1966) is
suggesting early formative influences moved across the Gulf of
Mexico to Florida and Georgia around 2000 B.C. The date of
the Lakeland canoe would make such movements entirely feasible.
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Variation in Plantar Tubercles in Peromyscus polionotus
MicHAEL

H. SmirH

In the cricetine genus Peromyscus the plantar tubercles on the
hind foot number 5 in the subgenus Podomys, whereas all other
subgenera of Peromyscus are characterized by 6 pads on the
hind foot (Blair et al., 1957; Hall and Kelson, 1959). Podomys
contains a single species, Peromyscus floridanus (Chapman), whose
distribution is restricted to Florida. Data presented below, however, indicate that the beach mouse, Peromyscus (Peromyscus )
polionotus (Wagner), sometimes has only 5 plantar tubercles.
The feet of approximately 300 live or recently killed P. polionotus were examined with the unaided eye. Forty-six specimens
came

from

the Ocala

National

Forest,

Marion

County,

Florida,

and the rest came from other localities in Florida, Georgia, and
South Carolina.
Any specimen suspected of having 5 tubercles
was also examined by dissecting microscope.
All of the plantar tubercles were variable in size but the
outer posterior one was completely lacking on some specimens.
Without magnification, 30 of the 46 specimens from the Ocala
National Forest appeared to have 6 tubercles on both feet; ten had
6 on one

foot and 5 on the other, and six had 5 on both feet.

Microscopic examination showed the presence of a slight protuberance in the approximate position of the posterior tubercle on some
of the feet which appeared to have only 5 tubercles. Of the 46
animals

thus examined,

three had only 5 tubercles

on each foot,

four others had 6 on one foot and 5 on the other, and the remain-

ing specimens showed 6 on each foot.
Of the 254 remaining animals from other localities, 50 were also
examined by another person who was equally aware of the variation in this character.
It was found that we disagreed on the
number of tubercles on 20 per cent of the specimens. The geographical variation of this trait cannot be determined objectively
until a quantitative measure is devised so that the minimum size
of what

constitutes

a tubercle

can

be well

defined.

However,

some specimens from other localities in Florida, Georgia, and
South Carolina seemed to have only 5 plantar tubercles even
when examined microscopically. Thus it is clear that P. polionotus
cannot be distinguished from P. floridanus by the number of tuber-
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cles on the hind feet. It is surprising that this character was
ever used as a diagnostic tool, since variation in the sixth plantar
tubercle was first pointed out by Osgood in his revision of the
genus Peromyscus (1909).
Peromyscus polionotus is the smallest Peromyscus in the United
States and thus can be easily distinguished from P. floridanus,
which is one of the largest species. No overlap occurs in the size
of the ear, hind foot, body, or tail of adult mice of the two species.
For example, the hind foot ranges from 25-27 mm in P. floridanus,
15-19 mm in P. polionotus (Blair et al., 1957). The bacula of the
two species are also easily distinguished (Blair, 1942). A clear
and concise key to the species of Peromyscus should be constructed
without reference to the number of plantar tubercles as a key
character

to separate

these

two

species.

A taxonomic

revision

is not needed because the subgeneric status of Podomys is primarily based upon morphological differences other than the number of plantar tubercles (Hooper and Musser, 1964).
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A New Gill Trematode from Georgia
CHARLES

E.. PRICE

DeEscripTiIvE research in North American Dactylogyrus began
with an account of D. extensus by Mueller and Van Cleave
(1932), from the gills of the carp, Cyprinus carpio L. With nearly
90 species now known in this genus, it is becoming more difficult
to establish affinities and dissimilarities by reference to the haptoral armament.

A few species possess

anchors, bars, and hooks

which are morphologically distinct, and can be used as guidelines in comparative morphology. In the majority of cases, however, the sclerotized structures of the haptor are of a somewhat
generalized nature.
The copulatory complex seems to afford the best structures
for comparison of species. The cirri of many North American
forms also tend to be patterned around a generalized architecture, however, so the cirrus is many

times unreliable as a feature

for establishment of species. The accessory pieces seem to offer
almost unlimited variations.
Five host specimens of the silverjaw minnow, Ericymba buccata Cope, were obtained by trapping.
The fresh hosts were
frozen as recommended by Mizelle (1938). The branchial material and recovered parasites were treated as prescribed by Price
and Mizelle (1964), and measurements made as outlined by
Price (1966). Appropriate measurements and illustrations were
accomplished with the aid of a calibrated filar micrometer ocular
and a camera lucida, respectively.
All measurements are expressed in microns.
Dactylogyrus jaini sp. n.
Host and locality.
Ericymba Luccata Cope, the silverjaw
minnow; Milner’s Branch, three miles SE of Hollanville, Georgia.
Number of specimens studied. Twelve.
Types. Holotype deposited in the helminthological collection,
U. S. National Museum, Washington, D. C. Accession no, 61352.
Paratypes in author’s collection.
Etymology.
Named in honor of S. L. Jain, a leader in the
study of the Monogenea of India.
Location of parasites on host. Gill filaments.
Description. A dactylogyrid of moderate size, provided with
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a thin, smooth cuticle. A prominent constriction present in most
specimens, at a level just posterior to copulatory complex; length
482 (457-510), greatest width of body 65 (57-73), just anterior
or posterior to constriction. Anterior cephalic border cleft medially, resulting in prominent anterior cephalic lobes; lateral cephalic
lobes moderately developed.
Eyespots four, members of posterior pair closer together than members of other pair. Very
little tendency toward dissociation of eyespots.
Pharynx subcircular in both dorsal and ventral views, somewhat elongate
longitudinally; transverse diameter 20 (18-23). Peduncle in most
narrow and elongate, tending to become short and stout in three
specimens.
Haptor well set off from body proper, wider than
long; length 54 (50-58), width 72 (65-81).
One pair of anchors, dorsal in position (Figs. 1-2). Each anchor

|

0.05 mm

|

Fig. 1. Dactylogyrus jaini sp. n. 1,2, anchors; 3,4, dorsal bars; 5, ventral
bar; 6,7,8, hooks; 9,10, cirri; 11,12, accessory pieces.

composed of (1) a solid base provided with well-defined deep
and superficial roots, the superficial much longer; (2) a solid
shaft; and (3) a solid point; shaft and point meet at a definite
angle. Length of anchor 29 (27-32), width of base 13 (11-14).
Anchor wings prominent.
Dorsal bar simple, variable in shape
(Figs. 3-4); length 19 (18-22). Ventral bar in form of a wide
“V”, the lateral arms asymmetrical, with a built-up central portion.
Hooks 16 in number (8 pairs), arranged in essential agreement
with Mizelle and Crane (1964). Members of hook pair 4A observed (Mizelle and Price, 1963). All hooks similar in shape and
subequal in size, except for members of pair 4A (Figs. 6-8).
Each hook composed of (1) a solid elongate base, well differentiated from (2) a relatively narrow elongate shaft, and (3) a
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sickle-shaped termination provided with an opposable piece. Hook
lemethissemo. Ih) 16 (15-17); nos. 2 and 6, 18 (17-19); no. 3, 22
(21-24); nos. 4, 5, and 7, 19 (18-20); no. 4A, 10 (9-12).

Copulatory complex composed of a cirrus and an accessory
piece. Cirrus tubular, expanded at point of attachment of tube
and base (Figs. 9-10); length, including base, 35 (33-39). Accessory piece complex (Figs. 11-12), consisting of a sclerotized
main shaft and an accessory ramus. Main shaft ends in a mildly
recurved point. The accessory ramus, arising at the approximate
midlength of main shaft, curves partially over cirrus tube. Attached to distal aspect of accessory ramus is an additional sclerotized structure of lesser density than other parts of accessory
piece. Additional sclerotized structure of variable morphology.
Length of accessory piece 20 (19-22). A single prostatic reservoir,

in most cases folded back upon itself. Vagina not observed with
certainty, but an unsclerotized atrium apparently opens near left
body margin, just posterior to copulatory complex. Gonads globose-ovate in outline, the post-ovarian testis tending to become
somewhat more elongate in some. Seminal vesicle formed by dilatation of vas deferens.
Vitellaria well-developed, composed of large granules; granules
evenly disseminated, with tendency toward clumping in a few
specimens.
Vitellaria does not exhibit strong tendency toward
formation of lateral bands. Intestinal crura confluent posteriorly.
Comparisons.
The present form possesses a copulatory complex quite similar to that of D. microphallus Mueller, 1938, recovered from Semotilus atromaculatus.
The accessory pieces of
the two species are similar except for the lightly sclerotized
accessory appendage present in D. jaini. The cirri of the two
forms are similar, each being rather small in the tubular portion;
the cirrus base, however, is larger and more complex in D. jaini

and additionally possesses a small digitiform process, missing in D.
microphallus.
In this particular comparison, there exist enough
dissimilarities in the parts of the haptoral armament to separate
the species by comparing these structures. Although many small
to moderate differences can be detected, there is little doubt that
D. microphallus is the nearest morphological relative of D. jaini.
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A New Centrolenid Frog From Guyana

COLEMAN

J. GOIN

WHILE investigating the status of some frogs from the Guyanas
recently I had occasion to examine two specimens from Guyana
(formerly British Guiana) in the British Museum of Natural History. They differ from all other species now known from Northeastern South America and are apparently without a name.
I
propose that they be called
Centrolenella taylori, n. sp.
Type. British Museum (Nat. Hist.) 1939.1.1.65, adult male;
at an elevation of 750 ft. along the New River, Guyana; collected
by C. A. Hudson.
Paratypes.
British Museum (Nat. Hist.) 1939.1.1.64, adult
male; same data as the type; Rijksmuseum v. Naturrlijke Historie,
11472, Marowijne River, Suriname, 11473, Nassaugebergte, Marowijne,

Suriname;

and

11474

from

Langa

Soela

on the Paleomeu

River at the base of Grensgebergte, Suriname.
Diagnosis.
A toothless centrolenid with a lavender dorsum
(in preservative), white visceral peritoneum, one and one-half
phalanges of fingers three and four free of web» aud a rather
distinct tympanum.
In the absence of teeth it is similar to C. fleischmanni (Boettger, 1893) but it differs from that species in its dorsal pigmentation, more slender build and in having the fingers more extensively webbed.
In pattern and, general build it is similar to
C. antisthenesi (Goin, 1963) but it may be distinguished from that
species by its absence of vomerine teeth.
Description.
Vomerine teeth absent; the small, rounded choanae separated by about 3 times their own diameter; tongue
one-half as wide as mouth-opening, rounded, its posterior border
free and unnotched.
Snout short, rounded when viewed from
above, truncate in profile, the upper jaw extending hardly at all
beyond lower; nostrils more lateral than superior, not projecting,
their

distance

from

end

of snout

about

equal

that

from

eye,

separated from each other by an interval equal to their distance
from eye. Canthus rostralis slightly defined; loreal region slightly
concave and slightly oblique, the upper lip not flaring out appreciably below it. Eye moderate, very prominent, its diameter
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greater than its distance from nostril; palpebral membrane not
reticulate; interorbital distance slightly greater than width of upper eyelid, which is relatively wide and about equal the distance
between nostrils. Tympanum very indistinct, about one-third the
diameter of eye, separated from eye by a distance about equal to
one-half its own diameter. Fingers webbed from base of penulti-

Fig. 1.
del.

Type of Centrolenella taylori, BM(NH)

1939.1.1.65.

Paul Laessle,
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mate phalanx of fourth to middle of penultimate phalanx of
third, a web at the base between fingers two and three, no web
between fingers one and two.
Fingers 3-4-1-2 in order of decreasing length; fourth considerably longer than second, just reaching to middle of penultimate phalanx of third; disk of third
covers the tympanic area; no projecting rudiment of a_pollex;
no ulnar ridge; toes nearly completely webbed, the web on fourth
toe reaching the base of the penultimate phalanx, third and fifth
subequal, disk of fourth covering about one-half the tympanic
area;

indistinct

metatarsal

tubercles;

no

tarsal

ridge,

no

dermal

appendage on heel. Body not elongate, in post-axillary region a
little narrower than greatest width of head; when hind leg is
adpressed, heel reaches to nostril; when limbs are laid along the
side, knee

and elbow

considerably

overlap;

when

hind

legs are

bent at right angles to body, heels overlap slightly. No _patagium extends from the back of the upper arm to the side of the
body.
Skin of upper parts smooth; a very indistinct narrow
glandular ridge passing above tympanic area; skin of throat, chest,
belly and lower surface of thigh smooth; traces of a skinfold
across chest; adult male, vocal sac wrinkled but without pigment.
Skin of head not coossified with skull, roof of skull not exostosed.

Dimensions.
head width
14.5 mm.

Head and body 18.5 mm;

7.6 mm;

Color in alcohol.

femur

9.5 mm;

head length 5.5 mm;

tibia 10.00 mm;

heel-to-toe

Top of head, dorsum, lower arm and outer

fingers, legs and feet lavender although the lavender pigmentation is restricted to a rather narrow band on the dorsal surfaces
of the thighs. This dorsal pigmentation beset with fairly numerous, small rounded pigmentless clear areas giving a pattern of
light or clear spots on a dorsum of lavender.
DIscussION

With the recognition of C. taylori the number of species of
this family in the Guianas and in Venezuela east of the Andes becomes four. Two of these are forms with vomerine teeth and
with the first finger shorter than the second. One of these, C. antisthenesi is known only from the Coastal Range in Venezuela and
the other, C. geijskesi (Goin 1966) is known only from the Guyana
highlands in Suriname.
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The remaining two are species without vomerine teeth and
with the first finger longer than the second. They are also similar
in that they have opaque white visceral peritoneum but transparent, unpigmented parietal peritoneum. One of them C. fleischmanni, fades to white in preservative while the other, C. taylori,
has a lavender dorsum in preservation. The former species, fleischmanni, extends along the coastal region of Venezuela and the
Guianas while C. taylori is at present known only from the Guyana
highlands. It is not at all improbable that the form Rivero (1961:
p. 152) described but did not name from the Guyana highlands
in Venezuela is taylori. He described it as similar to fleischmanni
but with a pigmented dorsum.
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Behavior of Iguana During Rain Storms

CoLEMAN J. GoIN
WHILE in Paramaribo, Surinam, during July 1966 I made some
observations of the behavior of an iguana (Iguana iguana) that
seem to be worth recording.
In the yard of our house was a pine tree (Pinus carribea),
approximately eight inches in diameter at the base and thirty feet
tall. On July 15, it began to rain and blow about 2:30 in the
afternoon.
As soon as the first drops started to fall, a large
iguana came to the tree, climbed until it had reached one of the
uppermost branches, crawled out to the end which was hardly
three-fourths an inch thick, wrapped its fore limbs around the
branch, braced its hind feet against tufts of needles and “held on
for dear life” while the rain pelted and the tree swayed in the
wind. After the storm abated about 5:00 o’clock PM the lizard
settled down on the same limb and so far as we know did not
move until it began to rouse a little after 10:00 the next morning.
It finally made its descent shortly after noon.
After the above observations were made we started to keep
more precise records and found that on afternoons in which we
had even a light shower the iguana spent the night in the pine,
climbing to: its perch before sundown, but if there was no shower
it spent the night elsewhere.
For a period of about a week
during which we had no rain the big iguana was not seen
although a small one did feed in broad-leaved trees in the yard
from time to time.
On July 27, the day before our departure, another heavy storm
came up at 3:00 PM and once again the lizard came running
across the lawn, climbed to one of the uppermost branches, and
hung on while the rain pelted and the tree swayed as before.
It stayed in the tree after the storm was over. Since we had to
leave at 8:00 AM on the 28th we were not able to note when it
finally descended.
These observations are not fully in agreement with those of
Swanson (1950) in Panama, where he saw no iguanas in trees
during the periods of cool, wet weather, although he added they
seem to prefer more open trees when it is raining.
It would
be interesting to know whether the behavior noted above is
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typical or whether it simply represents the idiosyncratic behavior
of this individual.
My work in Surinam was supported by a grant from the National Science Foundation GB-3644.
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Additional Miocene Anurans from Florida

J. Atan HoLtMaAn

THE exceptionally large anuran fauna of the early Miocene beds
of the Thomas Farm of Gilchrist County, Florida has been reported on by Tihen (1951), Auffenberg (1956), Holman (1961),
and most recently by Holman (1965). In this last paper the new
material of leptodactylid, ranid, and brevicipitid anurans was
discussed, but the pelobatid, bufonid, and hylid frogs were not
covered, mainly because of the lack of recent comparative material.
Since that time more comparative material, as well as
some new fossil material has become available. Thus, the present
and final report details the pelobatid, bufonid, and hylid frogs
(as well as new material of other anuran groups), and summarizes
the knowledge of the early Miocene anurans of the Thomas Farm
of Florida.
Anuran skeletons at Michigan State University and material
borrowed or received as gifts from persons in the acknowledgments section have been used as comparative material.
The
following abbreviations are used: M.C.Z.—Museum of Comparative Zoology; U.F.—University of Florida; F.G.S.—Florida Geological Survey. Measurements are in millimeters.
Thanks go to Bryan Patterson (M.C.Z.), Stanley J. Olsen (F.
G.S.); and S. David Webb (U.F.) for the privilege of studying
fossils in their care.
Several people have generously loaned or
given comparative material used in this study. These individuals
include Pierce Brodkorb, Gainesville, Florida; James A. Peters and

William J. Riemer, Washington, D. C.; Robert S. Simmons, Baltimore, Maryland; Charles F. Walker, Ann Arbor, Michigan; George

B. Rabb and Robert Inger, Chicago, [linois; and John D. Lynch,
Lawrence, Kansas. Donna Rae Holman made the drawings. The
National Science Foundation supported the study through Grant
GB 5988.
FAMILY PELOBATIDAE

Pelobatids are known from the early Oligocene to the recent
of North America.
Zweifel (1956) and Tihen (1962) provide
good accounts of the pre-Pleistocene forms.
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Scaphiopus ct. Scaphiopus holbrooki (Harlan)
Previously, Auffenberg (1956) reported on four fragmentary
ilia (U.F. 9896), one maxilla (U.F. 9897), three fragmentary
frontoparietals (U.F’. 9898), and one presacral vertebra (U.F. 9899)
from the Thomas Farm of Florida.
New material. Two left
right F.G.S. V- 6063, and two
sacrococcyx (M.C.Z. 3446),
fragments (F.G.S. V- 6084),
6085).

and six right ilia (two left and four
right M.C.Z. 3445); one fragmentary
two left and three right maxillary
and two skull fragments (F.G.S. V-

Remarks. Auftenberg discussed ilial characters of fossil and
recent Scaphiopus.
He reports that the subgenus Scaphiopus
may be separated from the subgenus Spea on the basis that in the
former group the dorsal prominence is either slightly developed or
absent, and that when it is present it is a small rounded protuberance that is directed dorsolaterally and lies about halfway
between the base and the end of the acetabular expansion. Auffenberg states that in the latter group this prominence is usually
ridge-like, directed more dorsally, and that it contributes to the
height and to the length of the dorsal portion of the acetabular
expansion.

In the present study these characters were re-examined in the
light of additional fossil and recent material. The prominence that
Auftenberg refers to is for the tendinous origin of the vastus externus head of the M. triceps femoris as determined by the dissection of a recent Scaphiopus h. holbrooki from Putnam County,
Florida. A prominence for the fleshy origin of this muscle occurs
in Rana pipiens and in Leptodactylus melanonotus (Holman,
1965, p. 71, Hg. 1, and p. 74, fig, 2): Im ‘thesemspeerecmatre
prominence is flatter and more extensive than in Scaphiopus h.
holbrooki. The following recent pelobatid skeletons were studied
by me. Scaphiopus (Scaphiopus) h. holbrooki (15), S. (Scaphiopus) couchi (5), S. (Spea) bombifrons (15), S. (Spea) h. hammondi (2), and S. (Spea) h. multiplicatus (3). Based on this
material, most specimens of Spea and Scaphiopus may be distinguished from one another on the basis of their ilial prominences,
but there is some overlap in a few large specimens of Scaphiopus
h. holbrooki which have the ilial prominences as well developed as
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in Spea. Nevertheless, if ilia of the same size are compared between the two subgenera the prominence is usually more developed in Spea than in Scaphiopus.
Moreover, Scaphiopus holbrooki has this prominence more highly developed than in S.
couchi. The eight new ilia (Fig. la) as well as Auffenberg’s four
fragmentary ilia resemble Scaphiopus holbrooki in this character.

Fig. 1. A, left ilium of Scaphiopus cf. S. holbrooki F.G.S. V- 6063; B,
sacrococcyx of Scaphiopus cf. S. holbrooki M.C.Z. 3446; C, maxillary fragment
of Scaphiopus cf. S. holbrooki F.G.S. V- 6084; D, right ilium of Eleutherodactylus sp. indet. F.G.S. V- 6086. Each line equals two millimeters.

The greatest height of the acetabulum of the eight measurable
Thomas Farm Scaphiopus ilia (including Auffenberg’s specimens)
ranges from 1.8 to 3.1 with a mean of 2.41, thus the spadefoots
were rather small. A recent adult male Scaphiopus couchi from
San Luis Potosi, Mexico with a snout-vent length of 63 has a
greatest height of the acetabulum of 4.0.
Fortunately, a pelobatid sacrococcyx (Fig. Ib) is among the
new material from the Thomas Farm.
Tihen (1960) has summarized the works of Taylor (1942), Chrapliwy (1956) and
Zweifel (1956), and has added his own comments on the osteological variability of the pelobatid sacrococcyx.
He indicates that
although some variation exists, there are recognizable subgeneric
and in some cases specific differences in the sacrococcyx of the
genus Scaphiopus. The Thomas Farm fossil is similar to Scaphiopus
holbrooki in having the bony webbing between the sacral dia-
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pophyses and coccygeal shaft limited in extent and regular in
outline, and in having an ovaloid sacral cotyle.
In material
available to me, Scaphiopus holbrooki is readily separable from
S. couchi in that it has the bony webbing between the sacral
diapophyses and coccygeal shaft much more limited in extent than
in S. couchi.
The fossil clearly resembles S. holbrooki in this
character.

The maxillae of Scaphiopus and Spea are quite distinct from
one another. In Scaphiopus the maxilla in lateral view, is sculptured, flat or slightly to moderately concave, and the dorsal border
of the bone is partly formed by a smooth, somewhat laterally
produced

shelf.

In Spea the maxilla, in lateral view, is smooth,

moderately to strongly convex, and the dorsal shelf is absent.
The five new maxillae (Fig. lc) are definitely referrable to the
subgenus Scaphiopus on the basis of these characters. Moreover,
in available material, S. holbrooki differs from S. couchi in that in

S. couchi the anterior part of the shelf that forms part of the
dorsal border of the bone is interrupted by a sculptured portion
anteriorly, whereas this portion of the bone is smooth in S. holbrooki.

The fossils resemble S. holbrooki in this character.

Thus,

I would follow Auffenberg in designating all of the Thomas Farm
pelobatid material as Scaphiopus cf. S. holbrooki.
FAMILY

LEPTODACTYLIDAE

Leptodactylids are known from early Miocene and from Pleistocene deposits in North America (Holman, 1965). But leptodactylids may have been present in North America as early as
upper Cretaceous (Estes, 1965).
Genus Eleutherodactylus Dumeril and Bibron
Based on the rather limited number of leptodactylid skeletons
available (add the following specimens to the list of specimens
studied in Holman, 1965, p. 69: Eleutherodactylus podociferus
2, Leptodactylus bolivianus 1, Odontophrynus americanus 1, Pleurodema brachyops 3, and Syrrhophus campi 1) the ilium of Eleutherodactylus may be separated from Ceratophrys, Odontophyrnus,
and Pleurodema in that the prominence for the origin of the
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vastus externus head of the M. triceps femoris is moderately
produced laterally rather than being a highly produced dorsal
spike as in the latter three genera. Eleutherodactylus may be
distinguished from Leptodactylus in that this prominence is less
extensive, more knob-like, and usually less strongly bevelled.
Eleutherodactylus usually has a better developed dorsal ilial crest
than in Syrrhophus and Tomodactylus. Moreover, Eleutherodactylus has the prominence for the vastus externus head of the M.
triceps femoris making a more oblique angle (posteroventral )
to the shaft than in Syrrhophus in which this prominence is
more nearly parallel to the long axis of the shaft. The following
fossil represents the first record of the genus previous to the
Pleistocene.
Eleutherodactylus sp. indet.
Material. Right ilium F.G.S. V- 6086 (Fig. 1d). Collected by
Pierce Brodkorb. The fossil represents a small Eleutherodactylus
that is of about the same size of recent E. ricordi. The little fossil
is very similar to the ilia of several small Caribbean species of
Eleutherodactylus, but because of the large number of described
species of this genus and because of my lack of skeletal material
of these forms I have not made a specific assignment for the
fossil.
FAMILY

BUFONIDAE

Bufonids are known from the early Miocene to the recent of
North America. Tihen (1962) summarizes the occurrence of the
known fossil New World bufonids.

Bufo praevius Tihen
Bufo praevius was described from the Thomas Farm by Tihen
(1951) on the basis of a right ilium (M.C.Z. 1991). In addition,
he referred the following material to this species.
Eight ilia
(M.C.Z. 1992); two tibio-fibulae (M.C.Z. 2000); five humeri (M.
C.Z. 2002); three urostyles (M.C.Z. 1995); one femur (M.C.Z.
2005) and four vertebrae (M.C.Z. 1996).
Auffenberg (1956)
discussed B. praevius and reported on a few additional elements.
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Fig. 2. A. top, right ilium of Bufo praevius, bottom, left ilium of Bufo
praevius: B. top, left ilium of Bufo terrestris, bottom, right ilium of Bufo terrestris. Each line equals two millimeters.

Finally, Tihen (1962) thoroughly reviewed B. praevius in the
light of his intensive study of the osteology of recent and fossil
Bufo.
Tihen placed the affinities of B. praevius with the B.
valliceps group and suggests that it belongs with the Caribbean
section of this group.
New material. Because of the hundreds of new bones available
it was decided to study the large number of new ilia in an
attempt to ascertain if indeed a single species of Bufo is represented by the Thomas Farm bufonid material as previously suggested by Tihen.
This new material includes 175 left and 216
right ilia (135 left and 164 right F.G.S. V- 6087, 32 left and 49
right U.F. 10207, and three left and three right M.C.Z. 3447).
In addition, hundreds of postcranial bones and fragments probably belong to this species.
Remarks.
The series of 391 Thomas Farm Bufo ilia was
compared with series of several recent Bufo species in an attempt
to ascertain whether or not a single species of fossil was represented. I feel that Tihen was correct in assigning the Thomas Farm
bufonid material to a single species. But the ilial prominence is
more variable in shape than he indicated.
Tihen (1962) states
that this prominence is quite low, having a consistent height of
about 20 per cent of the length of its base. Actually, although
many individuals have a prominence with a height of about 15 to
20 per cent of the length of its base, some forms, usually those
of larger size, have a much higher prominence (Fig. 2a). The
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same variation in the shape of the ilial prominence
recent Bufo terrestris (Fig. 2b).
FAMILY
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HYLIDAE

North American hylid fossils have previously been reported
from the lower Miocene of Colorado (Chantell, 1965), Florida
(Auffenberg, 1956 and Holman, 1961); from beds that are transi-

tional between the uppermost Miocene and lowermost Pliocene in
Nebraska (Chantell, 1964 and 1966); from upper Pliocene deposits
in Kansas (Tihen, 1960 and Chantell, 1966); and from numerous
Pliestocene deposits. Estes (1964) indicates that there are “sug-

gestions’ that hylids may have been present in the upper Cretaceous of the Lance formation of Wyoming.
Remarks on the
structure of recent hylid skeletons in the following sections are
based on the following comparative material: Acris crepitans (15),
A. gryllus (6), Anotheca coronata (2), Diaglena reticulata (2),
Gastrotheca marsupiata (1), Hyla arenicolor (7), H. californiae
(2), H. cinerea (4), H. crucifer (3), H. ebraccata (1), H. elaeochroa (5), H. eximia (2), H. femoralis (2), H. gratiosa (3),
H. miotympanum (5), H. phaeocrypta (2), H. regilla (6), H.
septentrionalis (1), H. squirella (10), H. versicolor (10), H. wrightorum (1), Limnaoedus ocularis (3), Pseudacris nigrita (8), P.
ornata (1), P. streckeri (14), P. triseriata (10), Phrynohyas spilomma (2), Phyllomedusa dacnicclor (3), Pternohyla fodiens (3),
Smilisca baudini (9), and S. phaeota (1). The terminology
used by Chantell (1965, fig. 1) to describe features of the hylid
ilium is used here. As has been pointed out by Chantell, the
ilium is probably the best element to use to ascertain the relationships of fossil hylids. In the study of the above material I find
that in some cases genera are quite satisfactorily separated from
one another on the basis of ilial characters, especially when these
genera consist of only a few or of a single species. Thus, Acris
and Anotheca may be quite easily defined on the basis of the
ilium. But in the large genus Hyla the species are so variable
that Hyla cannot be satisfactorily separated from Diaglena, Phrynohyas, Pternohyla, and Smilisca.
Nevertheless, in many cases
identifications can be made at the specific level in these groups.

I would like to make a few comments at this point on the four
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Hyla “groups” of Lynch (1965). On the basis of material I have
studied the Hyla veriscolor group (H. versilcolor, H. phaeocrypta,
H. gratiosa, and H. andersoni) and the Hyla cinerea group (H.
cinerea, H. squirella, and H. femoralis) are not distinct from one
another. The H. versicolor group is defined as having a spinelike prominence, whereas the H. cinerea group supposedly has an
oval-shaped prominence. I find only a few individuals of species
of the versicolor group with spine-like prominences, indeed, most of
them have ovaloid prominences.
Moreover, quite a few smaller
individuals in the cinerea group have round prominences.
Genus Acris Dumeril and Bibron

Several workers

(Chantell,

1964 and 1965, Holman,

1962 and

1964, and Lynch, 1962 and 1966) have pointed out characters
that are diagnostic for the ilia of the genus Acris. These characters include the anterior position of the dorsal protuberance; the
shape and narrowness of the ventral acetabular expansion, and
the presence of a thin ridge along the top of the ilial shaft.
Acris sp. has previously been reported from the lower Miocene
of the Pawnee Creek formation of Colorado (Chantell, 1965), and
Acris cf. A. crepitans has been reported from the Miocene-Pliocene
boundry of the Valentine formation of Nebraska (Chantell, 1964).
The genus has been reported from numerous Pleistocene localities.
New material from the Thomas Farm contains the ilia of a
distinctive new species of Acris.
Acris barbouri sp. nov.
Holotype.
orne

Right ilium U.F.

formation,

lower

Miocene,

10208

(Fig. 3a).

Arikareean;

From

Thomas

Hawth-

Farm,

Gil-

christ County, Florida. Collected by Clayton E. Ray.
Paratype. Right ilium (F.G.S. V- 6088). From the same
cality as the holotype. Collected by Pierce Brodkorb.

lo-

Diagnosis. A Miocene Acris that is readily distinguished from
the recent species Acris crepitans Baird and Acris gryllus Le
Conte in that its dorsal protuberance is relatively smooth and has
its long axis about parallel to the long axis of the shaft, and in
that its dorsal prominence is relatively short. The recent species
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Fig. 3.
A, holotype right ilium of Acris barbouri sp. nov.; B, holotype left
ilium of Hyla miofloridana sp. nov.; C, right ilium of Hyla sp. indet. Each
line equals one millimeter.

have the dorsal protuberance roughened or deeply notched, and
with its long axis posteroventrally oblique to the long axis of the
shaft. The dorsal prominence is longer in the recent species.
Etymology.
The species is named in honor of the late Dr.
Thomas Barbour in recognition of his successful efforts in securing
the Thomas Farm as a study area.
Description of holotype. The dorsal acetabular expansion is
broken just posterior to the dorsal protuberance.
The dorsal
prominence is not highly distinct and is shorter than in recent
species of Acris studied. The dorsal protuberance is anterior in
position, having its posterior border even with the anterior border
of the acetabular fossa. The dorsal protuberance is ovaloid in
shape, smooth, and has its long axis about parallel to the long
axis of the shaft. The acetabular fossa has its posterior portion
broken. It is moderately excavated and has its lower border well
extruded. The tip of the ventral acetabular expansion is broken.
The anterior border of the ventral acetabular expansion makes an
angle of about 90 degrees with the shaft. The ventral acetabular
expansion is quite narrow. The ilial shaft is compressed and has a
moderately excavated area on its lateral surface just anterior to the
dorsal protuberance.

Variation in the paratype. The paratype is from a somewhat
larger individual and shows some slight differences that may be
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attributed to individual variation. The dorsal protuberance is a
little rougher and the angle between the ilial shaft and the
anterior border of the ventral acetabular expansion is slightly
greater than in the holotype. The ilial shaft of the paratype is
more complete and shows the beginning of the thin dorsal ridge
that is found in recent Acris species.
Remarks.
The Thomas Farm ilia are easily separable from
recent Acris species. This is interesting in that the recent species
are almost impossible to separate from one another and in that
Chantell states that in his Acris sp. from the lower Miocene of
Colorado “The differences between the fossil ilium and the modern
ilia of both species appear so slight that I believe the specimen
is simply a lower Miocene representative of population lines leading to modern A. crepitans or A. gryllus”. If this is indeed the
case, then two species of Acris were present in the lower Miocene
of North America.
Genus

Proacris

Holman

This extinct genus was described by Holman (1961) and remains the most bizzare element of the Thomas Farm anuran
fauna and the only currently recognized extinct anuran genus of
the late Tertiary in North America. Unfortunately, although much
additional anuran material has accumulated from the Thomas
Farm, none of it is assignable to Proacris. The ilium of Proacris
(F.G.S. V- 5950) is easily separable from all of the hylid species
I have seen in having its acetabular cup much enlarged and
almost entirely encroaching the much reduced ventral acetabular
expansion, and in having a pronounced ridge just posterior (not
anterior as it states in Holman, op. cit.) to the dorsal protuberance.
Proacris mintoni

Holman

Remarks.
Holman suggested that Proacris might either be
ancestral to Acris (the fossil resembles Acris somewhat in the size
of its ventral acetabular expansion and in the anterior position of
its dorsal protuberance) or that possibly Proacris represented an
archaic hylid line that is not particularly close to the ancestry
of living forms.
With the occurrence of Acris barbouri in the
same deposit the latter thesis becomes acceptable. Possibly, both
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Genus Hyla Laurenti

North American fossils of the genus Hyla have been reported
from the lower Miocene of the Thomas Farm of Florida (Auffenberg, 1956); from beds that are transitional between uppermost
Miocene and lowermost Pliocene times in Nebraska (Chantell,
1964) and from numerous Pleistocene deposits.
The ilium of Hyla differs from Acris in that the angle between
the anterior border of the ventral acetabular expansion and the
ilial shaft is always greater than 90 degrees, where in Acris it is

about 90 degrees. In most Hyla the dorsal protuberance is more
posterior with respect to the anterior edge of the acetabulum than
in Acris

(Chantell,

Hyla the anterior
with or posterior
in Acris at least
projects anterior

1964, Holman,

1964, Lynch,

1966).

In most

edge of the dorsal protuberance lies about even
to the anterior edge of the acetabulum, whereas
half of the length of the dorsal protuberance
to the anterior edge of the acetabulum.
Hyla

californiae, H. crucifer, H. eximia, and two of six.H.

regilla are

similar to Acris in this character. In Hyla the ventral acetabular
expansion is much wider than in Acris. Finally, with the exception
of one of seven Hyla arenicolor and two of three H. crucifer,
the thin dorsal ridge that is present on the ilial shaft of Acris
(Lynch, 1962) is absent in Hyla.
Hyla differs from Anotheca in that the dorsal protuberance of
the ilium, although quite variable in shape, is always better
developed. In Anotheca the dorsal protuberance is obsolete and
quite irregular in shape. But in other ilial characters the two
genera are quite similar.
The ilium of Hyla differs from Gastrotheca in that the angle
between the anterior border of the ventral acetabular expansion
and the ilial shaft is always more than 90 degrees in Hyla and is
about 90 degrees in Gastrotheca. The ilia of these genera otherwise are similar.
Hyla may be separated from Limnaeodus in that the angle
between the anterior border of the ventral acetabular expansion
and the ilial shaft is always more than 90 degrees in Hyla, whereas
in Limnaeodus this angle is about 90 degrees. Moreover, Hyla
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usually lacks the thin dorsal ridge that occurs on the ilial shaft of
Limnaeodus.
In Hyla the dorsal protuberance is rounded, ovaloid, triangular,
or very occasionally irregular in shape, and is produced dorsolaterally, whereas in Phyllomedusa the dorsal protuberance is
spike-shaped and dorsally produced, much as in some species of
Bufo.
Moreover, in Hyla the ventral acetabular expansion is
wider and has its ventral border much less broadly truncate than
in Phyllomedusa.
Hyla and Pseudacris are quite similar in ilial structure, the
most consistent difference between the two genera being the wider
ventral acetabular expansion of Hyla.
I am unable to distinguish the ilia of Hyla from Diaglena,
Phrynohyas, Pternohyla, and Smilisca on any single character.
Thus, the identification of hylid fossils of the above genera must
be made at the specific level.

Hyla miofloridana sp. nov.
Holotype. Right ilium U.F. 10209 (Fig. 3b).
formation,

lower

Miocene, Arikareean;

Thomas

From Hawthorne
Farm,

Gilchrist

County, Florida. Collected by Clayton E. Ray.
Diagnosis.
A moderately large Hyla showing similarities to
Recent Hyla cinerea (Schneider), H. gratiosa Le Conte, and H.
versicolor Le Conte, but differing rather strongly from these forms
in having the dorsal protuberance less produced and less distinct
from the ilial prominence, and in having a groove with a strong
ventral border on the lateral face of the ilial shaft just anterior
to the acetabulum.
Description of holotype.
The tip of the dorsal acetabular
expansion is broken and the part remaining has its broken surface
worn rather smooth. The dorsal protuberance is ovaloid in shape,
rather weakly produced, and it is not highly distinct from the
dorsal prominence.
The protuberance is slightly roughened in
shape. The anterior edge of the dorsal protuberance lies even
with the anterior edge of the acetabulum.
The distance of the
protuberance to the acetabular border is less than one-third the
length of the protuberance. The acetabular fossa is only moderately excavated and its border is rather weak.
The ventral
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acetabular expansion is well developed and wide. The anterior
edge of the ventral acetabular expansion makes an angle of much
greater than 90 degrees with the ilial shaft. The extreme tip of
the ventral acetabular expansion is broken.
The ilial shaft is
compressed and lacks a ridge or crest along its dorsal surface.
Just anterior to the anterior edge of the ventral acetabular expansion, the shaft has a pronounced groove on its lateral face.
This groove has a rather strong ventral border.
Measurements:
greatest height of shaft 1.8, height of acetabular fossa 2.8, length
of dorsal protuberance 1.4.
Remarks.
The fossil is most similar to recent H. cinerea, H.
versicolor, and especially to H. gratiosa, but it shows differences

that I believe indicate it is at least specifically distinct.
The
grooved lateral surface of the ilial shaft is a very strong character
that I have found duplicated in only one other hylid, a single
specimen of H. septentrionalis.
But H. septentrionalis differs
from the fossil in several characters as follow: the dorsal protuberance is triangular in shape and strongly produced laterally;
the acetabular cup is more strongly excavated and has a stronger
border; and finally, the anterior edge of the ventral acetabular
expansion is more highly curved and makes a wider angle with
the shaft.

Hyla sp. indet.
An ilium (F.G.S. V- 6089, Fig. 3c) may represent a second
moderately large species, but unfortunately, the bone is too fragmentary for a specific identification.
In fact, part of the fossil
in the area of the ventral part of the acetabular region is so worn
that many important features are obscured. A description of the
fossil is as follows.
There is no fossa posterior to the dorsal
protuberance. The anterior edge of the dorsal protuberance lies
slightly anterior to the anterior edge of the acetabular fossa. The
dorsal protuberance is ovaloid and strongly produced laterally.
The shaft is compressed and lacks either a dorsal ridge or a crest.
There is no groove on the lateral face of the ilial shaft. The
dorsal acetabular expansion, almost all of the ventral acetabular
expansion, and about the posterior one-half of the acetabular fossa
are broken.
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Hyla goini Auffenberg
Hyla goini was described from the Thomas Farm by Auffenberg (1956) on the basis of a right ilium (M.C.Z. 2277) and
three paratype ilia (U.F. 9900).
New material. Fourteen left and 20 right ilia (11 left and 14
right F.G.S. V- 6090, three left and five right U.F. 10210, and
one right M.C.Z. 3448); four left and one right scapulae (three
left F.G.S. V- 6091, and one left and one right M.C.Z. 3449)
one radioulna (M.C.Z. 3450); and one coracoid (M.C.Z. 3451).
Remarks. In the light of the additional fossil material and
much more comparative material it was decided to re-examine
Hyla goini. On the basis of this re-study it appears that all of the
small Hyla ilia of the Thomas Farm represent one variable species
of Hyla, namely Hyla goini. The variation encountered in the 38
Hyla goini ilia is very similar to that one finds in a series of ilia
of recent Hyla squirella, a small species that occurs in Florida
today. Some of these variations appear to be ontogenetic.
In
small Hyla goini and H. squirella the dorsal protuberance tends
to be small, round, and relatively far away from the dorsal border

of the acetabulum (Fig. 4a and b). But in larger individuals of
the fossil and of the recent species the protuberance is larger,
ovaloid in shape, and relatively near the dorsal border of the
acetabulum.
Individual variation in H. goini and H. squirella
includes such features as slight differences in the shape of the
dorsal protuberance, small differences in the angle between the
anterior border of the ventral acetabular expansion and the shaft,
and slight differences in the width of the ventral acetabular
expansion.

A redescription of Hyla goini in the light of the new ilia that
are available is as follows. The dorsal acetabular expansion is
pointed and moderately long. The dorsal protuberance is welldeveloped and is produced dorsolaterally.
It ranges in shape
from round in small individuals to ovaloid in larger forms. The
anterior edge of the dorsal protuberance is usually even with the
anterior edge of the acetabular border, but in some individuals
it lies somewhat anterior to this border.
The drawing of the
holotype of Hyla goini in Auffenberg (1956, p. 9, fig. 3f) does
not accurately show the appearance of the dorsal protuberance in
this species.
In the figure the dorsal prominence is produced

HoutMAN:

Miocene Frogs from Florida

135

Fig. 4. A, top, left ilium of Hyla goini, bottom, right ilium of Hyla goini;
B, top, right ilium of Hyla squirella, bottom, left ilium of Hyla squirella. Each
line equals two millimeters.

above the dorsal protuberance.
In the ilia of Hyla goini the
protuberance is produced above the prominence. The distance of
the dorsal protuberance from the acetabular border varies from
that of a little under the length of the protuberance to about onethird the length of the protuberance. The ilial shaft is compressed
and lacks a dorsal crest or ridge. Its lateral side is usually smooth,
but some individuals have a rather indistinct lateral groove or
depression.
The anterior border of the ventral acetabular expansion always makes an angle of well over 90 degrees with the
ilial shaft, but there is some variation in this angle. The ventral
acetabular expansion ranges in width from about one-third as wide
as the length of the acetabulum to about one-half as wide as the
acetabulum. In the few specimens that have an almost complete
ventral acetabular expansion, the tip appears to have been quite
pointed.
Hyla goini is quite similar to recent Hyla squirella and H.
femoralis. Of these two species, the fossil is closer to H. squirella
than to H. femoralis on the basis of the shape of the dorsal
protuberance which is never as elongate as in H. goini and H.
squirella. In fact, I can find no consistent characters by which
to separate H. goini from H. squirella on the basis of the ilium,
and indeed, H. goini may well be directly ancestral to H. squirella.
I can see no resemblance of H. goini to Pseudacris as suggested
by Auffenberg (1956).
FamiLy

RANIDAE

Ranid fossils are known from the early Miocene to the recent
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of North America. Holman (1965) summarizes the occurrences of
known ranid fossils in North America.

Rana cf. Rana pipiens Schreber
Two ilia (one left U.F. 10203 and one right M.C.Z. 1994)
that Holman (1965) was unable to distinguish from recent Rana
pipiens have previously been reported from the Thomas Farm.
New material. Three right ilia (F.G.S. V- 6092). These ilia
are also indistinguishable from recent Rana pipiens and are thus
tentatively assigned to this species.
CHECK

LIST OF THOMAS

FARM

ANURAN

Extinct species are marked by an asterisk, extinct genera by
two asterisks. Numbers refer to minimum number of individuals
represented of each species)
Family Pelobatidae
Scaphiopus cf. Scaphiopus holbrooki, 6

Family Leptodactylidae ©
*Leptodactylus abavus, 4
?* Eleutherodactylus sp. indet., 1
Family Bufonidae
*Bufo praevius, 216

Family Hylidae
**Proacris mintoni, 1

*Acris barbouri, 2
*Hyla miofloridana, 1

?*Hyla sp. indet., 1
*Hyla goini, 20
Family Ranidae
*Rana miocenica, 1
*Rana bucella, 1

Rana cf. Rana pipiens, 4
Family Brevicipitidae
Gastrophryne cf. Gastrophryne carolinensis, 1
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PALEOENVIRONMENT

Estes has supported the more or less widely accepted idea
that the Thomas Farm deposits represent the filling of a sinkhole in
a porous, eroded limestone terrain. Estes further points out that
“This situation is most plausibly interpreted as a sinkhole with
internal drainage (probably spring-fed, since connection with other
drainage systems would be indicated by the presence of freshwater fishes) which, as a result of the available water, drew to it

animals from diverse habitats.
The anuran fauna represents an assemblage that could have
existed in the immediate vicinity of a spring-fed, sinkhole pond.
It is difficult to suggest the exact nature of the pond, but it seems
quite possible that it could have been a rather temporary one.
With the possible exception of a few ranids, all of the Thomas
Farm anurans should have been able to breed in such situations.
It is interesting to note in this regard that 83 per cent of the
minimum number of individual anurans in the Thomas Farm fauna
(216 out of 259) belong to a single species of toad, Bufo praevius.
Toads of the genus Bufo typically breed in small ponds, often ones
of a temporary nature. The lack of large “bullfrogs” of the genus
Rana has been noted before (Holman, 1965).
Possibly the

absence of large ranid frogs is correlated with the fact that the pond
was a temporary one, for most large Rana require a relatively long
time for larval development.
PHYLETIC

The most
that it is an
that occur in
families. All
are

present

RELATIONSHIPS

striking aspect of the Thomas Farm anuran fauna is
essentially modern one. All of the anuran families
Florida today are present and there are no extinct
of the genera that are indiginous to Florida today
with

the

exception

of Pseudacris

and

Limnaeodus,

and only one genus (Proacris) is extinct.
Two genera (Eleutherodactylus and Leptodactylus) that occur in the Thomas Farm
fauna do not occur naturally in Florida at present, but are found
in the western Gulf States and in the Caribbean region today.
Three species (Scaphiopus cf. S. holbrooki, Rana cf. R. pipiens,
and Gastrophryne cf. G. carolinensis) are indistinguishable from
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species living in the area today, and indeed may represent these
species. Other species are possibly directly ancestral to species
living today. These include Leptodactylus abavus which is similar
to recent L. melanonotus and Hyla goini which is similar to recent
Hyla squirella. Other forms (Eleutherodactylus sp., Bufo praevius, and Hyla miofloridana) are of less certain specific relationships. Eleutherodactylus sp. is similar to several small species of
the West Indian region. Bufo praevius is similar to the Caribbean
section of the Bufo valliceps species group of Tihen (1962). Hyla
miofloridana shows similarities to H. cinerea, H. gratiosa, and H.
versicolor.
Finally, there are several quite distinct species that
probably became extinct without replacement.
These forms include Acris barbouri, Rana miocenica, and Rana bucella.
ZOOGEOGRAPHIC

AFFINITIES

Because of the fragmentary and localized nature of the anuran
fossil record it is difficult to make zoogeographical interpretations
based

on

the Thomas

Farm

anuran

fauna.

Nevertheless,

some

of the fossil anuran taxa can be grouped in zoogeographic catagories relative to the distribution of related living forms. Species
of unknown geographic affinities such as the extinct species Acris
barbouri,

Proacris

mintoni,

Rana

miocenica,

and

Rana

bucella;

and forms that are of very widespread occurrence today such as
Rana cf. R. pipiens cannot be grouped zoogeographically.
The
other Thomas Farm anurans are grouped under the following
tentative catagories.

West Indian.—These include Eleutherodactylus sp. and Bufo
praevius. Eleutherodactylus sp. is similar in structure to several
small Caribbean species of the genus.
Eleutherodactylus ricordi
occurs in Florida today, but it is said to have been introduced
from the West Indies (Schmidt, 1953). Bufo praevius is placed
in the Caribbean section of the Bufo valliceps species group, and
it is suggested that B. praevius may have arrived in Florida
from Cuba (Tihen, 1962). It is interesting to note that Estes
(1963) identified Leiocephalus, a lizard with definite West Indian
affinities, from the Thomas Farm. Estes suggests that this lizard
represents

a sweepstakes

Southeast

Coastal

occurrence.

Plain—The

present

day anuran

fauna

of
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Florida is one that has largely been derived from the Southeast
Coastal Plain of the United States. Thomas Farm anurans that
have recent relatives that are typical of the Southeast Coastal
Plain are Scaphiopus cf. S. holbrooki, Hyla miofloridana, H. goini,
and Gastrophryne cf. G. carolinensis.
Western Gulf States.——The fossil Leptodactylus abavus is quite
similar to recent L. melanonotus which today ranges from southern
Sonora and San Luis Potosi southward along both Mexican coasts
to Costa Rica (Smith and Taylor, 1948). The genus Leptodactylus is absent from Florida today, but species of this genus occur in
southern Texas and in a few islands of the West Indies. Again,
the possibility exists that the fossil Leptodactylus has Caribbean
affinities, but at present, I feel that this possibility is a slight one.
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Variation in Bovine Cholinesterase Levels

C. J. Witcox anp H. H. Heap
One of the factors upon which the design of efficient experiments
is dependent is knowledge of the experimental error (in terms of
variance) to be expected. In experiments with large animals such
as the cow, the number of animals to be assigned, the duration of
the experiment and the number of samples to be taken become important because of the expense involved per animal. Our studies
of the effects of application of organic phosphorus insecticides
upon cholinesterase levels in the cow have provided us with data
from which estimates of variance of this physiologically important
trait can be obtained (Wilcox and Head, 1966).
Of the esterases, cholinesterase is the most widely known and
among the more important. The enzymes which catalyze the hydrolysis of acetylcholine are known as cholinesterases and are found
in red blood cells (RBC) and plasma, as well as in most of the
body tissues. They are particularly active in nervous tissue. The
normal function of the true cholinesterases, such as acetylcholinesterase, is to hydrolyze acetylcholine to acetic acid and choline
(Fukuto, 1957 and Oser, 1965).
The true cholinesterases are found principally in RBC and in the
central nervous system. These enzymes hydrolyze acetylcholine
more rapidly than they do other choline esters such as butyrylcholine and benzoylcholine. The normal function of these enzymes,
catalyzing the hydrolysis of acetylcholine, is extremely important
physiologically since acetylcholine is the transmitting agent of the
nerve impulse to effector cells in the neuromuscular junction and
in cholinergic synapses of the nervous system. The pseudocholinesterase enzymes are found principally in the blood plasma. Their
physological importance is not clear but they are classified as
such because they hydrolyze choline esters other than acetylcholine
more rapidly than they do acetylcholine (Gage, 1961 and Oser,
1965).
MetTHops

AND

RESULTS

Eight Jerseys were sampled eight times each during a 17-day
period, there being five 2-day and two 3-day intervals between the
eight samples.

and

refrigerated

After collection, blood samples were

overnight.

The

following

morning

heparinized

they were
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shipped to the laboratory. Plasma was separated by centrifugation
and the chemical analysis performed on the two blood fractions.
The method of Michel (Oser, 1965) was used without modification to determine the cholinesterase levels of plasma and RBC
hemolyzates. Acetylcholine in a standard buffer solution was used
as the substrate. The action of the enzyme on acetylcholine produces acetic acid which lowers the pH and is a measure of enzyme
activity expressed as ApH units per hour. Additional details of
the experimental material, sampling procedures, and method of
chemical analysis have been described previously (Wilcox and
Head, 1966). For this report, the data have been subjected to
standard statistical analyses, mainly analysis of variance and correlation.
Mean cholinesterase levels, expressed as ApH units per hour,
were 0.411 and 0.123 for RBC and plasma, respectively; corresponding sample (total) standard deviations were 0.072 and 0.037.
The value 0.411 was within the range for RBC reported by Radeleff
and Woodard (1956); they reported no significant cholinesterase
activity present in the plasma of cattle or sheep. Our data show
clearly that dairy cattle have considerably lower cholinesterase
levels than do men. The difference between plasma levels of the
two is especially dramatic.
However, the biological meaning of
this is not known.
Similarly, RBC cholinesterase levels of cattle
were only about 50 percent of those observed in man.
TABLE

Variance

1

analysis of blood cholinesterase

levels

RBC
Source

d.f.b E(MS)

MS

Animals
o2+ 802A .013406**
Days
1 on So2D 023199"
Error
49 o?
000892
Total
63

V

.001564
20027188
000892
.005244

Plasma
V%

30 .000479
08 -008377 =
17 .000366
100

a Units of measure: ApH units per hour.
b d.f.=degrees of freedom, E(MS)=—expectation
squares,

MS

of mean

V

V%

.000014
.00nOOn
.000366
.001381

1
72
27
100

squares, MS=mean

V—variance.

=P <0:01

Variability was partitioned as shown in Table 1. Error variance
represented a combination of sampling and measurement errors

Witcox

AND

Heap:

Cholinesterase

in Cattle
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and animal by day interactions, since only single samples were taken
each day. Repeatabilities of measurements, as represented by the
oA

intraclass correlation, r=——— , were 0.30 and 0.1 for RBC
GhinGaD
oro A &
Ge
ae

and plasma, respectively. Hence, sensitive characterization of differences among animals was not accomplished by the procedure
used for plasma, but was for RBC.
The value of additional measurements can be estimated by the
change in the variance (gain in accuracy) of a mean based on
varying numbers of measurements with
V,
I1*r(n-1)
a a ae
where V= the variance, r=repeatability, and
n=the number of measurements represented in the mean. A gain
in accuracy in the characterization of an animal level, by taking
two measurements rather than one, of 49.5 percent would be expected for plasma and 35 percent for RBC. Measurements beyond
the second would result in gains with diminishing increments.
Day effects were of major importance, accounting for 53 percent of the variability in RBC levels and 72 percent in plasma levels.
Further, comparisons among animals when determinations are
made on different days (or perhaps at different locations ) would
be subject to considerable error and would have limited value.
Doubtless any number of environmental and nutritional factors can
result in variation in cholinesterase levels.
Cholinesterase levels of RBC and plasma are essentially independent of each other. Correlations obtained were as follows: for
total, 63 d.f., —.10; among animals, 7 d.f., +.04; among days, 7 d.f.,
—,.21; for error, 49 df., +.14.
None of these were statistically

significant.
SUMMARY
Cholinesterase levels in RBC and plasma were determined in
eight samples from each of eight Jerseys over a 17 day period. Mean
levels, expressed as ApH units per hour, were 0.411 and 0.123 for
RBC and plasma, respectively; corresponding sample (total) standard deviations were 0.072 and 0.037. Animals accounted for 30
percent of the variability in RBC cholinesterase levels, days 53 percent; corresponding percentages for plasma levels were 1 and 72.
Correlations between RBC and plasma levels were close to zero and
not significant.
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Differential Thermal Analysis of Wavellite
FRANK

N. BLANCHARD

THE general shape of the thermogram obtained from differential
thermal analysis of wavellite is known (Manly, 1950; Kauffman and
Dilling, 1950), but there appears to be no published interpretation
of the pattern. The purpose of this paper is to describe the changes
which take place in wavellite during a differential thermal analysis,
to describe the variations in DTA patterns among different samples
of wavellite, and to evaluate the use of differential thermal analysis
in detection of and quantitative determination of wavellite contained in rocks.
MATERIAL

STUDIED

Wavellite specimens used in this study are from the following
locations.
Sample 1. Siglo XX mine, Llallagua, Bolivia. White botryoidal
radiating aggregates of wavellite with cassiterite and quartz.
Sample 2. Highdown quarry, Filleigh, near Barnstable, Devon,
England. Yellowish gray radiating aggregates of wavellite on black
slate.
Sample 3. Ronneburg, Thuringia, German Democratic Republic. Green and blue-green radiating aggregates of wavellite on
black slate.
Sample 4.

Forastara vein, Salvadore section, Llallagua, Bolivia.

Grayish white radiating encrustations of wavellite on quartz crystals.
Sample 5. Bohemia, Czechoslovakia. Grayish white, with pale
orange staining, radiating aggregates of wavellite.
Sample 6. Near Ashville, Jefferson County, Florida (Blanchard
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microcrystalline

METHODS

Differential thermal analyses were made with a Fisher model
260P Differential Thermalyzer.
The output from a platinel differential thermocouple was amplified with a d.c. amplifier employing a Union Carbide operational amplifier (H6010), and the signal
from the amplifier was used to drive the X-axis of a Houston Instrument Corp. Model HR-96 X-Y recorder. The Y-axis of the recorder was driven by the output from the furnace-temperature
thermocouple, one junction of which was maintained at 0 Centigrade, and special graph paper was used to correct for nonlinearity
of the thermocouple output. Samples were heated at 10° or 25°
per minute, or both. Preheated alumina was used as an inert reference material, All samples were sieved, and for most determinations the fraction between 80 and 200 mesh was used.
Weight changes associated with DTA peaks were determined
on separate samples by weighing the sample (to the nearest 0.1
mg) before and after a thermal reaction.
RESULTS

AND

DISCUSSION

Fig. 1 shows representative thermograms for each of the samples
studied.

Each determination was made with an 80 to 200 mesh,

100 mg sample heated at a rate of 10° per minute. The reactions
appearing between room temperature and 150° are attributed to
loss of absorbed water and to a combination of imperfect thermocouple placement and a difference in thermal conductivity between
the wavellite and alumina. Between 150° and 380°, there is clearly
a typical pattern for wavellite with a strong endothermic reaction
at about 260° and a weak to very weak endothermic reaction at
320°; however, there is also variation from sample to sample in the
peak-height ratio. Extremes in this variation are seen in samples |
and 6, while sample 2 represents a median. Because these three
samples represent extremes and median, and because of quantities
available, samples 1, 2, and 6 were chosen for more complete study
by x-ray, thermal, and optical techniques. From 380° to 1150°, no

prominant DTA

peaks show up with the degree of amplification
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Fig. 1. Thermograms of Samples 1-6, showing both the similarity and the
variability of DTA patterns from wavellite.
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used; very weak exothermic reactions do occur (weaker and more
poorly defined than is obtained from the quartz inversion), but
there is little or no consistency from one sample to the next.
Weight losses between 150° and 380° (associated with the two
endothermic reactions) are nearly the same for all samples (24.9526.55 per cent), averaging 25.6 per cent. From this it is concluded
that all of the samples contain about the same percentage of water
(below 380°), about 25.6 per cent, which is slightly less than the
26.02 per cent computed from the ideal wavellite composition
[Al,(PO,)2(OH);.5H.O].

The percent of the total water which is

lost during each endothermic reaction corresponds roughly with
the ratio of the peak magnitudes. Factors such as grain size (in
ranges between 40—300 mesh), heating rate, and packing of sample
do not appreciably effect the relative heights of the two peaks.
From consideration of the wavellite structure, weight loss measurements, x-ray diffraction patterns, and optical measurements, it
is concluded that as wavellite is heated it undergoes, successively,
partial to complete dehydration, dehydration and dehydroxylation
accompanied by partial recrystallization, and finally more complete
recrystallization (and possibly inversions) into a form or forms of
aluminum phosphate.
Water and hydroxyl are held structurally in wavellite in different ways: 61.5 per cent of the total water (present as H,O plus
OH-) is held as H,O in octahedral coordination (along with OHand O~) about Al**, 15.4 per cent is held as H.O in large cavities
in the structure, and 23.1 per cent is held as OH~ in octahedral coordination (along with O? and H.O) about Al** (computed from
structural data provided by Araki and Zoltai, 1966 and Zoltai, personal communication). The weight loss associated with the 260°
peak varies for different wavellite samples from about 58 per cent
(sample 1) to about 73 per cent (sample 6) of the total weight
loss. Seventy-three per cent corresponds approximately to the percentage of molecular H.O in the structure (76.92 per cent), and
the 260° peak is attributed, therefore, to loss of part to all of the

molecular water. In some wavellite (such as sample 1) as little
as 58 per cent of the total water is lost over the 260° peak, and
this corresponds (perhaps fortuitously, perhaps significantly ) with
the octahedrally coordinated water, X-ray diffraction patterns of
wavellite which has been heated to 290° (past the 260° peak, but
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before the 320° peak) show wavellite lines, reduced in intensity,
but no new lines (Fig. 2). Apparently the wavellite structure
still exists after loss of the molecular water of crystallization.
This might be expected because the octahedrally coordinated
water is not shared by adjacent octahedral units in the structure
and thus is not essential in holding the structure together. Optically, the heated wavellite has indices (approximately 1.48), birefringence, and 2V angle considerably lower than for normal wavellite.
The weight loss occurring over the second DTA peak (320°)
makes up the remainder (27 to 42 per cent) of the total weight
loss. This corresponds with the loss of any remaining H.O (if there
is any) and all of the OH. X-ray diffraction patterns of wavellite
heated to 380° (past the 320° peak) show the emergence of a
weakly developed new structure (Fig. 2) with d-spacings close to
those of AlPO,-cristobalite (D-Yvoire, 1961). Alumina tetrahedra

290°

ae

380° —-——-—---p"

1100° |
OT

DEGREES

26

Fig. 2. X-ray diffractometer patterns for Samples 1, 2, and 6. Patterns
are for normal wavellite (top row) and for wavellite after heating to 290, 380,
and 1100 C. d-spacings for the well-defined lines showing in the bottom pattern are 4.12, 4.33, 3.90, 2.524.
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are linked together in the structure by sharing of OH~ and loss of
OH therefore results in collapse of the wavellite structure. Further
heating (to 1150° ) results in strengthening of the lines of aluminum
phosphate with some change in relative intensities (Fig. 2). The
higher temperature, weak exothermic reactions are probably produced as amorphous aluminum phosphate crystallizes, and, perhaps, as minor inversions occur within the crystallized AIPO,.
Optically, the material which has been heated past 320° is isotropic
with a refractive index between 1.44-1.46. A slight increase in refractive index occurs after the material has been heated to 1150°.
Differences from sample to sample in peak-height ratio (260°:
320°), and in the weak exothermic reactions at higher tempeyatures, may be related to differences in degree and nature of crystallinity among the wavellite samples. This suggestion is supported
from study of the material included in this report, and from previous work (Blanchard and Denahan, 1967, 1968). Microcrystalline to cryptocrystalline wavellite from certain localities in Florida
lack the 320° peak, microcrystalline material from Florida (such as
sample 6) shows a very weak 320° peak, and macrocrystalline
wavellites (samples 1-5) show well developed peaks at 320°. It is
also possible, however, that these differences are related to minor
elements in the wavellite.
Differential thermal analysis provides an easy, sensitive, and
relatively inexpensive technique for detection of wavellite in rocks.
It is particularly useful where the wavellite is microcrystalline to
cryptocrystalline and intergrown with other minerals (such as
clays), a condition which makes positive identification by optical
methods difficult, and a condition which is commonly encountered
in wavellite-bearing rocks from the aluminum phosphate zone of
Bone Valley and Hawthorn formations of Florida. Other hydrous
phosphates (such as crandallite, millisite, and variscite-strengite)
show distinctly different patterns, and there seems to be little interference from other minerals which commonly occur with wavellite.
In a matrix of quartz, as little as 5 per cent (by weight) is easily
detected in a 100 mg sample by the methods employed in this
study. Increasing the weight of the sample, the rate of heating,
and amplifier gain would likely increase the sensitivity even more.
Approximate quantitative determinations are also possible, using
the 260° peak height, or area under the 260° peak, as a measure of
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and precision is ac-

complished by using an internal standard to eliminate errors resulting from differences in packing and thermocouple placement
from sample to sample. In quartz-free samples, quartz may be
added to the sample in constant proportion; relative concentration
of wavellite may then be related to the ratio wavellite peak-height
to quartz peak-height.
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Effects of Gamma Irradiation on Prickly Pear Cactus
Cart D. Monk

On May 11, 1965, a 12-year-old field on the AEC Savannah
River Plant was exposed for 400 hours to a 9200 curie "Cs irradiator (Monk 1965). The field vegetation was typical of abandoned
farmland on the dry, excessively drained Lakeland sandy soils with
annuals predominant in number of individuals. Scattered through
the exposed portion of the community were forty-five plants of
prickly pear cactus (Opuntia compressa (Salisb.) Macbr.). At the
time of exposure most of the cactus plants were in a similar flowering stage. Each plant had fully opened flowers at the beginning
of the exposure and many possessed flower buds which did not
open until the termination of irradiation.
The precise stage of
micro- and megasporogenesis was unknown. Prior to and at various periods following exposure a number of biological measurements were made on each plant. This paper represents a report on
the effects of irradiation on prickly pear.
METHODS

Twelve days prior to radiation exposure, the number of stem
segments, new vegetative buds, and flower buds were recorded for
each plant in the population. On August 23, the number of stem
segments and fruits per plant were counted. In early November
all fruits were collected for measurement of diameter and seeds per
fruit were counted. The seeds were dried at room temperature for
one week and those of each plant were weighed collectively then
planted in the field for germination studies. Except for germination tests similar measurements were made in 1966.
The radiation exposure of each plant was monitored by Toshiba
Low Z phosphate glass rods. The rods were placed in opaque plastic vials to minimize fading due to sunlight (Blaylock and Witherspoon 1965).
RESULTS AND DISCUSSION

The forty-five plants were arranged in descending order of radiation exposure. The means of the biological data and rate of radiation exposure were calculated for each successive group of five
plants (Tables 1-2). The basic form and position of the data were
not materially affected by the data treatment. The actual range in
R/hr was 31.3 to 0.1.
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All flower and vegetative buds aborted on plants receiving in
excess of 22.5 R/hr. Plants with exposures greater than 27.5 R/hr
died within a month following irradiation. Subsequently, all plants
included in the 23.5 R/hr exposure level (Table 1) died except for
one plant exposed at a rate of 18.7 R/hr.
Fruit size, seed weight, and seeds per fruit were more radiation
sensitive than fruit and stem segment survival in 1965 (Table 1).
The former three exhibited a marked reduction between 2.9 and
5.9 R/hr. Fruit survival began to decrease at the same radiation
level, however, variability was too large for the trend to be signifiTABLE

1

Effects of 400 hours of high dose irradiation on a population of prickly pear
cactus. Each figure represents a mean for five plants with one standard error.
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cant. All of the non-aborted fruits contained seeds, many of which
possessed only one. This fact tended to extend the radiation tolerance as well as increase the variability of that biological parameter.
Stem segment survival was not materially affected until the 23.5
R/hr isodose line.
The germination response was similar to the data presented in
Table 1, however, germination percentages were too low in the
controls for the experiment to be conclusive.
Seeds from plants
receiving 9.3 R/hr or more were generally less viable than those
from plants with less exposure.
TABLE

2

Effects of 400 hours of low dose irradiation on a population of prickly pear
cactus.
Each figure represents a mean for five plants with on standard error.
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One year following irradiation, the prickly pear cactus population still exhibited a response to exposure.
All plants with less
than 17.5 R/hr produced flower buds in 1966. Flower bud production in 1966 was consistently lower than in 1965. Those plants
exposed to 9.3 R/hr or more were less productive than the rest of
the population (Table 1).
In 1966, no fruits survived on plants receiving in excess of 13.6
R/hr. Fruit survival in 1966 was slightly less at lower exposures
than in 1965 and considerably lower at the higher radiation levels
(Table 1). Fruit size and seeds per fruit were not affected in 1966,
however, seed weight tended to be lower at the higher exposures.
Certain segments of the cactus population formed more vegetative buds in 1966 than in 1965 while the remainder produced less
(Table 1). The ratio of 1966/1965 new stem segments was higher
in those plants at the 13.0-5.9 R/hr levels than in those exposed at
higher or lower levels.
The enhancement of vegetative bud production at the 13.0-5.9
R/hr levels could be interpreted as a stimulatory effect for which
evidence exists both for (Sax 1963) and against (Skok et al., 1965).
However, in light of continued reduction of flower bud production,
fruit survival, and lighter seeds in 1966, the enhancement of vegetative bud formation may represent a radiation induced imbalance
in the normal development in cactus whereby the plant reserves
are channelled more into vegetative recovery. Survival from radiation damage in a small segment of a plant population is dependent upon vegetative recovery or the production of viable seeds. If
either of these recovery mechanisms is enhanced at the expense of
the other, it is difficult to view the enhancement in terms of a “true”
stimulatory response but rather as a compensatory recovery mechanism.
SUMMARY

The irradiation effects on prickly pear may be summarized as
follows:
(1) Exposures in excess of 18.7 R/hr administered over a 400
hour period are lethal.
(2) Exposures of 5.9 R/hr are sufficient to cause a major reduction in fruit size, seeds per fruit, and seed weight and a slight
reduction in fruit survival.
(3) Stem segment survival is reduced at 13.0 R/hr.
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(4) One year following irradiation, flower bud production and
fruit survival are decreased in plants receiving in excess of 5.9 R/hr
while vegetative recovery is greatest in plants exposed at 13.0-5.9
R/hr.
(5) The enhancement of vegetative bud production in 1966
may be a recovery mechanism from radiation induced damage
rather than a “true” stimulatory response to radiation.
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Notes on Balanus humilis Conrad, 1846
ARNOLD

Ross

Tue balanomorph barnacle Balanus humilis was described by
Timothy Abbott Conrad in 1846 in one of his many studies on the
organic remains from the Tertiary sediments of the southeastern
United States. Since the original publication of this taxon, it has
never

been redescribed,

refigured,

nor

has its true nature

been

determined. An attempt to locate the type specimen in the collections of both the Paleontological Research Institution, Ithaca
and the Academy of Natural Sciences of Philadelphia has proven to
be fruitless.
Darwin (1854, p. 495) was the first to discuss Conrad’s species,
succinctly stating, “The opercular valves are not described, and I
doubt whether the species could be recognized.” Pilsbry (1930,
p. 433), in referring to this taxon, merely noted that it was “unrecognizable.” Both of these workers unquestionably based their
comments on the fact that the description of B. humilis was too
brief and incomplete to be of taxonomic value, and Conrad’s
illustration of this species, which measures less than 5 mm in
height, was reproduced too small to reveal diagnostic characters.
Mansfield (1937, p. 9) also cited Conrad’s taxon in a discussion
of the molluscan fauna of the Tampa Limestone.
Recently, the author in a discussion of the Eocene Balaninae
of the world pointed out that “. . . the Tampa Limestone from
which this species [B. humilis] presumably was collected, is assigned an early Miocene age” (Ross, 1965, p. 59; See Mansfield,
1937). No attempt was made in that study to discuss the morphology or nature of this species, nor was this attempted in a subsequent paper (Ross and Newman, 1967).
The original description of B. humilis (Conrad, 1846, p. 400)
is as follows: “Suboval, not elevated; aperture large, somewhat
diamond shaped; valves with rather fine longitudinal approximate
sulci.” Conrad’s illustration (see Fig. 1) clearly shows that the
shell is divided into two distinct horizontal zones. The upper half
is for the most part smooth, with the exception of three, moderately broad, vertical sulci. The lower half of the shell is unequally

divided

into three major

zones

by approximate,

vertical

sulci.
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Fig. 1. Balanus humilis Conrad, 1846; original figure reproduced natural
size (left), and same figure redrawn greatly enlarged (right).

Each of these basal zones is finely ribbed, the ribs slightly less
than the height of the lower zone.
On numerous occasions while collecting from Miocene sediments in Florida small, phosphatized steinkerns, or fillings of the
internal cavity of what appeared to be a barnacle were collected
from the sediments of both the Hawthorne and Tamiami Formations of Middle and Late Miocene ages, respectively. Determination of the taxonomic identity of these specimens was precluded
owing largely to their mode of preservation. In the cirriped collections of the Department of Fossil Invertebrates at The American Museum of Natural History there is a specimen of what has
been identified tentatively as Balanus
glyptopoma_
Pilsbry
(A.M.N.H. 11382/1; Holmes collection, specimen from questionably late Miocene of South Carolina) in which the body cavity of
the barnacle is filled, and the calcareous shell is partially eroded
away. Continued eroding of the calcareous shell would no doubt
have left just the phosphatized shell filling.
Based upon a critical comparison of Conrad’s figure, and the
available morphological evidence derived from a study of more
than 20 specimens that are similar to the one figured by Conrad,
the author has concluded that B. humilis is nothing more than
the phosphatized internal filling of a barnacle shell. It can be
demonstrated that the separation between the upper and lower
halves shown on Conrad’s figure, demarcates on specimens, the
lower edge of the depending sheath; on all specimens examined
this break is actually a sulcus. The vertical grooves are merely
those regions of the compartments where the radii or alae are
situated. The fine ribs of the lower zone represent the sulci be-
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tween the ribs on the exposed surface of the inner lamina of the
parietes. All the above mentioned features can be observed on
the majority of the complete steinkerns thus far examined. In addition, not infrequently the growth lines of the sheath can be seen
clearly.
Although it is demonstrable that B. humilis is only a phosphatized internal filling, there are a number of factors that serve to
obscure the taxonomic identity of this fossil. Foremost among
these is that there are undoubtedly several species in the Miocene
sediments of Florida, as well as elsewhere along the southeastern
Atlantic Coastal Plain, preserved in a manner analogous to that of
B. humilis. Furthermore, consideration must be given to whether
or not the specimen Conrad figured represents a mature individual
or a juvenile specimen. This is clearly brought out by the present
collections from Florida and South Carolina wherein there are
specimens ranging in height from 2.5 to more than 30 mm.
Although B. humilis was described initially as an Eocene
species, this age assignment was subsequently questioned (Ross,
1965, p. 59). The present collections tend to indicate that a Miocene age for B. humilis is closer to being correct, but the age
within this epoch cannot be stated with any certainty.
Conrad reported the type locality of B. humilis to be the “falls”
of the Hillsborough River. However, there is some question on
the part of the writer as to whether or not this species actually
occurs in the Tampa Bay region, or was secondarily transported
there, if indeed the specimen was actually collected from the
Tampa Limestone.
On the basis of the information available the specific identity
of Conrad’s taxon must remain an enigma.
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Spawning Season and Sex Ratio of Echinoids
Joun W. BrooOKBANK

Durinc the past three years, various embryological projects in
this laboratory have required the use of large numbers of gametes
from large numbers of sea urchins, Lytechinus variegatus (Lamarck), and sand dollars Mellita quinquiesperforata (Leske). In
order to preserve valuable data, records were kept on the number
of these animals collected, and treated to induce spawning, since
May, 1964. These records are a by-product of the other work, and
thus do not include the precise locations of the collecting sites, the
temperature of these locations, the size of all individuals collected,
or histological preparations of the gonads. However, in view of the
large number of animals involved (thousands), and since accurate
temperature data are available for the Cedar Keys area from Coast
and Geodetic Survey records, it was decided that the information
should be made available for those wishing to work on these animals in Florida, either from the standpoint of their life history or
their embryology. The data also have a bearing on the problem of
sex determination in echinoids.
METHODS

The animals were collected by random dredging in the channels or on the shallow banks in the vicinity of the University of
Florida Marine Laboratory at Seahorse Key. Animals with test
diameters smaller than two inches (Lytechinus) or two and onehalf inches (Mellita)were discarded. The animals were kept in
fresh sea water (changing several times) on the collecting boat,
and were transported to Gainesville “dry” (in a bucket under a
layer of paper towels soaked in sea water). The trip to Gainesville
requires about one hour. Upon arrival, the animals were transferred to two-gallon sea water aquaria, and kept in a beverage
cooler at 17 C. The aquaria were supplied with a constant flow
of washed, compressed air. The animals remain viable for about
two weeks under these conditions. No attempt was made to feed
the animals, or to provide continued filtration of the aquaria.
Spawning was induced by the injection of 1-5 ml of 0.55 M KCl
(isotonic) into the coelom through the peristomial membrane
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(Palmer, 1937; Tyler, 1949). “Ripe” animals shed gametes within
5 minutes. The sex of the animal is readily apparent on shedding
in either Mellita or Lytechinus. Other sex limited characteristics
are apparently lacking in both animals, though Lytechinus pictus
(Verrill) and Lytechinus anamesus Clark from Southern California
show sexual dimorphism of the gonopores, those of the female being statistically larger than those of the male (Tyler, 1944). No
information is available regarding gonopore size of L. variegatus.
The gametes were examined with phase contrast optics, and the
presence or absence of fertilized eggs, sperm motility, primary
oocytes, and eggless-jelly (Mellita) noted. The syringe used for
KC] injection as well as the animals to be injected were rinsed
with tap water to inactivate “stray” sperm. Such precautions, along
with gross observation of spawning gonopores, allowed for diagnosis of hermaphroditism (none was noted).
Monthly spawning and temperature data for each year have
been lumped into a three year total since no gross variation in
these figures was evident within a given month. The average
monthly temperature was taken as the average of the two diurnal
extremes recorded for that particular month at Cedar Keys, Florida.
The sampling frequency varied with the month and year between
no collections and one collection every week. Each sample was
assayed in its entirety for sex ratio and unresponsive individuals.
The accumulative (three year) monthly sample sizes ranged _between extremes of 16-264 individuals. The average sample size
was 125 for both Lytechinus and Mellita. No collections of Mellita
were made during July and August, and only a small August
sample (16 animals) of Lytechinus is available. Totals for the
entire three year period are tabulated (Table 1) and the propor-

Spawning

Lytechinus
Mellita

TABLE 1
data for Mellita quinquiesperforata and Lytechinus variegatus from
May, 1964, to May 1967
Number

Male

Female

Unresponsive

1504
LAI

Ole
381

205
294

952
446

tion spawning (per cent) is presented graphically along with a
plot of the temperature (Fig. 1).
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Fig. 1. Annual spawning cycle and local temperature. Black bars, Mellita
quinquiesperforata. Open bars, Lytechinus variegatus.
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Black line, mean diurnal temperature at Cedar Keys, Flor-

RESULTS

Aside from the data tabulated below, the following information
was noted. 1) There is no relationship between sex and size, in
either animal, above the size limits previously stated. 2) Males of
both populations tend to spawn spontaneously during the early
part of the shedding period. This usually occurs during the return
trip following collection.
Females also shed spontaneously on
rare occasions. 3) Collections during the cooler months frequently
yield a high proportion of males, above 70 per cent. At no time
during the collection period included in this report did the number of spawning Lytechinus females equal or exceed the number
of males. The sex ratio (males:females) drops from a value of
5:1 in February to about 1.4:1 in April (Lytechinus). The same
holds true for Mellita, though the sex ratio is closer to unity in this
animal (1.3:1 overall). 4) Primary oocytes appear, immediately
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following (two weeks) the initial observations of spawning males.
These are inter-mixed with fertilizable, mature ova in concentrations approaching 20 per cent. 5) During the decline of the breeding period, Mellita females release eggless-jellies, observable macroscopically since the jelly coat of these eggs contains red echino-

chrome granules. These jelly coats presumably represent mature
eggs which have been completely or partially absorbed following
the main spawning period. The same may hold true for Lytechinus,
since cytolyzing eggs are occasionally seen toward the end of the
spawning season, though the jelly surrounding the eggs is devoid
of pigment and of the same refractive index as sea water, thus
being invisible even with phase contrast optics.
It is also apparent that, during the period in question and with
the sampling methods used, males outnumber females by an overall ratio of 3:2 (Lytechinus) and 4:3 (Mellita). The apparent discrepancy from a 1:1 ratio of sexes is discussed below. Maturation
of gametes unquestionably commences with warm weather, as one
would expect, and probably proceeds on a continuous basis
throughout the summer months in both animals. Synchronous
spawning (perhaps triggered by the females, as they approach
ripeness ) presumably occurs soon after the initial ripening period
in April and May. March of 1967 was the earliest that Lytechinus
was available in abundance in ripe condition.
DIscussIoNn

It seems clear from the evidence above, that here is a preponderance of males in both populations, particularly Lytechinus. The
overall sex ratio may still be 1:1 if one could sex all animals collected, ripe or not. One is, however, examining the populations
for the ratio of ripe males to ripe females. Since no relationship
between size and sex seems to exist, the explanation for the excess
of males observed in the population is probably not to be found
in the phenomenon of protandrous hermaphroditism (e.g., Moore
et al., 1963). Rather, it seems likely that the males mature first
and spawn in response to the shedding of the females when the
latter become ripe. Having spawned, the males regenerate mature
gametes faster than the spent females. Thus, at a given time the
population will consist of more ripe males than ripe females. At

the height of the breeding season, when the animals are found in
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aggregates (see Tennent, 1910 and Moore, et al., 1963), nearly all
the animals respond to the treatment. The preponderance of males
is still observed (Table 2). Since it has been shown (Moore et al.,

Spawning

TABLE 2
data for Mellita quinquiesperforata

and Lytechinus variegatus dur-

ing selected periods of maximum ripeness (more than 70% spawning)
Number

Male

Female

Unresponsive

Lytechinus
April-May
1967

131

81

50

0

Mellita
May 1966

235

112

99

24

1963) that mature animals come together in beds, it is not surprising to note the continued excess of males, since solitary (unripe) animals would be least likely to be collected by dredging
in the more or less random manner described (hunting for the
area yielding the most animals per trial). The extent to which
immature animals aggregate in comparison to mature animals is as

yet undetermined. Corollaries of this theory would be: 1) That
most solitary Lytechinus (and, perhaps, Mellita) found during the
breeding season would be females. 2) The initial trigger for synchronous spawning would, in the absence of artificial stimulation,
be the spawning of the female(s). The above statements apply
to Mellita as well as Lytechinus with the following reservations:
1) Bedding activity in sand dollars would seem to be less marked
than in Lytechinus, since sand dollars seem, in the author's experience, to be found mainly in rather restricted areas (or beds)
regardless of season. 2) Misclassification of females as unresponsive
individuals is less frequent in Mellita due to the presence of echino-

chrome granules in the jelly surrounding even degenerating eggs,
rendering them macroscopically visible. The latter condition tends
to even the sex ratio during the declining weeks of the breeding
season.
The cytology of sex determination in sea urchins and sand
dollars is not completely clear, mainly due to the small size and
considerable number of the chromosomes. Some genera (Tripneustes, for one) appear to have an “XO” (digametic male)
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mechanism (Tennent, 1912). Others, including Lytechinus, may
have a similar mechanism (Tennent, 1912). Shapiro (1935) reports
the sex ratio of Arbacia punctulata at Woods Hole to be 1.03:1 in
favor of females (2,358 animals), a statistic compatible with an
XO mechanism. Sexing in this case was done by cutting the animals open around the circumference of the test and recording
gonad color (ovaries are red) as well as presence of eggs or sperm.
Hermaphrodites such as those described by Moore et al. (1963)
and others (numerous reports exist, see Harvey, 1956; Hyman,
1955; Boolootian and Moore, 1959) should be investigated cytologically to determine whether or not there is a chromosomal basis for
this condition, rather than a phenotypic explanation. Until further
information is available, it seems unnecessary and unwarranted to
assume anything different from a 1:1 sex ratio, in the total population, of either Lytechinus or Mellita. The assumption of a differential rate of gametogenesis, the males being more rapid than
the females in the production of gametes, is sufficient to account
for the observed departures from a 1:1 ratio in the breeding population.
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Sleep Behavior of Frogs

J. AtLAn Hopson, CoLEMAN J. Gorn, AND OLIVE B. Gorn

Prrron (1913) established postural and threshold criteria of
sleep as major elements in his definition of that behavioral state. A
review of the literature and his own naturalistic laboratory observations led him to conclude that mammals, birds, and reptiles all sleep;

that insects, fish and amphibians clearly fulfill the postural, but not
so clearly the threshold, criterion of sleep; and that the behavior of

other invertebrates defies analysis by means of his definition. Recent physiological work has added an electrographic criterion of
sleep, the application of which strengthens Pieron’s views on the
presence of sleep in mammals, birds, and reptiles and also indicates
considerable differentiation of phases of sleep within these classes
of animals.
A recent study (Hobson,

1966) has shown that the bullfrog,

Rana catesbeiana, does not fulfill either the threshold or the electrographic criterion of sleep. In brief summary, though impressively

immobile and clearly at rest for long periods of time, the bullfrog
remains alert, reacting with equal speed and intensity to experimental stimuli delivered at any phase of the rest-activity cycle.
During periods of rest, furthermore, the brain waves of the bullfrog are of low voltage and fast electrical activity which is associated with alertness in other animals. To obtain complementary field
data for this species of frog and to examine two species of tree frogs
whose field behavior has been extensively studied and described
(Goin and Goin, 1957; Goin, 1958) we made observations of frogs
in the region of Gainesville, Florida, during the month of March,

1966.
Rana catesbeiana, normally active at night, proved impossible to
observe at rest by day. In a trip around a small pond where these
frogs are known to abound we saw only 6 specimens, all moving.
Despite our caution, a frog would be seen only after it had begun
a long leap from the edge of the pool into deeper water about 15
or 20 feet ahead of us. The extreme sensitivity of this animal to
stimulation is as remarkable in the field as it is in the laboratory
and it is confirmed that, in all observed cases at least, the state of

rest is characterized by alertness and not by the loss of reactivity
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required by our definition of sleep. We cannot rule out the possibility, of course, that the bullfrog sleeps unobserved but can state
that the observable behavior of this species is the same in the field
as it is in the laboratory. We therefore conclude that Rana catesbeiana does not sleep.
Hyla squirella and Hyla cinerea, also nocturnally active, were
invariably found to be resting by day. In a mesic hammock area we
observed at least 20 specimens of each species of frog, all of which
were immobile, with eyes closed, and with heads pointing toward
the tips of the palmetto leaves where they rested about 2 feet above
the ground. Only after moderately intense and direct stimulation
such as shaking the plant, did the animals assume a crouching posture, open the eyes, and sometimes attempt to flee by leaping to a
neighboring plant. In every case this sort of crude clinical testing
indicated that the resting tree frogs had a clearly elevated threshold to sensory stimulation and could thus be said to be alseep by
behavioral definition.
We speculate that the presence of clearcut sleep behavior in
Hyla and its absence in Rana may reflect an evolutionary modification of behavior: with the adaptation of Hyla to a more terrestrial
and arboreal mode of life, there must have developed increasing
neuromuscular sophistication, as well as important changes in respiratory functions. Kleitman’s evolutionary theory of sleep asserts
that sleep behavior is not a primitive state but one which has evolved
in parallel with increasing complexity of waking behavior. We
would, therefore, expect to find correlative neurophysiological differences between Rana and Hyla. It will be of interest now to study
the electrographic correlates of the putative state of sleep in tree
frogs.
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New Records of Fishes from the Western Caribbean
Ray S. BrrpsonG

AND ALAN

R. EMERY

INCREASING interest in the inadequately studied Central American marine fish fauna warrants the documentation of certain of the
new range records that have accumulated in the Institute of Marine
Sciences, University of Miami, fish collection during the past several years. The material reported here is derived from two expeditions to the area, one by Walter A. Starck II in 1961 and the other
by the senior author in 1966. Starck’s collections include 28 stations
in Yucatan and British Honduras and the senior author’s include
10 stations from Courtown and Albuquerque Cays near Nicaragua.
These collections are comprised of about 209 species in 860 lots.
New records have been reported only for species for which recent
authoritative ranges are available. The list of species probably
contains new records of which we are unaware.
The catalog numbers given below are all from the Institute of
Marine Sciences, University of Miami (—UMML) and are followed
by the number of specimens and the range of standard lengths in
parentheses. Material examined is given only for new records, but
all the species listed are cataloged in the museum at the Institute
of Marine Sciences, University of Miami.
COLLECTION

AREAS

Collections were made in a variety of habitats but primarily on
patch reefs and reef top areas. Most of the collections were made
with rotenone derivations and small multibarb spears. Those made
at Courtown and Alburquerque Cays were made in tidepools, on
patch reefs within the atoll lagoons and on the inner edge of the
barrier reefs in depths to eight meters. The ecology of these reefs
is discussed by Milliman et al., in press. Collections in Yucatan
were made at Cozumel Island and Banco Chinchorro.

stations were
beaches, in a
stations were
case a small

At Cozumel,

made on coral reefs to 25 meters, on patch reefs,
salt pond, and a cave. At Banco Chinchorro, poison
made on patch reefs and beds of Thalassia. In one
trawl and cast net were also used. Collections in
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British Honduras were made at Belize, Turneffe Island, and Lighthouse Reef. These included stations in mangrove habitats, but
most were made on rocky shores, patch reefs, and beds of Thalassia in shallow water. Collection areas are shown in Fig. 1.
List or NEw

RECORDS

The following list of species includes those which are new distributional records.

For each, the material examined is noted and

the previously reported range recorded.
LABRIDAE

Halichoeres garnoti (Valenciennes).
23096

Nicaragua:

(9 specimens, 43.6 mm—101

mm

SL).

Albuquerque Cays, UMML
British Honduras:

Turnefte

Island, 10312 (1, 15.0), 9842 (1, 21.5); Lighthouse Reef, 9277 (4, 28.2—
48.2), 9473 (1, 51.7). Yucatan:
Cozumel Island, 9515 (2, 36:0—=54.5):
Banco Chinchorro, 9636 (4, 24.3—35.5).
Reported previously from Bermuda, Florida. Bahamas, Greater and Lesser Antilles, Venezuela to Brazil
(Randall and Bohlke, 1965, p. 252; Cervigon, 1966, p. 606).

Halichoeres maculipinna (Miller and Troschel).
Nicaragua:
Albuquerque
Cays, 23082 (1, 53.8), 23080 (2, 50.0, 63.5); Courtown Cays, 23078 (24,
29.0—97.7), 23079

(11, 32:.9—74.5),

23083)

(33:3)

2380S arGiemoless)

Yucatan: Cozumel Island, 9205 (1, 43.3), 9712 (1, 18.5); Banco Chinchorro, 9307 (2, 23:9—25.8), 9394 (3, 16.2—28:8),, 9750NGi Zona) ie=
corded from North Carolina to Florida, Bermuda, Bahamas, Greater and
Lesser Antilles, Venezuela to Brazil (Randall and Bohlke, 1965, p. 241;
Cervigon, 1966, p. 605).

Halichoeres poeyi (Steindachner).
British Honduras:
Lighthouse Reef,
11457 (1, 35.9). Reported from Florida, the Bahamas, Greater and Lesser
Antilles, and Brazil (Randall and Bohlke, 1965, p. 250).
GoBIIDAE

Lythrypnus elasson Bohlke and Robins.
Yucatan: Cozumel Island, 9524 (7,
10.5—12.5).
Previously reported only from the Bahamas (Bohlke and
Robins, 1960, p. 79).
Quisquilius hipoliti (Metzelaar).

Nicaragua:

Albuquerque

Cays, 23094

(1,

18.0), 23093 (1, 13.2), 23095 (4, 13—19); British Honduras:
Turneffe
Island, 9572 (1, 18.5), 9802 (4, 11.1—19.3), Lighthouse Reef, 9419 (1,

10.3), 9463 (4, 9.4—14.0); Yucatan: Cozumel Island, 9218 (2, 9—12),
9706 (4, 9.8—18.3), 9519 (9, 10—19.5), Banco Chinchorro, 9620 (6,
9.0—15.5), 9369 (1, 13.0). Reported from Florida, the Bahamas, Puerto
Rico, Lesser Antilles, and Venezuela (Bohlke and Robins, 1960, p. 88;
Cervigon, 1966, p. 748).

! CHINCHORRO

'} TURNEFFE ISLAND

(1SLIGHTHOUSE REEF

o

Brea! Jt ]
,
Ws:
13.

:

¢ COURTOWN
CAYS

ALBUQUERQUE
CAYS

Fig. 1. Map of collection area. Nicaragua (Albuquerque and Courtown
Cays) 10 collections; British Honduras (Turneffe Island, Belize, Lighthouse

Reef) 13 collections; Yucatan (Cozumel Island and Banco Chinchorro)

lections.

15 col-
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SCORPAENIDAE

Scorpaena albifimbria Evermann & Marsh.
Nicaragua:
Albuquerque Cays,
23062 (1. 36.0). Previously recorded from Florida, the Bahamas, Greater
and Lesser Antilles (Eschmeyer, 1965, p. 118).
OPISTHOGNATHIDAE

Opisthognathus

maxillosus

Poey.

Nicaragua:

Albuquerque

Cays, 23092

(2,

75.0, 103.5); Yucatan:
Banco Chinchorro, 9300 (1, 28.6). Reported from
Florida, the Bahamas, and the Greater and Lesser Antilles (Randall, MS).

Opisthognathus whitehursti (Longley).
British Honduras:
Turneffe Island,
9860 (1, 28.4), 9839 (1, 33.6), Lighthouse Reef, 11463 (1, 42.2). Reported from Florida, the Bahamas, and the Greater and Lesser Antilles
(Randall, MS).
BLENNIIDAE

Hypleurochilus springeri Randall.
Nicargua:
Albuquerque Cays, 23091 (1,
21.6).
Reported from Florida, the Bahamas, the Greater and Lesser Antilles, Grand Cayman, and Venezuela (Randall, 1966, p. 66).
CLINIDAE

Acanthemblemaria

aspera

(Longley).

British

Honduras:

Lighthouse

9481 (1), 9554 (1).
Reported from Tortugas, the Bahamas,
Venezuela (Stephens, 1963, p. 35; Cervigon, 1966, p. 689).

Acanthemblemaria chaplini Bohlke.
Yucatan:
Banco Chinchorro, 9375
Previously reported from the Bahamas (Stephens, 1963, p. 34).
Enneanectes

altivelis

Rosenblatt.

Nicaragua:

Courtown

Cays,

Reef,

Haiti, and

23055

(1).
(4,

11.5—24.7), 23059 (1, 21.0), Albuquerque Cays, 23058 (3, 13:5—17.7);
British Honduras:
Lighthouse Reef, 9490 (3), Turneffe Island, 9566 (4),
10306 (2); Yucatan:
Banco Chinchorro, 9361 (1), 9626 (2), 9795 (2).
Reported from the Bahamas (Rosenblatt, 1960, p. 21).
Enneanectes atrorus Rosenblatt.
British Honduras:
Turneffe Island,
(2).
Reported from the Bahamas (Rosenblatt, 1960, p. 11).

9852

Enneanectes pectoralis (Fowler).
Nicaragua:
Courtown Cays, 23049 (4,
11.2—16.5); British Honduras:
Turneffe Island, 9571 (1); Yucatan:
Banco Chinchorro, 9370 (1). Reported from Florida, the Bahamas, the
Lesser Antilles, and Venezuela (Rosenblatt, 1960, p. 15; Cervigén, 1966,
p. 681).

Emblemaria diaphana (Longley).
British Honduras: Lighthouse Reef, 9285
(1), 9499 (1). Reported from the Bahamas (Stephens, 1963, p. 94).
Emblemaria bahamensis (Stephens).
Nicaragua:
Albuquerque Cays, 23051
(1, 16.0).
Reported from the Bahamas (Stephens, 1963, p. 94).
The

BiIRDSONG AND EMERY:

New Records of Fishes

191

status of one new record included here is not clear: Emblemaria bahamensis may be a synonym of E. diaphana (Stephens, pers. comm.), but both
forms were taken in this series of collections, previously having been known

only from the Bahamas.
Labrisomus haitiensis Beebe and Tee-Van.
British Honduras:
Reef, 9492 (2, 34.0, 35.6), 9412 (3, 29.0—38.5); Yucatan:
chorro, 9646 (3, 32.6—37.0).
and Virgin Islands (Springer,

Labrisomus

nigricinctus

41.1, 45.6);

Yucatan:

(Rivero).
Banco

Lighthouse
Banco ChinReported from Florida, the Bahamas, Haiti,
1959a, p. 430; 1959b, p. 291).
Nicaragua:

Chinchorro,

Courtown
9350

23052

(2,

(2, 41.3, 44.2), 9298

Cays,

(1,

40.8).
Reported from Florida, the Bahamas, Cuba, Virgin Islands, Jamaica, Haiti, Puerto Rico, and Barbados (Springer, 1959a, p. 439; 1959b,
jos PASE).

Malacoctenus boehlkei Springer.
Nicaragua:
Albuquerque Cays, 23050 (3,
31.1—45.3); British Honduras:
Turneffe Island, 9865 (1).
Reported
from the Bahamas and Virgin Islands (Springer, 1959a, p. 444; 1959b, p.
Oi)

Malacoctenus erdmani Smith.
Nicaragua:
Albuquerque Cays, 23087 (3,
17.3—25.4); British Honduras:
Lighthouse Reef, 9467 (1, 17.0); Yucatan:
Banco Chinchorro, 9366 (1, 10.5).
Reported from the Bahamas, Cuba,
Puerto Rico, Jamaica, Haiti, and Barbados (Springer, 1959a, p. 448; 1959b,
p. 291).

Malacoctenus versicolor (Poey).
British Honduras: Lighthouse Reef, 9996
(1, 62.4). Reported from the Bahamas, Cuba, Puerto Rico, Virgin Islands,
Jamaica, Barbados, and Tobago (Springer, 1959a, p. 456; 1959b, p. 271).
Starksia atlantica Longley.
Nicaragua:
Courtown Cays, 23061 (9, 12.0—
18.4), 23060 (1, 16.9); British Honduras: Turneffe Island, 10300 (1, 9.6),
9854 (6, 9.9—15.7), 9558 (7, 11.6—16.0), Lighthouse Reef, 9497 (1,
9.8); Yucatan:
Banco Chinchorro, 9760 (2, 15.5, 16.2).
Reported from
the Bahamas (Bohlke and Springer, 1961, p. 34).

Starksia lepicoelia Bohlke and Springer.
Nicaragua:
Albuquerque Cays,
23048 (1, 17.6); British Honduras:
Turneffe Island, 9837 (4, 14.9—26.6),
9546 (4, 16.3—22.9), Lighthouse Reef, 9474 (14, 9.9—24.1), 9411 (1,
16.4); Yucatan:
Banco Chinchorro, 9340 (1, 14.7), 9629 (9, 14.0—22.7),
9755 (1, 17.6).
Reported from the Bahamas and Virgin Islands (Bohlke
and Springer, 1961, p. 40).

Starksia nanodes Bohlke and Springer. Nicaragua:
Albuquerque Cays, 23046
(1, 10.5); British Honduras: Turneffe Island, 9576 (1, 19.0). Reported
from the Bahamas and the Virgin Islands (Bohlke and Springer, 1961, p.
44).
Starksia y-lineata Gilbert.
Nicaragua:
Courtown Cays, 23057
Reported from Grand Cayman Island (Gilbert, 1961, p. 1).

(1, 13.8).
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The following list compiles all the species collected on the two
expeditions. Some 209 species are listed; those listed as unidentified
are referable to an undescribed species. A code follows each
species name indicating the locations from which it was taken.
Collections from Albuquerque and Courtown Cays off Nicaragua,
are designated “A”; collections from Turnefte Island, Lighthouse
Reef and Belize, British Honduras, are designated “B”; collections
from Banco Chinchorro and Cozumel Island, Yucatan, are desig-

nated “C”. Identifications of Yucatan and British Honduras material
were largely made by C. R. Robins in 1961.
Abulidae; Albula vulpes (C). Moringuidae; Moringua edwardsi (A, B, C).
Xenocongridae; Chilorhinus suensoni (A, C), Kaupichthys atlanticus (A, B).
Muraenidae;Echidna catenata (B), Enchelycore sp. (A), E. nigricans Us )).
Gymnothorax moringa (A, B), G. vicinus (A, B), Uropterygius diopus (C).
Congridae; Ariosoma impressa (C). Ophichthidae; Ahlia egmontis (A, B),
Myrichthys acuminatus (A, B, C), Myrophis punctatus (B, C). Clupeidae;
Harengula humeralis (A). Synodontidae; Synodus synodus (A, B, C). Myctophidae; Diaphus dumerili (A), D. elucens (A).
Batrachoididae; Opsanus astrifer (B). Gobiesocidae; Acyrtops beryllinus
(B), Acyrtus artius (B, C), Gobiesox punctulatus (B), Tomicodon fasciatus
(B). Antennariidae; Antennarius scaber (B). Ophidiidae; Otophidium dormitator (C), Ogilbia sp. (A, B, C), Petrotyx sanguineus (B, C). Belonidae;
Platybelone argalus (A), Strongylura notata (B), S. timucu (B). Cyprinodontidae; Cyprinodon veriegatus (C), Floridichthys carpio (C), Garmanella
pulchra (C). Poeciliidae; Poecilia sphenops (B). Atherinidae; Allanetta harringtonensis (C), Atherinomorus stipes (A, B). Holocentridae; Holocentrus
ascensionis

(A), H. coruscus

(B, C), H. marianus

(A). H. rufus

(A, B,C),

H. vexillarius (A, B, C), Myripristis jacobus (A, C), Plectrypops retrospinis
(A, B, C). Aulostomidae; Aulostomus maculatus (A, B, C). Syngnathidae;
Corythoichthys brachycephalus (B, C), Syngnathus floridae (C).
Scorpaenidae; Scorpaena albifimbria (A), S. brasiliensis (C), S. calcarata
(B), S. inermis (C), S. plumieri (A), Scorpaenodes caribbaeus (A, B, C).
Dactylopteridae; Dactylopterus volitans (C). Serranidae; Alphestes afer (A),
Cephalopholis fulvua (A, C), Liopropoma rubre (C), Epinephalus adscensionis
(A), E. guttatus (A), petrometopon cruentatum (A, B, C), Serranus tabacarius
(C), S. tigrinus (B, C). Grammistidae; Pseudogrammus gregoryi (A, B, C),
Rypticus brachyrhinus (B), R. saponaceus (A), R. subbifrenatus (B, C). Grammidae; Gramma loreto (A, B, C), G. melacara (B). Priacanthidae; Priacanthus
cruentatus (A). Apogonidae; Apogon alutus (C), A. binotatus (A, B), A.
conklini (A, B, C), A. lachneri (A, B,C), A. maculatus (A, B, C), A. pigmentarius (A, B, C), A. planifrons (A, C), A. sp. (A, B), A. quadrisquamatus (A,
C), A. townsendi (A, B, C). Carangidae; Caranx bartholomaei (A), C. ruber
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(A). Lutjanidae; Lutjanus apodus (A, B, C), L. griseus (B), L. mahogoni
(A). Gerreidae; Eucinostomus argenteus (B, C), E. havana (C), Gerres cinereus (B). Pomadasyidae; Haemulon carbonarium (A), H. chrysargaereum
(A), H. flavolineatum (A, B, C), H, parrai (A, B), H. plumieri (A), H.
sciurus (A). Sparidae; Archosargus rhomboidalis (B). Sciaenidae; Bairdiella
ronchus (B), Equetus lanceolatus (B), E. punctatus (A, B, C). Mullidae;
Mulloidichthys martinicus (A), Pseudupeneus maculatus (A, B, C). Chaetodontidae; Chaetodon capistratus (B, C), C. striatus (A), Holocanthus ciliaris
(A), H. tricolor (C), Pomacanthus arcuatus (A). Pomacentridae; Abudefduf
saxatilis (A, B, C), Chromis multilineata (B, C), C. cyanea (A, B, C),
Eupomacentrus sp. (A, B, C), E. fuscus (A, B, C), E. leucostictus (A, B, C),
E. partitus (A, B, C), E. planifrons (A, B, C), E. variabilis (B, C), Microspathodon chrysurus (A, B, C). Cirrhitidae; Amblycirrhitus pinos (B, C).
Mugilidae; Mugil trichodon (B). Sphyraenidae; Sphyraena barracuda (C).
Labridae; Bodianus pulchellus (A), B. rufus (C), Clepticus parrai (C), Doratonotus megalepis. (B), Halichoeres bivittatus (A, B, C), H. garnotti (A, B,
C), H. maculipinna (A, B, C), H. pictus (B, C), H. poeyi (B), H. radiatus
(A, C), Hemipteronotus splendens (A), Thalassoma bifasciatum (A, B, C).
Scaridae; Nicholsina usta (C), Scarus coeruleus (B), S. croicensis (A, B, C), S.
guacamaia (C), S. taeniopterus (A), S. vetula (C), Sparisoma aurofrenatum
(A,B; ©), S. radians (A), S. rubripinne (A, B, C), S. viride (A, B, C).
Opisthognathidae; Opisthognathus maxillosus (A, C), O. whitehursti (B).
Dactyloscopidae; Dactyloscopus tridigitatus (B, C), Heteristius rubrocinctus
(A, B, C). Uranoscopidae; Astroscopus y-graecum (B). Blenniidae; Entomacrodus nigricans (A, B, C), Hypleurochilus springeri (A), Ophioblennius
atlanticus (A, B, C). Clinidae; Acanthemblemaria aspera (B), A. chaplini
(C), A. spinosa (A), Emblemaria bahamensis (A), E. diaphana (B), Enneanectes altivelis (A, B, C), E. atrorus (B), E. boehlkei (A, B, C), E. pectoralis (A, B, C), Labrisomus albigenys (B), L. bucciferus (A, B, C), L.
gobio (A, B, C), L. guppyi (A, B, C), L. haitiensis (A, B, C), L. kalisherae
(A), L. nigricinctus (A, C), L. nuchipinnis (B), Malacoctenus aurolineatus
(C), M. boehlkei (A, B), M. delalandei (B), M. erdmani (A, B, C), M. gilli
(A, B, C), M. macropus (A, B, C), M. triangulatus (A, B, C), M. versicolor
(A, B), Paraclinus fasciatus (B), P. nigripinnis (A, B), Starksia atlantica (A,
B, C), S. lepicoelia (A, B, C), S. nanodes (A, B), S. sluiteri (A, C), S. ylineata (A), Stathmonotus stahli (B, C). Gobiidae; Bathygobius mystacium
(A), B. soporator (B), Coryphopterus dicrus (B), C. glaucofraenum (A, B,
C), C. hyalinus (B, C), Gobionellus boleosoma (B), G. fasciatus (C.), Gobiosoma (Elacatinus) sp. (A, B, C), G. Tigrigobius dilepis (A, B), G. Tigrigobius
gemmatum (B), G. Tigrigobius pallens (A, B), Gnatholepis thompsoni (A, B,
C), Lophogobius cyprinoides (B), Lythrypnus elasson (A, C), L. heterochromis (A, B), Quisquilius hipoliti (A, B, C). Eleotridae; Erotelis smaragdus
(B). Acanthuridae; Acanthurus bahianus (A, B, C). A. chirurgus (A), A.
coeruleus (A, B, C). Bothidae; Bothus lunatus (C), B. maculiferus (C), B.
ocellatus (A, B, C); Balistidae; Balistes vetula (B), Xanthichthys ringens (C).
Monocanthidae; Cantherines pullus (A), Monocanthus ciliatus (C), M. tuckeri
(A, C), Tetraodontidae; Canthigaster rostrata (A, B, C).
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DIscussION

The Caribbean coast of Central America has been visited by
several expeditions which collected fishes, but until recently no
concentrated effort has been made to study the area ichthyologically, and its fish fauna is poorly known. Shore and trawl collections
have been made by the Bureau of Commercial Fisheries (Bullis
and Thompson, 1965), but few collections have been made in
coral reef areas. Meek and Hildebrand (1923-1928), Fowler (1944),
Caldwell, Ogren, and Giovannoli (1959), Caldwell and Caldwell
(1964) and Caldwell (1963) all contain valuable discussions of
the fishes in the area, but no general work has recently summarized
the information since Fowler (1944).
Considering the small number of collections (38) included
here, all taken in readily accessible areas, it is significant to find at

least 25 new distributional records. Some of these considerably
enlarge the known ranges of the species. The wrasses, one goby
(Quisquilius hipoliti), the scorpaenid, and the opisthognathids were
known to occur widely in Florida, the Bahamas, and the Antillean
regions. Others, such as the clinids in the genera Acanthemblemaria,

Enneanectes,

Emblemaria,

Malacoctenus,

and particularly

Starksia were known only from the Bahamas or restricted areas
nearby.
The discovery of these forms in the British Honduras and Nicaragua area indicates a more general distribution of these groups
throughout the Caribbean. Many of these species are small and
are probably transported over uninhabitable areas as larvae. It is
likely that many more coral reef species will be found to be widely
distributed over this region. The only factor restricting the distribution of a given species may well be the lack of a suitable habitat
rather than the lack of means of dispersal.
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Cuban Lizards of the Genus Chamaeleolis
OrLANDO H. GARRIDO AND ALBERT SCHWARTZ

THE endemic Cuban lizards of the genus Chamaeleolis Duméril and Bibron are among the most bizarre of the anoline
lizards in the West Indies. Reaching snout-vent lengths somewhat
in excess of 170 mm, Chamaeleolis is structurally characterized by
its prominent bony head casque (a feature which it shares with
Anolis equestris Merrem) and its peculiar body scalation, consisting of large, flat, irregularly shaped and sized dorsal and lateral
scales.
The behavior of Chamaeleolis is equally peculiar; in
contrast to the agility of the similarly sized A. equestris, Chamaeleolis is deliberate and slow, in the fashion of some of the lower
primates and Old World chamaeleontids.
Wilson (1957), commenting on an individual in captivity, noted that the lizard “could
be left on a laboratory table without much danger of wandering
far away; it would often remain in the same spot for hours or even
days without changing its position.” Its lack of aggressiveness was
demonstrated by Wilson’s placing a live male A. equestris and a
cardboard model resembling a male Chamaeleolis near it without
eliciting any overt response. The lizard might best be described
as extremely lethargic and phlegmatic; the few specimens observed in the field by the junior author confirm the sluggishness of
Chamaeleolis, and Ruibal (1964, p. 482) noted that specimens
secured by him likewise did not attempt to escape.
Possibly owing at least in part to its slowness and consequent
inconspicuousness, Chamaeleolis has always been rare in herpetological collections made in Cuba.
Stejneger (1917, pp. 267-268)
listed the specimens in the United States National Museum; Barbour
and Ramsden (1919, p. 129) noted its widespread occurrence in
Cuba but regarded it as rare.
Ruibal (1964, p. 480) listed
the genus as occurring in all the provinces of Cuba. The rarity
of Chamaeleolis in collections has formerly precluded any analysis
of variation in the genus, and it has been to our great good
fortune that we have been able to bring together a very large
percentage of specimens in both Cuban and American collections
(which, interestingly, nicely supplement one another as far as
geographical coverage of Cuba is concerned). We have examined
specimens in the American Museum of Natural History (AMNH),
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Museum of Comparative Zoology (MCZ), Museum of Zoology,
University of Michigan (UMMZ), and United States National
Museum (USNM )—a total of 30 lizards; for the opportunity to
study these specimens we are indebted to Charles M. Bogert and
George W. Foley, Ernest E. Williams, Charles F. Walker, Doris
M. Cochran, and James A. Peters. A similar courtesy has been
extended us by the curators of several Cuban collections: we have
examined material from the Museo Poey at the Universidad de la
Habana (MP), including those formerly housed at the Universidad
de Oriente (UO), and the collections of Miguel L. Jaume (MJ)
and Mario S. Buide (MSB).
We are grateful to Carlos Storch,
Dario

Guitart,

and Vitelio Vitier, as well as to Srs. Jaume

Buide, for allowing us to examine

the specimens

and

in their care.

Additionally, Héctor Sagué D., director of the Instituto de Biologia,

Academia de Ciencias, has greatly facilitated our work; specimens in the collection of the Instituto de Biologia are designated
by IB. There are 38 Chamaeleolis in Cuban collections, bringing
the number of specimens examined by us to a total of 68. Two
specimens have been placed in the Albert Schwartz Field Series
(ASFS).
No previous workers have examined conjointly such a
number of these rare lizards.
We wish also to thank Edmond V. Malnate both for his information on the specimens of Chamaeleolis in the Academy of
Natural Sciences of Philadelphia (ANSP) and for his assistance
with literature.
Similar information has been generously provided by Jean Guibé on original material in the Muséum National
d'Histoire Naturelle (MNHN) in Paris.
Margaret S. Shaw at
the American Museum and Thomas W. Schoener at Harvard University have been extremely helpful in the matter of literature.
The junior author was able to carry out his collecting in Cuba
between 1957 and 1960 with the aid of two National Science
Foundation grants (G-3865 and G-6252) which are hereby gratefully acknowledged.
The illustrations are the work of David C.
Weber:
The present paper stems from observations made by the senior
author while comparing material collected by himself and by
Charles T. Ramsden (housed today in the Universidad de Oriente)
with specimens from more western Cuban localities. Even casual
study convinced him that Chamaeleolis, rather than being mono-
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typic as had been uninimously held, was composed of two distinct
species, which differed strikingly in several characters. This information was relayed to the junior author who in turn borrowed
the Chamaeleolis in American collections and quickly confirmed
the existence of two species. The differences between them are
remarkable and very distinctive; surely only the lack of abundant
comparative material has prevented previous workers (with the
notable exception of Cope) from reaching the same conclusion.
The junior author had unwittingly collected specimens of both
species (four of one, one of the other) and was unaware, like
others, that differences observed between them were anything more
than

individual

variation.

Such

is not

the case,

and

the

two

species are readily diagnosible on the basis of many characters
of scutellation and apparently by some phases of their respective
color repertories and patterns.
Four trivial names have been applied to these distinctive
lizards.
The earliest name is chamaeleonides Duméril and Bibron, 1837, followed by fernandina Cocteau, 1838 or 1839 (we
follow, in dating names in de la Sagra’s Historia fisica, politica y
natural de la isla de Cuba, the rationale outlined by Smith and
Grant,

1958,

for the earliest

date

for the

Spanish

edition

and

attribute the name solely to Cocteau rather than to Cocteau and
Bibron in accordance with Smith and Grant’s review), cocteawi
Fitzinger,

1843, and porcus

Cope,

1864.

The

generic name,

al-

though formally proposed and diagnosed by Cocteau and Bibron,
had been previously used by Duméril and Bibron (1837, pp. 168,
171) in reference to Cocteau’s work; this previous usage seems
adequate, in accordance with Articles 11 and 12 of the International Code, to attribute the generic name Chamaeleolis to Duméril and Bibron, as has been done by Romer (1956, p. 535).
The apparent anomaly of Duméril and Bibron referring to an
(apparently) as yet unpublished name may be resolved by considering the fact that Bibron worked with Cocteau on the reptile
section of de la Sagra and was thus familiar in advance with any
nomenclatural changes to be made in the latter work. It is perhaps fortunate that the generic name Chamaeleolis can be attributed to Duméril and Bibron, since in the Spanish edition of
de la Sagra, the name is spelled variously—Chamoelolis (pp. 72
and 73, in a discussion of Cuban anoline lizards), Chamaeleolis
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(p. 90, where the generic name is formally proposed), and
Chamaeolis (p. 90, where the trivial name fernandina is proposed).
We would also like to point out that many authors have spelled
the trivial name “chamaeleontides” and have attributed this
variant to Duméril and Bibron. There is no justification for this
spelling since Duméril and Bibron spelled the specific epithet
without the t, and we have followed their original orthography.
At least one of the four proposed trivial names (porcus) is
readily identifiable from the original description.
Mr. Malnate
has checked the holotype for us and found that it agrees excellently
with the diagnosis proposed by Cope (1864, p. 168). The three
older names (chamaeleonides, fernandina, cocteaui) are less clearly identifiable on the basis of their original descriptions, cocteaui
being especially so. However, Dr. Guibé (in litt., 22 November
1966) advised us that these three names are based upon the same
specimen (MNHN 1004), so that there is no question of either
fernandina or cocteaui being anything other than direct synonyms
of the prior chamaeleonides.
There is some oblique evidence that fernandina Cocteau may
have priority over chamaeleonides Duméril and Bibron.
These
latter authors (1837, p. 168, 171) referred to Chamaeleolis Fernandina Cocteau and commented that “Notre Anolis caméleonide
est pour M. Th. Cocteau le type d'un genre particulier auquel il
assigne pour principal caractére d’ avoir lécaillure ventrale granuleuse. Le nom par lequel il le désigne est celui de Chamaeleolis.”
Such a statement clearly implies that Duméril and Bibron were
aware of Cocteau’s (proposed) generic name as noted before.
Dumeril and Bibron (p. 168) mentioned the name as appearing
in table 12 of the French edition of the de la Sagra work, but
made no further comment on pagination of the Cocteau description in the French edition. Whether their reference was due to
foreknowledge of Cocteau’s work (since Cocteau and Bibron
worked together on the reptile section of de la Sagra) or to their
having seen it in print is equivocal. Since Smith and Grant (1958)
have gone to considerable effort to establish dates and authorships
for published names in de la Sagra’s Historia, and since their research indicates that Duméril and Bibron antedate de la Sagra by
a year, it seems pointless to pursue this line of reasoning further.
It is possible that fernandina Cocteau antedates chamaeleonides
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Dumeril and Bibron, but rather than assume this as fact, we have
adhered to the dating of these two works by Smith and Grant and
continue to use chamaeleonides as the prior name.
Although the two species differ from one another in several
scale characters, the most easily recognized feature is the difference between the median gular scales. Both sexes of Chamaeleolis have a large, wrinkled, and minutely scaled dewlap.
Beginning at the chin and extending posteriorly to about the anterior
distensible portion of the dewlap proper there is a pair of enlarged
paramedian rows of scales. In one species (Fig. 1, left), these

scales are short, squat, conical or more
next to each other in an uninterrupted
smaller scales.
In the other species
median gulars are elongate, flexible,

or less pyramidal, and set
series except for occasional
(Fig. 1, right), the parabarbel-like, and separated

Fig. 1. Diagrammatic representation of paramedian gular scales (left) in
Chamaeleolis chamaeleonides, based upon USNM 27497 and (right) in Chamaeleolis porcus, based upon USNM 29837.
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from each other by several to many much smaller tiny granular
or irregularly shaped scales. These two types of paramedian gular
scale arrangements are correlated with a constellation of other
features of scutellation which show no intermediates. We have no
doubt whatsoever that we are dealing with two distinct species
which appear to be broadly sympatric over much of Cuba (with
the interesting and possibly significant exception of much of
Oriente Province). The distributions of the two species are puzzling, and in no one place have both been taken precisely together (although we attach little importance to this fact since
the total number of specimens is small for such a large island
as Cuba and the maximum number of either species from a single
locality is 10—Bayate, Guantanamo, Oriente Province). Detailed
discussions of the distributions of the species must be preceded by
clarification of the nomenclature.
SYSTEMATIC

ACCOUNT

Chamaeleolis chamaeleonides Duméril and Bibron
Anolis chamaeleonides Duméril and Bibron. 1837. Erp. gén., vol. 4, p. 168.
Chamaeolis [sic] fernandina Cocteau. 1838 or 1839, in de la Sagra, Historia fisica, politica, y natural de la isla de Cuba, vol. 4, Reptiles y
Peces, p. 90.

Pseudochamaeleon cocteaui Fitzinger, 1843, Syst. Rep., p. 63.

Type

locality.

Cuba;

here restricted

to the vicinity of La

Habana, Habana Province, Cuba.
Distribution.
Cuba, from Pinar del Rio Province in the west
as far east as southwestern Oriente Province in the east; unknown

east of a line drawn vertically between Gibara in the north and
Pico Turquino in the south (Fig. 2).
Definition. A species of Chamaeleolis characterized by a combination of 1) paramedian gular scales small, truncate, short,
conical to pyramidal (Fig. 1), 2) supralabials separated from
circumorbital ring by one (occasionally two) row of scales, 3)
dorsal scales subcircular to irregularly shaped with many smaller
interstitial scales, 4) ventral scales small to tiny, 42 to 83 in
distance equal to length from tip of snout to anterior bony border
of orbit, 5) zone of transition between large lateral scales and
tiny ventral scales relatively gradual, 6) scales on lower jaw below

‘snauod "5 ‘sapomo ‘sapuoajapuyy9 *D “So[suUeIT,
°G “ST
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angle of jaw heavily rugose, and 7) posterior expanded portion
of casque with relatively large scales.
Discussion.
Throughout its broad range, C. chamaeleonides
is constant in the diagnostic characters noted above. The shape
of the paramedian gulars is variable, but the variation is not
correlated with either sex or geography and seems merely to be
individual. The paramedian gulars have their bases appressed to
one another and are very rarely separated by occasional intermediate scales similar to the small adjacent gulars. The paramedian gulars are never long and filamentous or barbel-like as
they are in the other species. The second most easily determinable
character of C. chamaeleonides is the heavy rugosity of the scales
below the angle of the jaw on the lower mandible.
Although
most lateral head scales are somewhat rugose, those in this particular area are especially so, and the two species can easily be
separated merely by running the finger over the scales below the
angle of the jaw. Two small specimens (snout-vent lenghts 46
and 54 mm) lack these asperities, but all lizards in excess of 90 mm
snout-vent length show them clearly and not appreciably less well
developed than large adults.
The dorsal scales on either side of the dorsal midline do not
differ in size, shape or arrangement from those of the sides; the
more dorsal rows have the scales subcircular or irregular in outline, and scattered between them are many tiny interstitial scales.
The lateral scales are like the dorsals in configuration and in
having surrounding granules. The zone of transition between the
lateral scales and the ventrals is more gradual than the condition
in the second species.
The ventrals are small and somewhat
variable in size between individuals and are about the same size
as the unspecialized lateral gular scales.
The largest male
(USNM 51891), a truly giant and bulky
lizard, has

a snout-vent

length

of 177 mm;

the largest female

(MCZ 38419) has an almost equal snout-vent length of 172 mm.
The sexes are easily distinguished externally by the presence
of a pair of conspicuously enlarged postanal scales in the males;
both males and females have dewlaps.
The smallest specimen
examined (MCZ 13328, a female, snout-vent length 46 mm) has
the umbilicus still unclosed.
Through the courtesy of Dr. Guibé and the cooperation of Dr.
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Williams we have examined the holotype of Anolis chamaeleonides
Dumeéril and Bibron (MNHN 1004); it is an adult female with a
snout-vent length of 160 mm, short and squat paramedian gulars,
and 61 ventrals in the snout-eye distance. The specimen departs
slightly from our concept of C. chamaeleonides in that the supralabials are not quite completely separated from the circumorbital
ring by a complete row of scales on the left side. The anomaly
is doubtless due to the fact that the scales involved are irregular
in configuration in the holotype, probably because of an old injury.
The use of the snout-eye distance as a standard for counting
dorsal scales in Anolis equestris (Schwartz, 1964) has been employed in counting ventral scales in the present study.
The
comments made by Schwartz (1964, p. 408) apply equally well to
making counts of ventral scales in Chamaeleolis.
A reasonably
accurate count can be made on specimens which have been preserved in an extended position, but material which has been
curled in a jar when preserved inhibits making counts which are
as accurate as we would like. Nevertheless, the rather gross
differences in numbers of ventrals between the two species (despite a small amount of overlap in counts) make us sure that
there is indeed a very distinct difference in number of ventrals
in the snout-eye distance. Mere inspection of specimens of both
species reassures the observer that there is a strong basic difference,
which we have attempted to quantify by using a “standard distance.”
A criticism of the snout-eye distance is of course the difference
in relative and actual snout length between juveniles and adults.
Small C. chamaeleonides are not mere miniature adults; the casque
is barely indicated and the snout is short and not attenuate as it is
in subadult and full grown lizards. However, the ventral counts
on the two small juveniles in our series (46 and 63 scales) fall
within the parameters established from adult lizards (42 ventrals
at the lower extreme on two females with snout-vent lengths of
157 and 158 mm, 83 ventrals on a male with snout-vent length of
177 mm), so that there is no skewing of data from the inclusion
of these two tiny lizards with their much larger relatives.
Three specimens taken by the junior author and Ronald F.
Klinikowski in 1959 and 1960 at Los Paredones, Camagiiey Province, in the Sierra de Cubitas, were encountered at night. A
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small male was sleeping on a limb of a coffee tree about 5 feet
(1.5 meters) above the ground. A large male and a small male
were collected near to one another on a tree limb (the larger
lizard) about 12 feet (3.7 meters) above the ground and on a
pendant vine about 6 feet (1.8 meters) above the ground. In both
these latter instances, the lizards were sleeping on substrata which
about equalled the diameters of the lizards themselves.
In no
case was there any attempt at concealment, and the Chamaeleolis
were fully exposed. The specimen from near San Vicente, Pinar
del Rio Province, was collected by a native from an exposed fence
post 3 feet (0.9 meters) above the ground.
Field notes on the living male (AMNH 78073) C. chamaeleonides from San Vicente were as follows: dorsum light gray, venter
pure white with black to gray spots; dewlap white with four
purplish

(Pl. 10, I 4; Maerz

and Paul, 1950) blotches.

Tail with

seven purplish to violet bands and tail tip; legs banded with
purple, toes black. A few scattered purple scales on side of body.
Tongue inky blue posteriorly and anteriorly, with a yellowish
transverse area between the base and blue-black tip. A male from
Los Paredones (AMNH 83625) was dorsally gray with black
reticulations; the legs were faintly greenish and the dewlap very
pale peach at its edge and grayer basally.
An adult female (IB 1149) from Monte Alto near Juragua,
Las Villas Province, had the body grayish and brown with black
spots,

vermiculations,

and

dots.

There

was

a coal-black

spot,

larger than about four or five of the smaller dorsal spots combined,
above the axilla. The casque was completely spotted with black
dots, and more widely separated black spots occurred on the face
and sides. The fused eyelids were beige with six or seven brown
rays extending from them. The iris was black with a yellowish
ring. The venter was whitish with leopard-like spots on the sides
at the junction of lateral scales with the smaller ventrals, under
the hindlimbs,

in the region of the vent, on the throat, and on

the anterior portion of the dewlap. The spots gave the appearance
of the result from splashings of dirty water, having a color between
clear brown and yellowish. The dewlap was basally brownish violet and distally pale pink. After death, the grayish spots and
reticulations on the head and body became black, so much so
that the head became completely black.
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An adult female (IB 1086) from Cinco Tiras near Juragua,
Las Villas Province, was grayish to beige in life, with a series of
black reticulations over the whole body, most noticeably on the
sides of the venter and along the sides of the dorsal crest. The
limbs were lightly greenish over gray with three poorly visible

stripes on the forelimbs. The casque was reticulated or spotted
with blackish dots and spots. The dorsal reticulations continued
(in brown) on the sides of the face behind the orbits and along
the upper labials.
The eyelids were grayish with about six
grayish radiating lines. Behind the head and above the shoulder
there was a blackish spot, narrower below and broader above.
There were no transverse bars on the tail or on the back, although
on the former there were remnants of some darker spots on the
gray ground. The ventral color was sandy white with dirty yellow
spots as far as the throat.
The dewlap on either side of the
paramedian scales was spotted with circular leopard-like spots,
some brownish and others yellowish.
The ground color of the
dewlap was dull whitish pink, crossed by about six diffuse whitish
bars; the central portions of these bands were marked with grayish
green, and the base of the dewlap was yellowish. The underparts
of the limbs and tail were spotted with a dirty brownish.
A third specimen (a male, ASFS V11171) from the same
region resembled the above descriptions in several features of body
color and pattern. The dewlap, after the lizard had been preserved for a week, was recorded as having a yellow ground
crossed by three peach-colored bands.
From the above notes it is obvious that C. chamaeleonides
has a great versatility in its color and pattern repertory.
Our
experience is limited, and we are unaware which of the above
data may be individual or which may be due to regional (subspecific?) differences in pattern and color.
Relatively recently
and carefully preserved C. chamaeleonides regularly show some
sort of throat spotting, either light spots on a dark ground, or dark
spots on a light ground (usually the latter); this is a feature
which we did not observe in any living or preserved specimens
of the second species, and we conclude that the latter lacks this
style of pattern in its repertory.
Much additional material will
be needed to demonstrate whether there are indeed subspecies of
C. chamaeleonides based upon pattern and color. As far as our
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present data are concerned, there are suggestions that there may be
such geographically correlated differences in pattern, but the species remains uniform in scutellation throughout its range.
C. chamaeleonides occurs from Pinar del Rio Province to western Oriente Province.
It alone has been collected in the proyinces of Habana, Matanzas, and Camagiiey; although the second
species is known from one specimen from Pinar del Rio Province,
C. chamaeleonides is the dominant form in western Cuba and is
presumably so in central Cuba at least as far east as Camagtiey
Province. There are specimens from sea-level (La Mulata, Pinar
del Rio Province; Punta de Maya, Matanzas Province) to elevations of about 1000 feet (305 meters) in the Sierra de los
Organos in Pinar del Rio Province and about the same height at
Los Paredones in the Sierra de Cubitas, Camagiiey Province.
Ruibal (1964, p. 482) noted that “C. chamaeleonides” was
restricted to the shaded portions of broadleaf forest; the five
specimens of Chamaeleolis collected by him are all C. chamaeleonides so his remarks can be applied without hesitation to the
habitat of this species. Our experiences confirm the occurrence
of C. chamaeleonides in forested areas, although it does on occasion resort to more open situations (i.e., the individual collected
on an exposed fencepost at San Vicente).
Stejneger (1917, p. 268) reported C. chamaeleonides from two
further localities in Pinar del Rio Province—Cabafias and Cabo
de San Antonio. The specimens confirming these records are no
longer in the United States National Museum, but there is of
course no reason to doubt them.
The Cabo de San Antonio
locality is exceptionally interesting, since the area immediately
about the cape is one of xeric coastal woods. Perhaps in extreme
western Cuba, C. chamaeleonides survives in such a habitat in
sharp contrast to the more mesic forests which it usually occupies
elsewhere.
There is no assurance that the species at Cabo de
San Antonio is chamaeleonides, but we expect it there in geographical grounds. It should also be pointed out that the figure
(Stejneger, 1917, fig. 35) of the lateral view of the head of a
specimen (USNM 27502) from San Diego de los Banos, Pinar
del Rio Province, shows the supralabials in contact with the
circumorbital ring—a character which is not typical of C. chamaeleonides. The drawing is incorrect, and the two rows of scales in
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this specimen are indeed separated by a complete row of small
scales.
Specimens examined.
Cuba, Pinar del Rio Prov., Potrerito, Sumidero, 1
(MP); Sierra de Pica Pica, Sumidero, 1 (JB 1084); Banos San Vicente, 1
(MCZ 38419); 2 km N San Vicente, 1 (AMNH 78073); San Diego de los
Banos,

3 (AMNH

Sierra

de Anafe,

13328);

Santiago

58901,

de Cubitas,

27502-03);

Habana

de las Vegas,

mejo, | (MSB lla);
Villas Prov., kilometer
Aguada de Pasajeros,
Monte Alto, 2 km SE
Finca San Pablo, ca.
Sierra

USNM

1 (MJ);

Prov.,

2 (MCZ

La Mulata,

Caimito
7895,

de

USNM

1 (USNM

Guayabal,
27497);

51891);

1 (MCZ

Arroyo

Ber-

Matanzas Prov., Punta de Maya, 1 (MSB IIb); Las
13 from Santo Tomas, Ciénaga de Zapata, 1 (IB 1085);
1 (MCZ 8948); Cinco Tiras, near Juragua, 1 (IB 1086);
Juragudé, 2 (ASFS V11171, IB 1149); Camagiiey Prov.,
15 km SW Camagiiey, 1 (MCZ 57933); Los Paredones,

4 (AMNH

83625,

AMNH

96555-56,

MCZ

59329);

near

Los Paredones, 1 (MCZ 59330); Oriente Prov., near Buey Arriba, SW of
Bayamo, 1 (MCZ 59331); no locality data other than Cuba, 2 (MNHN 1004,
AMNH
46101).
There are three specimens (ANSP 8132, ANSP 11879,

ANSP 11974) with locality data merely “Cuba” which we have not examined
but which Edmond V. Malnate has checked for us and found to represent
C. chamaeleonides.

Chamaeleolis porcus Cope
Chamaeleolis
168.

porcus

Cope,

1864,

Proc.

Acad.

Nat.

Sci. Philadelphia,

p.

Type locality: Cuba; here restricted to the vicinity of the city
of Guantanamo,

Oriente Province, Cuba.

Distribution: Primarily the eastern two thirds of Oriente Province, east of a line drawn vertically between Gibara in the north
and Pico Turquino in the south, but outlying populations occur in
the Sierra de Trinidad in Las Villas Province and in the Sierra del
Rosario in Pinar del Rio Province (Fig. 3).
Definition. A species of Chamaeleolis characterized by a combination of 1) paramedian gular scales long, flexible, barbel-like
(Fig. 1), 2) supralabials in (usually broad) contact with circumorbital ring, 3) scales in about four dorsalmost rows longer than
broad (elongate oval in shape), with few or no tiny interstitial
scales or granules, fairly sharply set off from balance of dorsal and
lateral scales which likewise have very few or no _ interstitial
scales between them, 4) ventral scales fairly large, 22 to 48 in
distance equal to length from tip of snout to anterior bony border
of orbit, 5) zone of transition between large lateral scales and
smaller ventral scales relatively abrupt, 6) scales on lower jaw
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below angle of jaw smooth or only very slightly irregular, and 7)
posterior expanded portion of casque with relatively smaller scales.
Discussion.

C.

porcus

widely separated areas.

occurs,

as

far

The region of its

as

known,

in

broadest known

three

dis-

tribution lies in the eastern two thirds of Oriente Province, where
it is the only species known; in Oriente, marginal western stations
for its occurrence are Playa de Guarda la Vaca in the north and
near Los Negros in the south. Thanks to the interest of Charles
T. Ramsden, who resided in the city of Guantanamo and whose

coffee estates were located about that city and between Guantanamo and Santiago de Cuba, there is a splendid series of C.
porcus from this region in Oriente, Material from elsewhere on
the island is sparse; there are two specimens (MCZ 53598, USNM
156786 ) from the Sierra de Trinidad in Las Villas Province and a
single specimen (MP) from Rangel in the Sierra del Rosario in
Pinar del Rio Province. The two Sierra de Trinidad lizards are
the only representatives of the genus from that mountain range,
but both C. chamaeleonides and C. porcus are known from the
Sierra del Rosario, although the former is apparently more common there than the latter.
©. porcus presents fanmextremely
disjunct distributional pattern, with a main center in eastern
Oriente.

The long, flexible, barbel-like paramedian gular scales at once
separate C. porcus from C. chamaeleonides.
No specimen examined shows any intermediacy in this character, despite, for
instance, the juxtaposition of the two species in the Sierra del
Rosario (Rangel and San Diego de los Banos) or in the Sierra
Maestra (Los Negros and Buey Arriba).
The individual elongate paramedian gulars in C. porcus usually do not have their
bases approximated but rather have them separated by an interposed barbel-like scale in the preserved lizard seems to be placed
atop a small raised mount, the slopes of which are covered with
tiny granules. The precise shape of the elongate scales is variable,
some being almost spicule-like and others with wider bases, with
various degrees of intermediacy between these extremes. The
scales are never short and squat as they are in C. chamaeleonides.
There is no sexual difference in development of paramedian gulars, and little ontogenetic change, since juvenile C. porcus (40
mm in snout-vent length) are just as readily identified on this
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basis as are much larger specimens. There is also little evidence
of geographic variation in the development of the paramedian
gular scales; the single subadult female from Rangel (snout-vent
length 111 mm) has extremely long paramedian gulars with wide
bases. The two Sierra de Trinidad lizards (males, with snoutvent lengths of 116 and 160 mm) do not differ in the condition
of the gulars from Oriente specimens. Additional material from
the Sierra del Rosario may show that this western population is
racially distinct from the more eastern populations; the same
may also be true of the Las Villas lizards, although the two
specimens available do not differ appreciably from their Oriente
relatives.
The largest male C. porcus has a snout-vent length of 162 mm,
and the largest female 171 mm.
Both species reach about the
same size. On the chance that there might be a difference in
casque development between C. chamaeleonides and C. porcus,
measurements of casque length (from tip of snout to posterior
margin of casque) and width (across widest portion of casque)
were taken on all specimens of both species. Although there is an
impression of greater casque development in C. chamaeleonides,
measurements indicate that there are no differences between the
species (or between the sexes of each species) in this character.
The holotype of C. porcus (ANSP 8133) is a female with a
snout-vent length of 149 mm.
The size of the ventral scales in C. porcus is considerably
larger than those of C. chamaeleonides. The ranges of the counts
in the two species (22 - 48 in porcus, 42 - 83 in chamaeleonides)
overlap slightly, but the overlap is without particular significance
due to the total number of scales involved in each species and to
the possible minor inaccuracies of the counts, as previously noted.
The contact between the supralabials and the circumorbital ring
is a constant feature in C. porcus. Usually the contact is broad,
but in a few specimens a few longitudinally elongate scales are
interposed between the supralabials and the ring at one or both
ends; however, they never completely separate the two scale
features.
The most extensive recently collected series of C. porcus is
that taken by the senior author at La Florida, Oriente Province.
These five specimens showed a duality of coloration; they were
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able to assume a pale phase (brownish gray or greenish gray)
or to become black. All specimens were capable of becoming
black, but in the pale phase two were regularly brownish gray
and the remaining three were regularly greenish gray. Such differences are not due to the sex of the lizards involved, since there
is a single male and four females in the series. The greenish
lizards had the dewlap orangish yellow basally and medially, and
in the region where the dewlap approached the throat the former
was a bluish gray tone. Four well defined dark brownish bands
crossed the dewlap. The face and sides of the head had irregular
brown markings on a bluish or clear gray ground. The temple
anterior to the ear opening was uniform clear gray. Those lizards
which were brownish gray in the pale phase were an ashy brown.
There was a grayish white supraaxillary patch on the shoulder.
The color of the dewlap was generally the same in these brownish
lizards as in the greenish gray individuals, although the yellow
was brighter. The ventral color, especially near the limbs, was
yellowish, becoming brownish. The tongue was completely black
except for the sides which were grayish. The single juvenile from
this same locality (IB 1093; snout-vent length 65 mm) was colored
identically to the brownish gray adults.
Field notes on an adult female (AHMN 83626) from near
Felicidad, Oriente Province, taken by the junior author, state only
that the dewlap was dull purple; the lizard was collected on the
base of a Roystonea in a very wet coffee plantation surrounded
by hardwood forest.
Although the number of C. porcus available to us is much
greater than C. chamaeleonides, none of the former species shows
any indications of having been dotted or blotched in the fashion of
the latter. It seems likely that, despite a probably wide variety
of colors and patterns in C. porcus, this species never assumes a
spotted or blotched phase. Inspection of specimens of both C.
chamaeleonides and C. porcus does not reveal any constant features of pattern which may confidently be used to distinguish
them; considering the known versalitity of C. chamaeleonides in
this respect, it is doubtful that such differences would be determinable from preserved specimens.
The

character

of the dorsal

and

lateral scales

which

we

use

to distinguish C. porcus and C. chamaeleonides is difficult to state
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except in broad terms. The more dorsal scale rows in C. porcus
are composed of scales which are elongate and ovid (rather than
subcircular or squarish as in C. chamaeleonides) and either lack
or have only a very few scattered interstitial scales.
Below
these dorsal rows (more laterally), the scales become subcircular
and more like those of C. chamaeleonides but continue to have
very few or no interstitial scales. The transition zone between the
enlarged laterals and the much smaller ventrals is, relative to the
condition in C. chamaeleonides, abrupt in C. porcus; although we
are convinced that the difference is real it is difficult to explain
easily and impossible to quantify. It should be noted that we have
not employed, in diagnosing the two species, the number of dorsals
in any set distance on the back or sides. Attempts at making
such counts end in failure, since the variable and intergrading
sizes of the dorsal scales prevents taking any meaningful count.
There may also be differences between the two species in size
and arrangement of head scales; we have partially diagnosed the
species by the relative size of the scales on the expanded portion
of the casque but have not emphasized this presumed difference.
The problem with cephalic squamation is that in any but small
juveniles, the individual head scales become extremely rough; the
boundaries of the individual scales are impossible to determine
because of their rugosity and because of the additionally obscuring effect of cephalic dark pigment. The casque assumes a very
pebbled and dark appearance in many lizards, and the individual
scale boundaries cannot be determined.
Our comments on size
of the casque scales depend upon examination of the few juveniles
of the two species where the cephalic scales are not rugose and
their boundaries are clearly determinabie. However, the juvenile
sample of both species is much too small to justify making any
certain or quantitative statement regarding this feature; data
are simply not determinable

from subadult or adult Chamaeleolis,

unless they are bleached from long immersion in preservative
with resultant loss of pigment.
The altitudinal distribution of C. porcus ranges from sea-level
(Playa de Guarda la Vaca) to elevations of 2000 feet (610 meters)
in the Oriente mountains (El Yunque de Baracoa; Santa Maria de
Loreto). Most examples are from lower elevations, but this may
indicate only accessibility of habitat to collectors. The fact that
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many of the UO specimens are the result of Ramsden’s interest
in these bizarre lizards with probable advice to workers on his
cafetales to secure whatever specimens were seen is reflected in
the locality data and relatively low to moderate elevations for
the Ramsden material.
The series of C. porcus from La Florida offers some evidence
of habitat and behavior of this species. La Florida lies very near
or in the Sierra de Purial. The region is mountainous and the
area

where

the

lizards

were

collected

is dark

and

moist;

the

forest is so dense that hardly any sunlight penetrates the canopy.
Several of the lizards were in rose-apple (Eugenia jambos L.)
woods and others were encountered on other trees. Associated
anolines included Anolis equestris Merrem, A. allogus Barbour
and Ramsden, and A. angusticeps Hallowell.
The animals were
very difficult to locate and with the exception of one which was
surprised climbing on a tree trunk, other individuals tried to
escape in the manner of A. equestris by running up the trunk.
One C. porcus was encountered low on the trunk of a rose-apple;
when the lizard became aware of the approach of the collector,
it scurried to the opposite side of the tree and with great speed
ascended the trunk.

The tree was felled, but the lizard was not

found. Another C. porcus ran up the trunk and, upon reaching
the top, hid itself in the terminal leaves of a branch.
When
further pursued, this lizard leaped to the ground where it was
captured. The senior author was guided to this precise locality
by Sr. Rubio Suarez of Baracoa (to whom we are most grateful
for assistance). Sr. Suarez stated that La Florida was the only
locality in the Baracoa area where the “chipojo prieto” could be
encountered.
From the above observations, it is apparent that C. porcus
is at least capable of quick and decisive action.
If the two
species differed in their escape and activity patterns, these might
as well be used to characterize them.
The lethargic specimen
cited by Wilson (1957) from Mina Carlota, Las Villas Province,
is one of the three C. porcus from non-Oriente localities, however.
Thus, C. porcus under some circumstances may be slow and deliberate and in others may react in the rapid pattern of Anolis
equestris.
There is still no evidence that C. chamaeleonides
is also capable of such speedy activity.
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Since natural history data on Chamaeleolis are so very limited,
annotated labels made by Ramsden on two specimens of C. porcus
and observations by the senior author are especially interesting.
Of an adult female from Santa Maria de Loreto, with a snout-vent
length of 170 mm, Ramsden recorded that an egg had been
deposited on 4 September 1948 while the lizard was held in
captivity. Two females from La Florida, collected by the senior
author on 18 September 1965, contained well developed eggs; one
egg measured 23 mm in length and was shelled and ready for
deposition. In color and shape the egg was like that of A. equestris. A subadult male with snout-vent length of 110 mm was
taken on a coffee bush in June 1949. This lizard died in captivity
in September 1949, after having consistently refused a diet of
fruit and roaches.
Since Ramsden had found that Anolis and
Leiocephalus readily ate fruit and roaches, he offered these items
to Chamaeleolis, but compietely without success.
Specimens

examined.

Cuba, Pinar del Rio Prov., Rangel,

1 (MP);

Las

Villas Prov., Mina Carlota, Sierra de Trinidad, 1 (MCZ 53598); Topes de
Collantes, 1 (USNM 156786); Oriente Prov., Playa de Guarda la Vaca, 1
(UO); Guarda la Vaca (not mapped), 1 (MCZ 47895); Isla Saetia, 1
(UMMZ 98014); Baracoa, 1 (USNM 29837); near Baracoa, 1 (MCZ 11205);
La Florida, near Baracoa, 6 (IB 1088-89, IB 1091-93, ASFS V11172); El
Yunque

de

Baracoa,

1000-1800

feet,

1 (MCZ

42507);

costa

sur,

Baracoa,

Punta Caleta, 1 (AMNH 17719); mountains north of Imias, 1 (MCZ 42503);
8 mi. NE Felicidad, 1 (AMNH 83626); Finca “La Rosita” de Borrero, Rio Frio,
El Cobre, 4 (UO); Hermanos Borrero (not mapped), 1 (UO); El Campanario,
Guaso, Guantanamo, 1 (UO); Los Hondones, Guantanamo, 1 (UO); Bayate,
Guantanamo, 10 (UO); Rio Seco wood, San Carlos Estate, Guantanamo, 1
(UO); La Maya, 1 (MCZ 8501); Finca “Tsabelita” de Ramsden, La Maya, 1
(UO); Santa Maria de Loreto, Loma los Ciegos, Ti Arriba, 2000 feet, 2 (UO);

near Los Negros, Jiguani,

1 (MCZ 8459).
DISCUSSION

The distribution of the two species of Chamaeleolis is puzzling. The geographic evidence indicates that C. porcus is the
species endemic to the massifs of extreme eastern Oriente Province (including, apparently, the Sierra Maestra, whence there is
only the one record from Los Negros). The locus of origin of C.
chamaeleonides is not so clear, since this species is virtually
island-wide except for the eastern portion of Oriente. The abundance of records of C. chamaeleonides in the montane areas of
Pinar del Rio Province in western Cuba suggests that this species

216

QUARTERLY

JOURNAL

OF THE

FLORIDA

ACADEMY

OF SCIENCES

has evolved there and has spread thence throughout most of Cuba,
to and including the Sierra Maestra where the two species apparently at least approach one another closely. The abundance of records for the Sierra de los Organos and Sierra de Rosario in Pinar del
Rio may be due only to the attraction that these spectacularly
scenic ranges offer for the collector. .Absence of records for C.
chamaeleonides throughout most of Matanzas, Las Villas, and
Camagiiey provinces does not imply that the species is absent
there, but rather that much (but by no means all) of the lowland
areas of these provinces has been denuded of its original forest
cover for cultivation. Recently collected specimens from the Ciénaga de Zapata and near the city of Camagiiey serve to demonstrate that the lizard is capable of surviving in more remote lowland
areas (the former locality) or in woods in regions which are
otherwise savanna or whence the forest has been removed (the
latter).
The geographic picture is made more complex, however, by
the occurrence of C. porcus in two outlying situations (the Sierra
del Rosario in Pinar del Rio; the Sierra de Trinidad in Las Villas)
which lie within the known distribution of C. chamaeleonides.
In the Sierra de Trinidad, C. porcus is the only known species
(there are but two specimens of Chamaeleolis known from this
range), but C. porcus appears to be greatly outnumbered by
C. chamaeleonides in the Sierra del Rosario.
If C. porcus
is assumed to be strictly montane in its extra-Oriente distribution,
its absence in the Sierra de Cubitas in Camagiiey is puzzling;
that range is apparently inhabited only by C. chamaeleonides.
The Sierra de Cubitas, however, is lower in elevation than both
the Sierra de los Organos-Sierra del Rosario massif on one hand
and the Sierra de Trinidad on the other.
Chamaeleolis is unknown from the Isla de Pinos, but we
imagine that it will ultimately be taken there. The Isla de Pinos
has been so recently separated from the Cuban mainland that it
seems very likely that Chamaeleolis (presumably C. chamaeleonides) reached the Isla de Pinos but remains as yet uncollected.
Such densely wooded areas as the Paso de Piedras and the slopes
of the Sierra de Casas and Sierra de Caballos would seem appropriate for these lizards. It is of interest to note that the equally
large Anolis equestris occurs on the Isla de Pinos but has been
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rather rarely collected there.
[Since the present manuscript
was completed, a pair of C. chamaeleonides was secured by Gilberto Silva and Jorge de la Cruz on 23 March 1967 at Santa Isabel,
a wooded hill on the north side of the Ciénaga de Lanier.
Santa Isabel is virtually surrounded by the waters of the Ciénaga,
since a tongue of the Ciénaga borders it on the west. The surrounding flat lands are characterized by stands of the palm Coccothrinax miraguano Beccari. |
The genus Chamaeleolis belongs to the Island Alpha group of
anoline lizards (Etheridge, in litt.), but it appears not to be
closely related to other Alpha anoles on the islands in the western
Caribbean (Cuba and Hispaniola). The degree of difference between Chamaeleolis and most other western Caribbean anolines
(all of which are placed in Anolis with the exception of the
remarkably divergent Chamaelinorops on Hispaniola) suggests
that the genus has had a long and independent history from the
balance of the Alpha group. Chamaeleolis may represent a local
endemic Alpha development on Cuba, a relict member of a group
of such distinctive anolines which has become extinct elsewhere,
or a remnant of a previous invasion of this line of anoline evolution
into Cuba. The usually slow and deliberate movements of Chamaeleolis suggest that its dispersal under its own locomotor powers
might be extremely slow. For C. chamaeleonides to have reached
much of Cuba also intimates that long periods of time have
elapsed for such intra-island dispersal to have taken place.
We suggest that the two species of Chamaeleolis are the
result of a very early invasion of Cuba by an Alpha anoline
stock which has differentiated in situ there into two (eastern and
western?) species which have diverged, in several scale and color
repertory characters, to the species level.
Both species have
moved out from their regions of origin throughout most of the
island; of the two perhaps C. porcus was primarily lowland and
C. chamaeleonides primarily highland, although this may not have
been the case at all. It is difficult to visualize situations wherein
such usually phlegmatic and deliberate lizards would come into
direct or even indirect competition either with other members of
their own species or those of the other species, once the two have
achieved overlapping ranges. Therefore, it is possible that there
has been a gradually intermixing of the distributions of the two
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species with no dichotomy of habitat (both are forest dwellers)
or elevation (both, in the portions of their ranges where each is
the sole species, occur in the lowlands and at least to intermediate
elevations in the highlands).

The apparently relict western and central distribution of C.
porcus today may well be an artifact of the seeming rarity of
these lizards. The speed with which specimens of Chamaeleolis
become available for study is matched by the customary slowness
of the lizards themselves. Possibly, both C. porcus and C. chamaeleonides

coexist

over

much

of central

and western

Cuba,

but

the former species remains uncollected there. However, the fact
that C. porcus is known from two isolated mountain massifs in
western and central Cuba suggests that, during the Cenozoic
inundations and emergences of Cuba and its later (pre-Miocene)
status as an archipelago, lowland populations of Chamaeleolis
have been exterminated, but that prior to this time both species
were widespread on the island. Thus, lowland populations (of
both species) were removed and both species were restricted to
upland localities during periods of inundation.
Such outliers of
C. porcus on the Sierra del Rosario and Sierra de Trinidad, far
removed from the “parent” population in the massifs of eastern
Oriente, may well be remnants of long previous island-wide dispersions of C. porcus. If such an interpretation approaches fact,
then the Pinar del Rio mountains may well have been the place
of origin of C. chamaeleonides and the eastern Oriente ranges that
of C. porcus. The absence of C. porcus on the Sierra de Cubitas
or the more southern Camagiiey Sierra de Nasjasa may mean that
at various times these lower lying ranges have been more completely submerged than the higher and more persistent areas in
extreme eastern, central, and western Cuba.
Once these lower
ranges became permanent, they were recolonized by C. cham-

aeleonides.
In summary, we suggest that the disjunct distribution of C.
porcus represents an old remnant distribution whose details have
been profoundly affected by the Cenozoic history of Cuba. The
more continuous distribution of C. chamaeleonides on the other
hand would seem to be more recent—a Miocene or later dispersal
from one or more refugia in eastern Cuba.
This interpretation
requires that C. chamaeleonides is the more vagile and that it has
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in a relatively short time re-expanded its range from the western
to the eastern portion of the island.
C. porcus, on the other
hand, remains restricted primarily to its old range in the mountainous section of eastern Oriente, with two relict outlying populations in higher mountain ranges in central and western Cuba.
RESUMEN

Se creia que el endémico género cubano Chamaeleolis (Iguanidae) contenia una sola especie, la C. chamaeleonides Cocteau. Pero en realidad existen
dos especies, la segunda siendo C. porcus Cope. Las diferencias entre las dos
especies son: 1) escamas gulares paramediales pequenas, cortadas, cénicas y
piramidales en la chamaeleonides; largas y flexibles en la porcus; 2) escamas
supralabiales separadas del anillo de escamas circumorbitales por una hilera de
escamas en la chamaeleonides, aquéllas en contacto en la porcus; 3) en la
chamaeleonides las escamas dorsales son subcirculares con muchas escamas
interstitiales, en la porcus las cuatro filas de escamas mas dorsales son mas
largas que anchas y con pocas o ninguna escama interstitial, y el resto de las
escamas dorsales carecen de escamas interstitiales; 4) en la chamaeleonides
la distancia del hocico al borde anterior de la érbita corresponde a un numero
entre 42 y 83 de escamas ventrales, siendo estas pequenas o diminutas; en la
porcus la mencionada distancia contiene de 22 a 48 escamas, lo que indica
que las escamas ventrales son mas grandes; 5) las escamas debajo del Angulo
de la boca son muy Aasperas en la chamaeleonides, poco asperas o lisas en la
porcus.
C. chamaeleonides se encuentra por casi toda la isla con excepcidn del
este de la provincia de Oriente (al este de la linea Gibara-Pico Turquino).
C. porcus reside principalmente al este de la linea Gibara-Pico Turquino, pero
se la encuentra tambien en la Sierra de Trinidad en Las Villas (dos ejemplares ) y en la Sierra del Rosario en Pinar del Rio (un ejemplar).
La historia de la geologia cubana explica dichas distribuciones. Se propone
que la porcus fue la especie endémica de las sierras orientales y la chamaeleonides la de las sierras pinarenses. La presencia de la porcus en dos zonas lejos de
la zona principal de la especie en Oriente sugiere que antiguamente ambos
especies de distribuyeran por todas partes de las isla. Esta antiguas extensiones
geograficas se modificaron profundamente en el periodo cenozdico cuando Cuba
estaba submergida y las poblaciones de las dos especies fueron extirpadas en
los llanos, dejando poblaciones relictas de la porcus en las sierras mas occidentales.
Cuando Cuba obtuvo su configuracién actual, C. chamaeleonides
volvia a extender su distribucién por toda la isla mientras que C. porcus esta
restringida a los residuos de una distribucidn anteriormente mas amplia.
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Natural Factors Affecting Deer Movement

RicHARD F’, HARLOW AND WILLIAM F. OLIVER, JR.

Tyson (1952) was the first to correlate the number of deer in
a given area with number of tracks. The validity of this census
method is dependent on sampling intensity and knowledge of deer
movement. Considerable variability per count has been reported
(Tyson, 1959; Downing, Moore, and Kight, 1965) but the reasons
for this variability, outside of sampling error, have not been investigated.
In this study, data were gathered and analyzed to evaluate the
possible effect of vegetation types, moon phases, and weather on
deer movement. The track counts were made on eight randomly
selected plots, each approximately 1 mile long, along graded roads
within Crandall Pasture, an area of approximately 15,000 acres
maintained near Fernandina Beach, Florida, by the Southeast
Timber Division of Rayonier Incorporated. Counts were made in
August of each year from 1962 through 1966. Four counts were
made in 1963, and three counts were

made

in each of the other

years.
The eight track-count plots were randomly selected and _permanently marked. In the afternoon preceding the day of the
count, a drag was used to obliterate all existing tracks. The track
counts were then conducted the next morning between 6 and 8
AM, and only those tracks that actually crossed the 1-mile plot
roads were tallied. Local weather data were obtained from Imeson Airport, which is 20 airline miles from the census area, for
each day that tracks were counted. Moon phases were extracted
from the World Almanac and Book of Facts. Percentages of the
types of vegetation were recorded for each mile of road.
DISCUSSION

Deer crossings in relation. to date of census, approximate milelong plots, and moon phases were subjected to an analysis of variance. Results of this analysis are presented in Table 1.
The total number of deer crossings counted along the eight
l-mile plots did not differ significantly between moon phases nor
between years during the 5-year census period. The most signi-
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TABLE 1
Analysis of variance of deer crossings
Source

Moon
Years
Plots
Moon
Moon
Years
Moon

phase

phase x years
phase x plots
x plots
phase x years x plots

Total
Note:

df

SS

3
4

322
220

107.33
55.00

7
12
Hil
28
44

24307
2645
1876
3717
3610

3472.43
220.42
89.33
ISPS
82.04

119

MS

F

0.49
0.67

26nliGea
2..69**
1.09
162s

36697

df, degrees freedom; SS, sum of squares;
the mean squares (calculated value).
* Significant
:
**Highly significant

MS mean

square; F, ratio of

ficant factor noted in the analysis was that track counts were consistently high in some plots and low in others over the entire 5
census years. This tendency suggests that deer may have a relatively consistent nonrandom distribution or movement which may
be due to some unmeasured habitat characteristic. The tendency
for track counts to remain stable within a plot (Table 2) suggests
that the track count method might give a good indication of variation in deer populations, but the high variability in day-to-day
movement of deer necessitates that biologists considering this census method recognize its limitations as a means of estimating deer
numbers. Downing et al. (1965) found that 10 or more counts
involving some 30 deer crossings per count would be required to
detect a 20 per cent difference in deer movement (and probably
deer populations ) 95 per cent of the time. It is therefore advisable
to make several counts of a large number of plots to minimize this
variability.
The effect of moon phase-year interaction on deer crossings
was highly significant. The reason for this significant interaction
cannot be explained biologically, but it appears to be due to the
1963 effect of moon phase, as suggested by the single year analyses
shown in Table 3.
A significant interaction occurred between years by plots. Although some plots had consistently more tracks than others, differences were noted from year to year. There is no biological
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2

Deer track census data arranged chronologically by year and moon phase
PLOTS

Date and
Moon Phase
29 Aug. 62 NM
*Histimated FQ

il
4
2

2,

3

4

5

6

HM

8

8
1}

10
12

36
34

16
Lg

43
38

4
8

6
6

15 Aug. 62 FM

0

9

14

44

28

48

5

0

22 Aug. 62 LQ

2

if

let

om

23

AQ,

5

4

21 Aug. 63 NM

0

23

8

29

5

20

5

12

28 Aug.

63 FQ

2

ol

18

30

21

49

{i

16

4 Sept. 63 FM
14 Aug. 63 LQ

8
4

12
5

17
3

57
18

21
3

(3
23

Zi
8

6
5

“Estimated NM

eae

|

Ce

ie

Seley

Mn

ee

12 Aug. 64 FQ
19 Aug. 64 FM
26 Aug. 64 LQ

il
1
0

3
9
13

5
4
7

36
28
48

C
9
i,

20
30
51

eg
18
13

3
3
6

27 Aug. 65 NM
*Estimated FQ
13 Aug. 65 FM

2
3
9

18
13
5

14
11
5

74
43
31

9
10
5

25
26
20

12
1M
15

It

9
if
3

10

16 Aug. 66 NM

5

A

Oak

11

1

DAT

7

19

38

5

30 Aug. 66 FM
*Fistimated LQ

1
2

li
Wal

IL
11

38
35

3
10

65
35

oD)
18

5
6

20 Aug. 65 LO

23 Aug. 66 FO

*Estimated—An

3

Seo

G3)

aa

OL”

Be

20"

6

6

estimation of missing plot data derived from previously collected data.

explanation apparent, although it is possible that the population
may have undergone some shift.
The effect of moon phase-plot interaction was not significant.
Table 4 lists the percentages of the five types of vegetative associations, including open water, for each mile of road census, as
well as the total number of tracks counted for each mile during
the 5-year study period. The primary purpose of this table is to
show the habitat configuration of the area under investigation. The
data were insufficient for computing valid statistical relationships.
The data in Table 5 indicate that the uniform weather conditions which prevailed during the track count periods did not have
a noticeable effect on deer movement as evidenced by the ex-
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3

Analyses of variance of deer crossings for years 1962 through 1966

Source

df

SS

MS

1962

Plots

6022.50

860.36

28.09

14.04

14

133.25

9.52

23

6183.84

Moon phases
Error

Total

1963
Plots
Moon

phases

Error

ATA 2

673.10

1633.97

544.65

2102.28

100.11

Guim
5.44**

8447.97

Total

1964

583.00
95.75
42.18

tO 2as
2.2°7

5941.63

848.80

313.00

156.50

PATOL
2.34

14

935.00

66.78

23

7189.63

4080.63
191.50
590.50

Plots
Moon phases
Error

4862.63

Total

1965
Plots
Moon phases
Error

Total

1966
Plots
Moon phases
Error

Total

Note:

2969.83

424.26

457.75

228.87

1656.42

118.31

BuO
1.93

5084.00

df, degrees freedom; SS, sum of squares; MS, mean square; F, ratio of
the mean squares (calculated value).

**Highly significant
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TABLE

4

Types of vegetation adjacent to census strips and deer tracks counted per mile
PLOTS
Vegetation
types

Flatwoods, %
Pine-oak
uplands, %
Swamps, %
Hammocks, %
Salt water
marsh, %
Open
water,

%

Total
tracks,
number
Note:

5

6

u

14

50

25

16
29
Di

NS
2,
2h

9
40
1

0
19
31

0

2

iB)

0

24

0

0

0

11

0

1

38

185

156

565

502

198

IL

2

3

4

ol

39

52

15
33
0

AQ
I
0

0

93

For brevity percentage of vegetation has been rounded off.
TABLE

Climatic

conditions

and number

5

of deer crossings tallied during the 5-year
census period
Total

Date

Temp.

15 Aug.

62

21

29, Aug. 62
29 Aug. 62
14 Aug. 63

(°F)

Average Amount of Average
number
relative
possible
tracks
wind
speed.
sunshine
humidity over the
(mph) (Per cent) (Per cent)
miles

Avg.

Min.

84

74

5.8

85
84
83
79

74
72
72

4.1
4.9
6.7

28 Aug. 63

Aug.

63

81

74

70

5.9

12 Aug.

64

19 Aug. 64

84

78

76

1235

26 Aug.
13 Aug.

64
65

81
84

84

13
Me

74

7.9
9.1

27 Aug.

65

16 Aug. 66

84

81

73

72

8.5

23 Aug.

66

86

74

7.0

30

66

81
T— 0:05

2
—0.03

10.2
—0.02

20 Aug. 65

Aug.

r =—correlation

coefficient

72

6.1

6.2
71

6.9

87
35
95
50
AT

72
68
66
76
80
81
78
86
74

148
135
127
69
102
174
92
102
145
93
137
163
123
112
191
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tremely weak relationships. Downing et al. (1965) also found no
correlation between weather and tracks within an enclosure in
Georgia.
CONCLUSIONS

This study produced evidence that white-tailed deer of the
Coastal Plain are nonrandomly distributed but have a consistent
pattern of movement. The uniform weather conditions which prevailed during the track count apparently had no effect on deer
movement. Deer activity apparently was not associated with any
particular moon phase.
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Round-Tailed Muskrat in West-Central Florida
Joun R. Pau

DEspPITE several intensive recent investigations (Hall and Cockrum, 1953; Schwartz, 1953; Burt, 1954 and Birkenholz, 1963) into

the life history and distribution of the round-tailed muskrat, Neofiber alleni, records of the species from west-central Florida are
lacking. Schwartz (1953) indicated that the area from Taylor and
Suwannee counties, Florida, south to Hillsborough County did not
appear to be presently occupied by round-tailed muskrats although
Simpson (1929) recovered Pleistocene remains of N. alleni from
localities within this area. Schwartz (1953) concludes that the
present range of Neofiber (peninsular Florida and extreme southeast Georgia, except for the area mentioned above) appears to be
a remnant of one previously more extensive.

This paper reports on

records of Neofiber from two new localities and serves to fill some
of the distribution gaps.

One record of Neofiber was provided by C. E. Winegarner,
who on 29 January 1967, obtained the remains of a diamond-back
rattlesnake, within which was found a virtually intact Neofiber
skull. The snake carcass was decomposed with only skin and
skeletal elements remaining and lying in a field one mile south of
Lutz, Hillsborough Co., Florida. This locality is approximately
150 yards from a pond which could have supported round-tailed
muskrats.
A population of N. alleni persists in an isolated marsh in Hillsborough River State Park (HRSP), an area approximately 15 miles
north of Tampa, near the border of Hillsborough and Pasco counties. Nine specimens of Neofiber were taken in steel traps from
this pond in June and July 1966; included were four adult males,
three adult females, and two juvenile females. All specimens were
deposited in the collections of the Zoology Department, University
of South Florida, Tampa.

This marsh is approximately three acres in size with the dominant vegetation consisting of a mixture of pickerelweed (Pontederia lanceolata) and maidencane (Panicum hemitomon). The
pond is dependent on rainfall for its water supply and fluctuates
in depth seasonally. In June and July of 1966 the water was 18-30
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inches in depth. Normal winter and spring water levels are 4-12
inches although during the spring months of 1967 standing water
occurred only in several alligator holes. Even at the lowest water
levels alligators continued to reside in this marsh and may be
potential predators on the rats. During the driest periods the rats
burrowed into the banks of several small islands in the marsh and
no evidence of grass houses or feeding platforms could be found.
The population existing in the marsh appears to be relatively
small, probably less than 25 individuals and considerably fewer during the dry months. Reproductive activity is apparently coordinated
with the onset of the rainfall in the early summer. All specimens
collected prior to July 20 were adults. Two young rats taken on
20 and 22 July 1966, weighed 118 and 133 grams. Growth data
of Birkenholz (1963) for known-age animals would indicate the
juveniles in the present study were five to six weeks old. This
would place the date of parturition around 15 June. None of the
adult females taken were pregnant or lactating.
The population of Neofiber in HRSP is ecologically isolated;
the marsh is totally surrounded by heavily wooded areas and is
located 2-3 miles from the nearest suitable habitat. Superficial examination of the ponds in the surrounding areas has shown no
evidence of Neofiber. The cranial measurements (Table 1) of the
TABLE

Body and cranial measurements
Present Study
mean
(range )
Specimens measured
Condylobasal
Zygomatic

Length

Breadth

Nasal Length

Breadth of Nasals
Upper Molar Row

ih

of adult Neofiber alleni
Schwartz
alleni
mean

(1953)
nigrescens
mean

25

14

43.6

(41.9—44.9)

46.2

46.8

27.5

(26.4—28.5)

27.9

XS)IL

12.8

(12.4—13.0)

13.6

13.8

5.0 ( 4.6—

5.3)

11.4 (11.0—12.0)

Interorbital Constriction

5.1 ( 5.0—

Length of Palatine Slits

8.1 ( 7.7— 8.5)

Body Length
Hind Foot

1

O20
41.0

5.2)

(lia2=—213))
(40—44)

Do
ILs

5.4
12.0

Sal

5.1

Us)

8.1

203.0
43.1

203.0
43.5
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HRSP specimens are smaller in most dimensions than those given
by Schwartz (1953) for Neofiber from adjacent areas. Schwartz
(1953) labeled the populations immediately east of this area as
intergrades between N. a. alleni and N. a. nigrescens. The dorsal
pelage color of the HRSP specimens is somewhat variable, but
tends toward a dark Fuscous Black (Ridgway, 1912). This color,
along with the smaller size, indicates a probable closer relationship
of the HRSP specimens with the more southern populations of
N. a. nigrescens.
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Mating Behavior of Peromyscus polionotus
MicHAEL

H. SmiITH

STUDIES on interspecific behavioral discrimination have involved
almost all of the species of Peromyscus in the United States (Blair
and Howard, 1944; Clark, 1952; Blair, 1953 and 1954; Harris, 1954;
Bradshaw, 1965; Tamsitt, 1961b; McCarley, 1964; Moore, 1965;

Smith, 1965 and 1966). Unfortunately a comprehensive knowledge
of this multidimensional phenomenon does not necessarily result
from the inclusion of many species. Most of the existing data concern only one aspect of behavioral discrimination, the tendency to
form homo- or heterospecific social aggregates under crowded laboratory conditions. The interpretation of these data usually depends
upon the assumption that there is a direct relationship between the
tendencies to associate and to breed with another animal. Differences in the sequence of behavior culminating in mating could
prove this assumption to be in error.
Tamsitt (196la) described mating behavior in detail for P. commanche, P. nasutus, and P. truei of the P. truei species group. The
purpose of this paper is to present similar data for P. polionotus
of the P. maniculatus species group and to compare these results
with those of Tamsitt.
METHODS

During 1962 and 1963, 64 pairs of mice captured in the field
were used in the laboratory for breeding stock. Occasionally, one
escaped or died and had to be replaced; additional pairs were added
later to the colony. Four Florida subspecies were represented: P.
polionotus subgriseus from Ocala National Forest, P. p. phasma
from Anastasia Island, Saint Johns County, P. p. leucocephalus
from Santa Rosa Island, Okaloosa County, and P. p. rhoadsi from
Archbold’s Biological Station, Highlands County.
The mice were kept in cages similar to those described by
Layne (1958); the sides were made of one-quarter inch hardware
cloth and the wood tops were removable. Each cage was placed
on a tray covered with sawdust. The ambient temperature in the
laboratory was usually 24 + 2° C; occasionally it varied as much
as 5°C. Relative humidity was measured with a sling psychrometer
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at different times during the day and night; it varied from 54 to 84
per cent. Overhead fluorescent lights were automatically turned on
at 0630 and off at 2030; no outside light entered the room. Purina
laboratory chow and water were supplied ad lib.
Mating was regularly accompanied by sound and occurred in
the evening while the lights were still on in the colony room. Detailed notes were made on 16 different pairs of P. p. subgriseus
for a total of 25 matings. Additional scattered observations were
made on the other three subspecies. One pair was observed at a
time. All of the matings occurred during the post-partum heat.
The cages were checked in the morning for new-born litters, and
if present, observations were begun that night 30 minutes before
the overhead lights went off. A reflector lamp with a 100-watt red
light located eight to ten feet from the cage was used after the
room became dark.
Sometimes the mice appeared to have no interest in breeding.
In a majority of these cases, however, copulation occurred within
a few minutes after the mice were given a ball of cotton about 3
cm in diameter. Thirteen of the 25 matings occurred with the
previous litter present and 12 without it. Four additional matings
were observed in a wooden cage (50 cm high, 45 cm wide, 75 cm
long) with a glass front and one-quarter inch hardware cloth on the
back. The large cage was used because Tamsitt (196la) suspected
that certain aspects of the breeding behavior might have been
caused by the small size of his cages.
RESULTS

Mating of the old-field mouse varied from pair to pair and with
the number of copulations that took place on the same evening
(Fig. 1; Table 1). The sequence usually associated with the first
few copulations will be presented first and the variation from this
sequence will follow.
The female initiated mating by positioning herself in front of
the male. Her ears were erect, the tail was low, and the body was
held high. The white underparts of the side of her body next to
the male were displayed, and the eye on the same side was slightly
closed. She moved forward displaying one side of her body, and
just before making contact, lowered her body and turned her head

upward and to the side, thus exposing her white throat. The male
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Fig. 1. Sequence of behavior patterns during mating. Solid lines indicate
the usual sequence of behavior leading up to and following the first few copulations. Broken lines indicate alternate sequences used at various times during
mating.

had his body relatively high, ears erect, and tail low.

The male

also closed his eye on the side of his body closest to the partner
just before contact was made.
Mutual grooming and then smelling of the genital region occured. The partners occasionally walked in a tight circle in nasoanal contact. Grooming was usually confined to the sides and back
of the body of the other animal; occasionally the neck and the
sides and dorsal part of the head were included. After the female
stopped smelling the male’s genital region, she started running in a
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tight circle in front of the male with her head, tail, and body close
to the floor. In the large cage, the female ran back and forth on
the floor in front of the male.

If the male did not chase the female,

she repositioned herself in front of him and repeated the entire
sequence.
The naso-anal contact became so vigorous in some cases that
the female was pushed forward. In other instances, the male repeatedly moved its head upward after placing it under the female’s
anal region. This movement elevated the posterior half of the female’s body 3 to 5 cm exposing her white belly. The male frequently tried to mount the female if she slowed down slightly.
Successful mounting occurred only when the female came to a
complete stop. At this moment she extended her body forward,
angled the tail laterally, arched her back, and thus raised the ex-

posed perineum. The male mounted by extending his body over
hers and then grasped her body in the region of the diaphram
with his front legs. Intromission consisted of a single forward
thrust of such force that the female was normally pushed forward.
The female was never heard squeaking during intromission. After
the forward thrust, the male relaxed its grip of the female. The
male always lifted one leg as he drove the penis forward. Occasionally, the other leg was also lifted at the end of the forward
thrust, and thus, the male rode on the back of the female. In these
cases, the male slowly fell off the female onto his side or back. If
one foot remained on the floor, the male dismounted as the female
moved forward. The male then sat upright on the hind legs and

tail, bent its head toward the floor, pulled sheath of the penis back
with the forepaws, and took the withdrawn penis into the mouth
and washed it. At the same time, the female licked her genitalia
from a similar position. Both sexes went through a complete
“wash”, which includes the entire body and tail, following the
cleaning of the genital area. The “wash” of the female was of
shorter duration than that of the male.

She went back to the nest,

which contained the newborn young, and then ate or drank before
initiating the next mating. The male was frequently still cleaning
his fur when the female repositioned herself in front of him. Mice
always copulated many times during the course of an evening
(Table 1). No conspicuous marking behavior, such as urination or
dragging the genital region on the floor, was observed.
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1

Mating data for laboratory-reared Peromyscus polionotus subgriseus

Number

of pairs observed

16

Successful matings
Mean number of mounts per mating

25
49.8

Mean number of thrusts per mating

45.6

Intromissions per total mounts

91.6%

Mean

UProll

number

of washing of penis by male per mating

Mean observation time in minutes per mating

152.6

Copulations were not randomly distributed over time but occured in groups (or series) with a greater amount of time between
groups than between successive copulations. Between each series
of copulations the animals rested and showed no sexual behavior
for at least three minutes. The male frequently lay facing the nest
from the farthest possible point in the cage, keeping his body and
tail flat on the floor, ears erect, and limbs extended in a position
similar to that used by heat-stressed animals. The female usually
stayed in the nest with the young mice. As the length of the period
of mating increased, both mice spent more time drinking, eating,
urinating, and defecating during the rest periods. The number of
series of copulations per mating period ranged from six to twelve
and averaged 9.2. The mean number of copulations per series
decreased and the length of the rest period between each series
increased as the number of copulations completed that night increased. The mean number of copulations for the first series was
6.8 and for the last series was 2.6. The average length of the rest
period between the first and second series was 3.8 minutes, and it
was 15.3 minutes before the last series.
Mating behavior on any one evening gradually changed as the
total number of completed copulations increased. The male responded to changes in the female’s behavior more quickly than
before. Grooming and smelling of the genital region were frequently deleted. The male often started chasing the female without being approached by her. The washing of the penis occurred less
frequently, and the partial wash of the head and ears were more
common than the complete performance. The female cleaned her
genitalia less frequently.
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In almost all of the later matings the male took the initiative.
He would approach the female head on while she was in the nest.
The female would frequently assume an upright posture, and the
male would attempt to push the female over on her back and wash
her white belly. The female uttered frequent, high-pitched sounds
during the initial advances of the male and occasionally while she
was on her back. When the female righted herself, she would run
out of the nest with the male chasing after her and the normal
sequence of events occurred.
Sometimes, when the female resisted the male’s efforts, the
male picked up a new-born animal and carried it out of the nest.
The female immediately retrieved the young animal and after depositing it in the nest, the female would run from the nest with
the male following. The male frequently attempted to mount the
female while she was retrieving the young animal but was never
successful. Half of the males picked up young animals and moved
them out of the nest during their mating behavior. The other males
concentrated their efforts on the females. New-born animals were
displaced several times from their nest by one male the first time
it was observed and not at all during the second period of observation. The general scheme of this male’s mating behavior was similar on both occasions except in this one regard.
Females gradually became more aggressive and drove their
mate and previous litter from the nest when they were still present.
The female frequently lunged at the male and tried to bite him.
Eventually, the male left the female alone in the nest and mating
ceased. In some cases, the female left her previous litter in the
nest although she drove her mate out. The period during which
the previous litter and/or the adult male were kept out of the nest
varied from several hours to several days.
The young animals from the previous litter were allowed only
restricted movements during the mating of their parents. Initially,
they spent most of their time in the nest but were later found eating and drinking near the water bottle. As the female approached,
they would run back to the nest. Except in one case, the young
animals played no direct part in the mating behavior. One juvenile
male entered into the chasing of the female. The juvenile male
never attempted to mount his mother or make any kind of physical
contact with her. He ran behind his father and frequently tried
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to mount him. The adult male payed little attention to the activity
of the juvenile, but the female frequently lunged at him and
eventually chased him back into the nest with the other young
mice.
On four occasions, mating was observed when there was more
than one adult male in the cage. Usually only one male bred with
the female. The others either remained in one corner of. the cage
or they attempted to mount the male that chased the female. Once
two males alternately tried to mount a female, but one repeatedly
failed because the female never stopped and arched her back when
he tried to mount.
The only consistent difference observed in the mating behavior
of the several subspecies was the lack of squeaking by females of
P. p. phasma.
Discussion
As pointed out by Smith (1966), the normal social unit in this
species is an adult male and female with or without young. Females are normally dominant over their mates and play a major
role in the process of pair formation and maintenance of the pair
bond. No other species of Peromyscus is known to be as social as
P. polionotus. A proper interpretation of the behavior of the oldfield mouse and its comparison with that of other species in this
genus can only be made when these unique characteristics of the
species are kept in mind.
Mating was the result of a series of social interactions in which
the female at first played a submissive role and then later a dominant one. The change was gradual and was accompanied by an
increase in the amount of initiative shown by the male. Squeaking
by the female only occurred in ambivalent situations characterized
by both avoidance and approach tendencies. Once the female
started to run in front of the male or attacked him, she would stop
squeaking. Display of the white underparts of the female’s body
was also a part of her submissive behavior. Reversal of the normal
social hierarchy seemed to be a necessary prerequisite for the
completion of mating. The re-establishment of the female’s dominance over the male was correlated with the cessation of mating.
The six phases of the mating pattern described by Tamsitt
(196la) for the P. truei species group were also evident in the

behavior of P. polionotus. They were “(1) initiation of courtship
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by the female, (2) circling of the female before the male, (3) posturing by the female before the male, (4) mounting by the males,
(5) thrust-intromission by the male, and (6) dismounting by the
male.” Of these arbitrary divisions only circling in front of the
male by the female was considered to be a laboratory artifact
caused by the small cage size. The essential part of the circling
was probably the movement away from the male, or fleeing; this
being interpreted as submissive behavior.
The overall similarity of the mating patterns was probably due
to the close phylogenetic relationship of the mice. Both of the
species groups belonged to the subgenus Peromyscus. Despite the
similarity, a detailed comparison of the results also revealed some
consistent differences.
Only the females squeaked, but they did so at different times.
Those in the P. truei group usually squeaked once during intromission; P. polionotus females were quiet at this time but vocalized
during their interactions with the males prior to mounting. However, this behavior was not an essential part of mating since the
P. p phasma females always remained silent and the females of the
P. truei group occasionally did likewise. These sounds may be
used for species recognition in P. polionotus but were more likely
a sign of submission by the female. The silence of the P. p. phasma
females may be related to the open habitat on the beach dunes

where they are found, but P. p. leucocephalus females vocalized
occasionally, although not as frequently as some of the other subspecies. The latter subspecies was also collected on the sand dunes.
Silence may be selectively advantageous in open habitats, because
certain predators can use sounds to locate their prey.
Males of all of the subspecies of P. polionotus were observed
carrying newborn young out of the nest. This behavior was not
mentioned for P. truei by Tamsitt, but he did not observe mating
during the post-partum heat so there were no young animals
present. Handling of the young by the male, however, was not an
essential part of mating. Some of the males never exhibited this
behavior, while others did so only during one of the several observed mating periods.
The nest acts as a focal point around which the mice center
their mating behavior. This may be due to a conflict between mating behavior and maternal behavior in the female, or it indicates
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that mating normally takes place within the burrow in the field. A
third alternative is that it is related to the small size of the cages.
The last does not seem likely since the mice used their nest in the
big cage just as often as in the small ones. By mating underground
the mice would not be as susceptible to predation. The old-field
mice would be perfectly safe if they left the entrance to their burrow sealed as they do during the day (Smith, 1966).
The last and perhaps most important difference is the lack of
conspicuous marking behavior by the P. polionotus females. In the
P. truei group females dragged the perineal region on the floor
propelling themselves by movements of the forelimbs. Nothing
even remotely similar to this was observed in P. polionotus. Tamsitt interpreted the females behavior as functioning in depositing
olfactory stimuli for the male. After being stimulated the male
would make contact with the female and a series of epimeletic
activities would ensue, their function being to condition the mice
to each other's presence. This type of conditioning was not necessary in P. polionotus because of the prior formation of the pair
bond (Smith, 1966). The various characteristics of the mice that
contribute to the formation of the pair bond in P. polionotus were
probably more important than the minor variations encountered in
their mating behavior as compared with that of the P. truei group.
Of course these same characteristics can be used for discrimination during mating, but if they were they did not seem to be emphasized to the same degree in the different species of mice.
Recognition was already established before mating started in P.
polionotus.
SUMMARY

Mating is the result of a series of social interactions in which the
female at first plays a submissive role and then later a dominant one.
Six phases are recognized in the mating behavior of P. polionotus:
(1) initiation of courtship by the female, (2) running away by the
female, (3) posturing by the female before the male, (4) mounting
by the male, (5) thrust-intromission by the male, and (6) dismounting by the male. These are essentially the same as those described
by Tamsitt (1961la) for the P. truei group. There are differences in
the mating sequence of the two types of mice, but only one of these
seems to be essential to the completion of mating. This is the marking behavior of the females of the P. truei group, an action which

SMitH:

Mating of Beach Mouse

239

was not observed in P. polionotus. One of the functions of this behavior is probably species recognition, and since recognition is
established prior to mating in P. polionotus, marking would be
superfluous in this species.
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