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A FIELD KEY TO THE WHIPTAIL LIZARDS (GENUS CNEMIDOPHORUS) 

PART I: THE WHIPTAILS OF THE UNITED STATES 

Thomas Vance 

ABSTRACT 

A key is presented for the United States represent¬ 

atives of cnemidophorine lizards. Several maps are 

also included which summarize current range data of 

the whiptails and racerunners. 

One of the most confusing and difficult groups of reptiles to the 
systematist is the whiptai1s andracerunners of the genusCnemidorphorus. 
Diverse representatives are difficult to identify due to sex and age 
variations in color and patterns, possible hybridization, asymmetry of 
scalation, questionab 1 eranges , andparthenogenetic modes of reproduction. 

Many published reports havedealt with thisgenus and the variations 

within it. Burt (1931) provided a complete systematic treatment of the 
genus as it was known at the time. Duellman and Zweifel (1962) wrote a 
synopsis of the C. sexlineatus group while Duellman and Wellman (i960) 
reported on the mid-American C. deppii group. Stebbins (1966) provided 
a short key to the western forms of whiptails, and Lowe, et al. (1966) 
prepared a similar key to the unspotted taxa of the southwest. The field 
guides of Cochran and Goin (1970) and Conant (1975) do not include keys 
to these species. In addition, a varied and abundant recent literature 
has appeared which requires the construction of a current key. 

Whiptails and racerunners included in the following key are: C. 
hyperythrus beldingi (Stejneger); C. velox Springer; C. uniparens Wright 
and Lowe; C, sexlineatus sexlineatus (Linnaeus); C. s. viridis Lowe; C. 
inornatus arizonae Van Denburgh; C. i. heptagrammus Axtel 1 ; C. laredoansis 
McKinney, Kay and Anderson; C. gularis gularis Baird and Girard; C. ex- 
sanguis Lowe; C, flagellioaudus Lowe and Wright; C, sonorae Lowe and 
Wright; C. scalaris septemvittatus Cope; C. burti stictogrammus Burger; 
C. b. xanthonotus Duellman and Lowe; C. neomexicanus Lowe and Zweifel; 
C. tigris gracilis Baird and Girard; C. t, septentrionalis Burger; C, t. 
marmoratus Baird and Girard; C. £. aethiops Cope; C. t. reticuloriens 
Hendricks; C. t. multiscutatus Cope; C. t.mundus Camp; C. t. tigris Baird 
and Girard; C, t. stejnegeri Van Denburgh; C. tesselatus (Say); and C. 
dixoni Scudday. 

Although the maps presented here aretentative, they should provide 
a reasonably accurate estimateof the range of each taxon. C. t. stejnegeri 
has not been included due to the questionable and problematical aspects 
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of this taxon as compared to C. t. multiscutatus. The bibliography in¬ 
cludes the most recently published revisions and the most current assign¬ 
ments of names . Many of the references give individual taxonomic descrip¬ 
tions and can be used in conjunction with the key and maps. 

Due togreat complexity within thegenus, thefollowing key will only 
identify specimens which are adu11, a 1ive or freshly killed, and for wh i ch 
collection sites are known: 

TENTATIVE KEY TO THE WHIPTAILS OF THE UNITED STATES 

1. Presence of only one frontoparietal plate...C. hypevythrus beldingi 

Presence of 2 frontoparietal plates.2 

2. Pattern of narrow light stripes and/or spots (rarely bars) on a dark 
background; postantebrachia 1s enlarged or slightly enlarged; meso- 
ptychials abruptly larger than scales of gular fold.3 

Pattern of stripes, spots, and/or bars on a light background; post- 
antebrachial s small; mesoptychia 1s only slightly enlarged or granu¬ 
lar. .17 

3. Stripes vague or broken; spots or bars present.9 

Stripes distinct; absence of bars or spots.4 

4. Scales bordering anteriorly of gular fold enlarged and angular....5 

Scales bordering anterior ofgular foldneither enlarged or angular..8 

5. Interlabial scales less than 6.C. velox 

Interlabial scales more than 6.6 

6. Postantebrachia 1 sea 1esgranu1ar; 62-110 granules around midbody.... 7 

Postantebrachia 1 scales enlarged and angular; 59“78 granules around 
midbody.C. unipavens 

7. The dorsal surface of on 1y 61ight stripes without a middorsal stripe 
absence of greenish suffusion.C, sexlineatus sexlineatus 

The dorsal surface of 7 or 8 light stripes with a brownish middorsal 

stripe; presence of a greenish suffusion.C, sexlineatus vividis 

8. Dorsal ground color of bluish-gray; ventrals light blue... 
.C. inovnatus avizonae 

Dorsal ground color of grayish-black; ventrals dark blue... 
.C. inovnatus heptagveomus 

9. Stripes persistent.10 

Stripes vague or absent or replaced by spots...15 

10. Presence of d i s.t i net i ve single and narrow vertebral stripe; paraver¬ 
tebral str i pedistinetive; dorsolateral and lateral stripes wi thfaded 
or indistinct spots on the lateral region of body....C. lavedoensis 

Not as described above.11 

11. Chin of males (if present) white; ventrum light colored; 6 or 7 
str i pes.    12 
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Chin of males pink or red; ventrum dark colored; 7 or 8 stripes ... 
.C. gularis gularis 

12. Dorsal granules 62-86; unisexually female.13 

Dorsal granules 65” 115; males and females present..!..15 

13. Ventrals white and tinged with blue; 32 scales between paravertebral 

light stripes...C. exsanguis 

Ventrals white and immacu1 ate; 31 or 33 scales between paravertebral 
1 ight st r i pes.14 

14. Scales between vertebral light lines are 3"6; stripes on neck region 
are chartreuse.C. flagellicaudus 

Scales between vertebral light lines are 5”8; stripes on neck region 
are light yellow.C. sonorae 

1 5 • Absence of bars on older individuals; absence of rusty colored rump... 1 6 

Presence of bars on older individuals; presence of rusty colored 
rump.C. scalaris septemvittatus 

16. Granules between paravertebra1s 5”11; dorsal granules 98-115... 
.C. burti stictogrammus 

Granules between paravertebra1s 4-6; dorsal granules around 85... 
.C. buvti xanthonotus 

17. Scales anterior togular fold slightly enlarged andgrading gradually 
into small granules of the fold....18 

Scales anterior togular fold abrupt 1y andconspicuous1y enlarged..27 

18. 83-IOO granules around midbody; tail dark gray tolight gray; stripes 
vague or absent.19 

71-85 granules around midbody; tail bluish-green; stripesd i stinet... 

. ...C. neomexicanus 

19. Presence of 4-6 light stripes.20 

Presence of 8 stripes; or body unicolored.22 

20. Thighs with rounded light spots.21 

Thighs with reticulations.26 

21. Stripes tan colored; ventral areas are dark.C. tigris gracilis 

Stripes yellow colored; ventral areas may be spotted... 
.C. tigris septentrionalis 

22. Marbled pattern with slight indication of dorsal stripes; or uni-" 
colored body.C. tigris marmoratus 

Stripes persistent and as many as 8; a definite pattern present on 
body.23 

23. Chin entirely black.C. tigris aethiops 

Chin mottled, spotted or lacking the black coloration.24 

24. Ventrum predominately white but with black flecks... 
.C. tigris reticuloriens 
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Ventrum with dark spotting and blotching.25 

25. Posterior stripes vague; chin white with large black spots covering 

more than 5 scales.C. tigris multiscutatus 

Lateral stripes vague; chin white with small black spots covering 5 

or less scales.C. tigris mundus 

26. Dorsum with rows of black spots.C, tigris tigris 

Dorsum with blotched pattern.C. tigris stejnegeri 

27. Dorsum with evidence of 4-8 lines.C. tesselatus 

Dorsum with evidence of 10-14 lines.C. dixoni 

Fig. 1. Distribut ion of 
Cnemidophorus flagellicaudus (l), and C. exsanguis (2), 
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Fig. 2. Distribution of 
Cnemidophorus tigris mundus (3) > C, t. multiscutatus (h) , C,t. 

tigris (5), C. t. septentrionalis (6), C. t. gracilis (7)> 
t. marmoratus (8) , and (7. t. reticuloriens (9) . 

Fig. 3. Distribution of 
Cnemidophorus burti xanthonotus (10), C. b. stictogrammus (11), 
C. inornatus arizonae (12), and C. gularis gularis (13)* 
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Fig. k. Distribution of 
Cnemidophorus tigris aethiops (14) , C, inomatus heptagrarmus 
(15), and C. laredoensis (16). 

Fig. 5. Distribution of 
Cnemidophorus uniparens (17), C. tesselatus (18), and C, sca- 
laris septemvittatus (19). 
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Fig. 6. Distribut ion of 
Cnemidophorus hyperythrus beldingi (20), C. sonorae (21), C, 
velox (22), C, neomexicanus (23), C. dixoni (24), C. sexlinea- 
tus viridis (25), and C. s. sexlineatus (26). 
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THE ADAPTIVE SIGNIFICANCE OF EGG MORPHOLOGY IN TWO TURTLES 

(CHRYSEMYS PICTA AND TERRAPENE CAROLINA) 

John K. Tucker, Richard S. Funk and Gary L. Paukstis 

ABSTRACT 

Parameters of eggs, hatchlings, and female parents were analyzed 

and compared to each other. The larger (ri > 9) clutches of 

Chrysemys picta eggs were found to be significantly more vari¬ 

able in length than width. This appears to be true of smaller 

C. picta and Terrapene Carolina clutches as well. Decreased 

variability in egg width appears to be due to selection for the 

widest egg that can be laid and selection against producing 

eggs that are too large to pass through the pelvic canal. Egg 

width in C. picta was found to be positively correlated with 

plastral length of the female parent. Egg width and egg weight 

in T. Carolina were found to be positively correlated with fe¬ 

male plastral length. Egg length, however, was not correlated 

with either female plastral length or any of the hatchling 

parameters measured. Egg width and egg weight are positively 

correlated with hatchling parameters showing that the heaviest 

and widest eggs at laying produce the heaviest and largest 

hatchlings. Correlations between measurements of eggs taken 

after 42 days of incubation and hatchling parameters are either 

not significant or are of reduced significance compared to 

measurements taken of the same eggs immediately at laying. This 

is apparently due to water absorption at varying rates. 

INTRODUCTION 

Much has been published on clutch size, reproductive potential and 
its variation, incubation periods, andother aspects of the reproductive 
biology of turtles (see summaries in Carr, 1952, and Ernst and Barbour, 
1972). No studies, however, have considered the significance of the 
morphology of theegg in relation tothefemale parent and the hatchling. 
The present paper presents an ana 1ysis of the morphological variation of 
eggs and its possible adaptive significance in two turtles, Terrapene 
Carolina and Chrysemys picta. 

MATERIALS AND METHODS 

The C. picta were collected at Lake Sara, Effingham Co., Illinois 
during May 1976 by dipnet, hooptraps, andmuddling. C. picta from Effing¬ 
ham Co., Illinois are classified as intergrades between C. p. marginata 
and C. p. bellii by Smith (1961). Eggs were removed from the oviducts 
shortly after the turtles were captured. Egg 1ength and maximum egg width 
were measured with vernier calipers to the nearest 0.1 mm immediately 
after remova1 from theoviducts. Measurements of oviducal eggs that lacked 
well calcified shells are not included in this study. Plastron length 
was measured with a mm rule and rounded to the nearest 1.0 mm. Due to 

! 
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unfavorable conditions during incubation only two clutches hatched and 
some of thehatchlings were grossly abnormal. Consequently no data could 
be collected on hatchlings. Weights of the eggs could not be taken for 
the C. picta. 

The T. Carolina were col 1ected in Gu1fand Franklin Counties,Florida 
and are identifiable as T, c.major (Milstead, 1969). All were collected 
while crossing roads andwere maintained alive for up to one week. Three 
turtles laid eggs in relatively dry sandy soil after they were returned 
to Illinois. All of the other eggs were dissected from oviducts. Eggs 
were measured with dial calipers immediately after being dissected out 
of the oviducts or after they were discovered in the case of those act¬ 
ually laid. Laid eggs were measured within 2k hr of laying as turtles 
were checked daily. Egg measurements were rounded tothenearest 0.1 mm. 
Eggs were weighed shortly after being found or removed from oviducts. 
Seventeen of the eggs were measured and weighed a second time after k2 
days of incubation had passed. Hatchlings were weighed shortly after 
they were out of the egg. All weights were rounded tothenearest 0.1 gm. 
Each egg in a particular clutch was numbered so that it could be recog¬ 
nized at a later date. Eggs were incubated in air filled plastic bags 
with damp paper towelling as a substrate. After thefirst clutch hatched, 
eggs were piaced in individual bagssothat hatchlings cou1d beidentified 
with egg numbers after hatching. Eggs were incubated at 28t2°C except 
for a one week period when an air conditioning failure allowed tempera¬ 
tures to often exceed 32°C. Carapace width and carapace length were 
measured and analyzed for hatchlings. Some turtles (3) pipped the eggs 
and then died; these were also weighed and measured. Living hatchlings 
were allowed to retract the yolk sac and expand the shell after which 
they were preserved. Hatchling measurements were made with vernier cal¬ 
ipers and are rounded to the nearest 0.1 mm. The specimens on which this 
report is based are preserved in the research collections of J. K. Tucker 
and R. S.Funk. Two previously reported clutches (Tucker and Funk, 1977) 
are included in this study. Locality and collecting data are included 
in the appendix. 

The statistics used in this paper include an F_ test and linear re¬ 
gression by the least squares method (Simpson et at., I960). The term 
significant refers to statistical significance at a 95% level orgreater 
in a two tailed test of statistical significance. 

RESULTS 

Chrysemys picta. - The variance of egg length was compared to that 
of egg width for 29 clutches of eggs (Table 1). In 20 of 29 tests the 
variance in egg 1ength was significant 1y greater than that of egg width. 
Among larger clutches (9 eggs or more) egg length variance was signifi¬ 
cantly greater than egg width variance in 10 of 11 tests. Regression 
analysis of egg parameters was performed for the total sample (N_ = 29 
clutches) and for 12 clutches taken from females living in one area of 
the lake. Correlation coefficients and their levels of significance for 
the comparisons made for the total sample and for the restricted sample 
are in Tables 2and3- Regression lines that are associated with statis¬ 
tically correlation coefficients are also statistically different from 
0 at the 95% level (Fig. l). 
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Figure 1. Relationship of female 
plastron length tomean egg length 
(open circles) andmean egg width 
(closed circles) in Chrysemys 

picta, Equation for line where 
Y = mean egg width and X = plas¬ 
tron length is Y = 0.05X + 9*62. 

TABLE 1. Clutch size, Rvalues and their significance, and average di¬ 
mensions of 29 egg clutches of Chrysemys pieta from Lake Sara. 
* Denotes turtles from the west end of the lake. 

CLUTCH 
SIZE F_ P_ 

MEAN EGG SIZE 
L X W (mm) 

PLASTRON 
LENGTH (mm) 

5 2.67 P > 0.05 30.6 X 14.6 129 
5 2.38 P > 0.05 28.0 X 14.8 131 
5 6.82 P < 0.05 28.4 X 16.0 120 

5 2.50 P > 0.05 32.0 X 17.2 134 

5 6.50 P < 0.05 30.4 X 14.8 128 
6 1 .49 P > 0.05 30.0 X 15.7 130 
6 4.68 P < 0.05 31.1 X 17.0 135 
7 26.86 P < 0.05 30.6 X 16.0 140 

7 3.97 P < 0.05 32.4 X 16.7 137 
7 3.28 P > 0.05 31.4 X 16.4 146 

7 6.72 P < 0.05 32.6 X 16.6 135 
7 6.00 P < 0.05 28.3 X 16.8 * 145 

7 1.97 P > 0.05 29.7 X 17.6 137 
7 11.50 P < 0.05 28.3 X 15.1 137 
8 1.08 P > 0.05 30.0 X 16.6 137 
8 1.46 P > 0.05 29-9 X 16.5 * 144 
8 7.56 P < 0.05 28.4 X 16.1 147 
8 11.36 P < 0.05 29.2 X 15.2 145 
9 5.13 P < 0.05 29.4 X 17.2 146 

9 7.83 P < 0.05 30.1 X 17.1 * 158 

9 4.00 P < 0.05 27.2 X 17.1 * 143 
10 3.63 P < 0.05 29.2 X 15.5 * 134 
10 6.74 P < 0.05 30.6 X 17.4 * 148 
11 6.56 P < 0.05 31.4 X 16.6 * 153 
11 3.84 P < 0.05 31.7 X 16.2 * 149 
12 3.32 P < 0.05 28.6 X 16.7 * 154 
12 3.25 P < 0.05 31.3 X 17.7 * 166 
12 5.28 P < 0.05 28.7 X 17.2 * 153 
13 1.85 P > 0.05 29.1 X 15.7 * 144 
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TABLE 2. Correlation coefficients between egg parameters and female 
plastron length for 29 clutches of oviducal eggs of Chrysemys 
picta. 

CLUTCH SIZE PLASTRON LENGTH EGG WIDTH 

EGG 
LENGTH 

r = -0.09 r = 0.05 r = 0.22 

EGG 
WIDTH 

r = -0.30 r = 0.54* 

PLASTRON 
LENGTH 

r = 0.78* 

*Denotes statistical significance. 

TABLE 3. Correlation coefficients between egg parameters and female 
plastron length for 12 clutches of oviducal eggs of Chrysemys 
picta collected in the west end of Lake Sara. 

CLUTCH SIZE PLASTRON LENGTH EGG WIDTH 

EGG 
LENGTH 

r = 0.24 r = 0.45 r = 0.07 

EGG 
WIDTH 

r = - 0.10 r = 0.71* 

PLASTRON 
LENGTH 

r = 0.22 

*Denotes statistical significance. 

Terrapene Carolina. - Since clutch size is relatively small in T. 
Carolina as compared to C, picta no attempt was made to compare variances 
of egg widths and lengths within clutches. Regression analyses of egg 
parameters with those of the female parent and the hatchling were done. 
Female plastral length is positively correlated withmeanegg weight and 
mean egg width but not mean egg length,mean hatchling weight, or clutch 
size (Table 4, Figs. 2-3). Egg weight is positively correlated with egg 
length and egg width (Table 5, Figs. 4-5). However, egg width is not 
correlated with egg length. The correlation coefficient for egg width 
on egg weight is significantly (t_= 8.43, p < 0.001, 66 df) higher than 
that for egg length on egg weight. Correlation coefficients for compar¬ 
isons involving egg parameters measured immediately after laying (or 
removal from oviducts) and hatchling measurements are in Table 6 and 
Figures 6-11. Egg width and egg weight are strong 1y correlated with each 
of the hatchling parameters. Egg length, however, showed no correlation 
with hatchling parameters. Hatchling parameters all showed strong cor¬ 
relations with each other (Table 8). Correlation coefficients for 17 
eggs which were remeasured 42 days after starting incubation are very 
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TABLE 4. Correlation coefficients between plastron length and mean egg 
and hatchling parameters in Terrapene Carolina. 

EGG WEIGHT EGG WIDTH EGG LENGTH CLUTCH SIZE 
X WEIGHT 

HATCHLING 

r = 0.60* r = 0.60* r = 0.14 r = 0.21 r = 0.31 

*Denotes statistical significance. 

Figure 2. Relationship of female 
plastron 1ength tomean eggweight 
in Terrapene Carolina. Equation 
for linewhere Y = mean egg weight 
and X -- plastron length is Y = 
0.10X - 4.10. 

Figure 3• Relationship of female 
plastron 1ength to mean egg 1ength 
(open ci rcles) and mean egg width 
(closed circles) in Terrapene 

Carolina. Equation for line where 
Y = mean egg width and X = plas¬ 
tron length is Y = 0.09X + 9.02. 

TABLE 5. Correlation coefficients between 
Terrapene Carolina. 

egg parameters measured in 

EGG LENGTH EGG WIDTH 

EGG WEIGHT r = 0.57* r = 0.82* 

EGG WIDTH r = 0.10 

*Denotes statistical significance. 
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Figure 4. Relationship of egg 
weight to egg 1ength (open circles) 
andeggwidth (closed circles) in 
Terrapene Carolina. Equation for 
line (upper one) where Y = egg 
length and X = egg weight is Y = 
0.89X +27.76. Equation for lower 
line where Y = egg width and X = 
egg weight is Y = 0.77X + 14.05. 
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Figure 5. Scatter diagram of egg 
length and egg width in Terrapene 
Carolina. Equation not givensince 
correlation and regression co¬ 
efficients are not significant. 

TABLE 6. Correlation coefficients between egg parameters and hatchling 
parameters when measured shortly after 1 aying orafter removal 
from oviducts in Terraipene Carolina. 

EGG WIDTH EGG WEIGHT EGG LENGTH 

HATCHLING 
CARAPACE 
WIDTH 

r = 0.55* r = 0.68* r = 0.35 

HATCHLING 
CARAPACE’ 
LENGTH 

r = 0.60* r = 0.61* r = 0.22 

HATCHLING 
WEIGHT 

r = 0.72* r = 0.79* r = 0.36 

*Denotes statistical significance. 
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different from those made immediately after the eggs were removed from 
the oviducts (Table 7). Egg width is no longer correlated with any of 
the hatchling parameters (Figs. 6 -8). Egg weight is correlated with 
hatchling carapace width and hatchling weight (Figs. 9”11) but not with 
hatchling carapace length. The correlation coefficients for egg weight 
on hatchling carapace width and hatch 1ing weight are significantly lower 
than those for the first made measurements (t_= 4.71, p < 0.001, 38 df; 
t_= 3.09, p < 0.001, 38 df; respectively). Egg length is not correlated 
with any of the parameters. All regression lines for comparisons with 

statistically significant correlation coefficients are significant and 
do not contain 0 at the 95% level. 

Figure 6. Relationship of egg 
width andhatchling carapace len¬ 
gth at laying (circles) and 42 
days post- laying (squares) in 
Terrapene Carolina. Equation for 
line (at laying) where Y = hatch¬ 
ling carapace length and X = egg 
width is Y = 1.25X + 3.72. 

©gg width (mm) 

Figure 7. Relationship of egg 

width and hatchl i ng carapace wi dth 
at laying (circles) and 42 days 
post-laying (Squares) in Terrapene 
Carolina. Equation for line (at 
laying) where Y = hatchling car¬ 
apace width and X = egg width is 
Y = 1.20X + 0.60. 
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Figure 8. Relationship of egg 
width and hatch 1ing weight at lay¬ 
ing (circles) and 42 days post¬ 
laying (squares) in Terrapene Car¬ 
olina. Equation for 1ine (at lay¬ 
ing) where Y = hatchling weight 
and X = egg width is Y = 0.57X - 

4.87. 

Figure 10. Relationship of egg 
weightand hatch 1 i ng carapace wi dth 
at laying (circles) and 42 days 
post -laying (squares) in Terra- 
pene Carolina. Equation for line 
a (at laying) where Y = hatchling 
carapace width and X=egg weight 
is Y = 1.30X + 13.12. Equation 
for line b (42 days post-laying) 
where Y =hatchling carapace wi dth 
and X = egg weight is Y = 0.70X 

+ 19.55. 

Figure 9. Relationship of egg 
weight and hatchling carapace len¬ 
gth at laying (circles)and 42days 
post-lay ing (squares) in Terrapene 
Carolina. Equation for line (at 
laying) where Y = hatchling car¬ 
apace length and X = egg weight 
is Y = 1 .17X + 19.05. 
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Figure 11. Relationship of egg 

weight and hatchling weight at 
laying (circles)and 42 days post¬ 
laying (squares) in Terraipene Car¬ 
olina, Equation for line a (at 
laying) whereY = hatchling weight 
and X = egg weight is Y = 0.56X + 
1.67. Equation for 1 ine b (42 days 

post-laying) where Y = hatchling 
weight and X = egg weight is Y = 
0.45X + 2.34. 

TABLE 7. Correlation coefficients between egg parameters and hatchling 
parameters when measured after 42 days of incubation in Terra¬ 
ipene Carolina. 

EGG WIDTH EGG WEIGHT EGG LENGTH 

HATCHLING 
CARAPACE 
WIDTH 

r = 0.26 r = 0.46* r = 0.04 

HATCHLING 
CARAPACE 
LENGTH 

r = 0.07 r = 0.28 r = 0.13 

HATCHLING 
WEIGHT 

r = 0.40 r = 0.62* r = 0.28 

*Denotes statistical significance. 

TABLE 8. Correlation coefficients between hatch 1ing parameters measured 
on Terrapene Carolina. 

HATCHLING CARAPACE HATCHLING CARAPACE 
LENGTH WIDTH 

HATCHLING WEIGHT r = 0.81* r = 0.76* 

HATCHLING CARAPACE 
WIDTH 

r = 0.85* 

*Denotes statistical s i gnificance. 
1 
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DISCUSSION 

In C. piota the egg width is much less variable than the egg length 
within a given clutch. This was confirmed statistica11 y for larger clutches 
and our raw data suggest that the same thing is true for smaller clutches 
of both C. piota and T. Carolina. The exact cause or causes of this can¬ 
not be determined but one likely explanation that is consistent with our 
other results can be suggested. The size of the pelvic canal through 
which the eggs must pass could place a very important constraint on egg 
width at laying. It would be obviously maladaptive to produce eggs that 
are too large to pass through the pelvic canal. The positive correlation 
between egg width and plastron length in both C. piota and T. Carolina 
apparently reflects this. The reduced amount of variation in egg width 
when compared to egg length may result from selection for-maximal sized 
eggs which is 1imited on the upper extreme by selection against producing 
eggs that are too large to lay. ‘This assumes that plastral length is an 
adequate though indirect measure of pelvic canal capacity. Maximizing 
egg width would also allow the largest sized follicles possible to be 
enclosed bytheegg shell. Since the fol1icles are essentially spherical, 
the length of the egg would not be as critical as long as it surpassed 
the width of the egg. 

Egg width is closely correlated with hatchling size in T. Carolina 
and possibly in other turtles as well. Consequently, laying as wide an 
egg as is possible may offer a selective advantage because it allows 
larger hatchlings to be produced. Larger hatchlings might have an advan¬ 
tage over smaller ones inavoiding predators. Larger hatchlings may also 
be able to emerge from the nest more easily than smaller ones and would 
be abletostore larger amounts ofyolk upon hatching than smaller hatch¬ 
lings. Larger hatchlings may also have an advantage in greater mobility 
and they may be able to subdue both larger and more kinds of prey items 
than smal1er ones. 

Gibbons and Tinkle (1969) found that C. piota lays fewer eggs,grow 
more slowly, and reach smaller sizes in areas where conditions are not 
as good as compared to areas where conditions aremore favorable. Gibbons 
and Tinkle (1969) alsofound that clutch size and pi astra1 length are not 
correlated with each other within a single area. If females from several 
areas are considered together, however, then clutch size is positively 
correlated with plastral length. In the C. piota we studied the total 
sample shows apositive cor rel at i on between clutchsize andplastral length 
while turtles from only one area of the lake show no significant corre¬ 
lations between clutch size and plastral length. In the T. Carolina we 
studied we found no correlat ion between clutch size and plastral length. 
These observations suggest that clutch size and plastral length are re¬ 
lated to each other and to environmental conditions in a complex manner. 
The environmental conditions in a particular area appear to control the 
plastral 1engthreached byfema1es inthatarea (Gibbons andTinkle, 1969). 
Follicle size which iscorrelated with plastral length isthen maximized. 
If hatchling size were not important it would seem that turtles would 
lay larger numbers of smaller sized eggs thereby compensating for the 
reduction in size and energy availability in less favorable areas. 

Plastron length while closely correlated with egg width and egg 
weight is not correlated with either clutch size or egg length. In C. 
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picta the total sample shows a positive correlation between clutch size 
and plastral length but this is an artifact identical to that reported 
by Gibbons and Tinkle (1969)- If turtles from only one area of the lake 
are consideredclutch size i s not correlated wi th pi astral length. Further 
notes on the reproductive potential of these two turtles will be presented 
in separate papers. In T. Carolina clutch size is not correlated with 
plastral length. Iverson (1977) correlated clutch size and plastral 
length interspecifica11y based on data from Florida turtles. While the 
correlations he pointed out are valid in a general way, they are really 
of little value since 1) turtle reproductive potential is distinct from 
clutch size (see Moll, 1973) and 2) intraspecific variation is so great 
that togather meaningful data individual populations must bestudied and 
compared. Iverson (1977) also used an index to quantify egg size that was 
based on length and width of eggs and on maximum carapace length of the 
turtle species. Since we have shown that only width can be meaningfully 
compared to the parent, his index is probably useless and could possibly 
mask relationships if the lengths of other turtle eggs areas widely var¬ 
iable as they are in C. picta and T. Carolina. 

Turt 1 e eggs have the ab ? 1 i ty to ga i n or 1 oose water from the surround¬ 
ing substrate (Cunningham and Hurwitz, 1936; Cunningham and Huene, 1938). 
This expansion in T. Carolina occurs mostly inwidth rather than length. 
In the 17 fertile eggs that we measured twice few changed significantly 
in length but all eggs increased in width. This increase in width may 
not directly influence the size of the hatchling as is suggested by the 
lack of correlation of all 42 day egg parameters except weight with the 
hatchling parameters. We made no attempts, however, to control the water 
content of the incubation substrate. Since the eggs were incubated in 
bags which f i rstcontained entire clutches and then single eggs and since 
both the sizes of the clutches and no doubt the moisture content of the 
substrates varied allowing each bag toact as a separate system, any re¬ 
lationships between post-laying egg parameters and hatchling parameters 

could have been clouded by variation in theamount of water available to 

the eggs. More closely controlled systems could possibly yield different 
results. Packard &t al. (1977) point out that it may be very difficult 
to adequately design systems to study water uptake by reptilian eggs. 
However, Cunningham and Huene (1938) suggested that little of the water 
absorbed by reptile eggs (including those of C. picta and T. Carolina) is 
incorporated into the hatchling. Packard et al. (1977) found that in 
some cases water absorbed aftereggs were laidwas incorporated i nto hatch- 
lings since newly hatched reptiles may weigh more than the freshly laid 
eggs from which they hatched. In all cases the T. Carolina eggs we ob¬ 
served weighed more when freshly laid than did the hatch 1 Ings from those 
eggs. Apparently eggs must be measured and weighed immediately after 
being 1 aid or removed from the oviducts to get measurements that will be 
comparable to those of the female and the hatchlings produce by the eggs. 
Although it is a small sample we were able to observe two eggs out of a 
clutch of three that were inferti1e when candled two weeks after laying. 
The measurements of inferti1e eggs (Table 9) did not increase to any great 
extent while those of theone fertile egg did. The lack of size increase 
in eggs without viable embroys suggests that swelling in T. Carolina is 
not simply due to diffusion of water across the egg shell in a passive 
manner. It may indicate that some sort of active transport of water 
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occurs. Other evidence for active transport of water into reptilian eggs 
is reviewed by Packard et al. (1977). 

TABLE 9. Comparison of degree of change inegg parameters within a single 
clutch of Terrapene Carolina eggs containing one fertile egg 
(*) and two infertile eggs. 

EGG NUMBER EGG LENGTH EGG WIDTH EGG WEIGHT 
INITIAL 42 DAY INITIAL 42 DAY INITIAL 42 DAY 

1* 37.9 38.1 21.6 26.1 10.5 13.4 

2 39.2 39.4 21.3 21.3 10.7 10.5 

3 38.9 40.0 21.0 21.0 10.5 10.5 
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APPENDIX 

Collecting data on female T. c.major studied in this report are as 
follows: 16 May 1977, 6.6 km SE of W end Fla. Hwy. 30, Gulf Co.; 16 May 

1977, on Fla. Hwy. 71, 3-2 km NE jet. U.S. Hwy. 98 and Fla. Hwy. 71 in 
Port St. Joe, Gulf Co.; 17 May 1977, on Fla. Hwy. 30 2.4 km E Gulf Co. 
line, Franklin Co.; 17 May 1977, on Fla. Hwy. 71, 13.2 km NE Port St.Joe 
city limits; 12 June 1977, 3.4 km W of Gulf Co. line on Fla. Hwy. 30; 12 
June 1977, 1.1 km E jet. Fla. Hwy. 385 and U.S. Hwy. 98 on Hwy. 98, Frank¬ 
lin Co.; 12 June 1977, 3-7 km E jet. Fla. Hwy. 385 and U. S. Hwy. 98 on 
Hwy. 98, Frank 1 in Co.; 12 June 1977, 4.0 km W jet. Fla. Hwy. 30 andU.S. 
Hwy. 98 on Hwy. 30, Franklin Co.; 13 June 1977, 1.4 km W jet Fla. Hwy. 
385 and U.S. Hwy. 98 on Hwy. 98, Franklin Co.; 8 June 1977, at jet Fla. 
Hwy. 385 and U.S. Hwy. 98, Franklin Co.; 12 June 1977, 1*3 km E. Frank¬ 
lin Co. line on Fla. Hwy. 30, Franklin Co.; 9 June 1977, at jet. U. S. 
Hwy. 98 and Fla. Hwy. 30, Franklin Co.; 10 June 1977, 0.2 km E Jet U.S. 
Hwy. 98 and Fla. Hwy. 385 on Hwy. 98, Franklin Co.; 11 June 1977, 4.3 km 
E jet. U.S. Hwy. 98andFla. Hwy. 30 on Hwy. 30, Gulf Co.; 11 June 1977, 
0.3 km S jet. Coast Guard Station Rd. andFla. Hwy. 30E, on Station Rd., 
Gulf Co.; 11 June 1977, 1.0 km N jet. Fla. Hwy. 385 and U. S. Hwy. 98, 
on Hwy. 385; Franklin Co.; 12 June 1977, at jet. U. S. Hwy. 98 and Fla. 
Hwy. 385 on Hwy. 98 Franklin Co. 
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REPRODUCTIVE POTENTIAL OF THE GULF COAST BOX TURTLE 

TERRAPENE CAROLINA MAJOR 

John K. Tucker, Richard S. Funk and Gary L. Paukstis 

ABSTRACT 

The mean annual reproductive potential for Terrapene Car¬ 
olina major from Franklin and Gulf Counties, Florida was found 

to be 7.26 eggs/female/season utilizing a conservative estimate 

and 9.25 eggs/female/season utilizing a less conservative esti¬ 

mate. Examination of reproductive tracts suggests that T. c. 
major commonly lays more than one clutch per season and may lay 

lay up to 5 clutches within a single season. T. c. major appears 

to maximize the advantages of laying multiple clutches by laying 

small clutches of relatively large eggs. At least some aquatic 

emydids lay clutches that contain smaller, more numerous eggs 

than reported for T. c. major. Maximizing egg number laid per 

clutch at the expense of hatchling size and loss of the advan¬ 

tage of multiple nestings appears to explain this difference. 

With the except ion of comments on clutch size by Carr (1952) and on 
the eggs and hatch 1ings by Tucker and Funk (1976, 1977), nothing is known 
of the reproductive biology of Terrapene Carolina major. For that matter 
very little i sknown of the reproductive biology of T. Carolina as a whole 
except for notes on clutch size, egg size, and hatchling morphology. No 
studies similar to those on aquatic emydid turtles (see Gibbons, 1968; 
Gibbons and Tinkle, 1969; Christiansen and Moll, 1973; Moll, 1973 for 
example) have been done. Consequently, studies of T. Carolina are of 
considerable interest sinee they a 1 1 ow comparisons of reproductive strat¬ 
egies of terrestrial and aquatic emydid turtles. The present paper re¬ 
ports data gathered on the reproductive potential of T. c. major from 
Gulf and Franklin Counties, Florida. 

MATERIALS AND METHODS 

Adult fema1e boxturt1es were collected in MayandJune 1977 in Gulf 

and Franklin Counties, Florida. More detailed collecting data are in 
Tucker et al. (1978). Three individuals laid eggs after being returned 
to Illinois. Eggs were dissected from oviducts of the remaining females. 
All fema1es weredissected. The ovaries were removed; corpora lutea were 
counted; enlarged follicles and preovulatory follicles were counted and 
measured. Nomenclature for follicles follows Moll (1973) with the following 
exceptions. Preovulatory follicles are those greater than 20 mm in dia¬ 
meter. Enlarged follicles are smaller than 20 mm but larger than 13 mm 
in diameter. The smallest ovulated follicle observed was 20 mm in dia¬ 
meter. Follicles were measured with dial calipers; measurements were 
rounded to the nearest 0.1 mm. Clutch size was estimated by egg counts, 
counts of corpora lutea, and counts of groupings of preovulatory and en¬ 
larged follicles. Since it appears that T. c. major usually lays more 
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than one clutch per season, clutch size is not a measure of mean annual 
reproductive potential (sensu Christiansen and Moll, 1973; Moll, 1973). 
The number of clutches laidbyeach turt1e wasestimated inthesame manner 
used by Moll (1973). In order of reliability these are multiple sets of 
corpora lutea and sets of preovulatory follicles. These were used to 
calculate a conservative estimate of annua 1 reproductive potential. Since 
no information is available that pin points the end of the laying season 
in this turtle, it is doubtful that enlarged follicles measured in this 
study would have had time to reach ovulatory size and be laid in turtles 
collected in the last month of the laying season as it is now known. Con¬ 
sequent 1 y, we computed a lessconservative estimate of annual reproductive 
potential by including data on sets of enlarged follicles. Multiple 
nestings by a single individual of T. c. major have not been observed but 
two sets of corpora lutea in a single turtle is good evidence for this 
(Moll, 1973). Annual reproductive potential is the total number of eggs 
produced by an average female per year (Christiansen and Moll, 1973). 

RESULTS 

Table 1 contains estimates of annua 1 reproductive potential and num¬ 
ber of clutches per year. Of 32 eggs observed 90.1% were fertile when 
laid as determined by candling theeggs within two weeks after the start 
of incubation. Of these fertile eggs 89.6% hatched. 

Table 1. Estimates of annua 1 reproductivepotentia 1 and number of clutches 
produced by Terrapene Carolina major. Upper estimate is con¬ 
servative; lower one uses data from enlarged follicles. 

X 

clutch size 

N_ 

(?? turtles) 2 

No. clutches 
% ?? producing 

3 4 5 eggs/?/yr 

2.73 18 94 61 11 0 7.26 

2.69 18 94 83 50 11 9.25 

DISCUSSION 

T. c. major, like many of the more widely studied aquatic emydid 
turtles, commonly lays more than one clutch of eggs per season. Some 
turtles laid at least three clutches and others would have laid four or 
five. The average annual reproductive potential of T. c. major in this 
area of Florida is 7.26 eggs/female/year. It is more likely that we have 
underestimated rather than overestimated the reproductive potential of 
T. c. major. This would be the case if corpora lutea for early clutches 
had hadt ime to be obliterated before the turtles were collected. Altland 
(1951) and Mol 1 and Leg 1er (1971) found that corpora 1utea of ear 1y clutches 
of T. Carolina and Pseudemys scripta, respectively, may be obliterated 
before the end of the laying season. We also did not include enlarged 
follicles which may have represented clutches to be laid in this season 
assuming reproductive activity were to continue beyond the first week in 
June. If counts of these secondary follicles are included (Table l) then 
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the mean annual reproductive potential would be 9*25 eggs/female/season. 
The average annual reproductive potential of T. c.major probably liesbe- 
tween ourconservative estimate and the estimate us i ngen1arged follicles. 

Iverson (1977) proposed a hypothesis that terrestrial turtles have 
differing reproductive strategies than do the aquatic turtles that he 
studied based on inferences about the reproductive potential of T. Car¬ 
olina and Gopherus polyphemus. Iverson (1977) suggested that these two 
species laid but one clutch per season. We doubt this for T. Carolina 
in light of our findings. Iverson (1977) never stated whether he examined 
reproductive tracts or simply counted eggs in the small sample of T. Car¬ 
olina he studied. Legler (1958) who examined reproductive tracts of T. 
Carolina from peninsular Florida and Mississippi found evidence of mul¬ 
tiple clutches. As far as we can determine no published study reports 

data gathered on the reproductive tracts of G. polyphemus and Iverson 
(1977) did notexamine any specimens of this species. Consequently, the 
reproductive potential of G. polyphemus is unknown. Considering that the 
reproductive activity of this species continues from April to mid-July 
(Ernst and Barbous, 1972) and thus parallels that of other turtles that 
are known to produce several clutches per season, it seems likely that 
study of the reproductive tracts of this species will disclose that it 
too lays multiple clutches. Iverson's (1977) hypothesis concerning low 
reproductive potential interrestria 1 turtles is based on incomplete re¬ 
productive data and is therefore of questionable validity. 

If our range ofestimated annual reproductive potential isaccurate, 
it is obvious that T. c. major has a lower reproductive potential than 
most of the other aquatic emydids which layasmany or more clutches per 
year and have larger average clutch sizes (see Iverson, 1977, for data 
on Floridean emydids and our Table 2). Although reproductive potential 
may be lower the adaptive strategy adopted by at least one terrestrial 
emydid may compensate for the reduced number of eggs layed. Terrestrial 
emydids are adapted for life on land while aquatic emydids are not. Thus 
when an aquatic emydid comes ashore for oviposition it is exposed to dan¬ 
gers that are not normally encountered, such as terrestrial predators, 
desiccation, overheating, and maintaining orientation. Consequently, it 
would be to the female's advantage to lay as many eggs as possible in as 
few trips as possible. Any tendency to lay large numbers of eggs at one 
time would be at least partially counterbalanced by the advantage of mul¬ 
tiple nestings which may be to reduce the impact of nest predation on 
reproductive output for that particular season (Moll, 1973). Terrestrial 
emydids which spend their time on land anyway would not face similar un¬ 
usual dangers and thus could deposit several smaller c1utches of eggs to 
maximize the advantages of multiple nestings. Although T. c. major lays 
relatively sma 1 1 clutches, theeggs are relatively large compared to eggs 
of aquatic emydids. Even the larger emydids lay eggs that are either 
smaller than or about the same size as those of T. c. major and other 
Terrapene (Table 2). Tucker et al. (1978) have shown that egg size in 
at least T. c. major is strongly correlated with hatchling size. Larger 
hatchlings may be better able to survive than smaller ones for a number 
of reasons pointed out by Tucker et al. (1978). T. c. major while laying 
fewer eggs per clutch maximizes both the advantages of multiple clutches 
and the size of the hatchling which may compensate fordifferences between 
reproductive efforts between aquatic emydids and T. c. major. It seems 
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to us that comparisons of reproductive strategies of more distantly re¬ 
lated turtles would be premature unti 1 more data based on examination of 
reproductive tracts are available. Also the effects of latitude (see 
Moll, 1973) and environmental conditions (see Gibbons and Tinkle, 1969) 
on variation in reproductive potential within a species must be studied 
in many more species of turtles before any comprehensive understanding 
of the reproductive strategies of turtles can be achieved. 

Table 2. Comparison of egg size, clutch size, and reproductive potential 
for some aquatic emydids and species of Tervapene. 

SPECIES £ x EGG x EGG x EGG X RANGE PLASTRON 

(REFERENCE) WIDTH 
(mm) 

LENGTH 
(mm) 

WEIGHT 
(gm) 

CLUTCH SIZE EGGS/?/YR LENGTH MATURE $? 
(mm) 

Tervapene Carolina 
major (1) 21.3 37.8 11.2 2.69-2.73 7.26-9.25 132-162 

Tervapene omata 
omata (2) 21.7 36.1 10.1 3.5-4.7 5.86* 107-139 

Pseudemys scripta 
elegans-111. (3) 21.6 36.2 9.7 9.3 - 160-260 

Chrysemys piota 
bellii-Wis. (4) - 31.1 - 10.7 17.28 136-185 

C. p. bellii X C. 
p. marginata-111.(4) - 32.0 - 8.7 20.31 130-165 

C. p. marginata X 
C. p. dorsalis-Tenn. 
(4) 31.8 4.8 14.74 108-151 

C. p. dorsalis. 

w - 30.0 - 4.1 12.92 100-131 

C. p. marginata X 
C. p. bellii-111. 
(5) 16.4 30.4 8.1 120-166 

'“Calculated by us from Legler 1 s (1960) data. References: 1, present paper; 2, 
Legler (i960); 3, Cagle (1944); 4, Moll (1973); 5, Tucker, unpublished). 
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PLANTS AS INDICATORS OF OCCURRENCE OF TWO SYMPATRIC 

PLETHODON SPECIES 

Thomas K. Pauley 

ABSTRACT 

The percentage of occurrence of the two study salaman¬ 

ders, Plethodon wehrlei and Plethodon cinereus, was 

found to vary from east to west in the area studied. 

P. wehrlei was more abundant in the eastern 90 meters 

of the study area and its occurrence tended to corre¬ 

late with an understory of red maple-sourwood and a 

ground cover of numerous shrubs rather than herbs. In 

contrast, P. cinereus was more abundant in the western 

area and its occurrence tended to correlate with an 

understory of sugar maple-beech and a ground cover of 

herbs rather than shrubs. 

INTRODUCTION 

Several investigators have studied the habitat of Plethodon cin¬ 
ereus. Heatwole (1962) compared two popu1 ations of P. cinereus occurring 
in different forest types, i.e., beech-maple forest and an oak-pine-aspen 
forest. He found that pi ant cover indirectly inf1uenced the 1 oca 1 distri¬ 
bution of P. cinereus by affecting the temperature and moisture content 
of the substrate. The literature is virtually devoid of any such studies 
on P. wehrlei or, more particulary, a comparison of microdistribution 
between two sympatric Plethodon species dissimilar in size. 

The purpose of this present study was to assess the reliability of 
microdistribution of flora as Plethodon indicators. 

DESCRIPTION OF THE STUDY AREA 

This study was conducted two miles west of the Harrison -Doddridge 
County line in West Virginia. The elevation ranges from 274 meters to 
366 meters. This area is well positioned within the overlapping ranges 
of P. wehrlei and P. cinereus. 

The study area hadfive microreliefs: a bench near the bottom (Bench 
1), a slope with a 38° inclination (Slope l), a second bench (Bench II), 
a second s 1 ope wi th a 34° inclination (S1 ope I I) , and a third bench (Bench 
III) near the top of the study area. Hereafter, these microreliefs will 
be referred to as Bench I, Slope I, Bench II, Slope II, and Bench III 
respectively. Slope I encompassed the largest area and the biota showed 
the greatest diversity. Therefore, this slope was divided into an upper 
section, Slope I-A, and a lower section, Slope 1-B. 

The total area studied (Fig. l) was somewhat triangular in shape, 
approximately 137 meters at the bottom and 198 meters at the top. Hor¬ 
izontally, the eastern 122 meters to 145 meters faced northwest and the 
western 15 meters to 53 meters faced north. The eastern areawas bordered 
by a right-of-way that lead to a hoi lowwhich was approximately 154 meters 
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in width; because of these physical conditions, insolation and drying, 
due to wind, are greater in this area. The western edge was shaded by an 
adjacent hill; these two areas were separated by a steep, narrow ravine. 

The moisture content of the western section was greater than that of the 
eastern section due to this shade effect and by the fact that approxi¬ 
mately 75 percent of the area drained toward the west. The remaining 25 
percent of the area drained north or downhill. Near the bottom of Slope 
l-B was a small cliff that gradually leveled off into Bench I. As a re¬ 
sult of this abrupt drop, water drainage was greater here. Because the 
first three meters of elevation were grassland, it was not included in 
this study. 

The western substratum was soil with rocks evenly distributed. The 
substratum of the eastern area was mainly sandstone rocks, thus rendering 
a rockier soil. 

Fig. 1. An outline of the study area showing 20-foot contour lines. 
Enlargement from U. S. Geological Survey topographic map, 
Smithburg quadrangle. 

METHODS AND MATERIALS 

The composition of the floral community was divided intofour strata, 
according to the classification systems of Dumas (1956), i.e., trees, 
shrubs, herbs, and mosses. For shrubs, herbs, and mosses, transects 6 
meters long and 1.5 meters wide were arranged horizonta11y every 30 meters 
and vertically every 15 meters. These transects assured a survey of the 
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vegetation for each microrelief in this study. Trees were identified and 
counted by the true census method in horizontal transects at 15_meter 
intervals. The floral study was made from the first of May to the end 
of July, and required 360 manhours. 

Salamanders were collected by turning every rock and log in belt 
transects 2 meters wide. Collections were made from 1971 to 1976 during 
all hours of the diel cycle and in all weather conditions (both rainy and 
sunny days) during the months P. wehrlei and P. oinereus are known to be 
active, i.e., March, April, May, June, September, and October. In order 
to keep bias to a mini mum, al 1 col 1ecting was done by experienced col lect¬ 
ors. This extensive method of collecting involved 972 manhours or 27 
manhours for each month the salamanders were active. 

RESULTS 

In the study of plants, only the leading dominants were computed. 
The flora percentage of distribution showed a transition from east to 
west. In the upper three microreliefs, the characteristic understory 
growth changed from a sourwood (Oxydendrum arboreum)-red maple (Acer rub- 
rum) growth in the east to a sugar maple (Acer saooharum)-beech (Fagus 
grandifolia) growth in the west (nomenclature for all plants according 
to Strausbaugh & Core, 1952). The tree cover for the entire area was 
predominately chestnut oak (Querous montana). 

Shrubs, except dockmacki e [Viburnum aoerifolium) , were more abundant 
in the eastern 90 to 120 meters. Dockmackie was more abundant in the 
western 60 meters, where the only other shrub to occur was the common 
greenbrier (Smilax rotundifolia). 

The herbaceous plants, except Solidago spp., which was concent rated 
in the most eastern transect adjacent to a right-of-way, showed a higher 
percentage of distribution in the western 90 meters, replacing the shrub 
growth. The moss cover (Dicranum sooparium and Leuoobryum glaucum) was 
abundant in the eastern 30 meters but disappeared 120 meters west. 

A greater percentage of Plethodon wehrlei was found in the eastern 
90 meters of the upper three microreliefs (Bench III, Slope II, and Bench 
II) than Plethodon oinereus, which was more abundant on the western 90 
meters (Table 1). On Slope I, P. wehrlei occurred more frequently on 
the eastern 140 meters and P. oinereus occurred more frequently on the 
western hO meters. On Bench I, distribution was somewhat even for the 
first 90 meters, with only P. oinereus being found in the western 60 
meters. In the remainder of this paper, the eastern area will be referred 
to as the P. wehrlei type habitat and thewestern area as the P. oinereus 
type habitat. 

These percentage distribution results show P. wehrlei to be more 
abundant in the area facing northwest and P. oinereus to be more abundant 
in the area facing north (Fig. 2). 

Slope I-A had a longer horizontal distribution of P. wehrlei than 
the former three microreliefs. As above, the distribution corresponded 
with the understory tree growth of red maple and sourwood. Only in the 
western 30meters did sugarmaple and beech prevail. The shrubs dominated 
for the first 120 meters after which herbs were prevalent. Also, for 
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Table 1. Percentage distribution of Plethodon wehvlei and Plethodon 
cinereus. Each set of parallel lines represents the greater 
and lesser population concentration for the respect i vespecies 
of salamanders. 
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the first 120 meters the g round was moss-covered , the subs tratum was mostly 
sandstone rocks, and the pH was fairly constant (Table 2). These char¬ 
acteristics created a condition very similar to the eastern part of the 

| first three microreliefs. 

The eastern 3k meters of Slope l-B were very steep and neither the 
dominant plant types nor the study piethodontids were found. The last 
40metersof Slope I-B were cons i derab 1 y less steep, but there was a great 

; amount of drainage and therefore it was very moist. Herbs were the most 
abundant plant growth. Understory tree growth in this section was ex¬ 
clusively sugar mapl e and beech. The leading dominant shrubs inthe upper 

| microreliefs were absent, as were mosses. 

On the first 90 meters of the 1 ast microrelief (Bench I), the 1eading 
plant dominants changed from those found in the upper microreliefs. The 
tree cover was whi teoak (Quercus alba) andshagbark hickory (Carya ovata) 

' with red maple as the understory tree. Shrubs were common greenbrier, 
dockmackie, andb1ackberry (Rubus spp.). The leading dominant herbs were 
a mixture of grasses. No mosses were found. As in theupper microreliefs, 
the western 30 meters weredevoid of most shrubs butabounded with herbs. 
On Bench I and thewestern part of Slope l-B, the substratum was the same 
as was found in the upper western areas. The two study p1ethodontids 
were evenly distributed for the first 90 meters, fromeast to west, while 
P. cineveus was the only species found in the last 30 meters. 

Soil Sample Area 

Microrelief 30 60 90 120 150 180 210 

Bench III 4.6 4.3 4.6 5.0 4.5 6.1 5.8 

Slope II 4.9 4.6 4.3 4.6 5.5 6.1 6.2 

Bench II 4.2 4.2 4.8 5.0 4.8 5.3 6.2 

Slope I-A 4.6 4.2 4.2 4.6 4.7 5.2 - 

Slope I-B 5.0 4.6 4.5 4.4 4.8 - - 

Bench I 5.4 5.5 4.5 5.0 - - - 

Table 2. The pH average for each microrelief. Four soil samples 
were taken every 30 meters and the average computed for 
each sample. 

DISCUSSION 

The direction a mountain slope faces is a major controlling factor 
in the variety and abundance of living organisms. South and west facing 
slopes receive a greater amount of solar energy than do the north and 
east facing slopes. The amount of insolation on a slope inversely con¬ 
trols the moisture content and the heat budget. Thus, high temperature 

and 1 ow vapor pressure i ncrease the evaporat ion and t ransp i rat ion of mois¬ 
ture from the soil (Smith, 1966). 
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The vegetation pattern in this study area suggested a north-south 
slope pattern. Smith (1966) states that the dominant tree growth of the 
lower north slopes of the Cumberland Plateau is beech, sugar maple, and 
yellow poplar, and the characteristic understory is the umbrella tree 
and redbud. The forest of the upper south slope is predominantly chest¬ 
nut oak , p i tch p i ne , and short 1eaf pi ne , whereas the characteristic under¬ 
story tree issourwood. He further states that red maple is an irregular 
understory tree of the north slope but is abundant on the south. Smith 
found blueberry, huckleberry, and laurel were the indigenous shrubs of 
the south s1 ope wi thmaple-1eaf vibernum found mostly on thenorth slope. 
Greenbrier is shown to be distributed on both slopes. 

The north-south vegetat ion pattern of the Cumberland Plateau i ssome¬ 

what similar to the east-west pattern of vegetation found in the upper 
four microreliefs on the study area under investigat ion; i .e., the eastern 
section resembled a south slopeand thewestern section resembled a north 
slope. 

The dominants for the four vegetation strata, i,e., trees, under¬ 
story, shrubs, and herbs for the eastern part of the present study area 
were characteristically more xeric than the western area. The moss, 
Leuoobryum glaucum, inhabits dry areas (Bordenberg, 195*0, and was the 
predominant ground cover in this xeric P.wehrlei type habitat. The western 
damper area lacked this moss and the ground cover was composed of the 
more succulent herbaceous plants. 

Ectopoikilothermic anima1s such as sa1amanders have a critical rela¬ 
tionship with their environment, thus affecting their microdistribution 
or the partitioning of habitats. For the two study species, P. wehrlei 
was more abundant in the more xericeastern area whereas P. oinereus was 
more abundant in the more mesic western area. Throughout the study area 
where mo i st mi crorel i efs were 1 ocated , such as at the base of deep slopes, 
tree throws, and seepages, P. oinereus was more dominant. 

The occurrence of sugar maple-beech as the understory, the abundance 
of herbaceous plants and the absence of shrubs tended to correlate with 
the high populations of P. oinereus. In contrast, the occurrence of 
sourwood-red maple as the understory, the prevalence of shrubs rather 
than herbaceous plants, tended to correlate with the high population of 
P. wehrlei. 
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Reproductive Data on Lampropeltis triangulum temporalis 

from Maryland 

Reproductive data on the established eastern subspecies of Lampro¬ 
peltis triangulum (L. t. triangulum, L. t. elapsoides) have appeared several 
times in the literature. Summaries have been published for L. t. trian¬ 
gulum by Wright and Wright (1957) and Williams (1970) (see also Minton, 
1972; Dyrkacz, 1977). Information on L. t. elapsoides has appeared less 
frequently, and was also summarized by Williams (1970), but see also 
Duellman and Schwartz (1958), Groves and Sachs (1973), and Groves and 
Assetto (1976). No such data are known, however, for the problematical 
subspecies L, t. temporalis. While some authorities (e.g. Conant, 1975; 
Williams, 1970) regard the central-At 1 antic seaboard populations of milk 
snakes as intergrades, L, t. triangulum ^elapsoides, most Maryland workers 
(e.g. McCauley, 1941,1945; Harris, 1975) believe L. t. temporalis to be 
valid. Nomenclatural considerations as i de, reproductive data is presented 
for the first time on this perplexing and continually debated form. 

On 13 May 1973, one of us (G. G.), while working a slab pile in a 
wooded tract 4.5 miles (7.2 km) SELeonardtown, St. Mary's County, Mary¬ 
land, uncovered a pair of coastal plain milk snakes, Lampropeltis tri¬ 
angulum temporalis. It was not known for certain at the time of collection 
whether copulation was taking place, for in theprocess of discovery the 
snakes tumbled to the ground and were not noted to be joined. Copulation 
was, however, witnessed on 14 May at approximately 7:00 am (EDT) while 
the snakes were being temporarily kept ina collecting bag. Further cop¬ 
ulation was not noted after the pair was transferred to a cage later the 
same day, although once so placed the male almost immediately grasped 
the nape of the female's neck in his jaws. Courtship behavior, however, 
was not seen to progress past this point. 

Commencing at about 7:30 pm (EDT)onl6 June (1973) ,the female (total 
length ca. 23 inches [585 mm]) laid five el 1iptica11y-shaped eggs. If 
fertilization occurred during the 14 May observation, a developmental 
period (copulation to oviposition) of 33 days resulted. The eggs were 
deposited at roughly 25-minute intervals and had lengths ranging from 
1.4 - 1.6 inches (35 “ 41 mm). They were then incubated in a plastic 
bowl f i 1 1 ed with sawdust,and periodically moistened with water and sprayed 
with a fungicide to discourage the growth of mold. 

The first snake hatched on 7August; three more emerged on 8 August, 
and thefifth on 9August. The hatchlings' total lengths ranged from 7.50- 
7.75 inches (191-197 mm). Their sizes were intermediate between newborn 
L, t. triangulum and L% t. elapsoides, according to the summary of Wright 
and Wright (1957) for triangulum, anddata provided by Dyrkacz (1977) for 
Illinois triangulum, Palmer (1961) for North Carolina doliata (=elapso- 
ides), and Groves and Sachs (1973) for Florida elapsoides. Clutch size 
was much closer, however, to the mean for L, t. elapsoides. Natal sheds 
were cast on 15 August (hatchling of 7 August), 16 August (8 August -- 
two), 17 August (9 August), and 18 August (8 August). The incubation 
period (oviposition to hatching) thus ranged from 52-54 days, and the 
"gestation" period (copulation to hatching -- again assuming that fer- 
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tilization occurred on 14 May) 85-87 days. 

The juveniles fedonly on lizards (Eumeoes fasciatus, Scinella lat- 

leralis) > anc* refused consistent offerings of newborn mice. Two of the 
five young succumbed incaptivity (one consumed another resulting in the 
deaths of both); the other three were released at the capture site. The 
adult female and male are catalogued AR-1933-TSU and AR-1934-TSU, respec¬ 
tively, in the vertebrate collection of Towson State University, Towson, 
Maryland. 

We would like to thank Don C. Forester and Arnold W. Norden for 
reading the manuscript and offering suggestions. 
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A New Record of Xantusia vigilis extorris 

from Durango, Mexico 

Two specimensof Xantusia v. extorris were collected byClaude Grenot 
on 30 October 1976, 30km NE of Ceballos, Durango, in the Cerro San Ign¬ 
acio, 1300 m (latitude 26 bO1 N, longitude 103 bS' W). This locality 
extends the range of the subspecies approximately 150 km NNW from the 
nearest known localities (fig. 1). One specimen (NMSU 4905) is deposited 
in the Amphibian and Reptile Collection at New Mexico State University, 
Las Cruces, and the other (MHNP 1977“57) is in the Museum National d'His- 
toire Naturel1e, Paris (fig. 2). 

Fig. 1. Map of southwestern United States and northwestern Mexi co show¬ 
ing the known range of Xantusia vigilis extorris (solid black) 
and distribut ion of other members of thegenus Xantusia (adapted 
from Webb, 1965)• The solid black triangle represents the record 
reported here. 
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Fig. 2. Xantusia v, extorris from Durango, Mexico. NMSU 4905 (top) and 
MHNP 1977-57 (bottom). (photo by Jack DeAngelis) 

NMSU 4905 is a male and MHNP 1977“57 a female, based on internal 
examination. All characteristics of the two specimens fall within the 
ranges described by Webb (1965) except as follows: 

Measurements (preserved): the male measures 43 mm snout-vent length and 
the female 47*7 mm; tail length is 52 mm (regenerated part 11 mm) and 
46 mm respectively; head length from tip of snout to anterior margin of 
ear opening i s 8.2 mm and 8.6 mm; 1ength of 1arge-sca1ed part of the head 
is 9*6 mm and 9*9 mm; diameter of the eye is 2 mm for both specimens and 
the length of the leg is 16.5 mm for the female. The tail length/body 
length ratio for the male is 1.2 and 0.96 for the female. 

Squamation: the nasals, prefrontals, fronta1s and post-parieta 1s are all 
separate from each other in both specimens; the anterior loreal touches 
the 2nd and 3rd supralabials below and the posterior loreal touches the 
2nd, 3rd and 4th supralabials below in the male, whereas in the female 
the anterior loreal touches the 1st, 2nd and 3rd supralabials below and 
the posterior loreal touches the 3rd supralabial only on the right side 
and the3rd and 4th supralabials on the left side; the lower loreolabial 
touches the 4th supralabial only in both specimens, in the female only 
on the left side; there are 6 auricular scales in both specimens; there 
are 9 enlarged gular scales in the male and 10 in the female. 
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Coloration and Pattern: there is a dist i net 1atera1 wh i testripe the 1ength 
of the body in both specimens; it involves dorsal scale rows 4-6 on the 
right side of the male and 3~5 of the female. 

Gonadal Aspects: Hudson (1973) andMiller (1948) report that parturition 
takes place f rom mid-September to early October in California populations 
of Xantusia v. vigilis. Fema 1 e gonads are then rel at i vely i nact i ve through¬ 
out the winter and fat bodies are reduced to their smallest size in late 
summer and early fall, when they may be absent or so small as to be un¬ 
recognizable as such. Male testicular recrudescence begins in early 
August, there is considerable spermatogonia 1 activity in September which 
slows somewhat in October , maintaininga relatively constant level until 
March when there is an increase in activity which lasts throughout April 
and May to reach a maximum just before copulation in late May-early June. 
The left testis of NMSU 4905 measures 5.1 mm X 2.3 mm, equivalent to the 
maximum val ues reported by Hudson (1973) and Miller (1948) , and the ovaries 
of MHNP 1977“57 arecompletely regressed a 1 though the fat bodies arequi te 
extensive, indicating possible differences in the timing of the repro¬ 
ductive cycles between the Durango and Ca1ifornia populations of Xantusia 
vigilis. 

The vegetation of the Bo 1 son de Mapimi is a matorral dominated by 

creosote bush, Larrea divirioata (Martinez and Morello, 1977). This 
matorral appears as a mosaic due to marked changes in soil conditions 
over very short distances. The principal vegetation in the foothills 
includes Agave asperrima; in the plains Opuntia rastrera occurs princi¬ 
pally on bajadas whereas Hilaria mutioa and Suaeda nigresoens occur in 
playas (fig. 3). 

Fig. 3. General view of Cerro San Ignacio showing flatplain (playa) in 
foreground with Hilaria mutioa and Suaeda nigresoens. (photo 
by C. Grenot) 
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Xantusia v. extorris has been found in the north front of Cerro San 
Ignacio; it occurs in cracks and crevices of igneous outcrops (andesite 
and rhyolite) where a reviviscent plant association (Selaginella lepido- 
phylla^ Jatropha dioica and Yucca thomsonia) develops (fig. 4). 

Fig. 4. Habitat of Xantusia v. extorris. Cerro San Ignacio showing Yucca 
thomsonia in foreground and the flatplains (playa) i nbackground, 
(photo by C. Grenot) 

The two specimens were collected in the same horizontal crevice with 
a rock dwelling lizard, Sceloporus poinsetti. The day of capture was 
preceded by two rainy days (3-30 cm) during which maximal temperature 
was 11°C. Maximal air temperature of 23°C was reached at 4 pm the day 
of capture. Maximal and minimal average temperatures were 28.6°C and 
11.4°C during October 1976. 

It seems that in this area Xantusia v, extorris is bound to rocky 

habitats with Yucca where the most abundant populations of Sceloporus 
poinsetti are found. This is contrary to the habitat preference farther 
south, however, in that the rest of the specimens reported from Durango 
were found on the ground underneath dead agaves and fallen tree-yuccas 
(not in rock crevices). The most common reptiles in the area are Scelo¬ 
porus poinsetti3 Eolhrookia texana, Cnemidophorus scalaris> Phrynosoma 
modestum, Crotaphytus collaris^ Masticophis taeniatus and Crotalus atrox 
(Grenot et Barbault, 1977)* 
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Spider Predation on Amphibians and Reptiles 

Various arachnids, including spiders, have long been known to prey 
on amphibians and reptiles. Gudger (1925) summarized the early accounts 
of spider predation on small vertebrates including amphibians and rep¬ 
tiles. More recent accounts have been published by Goin (1943), Neill 
(1948), Burt (1949), Swanson (1952) andothers. Although this behavior is 
well documented, the following observations and notes may be of interest. 

In 1971 and 1972, while engaged in observations of several popula¬ 
tions of gray treefrogs, Eyla versicolor, in Maryland, one of us (JDG) 
found four recently transformed gray treefrogs in webs of the golden 
spider, Argiope aurantia. 

Two of these treefrogs were found in the same web on 13 September 
1971 at a temporary pool along River Road, Anne Arundel County, Maryland. 
One appeared to have been recently caught in the web of the spider. It 
was rolled neatly, but tightly, into a ball of web material. The other 
specimen was black in col or and decomposed, indicating an earlier death. 
An additional juvenile gray treefrog was found in a garden spiderweb in 
September 1972,at this same locality. These webs were positioned between 
the stems of two cattails emerging from the water and were between four 
and five feet above the surface of the water. 

On 14 September 1971, a single juvenile gray treefrog was found in 
the web of a golden garden spider in an abandoned quarry along Baltimore 
County Road, Baltimore County, Maryland. The web was located between two 
branches of a small tree along the shore of a large pool in this quarry. 
The frog was wrapped into a ball similarly as the frogs found in Anne 
Arundel County. 

At both 1 oca 1ities , many juveni1e gray treefrogs were observed emer¬ 
ging from the water. These frogs were observed to immediately climb the 
emergent and nearby vegetation, climbing as high as was possible. It is 
believed that these frogs entered the spider's web accidently and became 
entangled in the sticky web material. The garden spider then rushed down 
the web and wrapped many strands of webbing around the disabled frogs, 
forming a cyst, thus ensuring their fate. These frogs probably died, 
shortly after becoming entangled, fromdissecation rather than by injury 
caused by the spider. 

Although the evidence of a prey-predator relationship is not con¬ 
clusive, eight instances of eastern ringneck snakes, Diadophis punctatus 

edwardsi, trapped in spider webs are of interest. These data, from the 
files of the Baltimore Zoo, are derived from telephone queries from the 
public seeking the identity of the snakes. 

The first report, dated i960 only, simply states that an unidenti¬ 
fied woman found a ringneck snake caught in a spider web in the basement 
of her home, with no mention as to whether the snake was dead or alive. 
Seven other instances occurred between 4 and 30 August 1973,all involving 
newly hatched snakes. Five of these were struggling in webs when found, 
one wastra i 1ing strands of web as it crawled across the floor and another 
was inactive in a web and thought to be dead, whereupon it was sprayed 
with insecticide to insure its death. All but one were found in base- 
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ments or at ground floor level, theexception being caught in a web on a 
ledge along the outside of a house three feet above theground. The fact 
that the ledge joined the top of the steps leading to the first floor 

perhaps explains how the snake reached that height. None of the spiders 
involved wereidentified, but from the rather vague descriptions of those 
who reported these incidents, most were probably a species of the house 
spider, Theridion. 

One of us (FG) was able to investigate one of these incidents. This 
was in the basement of a home in Hanover, Anne Arundel County, Maryland. 
The snake was on the floor with the posterior quarter of its body in a 
web, thought to bethatof Theridion, which was strung between a commode, 
the adjacent wall and the floor. The snake was observed in the web at 
1030 hr. and was released at 1315 hr. alive and unharmed. 

Although sa1amanders and earthworms are the preferred food items of 
the eastern ringneck snake, spiders and insects ofvarious kinds are also 
eaten (McCauley, 1945; Fitch, 1975). Dead insects were in several of the 
webs reported above and may have lured the snakes into entrappment. An¬ 
other possibility is that the snakes may have been attracted to the webs 
by spider odor. 

Various species ofpredacious spiders are common inhabitats occupied 
by small amphibians and reptiles. These spiders are probably important 
predators of some of the young of these animals, as well as an important 
prey item of the adults. 
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New Localities and a State Record for 

Chelydra s. rossignoni (Testudinea-Chelydridae) in Mexico 

Chelydra serpentina rossignoni has previously been reported from 
the Mexican States of Veracruz, Tabasco, Campeche, Chiapas, and based on 
one record,from Yucatan (Alvarezdel Toro,I960; Baur, 1893; Casas, 1965, 
1967; Conant, 1975, and Cooper Blake, 1967). At this time, I can add the 
following new localities from the State of Veracruz: Rio Playa Vicente, 
Laguna de Guerrero and Tesechoacan, Mp. of Is1 a; Laguna Escondida, Rio 
Maquina and Rio Cold (Montepio) Mp. of San Andres Tuxtla; Rio Yugualta- 
japan, Rio Coscoapan and Laguna Verde Mp. ofCatemaco; observing that the 
presence of Chelydra is generally related to the presence of the croco¬ 
dile. In the Region of Los Tuxtlas, Veracruz, it is normally found to¬ 
gether with the species Crocodylus moreletii. 

In addition to the above, I can also report the capture of an adult 
specimen in the State of Oaxaca, which represents a new state record: 

Chelydra serpentina rossignoni (Tortuga lagarto). Mexico, Oaxaca: 
Laguna Campana, 7 Kms. W of Valle Nacional (17°501 Lat. N. and 96° 
15' long. W). Gonzalo Perez Higareda, 1976 - Terrarium of the Es- 
tacion de Biologia Tropical "Los Tuxtlas", U.N.A.M. No. Oil. 
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A Case of Twinning in the Ringneck Snake, 

Diadophis punctatus edwardsi 

Records of twinning in turtles are fairly common in the literature 
(Derickson, 1927; Townsend, 1928; Hildebrand, 1938; Crooks and Smith, 
1958; Horning, 1964; Hunsaker, 1968 and Yntima, 1970). I can find only 
two citations, however, for lizards (Sabnis, 1967; Carpenter andYoshida, 
1967), one for crocodilians (Reese, 1906) and one for snakes (Curtis, 
1950). The following account, although incomplete in detai 1 , seems worth 
adding to this scant body of information. 

On 25 May 1977, a female r i ngneck snake, Diadophis punctatus edwardsi f 
was collected under a rock along Skyline Drive, Page County, Virginia. 
A second specimen under the same rock escaped. 

On 31 May, the above female laid three eggs which were placed in an 
incubating jar shortly after deposition. One egg hatched sometime during 
the day of 10 July and theremaining two during the following night. When 
the eggs were checked on themorning of 11 July, however, there were four 
hatchlings in the jar. Obviously, one of the eggs had contained twins. 

The fourhatchlings were carefully measured within 24 hours of hatch¬ 
ing. Two were 148 and 136 mm, total length; the other two were 110 mm 
each. Presumably, the two smaller specimens were the twins. 

The small size of the hatchlings precluded immediate sexingandre- 
cording ofmeristic data. While being transferred by automobi1e to another 
facility where the latter data could be noted under magnified viewing, 
the jar containing the snakes was accidentally broken. By the time the 
accident was discovered, al 1 four snakes had escaped. Without this data, 
any speculation as to whether the twins were identical or fraternal is 
meaning1 ess. 
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News & Notes 

A BIOGEOGRAPH I CAL ANALYSIS OF THE CHIHUAHUAN DESERT THROUGH ITS HERPETO- 
FAUNA. By David J. Morafka. 1977. Dr. W. Junk B.V., Publishers, P.0. 
Box 13713, 2501 ES The Hague, Netherlands. 320 pp., col. frontis., 14 
figs., 10 pis., 32 tables, 158 maps. 95 Dutch Guilders ($39.^3 as of 

Oct., 1977). 

The publication of this book has to rank as (l) the most momentous 
event in the history of Mexican herpetology in the past several decades; 
(2) themost outstanding biogeographica1 study of all time in the Chihua- 
huan Desert; and (3) an importantly original exercise in biogeographic 
methodology. The material basis is (l) a collection of over 1200 speci¬ 
mens of amphibians and reptiles (now in Carnegie Mus.) collected by the 
author and his associates over a period of 6^ mo. in 1970-71, as they 
travelled some 25,000 km. over roads traversing theChihuahuan Desert in 
9 Mexican states; (2) 1ists ofherpetologica1 species found in2Aprivate 
and institutional collections examined by him; and (3) a thorough survey 
of the literature, through about 1973, with a few selected titles from 
subsequent years, even 1977* Analyses were based upon all 3 material 
sources. No completion date was specified, but apparently it approxi¬ 
mates 1973. 

The collections made and examined provide the bases for a list of 
170 species (subspecies are not dealt with) of amphibians and reptiles 
occurring within or immediately adjacent to the Chihuahuan Desert, and 
for 1^3 spot distribution maps for those species. No gazetteer or list 
of localities are provided, butare promised for a separate account. The 
dots dep i ct i ng 1 oca 1 i ty records for each spec i es are enc 1 osed by a boundary 
line suggestive of projected range, on a base map bearing an outline of 
the Chihuahuan Desert, thus provid i ng an excel lent representation of degree 
of correlation. The biogeographica1 discussion carefu11y and commendab1y 
disdains attention to any political boundaries, and accordingly the maps 
do not show them, except for one (map 2, p.62) in which they are super¬ 
imposed over the base map developed for the Chihuahuan Desert. 

The explicit and precise multivariate delimitation-definition of the 
Chihuahuan Desert is one of the most important contribut ions ofMorafka1s 
monograph. Another major contribution is a 12 page discourse on syste¬ 
matic philosophy and on 32 specific systematic topics in herpetology, on 
each of which an arbitrary decision was required to provide a base of 
action. 

In a time when a ponderous organization creaks intoaction to focus 
attention upon research on the Chihuahuan Desert, Morafka has stolen a 
march taking virtually everyone by surprise with his doctoral disserta¬ 
tion, pursued under the direction of Dr. Jay Savage. In one fell swoop 
it accomplishes much of the organ i zationa1 objectives, wi thout its support 
or guidance. Angels need no longer fear to tread the same route, inde¬ 
pendently or not, as Morafka's dissertation proves by precedent. 

The avowed purposes of the monograph are (l) to define the Chihua¬ 
huan Desert in biologically and physiographica11y realistic terms; (2) 
to translate that definition into an explicit geographical base map and 
to test quantitatively the predictive value of thatmap against a specific 
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set of biological systems, theamphibians and reptiles; (3) to assess the 
relative differentiation and affinities of the Chihuahuan herpetofauna; 
and (4) to reconstruct the history of the Chihuahuan Desert and its herp¬ 
etofauna through geological time to the present. 

The frontispiece is a color photograph of the Bolson Tortoise, Go~ 
pherus flavomarginatus. A 2 - p. Acknowledgments is followed by a 2 - p. 
Introduction and an 8-p. chapter on Sources, Methods and Analytical Pro¬ 
cedures, including a map of routes traversed by the author in performance 
of field work. A 13 - p. chapter on Climate follows, with comparison of 
all North American deserts. Physiography is described (12 pp.) and the 
Vegetation (20 pp.). These chapters are then analyzed and synthesized 
in another gi vi ngDefinitions, Terminology and Base Map of the Chihuahuan 
Desert. The following 18-p. chapter on The Herpetofauna is divided into 
4 parts: a statement oftaxonomic philosophy; a discourse justifying the 
necessarily arbitrary decision on controversial systematic problems; a 
list of extant species occurring within theChihuahuan Desert; and a list 
of extant species occurring inareas adjacent to that desert. Whether or 
not one agrees with the several stands described, this section makes 
fascinating reading. The next 3 chapters contain most of the theoretical 
meat of the book: The Ecological Affinities of the Chihuahuan Herpeto¬ 
fauna, 28 pp.; A Spatial Analysis of the Chihuahuan Herpetofauna, 46 pp. ; 
and A Historical Biogeography of the Chihuahuan Herpetofauna, 57 PP* A 
5-p. Summary, 10-p. Literature, a set of 10 plates illustrating selected 
biogeographical features, and 143 half-page spot distribution maps for 
166 species terminate the book. There is no index. 

Such an extensive scope of treatment, and such careful exploration 
of detail, results i n profusespeculat ion argumentative atvirtua11y every 
point. Nevertheless, speculation is inherent i nbiogeographica1 analyses, 
and progress is enhanced by the existence of a base given in sufficient 
detail to permit focus of attention to small segments. The base provided 
by Morafka's analysis is amazingly and overwhelmingly detailed, and will 
certainly constitute a classic that will beexamined, point bypoint, for 
many years to come. Its existence will assure a maximally effective, 
focussed expenditure of effort by workers in the future, as opposed to 
the haphazard discordant development that would otherwise be likely to 
occur. Appearance of this monumental landmark of biogeographic analysis 
must, inthis context, be regarded as extraordinarily fortunately timed. 

It is not the intent of this review to enter into the virtually 
limitless controversies that will ensue from this publication, or to 
suggest how it might have been improved, however tempting it i s to do so. 
The work is an extensively original, finished product whose ideas will 
profitably be pursued for many years. Suffice it to say that this mon¬ 
umental work is one that must be reckoned with by such a broad spectrum 
of biologists - biogeographers, ecologists, herpetologists - that it must 
be widely available for their reference, either in personal or institu- 
tiona1 libraries. 

— Hobart M. Smith, Department of Environmentalj Population and Organismio 
Biology9 University of Colorado3 Boulder, Colorado 80309. 
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BUFO W00DH0USEI IN CENTRAL TEXAS 

Ottys Sanders 

ABSTRACT 

Hybridization between Bufo woodhousei and Bufo val- 

liceps in Central Texas is two fold in nature. In¬ 

fertile males, heretofore considered hybrids between 

the two species, are regarded as demihybrids, morpho¬ 

logically similar to juvenile B. valliceps. A second 

component of hybridization between the two species is 

production of woodhousei-valliceps intermediates which 

occur in a sufficient number to cause polymorphism 

in populations where the two coexist. Application 

of the classical criterion of infertility to the val¬ 

liceps -woodhousei hybrids yields a prime example of 

fallibility of the biological species concept. 

The major population of Bufo w. woodhousei in Texas extends through 
the central part of the state, bounded by the Red River on the north,the 
Trinity River on the east, and the counties of Kimble, Gillespie, Comal 
and Bexar on the southwest. In add i t ion, scattered populations are found 
in the Texas Panhandle, in the Rio Grande area, in southern Texas, and 
in a few localities of East Texas;but, as Axtell (1963) has pointed out, 
the range of the species isnot state-wide as generally depicted on range 
maps. This present distribution of the species in Texas has been form¬ 
ulated after examining specimens from 70 counties in the collections of 
the Strecker Museum and of Bryce C. Brown of Baylor University, the Bi¬ 
ology Department of Stephen F. Austin State University, the Department 
of Wildlife Management of Texas A. SM. College, theauthor's own collec¬ 
tion, and is supplemented by the checklists of Brown (1950), Raun and 
Gel bach (1972), and Axtell (1963). 

The ranges of Bufo w, woodhousei Girard and Bufo velatus Bragg and 
Sanders meet andoverlap in counties along the Trinity River from Dallas 
County south to the Gulf of Mexico. Northward, along the Red River, there 
is a marked transition from western Bufo w. woodhousei to eastern Bufo 
velatus in FanninCounty (Bonham. OS3301-6; 3311-12). A simi larpopulation 
change was noted by A. P. Blair (1941; 398-417) at Yuba, Bryan County, 
Oklahoma, immediately north of Fannin County, Texas. From Fannin County 
eastward the dominant species is Bufo velatus, but at the terminus of 
the Red River in Texas (Bowie County) and also in adjacent Cass County 
whose Sulphur River drains into the Red River in Arkansas, a few speci¬ 
mens of Bufo w. woodhousei have been col 1 ected (SM4370, 5263,5265). Since 
these are separated from the normal range of the species and few in number, 
it seems likely that they have been brought to this area downstream by 
the Red River. Other pockets of B. w. woodhousei in east Texas may in 
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some instances be similarly explained but also it is likely that they 
have been distributed through human agencies, probably in the transport 
of goods and belongings in the constantly shifting human population, 
especially so since Woodhouse's toad is a frequenter of habitation. 

Bufo w, woodhousei populations in central Texas are polymorphic in 
many ways: color, dorsal pattern, and structural features. Dorsal color 
varies from drab green to straw yellow to a mottling of greenish brown 
on a creamy background. Dorsum spots vary from mere margins around one 
or two medium-size warts to irregular broad or long dark patches enclosing 
a number of warts of mixed sizes. A lightcolored middorsal stripe ex¬ 
tending into the interorbital area is generally present but varies in 
its breadthfrom narrowto verybroad. Lightcolored paravertebral splotches 

on either side of the middorsal stripe are uncommon but may be present. 
Lateral stripes are of varying length and distinctness, while a row of 
large light-colored tubercles bordering these stripes is also variable 
in length and prominence. There are semicircular bands both anterior 
and posterior to the tympanum. Ventrally, the abdomen and pectoral are 
normally unmarked except for a pectoral spot and, i n ma1es,a dark throat. 
However, a small percentage of specimens, more so in some areas than in 
others, have dark rounded venter spots both on the pectoral and anterior 
portion of the abdomen. 

The normal position of the parotoid gland in Bufo w. woodhousei is 
in contact with the postorbital crest, but a good percentage of central 
Texas specimens have the gland located more posteriorly and separated 
from the postorbital crest by a supratympanic ridge. One of the more 
distinguishing morphological features of Texas B. woodhousei is crenu- 
lation of the interorbital crests, more notably so when the crests are 
broad but discernible even when sharper. Generally interorbital crests 
of B. woodhousei terminate where they meet thepostorbital crests, either 
abruptly or with the formation of irregular finger-like processes. Those 
of central Texas differ by a tendency to extend the interorbital crests 
beyond thi sjunction, forming parietal spurs, which may either be straight 
or incurved on the occiput. 

Varying morphological characters in Texas B. woodhousei have often 
caused misidentification, in particular its confusion with Bufo fowlevi, 
since some individual B. woodhousei have largedorsum spots with numerous 
warts as does B. fowlevi. Furthermore, a supratympanic ridge between 
the parotoid gland and postorbital crest and/or spots on the venter is 

atypical of either B. fowlevi or B, woodhousei but many B. woodhousei of 
central Texas have one or both of these features. 

In order to determine thepreva1ence of abnormal morphological fea¬ 
tures in populations of B. woodhousei of central Texas, a large series 
was checked for venter spots, supratympanic ridges, and large dorsum 
spots with b~7 or more warts. Specimens from seventeen counties distri¬ 
buted throughout the area had such abnormalities, indicating that these 
features were widespread. A number of other counties were represented 
by too few specimens to show up these aberrations. Two counties having 
the largest series of B. woodhousei available for study were McLennan 
County of south central Texas and Dallas County of north central Texas, 
and collections from these counties provided an adequate sample. 
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McLennan County, Texas 

Supratympanic ridges present 
Venter spots present 
Large dorsum spots, 4-7 or more 

Dallas County, Texas 

Supratympanic ridges present 
Venter spots present 
Large dorsum spots, 4-7 or more 

(243 specimens) 

20 (14 males, 6 females) 

13 (7 males, 6 females) 
warts 12 (9 males, 3 females) 

Total 46 Approximately 19% 

(98 specimens) 

25 (20 males, 5 females) 
17 (13 males, 4 females) 

warts 16 (15 males, 1 female) 

Total 58 Approximately 59% 

It was of interest that these aberrations generally were not linked 
but appeared separately in individual toads, as is illustrated by the 
Dallas County series where combined characters were scarce. 

With supratympanic ridges and large dorsum spots 5 
With supratympanic ridges and venter spots 3 
With large dorsum spots and venter spots 2 
With supratympanic ridges, venter spots, and 

large dorsum sports with numerous warts 0 

Disparity in the percentage of variants in the two counties is due 
in part towithholding from theMcLennan County series several toads which 
will be discussed later in this paper,and it also reflects a difference 
in collecting areas. Those from Dallas County were secured from shallow 
limestone creeks and black dirt pools where 5. woodhousei and B. valliceps 
are sympatric and often breed together. Those from McLennan County were 
collected over a broader area, a portion of which has a hiatus between 
populations of B.woodhousei and B. valliceps, according to Bryce C. Brown 
(personal communication). Therefore, while the above percentages are 
not exact and may vary regionally, the type of polymorphism cannot be 
explained as normal variation, sinee the factors studied are alien to the 
morphological qualities of Bufo woodhousei. It will be shown that they 
have been acquired through hybridization with B. valliceps, a species 
that has these qualities and is sympatric with Bufo woodhousei through 
much of its range in Texas. 

Thornton (1955: 455-468) studied hybridization between Bufo wood¬ 
housei and Bufo valliceps both by laboratory crosses and the collection 
of hybrids in nature. From his experiments and study he concluded that 
hybridization between these two species from "the evidence nowavailable 
suggests that there is little possibility of gene exchange between the 
two species, becauseof zygote inviability inoneof the original crosses 
and in backcrosses to the parent species." Volpe (1958) in a study of 
hybridization between- B. valliceps and B. fowlevi reached a similarcon- 
clusion. That hybridization between B. valliceps and B. woodhousei re¬ 
sults only in sterile males has been widely accepted by W. F. Blair (1959: 
446), Volpe (1958: 73), Mayr (1983: 115), and others. Thornton, on the 
other hand, made allowance for further investigation and noted that one 
metamorphosed young toad survived the backcross to B. woodhousei (1955: 
468). 
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Thornton (1955) found only one type of hybrid, a bisexed male re¬ 
sulting from the cross of male B. vallioeps with female B. woodhousei. 
He compared laboratory-reared hybrids with eleven similar hybrids col¬ 
lected in the field and concluded that they were essentially alike. The 
Strecker Museum collection and my own include six such hybrids which 
hereafter will be referred to as "demihybrids(using the Latin term, 

"demi," to connote something less than "hybrid")- The significant thing 
about the demihybrids described by Thornton and those we have examined 
is that they are endowed essentially with the morphological features of 
Bufo vallioeps alone except for their cranial crests, which enclose an 
area more triangular than hexagonal in contour (a compromise probably 
between the broad interorbital valley in B. vallioeps and that less broad 
in B. woodhousei). 

Two characters thought by Thornton and Volpe to show intermediacy 
between B. woodhousei and B, vallioeps belong entirely to B. vallioeps. 
They are, in fact,juveni1e attributes of B. vallioeps which areretained 
in the adult demihybrid. In juvenile 5. vallioeps the venter is densely 
spotted or pigmented (Fig. 1) but this pigmentation tends to disappear 
in the normal adult, progressing postero-anteriorly, though some adults 
may retain spots on the pectoral and abdomen. Furthermore, juvenile B. 
vallioeps have the dorsum marked with oblong spots containing a number 
of small warts (Fig. 2), while in the adult these dorsum spots are often 
obliterated by a darker suffusion. Both of these juvenile characters 
are prominent in male demihybrids described by Thornton (1955) and Volpe 
(1956). Male demihybrids have other B. vallioeps features: a broad mid¬ 
dorsal stripe, somewhat triangular parotoid g 1 andsseparated by a supra- 
tympanic ridge from the postorbital crest,and generally a yellow throat. 
Normal characteristics of B. woodhousei, on the other hand, include small 
dorsum spots, generally with a single medium-size wart, oblong parotoid 
glands not separated from the postorbital crest, and clear venters. The 
demihybrids, therefore,show little intermediacy between the two species. 

Fig. 1. Juvenile B. vallioeps (Dallas, Texas) showing typical pigmented 
venter. A, 2k mm. snout-vent length; B, 37 mm. 
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Fig. 2. Dorsal view of same juvenile B. vallioeps as in Fig. 1. Note 
oblong spots. 

On the contrary, the genetic incompatibility that produces them initiates 
in its vallioeps-1ike product the retention or recrudescence of juvenile 
characters that persist throughout adulthood. This might also explain 
the anomalous condition of the gonads, for such specimens, while adult 
in size, retain the morphological and probably the genetic characteris¬ 
tics of juveniles. 

I have examined six such demihybrid males from various Texas coun¬ 
ties: three from McLennan County (SM1968, 6252, 11970), one from Bosque 
County (SMI 1992), one from Dallas County (OS3310) and one from Harris 
County (BCB5^9) , (Fig. 3). These vary among themselves in the extent 
of dorsum spotting, width of the middorsal stripe, shape of parotoid 
glands (roughly triangular), and other features, but all have similar 
interorbital crests, supratympanic ridges, short paratoids and, except 
for SM6252, venter spots. (Thornton also found some natural demihybrids 
with clear venters). Variation in two of the specimens is noteworthy. 
The interorbital crests of SM11970, while similar in shape to others of 

the group, are broad and very high so that a deep interorbital valley is 
formed between them. These crest, like those of OS3310, extend beyond 
their juncture wi ththe postorbital crests to create a prominent parietal, 
enhancing its vallioeps-like features. While demihybrid males have short 
parotoid glands,generally somewhat subtriangular in shape,this specimen, 
as well as theone from Harris County (BCB5^^9),has oval parotoid glands. 
Lauren Brown (1971: 189) had difficulty in distinguishing morphologically 
between demihybrid male B. vallioeps and thosehybrid between B.vallioeps 
and Bufo houstonensis. Since the Harris County specimen is from a lo¬ 
cality where B. houstonensis, as well as B. woodhousei and B. vallioeps3 
occur sympatrically, it could be a hybrid of either combination. Not 
only was Brown unable to recognize morphological differences between 
hybrids involving B. vallioeps , B. woodhousei, and/or B. houstonensis, 
but Volpe (1956: 61 -75; 1959: 335 "3^2) considered hybrids between B. 
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Fig. 3. Demihybrid males. A, SMI 1970 (McLennan Co.), 74 mm. snout-vent 
length; B, SM11992 (Bosque Co.), 73 mm.; C, OS3310 (Dallas Co.), 
69 mm.; D, ventral view of "C" showing venter spots. 
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valliceps and B. fowleri3 B. woodhousei3 B. americanus3 or B. terrestris 
all to be the same. This is understandable only with the realization 
that this sameness is due to genetic failure to produce intermediates 
between B. vallioeips and these other species and to retention of 5. val- 
liceps features in a juvenile anomalous state in the specimens they ex¬ 
amined. There is a striking resemblance between photographs of B. val- 
lioeps-americanus hybrids published by Volpe (1959: 3^0) and ourjuveni1e 
B. valliceps (Figs. 1 and 2) 

Heretofore only sterile male hybrids such as those discussed above 
were thought possible in crosses between B. valliceps and B. woodhousei 
(Thornton, Volpe, Blair,and others). That this is not so is illustrated 
by a hybrid female from Brazos County, Texas (BCB1157^, Fig. 4) which 
has the morphological attributes of the demihybrid males with one excep¬ 
tion. The major pheneticdifference between this female and hybrid males, 
aside from sex, is its oblong woodhousei-like parotoid glands in contact 
with the postorbital crests. The specimen therefore is a significant 
example of an atypical B. valliceps hybrid, representing an emergence of 
limited B, woodhousei characters in an otherwise dominant B. valliceps 
individual. As in other female toads, the thumb is not encrusted and 
dissection showsovary folds wi thdeveloping eggs. Condition of the ovary 
has been compared with that of female B. valliceps , B. woodhousei, and 
B. cognatus and there is no reason to suspect its being other than normal. 
Coincident with the phenomic expression of intermediacy between the two 
species, genetic normalcy has been attained. 

Fig. A. An atypical B. valliceps hybrid female, BCB11574 (Brazos Co.), 
63 mm. snout-vent length. Dissection showed developing eggs. 
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Such a female hybrid through itspropagules theoretically could in¬ 
duce polymorphism in populations of B. vallioeps as well as in those of 
B. woodhousei, but evidence is lacking to sustain this. However, while 
such a heuristic possibility could exist, paucity of fertile hybrids of 
the above nature so far uncovered casts doubt on its validity in explain¬ 
ing the widespread acquisition of vallioeps-like features inpopulations 
of B. woodhousei in central Texas. The more likely explanation is that 
hybridization between the two species manifests itself in a variety of 
ways, not by the production of a single intermediate type. 

In this study, several specimens have been selected to demonstrate 
the penetration of B. vallioeps characters into the gene pool of B. wood¬ 
housei. An emphasis has been placed on individuals with two or more such 
characters on theassumption that they areof recent acquisition and have 
not had the chance to be diluted by back crossing, as appears to be the 
case in the general population. To recapitulate, these characters in¬ 
clude venter spots, supratympanic ridges and dorsum markings enclosing 
numerous warts. The broad triangular interorbital areatypical of sterile 

male hybrids is not characteristic of the B. woodhousei intermediates. 
While it is possible that hybridization with B. vallioeps could result 
in expansion of the interorbital area innormal B. woodhousei, any slight 
deviation would go unnoticed, since their interorbital crests frequently 
diverge. Conversely, the type of cranial modification noteworthy in 
some specimens of B. woodhousei is their very high interorbital crests, 
parallel in position to each other, with a sharp valley between. A com¬ 

parable situation exists in B. vallioeps except that thearea separating 
the crests is greater. While such an analogy may be made, the phenomic 
effect of gene flow is not clear when one recalls that similar high, 
parallel crests are typical ofinterorbitally-bossed B. woodhousei after 

loss of the boss. B. vallioeps has a prominent maxillary groove, but 
neither thedemihybrids nor the B. woodhousei-vallioeps intermediates have 
the groove fully developed. The demihybrids examined generally had the 
groove better developed on one side of the head than on the other. The 
B. woodhousei-valliceps intermediates simi1arly show unequal development 
but al somuch weaker grooves wi th lower suborbital ridges when they occur. 
In both demihybrids and intermediates, some dark pigmentation of skin 
in the maxillary groove was observed, contrasting with its absence in B. 
vallioeps. This morphological feature of B. vallioeps, therefore, is 
largely supplanted in the hybrids and it may be assumed that hybridiza¬ 
tion has been a factor in its deletion. There can be little doubt, how¬ 
ever, about the transfer of other vallioeps-]ike features to the B. wood¬ 
housei population, as the following tables and Figure 5 illustrate. 

Specimens in Table 1 illustrate a high degree of intermediacy be¬ 
tween the two species, combining as they do vallioeps-like characters 
with those of B. woodhousei. Those in Table 2 illustrate how B. vallioeps 
characters may bedistributed in the general B. woodhousei population of 
counties where the two species are sympatric. 

While only a few specific traits have been used to demonstrate the 
phenome effect of B. vallioeps genes in hybrid populations of B. wood¬ 
housei , it follows as a corollary that these are not inclusive and that 
alleles for other factors went along in the exchange. The aftermath of 
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Fig. 5- B. woodhousei-valHoeps intermediates. A, SM6255 <? (McLennan 
Co.), 63 mm. snout-vent length; B, SM6406 $ (McLennan Co.), 70 
mm.; C, SM856I $ (Tyler Co.), 72 mm.; D, SM2756 ? (Dallas Co.), 

59 mm. 
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Table 1. Character Analysis of B. woodhousei-valliceps Intermediates * 

Tag No. County Dorsum Supra- Venter Max. Other characters 
spots tympanic spots groove 

2685 $ McLennan - + + + High interorbital crests 

6255 2 II + + + + High interorbital crests 

6406 2 1 1 + - - + Parotoids subtriangular 

8563 2 11 + + - + Skinandcolor like B. valliceps 

8564 2 II + - - + 

6389 ? 11 - + + + 

5497 ? Fal 1 s + - + + Parotoid divided one side 

8561 ? Tyler + + + + Broad parallel interorbital 
crests; bony interorbital 
valley 

2756 ? Dallas - + + + Sharp interorbital crests 

*Dorsum spots generally large with four or more warts; supratympanic ridge 
between parotoid and postorbital; faint maxillary groove. Numbers refer to 
Strecker Museum specimens. 

Table 2. Example of Occurrence of B. valliceps Character-states in B.woodhousei Phenomes * 

Tag no. County Dorsum 
spots 

Supra¬ 
tympan ic 

Venter 
spots 

Other Characters 

309 Milam + + + Short parotoids; sharp interorbital crests 

1788 Burleson - - + 

2123 Brazos + + - 

2011 1 1 + - + Broad middorsal 

2153 1 1 + + - High crests; 1g. dorsum spots, 
only 1-2 warts 

2155 1 1 + + - Color and skin like B. valliceps 

8480 Ellis - - + Color, skin like B. valliceps', broad middorsal 

6824 Navarro + - - Parietal spur better developed 

17062 Limestone - + + Crests high; enlarged parietal spur 

11990 Coryel1 + + - Broad middorsal 

17064 Bosque + - - 

10478 1 1 + - - 

6961 Johnson + - - Smooth interorbital crests 

2973 Hays - + + High, broad interorbital crests 

8593 Bexar + - - Broad middorsal 

3060 Kennedy + + - Bony interorbital valley 

*See Table 1 for explanation of characters. Above numbers are from Strecker Museum 
except No. 2123 from Texas A. & M. College, Department of Wildlife Management. 
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introgressing B. valliceps genes into B. woodhousei and thei r consol Na¬ 
tion andmodification through backcrossing within the B. woodhousei pop¬ 
ulation can best be measured, as was done earlier, by the polymorphism 
of the group and its overall variance from populations outside the in¬ 
fluence of B. valliceps. Traits inaddition to those studied which could 
be attributed to the B. valliceps influence, but which have not been 
tested, include varied coloration, increase of dorsal markings, divergence 
of interorbital crests with added interorbital area, and development of 
parietal spurs, to name but a few. 

This population study between two currently sympatric toad species 
that are diverse bothmorphologically and in geographic origin has shown 
that hybridization between them is of a dual nature in its products. 
Populations of B. woodhousei become polymorphic because some individuals 
acquire variant morphological tra i tsthrough introduction of B. valliceps 
genes into their gene pool. These valliceps-1ike traits include smaller 
warts, larger dorsum spots enclosing several warts, supratympanic ridges, 

and venter spots. A second product of hybridization between the two 
species is the so-called demihybrid that, when adult, is only slightly 
modified from the condition that exists in juvenile B. valliceps. The 
chromosomal rearrangement that produces these demihybrids is presumably 
unknown. 

According to Soka1 andCrovello (1970: 141), "Laboratory experiments 
on infertility could be carried out but would indicate neither whether 
such interbreeding would take place in the field nor whether the off¬ 
spring of such unions would be viable and reproduce under field condi¬ 
tions."Clearly, first consideration must be given to observations 
of nature as it is." (p. 132) The number of crossings possible under 
laboratory conditions are slight compared to those possible in nature. 
An exotic laboratory product which may also be found in nature cannot 
decide the matter, as this study has shown. Application of the classical 
criterion of infertility to the B. valliceps-woodhousei hybrids yields 
a prime example of fallibility of the biological species concept. 
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REPTILES AND AMPHIBIANS FROM THE ESTACION DE BIOLOGIA 

TROPICAL "LOS TUXTLAS" (U.N.A.M.), VERACRUZ, MEXICO 
Gonzalo Perez Higareda 

These notes record observations on the reptiles and amphibians of 
the region known as "Los Tuxtlas," comprising a large tropical mountain 
zone in the southeastern portion of the state of Veracruz, Mexico, be¬ 
tween the basins of the Rfo Coatzacoa1 cos and the Rfo Papaloapan. The 
Estacion deBiologfa Tropical "Los Tuxtlas," where thestudy was conducted, 
is located at km 30 along the Catemaco-Montepio road (Fig. 1), in the 
Municipio of San Andres Tuxtla. Observations were limited largely to 
an areaof approximately 175 hectares intheeastern part of the Estacion, 
covering almost a third of its total area, and bounded at the north, south 
and east by the limits of the Estacion, at the west by the Rfo Cardenas 
(Fig. 2). 

There were two objectives of the present study: first, to collect 
representatives of all the species of reptiles and amphibians of this 
area, since there had been no previous systematic attempt to survey them 
anywhere in that general area; and second, to sample the snake fauna re- 

Fig. 1. General location of the Estacion de Biologia Tropical 
"Los Tuxtlas." 
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Fig. 2. General lay-out of the Estacion de Biologia Tropical 
"Los Tuxtlas," showing (stippled) the area of study for 
the report herewith. 

peatedly throughout the period of one year, inorder to obtain knowledge 
of their seasonal and relative abundance. 

General herpetological col 1ecting was initiated in April, 1976, and 
samples of thesnake populat ions began i n May, 1976. Both activities were 
concluded in April, 1977, having encompassed the full annual cycle. 

DESCRIPTION OF THE AREA 

The area i scharacterized by uneven terrain over predominately a lava 
(basalt) bedrock with an accumulation of leaf litter, mainly covered by 
tropical rainforest although insomesmall areas secondary vegetation is 
found. line climate is classified as warm-humid, maximum and minimum 
temperatures of 33°C and 25°C respectively occurring fromMarch to Septem¬ 
ber, and20°C and 12°C during November, December and January. The average 
annual temperature is 23°C, the average annual precipitation 4565 mm. 
Nine or ten months of the year have almost incessant rain, with a rel¬ 
ative ambient humidity of 99 to 99-5% (data registered in the Est. Biol. 
Trop.). The elevation above sea level varies within the study area from 
160 m near the building of theStation to 530 m at the top of Cerro Vigia. 
For a more complete description see Gomez-Pompa et al. (1976). 

PRELIMINARY CHECKLIST OF THE HERPETOFAUNA OF THE NATURE RESERVE 
"LOS TUXTLAS" 

REPTILIA 

TESTUDINES - CRYPTODIRA 

Fam. CHELYDRIDAE 

Chelydra serpentina rossignoni (Bocourt) 
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Fam. KlNOSTERN I DAE 

June 1978 

Kinostemon l. leucostomum (Dumeril and Bibron) 
Kinostemon acutum Gray 
Staurotypus triporcatus (Wiegmann) 

Fam. EMYIDAE 

Pseudemys scripta venusta (Gray) 

SQUAMATA - SAURIA 

Fam. IGUANIDAE 

Anolis barkeri Schmidt 
Anolis lemurinus bourgeaei Bocourt 
Anolis sericeus Hall owe11 
Anolis tropidonotus Peters 
Anolis petersi Bocourt 
Anolis sp. (two species) 
Basiliscus vittatus Wiegmann 
Laemanctus serratus Cope 
Corytophanes hemandezi (Wiegmann) 
Ctenosaura similis similis (Gray) 
Iguana iguana (Linnaeus) 
Sceloporus salvini Gunther 
Sceloporus teapensis GUnther 

Fam. XANTUSI I DAE 

Lepidophyma flavimaculata Dumeril 
Lepidophyma pajapanense Werler 
Lepidophyma sp. 

Fam. TEN DAE 

Ameiva undulata amphigramma Smith and Laufe 
Cnemidophorus deppei deppei Wiegmann 

Fam. SC I NCI DAE 

Eumeaes sp. 

Fam. BO I DAE 

SQUAMATA - SERPENTES 

Boa constrictor Linnaeus 

Fam. COLUBRIDAE 

Adelphicos q, quadrivirgatus Jan 
Clelia clelia clelia (Daudin 
Coniophanes imperialis clavatus (Peters 
Dendrophidion vinitor Smith 
Drymarchon corais melanurus (Dumeril, Bibron and Dumeril) 
Drymobius m, margaritiferus (Schlegel) 
Ficimia publia Cope 
Imantodes cenchoa leucomelas (Cope 
LampropeItis triangulum poly zona Cope 
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Leptodeira annulata cussiliris Duellman 
Leptophis mexicanus mexicanus Dumeril, Bibron and Dumeril 
Leptophis oecidentalis praestans (Cope) 
Masticophis mentovarius mentovarius (Dumeril, Bibron and Dumeril) 
Mastigodryas melanolomus veracrucis (Stuart) 
Ninia diademata diademata Baird and Girard 
Ninia sebae sebae (Dumeril, Bibron and Dumeril) 
Oxybelis aeneus (Wagler) 
Pliocercus elccpoides Cope 
Pseustes poeoilonotus argus (Bocourt) 
Rhadinaea deoorata (Gunther) 
Sibon nebulatus (Linnaeus) 
Spilotes pullatus mexicanus (Laurenti) 
Stenorrhina degenhardti mexicana (Steindachner) 
Tantilla phvenitica Smith 
Tropidodipsas savtorii sartorii Cope 
Xenodon mexicanus Smith 
Natrix rhombifera blanchardi Clay 

Fam. V1 PERI DAE 

Bothrops atrox (Linnaeus) 
Bothrops nummifer (Ruppell) 

CROCODYLIA - (LORICATA) 

Fam. CROCODYLI DAE 

Crocodylus moreleti Dumeril and Dumeril 

AMPHIBIA 

Fam. PLETHODONTIDAE 

Bolitoglossa rufescens 

CAUDATA 

(Cope) 

Fam. BUFONIDAE 

Bufo cavifrons Firschein 
Bufo mavinus Linnaeus 
Bufo valliceps Wiegmann 

ANURA 

' 

Fam. RAN I DAE 

Rana palmipes Spix 

Fam. LEPTODACTYLI DAE 

Eleutherodactylus loki Shannon and Werler 
Eleutherodactylus rugulosus (Cope) 
Syrrhophus leprus Cope 

Fam. HYLIDAE 

Hyla ebraccata Cope 
Eyla sp. 
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Agalychnis callidryas (Cope) 

Smilisca baudini baudini (Dumeril and Bibron) 
Smilisca cyanosiicta (Smith) 

GYMNOPHIONA 

Fam. CAECILIDAE 

Dermophis sp. 

COMMENTS 

Testudines 

In the study area almost all the streams present bedrock and rolling 
declivities; for this reason very few turtles were found. 

Chelydra serpentinarossignoni3 Pseudemys scriptaVenusta^ Kinoster- 
non acutum and Staurotypus triporcatus were found in Laguna Escondida, 
Laguna Azul and Rfo Cardenas, near the Nature Reserve, and in some streams 
within the study area. One specimen of Kinostemon leucostomum was taken 
in a stream. 

Sauria 

Saurians present greater difficulty forobservations than any other 
group since almost all of them are cryptically colored and 1 ive near the 
tree tops. 

The genera Anolis9 Corytophanes and Lepidophyma are apparently the 
more abundant in the shadow zones. Basiliseus3 Sceloporus3 Ameiva and 
Cnemidophorus prefer more disturbed habitats. Some specimens of a green 
Sceloporus were captured, but their identity remains uncertain in the 
absence of a sufficiently large series from all elevations in the "Los 
Tuxtlas" area, despite Stuart's review (1970). 

Serpentes 

Thirty-one species, two still not determined, were captured in the 
study area of the Nature Reserve (Table l). These represent 30% of the 
total ophidiofauna of the State of Veracruz (reported by Smith and Tay¬ 

lor, 1945). 

The snake fauna of the Nature Reserve is clearly comprised of neo¬ 
tropical genera, except Natrix, which is nearctic; this is of aquatic 
habits and is only found in some lakes. 

Some arboreal species are easy to find on the forest floor during 
the dry season, such as Spilotes pullatus mexicanus and Leptophis occi¬ 
dentalis praestans. The latter, during the dry months, is even found in 
houses of the Station; during thewet season, it disappears and can only 
be seen in the branches of high trees. A few other species, such as Boa 
constrictor and Bothrops atroxt appear scarce during the dry season, but 
the flooding of their abodes during the wet season makes them "seem" to 
appear all over the place. During the winter rainy season, the snake 
fauna is largely hidden. 

Specimens were found which appear topossess characteristics of two 
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HOT SEASON 33 °C max. - 25 °C min. COLD SEASON 20C'C max. 12°C : min. 

DRY SEASON RAINY SEASON CONTINUAL RAINS 

SPECIES Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Total 

Boa constrictor 6 3 2 3 6 2 1 - 1 - - 3 27 

Adelphicos q. 
quadrivirgatus _ _ - - - - _ - 1 - - - 1 

Clelia c. clelia 1 2 1 2 1 2 1 - 1 - - - 11 

Coniophanes i. clavatus - - - - - - - - - - - 1 1 

Dendrophidion vinitor 2 5 3 4 4 5 9 1 1 - - - 34 

Drymarchon c. 
melanurus 4 1 _ 2 1 1 1 _ _ _ _ 2 12 

Drymobius m. 
margaritiferus _ 2 2 1 2 3 1 - .. _ - - 11 

Ficimia publia - - - - 1 - - - - - - - 1 

Imantodes c. 
leucomelas 1 _ _ _ _ 1 _ _ _ _ _ . 2 

Lampropeltis t. 
poly zona 4 5 7 7 6 6 2 _ _ _ _ 2 39 

Leptodeira a. 
cussiliris _ 1 _ _ _ _ _ _ _ _ _ _ 1 

Leptophis m. mexicanus 6 7 12 12 11 9 10 - 2 - - 3 72 

Leptophis o. praestans 12 18 22 29 19 27 14 - - - - 5 146 

Masticophis m. 
mentovarius 1 6 6 12 3 7 2 2 - - - - 39 

Mastigodryas m. 
veracrucis 3 1 1 2 2 2 1 2 2 - _ _ 16 

Ninia d. diademata 2 1 - - - - 1 - - - 1 1 6 

Ninia s. sebae 12 22 33 24 15 38 29 7 10 2 2 12 206 

Oxybelis aeneus 12 14 17 20 17 18 3 1 5 - - 7 114 

Pliocercus elapoides - - 1 - - 1 - - - - - - 2 

Pseustes p. argus - - - 2 - - - - - - - - 2 

Rhadinaea decorata - 2 - 11 - 1 - - 2 - 2 - 18 

Sibon nebulatus 1 - - - - - - - - - - - 1 

Spilotes p. mexicanus 4 2 3 7 5 3 2 - - - - 2 28 

Stenorrhina d. mexicana - - - - - - - - - 1 1 - 2 

Tantilla phrenitica - - 1 - - - - - - - - - 1 

Tropidodipsas s. sartorii - 2 3 2 2 - - 1 1 - - - 11 

Xenodon mexicanus - - - - 1 - - - - - - - 1 

Matrix r. blanchardi - - - 1 - - - - - - - - 1 

Bothrops atrox 6 11 19 26 27 7 4 - 2 2 2 6 112 

Bothrops nummifer - - - 1 - - - - - - - - 1 

Species not determined - - - 1 - 1 (1) (1) - - - - 4 

Total individuals 
counted 77 103 131 156 122 133 82 15 27 5 5 44 923 

Table 1. Number of snakes captured in the Study Area "Los Tuxtlas" 
between April 1976 and April 1977. 
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subspecies of Tropidodipsas: T. sartorii sartorii Cope and T, sartorii 
annulatus (Peters). Additional material is required to establish whether 
these taxa are inseparable or constitute distinct species. 

Contrary to expectation, no species of Miorurus was encountered, in 

spite of the fact that Af. elegans and M. diastema are known from the 
vicinity of San Andres Tuxtla and Catemaco, Veracruz. 

For the entire region of "Los Tuxtlas", Bothrops atrox asper stands 
out as the most abundant representative of the genus Bothrops. Our largest 
specimen is 2.5 m in total length. Bothrops nummifer is found at higher 
elevations. In the study area, only one specimen was found, at the top 
of Cerro Vigia, 530 m, the highest point within the Nature Reserve. 

Crotalus d, durissus is found in adjacent regions, but because of 
the excessive humidity of the study area it is doubtful that it occurs 
there. 

It is recognized that the present work is preliminary and must be 
extended over a much longer period. The work completed up until now, 
however, does serve as a valid preliminary data base from which a defini¬ 
tive understanding can be derived. Obviously many morespecies and genera 
can be expected as work progresses. The most likely additions are Lepto- 
typhlopSj Typhlops, Conophis (which has been taken previously only on 
the coast), Oxyrhopus and Miorurus. 

Crocody1ia 

Only one young specimen of Crooodylus moreleti was captured in Rfo 
Cardenas. 

Gymnophiona 

On several occasions caecilians have been observed in perennial 
streams of this locality, possibly representing Dermophis, although that 
genus is generally regarded as strictly terrestrial. However, no speci¬ 
men has yet been captured. 

Anura 

Smilisoa b. baudini is themost abundant species of hylid frog. La¬ 

guna del Zacatal lies in the westward part of the study area (Fig. 2), 
occupying an area of approximately 350 m2. During the rainy season it 
received from the mountains a large volume of water, but during the dry 
season it becomes completely dry. On this lake, after the second summer 
rain, many thousand S. b. baudini suddenly appeared, amazing in both 
their abundance (30-40 frogs/m2) and their deafening chorus. The rain 
stopped on the third day, and the shallow water accumulated over the 
preceeding twodays disappeared completely. On thefourth day many large, 
black, oily spots marked the sites where the frogs died in an enormous 
mass extinction. Not a single live specimen was seen subsequently. This 
may be interpreted as a natural phenomenon regulating abundance. 

In all streams and lakes, Rana palmipes is the common species. 
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OBSERVATIONS ON THE HUSBANDRY AND BREEDING OF THE RUFOUS- 
BEAKED SNAKE, RHAMPHIOPHIS OXYRHYNCHUS ROSTRATUS3 

AT THE NATIONAL ZOOLOGICAL PARK 

Trooper Walsh and Sam Davis 

ABSTRACT 

This paper describes the husbandry and breeding of the 

Rufous-beaked snake, Rhamphiophis oxyrhynchus rostra- 
tus, at the National Zoological Park. Descriptions 

of breeding behavior and incubation procedures are 

included as well as measurements of eggs and young. 

The information in this paper is compared with lit¬ 

erature reports. 

INTRODUCTION 

The Rufous-beaked snake, Rhamphiophis oxyrhynchus rostratus, is a 

medium sized, rear-fanged col ubrid found commonlythroughout South Africa 
and Rhodesia (Pitman, 197*0. It is a burrowing ground dweller which 
frequents savanna-type habitats and has been discovered living in gerbil 
burrows and termite mounds (Fitzsimons, 1970). The sharply beaked snout 
of Rhamphiophis is used to tunnel and root in sandy soil. In the wild, 
Rhamphiophis feed on a variety ofsmal1 animals such as rodents, lizards, 
birds, beetles, and other snakes (Fitzsimons, 1970; Isemonger, 1968; 
Pitman, 197*+; Sweeney, 1971). The venom of this species is said to be 
harmless tohumans, although experiments onsmal1 rodents have shown that 
death results soon after envenomation, (Pitman, 197*+; Sweeney, 1971). 
Very little else is known about this snake in the wild and there appears 
tobeno literature concerning thebreeding of Rhamphiophis in captivity. 

The purpose of this paper is to discuss the husbandry and breeding 
of Rhamphiophis at the National Zoological Park. 

SPECIMENS 

An adult male was obtained in March of 1975- A female was acquired 
in June of 1976 and laid a clutch of nine eggs while in quarantine. The 
eggs averaged 6.9 gm in weight and 42.5 x 1*+.8 mm in length and width. 
The clutch was determined infertile by candling andspoi1ed after several 
days of art ificial incubation. The female was placed on display with the 
male in October of 1976. 

HOUSING AND HUSBANDRY 

The glass-fronted exhibit cage is constructed of molded fiberglass 

with hinged double doors at the rear. The top is screen wire mesh, and 
additional ventilation is provided by four rows of small holes in the 
lower half of the service door. The cage measures 9*+ x 63 x 100 cm. 
Ten centimeters of pea gravel are used as substrate and is a suitable 
burrowing medium. Originally, sand was used as substrate, but abrasions 
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and infections resuited when grains of sand col 1ected under belly scutes. 
Half of a hollow log rests diagonally on the substrate and serves as 
shelter. Plastic plants are attached tothe log for cover and appearance. 
Above the log, at a height of 65 cm, a dried thorny branch with plastic 
foliage is attached to the cage walls. The specimens often climb and 
rest on this thorn branch. 

The temperature of the exhibit fluctuates about 6 C between day and 
night. The average annual daytime high is 26.7°C while at night the 
temperature drops to an average of 21°C. Extreme daytime high tempera¬ 
tures of 32.2°C occur in late July and early August, and extreme night¬ 
time lows of 17°C have been recorded in November and April. 

Skylights provide a natural photoperiod for the Washington D.C. Area. 
Florescent Chroma-50 lights are suspended 61 cm above the screened ex¬ 
hibit top for direct cage illumination and to supply ultraviolet radi¬ 
ation. During the summer months, the florescent lights are on from 7:00 
a.m. to 7:00 p.m. In the fall, winter, and spring, they are on from 
8:00 a.m. to 4:30 p.m. In addition, a heat 1 amp-spot 1ight is positioned 
in one corner of the cage to produce a thermal gradient. The heat lamp 
goes on and off with the other artificial illumination. 

The exhibit cage is misted daily with water. Fresh drinking water 

is available at all times from a small bowl. 

Each specimen is generally fed one mouse per week. During the win¬ 
ter, feeding may be less enthusiastic and mouse pupsmay be more readily 
accepted thanadult mice. When a food item is attacked,the snake retains 
hold of its prey and chewing motion is observed. This motion may be 
associated with the rear fang venom mechanism. 

COURTSHIP AND COPULATION 

On themorning of 15 February 1977 $ the male and female were observed 
copulating. The snakes were stretched out on the substrate with the 
male on the back of the female. The head of the male was on top of the 
female's, and their bodies twitched every few seconds. The male's tail 

was loosely wrapped around that of thefemale, bringing their cloacas in 
contact. The courtship involved head jerking on the part of both snakes 
and tongue flicking by the male. Copulation lasted for several hours 
and then both specimens retreated tothecover of the hollow log. Similar 
courtships and copulations were observed during daylight hours on 22 
March and 19 April. On 11 April the female's prelaying shed was recorded. 
Her last meal before laying was accepted on 29 March. 

EGGS AND INCUBATION 

On the morning of 21 April 1977, seven freshly laid eggs were dis¬ 
covered under the hoi low log in the exhibit cage. The eggs were removed, 
weighed, measured (Table 1), and set up for artificial incubation. 

A styrofoam box measuring 60 x 60 x 30 cm was used as an incubator. 

A 30 cm layer of pea gravel covered the bottom of the box to keep the 
egg containers off the subterranean heat source. The pea gravel also 
retains heat when the incubator is opened. The eggs were placed on top 
of 4 cm of potting soil in two plastic containers measuring 15 x 10.5 
x 7.5 cm. 
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Heat was provided by two lengths of a 125 watt plumber's heat tape 
which were spaced 25 cm apart under a metal plate. The styrofoam in¬ 
cubator was then placed on the metal plate. The plate helps distribute 

the heat in a uni formmanner. A temperature of 28° -29° C was maintained 

throughout incubation. 

When the eggs were initially set up, two cups of water were added 
to the pea gravel on the bottom of the incubator. The heat caused condensa¬ 
tion and resulted in moderate humidity within theincubator. No moisture 
was added to the potting soil during the incubation period. 

On 23 April the eggs were candled and all but one appeared fertile. 
On 3 May the eggs were again cand1ed and f i ve appeared to contain living 
embryos. One of the remaining eggs was definitely infertile, while the 
other was questionable. 

On 26 June five eggs had begun to collapse, indicating that they 
were losing water. They were then all placed in individual pint jars 
half filled with peagravel and one quarter filled with water. Lids with 
holes were put on the jars and the jars were placed back in theincubator. 
Within a day, the eggs filled out again and 4 July the first began to 
hatch. By 6 July, the five eggs had hatched. Two eggs were opened and 
found to be infertile. All hatchling Rhamphiophis made si its and emerged 
from the ends of the eggs. This is unlike our experience with other 
colubrid hatchlings which emerge from the top of the eggs. 

HATCHLINGS 

The hatchlings appeared in good condition. Juvenile coloration was 
quite different fromthe adult solid tandorsal color,having light fleck¬ 
ing on a brown background. The young were weighed andmeasured at hatching 
(Table 1). 

Table 1. Measurements of Rhamphiophis oxyrhynohus eggs and hatchlings 
with means and ranges. 

EGGS HATCHLINGS 

EGG WEIGHT (gm) LENGTH X WIDTH (mm) WEIGHT (gm) LENGTH 

A 12.0 51.9 X 18.6 10.8 30.5 

B 12.5 48.3 x 19.0 9.0 30.0 

C 13.1 50.2 x 18.8 - - 

D 14.0 57.5 x 18.5 10.0 30.3 

E 14.2 53.1 x 19.5 8.2 29.6 

F 13.9 52.0 x 19.1 - - 

G 13.7 51.7 x 19.2 10.2 33.0 

Mean 13.3 52.0 x 18.9 9.8 30.6 

Range (12.0-14.2) (48.3-57- • 5) x (18.5-9.5) (8.2-10.8) (29.6-33.0) 

Three of the hatchlings fed voluntarily; two on newborn mice, and 
one on a dead salamander (Plethodon cinereus). The other two specimens 
were force-fed mouse tails dipped in liquid vitamins. 
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Clutch sizes recorded in the 1iterature range from 6 to 17 and eggs 
are reported to be laid over a period of days (Fitzsimons, 1962; Pitman, 
1974; Sweeney, 1971). In this paper clutches were small (7 to 9 eggs) 
and were laid within a 24-hour period. There may be a relation between 
the clutch size and the laying period, but moredata is needed to confirm 
this. 

Eggs found in natural habitats are reported to range from 34-44 mm 
in length to 20-22 mm in width (Fitzsimons, 1962). In this paper, the 
eggs of the inferti le clutch averaged smal ler, (42.5 x 14.8 mm) and 1 ighter 
(6.9 gm) than those of the fertile clutch (52.0 x 18.9 mm and 13.3 gm). 
Egg size and weight may be related to fertility, but again, more data 
is needed to confirm this. 

Pitman (1974) reports an incubation period of approximately three 
months. This corresponds reasonably well with the 73 day period in this 
paper. The time difference is probably a result of different incubation 
temperatures. 

Rhamphiophis are good exhi bi t ion animalsdue totheir diurnal activity 
and gentle, hardy nature. Our experience in breeding this species and 
caring for the young should help us improve our techniques and increase 
our future success with Rhamphiophis, 
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FOOD TYPES AND DISTRIBUTION AS A 

PLETHODON HABITAT PARTITIONING FACTOR 

Thomas K. Pauley 

ABSTRACT 

Food types and distribution were studied in an attempt to 

assess the influence of food on habitat partitioning be¬ 

tween Plethodon wehrlei (a large eastern Plethodon) and 

Plethodon cinereus (a small eastern Plethodon). 

Both P. wehrlei (adults and juveniles) and P. cinereus 
were found to feed almost exclusively on the same kind 

and size of invertebrates. The three major taxa of in¬ 

vertebrates were somewhat abundant throughout the study 

area. The distribution of P. wehrlei and P. cinereus 
in the study area did not seem to be in any way related 

to the distribution of invertebrates. 

Food is most likely an object of competition between P. 

wehrlei and P. cinereus, but food abundance and non-co¬ 

incidental feeding probably prevents the densities of 

either species from ever reaching competition levels. 

INTRODUCTION 

Jaeger (1972) hypothesized that food is the limiting resource for 
which salamanders are in competition and thus is an important factor in 
habitat partitioning. He found that the slightly larger Plethodon net- 
tingi Shenandoah consumes larger prey than P. cinereus, but when in 
sympatry with P. cinereus of a comparable size, the two species did com¬ 
pete for food of the same size. 

Fraser (197*0, in his studies of P. cinereus and P. hoffmani, found 
that habitat dryness could promote competition for food, but it probably 
does not occur. He based his conclusion on the fact that the animals 
simply do not feed at the same time. 

The purpose of this study is to test the hypotheses that food dis¬ 
tribution, foodtaxa groups, and food size are not factors in the habitat 
partitioning of P. wehrlei and P. cinereus. 

DESCRIPTION OF THE STUDY AREA 

This study was conducted two miles west of theHarrison County-Dodd- 
ridge County line in West Virginia. The elevation ranges from 27*t meters 
to 366meters. This area is well positioned within theoverlapping ranges 
of P. wehrlei and P. cinereus. 

The total area studied was somewhat triangular in shape, approxi¬ 
mately 137 meters at the bottom and 198 meters at the top. Horizontally, 
the eastern 122 meters to 1**5 meters faced northwest and the western 15 
meters to 53 meters faced north. 
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In the eastern 90 meters of the study area, Plethodon wehrlei com¬ 
prised 87.4 percent of the Plethodon population, while P. cinereus com¬ 
prised only 12.6 percent. In the western 90 meters of the study area, 
the opposite was the case. Here, P. cinereus comprised 85.8 percent of 
the population, whereas P. wehrlei comprised only 14.2 percent. 

METHODS AND MATERIALS 

Plethodontids prey almost exclusively on invertebrates, so it is 
important to study the distribution of the prey in the study area, the 
kinds of prey consumed, and the size of the prey in relation to the head 
width of the salamander. Both laboratory and field studies were completed 

to collect these data. 

A survey of the invertebrates was done by systematically walking 
through the study area and collecting all invertebrates within reach. 
Each specimen was identified and its exact location recorded in estab¬ 
lished transects. If identification was questionable, the invertebrates 
were put invials containing 75 percent ethyl alcohol and returned to the 
laboratory for identification. Samples of soil were taken from each 
transect and returned to the laboratory where the soil invertebrates 
were filtered out by use of a Berlese funnel. 

Sixty-one adult P. wehrlei, 22juvenile P. wehrlei, and 86 adult P. 
cinereus were collected from the study area, put in vials containing 10 
percent formalin, and returned to the laboratory for stomach content 
studies. The width of each salamander1s head at the widest point, behind 
the eyes, and the snout-vent length were measured to the nearest tenth 

of a millimeter using a verner caliper. The stomach contents were sorted 
and identified by the taxonomic order. The length and width of each item 
was measured to the nearest tenth of a millimeter using a dissecting 
scope with an ocular micrometer. 

RESULTS 

Three major invertebrate groups were found in the study area (Table 
1). Their distribution did not correspond to the distribution of pleth- 
odontids in the study area. 

Because the two Plethodon studied were dissimilar in size, stomach 
content analyses and head width/prey comparisons were made between the 
adults of the smaller species, P. cinereus, and juveniles of the larger, 
P. wehrlei, as well as between the adult P. cinereus and adult P. wehrlei. 
Ninety-five percent of the 169 salamanders examined had a food item in 
their stomachs. Ants (Formicidae) were themajor food ingested by adults 
of both species as well as the juveniles of P. wehrlei (Table 2). Re¬ 
gardless of head width, the majority of adults of both species and the 
juveniles of P. wehrlei ingested prey that ranged from 0.5 mm to 1.0 mm 
wide (Figure 1). 

DISCUSSION 

If food plays an important role in the microdistribution of P. wehr¬ 
lei and P. cinereus, then the distribution in the study area of both 
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Mete ,rs 
East West 

0-90 91 - 180 

Formicidae^ 47.4 52.4 

Acaria 60.6 39.3 

Coeloptera 44.8 55.1 

Table 1. Percentage distribution of the major invertebrates 
groups found in the study area. 

P. wehrlei (adults) 
Number 
of 
prey 
eaten 

Number 
of 
salamander 
containing 
prey 

Percent 
of prey 
in 
salamander 

P. cinereus (adults) 
Number 
of 
prey 
eaten 

Number 
of 
salamander 
containing 
Prey 

Percent 
of prey 
in 
salamander 

P. we 
Number 
of 

prey 
eaten 

lrlei (juveniles) 

Number 
of 

salamander 

containing 

Prey 

Percent 
of prey 
in 
salamander 

Formicidae 

Acaria 

Araneidae 

Coeloptera 

Collembolc 

Others 

124 

20 

10 

28 

4 

35 

56.1 

9.1 

4.5 

12.7 

1.8 

15.6 

147 

78 

12 

11 

12 

41 

48.8 

25.9 

4.0 

3.7 

4.0 

13.6 

12 

6 

2 

2 

5 

10 

48.9 

7.8 

2.2 

2.2 

23.3 

15.5 

Table 2. Major taxonomic groups ofinvertebrates found in the stomachs of 
both adult P. wehrlei and P. cinereus and juvenile P. wehrlei. 

size and kindof prey should be similar to the plethodontid distribution. 
The distribution of invertebrates did not appear to be similar to the 
distribution of P. wehrlei and P. cinereus. Therefore, no relationship 
can be assumed between the occurrence of the two piethodontids and the 
occurrence of food. 

Stomach content studies revealed that 160 of 169 (95.0 percent) sala¬ 
manders had ingested some food item. This would indicate that food was 
abundant and available to all individuals throughout the study area. 

Adult P. wehrlei and P. cinereus as well as juvenile P.wehrlei were 
shown to prefer prey of nearly the same size and kinds. The consumption 
of prey of the same kind and size range would indicate that food is an 
object of competion. While this maybe true, the extent of this competi¬ 
tion would be reduced because of the non-coincidental feeding behavior 
of plethodontids; i.e., they have staggered feeding schedules. This 
staggered feeding schedule reduces interspecific competition for food 
and thereby renders food more available per individual. In addition, 
the stomach content analysis indicated that food is abundant throughout 
the study area. It is therefore concluded that neither kind nor size 
of food is important in habitat partitioning. 
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90 

80 

70 P. cinereus (adult) 

60 X head width = 5.06 

50 
N = 86 

40 

30 

20 

10 

1-1------1 0 
0.5-1.0 1 5 — 20 2 5-30 ' 35—40' 45 — 50 * 1 55-60 1 

Width of prey Size (mm) 

Figure 1. Percentage of food consumption by adult and juvenile P. wehr- 
lei and adult P. cinereus in relation to head and width. 
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Reproduction in a Pair of Captive Arizona 

Ridge-nosed Rattlesnakes, Crotalus willardi willardi 
(Reptilia, Serpentes, Crotalidae) 

Until recent years, information on reproduction in the Crotalus 

willardi complex has been scant in the literature. For eight previously 
reported broods, five were C. w. willardi (Klauber, 1949, 1972; Martin, 
1975 a, 1975b; Quinn, 1977), one was C. willardi meridionalis (Klauber 
1972), one C. willardi obsourus (Martin, 1976),and one C. willardi silus 
(Klauber, 1949, 1972). Of these, only one brood of C. w. willardi (Mar¬ 
tin, 1975b) and one brood of C. willardi obsourus (Martin, 1976) were 
conceived in captivity. The present report deals with an additional 
captive breeding of C. w. willardi. Included are notes on copulation, 
gestation, and hibernation with a description of the neonates. Presented 
is evidence that at least a biennial reproductive cycle occurs in C. w. 
willardi from Arizona. 

MATERIALS AND METHODS 

An adult female C. w. willardi (total length 495 mm, weight 108.0 g, 
post-partum), collected 20 July 1974, Huachuca Mountains, Cochise Co., 
Arizona, and an adult male (total length 548 mm, weight 177.7 g), re¬ 
ceived as a juvenile 20 November 1973 from the Huachuca Mountains, Co¬ 
chise Co., Arizona, were periodically placed together in 38 1 and 76 1 
aquaria. Paper toweling was used as a substrate and hiding boxes were 
provided for the security of the snakes. Water was always available but 
the cages remained dry. Humidity varied from approximately 50 percent 
in summer to approximately 30 percent in winter. Lighting was provided 
through large, south-facing windows which enabled the snakes to exper¬ 
ience a year-around natural photoperiod for the Fort Worth, Texas area. 
Artificial lighting was not used, and no attempt was made to darken the 
enclosures during the winter months. 

Temperatures varied between approximately 20-32°C year-around until 
1975. On 1 December of 1975 and 1976 the temperature was allowed to drop 
gradually over a period of one week until lows of 9“12°C were achieved. 
Daily recordings were taken at 7 am and 6 pm for lows and highs, respec¬ 
tively. No attempt was made to maintain a constant temperature, and 
variations of approximately 2-5°C were observed on most days. An attempt 
was made, however, to keep low temperatures at 9°C or above. Seasonal 
warming occurred in March and April of each year. 

Feeding occurred every 10-20 days during active periods on 15“20 g 
laboratory mice. Feeding was discontinued approximately three weeks 
prior to cooling. Although temperatures during mid to late March were 
conducive to much act ivi ty, feeding was notinitiated until approximately 
20 April of each year. 

Adults and neonates were measured for snout-vent length and total 
length usingthe squeeze-box technique (Quinn and Jones, 1974), andweighed 
on a triple-beam balance 48 h after the birth of the brood. 
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RESULTS 

The pair was separated during hibernation, and the female was intro¬ 

duced into themale's enclosure periodically throughout the warm months. 
No attempt was made to analyze ritualized courtship. If the female 
appeared particularly un-receptive she was removed shortly after intro¬ 
duction, and if not, she remained for up to 10 days or until copulation 
occurred. Upon introduction, the male immediately began courting with 
rapid, longitudinal chin-rubbing (1 sec) and tongue flicks (2-3 sec) 
against the female dorsally and dorso-1aterally. If un-receptive, she 
reacted with an immediate, rapid slapping of the tail from side to side 
and an attempt to escape, or she assumed a tight coil. Receptiveness 
was indicated by a lack of tai1-slapping and the female slowly crawled 
about the enclosure which intensified the male's courtship attempts. 
Once the male assumed a position of loose coils on and paralled to the 
female's body, she raised her tail siightly and ceased forward momentum. 
The male then looped his tail under hers and attempted to align the cloacae 
with several anterior-posterior strokes. If intromission was not accom¬ 
plished the sequence of chin rubbing, tai 1 tightening and cloacal search 
began again (see Chiszar, et al., 1976). Once intromission was accomp¬ 
lished, most movement subsided in both snakes for approximately 1-2 min, 
whereupon chin rubbing and tongue flicking was periodically initiated 
by the male. Entire body movement was reduced during actual coitus. On 
several occasions, a rapid head bobbing movement was observed in the fe¬ 
male during coitus. This, in turn, accelerated chin rubbing behavior 
in the male. Time elapsed between chin rubbing episodes lengthened pro¬ 
portionally to copulatory duration. 

Copulation was effected 19 June 1975 and 22 June 1976. The female 
had shed several hours prior to the initiation of each coitus. Non¬ 
receptivity by the female was observed until actual ecdysis occurred. 
This closely paralled observations by Martin (1975b) who reported that 
copulation occurred shortly after female ecdysis on 16 June. These were 
the only female sheddings since the collection date until 29 May 1977. 
At this time, the female was introduced but male courtship activities 
were reduced and female non-recptivitywas extreme. Although introductions 
occurred on numerous occasions, female receptivity and eventual coitus 
seemed determined by her summer ecdysis. 

Klauber (1972) reported that normal copulatory durations in Crotalus 
varied from 6-12 h, but mentioned a pair of C. r. ruber that remained in 
oopulo for at least 22.75 h. Copulatory durations herein varied from 

15~24 h and may have been longer as complete sequences were not observed. 
Because the snakes were not placed together for extended periods when 
observations could not be made, it is extremely doubtful that additional 
copulation took place. Intense courtship was not observed after actual 
copulation had occurred in either year. 

The pair was cooled from 1 December 1976 until warming occurred in 
March and April 1977. From the initiation of cooling until approximately 
mid March, the female was only once observed out of the hiding box, al¬ 
though occasionally high temperatures of 15“17°C were recorded during 
February and early March. During late March and early April, activity 
slowly increased and she was seen drinking water on numerous occasions. 
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Laboratory mice were first offered 20 April 1977 (temperature 22°C) and 
were refused by the female though readily accepted by the male. The fe¬ 
male continued to fast until 4 August 1977. 

Partruition occurred in the hiding box on 1 August 1977 and was not 
observed. Investigation revealed three living neonates and one infertile 
mass. Total lengthvaried froml66-172 mm (x = 169-3 mm) andweight varied 
from 4.4 -5*8 g (x = 5.2 g) . Sex was determined by percentage of tail 
length to total length. For two females, tail length percentage was 7-5 
and 7.6, and for one male was 9.0. Mean total length of the neonates 
was 34.2 percent of the female parent's total length 

Coloration at birth contrasted to descriptions given by Mart in (1975a, 
1975b) of broods fromSanta Rita Mountain parents, and agreed with those 
given by Quinn (1977) for a Huachuca Mountain brood. Overall ground 
coloration was dark chocolate brown with dark tails. No evidence of 
yellow tail coloration was noted. Ecdysis occurred six and eight (two 

snakes) days after birth. At this time, overall ground coloration was 
a light brownish gray. 

DISCUSSION 

Although it is well known that reproductive events observed in cap¬ 
tive reptiles do not necessarily correlate with what might be expected 
in the wild (see Fitch, 1970), theevents reported herein are consistant 
with previous accounts. 

Copulation has not been observed in this species in the field, how¬ 
ever, copulation dates given for captive specimens are 16 June and 28 
July (Martin, 1975b), and "July" and "early August" (Martin, 1976) . This 
agrees with the summer mating pattern (19, 22 June) described herein. 
Birth dates of broods conceived in the wild have been 14 August (Quinn, 
1977) and 18 August (Martin, 1975a), while those that were theresult of 
captive breeding were 1 August (this paper), 2 August (Martin, 1976) and 
10 September (Martin, 1975b). 

Biennial reproductive cycles have been proposed for a number of pit- 
vipers (Harris and Simmons, 1972; Rahn, 1942; Tinkle, 1962; Wharton, 
1966). An even longer (triennial) cycle may be present in C. horridus 
atricaudatus in certain parts of it's range (Gibbons, 1972), and St. 
Girons (1957) reported biennial and triennial cycles present in Vipera 
aspis which were dependant upon particular climatic conditions. Obviously 
climate and geographical area effect reproductive cycling, butmany other 

factors are involved (Fitch, 1970). C. willardi is mainly a resident of 

pine-oak woodland occurring from the Transition Zone downward into the 
Upper Sonoran Li fe Zones (Harr i s and S immons , 1976; Lowe, 1964). The eleva- 
tional distribution of this species in Arizona variesfrom ca. 1550-2750m. 
At these elevations, activity periods (ie, reproductive periods) are 
reduced. Extended periods of hibernation plus limited activity periods 
might lend themselves to a biennial reproductive cycle in this species 
in southern Arizona and perhaps elsewhere where similar climatic condi¬ 

tions prevail. Also, in addition to data presented herein, the gestation 
periods for reported captive bred C. willardi have been approximately 
13 months (Martin, 1975b, 1976) which indicates the presence of at least 
a biennial cycle in this species. 

Bulletin Maryland Herpetological Society Page 85 



Volume 14 Number 2 June 1978 

Martin (1975b) stated that cooling preceeding thebirth of his brood 
could not at that time be determined as influential. Personal observation 
of a multitude of forms has shown that while many temperate species do 
not require a cooling period for reproductive cycling, a hibernation 
period will assure successful reproduction in most cases. All reported 
captive breedings of C. willardi have employed hibernation. in addition, 
in cases where hibernation did not occur, copulation has been observed 
year after year without subsequent production of young. It can be said 
that most probably, a cooling period is not only influential, but is re¬ 
quired for reproductive cycling in this species. 

Most observat ions of reproduct ion in C. willardi, and for that matter 

many other relatively rare species, have been made under captive condi¬ 
tions. If attention is focused on duplicating natural conditions of 
photoperiod and most particularly temperature as closely as possible for 
captive specimens,the reproduct ion of many forms once considered difficult 
may become commonplace. In addition, observed reproductive cycling may 
be close if not identical to that which occurs in nature. For these 

reasons, properly conducted studies ofcaptive reptiles by zoo personnel 
and private individuals are valuable. Not only can they assertain be¬ 
havioral and reproductive characteristics, but studies of this nature may 
aid in clarifying the status of threatened and endangered species, such 
as certain members of the Crotalus willardi complex. 

Figure 1. Newborn Crotalus willardi willardi 
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Largest Reported Tiger Salamander 

The tiger salamander, Ambystoma tigrinum3 is found in larval , neotenic 
and terrestrial forms and, typical of urodeles, is carnivorous in all 
three stages. In some cases, neotenic animals express the trait of can¬ 
nibal i sm and grow to unusually largesizes. Powers (1903, 1907) described 
physical characteristics of animals exhibiting the cannibalistic trait. 
In hiscomments about thecannibals of A. tigrinwrij Reese (1975) reiterated 
Powers' conclusion that large size is commonly associated with the can¬ 
nibalistic trait. Smith and Reese (1968) described an animal collected 
near Denver, Colorado which was the largest living A. tigrinum known up 
to that date. Its diet consisted of earthworms and small larvae of the 
same species. The association of large size with the cannibalistic trait 
appears to be the case for the animals described below. 

Included in Table 1 are measurements of the three largest neotenes 
collected on 23August 1975 via seiningof a pond near Jamestown, Colorado 
(elevation: 2100 m). All three exhibit characters typical of cannibals 
including large overall sizeandwide heads. The measurements of Reese's 
largest neotene (RWR 131) and his examples of normal neotenes (RWR 40, 
41 and 3*0 are added for comparison. 

Table 1. Measurements of Record Size and Normal Tiger Salamanders. 

Animal Snout-vent 
(mm) 

Tail 
(mm) 

Head-width 
(mm) 

snout-vent/head 
Ratio 

weight 

(g) 

1 (Snow) 168.6 151.5 64.5 2.61 434.0 

2 (Snow) 159.2 167.4 56.5 2.81 298.0 

3 (Snow) 151.5 152.0 48.2 3.14 172.8 

RWR 131 

Normal 

145.0 146.0 56.7 2.56 333.5 

RWR 40 110.0 117.0 33.3 3.30 77.2 

RWR 41 114.0 104.4 30.2 3.77 62.1 

RWR 34 114.2 92.7 30.8 3.71 88.6 

Apparently, the trait of cannibalism in A. tigrinum results in the 
observed abnormal large sizes. Normal animals consume a diet of mostly 
small insects, insect larvae and molluscs which inhabit the pond with 
them (Dodson and Dodson, 1971). The cannibal, by consuming one large 
meal, expends less energy in foraging and digestion than does the normal 
animal which consumes many small items of preycontaining proportionately 
greater amounts of non-digestible material than does the single large 
meal of a cannibal. 

Neotenic tiger salamanders can be induced to metamorphose if given 
injections of thyroxin (Norris and Platt, 1973a) or thyroid stimulating 
hormone, TSH (Norris andP1att, 1973b). This artificially induced trans- 
fornation can be inhibited via injections of prolactin (Gona and Etkin, 
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1970). Choun and Norris (197*0 stated that animals given injections of 
prolactin with TSH readily accepted food. This effect may be due to the 
increased level of circulating prolactin since it is commonly observed 
that transforming animals, presumably having low levels of circulating 

prolactin, cease eating. 

Giant neotenic cannibals may have a high level of circulating pro¬ 
lactin which causes an increased feeding drive. Conversely, the ample 
supply of food may result in an increase in circulating prolactinwhich, 
in turn, inhibits metamorphosis. It would be of interest to determine 
the cause and effect relationship between these two factors. 
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A Note on Food and Young in Natrix rigida 

Matrix rigida continues to be a secretive aquatic snake about whose 
biology little seems to be known. This note is intended merely to add 
two small items of information. 

FOOD: In 18 Louisiana stomachs of Matrix rigida, Clark (1949) found 
seven fish, nine frogs (Rana and Aoris) and two crayfish. Hamilton and 
Pollack (1956) noted a Gastrophryne i n a stomach of a specimen fromwestern 
Georgia. Crayfish alone were reported by Neill (1951), Schwartz and 
Etheridge (1954), Tinkle (1959) and PaImer and Whitehead (1961) from 11, 
1, land 1 specimens, respectively. Cook (1943) reported a snake attempt¬ 
ing to eat a crayfish. 

Incidentally, the first specimen of Matrix rigida I ever saw was a 
small one from southern Louisiana. It contained two intact dragonfly 
naiads. 

Between 1955 and 1967 I encountered only five specimens of this snake 
in the North Carolina coastal plain (Brunswick County). One of these 
Carolina specimens had three Libellulid dragonfly naiads in its stomach 
and remains of one Libellulid and a Hydrophilid beetle larva in its gut. 
The intestine of another specimendisclosed gastroliths of three different 
crayfishes. 

Albert Sanders, of the Charleston Museum, kindly permitted me to 
check the alimentary tracts of two dozen specimens from the fine series 
of this snake in that institution. Unfortunately many of these snakes 
were collected during flood times and apparently had not taken food for 
several days. Five specimens contained identifiable food remains: three 
crayfish and three dragonfly naiads. 

Hence, combining these results wi ththe two items from Schwartz and 
Etheridge (195*0 and Palmer and Whitehead (1961) above, nine snakes from 
North and South Carolina have contained remains of 16 food items: eight 
crayfish, seven dragonfly naiads and one Hydrophilid beetle larva. 

BROOD: Information is available on few broods of this snake. Huheey 

(1959) mentioned from Louisiana a 529 mm female with nine eggs, a 660 mm 
female with 14 eggs, and a brood of 11 young from unspecified female. 
Clark (19^9) noted seven embroys in a Louisiana specimen of unstated 
size. Abercrombie (1973) reported eight young from a 432 mm (TL) south 
Georgia snake. 

About midnight on a rainy 29August, I found a freshly killed (DOR) 
Matrix rigida in Brunswick County, North Carolina 9 mi NWof Supply. This 
snake was a gravid female, 560 mm snout-vent length (680 mm TL) . Its 
brood of nine young, so far as I could estimate, would have been born 
during thenext week or 10 days. Five of the young averaged 138 mm (range 
130 to 148) in snout-vent length and 176 mm (range 165 to 188) in total 
length. These five young together weighed 14 g (mean 2.8 g). The fe¬ 
male without the young weighed 118 g. 

Incidentally, the five older snakes noted earlier from Brunswick 
County had ventral-caudal scale counts as follows: one male with 131“ 
58; four females with 135-55, 135”52, 134-54 and 133-54. The five young 
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of onebrood (from the second female noted above) had these counts: 133“ 

61, 136-59, 134-51, 134-59 and 133-54. 
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An Additional Locality for Jefferson's Salamander, 

Ambystoma jeffersonianum3 in Maryland 

Published localities for Jefferson's salamander, Amhystoma jeffer¬ 
sonianum, inMaryland are few. First reported fromthestate on Plummer's 
Island, Montgomery County by Brady (1937), this piedmont record, based 
solely on egg masses, has not been ful lyaccepted by any subsequent worker, 
owing to the absence of 1 arvae or metamorphosed specimens from the local i ty 
and the apparent restriction of this salamander in Maryland to the Appa¬ 
lachian Province. [A locality shown byllzzell (1967) for an area in very 
close proximity toPlummer's Island is based on USNM 83433 from Dead Run 
Swamp, Fairfax County, Virginia (Thomas M. Uzzell, Jr., pers. comm).] 

Netting (1946) supplied the first reliable documentation of Ambys- 
toma jeffersonianum in Maryland, and since that time only two other 
specific localities forthestate have appeared in print (Stine and Sim¬ 
mons, 1952; Hahn and Goodwin, 1966). The most recently published distri¬ 
butional map of this species (Harris, 1975) indicates that at least seven 
populations are now known (or known to have existed) in three western 
Maryland counties: three in Allegany County, one in Washington County, 
and three in Frederick County. While A. jeffersonianum has previously 
been recorded from the Valley and Ridge Province of Allegany County, it 
seems worthwhi1e to note an additional locality, particularly since this 
salamander is considered by some authorities to be an endangered species 
in Maryland (Committee ..., 1973). 

In connection with a study on the red-spotted newt, Notophthalmus 
viridesoens, by one of us (Hershey), a drift fence was erected in late 
Julyandearly August 1977 around a roughly circular, man-made pond (ci r- 
cumference ca. 75 m) situated near the junction of Mertens Avenue and 
Twigg Road, Green Ridge State Forest, Allegany County, Maryland (eleva¬ 
tion 300 m). Weekly trips were made to the locality by Hershey and others 
from August to November (1977). On 15 October, eight adult Ambystoma 
jeffersonianum were discovered in an equal number of can traps on the 
outside of the barrier. The spacing of the salamanders in the containers 
suggested a convergence on the site, possibly for the purpose of winter 
hibernation. While it is generally assumed that 4. jeffersonianum hiber¬ 
nates underground, literature specific on this point is not known tous. 
The salamanders were removed from the cans and placed on the pond side 
of the fence. One week later (22 October) a single adult individual (80 
mm SVL, 158 mm TL) was found dead in a container inside the barrier; this 
specimen iscatalogued AR-1997-TSU in the vertebrate col lection ofTowson 
State University. No further A. jeffersonianum were noted between 22 
October and 19 November, when study of the area was terminated for the 
year and the cans inverted. 

We thank Dr. Thomas M. Uzzell, Jr. for supplying information, and 
Dr. Don C. Forester for reading the manuscript. 
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Notes on Worm-eating in the Prairie Ringneck Snake, 

Diadophis punatatus avnyi 

introduction 

The prairie ringneck snake, Diadophis punatatus avnyi, is a small 
snake which ranges from Iowa and eastern Nebraska south through south- 
central Texas. It characteristically inhabits rocky hillsides in open 
woods where it secretes itsel funder stones, logs and other surface litter. 
Food includes earthworms, insects,frogs, toads, salamanders, snakes and 
lizards (Blanchard, 1942). Fitch (1975) found that earthworms were the 
most common food item of the prairie ringneck snake in Kansas. Many re¬ 
searchers, including Hudson (1942), Anderson (1965) and Henderson (1970), 
have observed that earthworms are eaten readily in captivity. The pecu¬ 
liar observation that earthworms crawl down the throats of snakes has 
been reported for Clonophis kivtlandi (Smith, 1965; Tucker, 1977), Tham- 
nophis radix (Tucker, 1977) and Stovevia dekayi texana (Mary Horst,pers. 
comm.). This paper reports observations made on the ingestion of worms 
by two captive Diadophis punatatus avnyi. 

MATERIALS AND METHODS 

The snakes were collected under a logon a rocky creek bank in Tar¬ 

rant Co., Texas on 13 November 1977. On 24 December the snakes measured 
101 and 138 mm in total length. Blanchard (1942) reports 4 hatchlings 
varied from 98 to 108 mm in total length. The snakes were offered 1-2 
worms at approximately weekly intervals. Detailed observations weremade 
on the ingestion of 15 worms during a three month period. 

RESULTS AND DISCUSSION 

There was no apparent attempt by the snake to initially secure a 
hold at either the anterior or posterior end of the worm. Rather, the 
worm was attacked atanypoint along it's length. Henderson (1970) stated 
that "several times it seemed that the snakes hesitated inorder to strike 
at a particular end of theworm, but it was not determined which end was 
sought." The worm usually writhed violently and often wrapped several 
coils around the snake^s head and neck. The snake moved backward; the 
tail moved rapidly from side to side as if searching for a secure hold. 
Ingesting an earthworm may require that the snake firmly anchor itself 
to keep the worm from escaping. The backward motion may also assist in 
dislodging theworm from the head and neckand in keeping theworm stretched 
out in front of the snake. After the initial struggle, the worm lost, 
or released, it's hold on the snake and attempted to crawl off. At this 
point the snake initiated jaw movements which slowly moved theworm into 
it's throat. This caused the worm to be doubled over and the short end 
quickly disappeared into the snake due to contractions of the worm. On 
four occasions the worm wasseized within 1-2 mm of an end and a few jaw 
movements quickly moved that end into the mouth cavity. On two other 
occasions a grip on the posterior end of theworm was attained in several 
minutes due to both jaw movements by the snake and attempts by the worm 
to crawl forward. 
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If the anterior end was initially engulfed, the worm usually dis¬ 
appeared into the snake with 1-6 contractions within 2-15 seconds. If 
the posterior end was engulfed, the subsequent ingestion process usually 
took 2-3 minutes, but on one occasion it took nearly ten minutes. The 
worm attempted to escape by crawling forward and usually only short con¬ 
tractions occurred within the area of the snake's mouth cavity. These 
contractions were used to advantage by slow jaw movements and the worm 
was slowly moved posteriorly. On two occasions the worm suddenly con¬ 
tracted to such an extent that it disappeared into the snake within 1-2 
seconds. 

Two types of jaw movement were evident. Characteristic unilateral 
feeding movements were used to slowly pull theworm posteriorly. At other 
times during the swallowing process, the mouth was slowly opened and 
closed. During these periods, the worm usually moved slowly into the 
snake by means of short contractions. 

According to Tucker (1977), this phenomenon occurs when the snake 
begins swallowing a worm from the posterior end. This study indicates 
that it occurs regardless of which end is initially seized or engulfed; 
indeed, the process appears to be more rapid when the worm is seized at 
the anterior end. 

Due to the posteriorly curved teeth, theworm is unable to move back 
out of the snake's mouth once a contraction pulls it deeper into the 
snake. Diadophis, like most xenodontine snakes, have enlarged teeth on 
the posterior end of the maxilla, which inother snakes of this subfamily 
are usually associated with a mild venom. It- is not clear whether Di¬ 
adophis secretes a venom, though Shaw and Campbell (197*0 reported that 
one observer experienced a burning sensation after being bitten. Regard¬ 
less of thepossible association of the enlarged teeth with venom, these 
teeth may be of great assistance in swallowing earthworms andother food 
iterns. 
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Observations on a Captive Mona Island Boa, 

Epiorates monensis monensis Zenneck 

On 22 May 1974 an Epicrates monensis was collected on Mona Island, 

Puerto Rico. Inasmuch as this is only the tenth known specimen of this 
rare snake and the first to be observed for any period in captivity, we 
feel the following observations are noteworthy. 

The specimen (USNM 075006) was col 1ected at 10:15 p.m. while active 
on a branch of a small tree approximately 1.3m above ground on the south¬ 
east side of Isla Mona, approximately 1 km W of Playa de Pajaros. The 
habitat was subtropical-dry deciduous short-tree forest (Plateau Forest, 
Rogers, 1975) with an open canopy. Dominant plants included Cocoloba j 
micros tacky a, Metopium toxifemorij Bursera simaruba, Croton discolor, 
Vodonea viscosa and Opuntia repens. The specimen is a male, TL 74.7 cm 
(tai1=14.2 cm) with 243 ventrals, 80 caudals, anal single, and 35”^1“23 
scale rows. The intersupraoculars series is 4-1-3, infralabials 14/14, 
supralabials 12/13, loreals 1/1, and the 11 circumorbital scales include 
2 preoculars and 6 postoculars. Supralabials 6 and 7 enter the orbit 
on both sides, a condition considered more typical of E. m. granti by 
Sheplan and Schwartz (1974). 

The color pattern conforms closely to the descr i pt ion of E.m. monensis 
in Sheplan and Schwartz (1974). The boa was pale brown in life with a 
series of 52 darker brown dorsal blotches, each bordered by black. The 
dorsal blotches are irregular in configuration; many joined at the mid¬ 
line to produce a zig-gag effect for short distances at several points 
along the body whereas others are fused to produce saddle-shaped markings. 
The blotches are frequently interrupted laterally into the dorsal blotch 
proper and a smaller ventrolateral blotch. The tail has a series of 15 
dark blotches, several of which cross the venter to form rings. There 
is an indistinct postocular stripe and a pair of transverse dark bars at 
the occiput. These do not unite with the ventral portion of the first 
body blotch to form the U-shaped mark described in Sheplan and Schwartz 
(1974). The venter is white with scattered brown stippling. This speci¬ 
men is illustrated in color in Laycock (1975). 

During the 14 months the boa was kept in captivity it maintained 
a strictly nocturnal activity pattern, seldom being seen outside of its 
retreat before full dark. When active it spent most of the time in the 
branches in the cage, even drinking from the ground level water bowl 
while entwined in the branches. It was seen on the floor of the cage 
only when returning to or emerging from the floor level retreat. 

The only food items accepted throughout most of the captive period 
were lizards of the genus Anolis (both A. carolinensis and A. sagrei). 
These were taken preferentially to other food items. Hairless pink baby 
mice, appropriately sized Sceloporus undulatus and S. woodi, and Hyla 
cinerea were offered periodically throughout the captive period and were 
refused. These alternate food items were offered in conjunction with 
Anolis on 17 occasions and alone on 39 occasions. On all of the 17 
occasions where the snake was offered a choice it selected the Anolis, 
evidence that feeding motivation was high and that Anolis was the pre¬ 
ferred prey species. On many of the occasions where alternate prey were 
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offered, these were left in the cage with the snake for up to two weeks 
in the case of the Seeloporus or for 2 or 3 days with the others. These 
foods were ignored throughout the entire period. 

During the final months of captivity the boa became accustomed to 
the events associated with feeding despite efforts to minimize external 
cues to the feeding procedure. During this period it began to emerge 
from the retreat whenever the cage was disturbed and would immediately 
approach any moving object in or immediately outside the cage. On two 
occasions it approached pink mice and nosed them before returning to the 
retreat and on three occasions performed the same actions with Hyla oin- 
erea, On 28 July 1975 it seized and ate a Hyla oinerea immediately after 
the frog was placed in the cage. Two days later,on 30 July, it disgorged 
the Hyla and died after a period of spasms and convulsions. 

The specific preference for Anolis exhibited by this captive may be 
natural for subadults under natural conditions but adults, which reach a 
maximum overall length of 1010 mm (Meerwarth 1901),might be expected to 
accept a wider variety of prey such as birds, bats,rats, and other small 
mammals and possibly subadult Cyolura which are partially arboreal (Thomas 
Wiewandt, pers. comm.). 

The arboreal habits of the boa appear to reflect the natural habits 
of the species on Mona Island. On one occasion a large tree was cut 
down by fishermen at Playa de Pajaros because it harbored two or more 
boas. They were reported to live in the tangle of branches surrounding 
its trunk and to emerge atnight to climb intothecrown (Thomas Wiewandt, 
pers. comm.). This habit may be a significant factor favoring the sur¬ 
vival of this species in the face of predation by the introduced rats, 
cats and pigs on Mona Island. If predation and habitat modification by 
humans andhabitat destruction by theintroduced goats can be controlled, 
the Mona Island Boa may face no other serious threat to its survival. 

Laycock, G. 

1975. 
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A Note on the Behavior of the Diamondback Terrapin, 

Malaclerrrys t. terrapin (ScHOEPFF) in MARYLAND 
, 

During the summer of 1976 Steve Quick and I spent several dayscraff- 
ing from the U. S. Route 50 Bridge over the Choptank River, Dorchester 
County, Maryland. The river at this point is ca 1800 m in width and is 
bordered by salt marsh. Depth ranges from 1 to 10 m and there is con¬ 
siderable tidal flow. We used several types of wire mesh crab traps 
designed to lie flat on the bottom which when raised to the surface by 
a string retained any crabs attracted to the bait placed in the center 
of the trap. 

Along with blue crabs (Callinectes sp) , sixteen adult diamondback 
terrapins, Malaclemys t. terrapin, (16 to 23 cm straight line carapace 
length) were captured. The turtles were attracted to several baits, in¬ 
cluding shad, salted eel, otherfish parts, ch i cken parts, soft crab parts 
and various shellfish species (in approximate order of preference). Tur¬ 
tles were captured during daylight hours as well as after dark. The ter¬ 
rapins were often observed congregated around the bridge abuttments and 
pilings, perhaps to feed on epibenthic organisms attached there. They 
may also have been attracted by fish entrails discarded by fishermen 
cleaning their catch. The turtles observed were generally docile and 
allowed close approach without submerging. 

Carr (1952) reports that diamondback terrapins feed primarily upon 
crustaceans and molluscs, so it is interesting to note their apparent 
attraction to both fresh and cured fish. 

S would like to thank both Mr. Arnold Norden and Mr. Daniel Carver 
for their helpful criticisms of this manuscript. 
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News & Notes 

NEW BOOK RELEASES 

IDENTIFICATION MANUAL TO THE AMPHIBIANS ftND REPTILES 

OF FLORIDA 

by: Ray E. Ashton — ill us. by: Joyce Murray 

Price $2.00 

FLORIDA FROG CALLS ... A GUIDE TO COMMONLY HEARD 

FROGS AND TOADS 

by: Richard Bradley 

Price $4.00 

These publications are available from 

The Florida State Museum Collector's Shop 
F.S.M. 
University of Florida 
Gainesville, Florida 32611 

Please include 50$ for postage and handling. 
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NEW BOOK RELEASES 

PATTERNS OF PROGRESS (ZOOLOGY) SERIES 

PP/Z /I MARINE POLLUTION, by Dr. P.G. Moore. 
Price: 2(US) 7-00 

PP/Z/3 THE SIZE OF ANIMALS, by Prof. J. L. 
C1ouds1ey-Thompson. 

Price: g(US) 7.00 

PP/Z/6 THE TUATARA. by Prof. J. Robb. 
Price: 2(US) 7.00 

PP/Z/8 THE WATER AND TEMPERATURE RELATIONS 
OF WOODLICE, by Prof. J. L. Cloudsley- 
Thompson. 

Price: g(US) 7-00 

ORDER FROM 

Meadowfield Press Ltd. 
I.S.A. Building, 
Dale Road Industrial Estate, 
Shildon, Co. Durham, DL4 2QZ, 
England. 
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(Save Our Snakes) 

Help Stop Oklahoma 
Rattlesnake 
Roundups 

For information on how you can help, 
write: 

Oklahoma Herpetoiogical Society 
c/o Dr. Jeffrey H. Black 
Department of Biology 

Oklahoma Baptist University 
Shawnee, OK 74801 
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HELP WANTED 

Responsible, mature individual needed to assist the LIVING JUNGLEi 

Work involves operating photo unit, answering questions and lecturing 
about herps, maintaining a 35 specimen collection, etc. 

Job lasts till Christmas '78 (and beyond...?) 

'78 tour of western U.S. includes time in Arizona, New Mexico, 
California, Colorado, etc. Excellent opportunity for serious 
enthusiast to collect/photograph herps, visit zoos, meet pri¬ 
vate collectors/breeders, see the country, etc. 

appW: LIVING JUNGLE 

5118 Anna Maria 

San Antonio, Texas 78214 
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A PRELIMINARY ACCOUNT OF THE RATTLESNAKES WITH THE 

DESCRIPTIONS OF FOUR NEW SUBSPECIES 

Herbert S. Harris, Jr. and Robert S. Simmons 

!n the foliowing preliminary account of the rattlesnakes, genera 
Cvotalus and Sistvuvus, we have listed all species and subspecies cur¬ 
rently recognized asvalId, and in addition, have included an abbreviated 
description of fournewtaxa. Formal descriptions will follow at a later 
date. Although this is not a standard practice, we hope it will be tol¬ 
erated for the sake of completeness. 

In this arrangement, species are listed alphabetically. Subspecies 
are listed alphabetically under the nominate species. Following the 
species or subspecies listed, an abbreviated synonymy is given. It con¬ 
tains the earliest listing of the name currently recognized and also a 
reference to the taxonomic work giving the usage currently accepted as 
valid. In a few instances, these may be the same name, indicating that 
other names or combinations may have been accepted for a period of time, 
before returning to the earlier name. In some instances, additional list¬ 
ings were needed to clarify current usage. 

In this list the subspecies Cvotalus triseviatus aquilue Klauber 
has been elevated to specific level, and will be recognized as Cvotalus 
aquilus Klauber. Klauber*s paratypic series contained three forms, Cvo¬ 
talus pvicei9 Cvotalus tviseviatus and Cvotalus aquilus. Of the latter 
two, only Cvotalus aquilus occurs at the type locality. This snake is 
intermediate in many characters between C. tviseviatus and C. lepidus, 
but i»s as different as they are from each other. 

Cvotalus tviseviatus anahuacus Gloydhas been resurrected as it fully 
describes the high elevation montane form occurring on all the peaks 
across the Volcanic Axis of Mexico being dark and having the blotches 
reduced to spots. However, thetype locality restriction is not justified 
for this subspecies since it is a montane form restricted to higher ele¬ 
vations than Coyoacan, Mexico. 

Cvotalus atvox elegans Schmidt has been resurrected from synonymy 
as Cvotalus vuhev elegans for the red diamond rattlesnakes of Angel de 
la Guarda, Gulf of California, Baja del Norte, Mexico. These snakes are 
stunted as compared to C, v. vubev of the mainland and differ In some 
meristic characters. These differences will be treated at length in a 
future paper. 

Two recently described subspecies on which the descriptions are in 
press are included as they should appear prior to this paper. In addi- 
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tion, two subspecies have been listed In their respective places on which 
a description will be forthcoming. 

We are currently evaluating the taxonomy and distributions of all 
rattlesnake species using all available taxonomic techniques. At this 
time, the list reflects our current understanding, however, there are a 
number of additional forms that may require a new description or re¬ 
structuring. 

immediately following thesynonymy section, arei1 lustrations of the 
majority of known rattlesnakes and distribut ion maps indicating the cur¬ 
rently known distribution of each species and subspecies. In the case 
of C. t. triseriatus and C. t, anahuacus a composite map is used at this 
time. 

Crotalus adamanteus Beauvois 

Eastern Diamondback Rattlesnake 

Figure 1, Map 1 

1799. Crotalus adamanteus Beauvois, Trans. Amer. Philos. Soc., vol. 4, 
no. 42, p. 368. Type locality: U.S.; type specimen: none desig¬ 
nated. Type locality: restricted to Charleston, S.C. by Schmidt, 
1953, p. 227. 

1895. Crotalus adamanteus; Stejneger, Rept. U. S. Nat. Mus. for 1893, 
p. 433. 

Crotalus atrox Baird and Girard 

Western Diamondback Rattlesnake 

Figure 2, Map 2a & 2b 

1853. Crotalus atrox Baird and Girard, Cat. North Amer. Rept., part 1, 
p. 5. Type locality: Indianola (Calhoun County), Texas; type 
specimen: USNM 7761. 

1930. Crotalus atrox; Klauber, Bull. Zool. Soc. San Diego,no. 6, p. 6. 
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Crotalus aquilus Klauber 

Queretaran Blotched Rattlesnake 

Figure 3, Map 3 

1952. Crotalus triseriatus aquilus (Part) Klauber, Bui 1. Zool. Soc. San 
Diego, no. 26, p. 24. Type locality: near Alvarez, San Luis Po- 
tosf, Mexico; type specimen: MCZ 27843. 

Crotalus basiliseus basiliscus (Cope) 

Mexican West-Coast Rattlesnake 

Figure 4, Map 4 

1864. Caudisona basilisoa Cope, Proc, Acad. Nat. Sci. Phi la., vol. 16, 
no. 3, p. 166. Type locality: near Colima, Colima, Mexico; type 
specimen: USNM 53586. Type locality subsequently restricted to 
Colima, Colima, by Smith and Taylor, 1950, Univ. Kansas Sci.Bui 1., 
vol. 33, part 2, no. 8, p. 328. 

1948. Crotalus basiliscus basiliscus Gloyd, Nat. Hist. Mi sc., no. 17, 
p. 1. 

Crotalus basiliscus oaxacus Gloyd 

Oaxacan Rattlesnake 

Figure 5, Map 4 

1948. Crotalus basiliscus oaxacus Gloyd, Nat. Hist. Mi sc., no. 17, p. 
1. Type locality: Oaxaca, Oaxaca, Mexico; type specimen: USNM 
46467. 

Crotalus catalinensis Cliff 

Santa Catalina Island Rattlesnake 
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Figure 6, Map 5 

September 1978 

195^. Crotalus catalinensis Cliff, Trans. San Diego Soc. Nat. Hist., 
vol. 12, no. St p. BO. Type locality: Santa Catalina Island, Gulf 
of California, Mexico; type specimen: Stanford 15631. 

Crotalus cerastes cerastes Hall owe11 

Mojave Desert Sidewinder 

Figure 7, Map 6 

1854. Crotalus cerastes Hallowell, Proc. Acad. Nat. Sci. Phi la., vol. 
It P» 95. Type locality: borders of the Mohave River, and in the 
desert of the Mohave (California); type specimen: designated, no 
number, disposition unknown. 

19^. Crotalus cerastes cerastes Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 10, no. 8, p. 9^. 

Crotalus cerastes cercobombus Savage and Cliff 

Sonoran Desert Sidewinder 

Figure 8, Map 6 

1953. Crotalus cerastes cercobombus Savage and Cliff, Nat. Hist. Misc. 
no. 119, p. 2. Type locality: near Gila Bend, Maricopa County, 
Arizona; type specimen: Stanford 7287. 

Crotalus cerastes laterorepens Klauber 

Colorado Desert Sidewinder 

Figure 9, Map 6 

19AA. Crotalus cerastes laterorepens Klauber, Trans.San Diego Soc. Nat. 
Hist., vol. 10, no. 8, p. 9*». Type locality: The Narrows, San 
Diego County, California; type specimen: LMK 3^074. 
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Crotalus durissus durissus Linnaeus 

Central American Rattlesnake 

Figure 10, Hap 7 

1758. Crotalus durissus Linnaeus, Syst. Nat. ed. 10, p. 21 A. Type lo¬ 
cality: America; type specimen: originally in Claudius Grill Sur¬ 
inam collection; the col lection later sent to theZoological Museum 
of the Royal University at Upsala, Sweden, but the type was appar¬ 
ently lost. Type local?ty subsequently restricted to Jalapa, 
Veracruz, Mexico, by Smith and Taylor, Univ. Kans. Sci. Bui 1., 
vol. 33, part 2, no. 8, p. 3^8, 1950. 

1952. Crotalus durissus durissus Klauber, Bull. Zool. Soc. San Diego, 
no. 26, p. 61. 

Crotalus durissus cascavella Wagler 

Northeastern Brazi1ian Rattlesnake 

Figure 11, Map 8 

I82A. Crotalus cascavella Wagler, in Spix, Sp. Nov. Serp. Bras. p. 60, 
pi. 2k. Type locality: Bahia, Brazi1; restricted through neotype 
designation to Mina Caraiba, Bahia Brazi1, by Hoge, Mem. Inst. 
Butantan, vol. 32, p. 139, 1965; neotype specimen: IBH 23 kOQ. 

1966. Crotalus durissus cascavella Hoge, Mem. Inst. Butantan, vol. 32, 

p. 139, 1965. 

Crotalus durissus collilineatus Amaral 

Central Brazi1ian Rattlesnake 

Figure 12, Map 8 

1926. Crotalus terrificus var. collilineatus Amaral, Rev. Mus. Paulista, 
vol. 15, p. 90. Type locality: none specified in original des¬ 
cription, restricted through lectotype designation to Estado de 
Mato Grosso, Brazil by Amaral and Hoge, in Hoge, Mem. Inst. Bu¬ 
tantan, vol. 32, p. 139, 1965; lectotype specimen: IBH n? 2180, 

1966. Crotalus durissus collilineatus Hoge, Mem. Inst. Butantan, vol. 
32, p. 139, 1965. 
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Crotalus durissus culminatus Klauber 

Northwestern Neotropical Rattlesnake 

Figure 13, Map 7 

1952. Crotalus durissus culminatus Klauber, Bull.Zool. Soc. San Diego, 
no. 26, p. 65. Type locality: Hacienda El Sabino, near Uruapan, 
Michoacan, Mexico; type specimen: Taylor 5224. 

Crotalus durissus cumanensis Humboldt 

Venezuelan Rattlesnake 

Figure 14, Map 8 

1833* Crotalus cumanensis Humboldt in Humboldt and Bonpland, Recueil 
d'Obs. Zool. Anat. Comp., vol. 2, p. 6. Type locality: Cumana, 
Venezuela; type specimen: none designated. 

1966. Crotalus durissus cumanensis Hoge, Mem. Snst. Butantan, vol. 32, 
p. 142, 1965. 

Crotalus durissus dryinas Linnaeus 

Quianian Rattlesnake 

Figure 15, Map 8 

1758. Crotalus dryinas Linnaeus, Systema Naturae, ed. 10, p. 214. Type 
locality: America; restricted to Paramaribo, Surinam, by Hoge, 
Mem. Inst. Butantan, vol, 32, p. 143, 1965; type specimen: orig¬ 
inally in the Adolph Frideric Museum; later this collection was 
sent to the Zoological Museum of the Royal University at Upsala, 

Sweden, but the type specimen was lost. 
1966. Crotalus durissus dryinus Hoge, Mem. Inst. Butantan, vol. 32, p. 

142, 1965.1 

'Hoge changed dryinas to dryinus; however, dryinas Is correct. 
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Crotalue durissus maracoensis Hoge 

Marajoan Rattlesnake 

Figure 16, Map 8 

1966. Crotalus durissus marajoensis Hoge, Mem. Inst. Butantan, vol. 32, 
p. 1^3, 1965. Type locality: Tuiuiu, 11 ha de Marajo, State Para, 
Brazil; type specimen: IBH 17 779. 

Crotalus durissus neoleonensis Zertuche 

Nuevo Leon Neotropical Rattlesnake 

Figure 17, Map 7 

1978. Crotalus durissus neoleonensis Zertuche, In press. 

Crotalus durissus ruruima Hoge 

Mt. Roraima Rattlesnake 

Figure 18, Map 8 

1966. Crotalus durissus ruruima Hoge, Mem. Inst. Butantan, vol. 32, p. 
145> 1965. Type locality: Paulo Camp, Mt. Roraima, Venezuela; 
type specimen: AMNH 36 056. 

Crotalus durissus terrificus (Laurenti) 

South American Rattlesnake 

Figure 19, Map 8 

1768. Caudisona terrifica Laurenti, Synopsis Reptilium, p. 93. Type 
locality: "Habitat in America infragraduum elev. 45", restricted 
through neotype designation to Julio de Castilho, Municfpil Ta- 
quari, Estado Rio Grande do Sul, Brazil, by Hoge, Mem. Inst. Bu¬ 
tantan, vol. 32, p. 147, 1965; neotype specimen: IBH 22 997. 
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1936. Crotalus durissus terrifious Klauber, Occ. Papers, San Diego Soc. 
Nat. Hist., no. 1, p. 4. 

Cvotalus durissus totonaaus Gloyd and Kauffeld 

Totonacan Rattlesnake 

Figure 20, Map 7 

1940. Cvotalus totonaaus Gloyd and Kauffeld, Bull. Chicago Acad. Sci., 
vol. 6,no. 2,p. 12. Type locality: Panaco Island, about 75 miles 
south of Tampico, Veracruz, Mexico, 12 miles inland from Cabo 
Rojo; type specimen: Chi. Acad. 4469. 

1945c Cvotalus durissus totonaaus Smith and Taylor, U. S. Nat. Mus., 
Bull. 187, p. 190. 

Cvotalus durissus tvigonious Harris and Simmons 

Rupununi Savanna Rattlesnake 

Figure 21, Map 8 

1957. Cvotalus durissus terrifious (Part) A1lenand Nei 11, Herpet., vol. 
13, no. 1, p. 67. 

1972. Cvotalus durissus terrifious (Part) Klauber, Rattlesnakes, vol. 

1. P. 35. 
1978. Cvotalus durissus trigonious Harris and Simmons, Mem. Inst. Butan- 

tan (In press). 

Cvotalus durissus tzaboan Klauber 

* 

Yucatan Neotropical Rattlesnake 

Figure 22, Map 7 

1952. Cvotalus durissus tzaboan Klauber, Bull.Zool. Soc.San Diego, no. 
26, p. 71. Type locality: Kantunil, Yucatan, Mexico; type speci¬ 
men: CNHM 36168. 
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Crotalue enyo enyo (Cope) 

September 1978 

Lower California Rattlesnake 

Figure 23, Map 9 

1861. Caudisona enyo Cope, Proc. Acad. Nat. Sci. Phi la., vol. 13, p. 
203. Type locality: Cape San Lucas, Baja California Sur, Mexico; 
type specimen: PANS 7159. 

1954. Crotalus enyo enyo Lowe and Norris, Trans. San Diego Soc. Nat. 
Hist., vol. 12, no. 4, p. 52. 

Crotalus enyo oerraIvensis Cliff 

Cerralvo Island Rattlesnake 

Figure 24, Map 9 

1954. Crotalus enyo oerralvensis Cliff,Trans. San Diego Soc. Nat.Hist., 
vol. 12, no. 5, p. 82. Type locality: Cerralvo Island, Gulf of 
California, Mexico; type specimen: Stanford 14021. 

Crotalus enyo furvus Lowe and Norris 

Rosario Rattlesnake 

Figure 25, Map 9 

1954. Crotalus enyo furvus Lowe and Norris, Trans. San Diego Soc. Nat. 
Hist., vol. 12, no. 4, p. 52. Type locality: 10.9 miles north of 
El Rosario, Baja California del Norte, Mexico; type specimen MVZ 
55388. 

Crotalus exsul Garman 

Cedros Island Diamond Rattlesnake 

Figure 26, Maps 10 & 20 
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1883. Cvotalus exsul German, Menu Mus. Comp. Zool., vol. 8, no. 3, p. 
114. Type locality: Cedros Island, west coast Baja California; 
cotype specimens: MCZ 652 (2 specimens). 

Cvotalus hovridus hovvidus Linnaeus 

Timber Rattlesnake 

Figure 27, Map 11 

1758. Cvotalus hovvidus Linnaeus, Syst. Nat., ed. 10, p. 214. Type lo¬ 
cality: America; type specimen: originally in the King Adolph 
Frideric collection; later sent to the Royal Zoological State 
Museum at Stockholm, but now lost. Type locality restricted to 
vicinity of New York City by Schmidt, 1953, p. 227. 

1935° Cvotalus hovridus hovvidus Gloyd, Cope!a, no. 4, p. 176. 
1973. Cvotalus hovvidus; Pisani, Coliins and Edwards, Trans. Kan. Acad. 

Sci., vol. 75, no. 3, p. 255, 1972. 

Cvotalus hovvidus atvicaudatus Latreille 

Canebrake rattlesnake 

Figure 28, Map 11 

Cvotalus atvicaudatus Latreille, in Sonnini and Latreille, Hist. 

Nat. Rept., vol. 3, p. 209. Type locality: Carolina; type spec¬ 
imen: none designated. Type locality restricted to Charleston, 
S.C., by Schmidt, 1953, p. 228. 
Cvotalus hovvidus atvicaudatus Gloyd, Copeia, no. 4, p. 176. 
Cvotalus hovvidus; Pisani, Col 1 ins and Edwards, Trans. Kan. Acad. 
Sci., vol. 75, no. 3, p. 255, 1972. 

Cvotalus intevmedius intevmedius Troschel 

Totalcan Small-Headed Rattlesnake 

Figure 29, Map 12 

1865. Cvotalus intevmedius Troschel, inMuller, Reisen in denVereinigten 
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Staaten, Canada und Mexico, vol.3, p. 613. Type locality: Mexico; 
type specimen: in Muller collection; later in the collection of 
the Zoological Institute at Bonn, which was subsequently destroyed 
in World War 11. 

1952. Crotalus intermedius intermedius Klauber, Bull. Zool. Soc. San 
Diego, no. 26, p. 9. 

Crotalus intermedius gloydi Taylor 

Oaxacan Small-Headed Rattlesnake 

Figure 30, Map 12 

1941. Crotalus triseriatus gloydi Taylor, Univ. Kans. Sci. Bull, vol. 
27, part 1, no. 7, p. 130. Type locality: Cerro San Felipe, ele¬ 
vation 10,000 feet, near (15 km. northeast of) Oaxaca de Juarez, 
Oaxaca, Mexico; type specimen: EHT-HMS 23645. 

1957. Crotalus intermedius gloydi Davis and Dixon, Sw. Nat., vol. 2, 
no. 1, p. 25. 

Crotalus intermedius omiltemanus GUnther 

Omilteman Small-Headed Rattlesnake 

Figure 31, Map 12 

1895. Crotalus omiltemanus Gunther, Biol. Cent.-Amer., Rept. Batr., p. 
192. Type locality: Omilteme, Guerrero, Mexico; type specimens: 
BM 93.3.15.11 and 95.3.15.11 (currently BM 1946.1.19.28 and 29). 

1952. Crotalus intermedius omiltemanus Klauber, Bull. Zool. Soc. San 
Diego, no. 26, p. 14. 

Crotalus lannomi Tanner 

Autlan Rattlesnake 

Figure 32, Map 13 

1966. Crotalus lannomi Tanner, Herpet., vol. 22, no. 4, p. 298. Type 
locality: 1.8 mi. west of the pass, Puerto Los Mazos, on Mexican 
Highway No. 80, Jalisco, Mexico; type specimen: BYU 23800. 
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Cvotalus lepidus lepidus (Kennicott) 

Mottled Rock Rattlesnake 

Figure 33> Map 14 

1861. Caudisona lepida Kennicott, Free. Acad. Nat.Sci. Phi la., vol. 13, 
p. 206. Type local i ties:Presidio del Norte and Eagle Pass, Texas; 
type specimens: two heads, now lost. 

1936. Cvotalus lepidus lepidus Gloyd, Occ. Papers Mus. Zool. Univ. Mieh. 

no. 337, p. 2. 

Cvotalus lepidus klaubevi Gloyd 

Banded Rock Rattlesnake 

Figure 34, Map 14 

1936. Cvotalus lepidus klaubevi Gloyd, Occ. Papers. Mus. Zool. Univ. 

Mich., no. 337, p. 2. Type locality: Carr Canyon, Huachuca Moun¬ 

tains, Cochise County, Arizona; type specimen: MZUM 79895. 

Cvotalus lepidus maculosus Tanner, Dixon and Harris 

Durango Rock Rattlesnake 

Figure 35, Map 14 

1972. Cvotalus lepidus maculosus Tanner, Dixon and Harris, Great Basin 
Nat., vol. 32, no. 1, p. 16. Type locality: 15 miles (24 km) west 
of La Ciudad, near Highway 40, Durango, Mexico; type specimen: 
BYU 33328. 

Cvotalus lepidus movulus Klauber 

Tamaulipan Rock Rattlesnake 

Figure 36, Map 14 
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1952. Crotalus lepidus morulus Klauber, Bull. Zool. Soc. San Diego, no. 
26, p.52, f.n. Type locality: 10 miles northwest of Gomez Farfas 
on the trail to La Joya de Salas, Tamaulipas, Mexico; type spec- 
imen: MZUM 101376. 

Crotalus mitchellii mitohellii (Cope) 

San Lucan Speckled Rattlesnake 

Figure 37, Map 15a S 15b 

1861. Caudisona mitohellii Cope, Proc. Acad. Nat.Sci. Phila., vol. 13, 
p. 293. Type locality: Cape St. (= San) Lucas, Baja California, 
Mexico; type specimen: USNM 529i, now lost. 

1895. Crotalus mitohellii mitohellii (Part) Stejneger, Rept. U.S. Nat. 
Mus. for 1893, p. 

1936. Crotalus mitohellii mitohellii Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 8, no. 19, p. 15^. 

Crotalus mitohellii angelensis Klauber 

Angel de la Guarda Island Speckled Rattlesnake 

Figure 38, Map 15b 

1963. Crotalus mitohelli angelensis Klauber, Trans.San Diego Soc. Nat. 
Hist., vol. 13, no. 5, p. 73. Type locality: Puerto Refugio, 
Angel dela Guarda Island, Gulf of California, Mexico; type spec¬ 
imen: SDSNH 5199^. 

1972. Crotalus mitchellii angelensis Klauber, Rattlesnakes, vol. 1, p. 
hi. 

Crotalus mitchellii muertensis Klauber 

El Muerto Island Speckled Rattlesnake 

Figure 39, Map 15b 

I9A9. Crotalus mitohellii muertensis Klauber, Trans. San Diego Soc. Nat. 
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Hist., vol. 11, no. 6, p. 97. Type locality: El Muerto Island, 
Gulf of California, Mexico; type specimen: LMK 37447. 

Crotalus mitchellii pyrrhus (Cope) 

Southwestern Speckled Rattlesnake 

Figure 40, Maps 15a & 15b 

1866. Caudisona pyrrha Cope, Proc. Acad. Nat. Sci. Phila., vol. 18, p. 
308. Type locality: not stated, but known from the type specimen 
to be Canyon Prieto, Yavapai County, Arizona; type specimen: USNM 
6606. 

1895. Crotalus mitchellii pyrrhus (Part) Stejneger, Rept. U.S.Nat. Mus. 
for 1893, p. 456. 

1936. Crotalus mitchellii pyrrhus Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 8, no. 19, p. 157. 

Crotalus mitchellii stephensi Klauber 

Panamint Rattlesnake 

Figure 41, Map 15a 

1930. Crotalus confluentus stephensi Klauber, Trans. San DiegoSoc. Nat. 
Hist., vol. 6,no. 3* p. 108. Type locality: 2 miles west of Jack¬ 
ass Springs, Panami nt Mountai ns, elevation 6,200 ft., Inyo County, 
California; type specimen: MVZ 6699. 

1936c Crotalus mitchellii stephensi Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 8, no. 19, p. 162. 

Crotalus molossus molossus Baird and Girard 

Northern Black-Tailed Rattlesnake 

Figure 42, Map 16a 

1853. Crotalus molossus Baird and Girard, Cat. North Amer. Rept., part 
1, p. 10. Type locality: Fort Webster, Santa Rita del Cobre (Grant 
County), New Mexico; type specimen: USNM 485. 
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1936. Crotalus molossus molossus Gloyd, Occ. Papers Mus. Zool. Univ. 
Mich., no. 325* p. 2. 

Crotalus molossus estebanensis Klauber 

San Esteban Island Rattlesnake 

Figure 43, Maps 16a & 16b 

1949. Crotalus molossus estebanensis Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 6, p. 104. Type locality: San Esteban Island, 
Gulf of California, Mexico; type specimen: LMK 26792. 

Crotalus molossus nigresoens Gloyd 

Mexican Black-Tailed Rattlesnake 

Figure 44, Map 16a 

1936. Crotalus molossus nigresoens Gloyd, Occ. Papers Mus. Zool., Univ. 
Mich., no. 325, p. 2. Type locality: 4 miles west of La Colorada, 
Zacatecas, Mexico; type specimen: MZUM 77833. 

Crotalus polystiotus (Cope) 

Mexican Lance-Headed Rattlesnake 

Figure 45, Map 17 

1865. Caudisona polysticta Cope, Proc. Acad. Nat.Sci. Phi la.9 vol. 17, 
p. 191. Type locality: Tableland, Mexico; type specimen: none 
designated. Type locality subsequently restricted to Tupataro, 
Guanajuato, by Smith and Taylor, 1950, Univ. Kans. Sci. Bull., 
vol. 33, part 2, no. 8, p. 330. 

1875. Crotalus polystiotus Cope, in Yarrow, Surv. W. of 100th Merid. 
(Wheeler), vol. 5, chap. 4, p. 533. 
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Cvotalus pvioei pvioei Van Denburgh 

Western Twin-Spotted Rattlesnake 

Figure 46, Map 18 

1895. Cvotalus pvioei Man Denburgh, Proc. Calif. Acad. Sci., Ser. 2, 
vol. 5, p. 856. Type locality: Huachuca Mountains (Cochise 
County), Arizona; type specimen: Stanford 1702. 

1946. Cvotalus pvioei pvioei Smith, Univ. Kans. Sci. Bull., vol. 31, 

part 1, no. 3, p. 79. 

2. 3 
Cvotalus pvioei miquihuanus G1oyd *9 

Eastern Twin-Spotted Rattlesnake 

Figure 47, Map 18 

1940. Cvotalus tviseviatus miquihuanus Gloyd, Chi. Acad. Sci. spec, 
pub. no. 4, p. 102. Type locality: Cerro Potosf, near Galeana, 
Nuevo Leon, Mexico; type specimen: CNHM 30850. 

1946. Cvotalus pvioei miquihuanus Smith, Univ. Kans. Sci. Bull., vol. 

31, part 1, no. 3, p. 79. 

Cvotalus pusillus Klauber 

Tancitaran Dusky Rattlesnake 

Figure 48, Map 19 

1952. Cvotalus pusillus Klauber^ Bui 1. Zool. Soc. San Diego, no. 26, p. 
34. Type locality: Tancitaro, Michoacan, elevation 5,000 feet; 
type specimen: CNHM 39112. 

A specimen (MZUM 110878) from nearRineon de Romos, Aquascalientes, Mexico was assigned (temporarily) to this subspecies by Klauber inhis monu¬ 
mental work "Rattlesnakes" (1952), Vol. 1, p. hS. He points out that "Additionai specimens, if 1ike thisIndividual...w! 11 justify thedescrlption 
of a newsubspecies (of C. prieei) , ormaybe even a newspecies". This specimen is intermediate between Crotalue prieei and Crotalue intermedium 
both in meristic characters, pattern and geographic distribution. Additional specimens should indeed prove interesting inevaluating the evolu¬ 
tion of both C. prieei and C. intermedium. 

A single specimenof C. prieei is available fromAivarez, San Luis Potosf, Mexico. This specimen SDSNH 19050 (LMK 3500) was Included by Klauber as 
a paratype of C. aquilu8 (C. t.aquilus per Klauber). It is a malehaving 160 ventrals, Ca.26 subcaudais, scale row formula of 21-21-17, 59 body 
blotches, 6 tai 1 blotches, anterior subocular contacting 3rdand4th supra I abial s, both the prenasal and postnasal in broad contact with thelst 
supralabiai, 11 rattlefringe scales, 6 scales in the prefrontal area (2 canthals, 4 intercanthals), anda pattern of cross-confluent bands. This 
specimen appears intermediate between C. t. prieei and C. t. nriquihuanue; its meristic characters favoring the former and itspattern thelatter. 
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Crotalus ruber ruber Cope 

September 1978 

Red Diamond Rattlesnake 

Figure 49, Map 20 

1892. Crotalus adamanteus ruber Cope* Proc. U. S. Nat,, Mus., vol. 14, 
p. 690, Type locality: hot designated, but type specimen recorded 
as being from Southern California; type specimen: USNM 9209. Type 
locality subsequently restricted to Dulzura, San Diego County, 
California, by Smith and Taylor, 1950, Univ. Kans. Sci. Bull., 
vol. 33, part 2, no. 8, p. 356. 

1949. Crotalus ruber ruber Klauber, Trans. San Diego Soc. Nat. Hist., 
vol. 11, no. 5, p. 59. 

Crotalus ruber elegans Schmidt 

Angel de la Guarda Red Diamond Rattlesnake 

Figure 50, Map 20 

1922. Crotalus atr ox elegans Schmidt, Bull. Amer. Mus. Nat. Hist., vol. 
46, art. 11, p. 699. Type locality: Angel de la Guarda Island, 
Gulf of California, Mexico; type specimen: USNM 64452, Paratypes: 
AMNH 5231, 5586. 

Crotalus ruber lorenzoensis Radcliffe andMaslin 

San Lorenzo Red Diamond Rattlesnake 

Figure 51» Map 20 

1975. Crotalus ruber lorenzoensis Radcliffe and Maslin, Copeia 1975, no. 
3, p. 490. Type locality: San Lorenzo Sur Island in the Gulf of 
California, Baja California Norte, Mexico; type specimen: SDSNH 
46009. 
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Crotalus ruber lucasensis Van Denburgh 

San Lucan Diamond Rattlesnake 

Figure 52, Map 20 

1920. Crotalus lucasensis Van Denburgh, Proc. Calif. Acad. Sci., ser. 

4, vol. 10, no. 2, p. 29. Type locality: Ague Caliente, Cape re¬ 
gion of Baja California; type specimen: CAS 45888. 

1949. Crotalus ruber lucasensis Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 5S p. 59. 

Crotalus ruber monserratensis subsp. nov. 

Monserrate Red Diamond Rattlesnake 

Figure 53, Map 20 

1930. Crotalus ruber Klauber, Bull. Zool. Soc, San Diego, no. 6, p. 3• 
1936. Crotalus ruber Klauber, Trans. San Diego Soc. Nat. Hist., vol. 

VIII, no. 20, p. 240. 
1940. Crotalus ruber Gloyd, Chi. Acad. Sci. spec. pub. 4, p. 207. 
1954. Crotalus ruber ruber (Part) Cl iff, Trans. San DiegoSoc. Nat.Hist., 

vol. X!I, no. 5, p. 87. 
1956. Crotalus ruber ruber (Part) Klauber, Rattlesnakes, vol. 1, p. 41. 
1966. Crotalus ruber ruber (Part) Soul! and Sioan, Trans. San Diego Soc. 

Nat. Hist., vol. 14, no. 11, p, 143. 
1972. Crotalus ruber ruber (Part) Klauber, Rattlesnakes, vol. 1, p, 46. 

Diagnols. —- A moderately drawfed Island subspecies of Crotalus ruber. 
From mainland C® r, ruber it can be separated by its very vivid and dis¬ 
tinctive pattern andin having 27 scale rows at midbody. It has a smaller 
head than either C. r. ruber or C. r. lucasensis® C, r. monserratensis 
has a higher number of body blotches than C. r. lucasensis and a lower 
number than C. r* ruber. It also has a lower number of subcaudals than 
either C» r. ruber or C. r. lucasensis. C. r. monserratensis can be 
separated further from Ct rt lucasensis by the width of the light pre¬ 
ocular stripe; generally two scale rows wide in £7. r. monserratensis, 
whereas, in £7® r. lucasensis it is generally 3 or more scale rows wide. 
It can be separated from C. r. elegans by Its very contrasting and dis¬ 
tinctive pattern and from C. r. lorenzoensis by having 27 scale rows at 
midbody instead of usually 25. 

Type Specimens. — Holotype: RS 1217 HSH/RSS (NHSM), an adult male col¬ 

lected on Is1 a Monserrate, Gulf of California, Baja Sur, Mexico in July 
1976 by James Nyhan. Paratypes: RS 1198, 1199,1210-1226 HSH/RSS (NHSM). 
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Description of the TypeSpecimens.— Holotype: 930 mm total length, 61.5 
mm tall length, 27 scale rows at midbody, 188 ventrals, 23 subcaudals, 
16/16 supralabials, 18/17 infralabials, 29 body blotches (diamonds), 4 
bands on the tail, maximum width of preocular stripe is 2 scales, first 
infralabials divided, prenasal contacts fi rstsupralabial, minimum number 
scales between supraoculars 6,2 preoculars, prefoveals 9/8, loreals 2/2 
(not counting a postloreal on each side), no Intergenials or submentals, 
and 12 rattle fringe scales. 

The following summary of the type specimens includes the holotype: 

Size, max. 1045 mm, min. 377 mm. Scale rows 27 at midbody; ventrals, 
males 188-201 (mean 195*6), females 194-203 (mean 197.6); subcaudals, 
males 21-25 (mean 23.1), females 18-22 (mean 19.4); supralabials, males 
14-18 (mean 15.8), females 15-18 (mean 16.3); infralabials, males 16-18 
(mean 17.1)* females 15”19 (mean 17.6); body blotches (diamonds), males 
29“36 (mean 32.6), females 30-34 (mean 32.8); tail length as percent of 
total length, males 6.46, females 5.26; maximum width of preocular stripe 
1-2 scale rows (mean 1.8); first infralabials aredivided; prenasal con¬ 
tacts the fi rst supralabial in 65% of the specimens; min. number of scales 
between supraoculars 3“8 (mean 5.6); total length divided by head length, 
males 24.6, females 23.7; preoculars 2; prefoveals 6-12 (mean 8.5); lor¬ 
eals 1-3; rattle fringe scales 10-13 (mean 11.8). General ground color 
varies from light brown to rust brown with very distinctive dark diamonds 
outlined with white-tipped scales. The white-tipped scales bordering 
the diamonds are most obvious towards the center of the body, the neck 
and posterior portions being less distinctive. The diamonds consist of 
dark contrasting scales one scale row wide with centers that are darker 
than the ground color, but not nearly as dark as the one scale row wide 
diamond out 1ine. 

Range; — Known only from the type locality. 

Cvotalus scutulatus scutulatus (Kennicott) 

Mojave Rattlesnake 

Figure 54, Map 21 

1861. Caudisona scutulata Kennicott, Proc. Acad. Nat. Sci. Phila.,vo1. 
13, p. 207. Type locality; none designated; type specimen: none 
designated. Type locality subsequently restricted to Wickenburg, 
Maricopa County, Arizona, by Smith and Taylor, 1950, Univ. Kans. 
Sci. Bull., vol. 33* part 2, no. 8, p. 353. 

1940. Cvotalus scutulatus scutulatus Gloyd, Chi. Acad. Sci., spec. pub. 
4, p. 200. 
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Crotalus scutulatus salvini Gunther 

Huamanflan Rattlesnake 

Figure 55, Map. 21 

1895. Crotalus salvini Gunther, Biol. Cent.-AmerRept. Batr., p. 193. 
Type locality: Huamantla (Tlaxeala), Mexico, elevation 8,000 feet; 

type specimen: BM 73.1.13.1 (currently BM 1946.1.19.35). 
1940. Crotalus sautulatus salvini Gloyd, Chi. Acad. Sci., spec. pub. 4, 

p. 201. 

Crotalus stegnegeri Dunn 

Long-Tailed Rattlesnake 

Figure 56, Map 22 

1913. Crotalus stejnegeri Dunn, Proc. Biol. Soc. Wash.,vo1. 32, p. 214. 
Type locality: Plumosas (= P1omosas),.Sinaloa, Mexico; type spec¬ 

imen: USNM 46586. 

Crotalus tigris Kennicott 

Tiger Rattlesnake 

Figure 57, Map 23 

1859. Crotalus tigris Kennicott, in Baird, Repts. of Boundary, U. S. 
Mex. Boundary, Surv., vol. 2, p. 14. Type locality: Sierra Verde 
and Pozo Verde, Sonora, Mexico; type specimen: USNM 471. 

Crotalus tortugensis Van Denburgh and Slevin 

Tortuga Island Diamond Rattlesnake 

Figure 58, Maps 2b S 24 

1921. Crotalus tortugensis Van Denburgh and Slevin, Proc. Calif. Acad. 
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Sci., ser. 4, vol. 11, no. 17, p. 398. Type locality: Tortuga 
Island, Gulf of California, Mexico; type specimen: CAS 50515. 

Crotalus transversus Taylor 

Cross-Banded Mountain Rattlesnake 

Figure 59, Map 25 

1944. Cvotalus transversus Taylor, Univ. Kans. Scl. Bull., vol. 30, 
part 1, no. 4, p. 47. Type locality: near Tres Marlas (= Tres 
Cumbres), about 55 km. southwest of Mexico, D.F. in Morelos, Mex¬ 
ico, elevation about 10,000 ft.; type specimen: EHT-HMS 30001. 

Crotalus triseriatus triseriatus (Wagler) 

Central-PIateau Dusky Rattlesnake 

Figure 60, Map 26 

1830. Uropsophus triseriatus Wagler, Nat. Syst. Amph., p. 176. Type 
locality: Mexico; type specimen: originally in the Konig. Univers, 

zu Berlin collection. Type locality subsequently restricted to 
Alvarez, San Luis Potosf, by Smith and Taylor, 1950, Univ. Kans. 

Sci. Bull., vol. 33, part 2, no. 8, p. 342.^ 
1931. Crotalus triseriatus triseriatus (Part) Klauber, in Githens and 

George, Bull. Antivenin Inst. Amer., vol. 5, no. 2, p. 33. 
1940. Crotalus triseriatus triseriatus (Part) Gloyd, Chi. Acad. Sci. 

spec. pub. 4, p. 84. 
1952. Crotalus triseriatus triseriatus (Part) Klauber, Bui 1. Z08I. Soc. 

San Diego, no. 26, p. 19. 

Crotalus triseriatus anahuacus Gloyd 

Montane Dusky Rattlesnake 

Figure 61, Map 26 

1940. Crotalus triseriatus anahuacus (Part) Gloyd, Chi. Acad. Sci. spec. 

This restriction not valid, since C. t. trieeriatue, as now defined and as Klauber (1956) pointed out, does not range Into San Luis Potosf. 
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pub. 4,p. 91. Type locality: Valley of Mexico; type specimen: MCZ 
33681. Type locality subsequently restricted to Coyoacan, Dis¬ 
trito Federal , Mexico, by Smith andTaylor, 1950, Univ. Kans. Sci. 
Bull., vol. 33, part 2, no. 8, p. 329. 

Crotalus triseriatus ssp. 

Western Dusky Rattlesnake 

Figure 62 

(Description forthcoming) 

Crotalus triseriatus quadrangularis 
6 

subsp. nov. 

Hidalgan Dusky Rattlesnake 

Figure 63, Map 26 

1952. Crotalus triseriatus aquilus (Part) Klauber, Bull.Zool. Soc. San 
Diego, no. 26, p. 24. 

1956. Crotalus triseriatus aquilus (Part) Klauber,Rattlesnakes, vol.1# 
p. 44. 

1972. Crotalus triseriatus aquilus (Part) Klauber, Rattlesnakes, vol.1, 
p. 49. 

Diagnois. — A small rattlesnake very similar in appearance to the larger 
C. aquilus but differing in head shape, body proportions and in having a 
higher number ofrectangular dorsal body blotches, witha one scale space 
between them. C» aquilus generally has fewer body blotches with 2 or 
more scales between each blotch. It can also be separated from C. aquilus 
in havlnga prominent and distinctive dark ocularstripe contrasting above 
as in C. triseriatus» whereas, in C. aquilus the dark ocular stripe is 
usually similar to that found in C. lepidus. 

The character states used to separate C. t» quadrangularis from C. 
aquilus in their order of importance are: more than 36 body blotches; 
generally only 1 scale between blotches instead of2 or more; supraocular 
arched, not flat; generally 3 or more prefoveals instead of 2 or less; 
prenasal curves underpostnasa! preventing contact of postnasal and first 
supralabial, instead of postnasal having broad contact with first supra- 
labial; head scales bordering supraoculars dorsally total 17 or more, 

5Jhis restriction isnot just I fled since this form Is amontane species restricted to higher elevations. 11 wl 11 be di scussed In a forthcoming paper. 

^Quadrangularis, Latin: referring to the rectangular dorsal blotches In this species. 
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instead of 16 or less (this is not counting upper preocular or upper post¬ 
ocular); first infralabials generally curve down between the genials in¬ 
stead of just meeting them; strong contrast between upper edge of post¬ 
ocular stripe and rest of head [color sexual dimorphism is apparentyin 
a number of populations of C. aquilus (a C. lepidus characteristic7), 
the malesbeing green and the females gray. In these males, there usually 
is strong contrast above the postocular stripe]]. C. t. quadrangularis 
also differs from C. aquilus in not having the occassional mal-colored 
scale inthethroat region (a C. lepidus characteristic) and inobtaining 
a smaller adult size. 

C. t. quadrangularis can be separated from C. t. triseriatus in 
having a larger rattle size as was indicated by Klauber for C. aquilus. 
Klauber's type series contained both C. t. quadrangularis and C. aquilus 
which in preserative are almost impossible to separate. 

Type Specimens. — Holotype: RS 1233 HSH/RSS (NHSM), an adult male col¬ 
lected September 1973, 3mi SW Jacala, Hidalgo, Mexico at anelevation of 
6700' by Barry Armstrong. Paratypes: RS 1088, 1229, 1230, 1231, 1232, 
1234 HSH/RSS (NHSM); PAS 11683, 11684, 14769; SDSNH 46795; USNM 140070. 

Description of theType Specimens. — Holotype: 457 mm total length, 41.5 
mm tail length, 23 scale rows at midbody, 156 ventrals, 27 subcaudals, 
12 supralabials, 11 infralabials, a total of 19 dorsal head scales sur¬ 
rounding supralabials (not counting upper preoculars or upper postoculars), 
anterior subocular contacts 4th and 5th supralabial, 40 body blotches, 
6 tail bands, upper preocular single, prefoveals 3/4, 1 loreal, 6 scales 
in the internasal prefrontal area, min. number of scales between the 
supraoculars 2, 2 preoculars, 10 rattle fringe scales. 

The following summary of the type specimens includes the holotype: 
Size, max. 508 mm, min. 194mm. Scale rows 23 at midbody; ventrals, males 
148-158 (mean 154.6), females 152-158 (mean 155.7); subcaudals, males 
27-29 (mean 28.0), females 20-25 (mean 22.0); supralabials, males 11-12 
(mean 11.6), females 11-13 (mean 12.1); infralabials, males 10-12 (mean 
11.1), females 11-12 (mean 11.4); dorsal head scales around supraoculars 
(counting both sides as total)14-20 (mean 17.1);anterior subocular general¬ 

ly contacts 4 and 5 supralabials; body blotches, males 35“4l (mean 38.2), 
females 37"48 (mean 40.4); tail blotches, males 5“7 (mean 5.8), females 
3-7 (mean 5.1); tail length as percent of total length, males 9*08-10.06 
(mean 9.45), females 6.70-7.92 (mean 7.45); upper preocularssingle; pre¬ 
foveals 2-5 (mean 3.2); loreals 1; rattle fringe scales 8-10 (mode 10). 
General groundcolor in life,varies from light grey through greyish-green 
to brown. The dorsal blotches, Usually rectangular, are seldom indented 
longintudinal but may be indented on the sides. The blotches are gen¬ 
erally out-lined with black, however, two specimens arewithout melanin. 
Tail color is usually lighter than ground color at least ventrally. The 
rattle matrix is brown and dotted with dark brown to black. 

Range. — Known only at present fromMinas Viejas, 3 mi, 18 mi, SW Jacala, 
Jacala, Zacualtipan all in the State of Hidalgo, Mexico. C. t. quad- 
rangularis does not appear to be smypatric with C. aquilus. 

^Crotalus lepidus and Crotalus triseriatus are closely related as has been pointed out by bothSmith(1946, Untv. Kan. Scl. Bull., vol. 31, pt. 1, 
no. 3,p. 8?) and Gloyd (19A0, Chi. Acad. Scl. spec. pub. ^.p. 8l). With the segragation of C. t. quadrangularis and the elevation of C. aquilus 
to specific status, we may be opening a "can of worms". C. aquilus could very easily be placed as a subspecies of C. lepidus, however, socould 
C. t. triseriatus, C. t. anahuacus, and C. t. quadrangularis and we see no useful purpose in lumping them at this time. It is however, to be 
noted that C. aquilus is closer to C. lepidus than is C. triseriatus. 
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Cvotalus unicolor van LIdth de Jeude 

Aruba island Rattlesnake 

Figure 64, Hap 8 

1887. Cvotalus horridus var. unicolor van Udth de Jeude, Notes Leyden 
Mus,,voK 9, no. 8, p. 133. Type locality: Aruba Island, Nether¬ 
lands West Indies; type specimen: Leyden Mus. 613 and 1579. 

1972. Cvotalus unicolor Harris and Simmons, Bull. Md. Herp. Soc., vol. 
8, no. 1, p. 27. 

Cvotalus vegrandis Klauber 

Uracoan Rattlesnake 

Figure 65, Map 8 

1941. Cvotalus vegrandis Klauber, Trans. San Diego Soc. Nat. Hist., vol. 
9, no. 30, p. 334. Type locality: Maturfn Savannah, near Uracoa, 
Sotillo District, state of Honagas, Venezuela; type specimen: CM 
17384. 

1956. Cvotalus duvissus vegrandis Klauber, Rattlesnakes, vol. 1, p. 34. 
1966. Cvotalus vegrandis; Hoge, Mem. Inst. Butantan, vol. 32, p. 145, 

1965. 

Cvotalus vividis vividis (Rafinesque) 

Prairie Rattlesnake 

Figure 66, Map 27 

1818. Cvotalinus vividis Rafinesque, Amer. Month. Mag. & Crit. Rev., 
vol. 4,no. 1, p. 41. Type locality: The Upper Missouri (Valley); 
type specimen: none designated. Type locality subsequently re¬ 
stricted to Gross, Boyd County, Nebraska, by Smith and Taylor, 
1950. Univ. Kans. Sci. Bull., vol. 33, part 2, no. 8, p. 358. 

1936. Cvotalus vividis vividis Klauber, Trans. San Diego Soc. Nat. Hist., 
vol. 8, no. 2, p. 191. 
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Crotalus viridis abyssus Klauber 

Grand Canyon Rattlesnake 

Figure 67, Map 27 

1930. Crotalus oonfluentus abyssus Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 6, no. 3, p. 114. Type locality: Tanner Trail, 300 
ft. below the south rim of the Grand Canyon, Coconino County, 
Arizona; type specimen: LMK 2216. 

1936. Crotalus viridis abyssus Klauber, Trans. San Diego Soc. Nat. Hist., 

vol. 8, no. 20, p. 191. 

Crotalus viridis oaliginis Klauber 

Coronado Island Rattlesnake 

Figure 68, Map 27 

1949. Crotalus viridis oaliginis Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 6, p. 90. Type locality: South Coronado Is¬ 
land, northwest coast of Baja California, Mexico; type specimen: 
LMK 2800. 

Crotalus viridis oerberus (Coues) 

Arizona Black Rattlesnake 

Figure 69, Map 27 

1875. Caudisona luoifer var. oerberus Coues, Surv. W. of 100th Merid. 

(Wheeler), vol. 5, chap. 5, p. 606. Type locality: San Francisco 
Mountains, Coconino County, Arizona; type specimens: field numbers 
509 (= PANS 7085?) and 511 (= PANS 7088). 

1949. Crotalus viridis oerberus Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 6, p. 83. 
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Crotalus viridis concolor Woodbury 

Midget Faded Rattlesnake 

Figure 70, Map 27 

1929. Crotalus concolov Woodbury, Bull. Unlv. Utah, vol. 20, no. 6, p. 
(2). Type locality: King8s Ranch, at the base of the Henry Moun¬ 
tains, Garfield County, Utah; type specimen: Utah 306. 

1936. Crotalus viridis concolor Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 8, no. 20, p. 191. 

1940. Crotalus viridis decolor Gloyd, Chi. Acad. Sci. spec. pub. 4, 
P. 216. g 

1972. Crotalus viridis concolor Klauber, Rattlesnakes, vol. 1, p. 51. 

Crotalus viridis helleri Meek 

Southern Pacific Rattlesnake 

Figure 71, Map 27 

1905. Crotalus helleri Meek, Field Col. Mus., Z00K Ser., vol. 7, no. 

1, pub. 104, p. 7* Type locality: San Jose, Baja California, 
Mexico; type specimen: CNHM 1272. 

1949. Crotalus viridishe l leri Klauber, Trans. San Diego Soc. Nat. Hist., 
vol. 11, no. 6, p. 77. 

Crotalus viridis lutosus Klauber 

Great Basin Rattlesnake 

Figure 72, Map 27 

1930. Crotalus confluentus lutosus Klauber, Trans. San Diego Soc., Nat. 
Hist., vol. 6, no. 3> p. 100. Type locality: 10 miles northwest 
of Abraham on the road to Joy, Millard County, Utah; type speci¬ 
men: LMK 1814. 

1936. Crotalus viridis lutosus Klauber,Trans. SanDiego Soc. Nat. Hist., 
vol. 8, no. 20, p. 191. 

“Klauber, Rattlesnakes, 1972, vol. 1, p. 51 Inadvertently listed himself as author In error. 
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Crotalus viridis nuntius Klauber 

Hop! Rattlesnake 

Figure 73, Map 27 

1935. Crotalus oonfluentus nuntius Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. B, no. 13, p. J8. Type locality: Canyon Diablo, Co¬ 
conino County, Arizona; type specimen: LMK 3105. 

1936. Crotalus viridis nuntius Klauber, Trans. SanDiego Soc. Nat. Hist., 

vol. 8, no. 20, p. 191. 

Crotalus viridis oreg anus Holbrook 

Northern Pacific Rattlesnake 

Figure 74, Map 27 

1840. Crotalus oreganus Holbrook, North Amer. Herp,, ed. 1, vol. 4, p. 
115. Type locality: banks of the Oregon or Columbia River; type 
specimen: PANS 7158. Type locality subsequently restricted to 
The Dalles, Wasco County, Oregon,by Smith and Taylor, 1950, Univ. 
Kans. Sci. Bull., vol. 33, part 2, no. 8, p. 360. 

1949. Crotalus viridis oreganus Klauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 6, p. 67. 

Crotalus willardi willardi Meek 

Arizona Ridge-Nosed Rattlesnake 

Figure 75, Map 28 

1905. Crotalus willardi Meek, Field Columbian Mus.,pub. 104,Zool. Ser., 
vol. 7,no. 1,p. 18. Type locality: above Hamburg, Middle branch 
of Ramsey Canyon, Huachuca Mountains, Cochise County, Arizona; 
type specimen: CNHM 902. 

1949. Crotalus willardi willardi Kiauber, Trans. San Diego Soc. Nat. 
Hist., vol. 11, no. 8, p. 125. 
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Crotalus willardi amabilis Anderson 

Del Nido Ridge-Nosed Rattlesnake 

Figure 76, Hap 28 

Crotalus willavdi amabilis Anderson, Copeia, no. 1, p. 160. Type 
locality; Arroyo Mestefro, Sierra del Nido, Chihuahua, Mexico, 
elevation 8,500 ft.; type specimen MVZ 68896. 

Crotalis willardi meridionalis Klauber 

Southern Ridge-Nosed Rattlesnake 

Figure 77, Hap 28 

Crotalus willardi meridionalis Klauber, Trans. San Diego, Soc. 
Nat. Hist., vol. 11, no. 8, p. 131. Type locality; Coyotes, Dur¬ 
ango, Mexico, elevation 8,000 ft.; type specimen; LMK 6569. 

Crotalus willardi obsourus Harris 

New Mexican Ridge-Nosed Rattlesnake 

Figure 73, Map 28 

Crotalus willardi obsourus Harris, Natl. Parks and Conserv. Mag., 

vol. 48, no. 3, p. 23. « 
Crotalus willardi obsourus Harris and Simmons"7, Bull. Md. Herp. 
Soc., vol. 12, no. 1, p. 5. Type locality; Upper end Indian Creek 
Canyon, Animas Mountains, Hidalgo County, New Mexico; type spec¬ 
imen; USNM 195546 (Formal description). 

Crotalus willardi silus Klauber 

West Chihuahua Ridge-Nosed Rattlesnake 

Figure 79, Map 28 

^ln theorlginal paper (Natl. Parks and Conserv. Mag., vol. 48, no. 3, p. 23) Simmons was Inadvertently left off as an author by the edltor(s). 
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1949. Cvotalus willardisitus Klauber, Trans. San Diego Soc. Nat. Hist., 
vol. 11*no. 8,p. 128. Type locality: Rio Gavilan, 7 miles south¬ 
west Pacheco* Chihuahua, Mexico, elevation 6,200 ft.; type spec¬ 
imen: MVZ 46694. 

* 376. Cvotalus willardi situs; Harris and Simmons, Bull. Md. Herp. Soc., 
vol. 12, no. 1, p. 3. 

Sistrurus catenatus eatenatus (Rafinesque) 

Eastern Massasauga 

Figure 80, Map 29 

1818. Crotalinus catenatus Rafinesque, Amer. Month. Mag. & Crit. Rev., 
vol. 4, no. 1, p. 41. Type locality: prairies of the Upper Mis¬ 
souri; type specimen: none designated. Type locality restricted 
to Kansas City, Missouri, by Schmidt, 1953, p. 226. 

1900. Sistrurus catenatus catenatus Cope, Rept. U.S.Nat. Mus. for 1898, 
p. 1146. 

Sistrurus catenatus edwardsii (Baird and Girard) 

Desert Massasauga 

Figure 81, Map 29 

1853. Crotalophorus edwardsii Baird and Girard, Cat. N. Amer. Rept., 
part 1, p. 15. Type locality: Tamaulipas, Mexico; type specimen: 
USNM 507. 

1955. Sistrurus catenatus edwardsi Gloyd, Bull. Chi. Acad. Sci., vol. 
10, p. 84. 

Sistrurus catenatus tergeminus (Say) 

Western Massasauga 

Figure 82, Map 29 

1823. Cvotalus tergeminus Say, in Long's Exped. fromPittsburgh to Rocky 
Mts., edited by Edwin James, vol. 1, p. 499, footnote. Type lo- 
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cality: between the Mississippi River and the Rocky Mountains; 
type specimen: none designated. Type locality subsequently re¬ 
stricted to Winfield, Cowley County, Kansas by Smith and Taylor, 
1950, Univ. Kans. Sci. Bull, vol. 33* part 2, no. 8, p. 358. 

1936. Sistrurus catenatus tergeminus Klauber, Occ. Papers San Diego Soc. 
Nato Hist., no. 1, p. 6 

Sistrurus miliarius miliarius (Linnaeus) 

Carolina Pigmy Rattlesnake 

Figure 83, Map 30 

1766. Crotalus miliarius Linnaeus, Syst. Nat., ed. 12, p. 372. Type 
locality: Carol i na; type specimen: received by Linnaeus from Alex¬ 
ander Garden, disposition unknown. 

1935. Sistrurus miliarius miliarius Gloyd, Occ. Papers Mus. Zool., Univ. 
Mich., no. 322, p. 4. 

Sistrurus miliarius barbouri Gloyd 

Dusky Pigmy Rattlesnake 

Figure 84, Map 30 

1935. Sistrurus miliarius barbouri Gloyd, Occ. Papers Mus. Zool. Univ. 
Mich., no. 322,p. 2. Type locality: Royal Palm Hammock, 12 miles 
west of Homestead, DadeCounty, Florida; type specimen: MCZ 12512. 

Sistrurus miliarius streokeri Gloyd 

Western Pigmy Rattlesnake 

Figure 85, Map 30 

1935. Sistrurus miliarius streokeri Gloyd, Occ. Papers Mus. Zool. Univ. 

Mich., no. 322, p. 4. Type locality: near Imboden, Lawrence Co¬ 
unty, Arkansas; type specimen: MZUM 76751. 
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Mexican Pigmy Rattlesnake 

Figure 86, Map 31 

1865. Crotalus vavus Cope, Proc. Acad. Nat. Sci. Phi la., vol. 17» no. 
A, p. 191. Type locality: tableland of Mexico; type specimens: 
USNM 25050-1. Type locality subsequently restricted to Totalco, 
Veracruz, by Smith and Taylor, 1950, Univ. Kans. Sci. Bull., vol. 
33, part 2, no. 8, p. 351. 

1896. Si strums ravus Boulenger, Cat. Snakes Brit. Mus.,vol. 3» P« 571. 

Sistrurus ravus brunneus^ subsp. nov. 

Oaxacan Pigmy Rattlesnake 

Figure 87, Map 31 

1972. Sistrurus ravus (Part) Klauber, Rattlesnakes, vol. 1, p. 57. 

Diagnois. — A moderately sized rattlesnake differing from both S, r. 
ravus and $. r. lutescens in being a reddish browncolor dorsally and in 
generally having ten rattle fringe scales (at least in males). Both S', 
r. ravus and S. r. lutescens generally have eight rattle fringe scales. 

This subspecies is geographically separated from both S. r. ravus 
and S. r. lutescens thus its separation seems logical. 

Type Specimens. —Holotype: AMNH 102916, an adultmale collected 1.7 mi. 
E Ixtlan de Juarez (Vivero RanchoTeja), Oaxaca, Mexico inPine-oak wood¬ 
land, at an elevation of 7A00 ft. by Boone Hallberg in June 1968. Para- 
types: AMNH 6517A-5, 89636-7, 93226-7, 1008A1-2, 102915, 10AA0A, USNM 
46555 and A6609. 

Description of the Type Specimens. — Holotype: 6A0 mm total length, 65 
mm tail length, 25 scale rows at midbody, 148 ventrals, 30 subcaudals, 
12/12 supralabials, 11/12 infralabials, anterior subocular contacts Ath 
and 5th supralabials, A scales in the internasal prefrontal area, 38body 
blotches, 7 tail bands and 10 rattle fringe scales. 

The following summary of the type specimens includes the holotype: 
Size, max. 6A0 mm, min. 187 mm. Scale rows 21-25 (mode 23) at midbody, 
3 specimens have 21, 1 has 22, 8 have 23 and 1 has 25; ventrals, males 
137“155 (mean 147*6); subcaudals, males 2A-33 (mean 29.3), female 21; 
supralabials, males 11-12 (mean 11.6), female 10; infralabials, males 
10-13 (mean 11.6), female 11; body blotches, males 33~A2 (mean 36.1), 

10 
Brunneus t Latin: deep brown. 
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female 30; tail length as percent of total length, males 10.1, female 
9.6; rattle fringe scales 10 (males), the only female available to us 
had 8. 

Range. — Known only from the State of Oaxaca, Mexico. 

Sistrurus ravus lutescens subsp. nov. 

Montane Pigmy Rattlesnake 

Figure 88, Map 31 

1972. Sistrurus ravus (Part) Klauber, Rattlesnakes, vol. 1, p. 57. 

Diagnois. — A large Sistrurus ravus having a brown to golden-brown dorsal 
coloration with darker brown blotches and a fairly uniform tan to golden- 
yellow venter. This ventral color extends up onto the labials. The 
labials are unpigmented with dark pigment, in contrast to S. r. ravus 
which generally has dark stippling on the labials particularily at the 
sutures. It can further be separated from S. r. ravus in having the 
brown color dorsally instead of grey. The blotches of S. r. lutescens 
in general are less squarish than in S. r. ravus. From S. r. brunneus, 
it can be separated by generally having fewer rattle fringe scales, 8 
instead of 10. 

Type Specimens. —Holotype: UCM 9124, an adult male collected at Huitz- 
ilac, Morelos, Mexico by T. Paul Maslin on 16 July 1956. Paratypes: UCM 
9125, RS 831, 844, 853, 994, 1227, 1228 HSH/RSS (NHSM). 

Description of the Type Specimens. — Holotype: 664 mm total length, 63 
mm tail length, 21 scale rows at midbody, 146 ventrals, 31 subcaudals, 
11/12 supralabials, 12/12 infralabials, anterior subocular contacts 4th 
and 5th supralabials, 4 scales in the internasal prefrontal area, 32 
body blotches, 5 tail bands, and 8 rattle fringe scales. 

The following summary of the type specimens includes the holotype: 
Size, max. 759 mm, min. 286 mm. Scale rows generally 21 at midbody, 5 
specimens have 21 rows, 3 specimens have 23 rows; ventrals, males 141- 
146 (mean 143.3), females 141-148 (mean 144.3); subcaudals, males 27*31 
(mean 29.0), females 21-28 (mean 25.0); supralabials 11-13 (mean 11.7); 
infralabials 9” 12 (mean 11.1); body blotches 31*34 (mean 32.4); tail 
length as percent of total length, males 9.35, females 8.58; rattle fringe 
scales 8-9 (mode 8). The general dorsal coloration is brown to golden- 
brown with darker brown blotches dorsally; there are smaller secondary 
blotches laterally which are centered of f the primary blotches.The supra¬ 
labials and venter are tan to golden-yellow; the supralabials lacking 
al1 darker stippling. 

Range. — Known only from the vicinity of Huitzilac, Morelos, Mexico at 
an elevation from about 2800-3000 meters. 

11 
Lute8cen8, Latin: yellow tinged. 

Page 136 Bulletin Maryland Herpetological Society 



Volume 14 Number 3 September 1978 

Sistrurus reams ssp. 

Guerreran Pigmy Rattlesnake 

Map 31 

(Description forthcoming by others) 

Figure 1. Crotdlus adamanteuss specimen from near Lakeland, Polk Co. , 
Florida. 

Figure 2. Crotdlus atrox9 specimen frs®Cochise Co., Arizona (72-7 HSH/ 
RSS). 
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Figure 3. Crotalue aquilus, specimen from Ixtapalapa, D.F., Mexico (71* 
26 HSH/RSS). 

Figure *». Crotalus basiliscus basiliscus, specimen from nr. San Bias, 
Nayarit, Mexico (RS 802 HSH/RSS). 
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Figure 5. Crotalue basiliscus oaxaous, specimen from 25 mi NW Oaxaca, 
Oaxaca, Mexico (76-22 HSH/RSS). 

Figure 6. Crotalus oatalinensis, specimen from I sia Santa Catal ina, Gull 
of California, Baja Sur, Mexico (71-181 HSH/RSS). 
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Figure 7. Crotalus cerastes cerastes, specimen from Mojave, Kern Co., 
California (RS 892 HSH/RSS). 

Figure 8. Crotalus cerastes cercobombus, specimen from AvraVal ley, Pima 
Co., Arizona (RS 924 HSH/RSS). 
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Figure 9. Crotalus cerastes laterorepens, specimen from south of Twen- 
tynine Palms, San Bernardino Co., California (71"9 HSH/RSS). 

Figure 10. Crotalus durissus durissus, specimen from Guatemala (R$ 1106 
HSH/RSS). 
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Figure 11a. Crotalus durissus oasoavella, photograph courtesy Dr. A. R. 
Hoge and Instituto Butantan (from Mem. Inst. Butantan, 1972 
35:196). 

Figure 11b. Crotalus durissus oasoavella, drawings courtesy Dr. A. R. 
Hoge and Instituto Butantan (from Mem. Inst. Butantan, 1966 
(1965), 32:176). Specimen from Mina Caraiba, Bahia, Brasil 
(Neotype: IBH 23 400). 
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Figure 12a. Crotalus durissus collilineatus, photograph courtesy Dr. A. 

R. Hoge and Instituto Butantan (from Men. Inst. Butantan, 
1972, 30:198). 

Figure 12b. Crotalus durissus collilineatus, drawings courtesy Dr. A. R. 
Hoge and Instituto Butantan (from Mem. Inst. Butantan, 1966 
(1965), 32:177. Specimen from Brasf Ha, Ter. Federal, Brasil 
(IBH 23 005). 
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Figure 13. CvotaluQ durissus eulminatus, specimen from Aqulla, MI choacan, 
Mexico (RS 896 HSH/RSS). 

Figure 14. Crotalue duxnseus oumanen8is, specimen from nearBaranqui1 la, 
Colombia (RS 823 HSH/RSS). 
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Figure 15. Crotalus durissus dryinas, drawings courtesy Dr. A. R. Hoge 
and Instituto Butantan (from Hem. Inst. Butantan, 1966 (1965), 

32:178). Specimen from the Guianas. 

Figure 16. Crotalus durissus marajoensis, drawings courtesy Dr. A. R. 
Hoge and Instituto Butantan (from Mem. Inst. Butantan, 1966 
(1965), 22:179). Specimen from 11 ha de Marajo, State Para, 
Brasil. 
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Figure 17. Crotalue durissus neoleonensis, specimen from Las Adjuntas, 

Santiago, Nuevo Le6n, Mexico. [Type Specimen UANL 463 (Univ. 
Nuevo Le6n)H. Photograph by Carlos H. Trevino, courtesy Ernest 
A. Liner. 

Figure 18a. Crotalus durissus ruruima, photograph courtesy Dr. A. R. Hoge 
and Instituto Butantan (from Mem. Inst. Butantan, 1972, 36: 
200). 
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Figure 18b. Crotalus durissus ruruima, drawings courtesy Dr. A. R. Hoge 
and InstitutoButantan (from Mem. Inst. Butantan, 1966(1965), 
32:180). Specimen from Paulo Camp. Mt. Roraima, Venezuela 
(Holotype: AMNH 36 056). 

Figure 19. Crotalus durissus terrificus, specimen from Paraguay (73-19 
HSH/RSS). 
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Figure 21. Crotalue durissus trigonious, specimen from the Rupununi 
Savannahs, Guyana (Holotype: RS 907 HSH/RSS). 
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Figure 22. Crotalus duviesus tzdboan, specimen from near Hart da, Yucatan, 
Mexico (RS 946 HSH/RSS). 

Figure 23. Cvotalus enyo enyo, specimen from between LaPaz and El Truflno, 
Baja Sur, Mexico (71-14 HSH/RSS). 

Bulletin Maryland Herpetological Society Page 149 



Volume 14 Number 3 September 1978 

Figure 24. Crotalus enyo oerralvensis, specimen from Is la Cerralvo, Gulf 
of California, Baja Sur, Mexico (75-38 HSH/RSS). 

Figure 25. Crotalus enyo furvus, specimen from near Rosario, Baja del 
Norte, Mexico (RS 926 HSH/RSS). 
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Figure 26. Cvotalus exsul, specimen from I si a Cedros, off the Pacific 
Coast of Baja California, Mexico (RS 1040 HSH/RSS). 

Figure 27. Cvotalus hovvidus hovvidus, specimen from near Thurmont, Fred 
erick Co., Maryland (74-1 HSH/RSS). 
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Figure 28. Crotalus horridus atriaaudatus, specimen from NE of Hardee- 
ville, Jasper Co., South Carolina (76-5 HSH/RSS). 

Figure 29. Cvotalus intermedius intermedins, specimen from Cofre de 
Perote, Veracruz, Mexico (RS 977 HSH/RSS). 
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Figure 31. Crotalus intermedins omiltemanus, specimen from Nr. Omflteme, 
Guerrero, Mexico (RS 1005 HSH/RSS). 
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Figure 32. A dorsal view of the head of Crotalus lannomi (Holotype, BYU 
No. 23800) collected 1.8 mi W of the pass, Puerto Los Mazos 
on Mexican Highway No. 80, Jalisco, Mexico. Illustration 
courtesy of Wilmer W. Tanner and the Herpetologists' League. 
(Taken from Herpetologica 22{k):299). 

Figure 33. Crotalus lepidus lepidus, specimen from Fort Davis, Jeff Davis 
Co., Texas (RS 928 HSH/RSS). 
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Mexico (71-25 HSH/RSS). 

Figure 35* Crotalus lepidus maoulosus , specimen from 16 mi W Durango - 
Sinaloa StateLine, Sinaloa, Mexico (Paratype: RS 951 HSH/RSS). 
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Figure 36. Cvotalue lepidus movulus, specimen from mountains SESan Fran¬ 
cisco, Tamaulipas, Mexico. (72-68 HSH/RSS). 

Figure 37. Cvotalue nritchelHi mitohellii, specimen from Nr. Buena Vista, 
Baja Sur, Mexico (RS 845 HSH/RSS). 
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Figure 38. Crotalus mitchellii angelensis , specimen from Isla Angel de 
la Guarda, Gulf of California, Baja del Norte, Mexico (RS 979 
HSH/RSS). 

Figure 39. Crotalus mitchellii muertensis, specimen from Isla El Muerto, 
Gulf of California, Baja del Norte, Mexico (RS 850 HSH/RSS). 
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Figure 40. Crotalus mitohellii pyrrhus, 
Sonora, Mexico. 

specimen from Pinacate Peak, 

Figure 41. Crotalus mitohellii Stephens!, specimen from Kyle Cyn, Clark 
Co., Nevada (71-30 HSH/RSS). 
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Figure 42. Crotalus molossus molossus, specimen from Cave Creek Canon, 
Chiricahua Mts., Cochise Co., Arizona (71“31 HSH/RSS). 

Figure 43. Crotalus molossus estebanensis, specimen from Is la San Este¬ 
ban, Gulf of California, Mexico (71-33 HSH/RSS). 
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Figure hk. Crotalus molossus nigresoens, specimen fromnear Perote, Ver- 
acruz, Mexico (72-30 HSH/RSS). 

Figure 45. Crotalus polystiotus, specimen from North ofTapaipa, Jalisco, 
Mexico (R 678 HSH/RSS). 
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Figure 46. Crotalus priaei prieei, specimen from Sefrra de Los AJos, 
Sonora, Mexico, (RS 983 HSH/RSS). 

Figure 47. Crotalus prieei miquilmmus» specimen from Cerro Potosf, Nuevo 
Ledn, Mexico (74-14 HSH/RSS). 
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Figure 48. Crotolus pusil lu8, specimen from between Uruapan and Tancf taro, 
Michoacan, Mexico (73-48 HSH/RSS). 

Figure 49. Crotalus ruber ruber, specimen from nr. Los Angeles, Cal i fornia. 
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Figure 50. Crotalus ruberelegans, specimen from Isla Angel de la Guarda, 
Gulf of California, Baja del Norte, Mexico (74-40 HSH/RSS). 

Figure 51. Crotalus ruber lorenzoensis, specimen from San Lorenzo Sur, 
Gulf of California, Baja del Norte, Mexico (77-47 HSH/RSS), 
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Figure 52. Crotalue ruber lueasensie» specimen from LaPaz, Baja Sur, 
Mexico (RS 947 HSH/RSS). 

Figure 53. Crotalue ruber monserratensie ssp. nov., specimen 
Monserrate, Gulf of California, Baja Sur, Mexico 
RS 1226 HSH/RSS). 

from I si a 
(Paratype: 
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Figure 5^» Crotalus seutulatus seutulatus, specimen from Nevada (75-27 
HSH/RSS). 

Figure 55. Crotalus sautulatus salvini, specimen fromnear Perote, Vera¬ 
cruz, Mexico (RS 787 HSH/RSS). 
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Figure 56. Crotalus stejnegeri, speclmenfrom East of Concordia, Sinaloa, 
Mexico (RS 901 HSH/RSS). 

Figure 57. Crotalus tigris, specimen from Canyon Lake, Maricopa Co., 
Arizona (71-41 HSH/RSS). 
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Figure 58. Crotalus tortugensis* specimen from Isla Tortuga, Gulf of 
California, Mexico (RS 828 HSH/RSS). 

Figure 59. Crotalus transversus, specimen fromNr. LagunaZempoala, Mexico, 
Mexico (RS 1087 HSH/RSS). 
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Figure 60, Crotalus triseriatus triseriatus, specimen fromDistrict Fed¬ 
eral, Mexico, Mexico (RS 1058 HSH/RSS). 

Figure 61. Crotalus triseriatus anahuacus, specimen from Laguna Zempoa- 
la, Mexico, Mexico (72-96 HSH/RSS). 
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Figure 62. Crotalus triseriatue ssp., specimen from Tapalpa, Jalisco, 
Mexico (RS 999 HSH/RSS). 

Figure 63. Crotalus txn.8eriatn8 quadrangularis ssp. nov., specimen from 
near Jacala, Hidalgo, Mexico (Paratype: RS 1232 HSH/RSS). 
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Figure 6A. Crotalus unicolor, specimen from Santa Cruz, Aruba, off the 
coast of Venezuela (RS 776 HSH/RSS). 

Figure 65. Crotalus vegrandis, specimen from near Tremblador, Monagas, 
Venezuela (72-58 HSH/RSS). 
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Figure 67. Crotalus viridis abyssus, specimen from Havasupi Canon, Co¬ 
conino Co., Arizona (71-128 HSH/RSS). 
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Figure 66. Crotalus viridis viridis, specimen 
(75-^0 HSH/RSS). 
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Figure 68. Crotalus viridis caliginis, specimen from I si a Coronado Sur, 
off the Pacific coast of Baja del Norte, Mexico (RS974 HSH/RSS). 

Figure 69. Crotalus viridis cerhevus , specimen from Molina Basin, Pima 
Co., Arizona (RS ?8l HSH/RSS). 
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Figure 70. Crotolue vividis concolov, specimen from North of Moab, Utah 
(73-11 HSH/RSS). 

Figure 71. Crotalus viridis helleri, specimen 
and San Diego on Coast, California 

Bulletin Maryland Herpetological Society 

rom between Los Angeles 
(71-51 HSH/RSS). 
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Figure 72. Cvotalus viridis lutosus, specimenfrom North of Grand Canyon, 
Cononico Co., Arizona (71”53 HSH/RSS). 

Figure 73. Crotalus viridis nuntius , specimen from North of Winslow, 
Aavago Co., Arizona (RS 1092 HSH/RSS). 
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Figure 7k. Crotalus viridis oreganus , specimen from California (72-59 
HSH/RSS). 

Figure 75. Crotalus willardi willardi, specimen from Ramsey Canon, Hua- 
chuca Mts., Arizona (RS 840 HSH/RSS). 
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Figure 76. Crotalus willardiamabilis, specimen from the Sierra del Nido, 
Chihuahua, Mexico (RS 1186 HSH/RSS). 

Figure 77. Crotalus willardimeridionalis , specimen from near Llano Grande, 
Durango, Mexico (73~78 HSH/RSS). Specimen courtesy of R.Webb. 

Bulletin Maryland Herpetological Society Page 176 



Volume 14 Number 3 September 1978 

Figure 78. Cvotalus willardi obsaums, specimen from Indian Creek Canon, 
Animas Mts., Hidalgo Co., New Mexico (Paratype: RS 955 HSH/RSS). 

Figure 79. Crotalus villardi situs , specimen from Sierra Nacozari, 
ora, Mexico (RS 843 HSH/RSS). 
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Figure 80. Sistvurus catenatue catenatus, specimen from near La Grange, 
La Grange Co., Indiana (71-59 HSH/RSS). 

Figure 81. Sietrurus catenatue edwardsH, specimen from near Uvalde, 
Uvalde Co., Texas (RS 960 HSH/RSS). 
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Figure 83. Siatrurus mUiarius miliarius, specimen from near Wilmington, 
New Handover Co., North Carolina (RS 788 HSH/RSS). 
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Figure 84. Sistrurus miliarius barbouri, specimen from near Fort Myers, 
Lee Co., Florida (77-14 HSH/RSS). 

Figure 85. Sistrurus miliarius streckeri, specimen from near Houston, 
Harris Co., Texas (RS 1140 HSH/RSS). 
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Figure 86. Sistrurus ravus ravus, specimen from near Puebla, Puebla, 
Mexico (RS 956 HSH/RSS). 

Figure 87. Sistrurus ravusbrunneus ssp. nov., specimen from near Huajua- 
pan, Oaxaca, Mexico (RS 73-60 HSH/RSS). 
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Figure 88. Sistrurue ravus lutesoens ssp. nov., specimen from near Huit- 
zilac, Morelos, Mexico (Paratype: R$ 831 HSH/RSS). 

Map 1. The distribution of Crotalus adamanteus. 
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Map 2b. The island distribution, in the Gulf of California, of Cvotdlus 
atvox and including Crotalus tortugensis. 
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Map 5. The distribution of Crotalus oatalinensie, 
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Map 6. The distribution of Crotalus cerastes. 
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Map 8. The distribution of the South American subspecies of Crotalus 
durissue and including Crotalus unioolor and Crotalus vegran- 
dis. 
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Hap 9. The distribution of Crotalus enyo. 
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Map 10. The distribution of Crotalus exsul. 
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Map 13. The distribution of Crotalue lannomi. 
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Crotalus lepidus 

lepidus 

klauleri 

^ maculosus 

morulus 

Map 14. The distribution of Crotalus lepidus. 
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Map 15a. The distribution of Cvotalus mitohellii. 
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Map 15b. The distribution of the island populations, in the Gulf of 
California, of Crotalus mitchellii and including the Baja 
Peninsula. 
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Map 16b- The distribution of Crotalus molossus estebanensis. 
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Hap 18. The distribution of Crotalus priaei. 
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Hap 19. The distribution of Crotalus pusillus. 

Page 200 Bulletin Maryland Herpetological Society 



Volume 14 Number 3 September 1978 

Crotalus ruber 

San Marcos 
Pond 

lucasensis 

San Jose 
Santa Margarita 

^ eleganj; lorenzoensis 

Angel de la Guardia San Lorenzo Sur 

monserratensis 
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vj;.w Crotalus ruber ruber 

Crotalus ruber lucasensis 

Crotalus ruber lorenzoensis 

Crotalus ruber elegans 

Crotalus ruber monserrdtensis 

Crotalus exsul 

Map 20. The distribution of Crotalus ruber including Crotalus exsul. 
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Map 22. The distribution of Crotalus stejnegeri. 

Map 23. The distribution of Crotalus tigris. 
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Map 28. The distribution of Crotalus willardi. 

a C, w, obsourus 
o c. w, willardi 

[ 
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Hap 31. The distribution of Sistrurus ravus. 
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News & Notes 

IMPORTANT DATE 

EASTERN SEABOARD HERPETOLOGICAL LEAGUE MEETING 

Date: 28 October 1978, Saturday 

Time: 12:00 noon 

Place: Baird Auditorium, U.S. National Museum of Natural History 
(10th and Constitution Ave., N.W.), Washington, D.C. 

Hosts: WHS/VaHS 

"STANDARD COMMON AND CURRENT SCIENTIFIC NAMES FOR NORTH AMERICAN 
AMPHIBIANS AND REPTILES" by J. T. Collins, J. E. Huheey, J. L. 
Knight and H. M. Smith, Committee on Common and Scientific Names, 
Society for the Study of Amphibians and Reptiles* 

Available at $2,50 each from: Douglas H, Taylor 
Dept. Zoology 
Miami University 
Oxford, Ohio ^5056 

Announcement of A New Herpetological Dictionary 

by 
George J. Jacobs 

English-Russian: Russian-English 

Dictionary of Vertebrate Zoology, 

emphasising anatomy, amphibians, and reptiles 

1978 - Smithsonian Institution Press - $4.75 

A dictionary for the specialist in anatomy and herpetology. 
This double columned 9x10 inch dictionary is 48 pages long 
(over 4600 Russian words) with a saddle stitched paper baek 
for high readability and. ease of use. 

To purchase, send $4.75 to Smithsonian Institution Press, 
Box 1579? Washington, DC 20560. 

The American Association of Community and Junior Colleges 
maintains a Career Staffing Center for its member institutions 
and those individuals \ho would like to he considered for staff 
positions at more than 900 member colleges. Write for details 
to AACJC Career Staffing Center, P. 0. Box 298-A, Alexandria, 
Virginia 22314. 
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SOCETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

Howard K. Gloyd’s 

Rattlesnakes 
Genera Sistrurus 

and Crotalus 
WITH A NEW INTRODUCTION BY HOBART M. SMITH AND HERBERT S. HARRIS, JR. 

About 320 pages including 31 plates of photographs; Index; 7 x 10 inches; Clothbound 

G LOYD'S monograph, "The Rattlesnakes, Genera Sistrurus and Crotalus, a Study in Zoogeo¬ 
graphy and Evolution," has been a standard reference since it was published in 19^0 
by The Chicago Academy of Sciences. Now long out-of-print, it is one of the most 

sought after of herpetological books because of its continuing utility. It includes an 
historical narrative about rattlesnakes, a taxonomic key, and detailed accounts of the 1+5 
species and subspecies of rattlesnakes then recognized. These accounts contain for each 
form an extensive nomenclatural synonymy, a detailed description including scutellation 
and coloration, a section on distribution with map and list of specific localities, and a 
discussion of variation. There are 22 tables of data on geographic variation, 32 figures 
and maps in the text, and 31 plates containing, in part, 1+7 photographs of living rattle¬ 
snakes, plus an index. 

The reprint also includes a new introductory essay by Hobart M. Smith and Herbert S. 
Harris, Jr., containing a biography of Howard K. Gloyd, a recounting of the production of 
his book, and an extensive table showing the current status of scientific names utilized 
in Gloyd's book. 

Prices and Ordering 
SSAR members, if ordered before November 1 $15 clothbound 

Institutions; Non-members; All orders received after November 1 $20 clothbound 

Orders may be placed now; the book will be issued in December 1978- To take advantage of 
special pre-publication rates, SSAR members must send their orders before November 1. All 
orders should be sent to Dr. Douglas H. Taylor, Department of Zoology, Miami University, 
Oxford, Ohio 1+5056, USA. Please make checks payable to "SSAR"; receipt sent on request 
only. Prices include postage, world-wide. 

A pricelist of other Society publications can be obtained from Dr. Taylor. 
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MAINTENANCE OF RATTLE SNAKES IN CAPTIVITY 

BY JAMES B. MURPHY AND BARRY L. ARMSTRONG 

Available Soon 

Publication Education Series 7 

Museum of Natural History 

The University of Kansas 

PE No 7 

INCLUDES 

1 - basic requirements for maintaining rattlesnakes 
under optimal captive conditions. 

2 - extensive information on diseases, infections 
and treatments of captive rattlesnakes with 
direct reference to over 20 species. 

3 - a thorough appendix of medical products for use 
in treating ailing rattlesnakes. 

4 - an invaluable bibliography on rattlesnakes 
diseases and treatments. 

5 - a storehouse of information applicable to proper 
maintenance of all snakes in cpativity. 

ORDER FORM 
ORDER FORM: 

Publications Secretary 
Museum of Natural History 
The University of Kansas 
Lawrence, KS 660^5 

Please send: 

_copies P.E. No. 7 @ $3.00 copy_ 

Hand 1 i ng_ 

Kansas Sales Tax^ 

TOTAL 

MAKE CHECKS PAYABLE TO: 

Publications, Museum of Natural History 
Please add $% for postage and handling, 
with a minimum charge of 50 cents. 
Kansas Residents add 3-5% sales tax. 

To: 

Name: 

Address:_ 

Information regarding bookstore discounts may be obtained by contacting the 
Publications Secretary at the above address. 

P&JU78 
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CHECK LIST OF FRESHWATER TURTLES OF VERACRUZ, MEXICO. 

I. SOUTHEASTERN PORTION OF THE STATE 

(TESTUDINES: CRYPTODIRA) 

Gonzalo Perez Higareda 

The freshwater turtle fauna of the state of Veracruz, Mexico, has 
not yet been investigated in detail. The only summary of any sort is 
that of Smith and Taylor (1950:228) who merely listed the species then 
known from the state. Otherwise, only synoptic works, notes or unpub¬ 
lished theses have concerned the species of Veracruz (e.g., Casas Andreu, 
1967 and Cooper Blake, 1967). 

In this state the turtle fauna has been notably disturbed, due to 
the use of some species as food for man; especially affected are Derrna- 
temys mcacei and Ch.elydra serpentina, now cons ide red rare in many regions. 
Several localities where certain species have been reported before have 
been so extensively altered as to have resulted in extermination of the 
species, or at best of restriction to a few small refuges where they 
maintain a tenuous and continually threatened existence. For one of the 
threatened species, Chelydra serpentina t new distributional data have 
already been recorded (Perez Higareda, 1978). However, the collection 
data for the other taxa obtained by my own recent work have not been 
summarized previously and are presented here. 

Of the 11 taxa of freshwater or land turtles listed by Smith and 
Taylor (loc. cit.) for Veracruz, four do not occur in the southern part 
of the state: Kinostemon herrerai (northern only), K. integrum (does 
not occur in the state at all), Pseudemys scripta cataspila (northern 
and central), and Terrapene Carolina mexicana (northern and central). 
To the list, however, are here added K, scorpioides cruentatum and P.s. 
venusta, aswell as numerous localities of col lection for the other seven 
species and subspecies. Thus nine species and subspecies of turtles 
(excluding marine turtles) are now known from southern Veracruz, and 12 
for the entire state. 

The present work is part of a statewide study of the freshwater 
turtles of Veracruz, and is put on record for the benefit of those con¬ 
cerned with the more general distribution of the species. The difficul¬ 
ties of completion of a thorough distribution survey are so great that 
the project is planned to be executed in three stages. The first part 
centers upon the southeastern portion of the state, considering the 
regions between the Rio Papaloapan Basin (from Laguna de A1varado on the 
Gulf of Mexico and Ciudad Aleman, nearOaxaca), through the Basin of Rio 
Tonalci, on the border with Tabasco (Figure 1.). In that process it was 
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necessary to sample all possible rivers, lakes, ponds and swamps in the 
basins of the Papaloapan, Playa Vicente, San Ju3n, Coatzacoalcos, Us- 
panapa, and Tonaia rivers, and the regions of Los Tuxtlas and Uspanapa. 

The second and third parts of the project, now in process, will cover 
the central and northern portions of the state, respectively. 

GENERAL CHARACTERISTICS 

Southeastern Veracruz embraces three climatic zones. The Warm- 
Subhumid zone occurs over much of its extent, in the low regions of the 
Papaloapan, Playa Vicente and San Julin rivers. The Warm-Humid zone is 
restricted to the Gulf of Mexico littoral, from the region of Los Tux¬ 
tlas throughTabasco; this zone character izes the region of Coatzacoalcos, 
and only at elevations over 600 m in the Sierra de Los Tuxtlas does the 
Temperate climate occur (Garcia, 1970). 

In the region of Papaloapan, theplains predominate, with extensive 
swamps (,spopales") and palm groves with scattered remnants of rain forest. 
The rain forest is continuous over most of the region of Los Tuxtlas, 
covering the mountain volcanic zone, to elevations of 1200 m above sea 
level; to the southeast the region of Pajapan, whereoak groves are found, 
and thence to the 1 imi ts of Tabasco are zones wi th savanna characteristics. 

The collecting sites were selected to form a grid covering the en¬ 
tire fluvial network of the region under study. Most success was en¬ 
countered in zones of low elevation, from 6 to 64 m above sea level; less 
success was experienced at intermediate elevations, between 175 and 360 
m; and the results were absolutely negative at elevations of more than 
AGO m above sea level. Not one specimen was obtained at an elevation 
greater than 360 m (see locality list). In the arid and eroded savannas 
of Colorado (4 km W of Allende, and 5 km N of Pajaritos), unexpectedly 

some specimensof Chelydra serpentina were found in small ponds surrounded 
by uninhabitable terrain, in a habitat quite different from the usual 
for this subspecies. 

LOCALITIES SAMPLED 

Attempts were made to collect turtles at all of the following lo¬ 
calities, listed with the nearest town or the containing municipality 
(arranged in alphabetical order) and elevation. An asterisk indicates 
sites where no turtles were found. 

Elevation (in m) 
above Sea Level 

29 

9 

9 

360 

360 

ological Society 

Town or Municipality 

Aleman, Cd. 

Alvarado 

n 

Catemaco 

11 
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Locality 

Los Aguajes 

Laguna de Alvarado 

Rio Papaloapan 

Laguna de Catemaco 

Laguna Verde 
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ii La Victoria 360 
n Jicacal 3 
n Rio Basura 110 

ii Rio Coscoapan 15 
11 Rio Cuetzalapan 360 

n Rio de La Palma 60 

ii Rio Los Polios 5 
ii Rio Yugualtajapan 15 

ii Sontecomapan 30 

Chinameca streams 110 

Coatzacoalcos Colorado 20 

n swamp 14 

ii Rabon Grande 14 

Comoapan Rio de San Andres 300 

Cosamaloapan Rio Papaloapan 6 

ii Laguna de San Bartolo 16 

Cuautotolapan Rio San Juan 14 

Cuichapa -streams 560 

ii Laguna La Concepcidn 300 

ii El Parafso 310 

Hidalgotitlan Tenochtitlan 90 

Isla Laguna de Guerrero 18 

n TesechoacGn (swamps) 20 

n Rio Playa Vicente 16 

JesGs Carranza Rio Jaltepec 26 

Juan DTaz Covarrubias streams 40 

Las Choapas Rio Tancochapan 17 

Lerdo de Tejada Rio de Lerdo 150 

n Saltabarranca 150 

Minatitlan Rio Minatitlan 64 

Nanchital Rio Uspanapa 19 

Oteapan streams 110 

Pajapan Laguna de Tatahuicapan 200 

Playa Vicente Ursula Galvan 25 

1978 

Page 218 Bulletin Maryland Herpetological Society 



Volume 14 Number 4 December 1978 

San Andres Tuxtla Laguna Escondida 180 

M Laguna Azul 180 

i 1 Rio Col 35 

1 1 Rio Maquina (Montepfo) 15 

San Jeronimo Rio Playa Vicente 20 

San Juan Evangelista swamps 32 

Santiago Tuxtla *Laguna del Majahual 100 

ii Rio Tecolapan 175 

Sayula de Aleman streams 100 

Soteapan *Rio Naranjo 400 

Uspanapa near Uspanapa 20 

LIST OF SPECIES 

In the following list, for each species the first paragraph gives 
the localities at which it was found in the present survey. The second 
paragraph summarizes published information on distribution, both within 
and extraneous to southern Veracruz. 

Dermatemys mauei Gray 

Localities of capture. Minatitlan; Cuautotolapan: Rio San Julin; 
Rio Uspanapa; Cuichapa: Laguna deLa Concepci<5n ("la Concha"). Restricted 
now to these localities. 

Additional data. Veracruz, Oaxaca, Tabasco, Yucatan and Campeche 
(Smith and Taylor, 1950). Tabasco: Basin of Rio Usumacinta; Veracruz: 
Minatitlan; Arroyo Hondo; Basin of Rio Papaloapan (Casas Andreu, 1967). 
Northern and northeastern Chiapas (Alvarez del Toro, 1972). 

Chelydra serpentina rossignoni (Bocourt) 

Localities of capture. Alvarado: Rio Papaloapan (2 km S Laguna de 
Alvarado); Lerdo de Tejada": Rio Lerdo, Saltabarranca; Isla: Laguna de 
Guerrero, swamps of Tesechoaccin; San Andres Tuxtla: Laguna Escondida, 
rivers M^quina and Col (Montepfo); Catemaco: Rio Yugualtajapan (Sonte- 
comapan), Rio Coscoapan, Laguna Verde; Coatzacoalcos: Rabdn Grande (Al- 
lende), ponds of Colorado (4 km W of Allende and 5 km N of Pajaritos); 
Cuichapa: Laguna de La Concepcidn ("La Concha"). 

Additional data. Atlantic slopes south to the Yucatan Peninsula; 
recorded only from the states of Veracruz and Campeche (Smi th and Taylor, 
1950). Veracruz: Basin of Rio Papaloapan "probably near Alvarado", and 
Catemaco-Acayucan road (Casas Andreu, 1967). Chiapas (Alvarez del Toro, 
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1972). Veracruz: Ssla, San Andres Tuxtla, Catemaco; Oaxaca: Valle Na- 
cional (Pgrez Higareda, 1978). 

Kinostemon aeutum Gray 

Localities of capture. Cosamaloapan: Rio Papaloapan; Cd. Aleman: 
Los Aguajes, Laguna de San Bartolo; San Andres Tuxtla: Laguna Escondlda; 
desds Carranza: Rio Jaltepec. 

Additional data. Central Veracruz and Tabasco (Smith and Taylor, 
1950)7“ 

Kinostemon scorpioides cruentatum (Dumdril, Bibron and Dum€ril) 

Localities of capture. Rio Tecolapan (between Santiago Tuxtla and 
Lerdo de Tejada). 

Additional data. Atlantic and Pacificdrainages inOaxaca, Tabasco, 
Campeche and Chiapas; Cozumel !s1.; Progreso and Telchac Puerto, Yucatan 

(Smith and Taylor, 1950). Oaxaca (between Tehuantepec and San Mateo del 
Mar) and Tamaulipas (Tampico) (Casas Andreu, 1967). Chiapas (Tonala to 
Tepachula) Alvarez del Toro, 1972). 

Kinostemon leucostomum leucostomwn (Dumeril, Bibron and Dumeril) 

Localities of capture. Minatitlan; Catemaco: Sontecomapan (chan- 
nels), La Palma; Santiago Tuxtla: swamps of Rio Tecolapan; San Andres 
Tuxtla: Laguna Escondida; Las Choapas: Rio Tancochapan. In one specimen 
a small posterolateral sect ion of each abdominal lamina, about one-fourth 
the size of the whole scute, is anomalously separated from the remainder 
as a distinct lamina. 

Additional data. Puebla, Veracruz, Tabasco, Campeche and Chiapas 
(Smith and Taylor, 1950). Tabasco: Teapa and Tepijulapa, El Chico Zapote, 
Villahermosa; Veracruz: Alvarado, Minatitlan and Coatzacoalcos (Casas 
Andreu, 1967). Northern Chiapas (Alvarez del Toro, 1972). 

Claudius anguetatus Cope 

Localities of capture. Santiago Tuxtla: Rio Tecolapan; I sla: Tese- 
choacan; San Andres Tuxtla; Catamaco: Jicacal, Rio La Palma; Alvarado; 

Coatzacoalcos: Rabon Grande (Allende); swamps of Coatzacoalcos-Minatit- 
lan; Diaz Covarrubias; Cuautotolapan; Rio Uspanapa: Jesus Carranza. 

Additional data. Southern Veracruz to Honduras; Tabasco and Cam- 
peche (Smith and Taylor, 1950). Alvarado andTlacotalpan, Ver., El Chico 
Zapote, Tab. (Casas Andreu, 1967). Juarez, this.(Alvarez del Toro, 1972). 
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Staurotypus tvipovcatus (Wiegmann) 

Localities of capture. Lerdo de Tejada: Rio Lerdo, Saltabarranca; 
Santiago Tuxtla: RioTecolapan; Catemaco: Laguna de Catemaco, LaVictoria, 
Laguna Verde, Rio Coscoapan, RIoLaPalma; San Andr§s Tuxtla: RioMciquma, 
Laguna Escondlda, Laguna Azul; Jesds Carranza: RioJaltepec; Coatzacoal- 
cos: Rabdn Grande (Allende), Colorado; Cuichapa: Laguna de LaConcepcl6n; 
Las Choapas: Rio Tancochapan; Minatltlcm; Isla; Tesechoacdn. 

Additional data. Veracruz coasts and Tabasco (Smith and Taylor, 
1950)7~Tnvarado,"Minatitlcin, Laguna de Catemaco, Ver.; Villahermosa, 
Tab.; Laguna de Agua Frfa, near Emiliano Zapata, Chiapas (Casas Andreu, 
I967), Northern Chiapas (Alvarez del Toro, 1972). 

Rhinoelemmys areolata (Dumeri1, BIbron and Dumeri1) 

Localities of capture. Cuichapa: El Parafso, around Laguna de La 
Concepcion. Is presumed to be most abundant in the region near Tabasco. 

Additional data. Central Veracruz, Tabasco, Campeche, Yucatan and 
Quint ana Roo (Sm i t h and Taylor, 1950). Northern Chiapas (Alvarez del 
Toro, 1972). 

Pseudemys scripta Venusta (Gray) 

Localities of capture. Alvarado; Santiago Tuxtla: Rio Tecolapan; 
Isla: swamps of Tesechoacan; San Andres Tuxtla: Rio Maquina; Comoapan: 
Rio de San Andres; Catemaco: Laguna de Catemaco, La Victoria, Rio Cos¬ 
coapan, La Palma; Juan Diaz Covarrubias; Cuautotolapan: Rio San Juan; 
Minatitlan; Coatzacoalcos: Colorado; Cuichapa: Laguna de La Concepcion; 
Las Choapas: Rio Tancochapan; region ofUspanapa; Rio Playa Vicente; Rio 
Jaltepee. 

Additional data, Tamaulipas and Veracruz (Smith and Taylor, 1950). 
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VARIATION IN REPRODUCTIVE POTENTIAL AND GROWTH IN 

CHRYSEMYS PICTA WITHIN A SINGLE BODY OF WATER 

John K. Tucker 

ABSTRACT 

The painted turtle Chrysemys picta was found to vary in growth rate 

and reproductive potential in four different populations from a single 

small lake in east-central Illinois. Turtles with the highest growth 

rate were found to have the highest reproductive potential and reach the 

largest sizes. The extent to which reproductive potential varies within 

the lake is nearly as extensive as that found in a previous study of a 

north to south transect from Wisconsin to Louisiana. Reproductive poten¬ 

tial ranged from 12.44-21.12 eggs/+/year. Variation in growth rate was 

also extensive. Females from all populations mature after 5-7 growth 

seasons but at different average plastral lengths suggesting that sexual 

maturity is at least partially related to age. The large amount of vari¬ 

ation observed suggests that studies of ecological parameters that use 

turtles from widely separated geographic areas or that mix specimens of 

different populations from within the same body of water may not yield 

reliable data. 

INTRODUCTION 

The reproductive biology and growth of Chrysemys picta have been 
studied by many workers. However, few studies have been made to determine 
the extent towhich these important features of Chrysemys natural history 
vary between populations. Studies of latitudinal and longitudinal varia¬ 
tion in reproductive potential of C. picta include Christianson and Moll 
(1973) and Moll (1973). Gibbons and Tinkle (1969) demonstrated that the 
clutch size and growth rate of C. picta may vary within a single geo¬ 
graphic area. The present paper reports the existence of extensive 
variation in clutch size, reproductive potential, and growth rate in C. 
picta from a single, relatively small body ofwater. This study confirms 
and extends the results of Gibbons and Tinkle (1969) and points out some 
of the possible implications of such variation. 

MATERIALS AND METHODS 

Specimens were collected periodically from May 1976 through Septem¬ 
ber 1977. Hoop traps, dip nets, and hand collecting were the main col¬ 
lecting techniques used. Turtles were collected from four areas (Fig.l) 
of Lake Sara in Effingham County, Illinois. Two of the areas (1 and 3) 
are represented by larger samples and are considered in greater detail 
than the two smaller samples. C. picta in Effingham County were iden¬ 
tified as C. p. marginata X C. p. bellii intergrades by Smith (1961). 
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N 

Fig. 1. Outline map of Lake Sara in Effingham County, Illinois showing 
the location and areal extent of the areas studied. Scale line 
equals 1 mile. 

Age wasdetermined by counting plastral annuli. Each visible annulus 

was measuredparal1 el to the midabdominal seam for every specimen possible. 
The right abdominal scute was used In the great majority of cases. How¬ 
ever, a few turtles had injuries to the right abdominal scute or had a 
more complete record of growth on the left abdominal sucte; the left 
abdominal scute was used in these cases. Measurements were made with 
vernier calipers. Sergeev’s formula AB/PL = AB'/x (Sergeev, 1937) where 
AB is thepresent abdominal scute length, PLthe plastral length, AB' the 
median length of a growth annulus, and x the plastral length at thetime 
AB* was formed was used to determine changes in plastron length. This 
formula may only be used in its unmodified form if it can be shown that 
the relationship of AB and PL does not change with growth; that is, AB 
and PL grow isometrically with respect to each other. Consequently the 
allometric coefficients (ct) for both males and females were determined 
following Simpson et al., (i960). Since a was found to equal 1.05 for 
males (n = 71) and 1.06 for females (n = 88), the use of Sergeev's for¬ 
mula in its unmodified form is felt to be justified, a was also deter¬ 
mined for turtles from areas 1 and2. These did not differ significantly 
from each other or from the a determined for thetotal sample. The plas¬ 
tral length was determined for each full season of growth following the 
season of hatching (Class 0). Where possible the size at hatching and 
at the end of the season of hatching were determined. At least some 
turtles less than 2 seasons old showed no signs of a season of hatching 
indicating that some turtles overwinter in the nest. However, traces of 
the growth hiatus between the season of hatching and thefirst full season 
of growth ismuch 1 ess pronounced than those of subsequent growth hiatuses. 
This weak annulus was not detected on turtles over k seasons old and on 
only a few that were three seasons old. Consequently age class 0 is not 
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considered tobe representative since older turtles that grew during the 
season of hatching will not have evidence of this and since each sample 
is made up of varying percentages of each age class. In some cases pals- 
tral lengths for the season of hatching are given as they may prove to 
be of value for comparison to more reliable samples in later studies. 
The term significant refers to statistical significance at the95% level 
(or higher) in a two sided test of significance. 

Reproductive potential was determined from adult females collected 
in the last week of May and the first week of June in 1976. Sexual ma¬ 
turity in both males and females was determined in the manner used by 
Moll (1973). The ovaries of all females were removed; corpora lutea and 
oviducal eggs were counted and measured with vernier calipers. The num¬ 
ber of clutches layed by each turtle was estimated in the manner used by 

Moll (1973). In order of reliability these are multiple sets of corpora 
lutea, sets of preovulatory follicles, and sets of enlarged follicles. 
Since at least two weeks remained in the nesting season (Moll, 1973), 
sets of preovulatory follicles were counted as potential clutches and 
used in thedetermination of average annual reproductive potential (Moil, 
1973). However, it is doubtful that enlarged follicles would have had 
time to reach ovulatory size, be ovulated, and laid inturtles collected 
in late May and early June. Consequently, sets of enlarged follicles 
were totaled separately for comparative purposes. 

RESULTS 

Dataongrowth for areas 1 and 3 are summarized and compared in Figs. 
2 and 3. Growth rates for areas 2 and 4 are not plotted due to small 
sample size. Even though sample size is small the data on growth and 
reproduction is consistent with those of areas 1 and 3 and are about in¬ 
termediate between these two extremes. Further comparisons are limited 
to areas 1 and 3. Turtles from area 3 show the highest growth rate, 
reach the largest size, and have the highest reproductive potential. 
Sizes of the largest immature and smallest mature females from areas 1 
and 3 suggest that females mature after 5~7 full seasons of growth but 
at differing plastral lengths (Table 1). Females fromareas 1 and 3 differ 
significantly in mean sizes attained in age classes 1-4. Males, which 
mature at an earlier age and smaller size than do females, also show a 
similar pattern ofvariat ion (Tables 1 and 2). However, differences among 
males are much less pronounced than among females. Males from areas 1 
and 3 differ significantly from each other in sizes attained at age class 
1 (Table 2). Other comparisons are not significantly different. Turtles 
from area 3 have significantly larger clutches, higher reproductive po¬ 
tentials, and reach larger maximum sizes than turtles from any of the 
other areas. Turtles from area 1, on the other hand have, the smallest 
clutches and lowest reproductive potentials (Tables 3, 4 and 5). 

DISCUSSION 

Variation ingrowth rate and reproductive potential within Lake Sara 
is even more extensive than that reported by Gibbons and Tinkle (1969) 
and Gibbons (1967) for three populations of C% picta each in a separate 
body of water in the same general geographic area. The extent of the 
variation in reproductive potential found within Lake Sara approaches 
that found by Moll (1973) for (7. picta from along a north tosouth (Wis- 
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150 

40 

30 

20 _ 
1 1 2 2 3 3 4 4 5 5 6 6 7 

Growth Seasons 

Fig. 2. Comparison of growth rates of area 1 females (solid boxes) and 
area 3 females (open boxes). Symbols: vertical line = range; 
horizontal line = mean; box = ± 1 standard error fromthe mean; 
number below each datum is sample size. 

Growth Seasons 

nn. | 
Fig. 3. Comparison of growth rates among area 1 males (solid boxes) and 

area 3 males (open boxes). Symbols are explained In Figure 2. 
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Table 1. Comparison of sizes at maturity of Chrysemys Piota from four 
different areas of Lake Sara, Effingham Co., Illinois. 

Area Sex Largest Immature Smallest Mature Maximum Size Observed 
(mm) (mm) (mm) 

1 ? 116 120 146 

2 ? 126 128 147 

3 ? 125 134 166 

4 ? 124 131 149 

1 8 75 76 120 

2 $ 86 82 128 

3 6 81 82 134 

4 8 76 77 122 

Table 2. Comparison of 
from areas 1 

sizes of age 
and 3 in Lake 

classes 
Sara. 

of female and male C. piota 

Age Class 

1 2 3 4 

t_ 2.31 3.90 3.59 3.90 

Females £ 
* * * * 

df 34 23 8 9 

t_ 4.37 1.35 1.22 0.86 

Males £ 
ju NS NS NS 

df 24 22 18 9 

indicates statistical significance at or greater than the 95% 1evel. 
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Table 3. Estimates of annual reproductive potential and number of 
clutches produced by Chrysemys piota from Lake Sara. 

# clutches 

% of females producing 

Area Clutch Size n_ 2 3 eggs/$/yr 

1 5.89 9 88.9 22.2 12.44 

2 8.60 5 100.0 - 13.20 

3 9.86 14 92.8 21.3 21.12 

4 7.40 5 80.0 40.0 16.28 

Table 4. 

Area 

Results of 
within Lake 

1 

t-tests comparing 
“Sara. 

2 

mean clutch sizes between areas 

3 

t_ E E £ E 

2 0.81 NS 

3 5.95 * 3.91 * 

4 2.80 * 1.38 NS 2.10 * 

Table 5. Results of tftests comparing mean annual reproductive poten¬ 
tial between" populations within Lake Sara. 

Area 1 2 3 

1 £ 1 £ I 
2 1.15 NS 

3 5.90 * 3.61 * 

4 2.73 * 1.09 NS 2.81 
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consin to Louisiana) transect that he studied. Many factors could pos¬ 
sibly be reflected in the differences reported here. Growth in aquatic 
emydids including C. picta has been found to be influenced by food quality 
(Gibbons, 1967; D. Moll, 1976), food abundance (Cagle, 19^6), water tem¬ 
perature (Cagle, 19^6; Sexton, 1965; Gibbons, 1970b; Ernst, 1971,1975), 
rainfall (Ernst, 1971), and possibly substrate (Quinn and Christiansen, 
1972; contra Ernst and Ernst, 1972). Since so many factors could in¬ 
fluence growth rate and reproductive potential in C. picta, and since 
my studies of theeffects of some of these factors in Lake Sara will take 
a considerable amount of time to complete no precise explanations can 
be offered at this time. However, it is thought that the extreme degree 
to which the growth rate and reproductive parameters vary within this 
small body of water should be pointed out as these results have important 
implications for past and future studies of chelonian ecology. 

Certain generalizations that have been more or less accepted may be 
in need of more critical study. Several authors (Cagle, 19^, 1950; Co¬ 
ble, 1971; Einem, 1956; Gibbons, 1970a, 1970b; Iverson, 1977, Moll and 
Leg 1er, 1971; Plummer, 1977; Shealy, 1976; Tinkle, 1961 ; and Webb, 1962, 
for instance) have stated that clutch size and pi astral length are posi¬ 
tively correlated. Gibbons and Tinkle (1969) found that the C. picta 
they studied showed such a correlation if all turtles were considered 
but that each population showed no correlation between plastral length 
and clutch size. The same is true for the Lake Sara populations (Tucker 
et al., in press). Studies reporting positive correlations between 
clutch size and plastral length cannot be assumed to show that clutch 
size is directly related to plastral length unless it can be shown that 

the studies were based on turtles fromthesame population or 1iving under 
similar environmental conditions. The variation found withina relatively 
small lake such as Lake Sara demonstrates that it is not safe to assume 
that turtles occuplying the same body of water are experiencing similar 
environmental conditions. It is therefore possible that many previous 
studies have mixed turtles from more than one ecological unit, thus 
clouding relationships between various ecological parameters andpopula- 
tion dynamics. 

Certain studies, including Plummer's (1977) of Trionyx muticuSj 
Shealy's (1976) of Graptemys pulchra, and Gibbons' (1970a) of Stemo- 
therus ordoratus which have found that clutch size and plastral length 
are positively correlated are probably based on turtles from a single 
population reacting to similar exological conditions. This suggests 
that the reproductive ecology of each turtle species must be considered 
separately. The Tricnyx muticus studied by Plummer (1977) were found to 
have relatively large home ranges. These turtles also inhabited a lotic 
habitat and thus may be more likely toexperience different environmental 
conditions than turtles from lentic habitats. Turtles with large home 
ranges and samples from lotic habitats may effectively integrate the 
effects of thediffering ecological parameters because demes arenot dis¬ 
crete as they appear to be in the Lake Sara populations. 

Several workers have pointed out that sexual maturity ismore closely 
related to size than age (Gibbons, 1970b; Moll andLeger, 1971; Ernst et 
al.9 1973; Ernst, 1971; and D. Moll, 1976, for example). However data 
from Lake Sara suggest that th i ssituation is more complex, at least for 
C. picta. The sizeatwhich female turtles reach maturity varies greatly 
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between populations. However, the age at which sexual maturity is at¬ 
tained is relatively uhiform, being 5”7 (usually 6) ful1 seasons of growth 
in all populations studied at Lake Sara. Gibbons (1967), in a study of 
three populations of C. picta, suggested thatindividual sizedifferences 
may be due to slowing of growth rate after maturity is reached; therefore 
the fastest growing turtles attained a size difference during initial 
growth and retained it in subsequent years. If sexual maturity were de¬ 
pendent on plastral length alone one would expect a relatively uniform 
minimum size at sexual maturity among turtles of different populations 
and a relatively wide range of ages between turtles of different popu¬ 
lations, thus reflecting differing growth rates. This would be expected 
only if growth stops orslows greatly after sexual maturity is attained. 
If sexual maturity were determined by seasons of growth then one would 
expect that females from different populations would be uniform in age 
but would be different in size at sexual maturity between populations 
with different growth rates, again assuming that growth slows or stops 
once sexual maturity is attained. The latter appears to be true for Cl 
picta from Lake Sara. If, as Gibbons (1967), has suggested, the fastest 
growing turtles reach matur i ty at the same sizeasslower growing turtles 
but thendonot have as marked a slowing of growth after sexual maturity 
is reached, then at least some females from area 3 in Lake Sara should 
have been mature after 3-4 years at a size of 110-125 mm. Turtles in 
this size range from area 3 are all immature. It therefore appears that 
sexual maturity in Lake Sara C. piota is in some manner influenced by the 
age of the female. However, before my observations can be fully under¬ 
stood, it will be necessary to compare further populations of C» picta 
and other chelonians from relatively limited geographic areas with each 
other. 
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TERRESTRIAL CRITICAL HABITAT AND MARINE TURTLES 

by 

C. Kenneth Dodd, Jr. 

The determination ofCritical Habitat canbea powerful conservation tool 
for protecting Endangered and Threatened animals and plants by allowing 
the full measures of Section 7 of the Endangered Species Act of 1973 to 
be implemented. This paper discusses Section 7 and its meaning with re¬ 
spect to Fish and Wildlife Service responsibilities for the delineation 
of Critical Habitats of marine turtles (Cheloniidae and Dermochelyidae). 
Previous areas proposed as Critical Habitat are discussed briefly and 
additional areas of potential Critical Habitat are outlined. It is felt 
that Critical Habitat for sea turtles should be determined as soon as 
possible 

When the Endangered Species Act of 1973 was signed into law, it contained 
a little noticed section (Section 7) regarding Federal involvement with 
the critical habitats of endangered and threatened species. This section 
reads as follows: 

"The Secretary shall review other programs adminis¬ 
tered by him and uti1ize such programs infurtherance 
of the purposes of this Act. All other Federal de¬ 
partments and agencies shall, in consultation with 
and with the assistance of the Secretary, utilize 
their authorities in furtherance of the purposes of 
this Act by carrying out programs for the conserva¬ 
tion of endangered species and threatened species 

listed pursuant to sect ion A of this Act and by taking 
such action necessary to insure that actions author¬ 
ized, funded , or carried out by themdonot jeopardize 
the continued existence of such endangered species 
and threatened species or result in the destruction 
or modification of habitat of such species which is 
determined by the Secretary, after consultation as 
appropr iate wi th the affected States , to be critical." 

A definition of the term "Critical Habitat" was published bythe Fish and 
Wildlife Service and the National Marine Fisheries Service in the Federal 
Register of January 4, 1978 (43 FR 870-876) and is reprinted below: 

"'Critical habitat' means anyair, land , or water area 
(exclusive of those existing manmade structures or 
settlements which are not necessary to the survival 
and recovery of a listed species) and constituent 
elements thereof,the loss ofwhich would appreciably 
decrease the likelihood of the survival and recovery 
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of a listed species ora distinct segment ofits pop¬ 

ulation. The constituent elements of critical habitat 
include, but are not limited to: physical structures 
and topography, biota, climate, human activity, and 
the quality and chemical content of 1 and, water, and 
air. Critical habitat may represent any portion of 
the present habitat of a listed species and may in¬ 
clude additional areas for reasonable population ex¬ 
pansion." 

As specified in the regulations for Interagency Cooperation aspublished 
in the January 4, 1978, Federal Register (43 FR 870-876), the Director 
of the Service will consider the physiological, behavioral, ecological, 
and evolutionary requirements for survival and recovery of 1?sted species 
in determining what areas or parts of habitat are critical. These re¬ 
quirements include, but are not limited to: 

(1) Space for individual and population growth and for normal be¬ 
havior; 

(2) Food, water,air, 1ight,minerals, or other nutritional orphysi- 
ological requirements; 

(3) Cover or shelter; 
(4) Sites for breeding, reproduction, or rearing of offspring; 

and generally, 

(5) Habitats that are protected from disturbances or are represent¬ 
ative of the geographical distribution of listed species. 

There may be many kinds of actions which can be carried out within the 
Critical Habitat of a species which would not be expected to adversely 
affect that species. This point has not been well understood by some 
persons. There has been widespread and erroneous belief that a Critical 
Habitat designation is something akin to establishment of a wilderness 
area or wildlife refuge, and automatically closes an area to most human 
uses. Actually, a Critical Habitat designation applies only to Federal 
agencies, andessentia 11y is an official notification to these agencies, 
that their responsibilities pursuant toSection 7 of the Act are applic¬ 
able in a certain area. 

A Critical Habitat designation must be based solely on biological fac¬ 
tors. There may bequestions of whether and how much habitat is critical, 
in accordance with the above interpretation, or how to best legally de¬ 
lineate this habitat, but any resultant designation must correspond with 
the best available biological data. It would not be in accordance with 
the law to involve other motives, for example, to enlarge a Critical 
Habitat delineation, so as to cover additional habitat under Section 7 
provision, or to reduce a delineation sothat actions in the omitted area 
would not be subject to evaluation. 

There may indeed be legitimate questions of whether, and to what extent, 
certain kinds of actions would adversely affect listed species. These 
questions, however, arenot relevant to the biological basis of Critical 
Habitat delineations. Such questions should, and can more conveniently, 

be dealt with after Critical Habitat has been designated. In this re¬ 
spect the Service, incooperation with other Federal agencies, has drawn 
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up a set of regulations which, in part, establish a consultation and 
assistance process forhelping toevaluate the possible effects of act ions 
on Critical Habitat. The regulations for Interagency Cooperation were 
published on January 4, 1978, in the Federal Register (43 FR87O-876) to 
assist Federal agencies in complying with Section 7 of the Endangered 
Species Act of 1973. 

In accordance with the July 18, 1977* Memorandum of Understanding between 
the Fish and Wildlife Service and National Marine Fisheries Service, the 
Fish and Wildlife Service was given the responsibility for sea turtles 
while on land. Such responsibility includes the determination of Cri¬ 
tical Habitat. 

Because the Memorandum of Understanding with theNationa! Marine Fisheries 
Service restricts Fish and W? Idlife Service responslb?1ity to terrestrial 
areas, themain concern of the Service with regard to marine turtle Cri¬ 
tical Habitat is nesting beaches. However, since the Hawaiian Islands 
National Wildlife Refuge contains islands of importance to green turtle 
basking, suchislands may also be considered as potential Critical Habitat. 
Therefore, nest i ngbeaches and hauling-out sites for all species of listed 
species of sea turtles are currently under review as potential Critical 
Habitat. 

The criteria used in determining whether an area should be proposed to 
the Director of the Service as Critical Habitat for sea turtles are really 
quite simple: Do sea turtles nest on the beach, or use the area for 
basking, and to what extent is the activity occurring? Other criteria 
of lesser importance include ownership of the beach (Federal and State 
owned property wi 1 1 usual 1y be considered before privately owned beaches) 

and overall importance to the species involved (a major nesting beach 
for a diffuse nester such as the hawksbill may actually contain a far 
lower number of actual nests than a more aggregate nester such as the 
loggerhead and yet be of higher priority). In reality, a subjective 
judgement is called for but it must be based on the best available bio¬ 
logical data. 

At present, three species and several populations of two other species 
of sea turtles are listed on the U.S. List of Endangered and Threatened 
Wildlife and Plants as Endangered: Kemp's rid ley, Lepidoehelys kempiij 
the hawksbill, Eretmochelys imbricata, the 1eatherback, Dermoohelys cor- 
"isaoea, the green sea turtle, Che Ionia my das (Florida and Pacific Coast 
of Mexico populations only),and theolive ridley(Pacific Coast of Mexico 
population only). All other populations of the green and olive ridley, 
as well as all loggerheads, Caretta oaretta, are now listed federally as 
Threatened (Federal Register, July 28, 1978; 43 FR32800-32811). No sub¬ 
species are recognized as far as the Act is concerned. 

Of the six listed species of marine turtles, only four have significant 
nesting or basking areas within U.S. jurisdiction which maybe potential 
Critical Habitat. While Kemp's ridley does nest very sporadically on 
Padre Island inTexas, it isnot felt that this areaqualifies as Critical 
Habitat at this time. However, the results of the Kemp's ridley restor¬ 
ation program currently underway may influence future decisions about 
Critical Habitat forthis species; if the program issuccessful, Critical 
Habitat designation may be warranted. The olive ridley is not known to 
nest anywhere within territories of U.S. jurisdiction. 
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The most important sea turtle beaches within U.S. jurisdiction are lo¬ 
cated on the South Atlantic coast from Virginia to Florida, the Florida 
Gulf Coast, the U.S. Virgin Islands, particularly theisland ofSt. Croix, 
various islands within the Commonwealth of Puerto Rico, the Hawaiian Is¬ 
lands National Wildlife Refuge, and numerous islands within the juris¬ 
diction of American Samoa and the Trust Territory of the Pacific. The 
most extensive nesting areas involve the loggerhead, followed in descend¬ 
ing order of importance by the green,hawksbi11 , and leatherback. Critical 
Habitat for these species has either been proposed, at least in part, or 
is presently under extensive review withan eye on proposal. To do this, 
literature and reports have been reviewed, and interested parties within 
the scientific community, Interior Department (National Wildlife Refuge 
System and National Park Service), and National Marine Fisheries Service 
(especially the Southeastern Regional Office) have been contacted. 

THE LEATHERBACK 

During the early summer of 1977? the Fish and Wildlife Service became 
aware of a newlydiscovered nesting aggregation of leatherback sea turtles 
occurring at the western end of the island of St. Croix, U.S. Virgin Is¬ 
lands. Personnel of the Fish and Wildlife Service, National Marine Fish- 
eries Service, U. S. Coast Guard, and Government of the Virgin Islands 
conducted observations on St. Croix during the month of June. 76 to 79 
leatherback nests werediscovered, and evidence of poaching and potential 
development were noted. Nesting activity was seen to occur primarily on 
the 0.8 mile longby 0.1 mile wide strip of Sandy Point Beach. This small 
area constitutes the only known beach under U. S. jurisdiction used ex¬ 
tensively for nesting by the Endangered leatherback. Consequently, this 
area became the first nesting beach of any marine turtle to be proposed 
as Critical Habitat (Federal Register, March 23,1978; A3 FR12050-12051). 

Since the proposal appeared, the Service has received additional infor¬ 
mation from Mr. Otto Tranberg and Mr. John Yntema which indicates that 
nesting may be more extensive than originally believed and that an en¬ 
largement of the area may be warranted. Mr. Tranberg has recommended 
that the designation be fixed at a total length of 1.9 miles instead of 
0.8 mile (i.e. by adding 0.7 mile to thesouth shore and 0.A mile to the 
north shore) because as much as 10% of the total leatherback nesting 
activity may be taking place within these extension areas. He indicated 
that 86 leatherback nests were finally counted through the end of 1977 
and that 17 leatherback nests had been deposited in 1978 as of the date 
of his letter (May 18). Shoys Beach near Christiansted had at least 15 
clutches laid early in 1978 although this beach had not been monitored 
in 1977. Mr. Yntema has indicated that the area should be expanded to 
a depth of 0.2 mile instead of 0.1 mile. Both recommendations are under 
serious consideration. 

Several other beaches in the Caribbean are also under consideration as 
Critical Habitat for the leatherback although more data are needed to 
determine if Critical Habitat designation is justified. These are: 

(1) Puerto Rico - I s 1 a Culebra: the beaches of P1 aya Brava and 
Playa Resaca. 
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(2) U.S. Virgin Islands - beaches onSt. Johns Is. (Virgin Islands 
National Park) 

- beaches on Buck Is. (Buck Island Reef 
National Monument). 

- St. Croix: Shoys beach 

THE HAWKSBILL 

The hawksbill sea turtle is a diffuse nester, and occurs as a tropico- 
politan resident of theworld's seas. Within theU.$. and its territories, 
hawksbills occur occasionally along the South Atlantic Coast, Gulf of 
Mexico, Caribbean, Hawaii, and Pacific Trust Territories. 

Work by several individuals, notably Tom Carr, J. R. Hendrickson, Jean 
Thurston, Peter Pritchard, and Tom Wiewandt, has established the impor¬ 
tance of part i cul ar nesting beaches within U.S. jurisdiction tohawksbi11 
turtles. Several areas within the Commonwealth of Puerto Rico have re¬ 
cently been proposed as Critical Habitat for thespecies (Federal Regis¬ 
ter, May 24, 1978; 43 FR 22224-22225). Included are: 

Puerto Rico. (l) Isla Mona. All areas of beachfront on the 
west, south, and east sides of the island from mean high tide 
inland to a point 0.1 mile from shore. This includes all 7.2 
kilometers of beaches on I sla Mona. (2) Culebra Island. All 
the areas of beachfront on the north shore of the island from 
mean high tide inland to a point 0.1 mile from shore. This 
includes the following beaches: Playa Blanca, Playa Flamenco, 
Playa Resaca, Playa Brava, and Playa Larga. (3) Cayo Norte. 
South beach, from mean high inland to a point 0.1 mile from 
shore. (4) Isla Culebrita. All beachfront areas on the south¬ 
west facing shore, east facing shore, and northwest shore of 
the island from mean high tide inland to a point 0.1 mile from 
shore. 

Hawksbill sea turtles are known to nestonall of Mona Island's 7.2 kil¬ 
ometers of beaches. The offshore areas appear to support a somewhat 
stable and resident population. In addition, green and leatherback sea 
turtles also nest on Mona. The entire island ofMona is already Critical 
Habitat for the federally listed yellow-shouldered blackbird,Mona ground 
iguana, and Mona boa. 

Nesting ofhawksbi11 sea turtles occurs on suitable sandy beaches on the 
north shore of Culebra Island, as well as the nearby islands of Cayo 
Norte and Isla Culebrita. Turtles are known to feed on the rich offshore 
reefs around theseis1ands. In addition tohawksbi11s, occasional nesting 
has been reported for leatherback, loggerhead, and green sea turtles on 
these beaches. 

In addition to the areas proposed, the following beaches are under re¬ 
view as potential Critical Habitat for the hawksbill: 

(1) American Samoa - Tutuila Island 
- Rose Atoll: Rose and Sand Islands 
- Swains Island 

(2) Puerto Rico - southern beaches of Isla Culebra 
- beaches on Isla Vieques 
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(3) U.S.Virgin Islands - St. Croix:Sandy Point, IsaacsBeach, Jacks 
Beach, East End Bays, western Manchenil Bay 

" St. John: Saltpond and Fish Bays beaches 
- St. Thomas: Inner Brass and Hans Loll"’. Cays 
- Buck Island: beaches (Buck Island Reef Nat. 

Monu.) 
(4) Trust Territory of the Pacific 

a) Palau District - InthePalau Lagoon: Eomogan, 
Ngerugelbtang, Aulong, Ngeangas, Ngobadangel, 
Unkaseri, Abappaomogan Islands 

b) Truk District - Truk Lagoon: Holap, Tora, Ruac, 
Lap, Falalu, Alanenkobwe, (Jshi, Onao, Tonelik, 
Pis, Lemoil Islands 

- Lower Mortlocks: Lukunor, Satawan, Etal Is- 
1 ands 

GREEN TURTLE 

The green sea turtle has recently been added to the federal list and the 
Office of Endangered Species is reviewing all U.S. jurisdictional areas 
known to support nesting activity by this species, as well as on-land 
basking sites, to determine if any should be recommended to the Director 
as Critical Habitat. Nesting is known to occur in Puerto Rico, the U.S. 
Virgin Islands, Florida,Hawaii , American Samoa, and the Trust Territories 
of the Pacific. Specific sites under consideration are as follows: 

(D 

(2) 

(3) 

W 

(5) 

(6) 

Florida - Hutchinson andJupiter Is1ands,Merritt IslandN.W.R., 
beaches at Cape Canaveral 

Hawaii - Hawaiian Islands National Wildlife Refuge: entire 
atoll complex of French Frigate Shoals including all 
beaches within the boundaries of Hawaiian Islands 
N.W.R. (East, Whale-Skate, Trig,Round, Mullet, Dis¬ 
appearing, Gin,Little Gin, Shark,Laysan, Lisianski, 
Pearl and Hermes Reef, Necker). 

Puerto Rico - Isla Mona 
- Isla Culebra: Playa Brava, Playa Resaca. 

U.S.Virgin Islands - St. Croix: Sandy Point Beach and East End 
Bay 

- Buck Island (Buck Island ReefN t. Monu.) 
- Green Cay N.W.R. 

American Samoa - Tutuila Island 
- Rose Atoll: Rose and Sand Islands 
- Swains Island 

Trust Territory of the Pacific 
a) Palau District - Helen Reef, Ngaraungl Is., Honeymoon 

Beach on Pelelieu Is., Merir Is., Fana Is. north ofSon- 
sorol Is., western and southern part of Sonsorol Is., 
Tobi Is. 

b) Yap District - Ulithi atoll (Gielap, lar,Pig Is.), Ngulu 
atoll (North, Merseran I s .) , Sorol atol l (Geferut, Pike- 
lot, West Fayu Is.), Ifalukatoll (Ella Islet), Olimarao 
(two islets), Lalolior Is. south of Elato. 

c) Truk District - East Fayu, Nomwin atoll (Fanang Islet), 
Murilo atoll (northern part of the atoll) 
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d) Ponape District - Ponape (Peina, Bigen, Karakar, Jimp, 
Bigen Kelang, Piken Mategan, Dekehnman, Wat), Ant atoll, 
Oroluk atol1 

e) Marshall Islands District - Bikar atoll, Jemo Is., Arno 
atoll, Erikub atoll (Enego and Loj Is.) Ujelang atoll, 
Enewatak atoll (Alice, Bell, Rumt, Leroy, Wilma, Bera, 
Glen, Keith), Jaluit atoll (Lijeron Islet) ,Bikini atoll, 
taongi atol1. 

THE LOGGERHEAD 

The South Atlantic Coast contains one of the major rookeries of the log¬ 
gerhead turtle in the world. Fortunately, many of theindividual nesting 
beaches have already been set aside within National Wildlife Refuges or 
are located within units of the National Park system. Others however 
are not so fortunate and are threatened by encroaching development. The 
loggerhead is now federally protected as Threatened. Consequently, nest¬ 
ing beaches, especially those within thecontinenta1 U.S., are currently 
under review as potential Critical Habitat for this species. Included 
are: 

(1) Virginia - Wallops ls.,N.W.R., Chincoteague N.W.R.,Assateague 
Nat. Seashore, various barrier islands. 

(2) North Carolina - Bear Island, Browns, Camp Lejeune (Onslow 
Beach), Cape Lookout beaches, Pea Island N.W.R., 
Cape Hatteras Nat. Seashore. 

(3) South Carolina - Cape Remain N.W.R. (Raccoon Key, South Cape 
Is., Cape Is., Bulls Is.), Debidue Is., North Is., 
South/Sand Is., Cedar Is., Murphy Is., Kiawah Is., 
Botany Bay and "Goat Is.", Eddingsville Beach, Ed- 
isto Beach, Otter Is., Harbor/Hunting Is., Fripp 
Is., Pritchards Is.,Little Capers Is., St.Phillips 
Is., BayPoint, Hilton Head Is.,Dolphin Head Beach, 
and areas along the "Grand Strand". 

(4) Georgia - beaches on Litt1e Tybee,Wassaw, Pine,Litt1e Wassaw, 
Raccoon, Ossabaw,St. Catherines,B1ackbeard, Sapelo, 
Wolf, Little St. Simons, Sea, St. Simons, Jekyll, 
Little Cumberland, Cumberland islands. 

(5) Florida - Areas near or on Sanibel Is., Captiva Is., Egmont 
Key, Passage Key 

- Everglades National Park (Cape Sabie SeaTurt1e rook¬ 
ery, Rabbit Key, Pavilion Key). 

- Florida Keys Wi 1dlife Refuges and nearby beaches in¬ 
cluding Bahia Hondo State Park, east side of Mar¬ 
quesas Keys in Key West Refuge, north side of Sawyer 
Key in Great White Heron Refuge, Rest Beach in Key 
West. 

- an area stretching fromnorthern Volusia Co, in the 
north to Lake Worth inlet in Palm Beach Co. to the 
south to include barrier island beaches. Included 
are beaches on Merritt Is, N.W.R., Hobe Sound N.W. 
R., and the John F. Kennedy Space Center. 

- Casey Key, Manasota Key, Lover's Key,Bonita Beach, 
Vanderbilt Beach, Naples Beaches (Seagate, North 
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section of Parkshore, Naples), Cape Romano (Kice 
Is., Morgan Beach). 

- St. Vincent N.W.R. and St. George Is., Dog Is. 

CONCLUSION 

The beaches and islands named in theabove discussion are by no means the 
sum total of all areas which may or may not eventually be delineated as 
Critical Habitat for sea turtles, it is provided solely to give an idea 
of the scope of evaluation being undertaken by the Office of Endangered 
Species. 

Although sufficient data are available for many of these areas for a 
decision to be made on whether to recommend a proposal for Critical Hab¬ 
itat, much more data are needed to make decisions on many of the other 
areas. It is hoped that the presentation of such information will aid 
in drafting any proposals that may eventually be forthcoming. It is also 
important to stress that a proposal for Critical Habitat does not have 
to be all inclusive, that is, additional areas may be proposed as data 
become available. In the meantime, it would seem to be best to propose 
those areas for which wehave sufficient information available on nesting 
activity as soon as possible since the provisions of Section 7 would then 
be fully applicable and management and acquisition programs could immedi¬ 
ately be instituted. Critical Habitat determination can be a very im¬ 
portant conservat ion tool forworking wi th sea turtlesurvival. The process 
of its determination on land is well under way; hopefully the full bene¬ 
fits of Section 7 will soon beavailable to all nesting beaches and ter¬ 
restrial basking sites within the United States and its Territories. 
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DISTRIBUTIONAL PATTERNS OF NORTH AMERICAN SNAKES: 

SOME EXAMPLES OF THE EFFECTS OF PLEISTOCENE GLACIATION 

AND SUBSEQUENT CLIMATIC CHANGES 

by 

Roger Conant 

Although general Interest in zoogeography has waned during recent 
years, partly because of the biological community1s preoccupation with 
molecular biology and ethology, it remains a subject of prime importance 
to many disciplines, including such widely diverse ones as ecology, ge¬ 
ology , palynology, taxonomy, and investigations involving continental 
drift. Also, data accumulated bystudents of animal distribution are in¬ 
dispensable to persons charged with the writing of environmental impact 
statements, which arenow required by law in theUnited States. Much work 
remains to be done in this field, and time becomes more of the essence 
almost daily ashabitats and sometimes even entire environments are dis¬ 
turbed or destroyed by mankind in various parts of the world. 

This paper is concerned withseveral aspects of distributional pat¬ 
terns that may not be familiar to herpetologists living outside North 
America. 

Because northern North America was repeatedly subjected toglaciation 
during the Pleistocene, the ranges of many organisms native to the con¬ 
tinent were drastically altered by the advance and recession of the ice 
sheets. According to some authorities, Deevey (1949, p. 1375) and Blair 
(1958, p. 433) among others, many species retreated to refugia far south 
of the glacial front, perhaps even to Florida and Mexico. Other author¬ 
ities, notably Braun (1951; 1955, p. 321, et, seq.) and Thomas (1951), 
contended that the southward displacement of ranges was minimal in a 
great many cases and that numerous organisms maintained themselves rel¬ 
atively close to the ice border, muchas certain plants and animals thrive 
today near glaciers in the Alps of Europe or those of high mountains in 
other parts of the world. 

Regardless ofwhether populations survived near or far from the ice 
sheets, the glaciers of North America had a profound effect on the dis¬ 
tributional patterns of many components of the biota. Moreover, the 
phenomenon was not confined to the northern United States and Canada. 
Climatic events associated with glaciation affected many species far to 
the south. For example, as the ice fronts retreated, the storm tracks 
also moved northward resulting in a presumably gradual but marked re¬ 
duction of precipitation in areas where humid conditions had prevailed. 
Thus, in the southwestern United States and adjacent Mexico, many popu¬ 
lations of plants andanimals became trapped at high elevations in moist 
mountainous regions. The reduced rainfall eventually transformed the 
lower slopes and the valleys between ranges intoarid regions that mesic 
adapted organisms could not cross. 
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This information, which isoverly simplified, is offered as a back¬ 
ground for what is to follow. The effects of glaciation on the biota 
is a highly complex subject that has attracted the attention of a large 
number of investigators. Because of the nature of this Congress, I shall 
confine my remarks largely to the snakes, although 1 will mention other 
key animals or natural communities to illustrate various points. 

For the purpose of this discussion S am defining North America as 
consisting of Canada, the United States of America, and Mexico. Central 
America isregarded as a separate entity andwi 11 not bementioned further. 

THE GLACIAL BOUNDARY 

The classical stratigraphic sequence (Flint, 1971^ p • 541 ,et, seq,) 
indicates there were at least four major glaciations, some of them mul¬ 
tiple, that descended to mid-1 atitudes of North America during the Pleis¬ 
tocene (the 1ate-Cenozoic of some authors). These were interrupted by 
interglacial stages during which the ice retreated northward. The most 
recent glacial age, the Wisconsin forthe state of that name, terminated 
about 10,000 years ago, and all plants and animals now living in Canada 
and much of the northern United States are migrants that entered the 
region since that time. Lobes of each of the three earlier glaciations 
extended farther south than the Wisconsin, at least in some places, and 
as they decayed northward they also exposed broad areas that were later 
colonized by various organisms. 

Fig. 1, Map of the glacial border inNorth America showing the southern¬ 
most limits of the Pleistocene ice sheets. (Map adapted from 
Flint, 1971, p. 490.) 

! 
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The collective southern limits of the glacial drift areas have been 
traced withconsiderable accuracy In theeastern United States (Fig. 1). 
The Glacial Boundary extended from the level of New York City westward, 
with a loop northward in mountainous Pennsylvania, and then well to the 
south in the central Lowlands involving the states of Ohio, Indiana, 
Illinois, and Missouri. In the Great Plains region, wi thits much higher 
elevation above sea level, theboundary, asmapped by Flint (1971, p. 490), 
swung sharply northward and then westward, roughly paralleling the Can¬ 
adian border. In the Western United States the picture is less clear 
because the ice sheets were diverted in part by the lofty mountains of 
the North American cordillera -- the Rocky Mountains and the equally 
high satellite ranges near the Pacific coast. 

Among the 114 species of snakes indigenous to the United States, at 
least 37 (32%) have succeeded in crossing the Glacial Boundary for con¬ 
siderable distances. In the east where the ice advanced much farther 
south the percentage Is considerably higher. In the broad region that 
extends from the Atlantic coast to the westernmost limits of the tribu¬ 
taries of the Mississippi River, there are 66 species of snakes and 35 
of them (53%) have crossed the drift border. In terms of new territory 
occupied, the garter snake, Thcvmophis szrtalis, has been the most success¬ 
ful; it is known tooccur northward to the 50th parallel in the east and 
to the 60th in the west (Fig. 2). Among the crotaline snakes (the pit 
vipers), four species have widely invaded glaciated terrain, three in 

Fig. 2. Range of the Common Garter Snake, Thamnophis sirtaliss indicat¬ 
ing its marked advance into glaciated territory toward the north 
and the disjunction of its former range in the arid southwest. 

the east and one in the west. These are the copperhead, Agkistrodon 
eontortrix (Fig. 3), and the rattlesnakes, Sistrurus oatenatus (Fig. 4), 
Crotalus horridus (Fig. 5), and Crotalus viridis (Fig. 6). All four, as 
Is clearly indicated by the maps, are wide-ranging species that occupy 
a variety of habitats and physiographic regions; all have differentiated 
into two or more subspecies. All presumably survived in refugia south 
of theGlacial Boundary and then considerably expanded thei rranges north- 
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ward after the retreat of the ice sheets* How far south of the glacial 
fronts the populations managed to survive is debatable, but, in all prob¬ 
ability, the copperhead, Agkistrodon, and the timber rattlesnake, C. 
horridus, found sanctuary i nthe southeasternUn itedStates; themassasauga, 
Sistrurus, in or near thepresent state of Texas; and the Western rattle¬ 
snake, C. viridis, in the Southwest. 

In some cases a species may have been forced southward into two or 
three disjunct refugia where thesurviving populations were separated by 
natural barriers that prevented gene flow. Under such conditions differ¬ 
entiation undoubtedly progressed and, by the time the descendants of the 
original refugees were able to return northward, two or three more or 
less different populations may have evolved. When their ranges met as 
they occupied new territory, gene flow was resumed, but the separate 
populations probably remained distinct except in intergrading areas be¬ 
tween them. Such hypothetical situations mi ghtexplain the many instances 
of pairs of present-day, wel1-differentiated subspecies, eastern and mi d- 
land, andmidland and western,and, indeed, triads representing all three 
areas. One or more of the races of snakes of the genera Carphophisj Dia- 
dophisj Farancia^ PituophiSj and Virginia, and of the species Elaphe guttata 
and Lampropeltis calligaster may have originated in this way, to mention 
only a few examples (see maps inConant, 1975). Bleakney (1958) even sug¬ 
gested that two forms of the painted turtle, now designated as Chyrsemys 
picta belli and C. p. dorsalis> after surviving in southern refugia, con¬ 
tributed their genes toward the formation of a new subspecies, C, p.mar- 
ginatas that populated a large part of the formerly glaciated American 
midd1ewest. 

Fig. 3. Range of the Copperhead, Agkistrodon contortrix. 
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Fig. k. Range of the Massasauga Rattlesnake, Sistvurus catenatus. 

Fig. 5. Range of the Timber Rattlesnake, Cvotalus horridus. 
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Fig. 6. Range of the Western Rattlesnake, Crotalus viridis. 
i 

Conversely, some closely related forms havemaintained their ident¬ 
ities where their ranges now meet andoverlap. Among them are the ribbon 
snakes, Tharmophis sauritus and T. proximus, and the narrow-mouthed toads , 
Gastrophryne oarolinensis and G» olivacea. 

The opportunity for local differentiation was present during each 
of the four major glaciations, and that complication no doubt affected 
the levels of speciation and subspeciation observable in various parts 
of North America. Changes among reptiles of that continent have been 
chiefly at thesubspecific level since thePliocene, according to Auffen- 
berg and Milstead (1965, p. 562). 

DESICCATION AND DISJUNCTION 

The range of Crotalus willardi is an excellent example of montane 
disjunction. This small rattlesnake occurs in uplands from southern 
Arizona in the United States to western Zacatecas in Mexico. It is pri¬ 
marily an inhabitant of pine-oak forests that occur at elevations from 
1650 to 2450 meters. The pine-oak zones, which aresandwiched vertically 
above encinal (live oak forest) and below coniferous forest, were atone 
time more or less continuous, probably at least until the Middle Pliocene 
(Axelrod, cited in Harris & Simmons, 1976, p. 14). Increasing desicca¬ 
tion, much of it since the close of the glacial epoch, and the develop¬ 
ment of deserts have resulted in thefragmentation of the pine-oak forest 
and its restriction totheupper slopes of current1y wel 1 separated moun¬ 
tains (Fig. 7). Concomitantly the range of Crotalus willardi also is 
now fragmented, and isolation has been of such long duration that some 
of the disjunct populations have developed characteristics of their own, 
and five distinct subspecies are now recognized. Gene flow from one 
population to another obviously has been impossible. 
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Fig. 7. Vegetation of disjunct mountain ranges of southern Arizona, 
southern New Mexico, and adjacent Mexico. (Map from Bogert 
and Degenhardt, 1961, p. 4.) 
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There are many other examples of montane disjunctions involving 
animals and plants of the arid southwestern United States and adjacent 
Mexico, among which those of the two mountain kingsnakes, Lampropeltis 
sonata (Fig. 8), and L. pyromelana (Fig. 9), may be mentioned. 

Fig. 8. Disjunct populat ions of the California Mountain Kingsnake. (Map 
from Zweifel, 1952, p. 6.) 

Fig. 9. Disjunct populations of the Sonora Mountain Kingsnake. (Map 
from Tanner, 1953, p. 6.) 
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Another type of disjunction, but one that also resulted from a marked 
reduction in precipitation since the retreat of the glaciers, involves 
aquatic and semiaquatic organisms inhabiting rivers that debouch into 
the desert. Classic examples are the faunas of the RTos Nazas and Agua- 
naval that rise in the highlands of western Mexico and flow eastward 
through arid terrain (Fig. 10). Before their manipulation by mankind 
for agricultural and industrial purposes, thoserlvers emptied intoplayas 
in the Chihuahuan Desert. During one or more pluvial periods they were 
part of a master stream that had a confluence at a still unknown point 
with the Rio Grande (the Rfo Bravo of the Mexicans) that forms part of 
the boundary between theUnited States and Mexico (Conant, 1963b, p. 473" 
478). Their faunas, which include fishes, turtles, and snakes, were 
obviously derived from that of the Rio Grande, but isolation has been of 
sufficiently long duration to permit subspeciation among the snakes of 
the genus Matrix (Conant, 1953; 1963a) and probably also among some of 
the other components, notably a turtle (Chrysemys). 

Fig. 10. The isolated drainage systems of the Rios Nazas and Aguanaval 
in the Chihuahuan Desert. 

The remarkable assemblage of species in the desert bols6n of Cuatro 
Cienegas in the Mexican state of Coahuila (see references in Minckley, 
1969) may owe some of its derivation to changes in climate associated 
with or subsequent to the glacial period. The high rate of endemism in 
that restricted region, however, would suggest that factors affecting 
isolation have exerted an influence for a much longer period of time. 
The rivers that cross or traverse the Chihuahuan Desert in part contain 
many relict species (Conant, 1978) the distribution of which offer clues 
to past events in the history of that arid region. 

The ranges ofmany species of reptiles exhibit fragmentation in arid 
parts of North America. To mention a fewexamples: (1) The garter snake, 
Thamnophis sirtalis, that has been so successful in colonizing a vast 
northern region that once was ice covered, has lost ground in the south¬ 
west where it survives only in isolated colonies and along a few streams 
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(Fig. 2). (2) The copperhead, Agkistrodon oontortrix, which ranges 
eastward to the Atlantic seaboard, still exists within the limits of the 
Chihuahuan Desert, but only at oases, near springs and seeps, or in the 
carrizo (cane) jungles along the Rio Grande. (3) The two turtles, 
Chrysemys picta and C. seripta, that arswidespread and abundant through¬ 
out much of the rest of their ranges, are reduced in the southwestern 
United States and northern Mexico to isolated populations centered along 
streams flowing through otherwise arid terrain. 

All these species, as well as a large number of other kinds of ani¬ 
mals and plants, at one time had broad ranges during pluvial periods of 
the past, but they now survive only as relict colonies where suitable 
habitats still exist. Such isolated colonies face a precarious future. 
Because of the exploding human population and the need for water to sup¬ 
port industry and food production on an ever broadening scale, mankind 
is turning more and more to deserts and sub-arid lands and using their 
often meager water resources for his own purposes. The Rio Grande, which 
once flowed freely from Colorado to the Gulf of Mexico, is now usually 
dry downstream from the twin cities of El Paso and Ciudad Juarez, in the 

United States and Mexico, respectively, all the way to its former con¬ 
fluence with Mexico's Rfo Conchos, a distance of 370 kilometers ormore. 
All aquatic and semiaquatic organisms have vanished from that part of 
the former river, although some have managed to find sanctuary in a few 
minor tributaries or innearby cattle tanks and ponds. The Rfo del Carmen 
in northern Mexico no longer flows in the lower portion of its former 
course; it has vanished below the impoundment dam at Las Lajas from which 
water excapes only through a flume en route to irrigation ditches. Be¬ 
yond the dam all the components of the river fauna and flora, including 
the gallery forest, have been extirpated. 

THE PRAIRIE PENINSULA 

A series of post-glacial events that greatly affected the distri¬ 
bution of many organisms included the development of the Prairie Penin¬ 
sula, a long tongue of grassland andother steppe vegetation that, at its 
maximum, extended eastward from well westofthe Mississippi River inthe 
Great Plains to, in all probability, the Atlantic coast. Figure 11 is 
adapted from Smith (1957, p. 211) who reviewed the distributions of 
terrestrial vertebrate populations in relation tothePrairie Peninsula. 
Schmidt at an earlier date (1938) offered herpetological evidence for 
the postglacial extension of thesteppe in North America. Despite meager 
evidence, there is more or less general agreement that a band of tundra 
followed the ice sheets as they decayed northward. In the case of the 
Wisconsin, the last of the four major glaciations, the tundra phase was 
succeeded by three major climatic sequences that have been we 11 documented 
by pollen profiles accumulated by palynologists and by the findings of 
zoogeographers and phytogeographers. These, in brief, were a cool moist 
period, followed by a warm period, and then a return to cool moist con¬ 
ditions that have continued until thepresent time. Smith (1965, p. 633) 
believed that the warm period consisted of two parts,each ofwhich lasted 
for an estimated 20 centuries: (l) the Climatic Optimum, a warm moist 
phase from 8,000 to 6,000 years before the present; and (2) the Xero- 
thermic Interval, a warm dry phase from 6,000 to 4,000 years before the 
present. 

Page 250 Bulletin Maryland Herpetological Society 



Volume 14 Number 4 December 1978 

Fig. 11. The Prairie Peninsula at the Xerothermic Maximum. (Map adapted 
from Smith, 1957, p. 211.) 

During the Climatic Optimum many southern organisms moved northward 
from their refugia below the drift border and occupied apparently wide 
areas that formerly had been covered with ice. Later, after the onset 
of the Xerothermic interval, they were replaced in large part by other 
plants and animals that were better adapted for warm dry conditions. A 
considerable number of the earlier invaders, however,survived as relicts 
in suitable habitats well north of their now continuous ranges. Among 
these thewater snake, Matrix erytkrogaster (Fig. 12), and the mud turtle, 
Kinostemon subrubrum (Fig. 13), may serve as examples. During the Xer¬ 
othermic there was an invasion from the west and southwest, and numerous 
species that are characteristic of the Great Plains became wel 1 established 
in the Prairie Peninsula. Many of these, like the organisms that pre¬ 
ceded them, are still represented by relict populations that have sur¬ 
vived in sand prairies, in swales or marshes, orother habitats that were 
not readily occupied by the third wave of invading plants and animals 
that, during themost recent period, moved in from the eastern and south¬ 
ern forests. Herpetological examples of prairie relicts are the western 
hognose snake, Eeterodon nasious (Fig. 14), lined snake, Tropidoclonion 
lineatvtm (Fig. 15), mud turtle, Kinostemon flavesoens (Fig. 16), box 
turtle, Tevrccpene omata (Fig. 17), andchorus frog, Pseudacris streckeri 
(Fig. 18). A range of unusual interest (Fig. 19) is that of the small 
water snake, Matrix kirtlandi, which closely fits the boundaries of the 
Prairie Peninsula, even to the extent of having disjunct former colonies 
near the Atlantic Coast (compare with Fig. 11). Thomas (1951, p. 161) 
postulated that it survived the Wisconsin glaciation somewhere close to 
the ice front and spread northward after the retreat of the ice. 

The presence of still existing but gradually disappearing relict 
populations inone of themost heavily utilized parts of theUnited States 
points up the need for documenting and, wherever and whenever possible, 
preserving living samples, in their natural habitats, of the components 
of the biota that have survived from former times. A look at what was 
left of thePrairie Peninsula (Fig. 20) when Europeans entered the North 
American continent in numbers Is instructive. The black areas indicate 
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grasslands, the white ones show woodlands and forests. Prairie was al¬ 
most continuous from Illinois westward, and trees were restricted largely 
to the water courses of the region. In the opposite direction only scat¬ 
tered remnants remained of the once extensive prairies that, during the 
Xerothermic maximum, stretched almost uninterruptedly far to the east. 
Most of the prairie areas, with their rich black soils, were converted 
into farms soon after the pioneers from the eastern seaboard moved into 
the area during the last of the eighteenth and the early part of the 
nineteenth centuries. This broad district is still one of the most im¬ 
portant agricultural belts within the borders of the United States, but 
its intensive use by mankind has been disastrous to much of thewildlife 
and the native prairie flora. Remnants survive mainly inplaces that are 
unsuited for farming — in sandy or poorly drained areas--or along rail¬ 
road rights of way where narrow strips of land support minute samples of 
the original prairie flora, and to a much lesser extent, the fauna. 

Fig. 12. Range of the Plain-bellied Water Snake, Natrix erythrogaster. 

Fig. 13. Range of the Eastern Mud Turtle, Kinostemon subrubrm. 
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Fig. 14. Range of the Western Hognose Snake, Heterodon nasicus. 

Fig. 15. Range of the Lined Snake, Tropidoclonion lineatum. 
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Ffg. 16. Range of the Yellow Mud Turtle, Kinostemon flavescens. 

Fig. 17. Range of the Ornate Box Turtle, Terrapene omata. 
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Fig. 18. Range of Strecker's Chorus Frog, Pseudaoris streckeri. 

Fig. 19. Range of Kirtland 1s Water Snake, Matrix kirtlandi. (Hap updated 
from Conant, 19^3, p. 324.) 

Efforts, some of them already successful, are being made, through 
the Nature Conservancy andother conservation organizations, to preserve 
a large number of natural areas throughout the United States. Included 
among them are habitats where relicts still exist, within the former 
Prairie Peninsula, inthe arid southwest, and in a number of other places 

1 would like tomention but which I must omit because of time 1 imitations. 
Also, many of our states, following the lead of thenational government, 
have designated rare and endangered animals and plants that are now pro¬ 
tected within their jurisdictions andwhich, through law enforcement and 
education of the public, shouldhave a better chance forsurvival. Similar 
conservation measures are in progress inother parts of theworld, or they 
are being advocated by students of our wildlife heritage from the past. 

Our inventory of relicts and other rare and endangered organisms 
within the borders of the United States is not complete, but it is well 
advanced. We hope that similar progress in other countries will move 
steadily forward and that within a few years we may have a written rec¬ 
ord, on a world-wide basis, of what is protected and what needs help. 
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Currently the international community, with few exceptions, is aware of 
the plight ofmost of thelarge mammals, thespotted cats, the great apes, 
and the whales, for example, and many of the birds, but few people as 
yet pay attention to the lesser species, the snakes among them. 
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Editor's Note: The paper in this issue by Roger Conant was one of many 
presented 5 November 1976at the Primer Congreso Mundial de Ofidiologfa, 
Caracas, Venezuela. A "Proceedings" of that meeting was to be published 
prior to 31 December 1976,but has never materialized. The Conant paper, 
therefore, has been withdrawn from inclusion in any proceedings of the 
Congreso that may appear in print. 
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New Locality Records and Range Extensions for Thamnophis 

brachystoma (Reptilia: Serpentes) in Pennsylvania 

Thamnophis brachystoma (Cope) Is a small colubrid endemic to the 
unglaciated A1legheny High Plateaus physiographic region (Fenneman, 1938) 
of northwestern Pennsylvania and extreme southwestern New York, west of 
the divide between the Allegheny and Susquehanna river drainage systems 
(Richmond, 1952; Fig. 1). T. brachystoma apparently evolved during the 
Wisconsin glaciation, when it was isolated from an ancestral T. radix 
stock thatalso gave riseto theclosely related T. butleri (Barton, 1956; 
Smith, 1945). 

Specimens (Carnegie Museum No. 53678) were collected 1.6 kmsouth of 
Wesleyville, Erie Co., in 1970. 1 collected T. brachystoma (CM 58751“ 
5875^) in two small, open fields 3 km west of Wesleyville in the city 
of Erie on 22 June 1974. The fields are separated by about a half-kilo¬ 
meter of dense woodland and developed area. These latter localities 
represent two distinct populations that have been in existence at least 
since the summer of 1972. An additional Erie County locality is repre¬ 
sented by CM 61959? collected in Presque Isle State Park in 1976. The 
Erie County localities are 40 km northwest of the nearest published lo¬ 
cality for T. brachystoma (Richmond, 1952) and 54 km north of the Wis¬ 

consin terminal moraine (Shepps, et al., 1959). 

Richmond (1952) reported three specimens from glaciated localities 
in western Mercer and extreme southwestern Venango Counties, Pennsylvania. 
Additional localities from this physiographic region are: Mercer Co., 
3.2 km south of Stonelick (CM 56468), taken in 1972; Warren Co., Benson 
Swamp, 3.3 km east of Columbus (CM 27678), taken in 1947, and 8.3 km 
east of Columbus (CM 27685-27687, 27688(20)), taken in 1947;Crawford Co., 
7.5 km southeast ofSpartansburg (University of Michigan Museum of Zoology 
No. 122702(3)), taken in 1961. I collected To brachystoma (CM 58758- 
58753) 16 km west ofTitusville, Crawford Co., on 23 June 1974. The pre¬ 
vious westernmost locality in Crawford Co. is at Titusville, located in 
the unglaciated Allegheny High Plateaus. 

Three specimens (CM 34359, 34392-34393) were taken in the city of 
Butler, Butler Co.,in 1954 andone (CM 32384) atOneida Lake, 9 km north¬ 
east of Butler in 1953. The nearest approach of the Wisconsin terminal 
moraine is 33 km northwest of Butler; the southernmost previous locality 
for To brachystoma is Grove City, 32 km to the north of Butler. 

There are several recent records from Pittsburgh, Allegheny Co., 
(CM 29380(1949), 38720(1963), 41223(1965)). The 1949 record was probably 
not from an established population (C. J. McCoy, pers. comm.), whereas 
the population represented by the 1965 record is still extant in 1978 
(P. G. Haneline, pers. comm.). I collected To brachystoma (CM 58760- 
5876I) near Frick Park in Pittsburgh on 8 July 1974 (Fig. 2). Several 
snakes of this species in addition to those collected were seen. The 
collection area consists of low herbaceous growth-old fieldhabitat. All 
snakes were found beneath boards, cardboard pieces, andother miscellaneous 
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Thamnophis brachystoma 

Fig. 1. Map of Pennsylvania showing localities for Thamnophis brachystoma 
(circles) with theA1legheny High Plateaus (middle) andGlaciated 
(left and right) Physiographic Regions outlined in black. New 
localities reported here are indicated by the solid triangles. 

££ | FRICK PARK! 
park AREA «7« ACRES CITY OF PITTSBURGH 

DEPARTMENT OF 
r.^»f wri .. cw— PARKS AND RECREATION 

Fig. 2. Map of Frick Park in Pittsburgh showing the locality for T. 
brachystoma reported here (hatched area). 
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objects. There is an extensive and dense area of brush cuttings from 
Park maintenance at the south end of the col lection area around which 
several snakes were seen, and which presents an ideal refugium for the 
population. This population isapparently viable, havingexi sted at least 
since the spring of 1973. Pittsburgh is 80 km south of Grove City. 

Thamnophis brachystoma is able to survive and multiply in suitable 
habitat outside of its natural range, once it is introduced and becomes 
established. Pisani andBothner (1970) indicate that it has or is in the 
process of evolving a biennial reproductive cycle, permitting i tto exist 
in habitats that do not provide sufficient quality to support an annual 
reproductive cycle. The urban records from Erie, Butler and Allegheny 
Counties, in the absence of intervening populations, must be attributed 
to human introduction. The major range of T» brachystoma lies within 
the Allegheny National Forest, a popular resort area during spring and 
summer and a likely source for the introductions. More work needs to 
be done, however, to determine if there are intervening natural popula¬ 
tions of T, brachystoma between the urban localities and the Allegheny 
High Plateaus. 

Netting (in Conant, 1950) suggests the range of T. brachystoma to 
be primarily unglaciated territory, while Smith (19^5) andConant (1950) 
indicate that it is expanding northward intoglaciated territory. Bothner 
(1976) suggests,however, that T. sirtalis may bereplacing T, brachystoma \ 
in the northern part of the latter's range. Conant (1950) concurred 
with theopinion that the Mercer County records are accidentals, possibly 
carried in the balled roots of trees or shrubs. The records from the 
glaciated region west of the Allegheny High Plateaus suggest a possible 
limited range extension for T. brachystoma. Barton (1956) hypothesized 
the evolution of T. brachystoma and T. butleri from a common pre-Wiscon¬ 
sin stock occupying a continuous geographical range that is now occupied 
by bothspecies wi tha 128 km gap between them. It mustyetbe determined, 
however, exactly what is happening at the westernmost and easternmost 
edges of the ranges of T. brachystoma and T, butleri, respectively. 

There is no question that the urban locality records for T, brachys¬ 
toma in Pennsylvania are due to artificial introduction. The records 
from the glaciated region of northwestern Pennsylvania suggest one of 
two possibilities: (a) T. brachystoma is actively expanding its range 
from the Allegheny High Plateaus, or (b) the post-glacial range of this 
snake is more extensive than has been recognized. 
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Notes on Reproduction in Lampropeltis getulus 

from Southern New Mexico 

On 8 June 1975 a pair of Sonoran desert kingsnakes (Lampropeltis 
getulus splendida) was captured shortly before sunset (approximately 
2000 hrs MDT) at the La Mesa Lake, 3800' elevation, T25S R2E sec 15, 
Dofaa Ana County, New Mexico. The male and female were approximately 1.0 
and 0.9 meter in length, respectively. The latterwas considerably heavier 
bodied and its tail had been severed about 1 cm posterior to the vent. 
At the time of capture, the two individuals were intertwined beneath a 
dense shrub on a sandy substrate. 

On the next day, 9 June, the pair was placed in a glass-fronted cage 
in the Department of Biology, New Mexico State University, Las Cruces 
and maintained at room temperature. On two occasions during the after¬ 
noon of the same day the pair was observed copulating. In both instances 
the male grasped the female by the neck from the right side (one and two 
cm posterior to the head) and intromission was achieved with the right 
hemipenis. This behavior isconsistent with that described forthe species 
by Porter (1972). No subsequent copulations were observed. 

On 22 July 1975, a clutch of seven eggs (approximately 40-50 mm in 
length) was discovered in the cage. This size clutch is somewhat below 
the average of 10.1 reported by Fitch (1970) for the species. Assuming 
that fertilization occurred as a result of the 8 or 9 June matings, the 
gestation period was 43 or 44 days in length. This period is consider¬ 
ably shorter than the 73 days reported by Meade (1932, cited by Fitch 
1970) and the possibility of other, earlier matings in the wild cannot 
be ruled out. However, 44 days is within the possible range (39 to 54 
days) reported byMartin (1976) for L, pyromelana from Southern Arizona. 

An unsuccessful attempt was made to hatch the eggs by incubating 
them on moist sand in a closed plastic bag. On 11 August they were found 
to be covered with mold and were discarded. 
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Preliminary Notes on Locomotor Behavior in Juvenile Snapping 

Turtles, Chelydra serpentina. Under Controlled Conditions 

The common snapping turtle, Chelydra serpentina, has beendescribed 
by Ernst and Barbour (1972) assluggish by dayandactive at night. Walls 
(1934) found numerous rods in addition to cones in the retina of this 
species. Such anatomical evidence lends support to the scattered casual 
references to nocturnality in Chelydra. However, my field observations 
indicate that snapping turtles of all sizes are quite active in the day¬ 
time, as well as at night. While hunting for Chelydra for a recent growth 
study (Graham and Perkins , 1977) I noted adul ts and young act i vely foraging 
in both the morning and afternoon during August. The present study was 
done to determine the pattern of locomotor activity and relative amounts 
of nocturnal and diurnal behavior in juvenile Chelydra serpentina under 
controlled conditions of light and temperature. 

Five young snapping turtles 80-120 mm in carapace length were ob¬ 
tained from a small pond on the campus of Worcester State College, Wor¬ 
cester County, Massachusetts in the summer of 1977. They were placed 
in covered clear plastic containers with about 3 cm of tapwater and 
acclimated to 25 ± 1 ®C in a constant temperature chamber. The experi¬ 
mental photoperiod used during acclimation was LD 8:16 (8 h of light 
alternating with 16 h of darkness). The light period (photophase) was 
centered at 1200 h EST and lighting was from 40 W incandescent bulbs 
suspended above the turtle containers in the chamber. Lights were turned 
on and off at 0800 h and 1600 h, respectively, and were controlled by a 
twilight simulator (Graham and Hutchison, 1977). illuminance was about 
50 lux during the photophase and 0 lux in the scotophase (dark period). 
After a two week acclimation eachanimal was wired foractivity recording 
in the fashion described by Graham and Hutchison (1978). Event recorder 
tracings wereinspected under a dissectingmicroscope andindividual blips 
(representing animal movements) were tallied for each hour. 

Fig. 1 shows thehourly activity of five turtles represented as the 
mean percent of daily activity. Comparison of activity during thephoto- 
phase and scotophase shows that: 1) photophase activity was minima1 from 
1200-1300 h, and scotophase activity was minimal from 2300-2400 h; 2) 
phctophase activity was maximal from 0800-0900 h, andscotophase activity 
was maximal from 0500-0600 h; 3) a slight increase in activity occurred 
just afterthe onset of the light period, and a gradual decrease inactivi¬ 
ty took place during the first half of the scotophase. 

About two-thirds (66.5%) of the mean daily activity occurred in the 
scotophase. A t-test on the paired observations of total nocturnal and 
diurnal movements each day indicates that the Chelydra tested were sig¬ 
nificantly more active at night (P<0.025, t = 2.185, d.f. = 23). 

During the scotophase 81% of the activity occurred from 2400-0800 
h and the remaining 19% occurred from 1600-2400 h. A t-test on the paired 
observations of total movements during the midnight-dawn (2400-0800 h) 
and sunset-midnight (1600-2400 h) portions of the scotophase shows that 
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young Chelydra are significantly more active (P<0.005, t = 3.008, d.f. 
= 23) from midnight to dawn than from sunset to midnight. Over half 
(5k%) of thetotal activity each day took place in thesecond half of the 
scotophase. 

HOUR 

Fig. 1. The activity of five juvenile Chelydra serpentina (total days 
= 2k) expressed as mean per cent of daily activity each hour. 
The shaded bar at the top indicates theposition of the scoto¬ 
phase. 

The locomotor pattern of these turtles is similar to those of Chry- 
serrrys pieta, Clemmys guttata, end Stemotherus odoratus at 25 °C , ID 8:16 
(Graham, 1972) in having a scotophase minimumaround midnight and a photo¬ 
phase minimum around noon. The midday inactivity may be an adaptive 
avoidance of high temperature which prevails around solar noon in the 
summer. Individual Chelydra showed variation in their responses to the 
onset of the photophase but the activity appears to be less entrained 
by light onset than it is in other species (Graham, 1972). This may be 
related to the highly aquatic and non-heliothermic (avoidance of exposed 
basking) lifestyle of young snappers. 

In conclusion, juvenile Chelydra kept at 25 °C, LD8:16 aresignifi- 

cantly more nocturnal than diurnal, but a third of their activity occurs 
during the light period. Movement is reduced around midnight and noon 
and they concentrate more than half of their diel (2k~h day) activity 
during the midnight-dawn portion of the scotophase. 
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SYNOPSIS OF PROTOZOANS PARASITIC IN NATIVE 

TURTLES OF THE UNITED STATES 

Carl H. Ernst and Evelyn H, Ernst 

ABSTRACT 

Information concerning parasitic protozoans 

found in native turtles of the United States, 

including synonyms, anatomical habitat in host, 

host species, and distribution is summarized. 

Pertinent literature and comments are also given 

for some protozoans. A separate host catalogue 

of parasitic protozoans reported from each 

turtle species is given along with locality 

records. 

INTRODUCTION 

Several papers have beenwritten on protozoans associated with North 
American turtles. While trying to identify and compile data on parasitic 
protozoans, it became apparent that the 1iterature was scattered and that 
no synopsis has been published as to host records or geographical dis¬ 
tribution of protozoan infections in our native turtles. The list pre¬ 
sented by Ernst and Barbour (1972) is the best, but is incomplete and 
not up to date. 

This paper summarizes published information on the hosts and geo¬ 
graphical distribution of endoparasitic protozoans of native turtles of 
the United States. Canadian records are also listed since theoretically 
these turtle populations arecontinuous with those of the United States. 
The paper is divided intotwo sections; a synopsis of the protozoans and 
a list of protozoans by turtle host. In the synopsis, the protozoans are 

arranged by classes following the arrangement ofHonigberg, et al. (196*0. 
For each protozoan species we present its synonomy, anatomical habitat 
in the host, 1ist ofturt1es parasitized, and geographical distribution. 
Often a list of pertinent literature is given which contains good des¬ 
criptions, life cycles, systematics, etc. Occasionally included is a 
comment section where pertinent problems related to the host-parasite 
relationship, nomenclature, etc. are discussed. The host list includes 
all of the parasitic protozoans reported from a turtle with thepertinent 
geographical records. Cited references are indicated in the text by 
number only and are listed numerically in the literature cited section. 
Turtle nomenclature is taken from Ernst and Barbour (1972). 
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In addition to those parasitic, several other protozoans have been 
reported from turtles. Das Gupta (1935) found Hexamita sp., Trepomonas 
sp., and Trichomonas sp. in the intestines and caecum of Chelydra ser- 
pentinas Kinostemon subrubrums and Terrapene Carolina; and Gutierrez- 
Ballesteros and Wenrich (1950) reported Octomastix parvus and Trimitus 
sp. from theintestines of Chrysemys concinna. All of these are probably 
commensals. Commensal protozoans are also known to attach to the shells 
of turtles and Goodrich and Jahn (1943) listed the epizoic suctorians 
Acineta limnetis, Anarma brevisj A. multiruga3 Multi fasciculatum elegans, 
Podophyra okobojienisy Squalorophyra macrostylas and Tokophyra quadri- 
partita from Chrysemys picta bellii. 

We wish to thank Mr. Jack A. Marquardt and the library staff of the 
National Museum of Natural History, Smithsonian Institution for their 
help in obtaining many of the older and foreign references. 

PROTOZOAN CATALOGUE 

PROTOZOA 

Subphylum SARCOMASTIG0PH0RA 

Superclass MASTIG0PH0RA 

Class ZOOMAST IG0PH0RA 

Trypanosoma chrysemydis Roudabush and Coatney, 1937 
Habitat: blood; Hosts: Chelydra serpentina (experimental) 33, 58, 
70; Chrysemys picta (experimental) 33, 58, 69, 70; Graptemys geo- 
graphica (experimental) 70; Trionyx ferox (experimental) 33; T. 
muticus (experimenta1) 33 ; Distribut ion: I owa 58;Nebr.58; Ontario, 
Canada 69, 70; Pertinent Literature: 33, 70. 

Trypanosoma testudinis Hunt, 1957 
Habitat: blood; Hosts: Chelonia my das 32; Comment: This name re¬ 
presents either a nomen nudum or a misapplication of the trivial 
name testudinis. 

Superclass SARC0DINA 

Class RHIZ0P0DEA 

Endolimax clevelandi Gutierrez-Ballesteros and Wenrich, 1950 — 

Habitat: intestines; Hosts: Chrysemys concinna 27; C. picta (?) 
60; "unidentified terrapin" (?) 27; Distribution: not given. 

Entamoeba barreti (Taliaferro and Holmes, 1924) - 
Synonym: Endamoeba barreti Taliaferro and Holmes, 1924; Habitat: 
intestines; Hosts: Chelydra serpentina 3, 63; Distribution: Not 
given, but possibly either Maryland or North Carolina; Pertinent 
Literature: 3, 24, 47, 54, 62; Comment: Probably commensal rather 
than parasitic. 

Page 2 Bulletin Maryland Herpetological Society 



March 1979 Volume 15 Number 1 

Entamoeba invadens Rodhain, 193*+ " 
Habitat: Liver andintestina1 tract; Hosts: Caretta oaretta (acci¬ 
dental fatal infect ion atZoologischer Garten SaarbrUcken, Germany) 
20; Chelonia rrtydas (acci dental fatal i nfect ion at Zoologischer Gar¬ 
ten SaarbrUcken, Germany) 20; Chelydra serpentina (experimental)23; 
Chrysemys picta (exper imental) 23, 45; C. soripta (experimental) 23, 
62; Distribution: Quebec, Canada 45; Pertinent Literature: 4, 20, 

24, 47, 54, 62, 71. 

Entamoeba terrapinae Sanders and Cleveland, 1930 - 
Synonym: Endamoebaterrapinae; Habi tat: i ntest i nes ; Hosts : Chrysemys 
soripta 60; C. picta 60; Distribution: unknown; Pertinent Liter¬ 
ature: 47, 54, 62. 

Entamoeba testudinis Hartman, 1910 - 
Synonym: Endamoeba testudinis Taliaferro andHolmes, 1924;Habitat: 
intestine; Hosts: Chrysemys piota 60; Terrapene oarolina 37; Dis¬ 
tribution: unknown; Pertinent Literature: 60, 62. 

Entamoeba s p. — 
Habitat: intestines; Hosts: Chelydra serpentina 7; Chrysemys oon- 
cinna 27; C. piota 60; Kinostemon subrubrum J\ Terrapene oarolina 
7; Distribution: not given. 

Subphylum SP0R0Z0A 

Class TEL0SP0REA 

Eimeria amydae Roudabush, 1937 - 
Habitat: intestines; Hosts: Trionyx spiniferus 57; Distribution: 
Iowa 57. 

Eimeria oarri Ernst and Forrester, 1973 — 
Habitat: intestines; Hosts: Terrapene oarolina 17; Distribution: 
Ala. 17; Fla. 17; Pertinent Literature: 65. 

Eimeria chelydrae Ernst, Stewart, Sampson and Fincher, 1969 
Habitat: intestines; Hosts: Chelydra serpentina 18; Distribution: 
Ga. 18. 

Eimeria ohrysemydis Deeds and Jahn, 1939 — 
Habitat: intestines; Hosts: Chrysemys piota 8, 65; Distribution: 
Iowa 8, 65; Pertinent Literature: 59? 65. 

Eimeria delagei (Labbe, 1893) - 
Synonym: Cocoidium delagei Labbe, 1893;Habitat: intest ines;Hosts : 
Chrysemys piotaS, 65; Graptemys geographical; G, pseudogeographioa 
65; Distribution: Iowa 8,65; Pertinent Literature: 8, 65; Comment: 
Deeds and Jahn (1939) described a variety of E. delagei (Eimeria 
delagei var. marginata) from an Iowa western painted turtle, Chry¬ 
semys piota bellii. 

Eimeria derioksoni Roudabush, 1937 --- 

Habitat: intestines;Hosts: Trionyx spiniferus 57,66; Distribution: 
Iowa 57, 66; Pertinent Literature: 18, 65, 66. 

Eimeria graptemydos Wacha and Christiansen, 1976 - 
Habitat: intestines; Hosts: Chrysemys picta 65; Graptemys geogra- 
phioa 65; G, pseudogeographioa 65; Distribut ion: Iowa 65. 
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Eimeria juniataensis Pluto and Rothenbacher, 1976 --- 
Habitat: intestines;Hosts : Graptemys geographioa 53;Distribut ion: 
Pa. 53. 

Eimeria lutotestudinus Wacha and Christiansen, 1976 --- 
Habitat: intestines; Hosts: Kinostemon flavesoens 65; Distribu¬ 
tion: !owa 65. 

Eimeria masooutini Wacha and Christiansen, 1976 — 
Habitat: intestines; Hosts: Trionyx spiniferus 65, 66; Distribu¬ 
tion: Iowa 65, 66. 

Eimeria megalostiedai Wacha and Christiansen, 1974 - 
Habitat: intestines; Hosts: Clemmys insoulpta 64; Distribution: 
Iowa 64. 

Eimeria mitrarium (LaVeran and Mesnil, 1902) - 
Synonym: Coooidium mitrarium LaVeran and Mesnil, 1902; Habitat: 
intestines; Hosts: Chrysemys picta 8, 65; Graptemys geographioa 
65; G. pseudo geographioa 65; Kinostemon flavesoens 65; Distribu¬ 
tion: Iowa 8, 65. 

Eimeria paynei Ernst, Fincher and Stewart, 1971 - 
Habitat: intestines; Hosts: Gopherus polyphemus 16; Distribution: 
Ga. 16. 

Eimeria pseudemydis Lainson, 1968 —- 
Habitat: intestines; Hosts: Chrysemys scripta 39; Distribution: 
Belise 39. 

Eimeria pseudogeographioa Wacha and Christiansen, 1976 — 
Habitat: intestines; Hosts: Chrysemys picta 65; Graptemys pseudo¬ 
geographioa 65; Distribution: Iowa 65. 

Eimeria scriptae Sampson and Ernst, 1969 - 
Habitat: intestines; Hosts: Chrysemys soripta 59; Distribution: 
Mississippi River drainage (?) 59. 

Eimeria tetradaorutata Wacha and Christiansen, 1976 - 
Habitat: bileducts; Hosts: Chrysemys picta 65; Distribution: Iowa 

65. 

Eimeria vesioostieda Wacha and Christiansen, 1977 - 
Habitat: intestines; Hosts: Trionyx spiniferus 66; Distribution: 
Iowa 66. 

Eimeria s p.- 
Habitat: intestines; Hosts: Graptemys harhouri (?) (captive) 65; 
G. geographioa 65; Distribution: Iowa 65. 

Eaemogregarina. balli Paterson and Desser, 1976 - 
Habitat: blood; Hosts: Chelydra serpentina 12, 48; Distribution: 
Ontario, Canada 12, 48; Pertinent Literature: 12. 

Haemogregarina pseudemydis Acholonu, 1974 — 
Habitat: blood; Hosts: Chelydra serpentina 2; Chrysemys floridana 
2; C. soripta 2; Graptemys kohni 2; Kinostemon subrubrum 2; Ter- 
rapene Carolina 2; Trionyx spiniferus 2; Distribution: La.2; Per¬ 
tinent Literature: 48. 
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Haemogregarina stepanowi Danilewsky, 1885 — 
Synonym: Haemogregarina (eistudinis) stepanowi Danilewsky, 1885; 
Habitat: blood;Hosts: Chelydra serpentina 1, 13,28, 42, 58; Chry- 
semys concinna 13, 42; C. pieta 13, 50, 51, 52, 58; C, seripta 1, 
42; Emydoidea blandingii 58; Kinostemon subrubrum 1, 13; Stemo- 
therus minor 13; S. odoratus 42; Trionyx spiniferus 13; Terrapene 
Carolina 1; Distribution: 111. 42;La. 1, Tenn. 13; Pertinent Lit¬ 
erature: 2, 28, 43, 48, 55. 

Haemogregarina s p. — 
Habitat: blood; Hosts: Chelydra serpentina 44, 67; Chrysemys eon- 
oinna 67; C. pieta 44; C. seripta 67; Emydoidea blandingii 44; Kin¬ 
ostemon subrubrum 67; Stemotherus earinatus 67; Trionyx mutieus 
67; T. spiniferus 67; Distribution: Nebr. 44, Tex. 67; Pertinent 
Literature: 44. 

Haemoproteus metchnikovi (Simond, 1301) Wenyon, 1926 - 
Synonym: Haemamoeba metchnikovi Simond, 1901 ; Simondia metchnikovi 
Garnham, 1966;Habitat: blood;Hosts: Chelydra serpentina 67; Chry¬ 
semys pieta 9, 10, 11, 50; C. seripta 10, 30, 42, 67; Graptemys 
geographiea 10; Trionyx spiniferus 67; Distribution: 111. 42; La. 
10; Md. (Baltimore Seafood Market) 30; Mich. 10, 11; Tex. 67; Wis. 
10; Pertinent Literature: 9, 11, 19, 22, 30, 41. 

Mantonella hammondi Wacha and Christiansen, 1976 — 
Habitat: uncertain,as intestinal and gal 1bladder contents combined; 

Hosts: Chrysemys pieta 65; Graptemys geographiea 65; G. pseudo- 
geographiea 65; Kinostemon flavescens 65; Trionyx spiniferus 65; 
Distribution: Iowa 65; Comment: Possibly a crayfish parasite in¬ 
gested with its host by Kinostemon flavescens. 

Subphylum CNID0SP0RA 

Class MYX0SP0RIDEA 

Myxidium amerieanum Kudo, 1919 - 
Habitat: urinary tubules of kidney; Hosts: Trionyx spiniferus 38; 
Distribution: 111. 36; Pertinent Literature: 35, 46. 

Myxidium ehelonarum Johnson, 1969a — 
Habitat: gall bladder and bile duct; Hosts: Chelydra serpentina 
35; Chrysemys concinna 35; C. floridana 35; C. nelsoni 35; C. pieta 
35; C, seripta 35; Deirochelys reticularia 35; Graptemys pseudo- 

geographiea 35; G. pulehra 35; Kinostemon sonoriense 35; Stem¬ 
otherus odoratus 35; Distribution: Ala. 35; Fla. 35; N.C. 35; S. 
C. 35; Jalisco, Mexico 35. 

Subphylum CILI0PH0RA 
i 

Class CILIATEA 

Nyetotherus sp. — 

Habitat: intestines, stomach (?); Hosts: Gopherus polyphemus 15; 
Distribution: Fla. 15; Pertinent Literature: 5, 15, 25. 
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TAXONOMIC POSITION QUESTIONABLE 

Pirhemocyton chelonarum Acholonu, 1974 — 
Habitat: blood; Hosts: Chelydra serpentina 2; Chrysemys floridana 
2; C. scripta 2; Terrapene Carolina 2; Distribution: La. 2. 

HOST CATALOGUE 

CHELYDRIDAE: Snapping Turtles 

Chelydra serpentina (Linnaeus, 1758) 

Eimeria chelydrae —- Ga. 18; Entamoeba barreti — 3, 63; E. invadens 

— (experimental)23; Entamoeba sp. —• 7; Haemogregarina balli On¬ 
tario, Canada 48; H. pseudemydis -—La. 2; H. stepanowi -—58; 111. 42; 

La. 1; Tenn. 13; Haemogregarina sp. --- Nebr. 44; Tex. 67; Haemoproteus 
metohnikovi - Tex. 67; Hexamita sp. (?)--- 7; Myxidium chelonarum - 
N. C. 35; Pirhemooyton ohelonarwn - La. 2; Trepomonas sp. (?) —- 7; 
Trichomas sp. (?) -— 7; Trypanosoma chrysemydis - Iowa 58; Nebr. 58; 
(experimental) 33> 70. 

KlNOSTERN I DAE: Musk and Mud Turtles 

Kinostemon flavescens (Agassiz, 1857) 

Eimeria ludotestudinus - Iowa 65; E. mitrarium - Iowa 65; Mantonella 
hammondi — Iowa 65. 

Kinostemon sonoriense (Le Conte, 1853) 

Myxidium chelonarum - Jalisco, Mexico 35. 

Kinostemon subrubrum (Lacepede, 1788) 

Entamoeba sp.-7; Haemogregarina pseudemydis-La. 2; H. stepanowi 
■— La. 1; Tenn. 13 (?) ; Haemogregarina sp.-Tex. 67; Hexamita sp. (?) 

7; Trepomonas sp. (?) — 7; Trichomonas sp. (?) 7. 

Stemotherus carinatus (Gray, 1856) 

Haemogregarina sp. - Tex. 67. 

Stemotherus minor (Agassiz, 1857) 

Haemogregarina stepanowi - Tenn. 13. 
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Stemotherus ororatus (Latreille, 1801) 

Haemogregarina stepanowi —- 111. 42; Myxidium chelonarum —— Ala. 35; 

N. C.' 35. 

EMYDIDAE: Semiaquatic Pond and Marsh Turtles 

Chrysemys concinna (LeConte, 1830) 

Endolimax clevelandi — 27; Entamoeba sp. - 27; Haemogregarina step¬ 
anowi --- 111. 42; Tenn, 13; Haemogregarina sp.-Tex. 67; Haemoproteus 
metchnikovi — 111. hi; Myxidium chelonarum— Ala. 35; Octomastix parvus 
(?) --- 27; Trimitus sp. (?) -— 27. 

Chrysemys floridana (LeConte, 1830) 

Haemogregarina pseudemydis-La. 2; Myxidium chelonarum — N. C. 35; 
Pirhemooyton chelonarum ■—■ La. 2. 

Chrysemys nelsoni (Carr, 1938) 

Myxidium chelonarum — Fla. 35. 

Chrysemys picta (Schneider, 1783) 

Eimeria chrysemydis - Iowa 8, 65; E. delagei - Iowa 8, 65; E. grap- 
temydos - Iowa 65; E, mitrarium — Iowa 8, 65; E, pseudogeographica 
- Iowa 65; E. tetradacrutata - Iowa 65; Endolimax clevelandi — 27, 
60; Entamoeba invadens-Quebec, Canada 45; (experimental) 23; E. ter- 
rapinae-68; E. testudines-60; Entamoebasp.-60; Haemogregarina 
stepanowi ■—- 58; Tenn. 13 ; Haemogregarina s p.-Nebr. 44; Haemoproteus 
metchnikovi-Mich. 10, 11; Wise. 10; Mantonella hammondi — Iowa 65; 
Myxidium chelonarum —- N. C. 35; Trypanosoma chrysemydis-Iowa 58; 
Ontario, Canada 69; (experimental) 33. 

Chrysemys scripta (Schoepff, 1792) 

Eimeria pseudemydis-Belise 39; E. scriptae -— Mississippi River (?) 
59; Entamoeba invadens   (experimental) 23; E. terrapinae - 60; 
Haemogregarina pseudemydis La. 2; H, stepanowi —- 111. 42; La. 1; 
Tenn. 13; Haemogregarina sp. — Tex. 67; Haemoproteus metchinkovi - 
111. 42; La. 10; Md. (Baltimore Seafood Market) 30; Tex. 67; Myxidium 
chelonarum —■ Ala. 35; N. C. 35; S. C. 35; Pirhemocyton chelonarum —- 
La. 2 

Clemmys insculpta (LeConte, 1830) 

Eimeria megalostiedai - Iowa 64. 
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Deirochelys reticularia (Latreille, 1802) 

Myxidium chelonarum —- Fla, 35. 

Emydoidea blandingii (Holbrook, 1838) 

Haemogregarina stepanowi -— 58; Haemogregarina sp. - Nebr. kk. 

Graptemys barbouri Carr and Marchand, 19^2 

Eimeri^a-(?) 65. 

Graptemys geographica (leSueur, 1817) 

Eimeria delagei — Iowa 65; E, graptemydos — Iowa 65; E, juniataensis 
— Pa, 53; E. mitrarium— Iowa 65; Eimeria sp. -— Iowa 65; Haemopro- 

tews metehnikovi - Wise. 10; Mantonella hammondi —- Iowa 65; Trypan¬ 
osoma ohrysemydis -— Ontario, Canada 70. 

Graptemys kohnii (Baur, 1890) 

Haemogregarina pseudemydis - La. 2. 

Graptemys pseudogeographiaa (Gray, 1831) 

Eimeria delagei—- Iowa 65; graptemydos-— Iowa 65; E, mitrarium — 
Iowa 65; E, pseudogeographiaa —- Iowa 65; Mantonella hammondi — Iowa 
65; Myxidium chelonarum — 35. 

Graptemys pulahra Baur, 1893 

Myxidium chelonarum -- Ala. 35. 

Terrapene Carolina (Linnaeus, 1758) 

Eimeria carri —* Ala. 17; Fla. 17; Entamoeba testudinis — 37; Enta¬ 
moeba sp. — 7; Haemogregarina pseudemydis-La. 2; H. stepanowi —- 

La. 1; Hexamita sp. (?)-7; Pirhemocyton chelonarum — La. 2; Tre- 
pomonas sp. (?) —— 7; Trichomonas sp. (?) — 7. 

TESTUDINI DAE: Tortoises 

Gopherus polyphemus (Daudin, 1803) 

Eimeria paynei - Ga. 16; Nyctotherus sp. — Fla. 15. 
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CHELON!I DAE: Marine Turtles 

Caretta caretta (Linnaeus, 1758) 

Entamoeba invadens-accidental fatal infection at Zoologi scher Garten, 
SaarbrUcken, Germany 20. 

Chelonia my das (Linnaeus, 1758) 

Entamoeba invadens—- accidental fatal i nfect ion at Zoologi scher Garten, 
SaarbrUcken, Germany 20; Trypanosoma testudinis (?) - 32. 

TRIONYCHIDAE: Soft-shelled turtles 

Trionyx ferox (Schneider, 1783) 

Trypanosoma chrysemydis - (experimental) 33. 

Trionyx muticus LeSueur, 1827 

Haemogregarina sp. - Tex. 67; Trypanosoma chrysemydis - (experimen¬ 
tal) 33. 

Trionyx spiniferus LeSueur, 1827 

Eimeria amydae-Iowa 57; E. dericksoni—- Iowa 57, 86; E, mascoutini 
— Iowa 65, 66; E, vesicostieda-Iowa 66: Haemogregarina pseudemydis 
-— La. 2; H. stepanowi -Tenn. 13; Haemogregarina sp.-Tex. 67; 
Haemoproteus metchnikovi -— Tex. 67; Mantonella hammondi —- Iowa 65; 
Myxidium americanum - 111. 38. 
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ARE LEATHERBACK TURTLES, DERMOCHELYS CORIACEA, 

COMMON ALONG THE MIDDLE ATLANTIC COAST? 

Carl H. Ernst and Martin J. Gilroy 

ABSTRACT 

Evidence from sighting and stranding records in¬ 

dicates that leatherback turtles, Dermochelys 
coriacea, are common along the Middle Atlantic 

states during summer and early fall, and that 

they utilize inshore waters during their mi¬ 

grations rather than long open sea routes. 

INTRODUCTION 

The pelag i c1eatherback turtle, Dermochelys coriacea, is the largest 
turtle, and, although its nesting beaches are mostlyconfined to tropical 
areas, adults regularly migrate to cold, northern waters. Along the At¬ 
lantic Coast of North America, leatherbacks range from the Florida Keys 
(Ernst and Barbour, 1972) to Labrador (Threlfal 1 ,1978). There are numerous 
summer records from eastern Canada and New England (Squires,195^; Moulton, 
19^3; Bleakney, 1965; Zul lo andBleakney, 1966; Miller, 1968; Threlfall, 
1978). Apparently they follow drifting jellyfishes (their major food) 
northward. There is al soevidence that they can physiologically maintain 
a warm body temperature and are well adapted to cold northern waters 
(Pritchard, 1969; Frair, Ackman and Mrosovsky, 1972). These northward 
migrations aid them in avoiding competition with the other species of 
marine turtles, which are basically tropical. 

It has been generally thought that leatherbacks make long open ocean 
journeys to reach New England and eastern Canada, perhaps directiy north¬ 
ward from Florida or Cape Hatteras, and that they are rare along the 
Middle Atlantic coast. 

DISCUSSION 

On 8 June, 1978 the junior author found the remains of a leatherback 

on a beach in Ocean County, New Jersey. The turtle was lying plastron-up 
wfth the carapace buried in the sand. It was in an advanced state of 
decomposition, and had probably been there since early spring; repre¬ 
senting the earliest record for the area. 

At first it was thought that such a stranding was a rare event. 
However, as we reviewed the obscure literature and made inquiries, it 
became apparent that leatherback strandings andsightings occur frequently 
in late summer and early autumn from Virginia to New Jersey. 

McCauley (19^+5), Reed (1957), and Jones (1968) give records for 
Virginia, and Hardy (1969) summerizes Virginia andMaryland records from 
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Chesapeake Bay. Ford (1879) discusses specimens from Delaware, and Mit¬ 
chell (1812),DeKay (1842) ,Ford (1879),Arndt (1975) and Stein, Eames and 
Parris (1977) provide other records from New Jersey. In addition to these, 
the Scientific Event Alert Network (SEAN),of the National Museum of Nat¬ 
ural History, Smithsonian Institution, Washington, D.C. also had unpub¬ 
lished records of two New Jersey and one Delaware strandings. Data for 
all of the above records are presented in Table 1. 

These records show that many, if not all, leatherbacks do not take 
the direct openwater routes,but instead remain close to theshore during 
their migrations, and thatadults are seasonally common along the Middle 
Atlantic states. 

We wish to thank Ms. Shirley L. Maina for allowing us to publish 
the stranding records of the Scientific Event Alert Network. 
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TABLE 1. Locality records for leatherback turtles, Dermoehelys coriaaea, from the Middle Atlantic states. 

Local ity Date 
Carapace 
Length (cm) 

Weight 
(kg) Source 

V i rg i n i a: 

1 . Paramore is]., Accomac Co. — — —— McCauley, 1945 

2. 11.3 km S. Sand Bridge, Princess Anne Co. 20 Aug. 144 ±193 Jones, 1968 

3. Gloucester Pt., Gloucester Co. —- — Ford, 1879 

4. 3.2 km S.£. Great Wicomico Light House, 
near Fairport, Northumberland Co. 

May or 
June — 318 Reed, 1957 

Mary 1 and: 

Hardy, 1969^ 1. Between Little Cove Pt., Calvert Co. and 
Barren 1 s1. , Dorchester Co. 

3 June —— 500 

2. Little Cove Pt., Calvert Co. 14 Sept. — —- Hardy, 1969 

3. Dares Beach, Calvert Co. 24 June — Hardy, 1969 

4. Hooper Island, Dorchester Co. 15 July — ±284 Hardy, 1969 

Delaware: 

1. Delaware Bay 1 June —- Ford, 1879 

2. Delaware Bay 416 Ford, 1879 

3. Bennett's Pier, E. of Milford, Sussex Co. 1 Aug. 137 SEAN 

New Jersey: 

1 . Off Sandy Hook, Monmouth Co. 28 Sept. 173 363 Mitch ill, 1812 

2. Sandy Hook, Monmouth Co. — Large —- DfeKay, 1842 

3. Nr. Atlantic City, Atlantic Co. Summer .... Ford, 1879 

4. Beach Haven, Ocean Co. (2) Summer —- Ford, 1879 

5. Bayside, Cumberland Co. 18 Aug. 227 Arndt, 1975 

6. 2.5 km. S. Park Office, Island Beach 
St. Pk., Ocean Co. 26 Oct. 180 360-480 Stein, et al., 1977 

1. 3 km. S. Park Office, Island Beach 
St. Pk., Ocean Co. 29 Sept. 157 315-360 Stein, et al., 1977 

8. Point Pleasant Beach, Ocean Co. 28 Oct. 165 315-405 Stein, et al., 1977 

9. Seaside Pk. Borough, Ocean Co. 27 Oct. 136 360-405 Stein, et al., 1977 

10. Sea Girt Borough, Monmouth Co. 24 Aug. —— —— Stein, et al., 1977 

11. Sighted off Beach Haven, Ocean Co.^ 13 Sept. Stein, et al., 1977 

12. 13 km. S. Park Entrance, Island Beach 
St. Pk., Ocean Co. 8 June 170 ±360 Gi1roy 

13. N. end. Brigantine 1s1. , Atlantic Co. 15 Oct. 138 —— SEAN 

14. Whale Beach, Strathmere, Cape May Co. 30 Sept. 150 —— SEAN 

a. Hardy (1969) discusses several other specimens with localities listed only as "Chesapeake Bay". 

b. Stein et al. (1977) mention five other sightings within 10 km of the beach, but give no localities. 
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Morelet's Crocodile (Crocodylus moreleti Dumeril and 

Dumeril), In The Region Of Los Tuxtlas, Veracruz, Mexico 

Until a few years ago it was possible to find Croeodylus moreleti 
easily, in the more copious rivers, such as the Rio papaloapan and the 
Rio Coatzacoalcos, and in smaller rivers and lakes which irrigate the 
region of Los Tuxtlas. At the present time, the two species of croco- 
diles reported in Veracruz, C. moreleti and C. aoutus (Smith and Taylor, 
1950), are almost extinct in most areas. The uncontrolled exploitation 
carried out during the last several decades (Casas Andreu, 1970),and the 
clandestine hunting and fishing of crocodile and turtle, with the lack 
of effective legislation to protect them in this State, has not allowed 
for population growth. The same has been reported elsewhere in Mexico 
(Alvarez del Toro, 1972). The few medium sized individuals occasionally 
seen in some rivers and lakes, are rements of which in another time, were 
large populations. At present, in the Region of Los Tuxtlas, and all 
the low plains comprised in the Rio Papaloapan basin, is found only one 
species, Croeodylus moreleti. All specimens examined from this region 
were C. moreleti; not a single animal referable to C. aoutus was seen. 

Croeodylus moreleti, prefers quiet water, small or dead water areas 
formed by rivers without pertubance forits growth and reproduct ion. They 
prefer not to live in deep miry places, with emergence vegetation. In 

the river Cuetzalapan, (Campbel 1 , 1972) , Catemaco Municipe, Yugual tajapan, 
Coscoapan, and also in the Rio Playa Vicente of the Municipe of Isla, 
are occasionally found individuals which may reach a meter in length. 
These areas, however, cannot, at present, be considered viable colonies. 

This note reports two localities where, ?t is still possible to find 
viable populations of C. moreleti in its natural habitat. One area is 
a yaiuable hatchery, which should be protected if C> moreleti is to sur¬ 
vive. 

Locality 1 - Swamps of Tesechoacan 

Tesechoacdn, Municipe of Is1 a, Veracruz; between Tesechoacan and El IJape 
(old road from Tesechoac^n-Loma Bonita), approximately 60 km SW Santiago 
Tuxtla, Veracruz; elevation: 18 m above sea level. 

This "swamp" area is formed by a Rio Playa Vicente and Rio de Tese- 
choacdn overflow. It includes localities known as "Laguna de Lagartos", 
"Laguna de Guerrero", and "Laguna de Tesechoacan". During the rainy 
season, it is enlarged by ten km or more; on thesouthern side, the shores 
are conserved by high pasture; in the central areas and along the other 
shores, is found abundant vegetation. Almost the whole area Is composed 
of movable sand with littledeep water. This area harbors a considerable 
Moreletss population, both adult and young. During the rainy season, it 
is possible toobserve many young specimens on the low shores, and on the 
roads; the adults are more wary and stay faraway. Ten specimens 2.50 
to 3.00 m long, were caught in September, 1977; smaller specimens are 
being kept at the Estacidn de BiologTa Tropical. This area is almost 
inaccessible, and for this reason alone, the population has survived. 
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Locality 2 - Laguna Escondida 

Colony with the same name; 3 km NW Catemaco-Montepfo road; bordering the 
Nature Reserve of Estacidn de Biologfa Tropical "LosTuxtlas", Veracruz; 
elevation: 160 m above sea level. 

This lake is approximately 1,100 m in length and is very deep. It 
is fed by the Rio Cardenas, and due to its volcanic origin, broken land 
surrounded by rainforest and having few plain shores, is also a very in¬ 
accessible place. Its drain contributes to the Rio Meiquina formation, 
which arrives at the sea at Montepfo. 

Between the middle of October and the beginning of November 1976, 
near the area where the Lake leads to the Rio M^quina, five adult croco¬ 
diles were located, however, posi tive identifications were not possible. 
In December, 1976, one adult crocodile was captured by villagers, which 
was C. moreleti, and measured 100 cm snout-vent length, 220 cm total 
length and had a ventral expansion of 42 cm. 
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Notes On Ambystoma tigrinum From Sonora, Mexico 

When Lowe (195^+) originally described Amby stoma tigrinum stebbinsi 
from the Huachuca mountains of southeastern Arizona, he stated that this 
race was to be expected in adjacent Sonora. Reed (1951) reported on pre- 
served larvae of this species in the Museum of Zoology, University of 
Michigan, that had been collected in northeastern Sonora. Van Devender 
(1973) reported on tigrinum stebbinsi sympatric with A. rosaoeum in 
Chihuahua. Although Ambystoma tigrinum has apparently been collected in 
northern Sonora since Lowe’s (195*0 prediction, little or no mention of 
this fact has been made in the literature. 

Recently, three larval Ambystoma tigrinum stebbinsi were collected 
in the northwestern part of the Sierra de losAjos, southeast of Cananea, 
Sonora, These specimens were taken 5 July 1977 at an elevation of ca. 
2200 meters in small pools of a barely flowing creek. The narrow canyon 
through which thecreek flowed contained riparian vegetation in thebottom 
and pine-oak forest on thehi1lsides, though pines were not common. Summer 
rains hadonly recently begun in thesemountains. The larvae were abundant 
along a very limited stretch of the creek. Associated berpetofauna ob¬ 
served at this local i ty consisted of Hyla arenioolors Sceloporus yarrovi9 
S* virgatus* Urosaurus omatus, Thamnophis o> cyrtopsiss Lampropeltis 
pyromelana woodinit Crotalus m. molossuss C. p. prioei3 and (7. willardi 
ssp. (considered C. w. willardi/silus by Harris and Simmons, 1976). 

The collected larvae were subsequently housed individually in the 
laboratory and were fed live tub ifex worms. 

When collected, the dorsal and lateral surfaces of the larvae were 
gray-black with pale yellow speckling. The ventral surfaces were cream- 
colored and lacked any markings. Two weeks prior to transformation (here 
defined as loss of external gills) thedorsal ground color became progres¬ 
sively darker (black) andyellow spots (versus speckles) became visible. 
The newly-transformed salamanders had a black ventrum and dorsum. The 
labial region was tinged with gray. External gills disappeared over a 
72 -hour period on the average and snout-vent lengths at time of trans¬ 
formation were 52, 55, and 55 mm. Spot counts for dorsal and lateral 
body surfaces and tail were made two months and eight months after trans¬ 
formation following Gelbach's (1967) procedure. These data are shown 
in Table 1. 

Table 1. Spot counts (body/tail) for sub-adult Ambystoma tigrinum 
stebbinsi from Sierra de los Ajos, Sonora. 

Date of 

Transformation 
Two Months After 
Transformation 

Eight Months After 
Transformation 

13 October 25/50 17/14 

1 November 29/45 23/21 

A November 21/42 16/16 
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We tentatively assign these salamanders to Amhystoma tigrinum steb- 
binsi, while recognizing that our material differs somewhat from A, t. 
stebbinsi from Arizona (as illustrated by Lowe, 1955). Sonoran A. t. 
stebbinsi possess fewer and larger dorsolateral spots and have a less 
boldly patterned underside of the chin when compared with salamanders 
from the Huachuca mountains. A* t. stebbinsi from Arizona, Chihuahua, 
and Sonora (all known populations) are dark-ventered, as is A. rosaeeum 
from Durango. However, the 1atter speciespossesses an "immaculate cream" 
ventrum in Chihuahua (Van Devender, 1973). 

Recent examination of transformed salamanders in the Museum of Ver¬ 
tebrate Zoology collection reveals several specimens obtained by James 
D. Anderson in the vicinity of La Cuidad, Durango that are very similar 
to A.t. stebbinsi fromSonora (as illustrated inthis paper) with respect 
to size and arrangement of dorsolateral spotting. The Durango material 
was considered by Anderson (1961) to be A. rosaeeum. 

The considerable amount of col or and pattern variation exhibited by 
Ambystoma tigrinum and A. rosaeeum suggests that further study is needed 
to clarify the taxonomy of Ambystoma in northwestern Mexico and south¬ 
eastern Arizona. 

We thank Dr. Antonio Landazuri Ortiz for issuing a Mexican scien¬ 
tific collecting permit and Dr. David B. Wake for permission to examine 
MVZ material. 

Fig. 1. Sub-adult Ambystoma tigrinum stebbinsi eight months after 
transformation. Snout-vent length is 70 mm. 
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Fig. 2. Habitat of larval Ambystoma tigrinum stebbinsi at 2200 m, 
Sierra de los Ajos, Sonora. 
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Predation By Bullfrog Tadpoles (Rana catesbeiana) on 

Eggs And Newly Hatched Larvae Of The Plains Leopard Frog 

(Rana blairi) 

Feeding studies on tadpoles indicate that they are non-selective, 
consuming vegetation, detritus, carrion, and small animals associated 
with vegetation (Savage, 1962; Jenssen, 1967; Thrall, 1972). However, 
Noble (1929), Taylor (195*0 , and Heusser (1970) have made the unusual 
observation that tadpoles of several species {Anotheca spinosa^ Hoplophryne 
rogersi> Hylabrunnae, Hyla wilderis Hyla marianae3 Eyla liohenata, Rana 
temporaria) fed on anuran eggs. Either eggs ofsympatric species or eggs 
of the same species were eaten. Similar food habits have not been ob¬ 
served among U.S. anurans. It might bepredicted, however, that tadpoles 
of the North American bullfrog (Rana catesbeiana) would consume anuran 
eggs because bullfrog tadpoles can take two or moreyears to metamorphose 
and are thus large andavailable in the spring when many anuran eggs are 
laid. In the spring of 1978 I attempted to test this hypothesis using 
eggs of the sympatric plains leopard frog, Rana blairi. 

Ten tadpoles of R. catesbeiana and two egg masses of R. blairi were 
collected at the spillway of Lake Bloomington, McLean County, Illinois 
on 28 April. Shortly after capture the eggs were presented to the bull¬ 
frog tadpoles in the laboratory in plastic tubs (36 cm long X 28 cm wide 
X 13cm high). All of thebullfrog tadpoles consumed theeggs of R. blairi 
with no hesitation. Three to four eggs were usually consumed by a given 
tadpole every few seconds. Some of the eggs of R, blairi hatched in the 
laboratory and these larvae also were offered to the bullfrog tadpoles. 
The larvae were also readily eaten. In some cases, however, the hatchling 
R. blairi were able to swim fast enough to avoid being devoured by the 
bul1 frog tadpoles. 

Heusser (1970) felt that egg eating by tadpoles of R. temporaria was 
a density dependent means of population regulation. Egg eating by tad¬ 
poles of A. spinosa was also interpreted by Duellman (1970) as a means 
of control 1ing population size. In contrast, Noble (1929) suggested that 
eggeatingby larval anurans was s imply duetothe lack of any other avail¬ 
able food. Such egg eating behavior may be particularly adaptive for 
tadpoles which live in similar restricted habitats. Tadpoles of #. Ro¬ 
ger si are found between leaves ofwild banana orwithin the stems of bam¬ 
boo whi le tadpoles of H. brunnae, R» wilderi, H. marianae, H. liohenata, 
and A. spinosa occur in bromeliads. The water in such cases is shallow 
and confining. Thus, competition for limited food supplies is probably 
high. The reason for egg eating among ranids such as the bullfrog may 
be somewhat different. Tadpoles of this species are usually found in 
ponds orother large bodies ofwater and thus thehabitat is not spatially 
confining. It is likely, however, that food supplies are rather limited 
in early spring andthis may explain why bul1 frog tadpoles consume anuran 
eggs and young larvae which are readily available at that time. 

I thank L. Brown and R. Funk for critically reading themanuscript. 
I wish to thank P. Vilaro for providing an English translation of a paper 
by H. Heusser. 
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Observations On Gopherus polyphemus 

In West-Central Georgia 

A break in the distribution of the gopher tortoise (Gopherus poly¬ 
phemus) , as it appears in a map by Auffenberg and Franz (1978), may not 
exist in reality. This gap in the outlying populations of this species 
in west central Georgia and east central Alabama is probably created by 
the presence of the Fort Banning military reservation. Activities there 
from 19**0 to the present may have precluded collecting. CIn July and 
August, 19****, while stationed at Fort Benning, I frequently observed a 
gopher tortoise in its habitat.] 

Information presented heremay confirm suspicions that thenortherly 
outlying populations of thegopher tortoise in the vicinity of Columbus, 
GA., are contiguous, or nearly so. This part of the Chattahoochee River 
is easily picked out on maps of any scale by the large bends in the river. 
The occurrence of this species on the east bank of the river within the 
military reservation was a fact in 19****, if not today. Personal know¬ 
ledge of the species 1 abi1ity to cross rivers is lacking,but at low water 
the river is silted for a few yards from each shore and should prove no 
great barrier to a tortoise. 

The area in which Gopherus polyphemus was observed is in that part 
of the reservation known popularly as the "frying pan area." It is within 
the triangle formed by Dixie Road, the extension of Sight-seeing Road 
toward the river, and the Chattahoochee River itself within sight of the 
activity on the airport runways at Lawson Field, about a mile (2 km) to 
the north. The area is within Chattahoochee County, GA. During late 
July and most of August, 19****, the site was occupied by two medical com¬ 
panies and at least one specimen of Gopherus polyphemus. The habitat 
area was bounded on the east by the 64th I nfantry Woods, and to the south¬ 
east by the Bickford firing range. The river formed the southwestern 
boundary. Dixie Road formed the northern limit. Elevation above mean 
sea level varied from 220 to 230 feet with the river bank at about 200 
feet above mean sea level. The soil was sandy and the primary drainage 
was southwesterly to the river by way of some deep erosion ditches. No 
amphibians were observed there, but a small specimen of the black swamp 
snake {Seminatrix pygaea) was caught and released in this declivity. On 
the marshy edge of the 64th Infantry Woods there was a small southern 
leopard frog (Rana utricularia) colony. 

The site was undeveloped in 19****; there were few buildings and no 

paved roads south of Dixie Road. The only structures were some old (1917" 
1918) supply sheds, latrines, and wooden platforms for pyramidal tents. 
A small hill was shaded by a tall stand of redolent white pine which did 
wonders for the air. 

On my latest visit, March 1989, only the concrete footings of the 
buildings remained. A major portion of the former Army medical company 
area is now under a macadamized motor vehicle park surrounded by chain- 
link fencing. Toward theriver, I was able todiscover undisturbed patches 
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of the Gopherus habitat. The area frequented by the gopher tortol se (circa 
1944) was a small gulley behind two parallel rows of pyramidal tents 
facing away from the gulley. Gopherus resided in what appeared to be a 
wel1-disguised culvert from an earlier drainage system. 

Except for one notable item of diet, there were many similarities 
between what I had observed and what has been described in the 1iterature 
(Ernst and Savour, 1972). The presence of the tortoise came to general 
attention shortly after my first sightings of it near its burrow. Some¬ 
one had discarded stale biscuts behind the tents. One day on return to 
the company area, there was an audible chomp* chomp * chomping coming from 
the gul ley out back. £. polyphemus was making considerable headway through 
the batch of stale biscuts. St had occurred to me then, and It seems 
logical still, that this specimen was quite accustomed to the presence 
of human beings. 

From the dark color of its carapace and the size, I assumed it was 
an old male. The straight line measurement from nuchal to anal plate 
was approximately 30 cm. Despite the presence of 200 medical soldiers, 
! never saw the tortoise being handled. This impressive old timer was 
respected by all, unfortunately no direct measurements were made. We 
left the area in September 1944 for Boston8s Port of Embarkation. 
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Author index. Subject index. 
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Editor s preface. Blood chemistry 
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evolutionary aspects. Mor¬ 
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Biologist 
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CHEM0SENS0RY INVESTIGATION OF FISH MUCUS ODOR 

BY RATTLESNAKES 

David Chiszar, Kent M. Scudder and Hobart M. Smith 

Abstract 

Rattlesnakes of three taxa (C. v. viridis, S. c. edwardsi 

and 5. c. tergeminus) flicked their tongues at higher rates in 
an environment containing fish mucus odor than in a control en¬ 
vironment. In several previous experiments rattlesnakes did 
not exhibit increased tongue flick rates (TFR) in the presence 
of rodent odors unless the snakes had an opportunity to strike 
a mouse just prior to the tests. The fact that fish mucus odor 
generates an unconditional elevation in TFR may mean that such 
odors are simply more potent than rodent odors such that snakes 
can detect them directly from the substrate whereas rodent odors 
are best detected only after they have been placed (in large 
quantities) into the vomeronasal organs concomitant to striking 
a mouse. Since rattlesnakes do not eat fish, the TFR increase 
seen during presentation of fish mucus odors may indicate: (1) 
facultative exploration of a novel stimulus, or (2) an atavism 
derived from Agkistrodon-ancestors. 

In previous investigations we have exposed garter snakes to fish 
mucus odors and rattlesnakes to mouse odors (Chiszar, Scudder S Knight, 
1976; see also Burghardt, 1967,1969). Whereas the former responded with 
greatly elevated tongue flick rates (TFR), the latter showed nosignifi¬ 
cant change in TFR consequent to the introduction of rodent odors. We 
concluded that garter snakes are able to detect and trail prey odors 
arising directly from thesubstrate while rattlesnakes must first strike 
a prey item before they become attentive to odor trails (Chiszar, Rad- 
cliffe & Scudder, 1977). In other words, something about striking acts 
as a trigger for rattlesnake chemosensory searching (Chiszar, Radcliffe 
& Smith, 1978; Scudder, Short & Chiszar, 1978; Scudder, in prep). 

It is possible that fish mucus is inherently more odoriferous than 
mouse odors. Although we are currently unable to specify any biochemical 
dimensions along which these substances might differ, it is not unlikely 
that such things will soon be discovered (G.M. Burghardt, personal com¬ 
munication). In any case, recall that garter snakes were tested with 
fish mucus while rattlesnakes were tested with rodent odors. If these 
odors differ in strength, then it may be possible that rattlesnakes will 
detect and respond (with high TFR) to fish mucus even though such odors 
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are presumably biologically irrelevant to them. The present study was 
designed to evaluate this possibility. 

METHODS AND MATERIALS 

Subjects and maintenance conditions. Sixteen rattlesnakes were observed 
in this experiment (six prairie rattlesnakes, Crotalus viridis viridis , 
captured locally, were all at least 3 years old and were experimentally 
naive but had resided in the lab for 3 to 7 months prior to this study; 
four massasaugas, Sistrurus oatenatus edwardsi, captured insoutheastern 
Colorado, were all at least 2.5 years old and were experimentally naive 
but had resided in the lab for 2 to months prior to the study; and six 
additional massasaugas, Sistrurus oatenatus ter geminus , born in theDallas 
zoo, were 3 years old and were experimentally naive but had resided in 
the lab for 12 months prior to the study). All C. v, viridis were housed 
in a wooden terrarium (180 X 62,5 X 80 cm) containing rocks,sand, water 
and a heat lamp (250 W, mounted at the center of theceiling, illuminated 

between 0700 and 2000 hr) which created a temperature of 38° C on the sand 
immediately below and a gradient which dropped to 26° C in the left-and 
right-most areas of the cage floor. All S. a. tergeminus were housed in 
an identical terrarium. The four S.c. edwardsi were housed in a smaller 
terrarium (66.2 X 33.7 X 36.2 cm) containing rocks, sand, water, and a 
40-W incandescent bulb (mounted at the upper left of the rear wall, il¬ 
luminated between 0700 and 2000 hr) which kept the cage at 26 + 1° C. 
All snakes accepted food readily under these conditions (one or two mice 
per week at 1A00 hr). 

Apparatus and Procedure. A glass cage (59cm long X 30cm wide X 39cm 
high) was the main piece of apparatus. The cage was clean, dry and con¬ 

tained a paper floor covering. Each snake was placed into this cage 
twice, each time for 20 min. During one trial (i.e., the control trial) 
the floor covering was clean; during the other trial (i.e., the experi¬ 
mental trial) the floor covering had been rubbed three times with a live 
b1uegill sunfish (Lepomis maoroohirus) and thereby invested with an un¬ 
quantified amount of mucus. Half of the snakes received the control 
trial first and half of the snakes received the experimental trial first. 
The two trials were separated by one week and snakes were fed within one 
hour after each trial. Hence, the animals were under 7 days of food 
deprivation at thetime of control and experimental trials. While snakes 
were in the apparatus all tongue flicks were recorded with the aid of 
hand-held counters. 

RESULTS 

Figure 1 presents the mean TFR (per min) emitted by each taxon of 
rattlesnake across the two 20 min trials. These data were subjected to 
nonparametric (Chi Square) and parametric (AN0VA) analyses with essen¬ 
tially the same outcomes. Tongue flick rate was higher in experimental 

than control trials (X2 = 9.00, df = 1, P <.01; F = 17.07, df = 1/13j P 
<.01), and this effect did not differ significantly between taxa (X = 
.95, df = 1, P >.05; F = 3.13, df = 2/13, P >.05). Another view of the 
data is shown in Table 1 where it can be seen that the control vs. ex¬ 
perimental difference was generally strongest during thefirst two 5~min 
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blocks of the test sessions (see especially data for C, v. viridis and 
S. c. edttardsi). 

Fig. 1. Mean number of tongue flicks emitted per minute by three taxa 
of rattlesnakes during 20-min exposures to a test apparatus 
containing clean floor covering and floor covering that had 
been coated with fish mucus. 

DISCUSSION 

Our earlierdata (e.g., Chiszar, Scudder, & Knight, 1976) couldhave 
been accounted for by suggesting that rattlesnakes have less sensitive 
vomeronasal tissues than garter snakes. If that were so, we can readily 
understand why the former might require the Jacobson's organ stimulation 
that accompanies striking whereas the latter can perceive prey odors 
directly from the substrate. The present data leave no doubt, however, 
that rattlesnakes can detect fish mucus under the same conditions that 
were used to study garter snake responsivity to such odors. Hence, it 
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Table 1 

Mean TFR (per min) by Each Taxon during Four Successive 5_min Blocks 

Under Control and Experimental Conditions 

Successive 5-min Periods 

Crotalus v. viridis Sistrurus a. tergeminus Sistrurus a. edwardsi 

1 2 3 4 1 2 3 4 1 2 3 4 

Clean 37-9 23.2 28.2 23.2 33.3 31.6 29.6 42.4 18.8 6.7 5.5 7.6 

(control) 

Fish 53-5 52.0 28.9 31.0 27.7 39.2 30.7 47.2 27.0 23.2 16.8 13.0 

(experimental) 

no longer seems possible to argue that these taxa differ in terms of our 
operational measures of vomeronasal sensitivity. Therefore, we can not 
explain the difference in their response to prey odors by hypothesizing 
a more basic d5fference.in vomeronasal structure and/or function. 

We can argue that fish odors are somehow stronger than rodent odors. 
The fact that rattlesnakes specialize in the latter prey has therefore 
required some technique for "keying in" on such odors, and this is ex¬ 
actly what the strike-induced chemosensory searching phenomenon accomp¬ 
lishes. But, if rattlesnakes and garter snakes are tested with the same 
odor (fish mucus),both respond strongly and no qualitative or quantita¬ 
tive differences in responsiveness are visible (compare present results 
with data in Chiszar, Scudder, & Knight, 1976). 

Now we might wonder why rattlesnakes respond at all to fish mucus. 

Rattlesnakes are not known to eat fish or other mucus bearing organisms 
in nature, andaccounts of such behavior in captivity are rare. Further¬ 
more, rattlesnakes do not show "curiosity" about all odors to which they 
are exposed. For example, they exhibited Httl© or n© TFR Increase in 
the presence of perfume (Scudder, in prep.). Accordingly, the present 
results may not reflect general curiosity activated by strong odors. 

We initially suspected that rattlesnakes would respond strongly to 
prey-derived odors and topredator-derived odors (Chiszar, Scudder, Knight 
& Smith, 1978), and that they would respond less strongly or not at all 
to biologically irrelevant odors. Their response to fish mucus odor 
might imply that such odor is not biologically irrelevant to rattlesnakes 
or that there is something special about such odor (i.e., a catnip type 
phenomenon). Another possibility might arise if we consider the hypo¬ 
thesis that rattlesnakes are descendent from a moccasin-type ancestor 
(Gloyd, 19^0, p. 249). Contemporary moccasins prey upon mucus bearing 
organisms, and they respond much like garter snakes in tests involving 
presentation of fish mucus (Chiszar, Simonsen, Radcliffe & Smith, under 
review). Assuming that the common ancestor also behaved in this way, we 
can infer that rattlesnakes may have retained such responsiveness as an 
atavistic trait. Since rattlesnakes donot eat fish,we must also suggest 
that 1 i ngual responsiveness to fishodor was somehow separable fromactual 
ingestion, the former being retained while the latter was lost. 
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A final idea is that predation on mucus bearing organisms may not 

have been totally lost by rattlesnakes; rather, it may be overshadowed 
by a strong preference for rodents. Perhaps rattlesnakes can be trained 
to take fish! This would be worth trying in order to explore the full 
range of rattlesnake predatory potential and in order to confirm the 
above speculations regarding rattlesnake evolution. 

We gratefully acknowledge thefinancial support of the M.M. Schmidt 

Foundation. 

Literature Cited 

Burghardt, G. M. 
1S67. Chemical cue preference ofinexperienced snakes: Comparative 

aspects. Science, 157, 718-721. 

1969. Comparative prey-attack studies in newborn snakes of the 
genus Thamnophis. Behavior, 33, 77~114. 

Chiszar, D., Radcliffe, C.W. & Scudder, K.M. 
1977. Analysis of the behavioral sequence emitted by rattlesnakes 

during feeding epi sodes . 1. Striking andchemosensory search¬ 
ing. Behavioral Biology, 21, 418-425. 

_ ___Smith, H.M. 
T37W. Chemosensory searching for wounded prey by rattlesnakes is 

released by striking: A replication report. Herpetological 
Review, 9, 5^-56. 

__ Scudder, K. & Knight, L. 
1976. Rate of tongue flicking by garter snakes (Thamnophis radix 

haydeni) and rattlesnakes (Crotalus v, viridis, Sistrurus 
catenatus tergeminus, and Sistrurus catenatus edwardsi) dur¬ 
ing prolonged exposure to food odors. Behavioral Biology, 

18, 273-283. 

S Smith, H.M. 
197^ oratory behavior in prairie rattlesnakes (Crotalus viri¬ 

dis) and water moccasins (Agkistrodon piscivorus). Psycho¬ 
logical Record, 28, 363-368. 

_Simonsen, L., Radcliffe, C. S Smith, H.M. 
Rateoftongue flicking by water moccasins (Agkistrodon pis¬ 
civorus) during prolonged exposure to various food odors; 
and, strike-induced chemosensory searching in the cantil 
(Agkistrodon bilineatus), Under review. 

Gloyd, H. K. 
1940. The rattlesnakes, genera Sistrurus and Crotalus: A study in 

'zoogeography^ and evol ut ion. Chicago: The Chicago Academy 
of Sciences, special publication number four. 

Scudder, K. M. 
(in prep.) Mechanisms mediating the sequential aspects of predatory ep¬ 

isodes in Crotalid snakes. Ph.D. dissertation. 

Bulletin Maryland Herpetological Society Page 35 



Volume 15 Number 2 June 1979 

, Short, J. S. S Chiszar, D. 
1978. Mechanisms activating chemosensory searching inratt1esnakes 

during predatory episodes. Paper presented at meeting of the 
Animal Behavior Society, Seattle, Washington. 

Department of Environmental, Population and Organismic Biology, 
University of Colorado, Boulder, Colorado 80309 

Received 8 October 1978 
Accepted 2 December 1978 

Page 36 Bulletin Maryland Herpetological Society 



Volume 15 Number 2 June 1979 

HAWAIIAN LIZARDS - 

THEIR PAST, PRESENT AND FUTURE 

Richard E. Jones 

The waters of the Pacific Ocean cover more than seven million square 
miles of the earth's surface. Scattered about this fluid expanse, the 
volcanic, oceanic islands of Polynesia stand as oases for terrestrial 
life. The distribution of these islands forms a huge triangle covering 
almost a fourth of the Pacific Ocean. At the western point of the tri¬ 
angle is New Zealand, to the east is Easter Island, and to the north, 
above the equator andnear theTropic of Cancer, are the Hawaiian Islands. 

Before human occupation, the Polynesian Islands were relatively 
barren, volcanic formations surrounded by theturquoise and green waters 
of coral reefs. Any living terrestrial organism (or its ancestors) pre¬ 
sent on a given island came there by active or passive dispersal. To 
reach the Hawaiian Islands, organisms had to disperse over vast reaches 
of ocean, this archipelago being the most isolated in the world. Two 
thousand miles to the east lies the American Continent, with no inter¬ 
vening landfalls. Alaska, to the north, is only slightly closer. To 
the south and southwest are numerous stepping-stone islands to the Indo- 
Australian area, theclosest being Johnston Island, 450 miles away. This 
is a small coral atoll, and the nearest large is1 and group,the Marquesas, 
is 2,200 miles distant. 

The prevailing ocean and wind currents toHawaii are from the east, 
but these steady currents areinterrupted periodically by massive,eyeIonic 
disturbances from the west and southwest. Many Hawaiian organisms ap¬ 
parently drifted on debris or were carried by wind or other organisms 
on the wings of these counter-currents. Evidence of this is that most 
of the Hawaiian flora have Indo-Pacific orgins, and a majority of the 
insects and land snails have Pacific origins. An exception to this pat¬ 
tern are the Hawaiian birds, which are mostly of North-American origin. 
Birds, being strong fliers, can traverse the vast reaches of ocean to 
the east without much hel p from strong currents (Oliver and Shaw, 1953). 

Several birds andmany molluscs and insects of Hawaii are found only 
in the Hawaiian Archipelago (i.e., are endemic). Two circumstances may 
help explain this high degree of endemism. First, the single or few 
individuals lucky enough to find land produced distinctive gene pools, 
the so-called "founder effect". Second, the period of genetic isolation 
of these organisms has been long enough to favor evolution of new forms 
(genetic drift). Other species notonlyare found in Hawaii but in other 
places as well. For example, the power off1ight of some migratory birds 
has favored their wide dispersal in the Pacific region. There are three 
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marine turtles and one marine seasnake found in Hawaiian waters. These 
are capable of swimming long d i stances,and reach Hawaii under their own 
power. However, the lizards of Hawaii are another matter. None are en¬ 
demic, yet is is difficult to imagine them dispersing in sea water or 
even on floating debris. Therefore, these reptiles must have reached 
the Hawaiian Islands with the help of man. But, how did man arrive? 
Most archeological and anthropoligica1 evidence favors the following 
scheme: 

About 3,000 years ago,early inhabitants of New Guinea sailed east¬ 
ward to the islands of Tonga and Samoa, using Fiji as a staging area. 
The settlers of Tonga appear to have been the first Polynesians. Soon 
after, Polynesians settled in the Marquesas in eastern Polynesia. An 
attestment to the navigational skills and daring of these sailors in 
their largevoyaging canoes is thei rcolonization of Easter Island, 2,400 
miles from the Marquesas, in 400 A.D. Soon, Polynesian culture reached 
Tahiti and other Society Islands. Around 500 A.D., final thrusts of the 
double-hulled voyaging canoes carried Polynesians to land falls in New 
Zealand and Hawaii, the latter journey covering 2,200 miles. Hawaiian 
tradition recalls many a return journey to the Marquesas Islands and 
Tahiti. On journey to Hawaii,the large 60-foot canoes carried provisions 
for the journey and for life on the new islands. Taro root, bananas, 
bread-fruit, coconuts, pandanas fruit, sugar cane, pigs and fowl were 
common provisions. In all probability, lizards and lizard eggs were 
hidden in the cargo,and this is the way these Hawaiian terrestrial rep¬ 
tiles reached their new home. As Snyder (1917) states after his visit 
to the Hawaiian Islands, "Wherever large canoes were seen lying on the 
beach (a number of them were carefully examined) geckos were found con¬ 
cealed among themats covering them. Eggs were found also in the canoes. 
It would be quite impossible at the present time to provision or launch 
a large canoe without including both adult geckos and their eggs." 

The lizards present in Hawaii before 1900, and probably before the 
islands were "discovered" by Captain Cook in 1778, were brought there by 
early Polynesians (Oliver and Shaw, 1953). They eventually may have 
reached Hawaii by natural means,but man certainly speeded up their dis¬ 
persal. These lizards include the Snake-eyed Skink (Cryptoblepharis 
boutoni) , Moth Skink [Lipinia noetua), and Azure-tailed Skink (Emoia 
cyanura). Also present were four members of the family Gekkonidae, the 
Mourning Gecko (Lepidodactylus lugubris), Tree Gecko (Hemiphyllodactylus 
typus) , Stump-toed Gecko (Gehyra multilata) , and FoxGecko [Hemidactylus 
gamoti). All of these geckos are found in many other areas in the 
western and southwestern Pacific, having origins in AsiaandEast Indies. 

Distribution of the Hawaiian lizard fauna is presented in Fig. 1. 
The Mourning Gecko has been found on all the major Hawaiian Islands ex¬ 
cept Niihau and Kahoolawe. It is a gregarious species found in open non- 
forested areas, often on buildings and other man-made structures. The 
Tree Gecko is the least common gecko in the islands, being reported only 
from Hawaii, Kauai, and Oahu. It is a wary, arboreal species and prefers 
forested areas. The Stump-toed Gecko is present on al 1 the larger islands 
except Niihau. It is found on rocks, buildings, and trees in dry and 
wet areas. The Fox Gecko is also common, except on Kahoolawe, in dry 
or wet areas. Like the tree gecko, it prefers forested areas; it is more 
solitary than theother species (01iver and Shaw, 1953; Smith and Kohler, 
1978). 
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Fig. 1. Last reported distribution of the 11 lizard species occurring 
in the Hawaiian Islands, (from Oliver and Shaw, 1953; Hunsaker 
and Breese, 1967; Smith and Kohler, 1978; R. Jones, personal 
observations). Gekkonidae: 1) L. lugubris, 2) H. frenatus, 
3) H. gamoti, *0 G. mutilata. 5) H, typus. Iguanidae: 6) A, 
oarolinemsis, 7) P. eomutum. Scincidae: 8) C. boutoni> 9) 
noctua, 10) L. metallicvm, 11) P. oyanura. NOTE: present dis¬ 
tribution of species 9 may now be limited to Oahu. It is dif¬ 
ficult to know if the absence of a species on a given island 
is due to lack of dispersal or poor collecting effort. No in¬ 
formation isavailable for the privately-owned island of Lanai, 
although K. Fitzgerald (personal communication) recent 1 y (l979) 
collected H. frenatus and L. lugubris on this island. 

It is one thing for a gecko to reach a volcanic island,and another 
to establish itself as a breeding population, but several aspects of the 
biology of geckos, although not unique to this family, favored their 
success as colonizers. Most geckos are crepuscular or nocturnal, coming 
out only at dusk or night to feed on insects and retreating to crevices 
under bark or rocks in the daytime. They are splendidly adapted for 
this nocturnal life. For example, they have cat-like vertical pupils 
exhibiting serrations which produce a series of small openings when the 
pupil is closed. Images from light passing through these openings are 
superimposed on the retina. This, along with the fact that their retinas 
possess only rods and no cones, makes their vision in low light inten¬ 
sities very acute. 
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The nocturnal habits of geckos mean, among other things, that any 
potential predators resident on the islands had a hard time locating them. 
But, how do geckos locate each other? One answer is that most geckos 
are very vocal. For example, Mourning Geckos greet each other and in¬ 
teract socially with a series of clicks. They squeek when frightened 
and, in the words of Loveridge (19^5)* "The usual cry when hunting at 
night is a shri 11 ,cricket-1ike sound, sohigh pitched that not all human 
ears can pick up". The inner ear of geckos (see Wever, 197^) has a com- 
plex arrangement of sensory cells that allows them to sense high fre¬ 
quency sounds (greater than 10,000 cycles per second). Most lizards can 
only detect sound up to a few hundred cycles per second. 

Even if a predator succeeds in locating a gecko, it often will gain 
only a tail for its efforts. Sn most geckos, the tail releases if it is 
pulled or pinched, and then it wiggles violently on the ground. Mean¬ 
while, the previous owner sneaks off to a crevice. A new tail, fatter 
and less decorated with scales than the first, appears soon after. Hatch¬ 
ling geckos also have this ability. Snyder (1917), speaking of the Fox 
Gecko, says "An egg,accidenta1ly dropped andbroken, freeda young gecko, 
which immediately disappeared to new cover, leaving the tail wriggling 
among the pieces of shell". The skin of the Stump-toed Gecko, being 
loose and fragile, provides it with another means of escape. St peels 
off when the animal is grabbed, and a predator would be left holding the 
bag; new skin replaces that lost in a few days. 

Aspects of gecko reproduction also favor ease of colonization. Each 
female has two ovaries, and in most species theovaries each produce one 
egg per cycle. (see Jones et. al, , 1978) Thus, the clutch size is two. 
Pairs of eggs are produced periodically all year long, at least in some 
species. Thus, the geckos have high fecundity and can build up a pop¬ 
ulation rapidly. Another apsect of reproduction favoring colonization 
is the egg shell of geckos. Once the eggs are ovulated, each enters an 
oviduct and acquires a sticky, calcareous covering. These shelled eggs 
can easily be seen through the translucent, ventral skin of a gravid 
female. When the eggs are laid, they are soft and sticky and adhere to 
any surface. Soon after, they harden. Pairs of gecko eggs are commonly 

found in shady areas under logs,boards, rocks, leaves, building crevices 
and even clothing. An exception are the eggs of the Fox Gecko, which 
are not sticky. Females of this species tend to lay their eggs in clus¬ 
ters. The hard, calcareous shell means that the eggs are more protected 
against desiccation than are soft eggs of other lizard species. Also 
their sticky nature at 1 aying makes it likely that any provisions loaded 
on a Polynesian voyaging canoe would have carried gecko eggs. 

A final aspect of reproduction favoring colonization is that two 
of the five Hawaiian geckos reproduce parthenogenetically; i .e. only 
females exist. These are the Mourning Gecko and the Fox Gecko. How do 
we know that they are all-female? Certain evidence (Kluge and Eckardt, 
19^9; Eckardt andWhimster , 1971; Cuel1ar and K1 uge, 1972) has shown that 
a great majority of individuals collected are female. The very rare male 
is usually sterile. The ovulated eggs, which in bisexual vertebrates 
are haploid (IN) before fertilization, are either diploid (2N), as in 
the Mourning Gecko, or are triploid (3N) , as in the Fox Gecko. In ad¬ 
dition, ski ntransplants between individuals of a parthenogenetic species 
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are not rejected as they are in bisexual geckos. This implies that in¬ 
dividuals of parthenogenetic geckos are genetically very similar if not 
ident I cal. 

An unpublished study of Mourning Geckos by Margaret Falanruw pro¬ 
vides aninteresting sidelight tothis story. Ms. Falanruw has discovered 
that some female Mourning Geckos court and "mount" other females, as do 
males of bisexual geckos. An individual gecko may assume a male role at 
one time and be female at another time. Whether age or breeding condi¬ 
tion governs sexual role is conjecture at this time. Crews (1975) has 
evidence that male courtship behavior in at least some bisexual lizards 
is essential forovarian growth infemales. Perhaps, in a similar manner, 
"pseudomale" behavior has been retained in these all-female species to 
ensure ovarian cyclicity in other females. 

It is clear that being all-female would favor dispersal and colon¬ 
ization, although two bisexual geckos also succeeded in colonizing the 
islands. Only one founder female would be needed, or at least two if 
pseudomale behavior is necessary for reproduct ion. It is noteworthy that 
the only snake in the Hawaiian Islands (the Brahminy Blind Snake, Typh- 
lops braminus) is parthenogenetic. In 1930, this snake was transported 
to Oahu from the Phillippines in the potted soil of palm trees used to 
landscape the Kamehameha Boys School, and it has subsequently spread to 
the island of Hawaii (01iver and Shaw, 1953, Hunsaker and Breese, 196?). 

Another reason for the gecko success story in Hawaii is that they 
are adapted to live in human habitations. Besides liking crevices of 
buildings for escape, they gather in the evening to feed on insects at¬ 
tracted to lights. Geckos can climb anything, even glass (the dirtier 
the better). Some part of their fingers or toes have discs bearing a 
series of plates. It was thought at one time that these plates enabled 
the geckos to climb by suction. Geckos, however, slip on wet surfaces. 
As Loveridge (19^+5) has said, "Indeed, it seems probable that a water 
pistol is likely to prove thebest weapon for securing a gecko alive and 
uninjured by causing it to fall to the ground". But a moist surface 
should improve, not reduce, suction. It turns out that the plates of 
gecko feet possess hundreds of microscopic, hair-like processes which 
insert like tiny toes in each slight flaw in the climbing surface. 

Besides the b1ind snake,other reptiles have been introduced by man 
in seemingly random fashions to the Hawaiian Islands since 1900 (Oliver 
and Shaw, 1953; Hunsaker and Breese, 1967). In 1917, the Metallic Skink 
(Leiolopisma metallicum) came to the islands in shipments of wood or 
plants from Australia. It is now very common in Oahu and Hawaii (Hun¬ 
saker and Breese, 1967). The Chinese Soft-shelled Turtle (Trionyx sin¬ 
ensis) was brought to Kauai around 19^7 by Orientals interested in cul¬ 
turing them for food as is done in their homelands (Oliver and Shaw, 
1953). The Cuban Anole (Anolis carolinenis poroatus) is established in 
Oahu (Hunsaker and Breese, 1967). This population was derived from an¬ 
imals that were either released or that escaped as pets. More recently, 
the Texas Horned Lizard (Phrynosoma oomutum) can be found in dry re¬ 
gions of Oahu, another population derived frompet imports (Hunsaker and 
Breese, 1967). 
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A recent arrival is the House Gecko (Hemidaotylus frenatus). This 
species was first reported in Oahu in 1951, and is now common in Oahu, 
Hawaii and Maui (Shaw and Breese, 1961). The House Gecko is native to 
tropical Asia and islands of the Pacific and Indian Ocean, and has been 
introduced to Tropical Africa, Mexico, and Panama. How it got to the 
Hawaiian Islands is anybody's guess,but it is now the most common gecko 
in Honolulu. This is a large, nocturnal species that is quite vocal. 
A walk through downtown Honolulu will treat a listening observer to a 
chorus oftheir calls, a series ofsix or seven loud chirps. This species 
is very aggressive, and appears to be displacing several other geckos 
from their previously occupied habitats. in 1953, Oliver and Shaw re¬ 
ported the Mourning Gecko to be the most common gecko in Oahu. In con¬ 
trast, I collected geckos around buildings in Honolulu in the summer of 
1977, and most of these were House Geckos. Only when I collected on the 
outskirts of Honolulu did I find large numbers of Mourning Geckos. So, 
the House Gecko seems to be displacing the Mourning Gecko in cities. How 
does this occur? K. Frogner (1967), in a thes i swritten at the University 
of Hawaii, suggests some answers. First, House Geckos replaced Mourning 
Geckos from favorable crevices in his experimental pens by being more 
aggressive. Second, House Geckos can eat Insects up to nine mm in width, 

but Mourning Geckos do not eat insects greater than three mm in width. 
Finally, Frogner found that House Geckos eat juvenile Mourning Geckos, 
but Mourning Geckos cannot reciprocate because hatchling House Geckos 
are too large. 

In general, theorigins of theskinks in Hawaii are similar to those 
of the geckos, andmost of the skinks present in Hawaii before 1900 were 
probably stowaways with thegeckos on Polynesian canoes. Both the skinks 
and geckos prefer either beach habitats or situations related to human 
habitation. One can imagine both types of lizards foraging near a beached 
canoe in Tahi t i ,boarding i tto search forinsects attracted by the stored 
goods, and becoming part of a long and eventually fruitful voyage to 
Hawaii. Time will tell what the next colonizing lizard will be, and how 
it reaches Hawaii. Whatever the species of the traveller, it will find 
successful establishment on the Hawaiian Islands more difficult than did 
its predecessors. 

One can speculate on success of future reptilian introductions. For 
example, if there are refug i a dry enough for Phrynosoma comutum, lizards 
of the genus Cnemidophorus, common to deserts of the southwest U.S., 
could survive. Lizard species of the genera Ameiva and Ophisaurus could 
flourish in the forests andgrasslands. Chosen carefully, Hawaiian lizard 
species could be tripled or quadrupled. But, the gecko population is 
near saturation. Very large geckos, such as the Tokay (Gekko gecko), 
would have a great time in the islands because it could eliminate all 
others in a hurry. It is seven inches long and has a very large head, 
big enough to eat the other geckos with ease. Smaller geckos of the 
genera Gonatodes and Sphaerodactylus may survive if they arrive and their 
niches do not overlap considerably with those of geckos already present. 

Should man purposefully introduce more lizards to Hawaii? As Smith 
and Kohler (1978) stated in a recent paper on introduction of reptiles, 
"Monitored introduction of exotic species that are regarded as unlikely 
to displace native species should be encouraged. Introduction of en- 
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demies into areas where they do not now occur should not be permitted; 
i ntroduct ions of specimens fromonepart of a species' range into another 
are equally objectionable". We need to know more of the biology of liz¬ 
ards now present in Hawaii, and of those to be introduced. Careful mon¬ 
itoring of introductions mayavoid the fate of the Moth Skink in the Is¬ 
lands. At present, this viviparous skink is found only in a small area 
on the northern coast of Oahu, whereas it used to be common on Oahu as 
well asHawaii, Kauai,and Maui (Hunsaker andBreese, 1967) . Most biologists 
feel that the introduction of the Metallic Skink is responsible for the 
near-extinction of the Moth Skink (Oliver and Shaw, 1953; Hunsaker and 
Breese, 1967). The status of present Hawaiian lizard populations as 
new species arrive will be well worth watching. 
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THE GIANT LAND TORTOISE OF ALDABRA, 

GEOCHELONE GIGANTEA 

Jay C. Shaffer and Car] H. Ernst 

Abstract 

The status of the Aldahra tortoise, Geochelone giganteaf 
population is discussed in view of daily habits, past decline 

and future possibilities. 

Mention the Galapagos and one thinks immediately of the legendary 
giant tortoises for which these islands are famous; yet today these 
splendid reptiles are pitifully few in number, most island races being 
extinct or nearly so. While valiant conservation efforts are underway 
to replenish their numbers we find a scene ofremarkable contrast nearly 
half a world away in the western Indian Ocean. Here, on the Atoll of 
Aldabra exists a population enormous by Galapagos standards over 
150,000 tortoises (Bourn and Coe, 1978). The Aldabra tortoise, Geochel¬ 
one gigantea9 is a close relative of the Galapagos species, Geochelone 
elephantopus, and is itself only a remnant of a once widespread popula¬ 
tion that extended f romMauritius and Madagascar north to the Seychelles. 

Over two centuries ago giant tortoises thrived on many islands in 
the western Indian Ocean from Aldabra east to Rodriquez and north to the 
Seychelles. This was not to last. Writing in 1915? Lord Rothschild re¬ 
ported that the tortoises faced extinction on Reunion about 1750, on 
Mauritius in 1780, andon Rodriquez in 1800. By 1840 they had disappeared 
from all three islands. What happened over 200 years ago is an all too 
familiar story today. The realm of the tortoise was overrun by an ex¬ 
panding human population. The supreme competitor greatly altered the 
best habitat leaving only marginal areas for the tortoises, and intro¬ 
duced domestic animals which either competed for food (as did goats), 
or ate their eggs and hatchlings (as did rats and dogs). Perhaps worst 
of all, the enormous tortoises (19"120 kg) themselves proved to be de¬ 
liciously edible. “Steak free for the taking," and unable toflee, hide, 
or defend themselves effectively the tortoises faced devastation. Not 
only were they consumed locally, but thousands at a time were taken by 
sailors for their ship stores. Being able to survive long periods with¬ 
out food or water, they made ideal provisions and were often stored up¬ 
side down in the holds of ships for as long as six months. 

How is it then that while decimated elsewhere the tortoises have 
managed to survive, and in fact thrive, on Aldabra? 

As to why the tortoise survives there at all we need to know some¬ 
thing of the atoll itself. Lonely, nearly uninhabited, Aldabra atoll 
is located approximately 640 km east of Tanzania and 420 km northwest 
of Madagascar. Roughly pear shaped, it is 35 km long east to west, and 
at most about 12 km as wide. A large shallow lagoon occupies the center 
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and channels connecting it to the sea divide the atoll into four main 
islands of very unequal size. Its 138 km of land area supports an un¬ 
usual array of plants andanimals, endemics making up to 18% of thehigher 
land plants, 23% of the insects, and about 50X of the land birds. The 
atoll is well known for its spectacular population of boobies, frigate 
birds, and land crabs. Aside from the tortoise there are only three 
other 1 and repti1es , two geckos (Phelsuma abbotti, Hemidactylus meroator- 
ius) and a skink (Ablepharus boutonii). 

The diversity of fauna and flora is unusually high for a coral atoll 
and is due in part to the relative nearness to major land masses, and 
also to the fact that though lacking hills Aldabra has been uplifted 
by about 8 meters and so its biota is well protected from occasional 
typhoons that could innundate lower lying islands. 

One of the most unique and fortunate aspects of Aldabra is that it 
offers so little to human enterprise. Almost devoid of soil and fresh 
water the terrain in most places exhibits a degree of ruggedness that 
has to be seen to be believed. Here travel is nearly impossible. Called 

"champignon" after the mushroom-shaped rocks formed where fluctuating 
water levels have worn away the bases of limestone blocks, this terrain 
resembles torn chunks of enormously magnified sponge cake, sharp edged, 
and so hard a properly directed hammer blow can set it ringing like a 
bell. 

Finally, andof critical importance, Aldabra lacks commercially ex¬ 
ploitable phosphate deposits and so has escaped the ruinous surface strip 
mining to which many of its neighbors have fallen prey. In consequence, 
Aldabra is probably theonly large atoll in theworld lacking a permanent 
human settlement. Were Aldabra more hospitable to man it is unlikely 
that any of its tortoises would survive outside of zoos. 

And what of natural enemies? Here the tortoises' way of sleeping 
is revealing. Wherever they happen to be when nightfall overtakes them, 
they simply stretch out their long necks, lay their head on the earth, 
and close their eyelids, perfectly content and perfectly vulnerable. 
Clearly, the atoll harbors nonatural predators of consequence, at least 
for the adults. By contrast, the first several years of life must be 
dangerous ones and probably most of the tiny softer-bodied juveniles 
fall prey to crabs andpredatory birds. Crows, Ibises, andfrigate birds, 
and large land crabs are abundant on Aldabra. Especially impressive is 
the enormous coconut crab, specimens of which may reach a length of 33 
cm. The powerful claws of this fearsome crab can puncture tin cans and 
have been seen to snap apart the hard shells of fully grown dead tor¬ 
toises. Juvenile tortoises stay hidden - so effectively in fact that 
for a time scientists on Aldabra, finding only adults, speculated in 
jest that the tortoises, like so many amoebae, reproduced by dividing 
in half! 

Individuals which manage to survive thosefirst crucial years enjoy 

a life free of many of the hazards that would confront them elsewhere 
in the world, for large carnivores, speeding cars, and guns are unknown. 
Yet, the rugged, uncompromising terrain and the blistering hot tropical 
sun pose their own hazards. Time and again one finds animals with pun¬ 
ctured or fractured shells. Others are less fortunate. A bleached shell 
amid a jumble of champignon gives testimony to an animal that, perhaps 
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Fig. 1. Aldabra tortoise sleeping in open on overcast day. 

in trying to reach some tasty green morsel, became wedged in the rocks, 
and unable to extricate itself, died there, baked to death by the sun. 

A prolonged death by starvation awaits any tortoise unlucky enough 
to blunder into one of the numerous deep pits that pocket the Aldabran 
limestone. The vase majority of these pits occur in areas far too rugged 
for tortoises to traverse, but many of those that are found in the rel¬ 
atively flat places where tortoises abound have a scattering of bones 
at the bottom and sometimes one or more living tortoises awaiting cer¬ 
tain starvation. 

A more immediate threat to the tortoises is the life-giving sun 
itself. Aldabra is less than 10° south of the equator and the fierce 
midday sun is always high in the sky. Tortoises that find themselves 
in the scrub forest have no problem and may carry on active feeding 
throughout the day, as will those under cloud cover. Elsewhere some way 
of avoiding themidday heat is essential and tortoises take advantage of 
whatever their surroundings offer. One often finds them wallowing in 
mud flats, or cooling off in the numerous fresh water and saline pools. 
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Fig. 2. Tortoises seeking shade in early morning. 

Along the southeast coast, sun and an open terrain combine to pro¬ 
duce what must surely be themost remarkable sight on this unique atoll. 
Here prevailing landward winds and pounding surf on a rocky coast have 
produced a long narrow strip of perched beach along the coast. The 
Sporobolus grass covering much of this beach is favored by the tortoises 
and, though fresh water is essentially absent, in the very few places 
where minimal shade is available tortoises abound. Here as elsewhere, 
tortoises spend the night strewn about like so many boulders wherever 
they happen to be feeding at nightfall. At dawn they simply lift their 
heads and resume feeding. On a clear day the heat will be uncomfortable 
by half an hour after sunrise and the tortoises, while continuing their 
browsing for a time, all begin to orient toward thenearest shade trees. 
Then, suddenly the migration is on. A migration in minature, but spec¬ 
tacular indeed as hundreds of tortoises converge on a small cluster of 
Guettarda trees. Nearer to the trees the tracks of count less past marches 
form long parallel furrows; furrow upon furrow, with no untouched sand 
between. If a cloud covers the sun all movement may cease and the an¬ 
imals draw In their heads. When the cloud passes, out come their heads, 
and the march resumes. 
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Fig. 3. Aldabra tortoises concentrated under dead Guettarda tree. 

By midmorning each tree may shelter over a hundred tortoises. Here 
they spend the day in deep cool shade provided by thedense green canopy 
of these low spreading trees --coo] oasis ami d blistering hot desolation. 
These same trees may serve as havens over and over again for an individual 
tortoise, thus forming fixed sites along its home range. 

For sheer concentration of tortoises one dead Guettarda observed 
must surely hold the record. Like other Guettardas of the dune, this 
too is sculptured by prevailing onshore winds and grows landward from 
its trunk in an arc that daily shelters well over a hundred tortoises. 
The meager shade of this leafless relic harbors a spectacular concen- 
tration oftortoises, threedeep at the center andlooking like a minature 
Volkswagen graveyard. As the day progresses the whole pile of tortoises 
shifts with the sun to remain in the bare-bones shadow of the tree. 

In late afternoon thefierce sunlight has diminished and thecluster 
begins to dissolve as a swarm of tortoises lumbers forth to feed in the 
remaining hours before darkness. At dusk they stretch out their heads 
onto the sand and rest till morning. They also sometimes feed by moon¬ 
light. 
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Aside from these few trees, shade is provided by driftwood logs 
tossed onto the elevated beach by previous storms. Here competition for 
shade is extreme and tortoises line up like hogs at a feeding trough, 
if only to keep their heads shaded and cool. 

Another factor aiding the survival of these magnificent beasts is 
their ability as herbivores to both graze and browse. In the drier open 
areas they are grazers, feeding primarily on sedges, grasses, and small 
herbs which form thedistinetive "tortoise turf" plant community. Usually 
over half of the tortoises observed eating will be feeding on this turf. 
So minute and low-growing are these plants that the tortoises inevitably 
ingest soil as they feed. This allows much erosion to occur. Dry con¬ 
ditions and heavy grazing prevents formation of a continuous plant cover 
and in many places much dry earth is exposed. Along much of the coastal 
dunes Sporobolus grass is dominant to the exclusion of other grasses and 
sedges and is the favorite food of tortoises there. 

In the wooded and scrub areas, the large reptiles browse on many 
types of woody plants. A number of species are readily eaten, and some 
of these show a conspicuous browse line about a yard above the ground, 
or as high as the tortoise can stretch their necks. While many woody 
plants are eaten, many apparently unpalatable species are ignored. Al- 

Fig. 4. G. gigantea grazing on 'tortoise turf1. 
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though theycan not reach thebranches of thescrew pine (Pandanus) , these 
are readily eaten if they are cut down, as are also dry coconut fronds. 
Tortoises have considerab 1 einfluence onregeneration of thebrowse plants 
and the saplings of Ficus and Flaoourtia are especially stunted by re¬ 
peated feeding. 

Although primarily vegatarians, the tortoises eat many other foods 
if the opportunity arises including feces and the decaying flesh of dead 
land crabs and other tortoises. They are probably attracted to these by 
the stench,and possibly these foods provideadditional sources of water. 
There also seems to be a predilection for red-colored foods. 

Drinking water is generally scarce on the atoll, though In places 
pools are abundant. During the wet season rain puddles provide drinking 
water. When free water is unavailable, tortoises probably supply most 
of their water through metabolism. 

The onset of the rainy season in late October or November triggers 
reproductive activity in the adults and the emergence of the young from 
the nests. Aldabra tortoises are one of the few vocal turtles and male 
mating grunts andbellows can be heard for considerable distances during 
the long mating season extending from February to May. Most copulatory 
attempts observed were unsuccessful, as has also been noted by Grubb 

(1971). 

Fig. 5. Tortoise drinking from algae-covered pond. 
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Nesting occurs fromJune into September, thecoolest, driest months. 
Such a longperiod of time between mating andnesting (possibly sixmonths) 
is rather unusual in turtles other than marine species. The female digs 
and covers the nest, which may be as deep as 40 cm and as wide as 30 cm, 
entirely with her hindfeet. The usual clutch is about 12 (4-28) almost 
round (49.5 x48.5 mm), white to cream colored eggs. The young hatch and 
emerge from the nest shortly after the heavy October rains begin. Gaymer 
(1968) has noted that breeding seems most successful where the eggs are 
laid in guano deposits, possibly due to its moisture content as opposed 
to the dryer soil. Recently the reproductive habits have been studied 
in more detail by Grubb (1971), Frazier (1972), Swingland (1977), and 
Swingland and Coe (1978). 

On Aldabra today one observes only the thinnest slice of time in a 
tortoise history extending back many thousands of years, indeed, fossil 
tortoise bones at several sites on the atoll point to a long period of 
habitation. Turning to the literature we can extend our slice of time 
but slightly intothe past, yet far enough to raise some surprising ques¬ 
tion. To quote Lord Rothschild (1915): "This tortoise has a very great 
though melancholy interest above the rest. . .in being the only one of 
which a few individuals still linger in a wild state. The few still 
living inSouth Island. Aldabra, owe their existenceto thefact that there 
never has been a permanent settlement on Aldabra, andmore especially to 
the dense scrub and mangrove fringe on the island." Why "the few still 
living" at that time? Were even the Aldabra tortoises nearly extinct 
over 60 years ago? Plainly Rothschild thought so, as did others. St was 
not until the 1960s that they were clearly shown to be abundant on Ald¬ 
abra. What had happened? Was the decline real or had no one looked in 
the right places? Over much of Aldabra the terrain is too rough for 
tortoises to exist, but in the platin area of south Aldabra one can not 
possibly avoid tortoises - they are everywhere, about 20 per hectare 
(Bourn and Coe, 1978). 

The decline reported by Rothschild (1915) was apparently real and 
caused by human exploitation of these animals for food. With the advent 
of new canning techniques and refrigerated units, by which enough food 
for an entire trip could be stored on ships, the demand for tortoise 
"steaks" no longer existed, and once again they were unmolested. Even 
though they are rather slow reproducers, they have had enough time to 
repopulate the atoll. 

Today, another question arises. Could it be that the population is 
still growlng and gradually destroying its food reserves so that another 
great decline or crash is inevitable? Bourn and Coe (1978) reported that 
tortoise biomass estimates are far in excess of those for other natural 
tropical ecosystems with similar rainfall, and that in some habitats the 
population exceeds the stable carrying capacity. Also, with increased 
population size there is less opportunity to find the necessary shade 
from the broiling tropical sun. Are more tortoises now dying of heat 
stroke? 

Although they are slow to mature sexually, 17 to 23 years, the tor¬ 
toises may live to 90 years on Aldabra, thus having a long reproductive 
span. Swingland (1977) reported that the low density populations are 
from relatively less food limited environments. They mature earlier and 
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produce larger clutches of larger eggs. These eggs, in turn, hatch out 
larger young which survive better. The opposite is true of tortoises 
from highly populated areas. Possibly thisstrategy wi 11 eventually limit 
population growth. 

It is almost certain that the doings of the tortoises will receive 
close scrutiny from now on (see the papers by Bourn, Frazier, Gaymer, 
Grubb, Honegger and Swingland). In the late 1960s the threatened con¬ 
struction of an Anglo-American air base focused world attention on Al- 
dabra, and the British Royal Society - the world's oldest and most dis¬ 
tinguished scientific body - sent forth an expedition, of which the 
senior author (working as an entomologist) was a member, to learn as 
much as possible of the Aldabran ecology - tortoises included - before 
the anticipated destruction of that ecosystem should become fact. World¬ 
wide protests by conservation!sts coupled wi thdevaluation of the British 
pound sterling led to abandonment of the air base project, yet the ex¬ 
pedition continued with new members and through additional phases, and 
eventually a permanent research station was established there. What 
ever the fate of the tortoises, scientists will be watching and learning, 
hopeful ly wi thout threats of ai r bases and other modern forms of 'progress ' . 
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Miscellaneous Distributional Records for Maryland 

Amphibians and Reptiles 

According to Harris (1975), seven of the amphibians and reptiles 
listed below represent new county and/or physiographic records for the 
state of Maryland. Specimens of six of the species discussed here have 
been deposited in the herpetologica1 collections of the Natural History 
Society of Maryland (NHSM) and Towson State University (TSU). 

Euryoea b, bislineata (A 4775 NHSM). A specimen of this salamander 
was recently received through R. Czarnowsky, and was collected along a 
small creek at the north end of Big Mill Pond (elevation 6.0 m) in ex¬ 
treme south-central Worcester County on 13 April 1977 by D. Hurst. The 
present record is approximately 42 km south-southeast of the only other 
known lower Eastern Shore, Maryland locality, aboutwhich some confusion 
exists as to the site of actual collection. Data regarding this initial 
record (USNM 141312-4; three specimens) are "about 17 miles" (27 km) NE 
Nanticoke, Wicomico County, onMd. Route 249, collected on 30 March 1949 
by R, Mansueti (F.I. McCullough, pers. comm.). As there does not appear 
to be a Route 249 in Wicomico County, the data are probably best inter¬ 
preted as Route 349 (for which Route 249 may be a lapsus), which trends 
in an east-northeast direction from Nanticoke to Salisbury. Such an 
interpretation yields a collection site roughly 4.0 miles (6.4 km) west 
of Salisbury's city limits. 

Euryoea Z. longicauda (TSU i860). A series of five juvenile spec¬ 
imens (range 32-40 mm SVL; mean 35*4 mm SVL) was collected on Race Road 
(AOR) (elevation 60 m), Anne Arundel County, between 2100 and 2400 hrs 
on 4 May 1977 by A. O'Connell and R. Sinners. This is the first record 
of this salamander on the coastal plain of Maryland. The locality, how¬ 
ever, is in close proximity to the Fall Line, being roughly 5.0 km from 
the zone of contact between coastal plain and piedmont. 

Bufo a, amerioanus (TSU 1740). A single American toad was collected 
by J. F. Cover and others in a water-filled depression off All Faith 
Church Road, 1.3 km S JCT All Faith Church Road and Golden Beach Road, 
St. Mary's County, on 4 March 1977. An additional series of six speci¬ 
mens (TSU 1719) was obtained nearby one week later (11 March) in a pond 
along Md. Route 6, 1.6 km E JCT Md. Route 6 and All Faith Church Road. 
Both localities are the first for thecounty and lie in the coastal plain 
at an elevation of 13 m. 

Rana sylvatioa (TSU 1739). A series offour wood frogs was col 1ected 

with the same locality data and date of collection as TSU 1740 above. 
These are also the first specimens from St. Mary's County. 

Soeloporus undulatus hyacinthinus. In an article overlooked by 

Harris (1975), this species was recorded by Mansueti (1958) from the 
Cranesville (Pine) Swamp in extreme west-central Garrett County (eleva¬ 
tion 775 m). It represents the only reported occurrence of this lizard 
on Maryland's Alleghany Plateau, an areacomprising ca. 1950 sq km (Gar¬ 
rett County and extreme western Allegany County). J. A. Fowler, who is 
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listed by the late Mansueti as a field companion, has tentatively in¬ 
dicated (pers. comm.) that to his knowledge no specimens were deposited 
in collections. Five other species recorded by Mansueti (1958) are of 
additional interest in that most represent rarely collected forms on the 
Plateau; all are of significance as records for the Cranesville Swamp, 
as this area has been one of the most frequented by local naturalists. 

Rana catesbeiana. While perhaps generally distributed throughout 
the Alleghany Plateau, this is only the second reported locality. 

Terrapene a, Carolina. This turtle is decidedly uncommon on the 
Plateau, in distinct contrast to the remainder of the state. Harris 
(1975) plotted three other localities for Garrett County. 

Thamnophis s. sauritus. Only one othermapped locality is available 
for the Alleghany Plateau (Harris, 1975). This is based on a sight re¬ 
cord by J. E. Cooper, who found the species along the edge of the large 
pond (5.25 ha) at New Germany State Park, New Germany, Garrett County, 
sometime during 19^8 (J. E. Cooper, pers. comm.). A third locality for 
Garrett County has been supplied by A.W. Norden (pers. comm.), who found 
an individual at a drained pond on the property of Bear Creek Rearing 
Station (trout hatchery), Engle Mill, during the early 1970s. The snake 
was not retained. 

Agkistrodon contortrix mokasen. This species is regarded as un¬ 
common on the A1leghany Plateau of Mary land (McCauley, 19^5;Franz, 1968). 
Four records were plotted by Harris (1975). 

Crotains horridus. While generally distributed throughout the Pla¬ 
teau (Harris, 1975)and reported 5.0 km to the southeast by Franz (1972) , 
no other records are available for the Swamp. 

Evmeces laticeps (R 2335 NHSM). An uncatalogued juvenile (55 mm 
SVL; tail broken)was recently discovered in the collection of R. Franz. 
It was obtained by Franz at McKay's Farm, Taylorsville, Carroll County, 
on 6 November 19&5 at an elevation of approximately 240 m. Details re¬ 
garding its collection are not available, although the record should be 
considered reliable (R. Franz, pers. comm.). This is the first documen¬ 
tation of this lizard in the interior of Maryland's piedmont. Previously 
published localities for Maryland's Piedmont and Appalachian Provinces 
(Fowler, 19^6;Meanley, 1951;Harris , 1975) suggest a northerly dispersal 
from the coastal plain via the Potomac River Valley. 

Diadophis p. punctatus x edwardsi (TSU I636). An example of this 
intergrading subspecies (Conant, 19^6) was collected by the writer from 
under the bark of a dead pine along Wango Road, 1.3 km S JCT Wango Road 
and Md. Route 350, Wicomico County, on 30 April 1977 (elevation 13 m). 
The specimen is apparently the first record for the county and the last 
for the state's 23 counties. 

I thank John E. Cooper, James A. Fowler, Richard Franz, Frances I. 
McCullough and Arnold W. Norden for providing information relevant to 
this note. 

Bulletin Maryland Herpetological Society Page 57 



Volume 15 Number 2 June 1979 

Literature Cited 

Conant, Roger. 
1946. Intergradation 

Jersey and the_ 
Sci, 7(10):473~482. 

among ring-necked snakes from southern New 
Del-Mar-Va Peninsula. Bull, Chicago Acad, 

Fowler, J.A 
1946. A new locality record 

Maryland. Proc, Biol, 
for Eumeces laticeps (Schneider) in 

Soc, Washington 59{33):165. 

Franz, Richard. 
1968. A copperhead from Garrett County, Maryland. Bull, Maryland 

Herp, Soc, 4(3):6l. 

1972. Maryland herpetology. 72-0006. Timber rattlesnake. Bull, 
Maryland Herp, Soc, 5(3) :82. 

Harris, Herbert S., Jr. 
1975. Distributional survey (Amphibia/Repti1ia): Maryland and the 

District of Columbia. Bull, Maryland Herp, Soc, 11 (3):73" 

167. 

Mansueti, Romeo. 
1958. The Cranesville Pine Swamp. Atlantic Hat, 13(2):72-84. 

McCauley, Robert H., Jr. 
1945. The reptiles of Maryland and the District of Columbia. Pub¬ 

lished by the author, Hagerstown, Md., 194 pp., i11 us. 

Mean ley, Brooke. 
1951. Eumeces laticeps (Schneider) in theAl leghanian Zone of Mary¬ 

land. Proc, Biol, Soc, Washington 64(8):59“60. 

—Robert Miller, Museum of Zoology, Touson State University, Towson, 
Maryland 21204, 

Received 4 April 1979 
Accepted 22 April 1979 

Page 58 Bulletin Maryland Herpetological Society 



Volume 15 Number 2 June 1979 

An Instance Of A Desert Iguana Preyed Upon 

By A Loggerhead Shrike 

in compiling an annotated bibliography of the desert iguana, Dip- 
sosaurus dorsalis, I was notable to discover any published observations 
of shrikes as predators. Funk (1965) reported Dipsosaurus preyed upon 
by sidewinders (Crotalus cerastes laterorepens). Van Denburgh (1922) 
reported the prairie falcon as a predator. An actual instance of preda¬ 
tion by a shrike on a 1izard wasprovided by Pickwell (19^7, pi. 59) who 
included a photograph of a Uta stansburiana hesperis (Northern brown 
shouldered lizard) pinned to a willow stem by a California shrike. Mon- 
tanucci (1965) reported theshrike as a known predator of theSan Joaquin 
Valley leopard lizard, Gambelia situs, in western Fresno County, Cali¬ 
fornia. 

During a Mira Costa College field trip to sand dunes just east of 

Palm Desert, Riverside County, California, on9April 1973, several mem¬ 
bers of theclass and i observed oneadu1t and a number ofjuvenile desert 
iguanas, Dipsosaurus dorsalis dorsalis. They were particularly noticed 
by turning over dead bushes of Russian thistle, Salsola kali. Two stu¬ 
dents, Sam Unotoa and James Rosier, were diligently searching the widely 
spaced creosote bushes (Larrea divaricata) when at 1330 they spotted a 
juvenile desert iguana running on the sand dunes for shelter. There 
then suddenly appeared a loggerhead shrike, Lanius ludovicianussonorien- 
sis , which flew in pursuit of thelizard and swiftly captured the lizard 
in its beak. The bird then flew to a nearby creosote bush. Sam Unotoa 
observed that there were two shrikes, actually juveni 1 es,perched in the 
same creosote bush. James Rosier rushed over to the shrike and then 
noticed that the bird could not fly too well, possibly from the weight 
of the lizard, and then caught the shrike with his hands. The bird with 
the Dipsosaurus in its mouth was then displayed to other members of the 
class. At the time of class observation only the lizard's tail was vis¬ 
ible jutting out of the bird's mouth. I tried to dislodge the lizard 
by pulling on the tail. The lizard was too well enlodged and my efforts 
resulted in the tail breaking off. The bird with its prey was then re¬ 
leased in an adjacent creosote bush. In addition to the two juvenile 
shrikes, an adult shrike was also observed in the area, possibly a par¬ 
ent of the two juveniles. The list of predators of desert iguanas should 
include shrikes. 
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Saurophagy in Cnemidophorus hyperythrus 

beldingi Stejneger 

Bostic (1966) provided a detailed analysis of stomach contents of 

Cnemidophorus hyperythrus beldingi from San Diego County, California, 
and Baja California Norte, Mexico. The results indicated that arthro¬ 
pods, primarily Isoptera and Araneae, constituted themain energy source. 

It was interesting, therefore, to discover a hatchling Uta stans- 
buriana hesperis Richardson in the stomach of an adult male C.h. beldingi 
obtained along Nate Harrison Grade in Pauma Valley, San Diego County, 
California, on 11 July 1970. The C. h, beldingi (SDNHM 59^09) has a 
snout-vent length of 63 mm and was captured in a pitfall trap located 
at 1350 feet elevation. The snout-vent length of the slightly digested 
U, s. hesperis is 22 mm. 
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News & Notes 

EARTHWAT@H 
FOR IMMEDIATE RELEASE PLEASE 

. BULLETIN 
For more information contact: 
Stephanie Goldenhill 
(617) 489-3030 

AMATEURS TO HELP SOLVE CARIBBEAN PUZZLE 

Belmont, MA -- Amateur biologists, herpetologists and SCUBA 

divers will be helping scientists solve an intriguing puzzle 

about the animal life in the Caribbean. Participants will join 

J. David Hardy, Associate Curator of Maryland’s Natural History 

Society, on the tiny island of Tobago. Despite its isolation 

from South America, the island supports many mainland species not 

found on other nearby islands. By surveying and collecting 

terrestrial and marine animals, the research team will try to 

find out where these animals came from and how they got to 

Tobago. Participants will live in beach-front cottages on the 

beautiful Man O' War Bay, where they will be in close* proximity 

to the many rivers and mountainous areas which support a 

fantastic array of wildlife. Each participant’s share of the 

costs is $700 and is tax-deductible. 

This expedition is one of the many research projects in wildlife 

ecology EARTHWATCH is sponsoring in 1979. EARTHWATCH is a non-profit 

organization located in Belmont, MA which gives amateurs the 

opportunity to join research projects all over the world, vrorking 

with professionals and sharing the excitement of field research. 

Participants range in age from 16 to 75, and represent a wide variety 

of occupations, but they all share the enthusiasm and the desire 

to work and learn in the field. 

For more information, contact EARTHWATCH, Box 127 M, 10 Juniper Rd 

Belmont, MA. , (617) 489-3030 lOJumper Road. Box 127. Belmont, Massachusetts 02178 (617)489-3030 
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n__society for the study of amphibians and reptiles 

Handbook of Snakes 

VOLUME 3: BIBLIOGRAPHY 
about 200 pages3 with new introduction3 portraitj 6x9 inches 

ALBERT HAZEN WRIGHT and Anna Allen Wright's Handbook of Snakes of the United States and 
Canada was first issued by Cornell University Press in 1957- The accompanying biblio¬ 
graphy, which gives full citations for the literature references abbreviated in volumes 

1 and 2, was not issued until 1962 and published privately by the Wrights themselves. The 
continuing demand for the Handbook caused Cornell to reissue it several times sirjce but 
the bibliography, which is essential to the full use of those volumes, has been unavail¬ 
able for nearly a decade and yet it is absolutely necessary for any comprehensive library 

on North American reptiles. 
The bibliography is a detailed list of 3500 references arranged in several sections. 

There is a general list given chronologically and divided into named periods; a list of 
literature according to life zones and ecological classifications; and finally a geograph¬ 
ic listing by state and province. The extensive bibliography on pitvipers in Klauber's 
Rattlesnakes overlaps only slightly with the Wrights' list so that together these two 
works provide the most complete bibliography of the snakes of North America. 

Prices and Ordering 
SSAR members, if ordered before November 15 . $10 clothbound 

Institutions; Non-members; All orders received after November 15 • $!5 clothbound 

Orders should be placed now; the book will be issued in December 1979- To take advantage 
of special pre-publication rates, SSAR members must send their orders before November 15. 
All orders should be sent to Dr. Douglas H. Taylor, Department of Zoology, Miami Univer¬ 
sity, Oxford, Ohio 1*5056, USA. Please make checks payable to "SSAR"; receipt sent on re¬ 

quest only. Prices include packing and shipping3 world-wide. 

A pricelist of other Society publications can be obtained on request from Dr. Taylor. 
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1979 REPTILE SYMPOSIUM IN KNOXVILLE 

The Third Annual Reptile Symposium on Captive Propagation and Husbandry will 

be hosted by the Knoxville Zoological Park on August 10-11, 1979. Arrangements 

are being made for papers and presentations by many leading herpetologists. 

Registration is $40.00 per person, with special group and single day rates. 

This symposium will immediately precede the SSAR Conference to be hosted by the 

University of Tennessee in Knoxville. 

For further information, contact Howard Lawler, Department of Herpetology, 

Knoxville Zoological Park, P. 0. Box 6040, Knoxville, Tennessee 37914. 

WHAT: Third Annual Reptile Symposium on Captive Propagation and Husbandry. 

HOST: Knoxville Zoological Park Department of Herpetology. 

DATES: August 10-11, 19791 immediately preceding 1979 SSAR Conference in Knoxville. 

SITE: Holiday Inn, 4625 Asheville Highway, Knoxville, Tennessee 37914. 
1-40 East to Rutledge Pike exit south to Asheville Highway, turn left. You 
can't miss- it. 

REGISTRATION FORM. 

Name: 

ZIP 

REPRESENTING: 

Registration for two days includes coffee breaks, one luncheon, and the banquet, 
$40,00 per person. 

Single day registration: $25.00. 

Group registration (over 10 persons): $35*00 per person. 

Make check payable to "Reptile Symposium" and mail to: 

REPTILE SYMPOSIUM check or money order enclosed? 
John Groves, Treasurer 
Philadelphia Zoological Gardens _yes _no 
34th & Girard Avenue 
Philadelphia, Penna. 19104 

A large block of rooms are reserved through July 15, 1979. Contact Holiday Inn, 
4625 Asheville Highway, Knoxville, Tenn. 37914, (615) 637-0440, for reservations. 

*Will you need transportation from the Holiday Inn to the Knoxville Zoo on August 11? 

yes _no 
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Society Publications 

Back issues of the Bulletin of the Maryland 
Herpetological Society, where available, may be 
obtained by writing the Executive Editor. A list 
of available issues will be sent upon request. 
Individual numbers in stock are $2.00 each, un¬ 
less otherwise noted. 

The Society also publishes a Newsletter on a 
somewhat irregular basis. These are distributed 
to the membership free of charge. Also published 
are Maryland Herpetofauna Leaflets and these are 
available at $.05/page. 

Information for Authors 

All correspondence should be addressed to 
the Executive Editor. Manuscripts being sub¬ 
mitted for publication should be typewritten 
(double spaced) on good quality 8^x11 inch 
paper, with adequate margins. Submit original 
and first carbon, retaining the second carbon. 
Indicate where illustrations or photographs are 
to appear in text. Cite all literature used at 
end in alphabetical order by author. 

Major papers are those over 5 pages (double 
spaced, elite type) and must include an abstract. 
The authors name should be centered under the 
title, and the address is to fol low the Li terature 
Cited. Minor papers are those papers with fewer 
than 5 pages. Author's name is to be placed at 
end of paper (see recent issue). For additiona1 
information see Style Manual for Biological 
Journals (1964), American Instituteof Biological 
Sciences , 3900 Wiscons in Avenue,N.W. , Washington, 
D.C. 20016. Price is $6.00. 

Reprints are available at $.03 a page and 
should be ordered when manuscripts are submitted 
or when proofs are returned. Minimum order is 100 
reprints. Either edited manuscript or proof will 
be returned to author for approval or correction. 
The author wi 11 be responsible for al 1 corrections 
to proof, and must return proof preferably wi thin 
7 days. 
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SOME DIETARY AND ECOLOGICAL CONSIDERATIONS OF THE 

COMMON SNAPPING TURTLE IN DELAWARE 

Peter F. Townsend 

ABSTRACT 

The literature on the feeding habits of the Common Snap¬ 
ping Turtle, Chelydra serpentina serpentina, was reviewed. 
Their diet was found to consist of approximately 80% animal 
matter and 20% vegetable matter. These proportions vary with 
habitat, the most carnivorous turtles occurring in lentic eco¬ 
systems. Gamefish and water fowl each constitute under 1% of 
volume of a snapper's diet. Because of their minimal impact 
on gamefish and fowl, and due to the survival pressure caused 
by turtle trappers, conservation measures are not recommended 
in Delaware waters. 

Lotic, lentic, and estuarine ecosystems, in addition to abundant 
deciduous and coniferous forests, make Delaware capable of supporting a 
wide diversity of herpetofauna. Included are some fourteen species of 
anurans, eleven of salamanders, and thirty-six of reptiles, including 
nine species of turtles (Conant, 19^7). The common snapping turtle, 
Chelydra serpentina serpentina, is the 1 argest of Del aware1 s semi-aquatic 
turtles, both in size and in number (Arndt, 1975). Fossil evidence of 
C. serpentina in the Chesapeake and Delaware bay areas dates back to the 
Pleistocene epoch, 10,000 years B.C. (Schwartz, 1967). The turtles ex¬ 
ploit all types of fresh water communities, and also range into slightly 
brackish water, as in the Odessa Tidal creeks and Bombay Hook Wildlife 
refuges (Conant, 19^7; Schwartz, 1967). Contrary to reports by turtle 
trappers, the alii gator snapping turt 1 e, Maoroolemys temminoke, has never 
been observed in Delaware. Its northernmost limit on the eastern sea¬ 
board is southern Georgia (Conant, 1976). 

A diversified diet enables thesnapping turtle to exploit a variety 
of niches, although it prefers lentic habitats wi thmany obstructions to 
serve as cover (Froese S Burghardt, 1975; Froese, 1978; Lagler, 19^3: 
Punzo, 1973). Surface (1908) was the first to report on the stomach con¬ 
tents of snapping turtles. The analysis of ingested materials has since 
been correlated with type of habitat, and,all findings have been essen- 
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tially the same (Coulter, 1957; Gibbons S Tinkle, 1969; Lagler, 1943; 
Pell, 1940; Penn, 1950; Punzo, 1973). Generally, fish comprise 39% of 
a snapping turtle's diet, ranging from a high of 69% in lakes to a low 
of 18% inswamps. Crayfish constitute only 8% of volume of food ingested, 
but it is the most frequently eaten invertebrate, occurring in 37% of 
all stomachs analyzed, and it often surpasses the volume of fish inges¬ 
ted by turtles taken from a lotic ecosystem (Penn, 1950). Mammals com¬ 
prise 7% of a turtle's diet by volume. In general water fowl constitute 
2% of the volume, although this figure has a wide range, depending on 
what study is read. Plants comprise 20-30% of the volume. This percen¬ 
tage varies with the nature of the habitat where the snapping turtles 
occur. Ten per cent of the volume is usually unidentifiable matter. 
Correlation of food and habitat is summarized in Table 1. 

Table 1. Correlation of stomach contents and habitat 
(from Pell (1940) and Maurice (1943)). 

Habitat Fish Plants 

Percent Volume 

Crayfish Mammals Birds Unknown 

Lakes 69 13 10 3 0 5 

Ponds 42 35 6 3 0 14 

Streams 32 36 11 12 2 7 

Swamps 18 59 4 9 2 8 

Total 38 37 8 7 1 7 

These results can be interpreted to mean that a snapping turtle' 
feeding habits are determined by the flora and fauna immediately avail¬ 
able (Gibbons & Tinkle, 1969; Lagler, 1943; Maurice, 1943). Lagler, 
(1943) observed that when the usual prey organisms are not abundant, 
snappers will occasionally become cannibalistic. 

There seems to be some confusion in the literature as to whether 
carrion or fresh meat is preferred by snapping turtles. Pell (1940) and 
Schwartz (1967) cited a preference for carrion. Lagler (1943), Arndt 
(1975), Conant (1947), and Maurice (1943) state explicity that there is 
a preference forfresh bait. Lagler (1943) added that carrion older than 
six days was avoided by the turtles. My own observations and the re¬ 
ports of trappers interviewed indicate that snapping turtles show a marked 
preference for meat less than 24 hours old. 

The ecological impact of predators on gamefish and water fowl has 
raised some questions as to whether snapping turtle populations should 
be controlled. Stomach content analyses have shown an average of 0.8 
gamefish per turtle (Hammer, 1943; Lagler, 1943; Maurice, 1943; Pell, 
1940; Punzo, 1973), an almost negligible effect on gamefish population. 
Furthermore, certainly part of thefish was eaten as carrion, minimizing 
even more the predatory effect on fish. 
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The impact on water fowl is somewhat more significant. Coulter 

(1957) estimated that, at a density of 2 ducks/HA., snapping turtlepre- 
dation can remove an estimated 13% of the duckling population over a 
sampling period of 25 days with an average of 60 turtles per/HA (Froese 
S Burghardt, 1975; Mayor, 1975). At periods of low water, there is an 
increase in duckling predation (Coulter, 1957). The body weight of the 
turtle is often directly proportional to the number of adult fowl taken 
(Spellett, 1973). The average frequency of water fowl taken is 3 birds/ 
turtle. Coulter (1957) also reports that surface feeding ducks were taken 
twice as often asdiving ducks. This would tend to affect duck population 
mostly from the Silver marsh, Delaware City marsh area, and all inland 
tidal creeks where thepuddle duck populations are most dense. Mammalian 
prey is virtually limited to muskrats or an occasional mouse that ven¬ 
tures across a farm pond. Although mammalian flesh contributes 7% to a 
snapper's diet, the effect on the muskrat population is minimal. Areas 
with a high density ofturt1es show no perceptive decrease in the average 
number of muskrats trapped. 

Snapping turtles fall prey mostly to man, although predation of 
other mammals on the nests is heavy; Norway rats and raccoons prey on 
newly laid eggs, and can eliminate 45% of the population (Arndt, 1975; 
Hammer, 1969). 

The suitable habitats forturtles in Delaware are not being elimin¬ 
ated by progress or pollution, as is thecase in many other parts of the 
country. Due to the large demand for snapping turtle meat in the Phil¬ 
adelphia and Baltimore fish markets, man is the most voracious predator 
of the snapper. Nevertheless, the population in Delaware is still in 
equilibrium. In accordance with other studies (Coulter, 1957; Lagler, 
1943; Mayor, 1975; Maurice, 1943; Punzo, 1973; Spellett, 1973), popula¬ 
tion conservation in areas with high densities of gamefish and water 
fowl is not recommended. Hopefully, ifenvironmenta1 selection pressures 
stay as they are, the snapping turtle will remain as one of Delaware's 
natural assets. 

Literature Cited 

Arndt, R.G. 
1975. Turtles of Delaware. Delaware Conservation Magazine, 19 (l) 

: 10-15. 

Conant, R. 
1947. VI. Reptiles andamphibians in Delaware, pp. 23-25. In: Del¬ 

aware, a history of the first state. Lewis Historical Pub¬ 
lishing Co,, Inc,, New York, 

1975. A field guide to reptiles andamphibians of eastern and cen¬ 
tral North America. Houghton Mifflin Co,, Boston, xviii + 
429 pp. 

Coulter, M. W. 

1957. Predation by snapping turtles upon aquatic birds in Maine 
marshes. J, Wildlife Management, 21(1):17-21. 

Bulletin Maryland Herpetological Society Page 67 



Volume 15 Number 3 September 1979 

Froese, A.D. and B. M. Burghardt. 
1975. A dense natural populat ion of common snapping turtles (Chely- 

dra serpentina serpentina). Herpetologica, 31(2):205-208. 

Froese, A.D. 
1978. Habitat preference of the common snapping turtle (Chelydra 

serpentina serpentina). J, Herpetology, 12(\) :53~53- 

Gibbons, W. S. and D. W. Tinkle. 
1989. Reproductive variation between turtlepopulations in a single 

geographical area. Ecology, 50:3hQ~3k]. 

Hammer, A. D. 
1969. Parameters of a marsh snapping turtle population, La Creek 

Refuge, S. Dakota. J. Wildlife Management, 33(4):995~1005. 

Lagler, K. F. 
1943» Food habits and economic relations of the turtles of Mich¬ 

igan with special reference to fish management. Am. Midi. 
Nat., 29 (2) :257~312. 

Mayor, P.D. 
1975. Density ofsnapping turtles (Chelydra serpentina) in western 

West Virginia. Herpetologica, 31:332. 

Maurice, A. M. 
1943. Food habits of the common snapping turtle in Connecticut. 

J. Wildlife Management, 7(3):278-282. 

Pell, S. M. 
1940. Notes on the food habits of the common snapping turtle. Co- 

pia, 1940(2) : 131. 

Penn, G. H. 
1950. Utilization of crawfish by cold-blooded vertebrates in east¬ 

ern U.S. Am. Midi. Nat. 44:643-658. 

Punzo, F. 
1973. Studies of the feeding behavior, diet, nesting habitat, and 

temperature relations of Chelydra serpentina osleola. J. 
Herpetology, 9 (2) :207~210. 

Schwartz, F. J. 
1967. Maryland turtles. Uni. Maryland Nat. Resources Inst. Educ. 

Ser. (79):1-38. 

Spel1ett, J. J. 
1973. Ecological relations of water fowl and snapping turtle pop¬ 

ulations. Dis. Abstracts, 34B(1):178. 

Surface, H. A. 
1908. First report on theeconomic features of the turtles in Penn¬ 

sylvania. Pa. Dept. Agriculture, Div. Zool., Zool. Bull., 

6(4&5) : 186-195. 

Page 68 Bulletin Maryland Herpetological Society 



Volume 15 Number 3 September 1979 

Department of Environmental Population and Organismio Biology, 
University of Colorado, Boulder, Colorado 80309 

Present address: 1211 Stoney Run Drive, Wilmington, Delaware 19803 

Received 2 January 1979 
Accepted 28 January 1979 

Bulletin Maryland Herpetological Society Page 69 



Volume 15 Number 3 September 1979 

THE LESSER AFRICAN ROCK PYTHON 

Tracy J. Miller and Hobart M. Smith 

During the past year at least six specimens and possibly more of a 
strange python have been imported into the United States from Jonathan 
E. Leakey in Nakuru, Kenya, East Africa. Three of them came into the 
possession of the first author in January 1979, and considerable infor¬ 
mation on others has been kindly provided by their owners. All are very 
similar in appearance, and a 1 so basica1ly s imi1ar to Python sebae (Gmelin), 
but they also differ from the 1atter species in numerous ways, involving 
structure, color, pattern and biology. We are convinced that they re¬ 
present not a variant of sebae but a distinct entity. Geographical or¬ 
igin of the specimens is the vicinity of Mwingi, Kenya. The specimens 
were taken within the known range of sebae and therefore represent a 
species sympatric with sebae. 

Determination of the identity of this species has defied our every 
effort. It is certainly not referable to Python anahietae Bocage or P. 
regius (Shaw), the only species other than P. sebae presently known to 
occur in Africa. Fitzsimons (1962: 9*0 and Stimson (1969: 31) have pro¬ 
vided excellent synonymies for sebae. Its synonyms (i.e., Coluber spec- 
iosus Bonnaterre^ 1789; Boa hieroglyphica Schneider, 1801; Python hout- 
tuyni Daudin, 1803; Python natalensis Smith, 1840; Heleionomus variega- 
tus Gray, 1842; Python liberiensis Hallowell, 1845) were either proposed 
early, in ignorance of Gmelin's earlier name, or in the case of the 1842 
and 1845 names, on the basis of material clearly referable to sebae and 
not to the present species. Gray's variegatus (1 atersynonymized by him¬ 
self with the name he was then accepting for the African rock python, 
namely natalensis) from unknown locality, and Hallowell's liberiensis 
are both eliminated from consideration by possession of large scales in 
the frontal and prefrontal area. 

Pitman's Python jubalis of 1936, from the Juba River, is a nomen 
nudum (Stimson, loo, cit.) and may wel 1 have been applied to this species. 
Pitman's recent review of the snakes of Uganda (1974: 67) mentioned only 
that jubalis is a nomen nudum in accordancewi th Loveridge's (1957: 248) 
appraisal. Therefore, even i f thename was applied to the present species, 
it is not nomenclaturally occupied. See further remarks under Range. 

Thus it is apparent that no name is available for the taxon repre¬ 
sented by the present specimens and that we regard as distinct. We accord¬ 
ingly here propose a name for it, although we keenly regret the uncer¬ 
tainty of the entire range of the species. We also recognize the pos¬ 
sibility that what we interpret as a distinct species may prove to be a 
result of some genetic anomaly, suchas polyploidy, although since males 
are represented it isat least not a case of parthenogenetic polyploidy. 
The apparent constancy or near-consistency of a large number of presum¬ 
ably distinctive characteristics in the reasonably large total sample, 
and the failure of the numerous sebae we have seen to conform with them 
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in any way, convince us that a valid taxonomic entity is entailed. We 

name i t 

Python saxuloides sp. nov. 

Holotype. Univ. Colorado Museum (UCM) 51932, female, presumably sub¬ 
adult, from the vicinity of Mwingi, Kenya. Obtained from Jonathan E. 
Leakey. Paratypes. Two, UCM 51933“4, female and male respectively, both 
presumed subadults; source same as forholotype. All specimens at present 

alive. 

Piagnos ? s-Defin? tion. A moderate-sized species, apparent maximum total 
length about 4-5 m, reaching sexual maturity at apparently 2-2.5 rn; sim¬ 
ilar otherwise to Python setae (which reaches at least 7 and perhaps 8 m, 
and becomes sexually mature at about 3“3.5m) except: sealesposterior to 
anterior prefrontal area small, subequal in size, 3“6 between anterior 

supraoculars, 6-7 between posterior supraoculars, 9-11 between upper 

postoculars; scalesaround eyes relatively nearly uniform in size, supra¬ 
oculars and preoculars not greatly larger than suboculars; interorbital 
distance about 80% orbitorostral distance, over 70% distance between 
rostral andrictus oris;eyes nearly vertical in dorsal view; iris black, 
pupil scarcely distinguishable;3 supra 1abials contact i ng circumorbitals; 
subocular darktriangle (asof setae) reduced to a small round dot, smaller 
than eye, surrounded by a white area extending from preocular area below 
the orbitonasal 1 i nediagona1ly to 1ip and backward to rictus oris; post¬ 
orbital dark linenarrower than eye-diameter, ending just above and curv¬ 
ing behind rictus oris; yellow supraocular-temporal line broader than 
eye, continuous posteriorly with ground color behind rictus oris, orig¬ 
inating in anterior prefrontal area; loreal dark area continuous anter¬ 
omedial ly across dorsal surface of snout, involving internasals and an¬ 
terior prefrontals, on lip extending between a dark vertical bar on 
suture between 1st and 2nd supralabials and another on 7th supralabial; 
posterior edge ofloreal dark zone essentially convex; no subnasal light 
line; throat moderately black-flecked throughout, no blotches on infra¬ 
labial area; a near 1 ycontinuous dark 1 ineconnecting dorsolateral series 
of dark spots but enclosing a series of light spots extending throughout 
length of body; dark spots in median series reduced to dark crossbars, 
each only somewhat expanded medially, or not at all, and irregularly 
fused with dorsolateral 1 ine; therefore a median series of 1ight blotches 
but 1 i ttlenarrowed at midline; lateral vertical bars separated from each 
other by 2-4 times their own 1ength, posteriorly fused with dorsolateral 
dark line,often expanded and enclosing a central light spot at point of 
junction, not prominently dark- and light-edged posteriorly, fading an¬ 
teriorly, but more or less uniform, narrow; dorsal caudal light stripe 
confined to base of tail, broken irregularly over rest of tail; ventral 
surface of tai1 with a median 1ight stripe. Temperament usual lymiId, body 
relatively slender. 

Description of holotype. Median head scales uniformly small, 6 be¬ 
tween anterior pair and 7 between posterior pair ofsupraoculars, 11 be¬ 
tween upper postoculars; circumorbitals subequal in size, suboculars 
relatively large but supraoculars and preoculars not greatly larger; 
total circumorbitals 10,11; preoculars 2,3; postoculars 4,4; suboculars 
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2, 2; supraoculars 2,2; supralabials 14-14, infralabials 19“19; rostral 
pitted on both sides; 1st and 2nd supralabials pitted; infralabials with 
pits 2-4, 13-16 on one side, 2-4, 12-15 on other; scale rows 64-84-50; 
ventrals 278; caudals 72. Total length 160 cm, tail 19 cm; width of head 
at midorbital level, 20 mm; rictus oris to tip of snout (straight line) 
45 mm; midorbit to tip of snout (straight line) 25 mm. 

Ground color of body light, yellowish olive green, more whitish to¬ 
ward belly; dark markings chocolate brown, edged with blackish brown; 
dorsal and dorsolateral dark zone covering about 40 medial scale rows; 
lateral vertical bars separate from dorsal dark zone on anterior three- 
fifths of body, mostlv fused to it posteriorly, with no exceptions in 
anterior andposterior quarters of body , somevariat ion medially; anterior 
part of dorsal dark zone composed ofeight crossbars, little fused long¬ 
itudinally, somewhat irregular in shape, with little enclosure of light 
spots; following these 8 bars, dark markings continuously fused and en¬ 
closing a rather regular dorsolateral series of light spots on each 
side, and a central series of larger light spots; enclosed dorsolateral 
light spots closely coinciding inposition with lateral dark bars. Belly 
and throat whitish, profusely dark-flecked; flecks underthroat smaller. 
On tail, dorsolateral darklines fused irregularly across middorsal light 
line, this latter discontinuous over most of tail length; lateral caudal 
dark bars extending onto ventral surface of tail but not fused there, 
leaving a continuous longitudinal medial white line. 

Tip of snout light between a dark line on each side along suture 
between 1st and 2nd supralabials; central dark arrowhead on head with a 
small postparietal light spot and continuous with a pair of nuchal dark 
blotches largely enclosing a Y-shaped light central spot; iris black, 
pupil scarcely visible. Pattern otherwise as in Diagnosis-Definition. 
Very docile, mi 1d-tempered, body relatively slender (15 cm maximum cir¬ 
cumference) . 

Variation. The two paratypes are essentially identical with the 
holotype in color and pattern, except that in 51934 the light blotches 
enclosed between the dorsolateral dark zones tend to be vertebral in 
position, narrow and elongate, and all the dark markings are darker, 
virtually black. Respectively (nos. 51933“4) they have the following 
scale counts and measurements: total scales around eye 9“10, 11-12; 
preoculars 2-2, 2-3; postoculars 3“4, 5"5; supraoculars and suboculars 
2-2, 2-2; scales between anterior supraoculars 3 and 5, between posterior 
supraoculars 6 and 7, between dorsal postoculars 9 and 11; 3supralabials 
contacting circumorbital s on bothsides of both; supralabials 14-14, 14- 
14; infralabials 20-19, 20-19; sea 1erows 69-89“52, 64-86-55; total length 
160, 162 cm; tail 19*5, 18 cm; intermidorbital width 20, 18 mm; rictus 
oris to rostral, 45, 43 mm (straight line); midorbit to rostral 25, 23 
mm (straight line). One paratype mi 1d-tempered; the other vicious, both 
slender-bodied (15 and 14.5 cm maximum circumference, respectively). 

Comparisons. Python sebae is obviously the most closely similar, 
and presumably the most closely related species, to saxuloides. It dif¬ 
fers in many ways, however, from the latter species (saxuloides charac¬ 
ter-states in parentheses): (1) minimum scales between supraoculars 2 
(3); (2) supraoculars and preoculars much larger than--x 4-5 times-- 
other circumorbital scales (x 2-3 times); (3) only 2 supralabials con- 
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tacting circumorbitals (always 3); (4) subocular dark triangle often 
contacting orb i t,much 1argerthan eye, separated on each side by a narrow 
light line from loreal and postocular dark marks (smaller than eye, not 
contacting orbit, surrounded on all sides by a much larger light area); 
(5) postorbital dark mark broader than eye diameter (narrower); (6) 
supraocular-temporal light 1ine not extending broadly onto lateral gular 
region, but narrowly continuous between large dark blotches with light 
ventral color (widened in lateral gular area, not partiallyf blocked by 
dark blotches); (7) supraocular-rostral light line originating at tip 
of snout (in anterior prefrontal area); (8) loreal dark area separated 
from median dark arrow on top of head by supraocular-rostral light line 
(united); (9) a prominent diagonal subnasal light line (absent); (10) 
loreal dark area confined at lip between 2nd and anterior edge of 4th 
supralabial (much wider, rostral to anterior edge of 6th supralabial) ; 
(11) rear edge of loreal dark area diagonally straight or concave (con¬ 
vex); (12) throat and under side of head white, unmarked, except for 
large lineate blotches on infralabial area, sharply distinct from pro¬ 
fusely black-flecked ventral surfaces posterior to throat (throat and 
underside of head b1ack-f1ecked much like rest of ventral surface of 
body, but no blotchlike marks on infralabial area); (13) a continuous 
dorsal caudal 1ight stripe (discontinuous, absent except at base of tail); 
(14) subcaudal surface irregularly mottled, no continuous light line 
(dark markings largely confined to sides, leaving a nearly straight, 
continuous subcaudal light line); (15) light edging of dark marks on 
body inbold relief against dark ground color aswell asdark marks (light 
edging poorly defined, ground color but slightly darker); (16) dorso¬ 
lateral dark line or zone enclosing a very few, scattered light spots 
(enclosing numerous light spots,almost full length of body); (17) light 
spaces enclosed between dorsolateral dark lines or zones large, often 
continuous, commonly narrowed centrally and expanded anteroposteriorly 
in paravertebral area, much more extensive than dark areas between dor¬ 
solateral dark zones (small, highly irregular but much less extensive 
than dark areas, not expanded); (18) iris brownish, pupil readily dis¬ 
tinguishable (black, pupi 1 scarcely distinguishable); (I9)eyes obliquely 
positioned as seen in dorsal view, much exposed (nearly vertical, only 
apex exposed); (20) intermidorbital distance narrow, about two-thirds 
distance from midorbit to snout, less than 40% distance from rict.usoris 
to tip of snout (broader, about three-quarters or more of distance from 
midorbit to tip of snout, more than 40% distance from rictus oris to tip 
of snout); (21) heavy-bodied (slender-bodied); (22) sexual maturity re¬ 
ached at about 300-350 cm, although maximum perhaps near 700 cm (200- 
250 and 450-500 cm); (23) invariably vicious, with rare exception of a 
few raised in captivity from hatchlings (only 1 in 6 vicious). 

No structural differences, other than size of median head scales, 
position of eyes, slenderness, relation of circumorbitals and supra- 
labials, and interorbital proportions, as noted above, are apparent in 
comparison with data in Fitzsimons (1962) , Pitman (1974) and elsewhere. 
Perhaps not even those differences are fully distinctive, as Fitzsimons 
and numerous others have noted that although a pair of frontals is the 
rule, they "may be broken up into smaller shields". We suggest that on 
the contrary, the differences we have observed in this and other struc¬ 
tural characters in saxuloides (including three specimens not included 
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in the type-series) and in illustrations and numerous specimens examined 
of sebae are actually species-specific, and that the "variation" noted 
by others is a product of failure to distinguish the two species. The 
extremely large number of pattern and color differences, even though 
some are perhaps subject to some intraspecific variation not evident in 
our modest samples, is impressive collectively and, more importantly, 
in their constancy throughout our series of 6 saxuloides and numerous 
sebae, including many published illustrations. 

Although it is unduly presumptuous to assume that all of the dif¬ 
ferences apparent inthe small series avaiTable to us are infallibly con¬ 
stant, it would be difficult not to regard these differences, in their 
number and constancy, as alone indicative of taxonomically distinct pop¬ 
ulations. Clinching evidence however comes fromthe combination of those 
distinctions with an apparent remarkable disparity in maximum size and 
in size at sexual maturity. It appears that the specimens we regard as 
representing a distinct taxon here named saxuloides are past the peak 
of rapid growth and near sexual maturity at 160 cm total length--a size 
at which sebae is still growing rapidly and far from sexually mature. 
When first received in this country by Mr. Jerry Tresser of Reptile Col¬ 
lectors, Inc., the specimens measured 110-120 cm total length, and were 
no doubt 1-2 years old. At their present length they are 2-3 years old, 
and in another year could be expected to reach 190-200 cm. This growth 
rate is distinctly slower than that of sebae, although our specimens have 
been fed liberally at least during 1979 (minimally from July to December, 
1978), suggesting the slowing rate of growth expected with approach to 
sexual maturity. In contrast, a hatchling sebae obtained by the first 
author at the same time as the saxuloides types has quadrupled its length 
in the same span of time and is still growing rapidly. Furthermore, the 
rate of moulting has dropped in the types of saxuloides from 3~wk to 6- 
wk intervals, whereas the rate in the sebae has remained the same, at 
about 4-wk intervals. This is a disparity also that is expected only in 
association with approach to sexual maturity. 

We are also impressed with the marked difference between sebae and 
saxuloides in temperament, as our experience and that of our colleagues 
reveals a virtually invariable viciousness in sebae , whereas 5 of our 6 
observed saxuloides are very docile. 

Range. The "biological" evidence combined with structural (includ¬ 
ing pattern and color) evidence provides a convincing case for the con¬ 
clusion we have reached that two species are involved. Mr. Jonathan E. 
Leakey reports finding saxuloides in the vicinity of Mwingi, Kenya, a 
"very dry and torrid area, where Savannah Monitors and burrowing snakes, 
such as sand boas are also found. Python sebae have been collected in 
the same area." The proposal by Pitman of thenomenclaturally unoccupied 
Qubalis for some distinct relative of sebae occurring in thevicinity of 
the Juba River in Somalia and Ethiopia suggests the possibility that his 
form is the same as saxuloides. However, many photographs of so-called 
"African Rock Pythons" exist in the literature, and some clearly depict 
saxuloides, not sebae, adding significantly to the knowledge of both. 
An example is pi. 3 in Parker and Grandison (1977), showing a specimen 
apparently of about the same size as our type-specimens; no locality is 
cited. A somewhat larger specimen is illustrated in the pi. facing p. 
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104 in Isemonger (1962). Another seemingly of about the same size as 
ours is illustrated on p. 105 of Kondo et al. (1972). A ten-foot speci¬ 
men isshown on pi. 2 (p. 163) of Sweeney's review of thesnakes of Nyasa- 
land (1961). Lanworn (1972) gives (p. 19) a photograph in color of a 
saxuloides that appears to be of about the same size as the types, as 
well as two of 3 specimens of sebae (pp. 60-61, 113). The 1argestspeci- 
men we have found illustrated is shown in Fitzsimons (1930: opp. p. 62, 
lower fig.); no size is given but the snake is said to contain a half- 
grown leopard, and appears to be perhaps 12-14 ft. in length. These 
photographs reinforce the impression that saxuloides is distinctly more 
slender-bodied than sebae, although thedifference is difficult to quan¬ 
tify satisfactorily. The species is thus one that has long been accessible 
-it simply has not heretofore been recognized as distinct from sebae. 
No doubt several examples of true saxuloides exist at present in zoos 
and museum collections all over the world, all masquerading as sebae. 
The abundance of references to it in the literature makes it unlikely 
that the species has a very restricted range, particularly since the 
species is illustrated explicitly as a part of the fauna of at least 
South Africa and Nyasaland (now Malawi). The other evidence suggesting 
its presence in Kenya, Uganda, Somaliland and Ethiopia contributes to 
an emerging picture of a wide-ranging species occurring throughout most 
of the eastern part of Africa, at least from Cape to Horn and therefore 
extensively sympatric with sebae, of which it may properly be regarded 
as a cryptic associate. 

Remarks. The photographs published elsewhere also indicate that 

saxuloides reaches a moderately large size, perhaps to the 12-14 foot 
range. Our own observations on growth rate substantiate the supposition 
that it does not grow as rapidly or reach as large a size as sebae, and 
that it reaches sexual maturity at a smaller size. 

It may be noted that existence of a sympatric cryptic species pair 
of moderate to large pythonids, as we here postulate for Africa, finds 
a precedent in the complex of species of Eunectes in South America (at 
least of deschauenseeii, bavbouri and m. murinus near the mouth of the 
Amazon), as analyzed by Dunn and Conant (1936), although the extent of 
sympatry we postulate is far greater. 

We are persuaded to name and describe the present species despite 
uncertainty of its range in order to bring attention to the problem, in 
the hopes that additional information thus adduced may provide the de¬ 
sired conclusivity. These conspicuous snakes are of sufficiently broad 
interest that concerted attention to such a major and basic taxonomic 
problem is fully justified. 

The name saxuloides isderived fromthe Latin saxulum, meaning "little 
rock", combined with the suffix -oides , meaning "like" or "similar to". 
We use the word as an adjective, in allusion to the general impression 
that thespecies towhichwe apply it is essentially, or is like, a small 
rock python. We suggest the English vernacular "Lesser African Rock 
Python" for it. 
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Fig. 1. Left, holotype of Python saxuloides ; right a Python sebae of 
approximately same size (obtained as a hatchling at same time 
as the saxuloides, still growing rapidly). 
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Fig. 2. Top of head, Python saxuloides , holotype. 

Fig. 3* Top of head, Python sebae. 
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Fig. 4. Side of head, Python saxuloides, holotype. 
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Fig. 5. Side of head, Python sehae. 
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Fig. 6. Underside of head, Python saxuloides, holotype. 

Fig. 7. Underside of head, Python sebae. 
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Fig. 8. Dorsal surface of tail, Python saxuloides , holotype. 

Fig. 9. Dorsal surface of tail, Python sebae. 
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Fig. 10. Subcaudal surface, Python saxuloides, holotype. 

Fig. 11. Subcaudal surface, Python sebae. 
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The authors are knowingly violating several precepts of highest 
standards for taxonomic publication in presenting this account. The 
editors, Society and journal referees should not be held responsible in 
any way for those violations, which have been clearly pointed out to 
the authors, who in turnhave defended their exceptions tostandard policy 
on the basis of circumstantial exigency. !n deference to the authors' 
defense and in the interest of the possibly resultant clarification of 
exigencies that may be generally accepted to justify exceptions such as 
this, the account is here published as submitted. 

Author Defense 

The foremost violation of custom is the designation of a living 
specimen as holotype; indeed, the entire type-series consists of living 
specimens. Tobesure, theauthors intend thatal1 of thetype-series ulti¬ 
mately be given to respected public museums, but obviously that intent 
could be thwarted by any of dozens of possible events. Not until the 
specimens arepresenved and finally housed can their destiny be acceptably 
assured. However, these animals are extremely valuable per se, quite 
aside frombeing types; theyeachcost $250 and their value has increased 
steadily. They could well be valued at $500 each. No museum has funds 
for purchase of such expensive specimens, even types. 

The purposes of museum accession of types are to document the accu¬ 
racy of published accounts and to permit other workers not only the as¬ 
surance of verification but also the opportunity to explore possible 
areas significant in taxonomic appraisal not exploited originally. In 
past eras when descriptions were usually brief, and even at the present 
time when dealing with taxa evaluated by characters predominantly sub¬ 
jective in both validity and measurement (as is true of most amphibians, 
for example), types are vital for name fixation. Snakes, however, can 
be very objectively portrayed, so that thoroughdescription and i 1 lustration 
of types greatlyminimizes the real value of the convention of immediate 
and ready type-accessibility. We think we have acceptably served the 
real purposes that have led to that convent ion, by the alternative route 
of detailed portrayal of a species particularly amenable to such treat¬ 
ment. We fully agree that ideally ready accessibility of types should 
be immediately assured, but in this particular case,that does not permit 
such assurance, we are serving the same basic purposes of good taxonomy 
at an acceptably practical level by providing detailed descriptions and 
illustrations. The established nomenclatura1 protocol permits erection 
of a neotype in case the living type is accidentally destroyed or lost. 

It should be pointed out that circumstances have been accepted 
occasionally even in the recent past asjustifying proposal of new species 
with living types. Dunn and Conant so named Eunectes barbouri and E. 
desohauenseei, both based on a single specimen of only "probable" pro¬ 
venance from the island of Marajo. Nessiteras rhombopteryx Rine was 
named even without a captured living specimen. None of these authors, 
all eminent scientists, would regard their violations of highest stan¬ 
dards as desirable; they simply made the best possible of limiting cir¬ 
cumstances . 
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The authors feel that establishment of a breeding colony of saxu- 
loides , in order to obtain important reproductive data from adults and 
growth datafrom neonates, i sof a higher priority thansacrificing speci¬ 
mens for museum collections. Due to the low number of specimens available 
to us at the present time we feel it would be unwise to diminish our 
breeding colony any further. 

Since we think thatother specimensexi st inmuseums and in collections 
of live animals, a survey ofsuch repositories would obviously be desir¬ 
able. We do not have the financial resources to visit likely museums, 
however, nor would curators welcome the prospect of shipping bulky ma¬ 
terial for our inspection. We furthermore do not regard additional ma¬ 
terial as vital to our simple objective of pointing out the existence 
of a cryptic species hitherto confounded with Python sebae. 

In like manner we readily admit thatmuch more study of the problem 
will be required, both in the field and in the laboratory, to establish 
firmly the taxonomic status of the sample we hypothesize represents an 
hitherto unrecognized and unnamed species. We are certainly not in a 
position to carry out such studies, but there is every reason to provide 
others who can with the impetus to pursue it. Certainly in the ideal 
situation a full study of thebiology as well as external morphology and 
variation isdesired by every systematist, in proposal ofany new species, 
but seldom is that possible. The present case is even more exceptional 
in the large size of organism, remoteness from most centers of herpeto- 
logical study, andextensive apparent range. It is about as far from our 
personal potential forfull solution as it is possible to get. To expect 
that all answers pertinent to the "species" (as we interpret it) be an¬ 
swered at the outset is to expect the impossible. Status, phylogeny, 
ecological relations andbiology are large problems on which many people 
over many years must work to provide answers. 

In the meantime there is no reason to withhold announcement of our 

interpretation of the animals in question, or of our nomenclatural con¬ 
clusions. Nothing stimulates further work like revival or proposal of 
a name for a given supposed taxon. 

Statistical analyses of the data available to us would add nothing 
to the validity of our conclusions, particularly because of the small 
sample size of saxuloides (even though large enough toprovide subjective 
confidence ofvalidity) , and al so because of the small size of the sample 
available to us for scale counts of sebae. The differences are exten¬ 
sively in pattern, which cannot be readily tested statistically, but for 
which large numbers of 1iterature-reported specimens, mostly of sebae, 
were available. Those numbers cannot bedetermined, but certainly amount 
to over a hundred sebae and perhaps a dozen saxuloides. 

We thus regard our account as here presented the very best that 
circumstances permit, and that it is fully adequate to justify the con¬ 

clusions given. 

T.J.M. and H.M.S. 
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A Large Copperhead,, Agkistrodon c. mokaserij 

from Maryland 

On 3 August 1978 a large copperhead, Agkistrodon o. mokasen, was 
found dead on Dublin Road near the Wellington Wildlife Management Area, 
Princess Anne, Somerset County, Maryland. It was found by personnel of 
the Maryland Wildlife Administration. The specimen measured 46.5 inches 
in length. It is presently in the possession of the Maryland Wildlife 
Administration. 

—Steve Dawson, Maryland Wildlife Administration, Tawes State Office 
Building, Annapolis, Maryland 21401. 
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A New County Record for the Wood Frog, Rana sylvatica 

sylvatica, in Maryland 

The wood frog, Rana sylvatica sylvatica Le Conte,has been reported 
from every county in Maryland except St.Mary's on the Western Shore and 
Dorchester on the Eastern Shore (Harris, 1975). Despite these absences 
and only a fewrecorded localities inTalbot, Caroline and Wicomico Coun¬ 
ties , wh i ch surround Dorchester, thewood frog has generally been assumed 
to occur statewide (Harris, 1975). We discovered both egg masses and 
tadpoles of this species during a spring 1979 herpetological survey in 
the vicinity of the Vienna Steam Electric Station, Dorchester County 
(Johnson and Van Deusen, 1979). This locality constitutes a county re¬ 
cord for the wood frog. 

On 2 March 1979, we found egg masses of this frog in a series of 

temporary ponds occupying a joint railroad and power line right-of-way. 
The area lies just east of Maryland Route 331 about 0.5 mi north of the 
junction of U. S. Route 50 in Vienna. These ephemeral pools were about 
1-1.5 feet deep. Dead leaves, grasses and twigs formed the bottom sub¬ 
strate and provided attachment sites. Most ponds were 4-6 feet long and 
1-2 feet wide. The surrounding vegetative community was old-field with 
panic and quack grasses,broomsedge, goldenrod,chickweed and white clover 
dominating. The fields are maintained in early succession by annual or 
biennial mowing. The distinctive egg masses: 2? - 4 inches in diameter, 
globose in shape, i - 2 inches below the water surface, with obvious 
and spherical outer envelopes (Wright and Wright, 1949) " in the appro¬ 
priate habitat andthis early in the spring confirm the identity of this 
species. 

During subsequent site visits (19 April and 2 May), wood frog tad¬ 
poles were seen in these same pools as well as in several nearby tempo¬ 
rary pools in cut-over woods. The greenish to blackiridescence wi thgold 

and orange spots and cream-colored line along the upper jaw (Wright, 
1914) are unmistakable characteristics of tadpoles of the wood frog. 

Although noadult specimens of thewood frog have been found to date 
in our Vienna field studies, thefinding of both egg masses and tadpoles 
of this species constitutes a new county record for Rana sylvatica syl¬ 
vatica in Maryland. 

We would like to acknowledge support of the Maryland Power Plant 
Siting Program, Detailed Site Evaluation Section to Dr. Robert G. Otto, 
Chesapeake Bay Institute. 
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Comments & Letters Received 

The Mystery of Loch Ness 

The search for the Loch Ness Monster continues. Even with all the 
modern technology employed, scientists have not yet been able to obtain 
a positive identification. The unusual nature of the loch makes the in¬ 
vestigation quite a technical challenge. Aside from the technical dif¬ 
ficulties, the investigators are faced with another type of hindrance 
due to people's lack of support for the project. The negative attitude 
that Loch Ness is some kind of hoax is not constructive. Over the past 
years, there have been 10,000 known reported sightings at Loch Ness, 
3,000 of which have been recorded. Although a large number of these can 
be attributed tohoaxes, misinterpretations of common objects, andoptical 
illusions, it seems highly unlikely that none of them are legitimate. 
Mackal (1976) states, "an averageof 10 valid sightings peryear is prob¬ 
ably a solid figure representing observations over the past decades. 
Even this lower figure supports the view that a stable population of 
animals well adapted to Loch Ness is present." At this point in time, 
it seems to be no longer a question ofwhether a creature exists in Loch 
Ness, but rather, what the identity of this elusive organism is. "The 
guesses of monster advocates encompass a wide range of aquatic animals: 
plesiosaurs, long necked seals, giant annellid worms, giant eels, and 
embolomere amphibians" (Zug, 1978). The term "monster" connotes a neg¬ 
ative stigma which does not lend itself to scientific advancement. In 
1975, Robert Rines and Sir Peter Scott named the infamous animal Nessi- 
teras rhomb opteryx which means "Ness wonder with diamond shaped fins." 
Acceptance of Nessiteras' existence is a constructive contribution to 
the search. The Loch Ness provides enough of a problem in the investi¬ 
gation without having a non-supportive audience. 

The Loch Ness is an extremely unusual environment. "It is the north¬ 
ernmost freshwater lake in the string of lochs extending from the Firth 
of Lorn on the west coast of Scotland to the Moray Firth on the east " 
(Zug, 1978). Approximately 10,000 years ago, Loch-Ness filled with salt 
water when the last glacial sheet receded. Over the years, the water 
in the loch gradually changed from salt to fresh. The loch is fairly 

deep with a mean depth of about A33 feet as well as having two deeper 
basins which range anywhere from 700 to 900 feet deep. The water is 
cold, although thedepth of the loch prevents it from ever freezing. The 
low water temperature slows the rate of decay. This factor combined with 
the depth of the water prevents corpses frombecoming buoyant enough to 
float. Aside from seeming a bi tgruesome, this fact decreases the chance 
of obtaining a Nessiteras specimen for closer study. The concentration 
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of peat particles is so great that there is often no clear demarcation 
of the bottom of the loch. This high density of organic material not 
only makes for low light penetration, but is also a major source ofdif- 
ficultv in obtaining observational data. The investigators have had 
trouble getting clear pictures due to the agitation of surrounding par¬ 
ticles by active organisms, particles settling on the camera equipment, 
or to other technical complications with their equipment. "The temper¬ 

ature stratification, the narrow, linear shape of the loch, andthe dir¬ 
ection of the prevai1ing windsproduce opposing currents within the loch. 
The surface movement is not great, but the waves of the thermocline 
(approximately 100 feet below the surface) are 15 to 20 feet high," (Zug, 
1978). One last bit of interesting data about the Loch Ness is that in 
recent sonar scans for bones, stone circles similar to Stonehenge were 
found on thebottom of the lake as well as several unidentified objects. 
The mystery of theLoch Ness is heightened by thispeculiar habitat which 
is not making observations of Nessiteras easy. 

The lack of support for investigators of the Loch Ness mystery is 
not justified. Although the attitude is not consciously malicious, its 
effect is harmful nonetheless. For example, a few sightings have been 
credited to practical jokers. These tricksters find it amusing to test 
the competency of the investigators. However, the more illegitimate 
cases that are proved to exist, the less likely are people to believe 
the real lycredible observations. Ultimately, the task of the researchers 
is made that much more difficult because people are reluctant to con¬ 
tribute funds to a project that seems to be more of a hoax than a serious 
scientific endeavor. Also, the lack of support for the project makes it 
harder to get competent investigators to work on themystery. Even though 
concrete evidence in the form of sonardiagrams and underwater photographs 
confirms the existence of a large unidentified inhabitant of the Loch 
Ness, a largely skeptical public attitude still exists. 

Although the presence of Nessiteras has beenfairly wel 1 established, 
a positiveidentificat ion has not been obtained. Sonar diagrams and under¬ 
water photography indicate the followingcharacteristics: 1) a size range 
of about 20 to 30 feet 2) a central body thickening 3) an approximate 
weight of 2500 pounds 4) the presence of a front pair of appendages as¬ 
sumed to be flipperlikeand 5) the presenceof a long, powerful, laterally 
flattened tail. The investigation continues with plans of setting up a 
year round strobe-cinecamera-sonar-minicomputer system. Ultimately, the 
scientists would like to obtain a specimen of Nessiteras rhombopteryx, 
probably theonly type of evidence thatwill convince some people of this 
creature's existence. Hopefully, the increased credibility of theevi- 
dence will increase public support and decrease the negative stigma as¬ 
sociated with the investigators of this phenomenon. 
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Ed. Note: 

This paper although not original research will prove interesting 

reading and is being published in the newly created section "Comments 

and Letters Received". 

Protect The Red-Eared Slider 

My hobby started with buying two baby red-eared sliders. Somehow 
I got MposessedM and now I keep 60 turtles and tortoises. I have sub¬ 
scriptions from several countries and I bought many books on herps. 

I found out, that red-eared sliders are the most common "toy-tur¬ 
tles11 in the world. People buy one for the children, it grows too big, 
and the children are not interested in it anymore. So, let's put the 
turtle away. But....all zoo's are loaded with red-eared sliders. At 
least one zoo feeds them to crocodi1es....the other zoo's just don't 
accept them. What to do? Dump it in the river. Or in the toilet. Or 
put it away in a container in a spare-room, and wait till it's dead. 
(And you can wait a long time...) 

These things really happened, and still happen. In Holland we have 
a few "asiles" for "waist-turtles". Even the zoo's tell people to go 
to us. 40 of my present turtles are "waist-turtles", and I've had many 
more. Most of them died, because of malnutrition, pneumonia, vitamin- 
deficient ies, etc. For some of them I found new homes. 

Not all of them are red-eared; I also got Podocnemys unifilis, 
Siebenrockiella crassicollis, Cuora amboinensis, Chrysemys picta dor¬ 
salis, etc. 

What is the real problem? People buy a turtle, without knowing 
anything about it, and without any information. 

On an exhibition I found out that the public does not know that 
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their baby-turtles grow (if they stay alive) to be 15 inches or more! 

They don't know, that it needs warm water, no draft, etc. They 
even don't knowwhat it has to be fed. In the Dutch pet-shops and super¬ 
markets you can buy turtles but there is hardly any information. (Why 
should they, if the animal dies, they'll buy a new one!) We have in¬ 
formation-leaflets, but the shopkeepers hardly take thetrouble to order 
them and hand them out. 

The real problem is the import. If there were not so many baby 
turtles imported (1,250,000 per year in Holland!) there would not be 
so many waist-turt1es. Or if the turtles would be larger, more expen¬ 
sive... 

We have a group now, that is trying to stop the import, but our 
commerce findsit more important toearn money (on tanks, heaters, food, 
filters, etc.) then to protect the animal. 

Since a few years we have a law in Holland, that protects many 
many foreign animals. Theyareno longer allowed to be imported, traded 
or kept. (All monkeys, al 1 crocodiles, all big cats, many fishes, birds, 
amphibians, etc.) Also all tortoises and several turtles, like the 
genus Kachuga, someClemmys, all Podocnemys, and a few others, that were 
hardly imported in Holland. 

But.the marine-turtles are not on the list. Even though they 
are very much endangered, but the real-turtle-soup is more important 
then the real turtle! Maybe we can make a small success, for the in¬ 
spector of the ministry promised to do something. But....to stop the 
import is impossible...to set a size isimpossible...(I mean: we wanted 
to have a regulation that turtles under 3 inches are not allowed to be 
imported.) 

In the meantime our asiles are full, and we fear that we'll have 
to stop it. Hundreds of turtles are offered, and we hardly can find 
new homes for them. Now my question to you, American herpetologists, 
is: Isn't it possible to do something about your export? (Most tur¬ 
tles come fromthe U.S.) In Holland they say, thatall red-eared sliders 
that are imported were specially grown in the U.S. in turtle-farms. But 
I don't believe that. Only in Holland 1,250,000 a year, how many over 
the world? 

You can buy red-eared sliders inSingapore, Ethiopia, Europe, every 
where. 

Your red-eared slider is (still) very common, but...for how long, 
if it goes on like this? 

To make laws takes a lot of time in Holland. I suppose it will be 
the same in the U.S. Start your action now, and in a few years you'll 
be able to save the last of your red-eared sliders! 

We planned to collect thewaist-turtles, and send them back to the 
U.S. But...we didn't get permission, for they were afraid of imported 
diseases. We cannot go on like this. Will you help us? Write to your 
government. Ask them to give permission to us to bring the red-eared 
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sliders back where they belong. Ask them above all to stop the export 
of (baby) red-eared sliders. Or/and send your reaction to: 

Marja van Barneveld 
Taalstraat 31 
5261 BA Vught 
Netherlands. 

Received: 5 March 1979 

Ed Note: This letter is being published as received as it stresses one 
individuals concern over an issue which bothers most of us! 
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NOTES ON THE TURAN BIOSPHERE RESERVE HERPETOFAUNA, 

NORTHEASTERN IRAN 

Robert G. Tuck, Jr.* 

ABSTRACT 

One species of amphibian, the green toad {Bufo viridis 
oblongus), and 20 species of reptiles. Comprising the Afghan 
tortoise (Agricnemys horsfieldi), 4 agamid lizards (Agama 
agilis, A. n. nupta (?), Phrynocephalus mystaceus galli, Ph. 
scutellatus), 4 gekkonid lizards (Agamura parsica, Cyrtodac- 
tylus caspius, Teratoscincus bedriagai, T. scincus), 4 lacertid 
lizards (Eremias fasciata (?), E. persica, E. v. velox, Meis- 
lina guttulata watsonana), 1 varanid lizard (Varanus griseus 
caspius), 1 boiid snake (Eryx tataricus), 4 colubrid snakes 
{Coluber kar el ini , C. rhodorhachis ladacensis, Psammophis line- 
olatus, Spalerosophisdiadema schiraziana) , and a single viperid 
snake (Pseudocerastes p. persicus), are documented from the 
Turan Biosphere Reserve. Collecting data, ecological infor¬ 
mation, measurements, and relevant observations are given for 
those forms within the Reserve, and a tentative zoogeographic 
analysis of the Turan herpetofauna is attempted. 

Introduction 

The Turan Biosphere Reserve, formerly the Turan Protected Area, 
which included a wildlife refuge,is administered by the Iran Department 
of the Environment and covers more than 1.8 x 1C6 hectares on the north¬ 
eastern marg i nof the centra1 I ran i an desert (Spooner,1977). Politically, 
the Reserve lies in Semnan Province, but it is very near the boundary 
of Khorasan. The approximate location and general area of the Turan 
Biosphere Reserve are shown on Map 1. 

Firouz (197*0 described the topography of the region as mountains, 
foothills, and plains, with desert, semi-desert, and steppe vegetation. 
He listed representat i ve game b i rds (*f species) and medium to large mam¬ 
mals (14 species) for the region. Harrington (in Spooner, 1977) listed 
65 species of mammals comprising 21 families in 7 orders within Turan. 
Unpublished data compiled by the Department of the Environment indicate 
that 16*4 species of birds may be encountered in the Turan Biosphere Re¬ 
serve. Rechinger (1977) provided an annotated checklist of 375 plant 
species for the area. According to Spooner (1977), both "flora and mam¬ 
malian fauna generally show great affinity to the Kara Kum in Soviet 
Tukmenistan to the north." 

*Former1y Natural History Museum Advisor, Zoologist, & Curator of Herp¬ 

etology, Iran National Museum of Natural History. 
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Until recently, the amphibians and reptiles of the Turan Biosphere 
Reserve remained relatively unknown. Data gleaned from Anderson (1966; 
in Fisher, 1968; 1974), Eiselt and Schmidtler (1975), Latifi (1975), 
Latifi et al. (1966), Tuck (1971), and incidental specimens in the col¬ 
lections of the Iran National Museum of Natural History (Muze-ye Me 11i- 
ye Tarikh-e Tabi1i)(MMTT) , formed the basis for a preliminary analysis 
of theTuran herpetofauna circulated by Tuck (unpublished, 1976). Lately, 
intensive investigations undertaken by the author,as well as collections 
and observations made by researchers associated with theTuran Programme 
(Spooner, 1977), have made it possible tocompile the material presented 
in this paper. 
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Species Accounts 

Class : AMPHIBIA 

Order : SAL 1 ENT 1A 

Fami1y : Bufonidae 

Genus : Bufo Laurenti 1768 

Bufo viridis oblongus Nikolsky 1896. 

Turan Biosphere ReserveMaterial : (9) MMTT 1852, Tejur village, ca. 1100 
m, collected 17 July 1977 by R. G. Tuck, Jr. (original no. RGT 3205); 
MMTT 1988, Baghestan village, 1275 m, collected 16 July 1977 by, R. G< 
Tuck, Jr., and R. Bhadresa (original no. RGT 3202); MMTT 1989 - 1992, 
Baghestan village, 1275 m, collected 17 July 1977 by R. G. Tuck, Jr. 
(original nos. RGT 3206 - 3209); MMTT 2083, Kariz village, collected 
11 October 1977 by R. Bhadresa (original no. RB-1); MMTT 2084, Nahar 
village, collected 12 October 1977 by R. Bhadresa (original no. RB-2); 
MMTT 2085, Delbar village, collected 13 October 1977 by R. Bhadresa 
(original no. RB-3). 

Measurements: Meristic data for these specimens are given in Table 1. 

Remarks: The local name for the green toad is "vasagh." 

MMTT 1852 was collected during the mid-afternoon in an overgrown 
irrigation channel in which it was concealed beneath vegetation; the air 
temperature above the vegetation level registered 35°C. MMTT 1988 was 
taken at night in thecourtyard of thevillage school; it was parasitized 
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by 3 leeches, one each on the upper foreleg, groin, and thigh. MMTT 
1989 - 1992 were collected at night from the edge of a small pond behind 
the village school. Both MMTT 2083 and 2085 were collected in the even- 
ing, while MMTT 2084 was taken about 1200 hrs. 

KEPT!Li A 

TESTUDINES 

Testudinidae 

Agrionemys Khozatsky £■ Mlynarski 1966 

Class 

Order 

Family 

Genus 

Agrionemys hors fieIdi (Gray 1844) 

Turan Biosphere Reserve Material: (l) MMTT 1901, 3 km southeast of Del- 
bar village, collected in late January 1977 by R. Bhadresa. 

Measurements: This specimen is represented only by its shell, for which 
the following data are recorded -- 

carapace length 177 mm 
carapace width 146 mm 
plastron length 161 mm 
plastron width 132 mm 
shel1 height 97 mm 

The cervical scute in this individual is very small, practically non- 
existant. There are 11 marginal scutes on either side; the two 12th 
scutes are fused into a single supra-caudal. The specimenhas 5 vertebral 
scutes, and there are 4 pleural scutes on each side. 

Remarks: Figure 1 depicts two 1ive Afghan tortoises observed by B. 01 Regan 

in the vicinity of Ahmadabad on 17 April 1977. 

Order : SQUAMATA 

Suborder: LACERTILIA 

Fami1y : Agamidae 

Genus : Agama Daudin 1802 

Agama agilis Oliver 1807 

Turan Biosphere Reserve Material: (19) MMTT 1208, 16 km south of 'Ab- 
basabad, 800 - 870 m, collected 11 June 1975 by S. C. Anderson (original 
no. A 639); MMTT 1226, 34 km south of 'Abbasabad on dirt road, 870 m, 
collected 11 June 1975 by S.C. Anderson (original no. A650); MMTT 1771“ 
1772, De1 bar village, collected 28 July 1976 by R. E. Brown; MMTT 1782, 
7.5 km east of Delbar village, 1100 m, collected 5 August 1976 by R. E. 
Brown (original no. REB 100); MMTT 1849 - 1850, 1 km north of Baghestan 
village, collected 24 April 1977 by R. Bhadresa; MMTT 1902, Baghestan 
village, collected 1 May 1977 by M. Martin; MMTT 1996 - 1997, near Posht- 
e-Aseman village, 1260 m, collected 15 Jult 1977 by R. G. Tuck, Jr. 
(original nos. RGT 3184 - 3185); MMTT 2001, Baba Kuh abandoned village, 

1160 m,collected 15July 1977by R.G. Tuck, Jr.,andR. Bhadresa (original 
no. RGT 3195); MMTT 2002, Baba Kuh abandoned village, 1160 m, collected 

Bulletin Maryland Herpetological Society Page 97 



Volume 15 Number 4 December 1979 

16 July 1977 by R.G. Tuck, Jr. (original no. RGT 3196); MMTT 2015 -2016, 
Delbar village, 1205 m, collected 18 July 1977 by R. Bhadresa (original 
nos. RGT 3219 " 3220); MMTT 2017 -2019, Del barvi11 age, 1205 m, collected 
19 July 1977 by R. G. Tuck, Jr. (original nos. RGT 3233 - 323*0; MMTT 
2037, between Khanehkhodi village and Delbar village, 1185 m, collected 
20 July 1977 by R. G. Tuck, Jr. (original no. RGT 3248); MMTT 2046, vi¬ 
cinity of Baghestan village, collected 27 July 1977 by M. Martin. 

Measurements: Meristic data for these specimens are given in Table 2. 

Remarks: MMTT 1998 - 1997 were collected between 0830 and 0930 hrs, by 
which time the air temperature had reached 32°C. MMTT 2001 was taken 
just after sunset. MMTT 2002 was collected at 0900 hrs; air temperature 
29°C, lizard body temperature 35°C. Both MMTT 2001 and MMTT 2002 were 
active on a sand andgravel dry river plain running through a major dune 
field. MMTT 2037 was one of several examples of this species observed 
living on sand dunes near the village of Qala Bala, between Khanehkhodi 
and Delbar villages; at the time of capture, 1935 hrs, the temperature 
of both the air and the surface of the sand was 35°C, while the body 
temperature of the lizard registered 36°C. All 7 adult females from the 
Turan Biosphere Reserve containedei ther ovari an or oviducal eggs;counts, 
measurements, and dates of collection of these specimens are given in 
Table 3. Seven live individuals from Delbar village, collected 18 - 19 
July 1977 by R. Bhadresa and R. G. Tuck, Jr. (original nos. RGT 3221 - 
3224, RGT 3235 - 3237), were presented to W. P. Hall, illrd, University 
of Melbourne, for karyological analysis. 

Agama of. A. nupta nupta de FUippi 1843 

Turan Biosphere Reserve Material: (0) 

Remarks: An individual believed to belong to this species was first ob¬ 

served in the Turan Biosphere Reserve by the author at Tejur village on 
17 July 1977. The lone male evaded all attempts at capture, retreating 
deep into crevices within the vertical rock surface it inhabited above 
a spring. This particular large-scaled rock agama was seen several times 
between 1300 hrs and 1700 hrs; during the interval the air temperature 

was recorded as 35°C. On 29 August 1977 Mr. Bhadresa returned to Tejur 
and photographed the same lizard (Figure 2). 

On 19 July 1977 the author observed droppings apparently produced 
by examples of this species on a rocky cliff 10 km (by road) north of 
Delbar village at an altitude of 1275 m. No actual agamas were seen, 
however, even though thesite was examined from 1840 hrs, 19 duly, until 
1015 hrs, 20 July. A series of air temperature readings were made at 
intervals and may indicate that the visit did not overlap the lizards' 
normal activity periods -- 

19 July 
1850 hrs, 37°C, breezy 
2015 hrs, 33°C, windy 
2110 hrs, 30°C, 
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20 July 
0620 hrs, 25°C 
0650 hrs, 25°C 
0800 hrs, 25°C (shade), 30°C (sun) 
0900 hrs, 30°C 
0930 hrs, 32°C 
1000 hrs, 33°C 

Anderson (1966:87) questioned previous reports of A. nupta in "ex¬ 
treme northeastern Iran," and cautions (in litt. , 2 November 1977) that 
this Turan sighting may really represent Agama caucasica (Eichwa1d 1831)* 
The individual pictured here, however, closely resembles specimens of A. 
nupta preserved in the collections of the I ran National Museum of Natural 
History (MMTT) with regard topattern and visible scalation, but clearly 
seems to differ from all A. caucasica at hand in these respects. Never¬ 
theless, the matter must remain moot until verifiable material has been 
obtained and deposited into an accessible collection. 

Genus : Phrynoeephalus Kaup 1825 

Phrynoeephalus mystaceus galli Krassowsky 1932 

Turan Biosphere Reserve Material: (4) MMTT 1848, below Kariz road, col¬ 
lected 11 April 1977 by M. Martini; MMTT 1903 ~ 1904, Tochah village, 
collected 18 May 1977 by M. Martin; MMTT 2003, vicinity of Baba Kuh 
abandoned village, ca. 1160 m, collected 16 July 1977 by R, Bhadresa 
and R. Dennel1 (original no. RGT 3199). 

Measurements: Meristic data for these specimens are given in Table 4. 

Remarks: The loca 1 name for the fringe-mouth toad-head agama is "kalepas- 
rigi ." 

All of these specimens were collected on sand dunes. A fifth ex¬ 

ample, collected by the author on an extensive dune area near Tochah 
village, 18 July 1977 (original no. RGT 3210), was presented alive to 
W. P. Hall, lllrd, for karyological analysis. This individual ran into 
a burrow when pursued. It was caught at 1315 hrs and had a recorded 
body temperature of 37°C. At the time of capture other environmental 
data were noted as follow -- 

temperature of burrow 37°C 
temperature of sand surface 52°C 
temperature of air above sand surface 33°C 
temperature of sand at depth of 160 - 200 mm 33°C 

Specimens of Phrynoeephalus mystaceus galli from the Turan Biosphere 
Reserve appear to differ markedly in a number of features from a series 
collected in Khorasan Province, 35 km north of Gonabad on the road to 
Torbat-e-Heydarieh, 850 m, on 9 June 1975, by S. C. Anderson and R. B. 
McCullers (original nos. A 602 - 606). The clear and sharply defined 
throat patterns seen in these latter examples, now catalogued as MMTT 
1193 "1197, do not appear in the Turan material. Meristic data for this 
series are summarized in Table 5 and may be compared with those of the 
previous group. 
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Phrynocephalus scutellatus (Olivier 1807) 

Turan Biosphere Reserve Material: (30) MMTT 1203 ~ 1207, 16 km south of 
1Abbasabad, 800 - 870 m, collected 11 June 1975 by S.C. Anderson (original 
nos. A 643 " 647); MMTT 1214 - 1224, salt flat 5 km west of Kahak on 
road to Shahrud, 800 m, collected 10 June 1975 by S. C. Anderson and R. 
B. McCullers (original nos. A 623 ”633); MMTT 1773,Del bar v i 1 1 age, 1300 
m, collected 29 July 1976 by R. E. Brown (original no. REB 60); MMTT 
1795, 80 km south of Del bar village, collected 24 February 1977 (pre¬ 
served 14 March 1977) by A. DeVos; MMTT 1995, Chohok spring, 1025 m, 
collected 17 July 1977 by R. G. Tuck, Jr. (original no. RGT 3204); MMTT 
2020 - 2023, Del bar village, 1205 m, collected 18 July 1977 by R. Bha-! 
dresa (original nos. RGT 321 1 - 3214); MMTT 2028 - 2033, Del bar village; 
1205 m, collected 19 July 1977 by R. G. Tuck, Jr. (original nos. RGT | 
3239 ” 3244); MMTT 2038, between Khanehkhodi vi11 age and Del bar village, 
1185 m, col 1 ected 20 July 1977 by R.G. Tuck, Jr. (original no. RGT 3247)., 

Measurements: Meristic data for these specimens are given In Table 6. ! 

Remarks: Twenty-three {11%) of these specimens are juveniles measuring 
between 18.5 and 31.1 mm (xr = 24.7 mm, SD = 3.2 mm) and were collected;, 
between 10 June and 19 July. Reproductive data taken from the 3 adult! 
females are as follows — 

MMTT 1203 (11 June), 11 ovarian eggs, 5 on the left and 4 on the 
right, the largest measuring 0.3 mm; 

MMTT 1795 (24 February), 15 oviducal eggs, 8 on the left and 7 on 
the right, the largest measuring 4.5 mm; 

MMTT 2020 (18 July), 11 ovarian eggs, 6 on the left and 5 on the 
right, the largest measuring 0.3 mm. 

MMTT 1995 was collected on a gravel substrate at 1030 hrs; the air tem-j 
perature was 33°C, while the surface temperatures recorded in the opens 
and in the shade of a tamerisk bush were 40°C and 34°C, respectively. 
MMTT 2038 was captured on sand dunes at about 1845 hrs; the temperature; 
above the sand was recorded as 40°C, while temperatures of the sand sur¬ 
face and 150 mm beneath thesurface reg i stered 45°C and 38°C, respectively.;! 

Seven living examples of Phrynocephalus scutellatus from Del bar 
village, collected 18 July 1977 by R. Bhadresa (original nos. RGT 3225”!; 
3231 ), were presented to W. P. Hall, iI Ird, for karyological analysis. ; 

Family : Gekkonidae 

Genus: : Agamura Blanford 1874 

Agamura persica (Dumeril 1856) 

Turan Biosphere Reserve Material: (l) MMTT 2087, Harp village, 4 kmi 
east of the pass through the Kuh-e-Maj red, collected 14 October 1977 by 
R. Bhadresa (original no. RB-5). 

Measurements: The following counts and measurements (in mm) were taken 
from this specimen, which is a male -- 

Page 100 Bulletin Maryland Herpetological Society 



Volume 15 Number 4 December 1979 

snout/vent length 63.9 
tail 38 
number of scales around body 117 
number of upper labials 15 + completely divided rostral 
number of lower labials 10 
number of lamellae under fourth toe 21 

Remarks: This individual was collected at 1145 hrs. 

Genus : Cyvtodaotylus Gray 1827 

Cyvtodaotylus oaspius (Eichwald 1831) 

Turan Biosphere Reserve Material: (6) MMTT 1775?Delbar village, 1300 m, 
cgllected 12 July 1976 by R. E. Brown (original no. REB 64); MMTT 1993? 
Baghestan village,1275 m, collected 16 July 1977 by R,G. Tuck, Jr., and 
R. Bhadresa (original no. RGT 3203); MMTT 2004 -2005? Baba Kuhabandoned 
village, 1160 m, collected 16 July 1977 by R.G. Tuck, Jr, (original nos. 
RGT 3197 " 3198); MMTT 2024, Delbar village, 1205 m, collected 19 July 
1977 by R.G. Tuck, Jr., (original no. RGT 3245); MMTT 2086, Delbar vil¬ 
lage, collected 13 October 1977 by R. Bhadresa (original no. RB-4). 

Measurements: Meristic data for these specimens are given in Table 7. 

Remarks: All of these individuals were collected from the vertical sur¬ 
faces of walls. MMTT 1993 was taken at night from the mud-brick wall of 
a fortress. Both MMTT 2004 and 2005 were taken from the interior mud- 
brick walls of a vacant building within an abandoned village between 
0915 and 0945 hrs; other individuals were seen, but not collected. The 
air temperature within the room was 28° - 29°C, while the body temper¬ 
ature of MMTT 2005 registered 29°C. MMTT 2024 was asleep on theexterior 
wall of a cement building when it was captured at 1600 hrs; the air tem¬ 
perature was recorded as 35°C, while the lizard body temperature regis¬ 
tered 34°C. MMTT 2086 was taken from the wall of a building during the 
afternoon hours. 

MMTT 2005 contains lOovarian eggs,6 on the left and 4 on the right, 
the largest measuring 1.2 mm in diameter. Preservation of the internal 
organs of MMTT 2086 is too poor to assess reproductive data. 

Four of the 6 examples from Turan possess regenerated tails. Eight 
other specimens of Cyvtodaotylus oaspius in the collections of the Iran 
National Museum of Natural History (MMTT) comprise an adult female and 
7 juveniles (MMTT 507 “ 514) collected inShahrud city, Semnan Province, 
on 23 April 1974 by M. Thireau and R. Khazai (original nos. RGT 2869 - 
2873, RGT 2904 -2906). While onejuvenile, MMTT 508, lost its tail during 
capture, it is possible tocombine data taken from theremaining 7 speci¬ 
mens with those from the Turan Biosphere Reserve samples to produce the 
tail-loss andregeneration information given inTable 8. Only one example 
(17%) of the 6 juveniles, which measure between 24.2 and 34.8 mm snout/ 
vent length (x = 30.4 mm, SD - 3-9 mm), had lost its tail prior to col¬ 
lection; while 5 (71%) of the 7 adults, which measure between 45.7 and 
60.7 mm snout/vent length (x = 54.6 mm, SD = 6.0 mm), had lost and re¬ 
generated their tails previous to capture. 
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Genus : Teratoscincus Strauch 1863 

Teratoscincus b.edriagai Nikolsky 1899 

Turan Biosphere Reserve Material: (2) MMTT 2039 ~ 2040, between Khaneh- 
khodi village and Delbar village, 118.5 m, collected 20 July 1977 by R. 
G. Tuck, Jr. (original nos. RGT 3249 "3250). 

Measurements: Meristic data for these specimens are given in Table 9* 

Remarks: Both examples were captured at 2100 hrs. They were stationed 
on the surface of a sand dune; surface temperature was 34 C, while the 
air temperature registered 30 C. MMTT 2039 contains 9 ovarian eggs, 4 
on the left, 5 on the right, the largest measuring 1.6 mm in diameter. 

Teratoscinous scincus (Schlegel 1858) 

Turan Biosphere Reserve Material: (9) MMTT 2006 - 2014, vicinity of 
Baba Kuh abandoned village, 1160 m,col 1ected 15 July 1977 by R.G. Tuck, 
Jr., and R. Bhadresa (original nos. RGT 3186 - 3194). 

Measurements: Meristic data for these specimens are given in Table 10. 

Remarks: All of these plate-tailed geckos were collected after dark. 
They were resting either on the clay surface of an abandoned field, or, 
more frequently, on the sand surface of the extensive dune formation 
that encroached upon the dry bed and gravel flood-plain of the Hojjaj 
River. Smaller individuals seemed topredominate in theformer situation, 
larger ones in the latter. All examples seen were collected, and there 
appears to be an appreciable size difference between the sexes in this 
sample: the 4 males range between 68.6 and 73.0 mm snout/vent length 
(x = 70.9 mm, SD = 1.9 mm), and the 5 females range between 75.4 and 
96.3 mm snout/vent length (x =89.4 mm, SD = 8.4 mm). All of the females 
contain ovarian eggs; counts and measurements are presented in Table 11. 

On 16 July 1977 the collection siteson thedune field wererevisited 

and the following temperature data were recorded -- 

Time Air Surface Shallow Depth 160 - 200 mm 1 

0630 hrs 19°C — — « __ _«. 

0700 hrs — 20°C 22°C 35.5°C 

0715 hrs — 25°C 23°C 30°C 
0740 hrs 24.5° C 25°C 25°C 33°C 
1000 hrs 32°C 44°C 31 °C 30°C 

Lizard activity was not observed until 0900 hrs. 

Family : Lacertidae 

Genus : Eremias Fitzinger in Wiegmann 1834 

Eremias of. E. fasciata Blanford 1874 

Turan Biosphere Reserve Material: (2) MMTT 1229 " 1230, 42 km south¬ 
east of 'Abbasabad (by road), 920 m, collected 11 June 1975 by S. C. 
Anderson and R. B. McCullers (original nos. A 656 - 657). 
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Measurements: Meristic data for these specimens are given in Table 12. 

Remarks: MMTT 1230 contains 6 ovarian eggs, 3 on either side, the lar¬ 
gest measuring 1.0 mm in diameter. Anderson (inllitt. , 2 November 1977) 
notes that the identification of these two examples is by no means pos¬ 
itive and they may represent an undescribed form. I. S. Darevsky (per. 
comm.) concurs. 

Eremias persica Blanford 187^+ 

Turan Biosphere Reserve Material: (12) MMTT 1201 - 1202, 16 km south of 
1Abbasabad, 800 -870 m, collected 11 June 1975 by S. C. Anderson (orig¬ 
inal nos. A 641 - 642); MMTT 1776, 2.5 km northeast of Delbar village, 
1400 m,col 1ected 13 July 1976 by R.E. Brown (original no. REB 67); MMTT 
1778, 7.5 km east of Delbar village, 1200 m, collected 5 August 1976 by 
R.E. Brown (original no. REB 97); MMTT 1781, 7.5 km east of Delbar vil¬ 
lage, 1100 m, collected 5 August 1976 by R. E. Brown (original no. REB 
99); MMTT 1791, 3.5 km east of Delbar village, collected 5 August 1976 
by R.E. Brown (caught by, and removed from stomach of Coluber karelini, 
MMTT 1785: see below); MMTT 1905, Tochah, collected 30 May 1977 by M. 
Martin; MMTT 1998-2000, near Posht-e-Aseman village, 1260 m, collected 
15 July 1977 by R.G. Tuck, Jr. (original nos. RGT 3181 -3l83);MMTT 2025 
- 2026, Delbar village, 1205 m, collected 18 July 1977 by R. Bhadresa 
(original nos. RGT 3216 - 3217). 

Measurements: Meristic data for these specimens are given in Table 13. 

Remarks: The local name for the Persian steppe lacerta is "aroosmar." 

The pursuit, capture,and swallowingof MMTT 1791 by a spotted desert 
racer, Coluber karelini (MMTT 1785), was witnessed by the collector. 
MMTT 1998 -2000 were collected between 0830 and 0915 hrs; they regurgi¬ 
tated isopods after capture. The tails of MMTT 1778 and MMTT 1998 are 
4l%and60% regenerated, respectively, while thatof MMTT 2025 has healed 
andonlybegun regrowth. Reproductive data taken from specimens of Turan 
female E. persica are presented in Table 14. 

Eremias velox velox (Pallas 1771) 

Turan Biosphere Reserve Material: (2) MMTT 1228, 34 km south of‘Abbasa¬ 

bad , on di rt road , 870 m, col 1 ected 11 June 1975 by S.C. Anderson (original 
no. A 653); MMTT 1231, 42 km southeast of 'Abbasabad, by road, 920 m, 
collected 11 June 1975 by S. C. Anderson and R. B. McCullers (original 

no. A 569). 

Measurements: Meristic data for these specimens are given in Table 15. 

Remarks: MMTT 1228 was parasitized by a small tick in the axillary re¬ 
gion. 

Genus : Mesalina Gray 1845 

Mesalina guttulata watsonana (Stoliczka 1872) 

Turan Biosphere Reserve Material: (4) MMTT 1779, 11 km north of Delbar 
village, 1350 m, collected 2 August 1976 by R. E. Brown (original no. 
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REB 96); MMTT 1851, between the villages of Kariz, Shahbaz, and Baghes- 
tan, collected 19 March 1977 by M. Martin; MMTT 1994, vicinity of Ab-e- .9 

/Raghn spring, 1530 m, collected 16 July 1977 by R. G. Tuck, Jr., and B. , 
Spooner (original no. RGT 3200);MMTT 2027, Delbar village, 1205 m, col¬ 
lected 18 July 1977 by R. Bhadresa (original no. RGT 3218). 

Measurements: Meristic data for these specimens are given in Table 16. 
1 

Remarks: The local name for the long-tailed desert lacerta is "malus." 

MMTT 1851 was collected at 1200 hrs and contains 18 ovarian eggs, 
10 on the left and 8 on the right, the largest measuring 1.2 mm in dia¬ 
meter. MMTT 1994 was collected at 1800 hrs; the air temperature was 30° 
C. MMTT 2027 was found to be heavily parasitized by invertebrate cysts, 
which filled the entire abdominal cavity. 

The scant number of specimens listed here should not be taken as 
Indicative of the size and extent of the population of M, guttulata wat- 
sonana within the Turan Biosphere Reserve, for individuals are adept at 
evading capture, and many already captured quickly escaped before being 
securely bagged. 

In using thegeneric designation Mesdlina Gray 1845, Shcherbak (197*0 
has distinguished the long-tailed desert lacerta and its relatives from 
the other steppe lacertas (genus Eremias Fitzinger in Wiegmann 1834) in¬ 
habiting Iran, and it is his allocation that is followed here. 

Family 

Genus 

Subgenus 

Varanidae 

Vavcmus Merrem 1820 

Pscomosaurus Fitzinger 1826 

Varanus (Psammosaurus) griseus oaspius (Eichwald 1841) 

Turan Biosphere Reserve Material: (0) 

Remarks: Although no Turan specimens have been deposited into the col¬ 
lect i ons of the ! ran National Museum of Natural History (MMTT), the trans- 
caspian desert monitor is reliably reported as fairly common and wide¬ 
spread within the region (R. Bhadresa, pers. comm.; B. O' Regan, pers. 
comm.; B.Spooner, pers. comm.). Mr. O'Regan has kindly provided a trans¬ 
parency he made of an example of the transcaspian monitor on 18 April 
1977, 10 km south of 'Abbasabad on the road to Dastjerd (Figure 3)..Mr. 
Bhadresa recorded an encounter with a desert monitor i n Zygophy11 urn hab¬ 
itat, 10 km southwest of Tejur, at 1230 hrs, on 28 April 1977. 

Suborder SERPENTES 

Family : Boiidae 

Genus : Eryx Baud in 1803 

Eryx tatarious (Lichtenstein 1823) 

Turan Biosphere Reserve Material: (2) MMTT 2047, Baghestan village 

threshing ground, collected 20 July 1977 by M. Martin; MMTT 2048, Bag¬ 
hestan village, collected 1 August 1977 by M. Martin. 
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Measurements: Meristic data for these specimens are given in Table 17. 

Fami1y : Colubridae 

Genus : Coluber Linnaeus 1758 

Coluber karelini Brandt 1838 

Turan Biosphere Reserve Material: (2) MMTT 1785,. 3.5 km east of Delbar 
village, 1200 m, collected 5 August 1976 by R. E. Brown (original no, 
REB 97); MMTT 1847, between the villages of Baghestan and Shahbaz, col" 
1ected 19 March 1977 by M. Martin. 

Measurements: Meristic data for these specimens are given in Table 18. 

Remarks: The local name for the spotted desert racer is "sek-mar." 

MMTT 1785 was observed to pursue, capture, and swallow a Persian 
steppe lacerta, Eremias persica (MMTT 1791 : see above). 

Coluber rhodorhaohis ladacensis (J. Anderson 1871) 

Turan Biosphere Reserve Material: (1) MMTT 1906, Baghestan village for- 
tress, collected 25 May 1977 by M. Martin. 

Measurements: Meristic data for this specimen are given in Table 19. 

Although preserved, the head has been completely severed from the 
body, so that the snout/vent length figures given must be considered to 
be only approximate. 

Genus : Psammophis Fitzinger 1826 

Psammophis lineolatus (Brandt 1836) 

Turan Biosphere Reserve Material: (2) MMTT 1783, north of Zamanabad, 
collected 16 August 1976 by R. E« Brown (original no. REB 108) ;MMTT 2034, 
Delbar village, 1205 m, collected 20 July 1977 by R: Bhadresa (original 
no. RGT 3246). 

Measurements: Meristic data for these specimens are given in Table 20. 

Genus : Spalerosophis Jan in de Filippi 1865 

Spalerosophis diacLema sohiraziana (Jan in de Filippi 1865) 

Turan Biosphere Reserve Material: (4) MMTT 1774, Delbar village, col - 

lected 29 June 1976 by R. E. Brown (original no. REB 62); MMTT 1908, on 
the Salehabad - Talkhab road near encroaching sand dunes, 1200 m, col- 
lected 11 July 1977 by M. Martin (original no. RGT 3179); MMTT 1987, 
Baghestan village fortress, collected 25 May 1977 by M. Martin; MMTT 
2035, Delbar village, 1205 m, collected 21 July 1977 by R. G. Tuck, Jr. 
(original no. RGT 3251). 

Measurements: Meristic data for these specimens are given in Table 21. 

Remarks: MMTT 1980 was swallowing a rodent at the time It was struck by 
a vehicle; the prey, badly crushed, according to the collector, was not 
saved. 
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Family : Vi peridae 

Genus : Pseudo cerastes Boulenger 1896 

Pseudo cerastes persicus persicus (Dumeril, Bibron, and Burner!] 185*0 

Turan Biosphere Reserve Material: (3) MMTT 1780, 7.5 km east of Delbar 
village, collected 5 August 1976 by R. E. Brown (original no, REB 96); 
MMTT 2036, Delbar village, 1205 m, col 1ected 18 July 1977 by R. Bhadresa 
(original no. RGT 3232); MMTT 2041, Annabu, 3 km northwest of Delbar 
village, collected 27 July 1977 by R, Bhadresa, 

Measurements: Meristic data for these specimens are given in Table 22. 

Remarks: in addition to these collected specimens, Mr. R. Bhadresa ob¬ 
served a live Persian horned viper 9 km south of Ahmadabad at 1530 hrs 
on 13 October 1977. 

Conclusion 

The 21 species of Amphibia and Reptilia listed in this paper un¬ 

doubtedly do not represent the total herpetofaunal complement of the 
Turan Biosphere Reserve. Nevertheless, judging from the tortoise and 
lizard forms collected or observed within the area, it is possible to 
calculate the probable zoogeographic relationships represented by the 
sample at hand, based upon Anderson's (1968) designations and equating 
Spooner's (1977) Kara Kum element with "Aralo-Caspian." The following 
tabulation results from considering the 14 testudinate and lacertilian 
examples known to occur in the Turan Biosphere Reserve -- 

Aralo-Caspian Faunal Class 14.3% (2 species) 

Iranian/Aralo-Caspian Faunal Class 7.1% (1 species) 

Iranian Faunal Class 57.1% (8 species) 

I ranian/Saharo-Sindian Faunal Class 21.4% (3 species) 

While no study comparable to Anderson's work exists for the snakes, 

distributions of the 6 serpent species sofar documented from the Reserve, 
as given by Bannikov et al. (1971), provide the following picture -- 

Aralo-Caspian Faunal Class 50% (3 species) 

Iranian Faunal Class 50% (3 species) 

It would seem that the ophidiofauna of the Reserve may show con¬ 

siderable affinity to that of the Kara Kum, Soviet Turkmenistan, in the 
sense of Spooner (1977). 

By combining the faunal class assignments for all 21 species noted 

and including the green toad, Bufo viridis ohlongus, as a member of the 
Iranian faunal class, the following tentative tabulation results -- 

Aralo-Caspian Faunal Class 

Iranian/Aralo-Caspian Faunal Class 

Iranian Faunal Class 

Iranian/Saharo-Sindian Faunal Class 

23.8% (5 species) 

4.8% (1 species) 

57.1% (12 species) 

14.3% (3 species) 
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Pending further collecting and study, it may be concluded that the 
known Turan Biosphere Reserve herpetofauna, as in the cases of thefloral 
and mammalian components, showsan appreciable relationship tothatwhich 
may be regarded as characteristic of the Kara Kum to the norths !t is 
too early, however, to apply precise terminology concerning the extent 
of the zoogeographic situation. 

A thorough, wider ranging investigation of the amphibian andrepti1e 
fauna of the Reserve would provide the materials. and data required to 
settle this question. 

Note: Political boundaries and Iranian Governmental agencies cited in 
this paper refer to pre-revolutionary Iran and may no longer exist, nor 
conform to terminology employed by the current Islamic Republic of Iran 

Table 1. Measurements (in mm) for Specimens of Bufo viridis oblongus 
Collected in the Turan Biosphere Reserve. 
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1992 ? 52.3 14.2 6.9 6.5 4.8 1.7 20.3 19.5 3.6 2.5 9.0 

2083 $ 66.6 15.9 8.0 8.2 5.3 1.5 25.4 24.9 3.7 3.0 13.2 

2084 8 46.2 11.4 6.5 5.9 3.8 1.0 15.3 16.8 3.1 2.7 9.3 

2085 ¥ 71.8 17.4 7.5 9.9 6.5 2.2 23.0 25.7 4.3 4.2 13.0 
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Table 2. Counts and Measurements (in mm) of Specimens of Agama agilis 
Collected in the Turan Biosphere Reserve. 
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1208 
? 82.5 132 73 19 15 1 (faint) 23 

1226 <? 72.7 104 69 19 18 2 2.7 

1771 a 98.1 122 68 20 19 3 25 

1772 
? 

89.4 135 65 15 16 - 26 

1782 juv. 30.0 54 - 19 17 - 28 

1843 $ 78,3 119 63 18 16 - 26 

1850 £ 67.0 109 72 17 17 2 25 

1902 ¥ 
70.6 114 68 17 18 - 26 

1996 
¥ 

90.2 126 68 17 18 - 23 

1997 ¥ 88.3 116 68 16 16 1 (faint) 26 

2001 8 82.5 134 68 15 17 2 22 

2002 8 93.5 151 73 19 18 2 26 

2015 j uv. 40.7 71 66 14 16 - 26 

2016 j UV. 33.0 58 72 16 20 - 28 

2017 8 83.2 123 64 19 19 2 27 

2018 8 83.4 129 69 20 18 2 26 

2019 j UV. 42.0 73 72 18 17 - 26 

2037 $ 
69.3 95 74 18 18 1 (faint) 24 

2046 6^ 74.9 126 65 19 18 2 28 
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Table 3. Reproductive Data for Female Specimens of Agama agilis 
Collected in the Turan Biosphere Reserve. 

in OD cn 
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cn UJ cn UJ 

UJ cn 
+-» UJ •M 
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o O 4- 4J ^ 4— 4-J 

E O 4- s_ O 4- 
□ <U a> <u <D 

O V- _i 4-J S_ _J 4-J 

<D '—' a) a)'— 0 

!— a) JD E .a E 
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21 
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+j 
£Q 
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E 
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nj 
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1208 11 June — / -- — 9 / 10 1.5 

1772 28 July 5 / 4 17.0 -- / -- — 

1849 24 Apr. 4 / 4 9.1 -- / -- — 

1902 1 May 4 / 3* 4.7 -- / -- ~ 

1996 15 July -- / -- — 11 / 8 1.1 

1997 15 July — / -- -- 10 / 8 1.5 

2037 20 July -- / -- -- 7 / 0 0.8 

*13 very smal 1 (1.1 mm) eggs, 8 1 eft and 5 right, appeared to be under- 
going resorption. 

Table 4. Counts and Measurements (in mm) of Specimens of Phrynooephalus 
mystaoeus gal'll Collected in the Turan Biosphere Reserve. 

4- 4- a) 
ji O O 
4J >- *—• 
cn <D TD s_ 03 1_ 0) .— 
c .— O 03 O) <u cn 03 
(D 03 CQ Q. TD • 2 -0 E 

_J O Cl uj ID O UJ <D ro 
JZ CO -O ID cn _J cn J 

(D 4-J 4-J c O c O c 
JD c cn 4— 3 4~ 4-J •_ 4- 4-J 4— 

E 03 c O O O O s_ O 
3 > <D 1_ in u_ in U- 
Z \ i_ < .— l_ —• l_ 

4-» 0) <D 03 JI 03 03 JI <u 
h- 3 -- _Q in JD 4-J JD •— 4-J JD 
h- X O .— E 2 E JD 3 E JD 3 E 
2: <D C fU 3 O 3 <X3 O 3 03 O 3 
2; c/> CO !— Z Cd Z _1 21 Z 21 Z 

1848 j uv. 46.0 51 126 14 10 30 

1903 j uv. 55.5 71 123 18 10 31 

1904 j uv. 51.5 60 120 15 9 31 

2003 5 98.4 113 116 17 11 30 
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Table 5* Counts and Measurements (in mm) of Specimens of Phrynooephalus 
mystaceus galli Collected in Khorasan Province. 

*4— M- 0) 
-C O O CO 
-M >- <D 
CD CD -O l_ <D OJ f—. O 
C — O a> a> CD CD 3J V— 
<d f0 DQ CL "O 2 ■a E 

O a. lu <d O LU a) to JC 
-C CO -O ZD CD _i CD -M 

<u 4-> 4-J c O C O c 
JO c CD M— 3 M— 4-J »— 4- •M — 4- 3 
e <D c O O O i- O 1_ 0 O 
3 > CD i_ m u_ (/) u_ U_ 
2! N _l J_ < u — j_ ,— L_ 

+J a) <D O J= Q) f0 JC CD s_ 
h~ 3 jo cn JO *— 4-J JO — 4-J JO 0) 
h- X O •— E 5 E -Q 3 E jO 3 E "O 
21 a) C so u O 3 OJ O 3 CO 0 3 c 
21 to CO h- •z. ec Z -J 21 2: -1 2: Z zo 

1193 ? 73.5 65 120 12 7 31 

1194 3 65.3 71 133 14 8 32 

1195 ? 
73.7 80 128 12 9 29 

1196 s 55.6 57 128 12 9 30 

1197 ? 
54.6 55 127 13 7 26 

Figure 1. Two examples of the Afghan tortoise, Agrionemys horsfieldi> 
photographed nearAhmadabad on 17 April 1977. (Photo courtesy 
of B. O'Regan) 

Page 110 Bulletin Maryland Herpetological Society 



Volume 15 Number 4 December 1979 

Figure 2. A male large-scaled rock agama, tentatively identified as 
Agama nupta nupta, photographed atTejur village on 29 August 
'377• (Photo courtesy of R. Bhadresa) 

Figure 3. A transcaspian desertmonitor, Varanus griseus caspius, photo¬ 
graphed south of 'Abbasabad on 18 April 1977. (Photo courtesy 
of B. O'Regan). 
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Table 6. Counts and Measurements (in mm) of Specimens of PhvynooeiphaZus 
scutellatus Collected in the Turan Biosphere Reserve 
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1203 $ 44.3 55 42 13 12 25 

1204 « 41.1 52 39 13 13 24 

1205 j uv. 22.4 -- 37 12 12 23 

1206 j uv. 22.1 29 37 15 12 25 

1207 j uv. 23.5 32 39 12 11 28 

1214 3 48.9 69 43 13 13 25 

1215 j UV. 24.1 34 44 12 13 27 

1216 j uv. 24.6 38 41 12 14 27 

1217 j uv. 21.6 37 

o
o

 
C

O
 14 11 25 

1218 juv. 24.2 35 35 12 12 25 

1219 j uv. 26.6 40 37 15 15 24 

1220 j uv. 21.7 32.5 44 11 11 26 

1221 j uv. 20.7 31 39 11 11 23 

1222 j uv. 21.1 31 41 12 14 22 

1223 j uv. 24.7 39 43 14 11 26 

1224 j uv. 18.5 27 45 13 13 24 

1773 3 40.6 70 28 13 13 25 

1795 ? 
44.1 65 38 11 12 23 

1995 j UV. 26.4 39 43 14 13 27 

2020 ? 
45.2 64 42 13 12 24 

2021 j UV. 30.0 46.5 41 12 12 25 

2022 j uv. 25.0 39 45 12 11 27 1 

2023 j uv. 23.8 37 42 12 1 1 25 j 

2028 j uv. 31.1 45.5 40 12 13 24 

2029 juv. 29.2 47 40 13 12 30 
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2030 j UV. 26.2 38 35 14 1 1 26 

2031 J* uv. 27.8 43 38 11 11 26 

2032 j uv. 28.7 44.5 44 13 13 26 

2033 j uv. 25.5 39 40 13 12 22 

2038 6 43.6 60 38 15 18 28 

Table 7. Counts and Measurements (in mm) of Specimens of Cyrtodaotylus 
caspius Collected in the Turan Biosphere'Reserve. 

-C 
■M in 
cn O 
c r— 
03 <v >- 

_l tJ — 
L. -C to — 
0) •M 4-> <D 

-Q c cn M— QQ 
E 0 c O 
3 > 0) l/) 
Z N. k. t/1 

•M <u 0 
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h- X 0 E U 
21 0) c fV 3 < 
SI to to h- Z 

0) 

i_ t_ 4- 

03 03 
— 0 
— h- 
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4- O 

O </> O tn 3 O u- 
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s- 03 1- fO a a 
03 — 03 -- 0 0) 0) 

-Q -Q _Q -O 03 E _Q X! 
E 03 E 03 +J <0 E c 
3 _J 3 —1 O a. 3 ZD 
Z Z h~ zn 

1775 s 47.2 55* 29 

1993 6 60.7 65* ' 30 

2004 $ 58.3 66* 29 

2005 ? 45.7 52* 30 

2024 $ 54.0 74 28 

2086 
? 

59.2 79 34 

'Regenerated 

10 9 25 25 

11 9 25 22 

12 8 27 24 

11 8 28 (faint) 22 

10 8 29 23 

12 8 0 23 
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Table 8. Tail-Loss and Regeneration in Specimens of Cyrtodaotylus 
aaspius Collected in Seman Province, Iran. 
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510 juv. 100 - 

511 j UV. - - healed 

512 j UV. 100 - 

513 j uv. 100 - :| 
514 j uv. 100 - i 

1775 § 73 27 

1993 s 18 82 

2004 s 65 35 

2005 ¥ 
52 48 

2024 8 100 - 

2086 ¥ 
100 - 

Table 9. Counts and Measurements i (in mm) of Specimens of Teratoscincus 1 
bedriagai Col 1ected in the Turan Biosphere Reserve. 
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2: ^ * 

3 fQ 
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2039 ? 
56.1 28 47 10 9 

20^0 8 55.5 29 47 9 10 ; 
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Table 10. Counts and Measurements (in mm) of Specimens of Teratoscincus 
scinous Collected in the Turan Biosphere Reserve 
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2006 ? 
95.2 55 31 10 10 

2007 $ 96.3 70 32 10 9 

2008 $ 
91.4 57 32 10 10 

2009 $ 88.5 56 34 9 9 

2010 
? 

75.4 52 31 9 9 

2011 3 70.0 47 32 11 10 

2012 8 68.6 36 31 10 9 

2013 3 73.0 53 32 10 10 

2014 8 71.8 50 —* 11 9 

*skin torn 

Table 11. Reproductive Data for Female Specimens of Teratoscinous 

scinous Collected in the Turan Biosphere Reserve* 

-^3--- 
,,—, (/) 

c ■M 0) 
fU X o» 

— cn 
s_ ._ (U 
to iX _J 

> 
o 4- 

<D ° 
XI M— •M E 
E o 4- >- E 
3 <U <L) 
Z l_ _l 4-1 

o in ' <U 
h- X C7) E Oi 
h“ E cn 03 cn 
X 3 UJ — UJ 

X z Q 

2006 5/0 2.2 

2007 7 / 3 3.0 

2008 4 / 4 1.6 

2009 5 / 5 2.2 

2010 5 / 3 2.5 

*all collected night of 15 July 1977 
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Table 12. Counts and Measurements (in mm) of Specimens of Eremias (of, E. 
fasoiata) Collected in the Turan Biosphere Reserve. 

0 to TO 
_c *— TO TO r— 
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JD C 05 4- 4— O 4- 4— 4— 4- O M— 4— 
E to c O O ex' 0 TO O TO Q. O Ll. O _ O 
o :> 0) to r— TO z X _J S_ O U TO u TO 4. TO L. in i_ S_ t. 1_ s_ 

+j O »— 0) — to •— O TO O TO TO TO TO TO 
1— 0 r— -Q I'D XJ TO _o _Q _Q -O _Q s_ jq "O 4~> X) 
1— X 0 •— E O E 0 E TO E TO E O E C E TO E 
3: TO c CD 0 CO 0 CO 3 3 3 a. 3 3 3 i 
2: CO CO 1“ z z Z Z z Z Z Z 

1229 § 60.6 113 28 53 10 1 16/17 28 18 32 

U30 ? 43.1 74 29 49 9 8 15/16 28 18 34 

Table 13* Counts and Measurements (in mm) of Specimens of Eremias 
persioa Collected in the Turan Biosphere Reserve. 
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1201 ? 83.6 122 31 62 11 8 21/19 24 16 31 

1202 ¥ 
67.2 118 31 61 10 8 21/21 25 16 31 

1776 3 87.5 154 40 66 10 9 22/22 25 17 28 

1778 ? 80.7 96* 34 66 11 9 20/20 25 15 30 

1781 j UV. 37.2 76 31 57 10 7 19/17 21 18 29 

1791 ¥ 
80.0 118 33 67 10 8 22/19 23 15 30 

1905 3 81.9 164 33 62 9 8 22/23 26 16 30 

1998 ¥ 
78.6 109* 36 63 11 9 17/18 27 16 31 

1999 $ 74.9 115 33 58 10 11 18/17 24 16 30 

2000 $ 71.9 97 36 61 13 8 20/20 25 16 33 

2025 ¥ 
78.0 23** 36 59 10 8 19/19 26 15 28 

2026 j UV. 39.8 72 30 40 10 8 21/20 25 — — 

^regenerated **healed 
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"''able 1 4. Reproductive Data for Female Specimens of Eremias persica 
Collected in the Turan Biosphere Reserve. 

4-> 4-> 
c •— in in 
O 03 0 C ^ a) 

U 4-» 03 to -M 03 
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1201 11 June -- / 12*/ 13* 3.9* 

1202 11 June — 
/ 5 / 8 0.9 

1778 5 Aug -- / - 8 / 4 0.7 

1791 5 Aug -- / - 4 / 4 0.9 

1998 15 July -- / - 12 / 10 1.3 

1999 15 July 2 / 2 13.7 5 / 9 1.6 

2000 15 July -- / 
ju /V 

/ 
JUJU JUJU 

2025 18 July -- / .. ** / 
JUJU *UJU 

*8 of these ovarian eggs, 4 on either side, were yel 1 ow-orange i n 
colour, the largest measured as given; the remainder were white 
in colour, the largest measured 1.3 mm in diameter. 

** both MMTT 2000 and 2025 contain numerous, indistinct, ovarian 
eggs on both sides. 

Table 15* Counts and Measurements (in mm) of Specimens of Eremias 
velox Collected in the Turan Biosphere Reserve. 
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1228 8 59.9 112 29 59 10 9 20/19 21 16 31 

1231 S 63.5 81* 35 66 10 9 21/20 26 16 31 

*broken 

Bulletin Maryland Herpetological Society Page 117 



Volume 15 Number 4 December 1979 

Table 16. Counts and Measurements (in mm) of Specimens of Mesalina 

guttulata watsonana Collected in the Turan Biosphere Reserve, 
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1779 j UV. 34.9 62 25 41 8 8 12/9+ 21 10 . 28’ 
(very faint) 

1851 $ 
47.0 81 26 41 9 8 11/12 22 11 30 j, 

1994 juv. 27.3 55.5 21 43 8 8 13/12 21 10 30 | 

2027 $ 50.7 74 24 41 8 8 14/15 20 -10 31 

Table 17. Counts and Measurements (in mm) of Specimens of Eryx 
tatariaus Collected in the Turan Biosphere Reserve. 
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2047 j uv. 186 28 51 12 13 single 30 

2048 0 345 46 49 11 15 185 single 29 

*speci men badly damaged 
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Table 18. Counts and Measurements (in mm) of Specimens of Coluber 
karelini Collected in the Turan Biosphere Reserve. 
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Table 19 . Counts and Measu rements (in mm) of the Specimen of Coluber 

rhodorhachis ladacensis Collected in the Turan Biosphere Reserve 
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*tip of tai1 missing 

Table 20. Counts and Measurements (in mm) of Specimens of Psarmophis 
lineolatus Collected in the Turan Biosphere Reserve. 
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Table 21. Counts and Measurements (in mm) of Specimens of Spalevosophis dia-* 
dema schiraziana• Collected in the Turan Biosphere Reserve. 
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*tai1 broken, distal portion missing 
**head badly crushed 

Table 22. Counts and Measurements (in mm) of Specimens of Pseudooerates 
pevsicus persicus Collected in the Turan Biosphere Reserve. 
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Map 1. The Central Iranian Plateau, showing historically significant 
settlements and the Turan Biosphere Reserve, (Map courtesy of 
Dr. Hasan Mohammadi, Deputy Director, Department of the Environ¬ 
ment, Imperial Government of Iran, Tehran). 
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OCCURRENCE OF THE WEST INDIAN FROG, ELEUTHERODACTYLUS 

JOHNSTONEI, IN SOUTH AMERICA AND ON THE ISLAND OF CURACAo’ 

Jerry D. Hardy, Jr. and Herbert S. Harris, Jr. 

For a number ofyears Eleutherodactylus johnstonei Barbour was gen¬ 
erally regardedas a synonymof Eleutherodactylus martinicensis (Tschudi) * 
(Parker, 1933; Grant, 1959). Schwartz (1967) presented unequivocal evi¬ 
dence, however, to show that johnstonei and martinicensis are, in fact, 
very distinct species. Eleutherodactylus johnstonei presumedly origin¬ 
ated somewhere in the eastern Caribbean. it has had a long history of 
inter-island introductions (usually documented under the name martini¬ 
censis) and is now known to occur on at least fifteen eastern Caribbean 
islands as well as in Jamaica and Bermuda (Schwartz and Thomas, 1975; 
Maclean, Kellner, and Dennis, 1977; Hardy, Drewry, and Cole, MS). 

The ease wi thwhich johnstonei is transported is emphasized by Bar¬ 
bour's statement (1930) that it occasionally appears "in hot houses in 
Europe and North America". The "Hylodes martinicensis" which Gunther 
(1895) reported assurviving in the Kew Gardens (London) from about 1885 
to at least I898 were, in fact, probably Eleutherdactylus johnstonei. 

In 1970 and 1971 populations of Eleutherodactylus were observed and 
sampled inGeorgetown, Guyana, and in Caracas andCumana, Venezuela. These 
frogs were tentatively identified inthe field aseither Eleutherodactylus 
johnstonei or Eleutherodactylus martinicensis. Since it is sometimes 
difficult todistinguish these two speci esmorphologically, identification 
was ultimately based on laboratory comparisons of vocal patterns and 
electropherograms of leg muscle proteins. On the basis of these compar¬ 
isons we have concluded that these frogs are Eleutherodactylus johnstoni. 

More recently (1975) Charles W. Myers observed simi1ar • frogs near 
Willemsted, Curasao, in the Netherlands Antilles. On the basis of vocal 
patterns, these frogs are also identified as Eleutherodactylus johnstonei. 

Eleutherodactylus johnstonei produces a two-note whist1edcal 1 (Fig. 
la). Published accounts of this call indicate that the first note varies 
from 1950 to 2150 Hz in frequency and from 0.07 to 0.09 seconds in dur¬ 
ation, while the frequency of the second note varies from 3300 to 3700 
Hz, and its duration from 0.18 to 0.27 seconds (Watkins, Baylor, and 
Bower, 1970; Lemon, 1971). Both notes aremonotonal. E. johnstonei also 
produces a characteristic occasional call whrch typically consist of a 
rising "whee" note followed by one or more "ticks". 
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Figure 1. Sonogram tracings of the principal call of a) Eleutherodaotylus 
johnstonei and b) Eleutherodaotylus martinioensis. 

Eleutherodaotylus martinioensis produces a two-note whistled call 
(Fig. lb) the first note of which is remarkably similar in frequency, 
duration, and structure to that of E. johnstonei. The second note, how¬ 
ever, rises sharply (in contrast to the monotonal second note of john¬ 
stonei) and mayterminate, as in the example illustrated, at frequencies 
as high as ca. 4600 Hz (well above the maximum recorded frequency of E. 
johnstonei). The occasional call of E. martinioensis, of which adaquate 
recordings are notavailable, consist of a prolonged series of series of 
"ticks", and is similar to the occasional call of Eleutherodaotylus ooqui, 
E. portorioensis, and E. antillensis as described by Drewry (1970). 

Sonograms taken from recordings made in Georgetown, Guyana; Caracas 

and Cumana, Venezuela; and near Willemstad, Curacao (Fig. 2), clearly 
demonstrate that these frogs are Eleutherodaotylus johnstonei, not Eleu¬ 
therodaotylus martinioensis. This conclusion is strengthened by record¬ 
ings of occasional calls made in Cumana, Venezuela, which structurally 
match occasional calls ofknown johnstonei recorded on St. Vincent (Fig. 

3). 

In electropherograms of leg muscle proteins of Eleutherodaotylus 
martinioensis there are four major protein bands,the mid-points of which 
are located at points equivalent to 43,65,71, and 78 percent of the gel 
length; while in Eleutherodaotylus johnstonei there are only three major 
bands, the mid-points of which are located at points equivalent to 25, 
58, and 78 percent of the gel length (Fig. 4). Electropherograms of leg 
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Figure 2. Sonogram tracings of the principal call of Eleutherodaotylus 
johnstonei from South America and Curasao. 
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Figure 3. Sonogram tracings of theoccasional call of Eleutherodaetylus 
johnstonei from South American and West Indian populations. 
The number of "tick" notes can vary from one to three or more 
in a given individual. 

O 
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a 43 65 71 78 

Figure 4. Electropherograms of leg muscle proteins as separated on IX 
acrylamide gels, a) Eleutherodactylus martinicensis , Pointe- 
au-Pitre, Guadeloupe (n = 10). b) Eleutherodactylus john- 
stonei St. Vincent (n = 11). Figures are percent migration. 

St. Vincent N-n 

mr ■ 1 ■; 
Grenada N-5 

mi 1! ■ ■! 
Cumana, Venezuela N -5 

■ •! '■'! ■ LI 
Caracas, Venezuela N-i 

lir ■ m 
Georgetown, Guyana N - 5 

■ 1 □ 1 1 11. 
: : 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Figure 5. Electropherograms of Eleutherodactylus johnstonei leg muscle 
proteins from South American and West Indian populations as 
separated on IX acrylamide gels. Vertical bars represent mean 
values for each protein observed. Solid vertical bars re¬ 
present proteins found in all individuals within a sample; 
dotted vertical bars represent proteinsof less frequent occur¬ 

rence. 
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muscle proteins of the SouthAmerican frogs (Fig. 5) clearly match Eleu- 
therodaotylus johnstonei, not Eleutherodaotylus martinicensis» Seventeen 
protein fractions have been observed in the combined West Indian and South 
American samples, ofwhich 4 (bands 1, 5,11, and 13) are always present. 
Bands 12 and 14 are present in all populations, but not in all specimens 
of each population. With the exception of bands 2, 10, and 16, which 
occur only in the Georgetown population, the remaining bands are of In¬ 
frequent occurrence, but occur at least once in both the South American 
and West Indian samples. Variations in these minor bands may be due to 
protein polymorphism. 

Eleutherodaotylus Johnstonei has apparantly not spread throughout 
the city of Georgetown, Guyana, and is absent from the suburbs and open 
country immediately surrounding the city. A series of frogs recently 
identified as Johnstonei (Ameri can Museum of Natural History)demonstrate, 
however, that the species has been in the city since at least 1923. 

Georgetown may have, in fact, been the point of earliest colonization of \ 
E. Johnstonei on the South American mainland. 

Over one hundred years ago Lichtenstein (1856) recorded 1 lHylodes 

martinioensis11 (a name frequently applied to johnstonei prior tofts des- :■ 
cription) from Caracas, Venezuela. It is doubtful, however, that his 
material represented either johnstonei or martinioensis or was even of 
West Indian origin. Juan Rivero (personal communication) first recorded 
johnstonei in Caracas in June, 1958, and assumed, on the basis of his 
field experience i n Venezuela, that It had been recently introduced. Bio- 
logists in Caracas, Informed us that thecal 1 of johnstonei was not com¬ 
monly heard in the city until around I960. 

In a letter dated 10 March 1971, Juan Leon summarized thespread of 
johnstonei in Cumana, Venezuela. An unspecified number of specimens was 1 
brought from Caracas in December, 1967,and released in the garden of the 
Chancellor's house at San Luis, Cumana. As of March, 1971, this popu¬ 
lation hadspread two miles east of the Chancellor's house and was esti¬ 
mated to include over 1,000 individuals. Small numbers of frogs are known \ 
to have been released ingardens 6 and 12 miles east of the Chancellor's | 
house, but it is not known whether or not these introductions were suc¬ 
cessful. In early 1368 three males and four females were taken from the | 
Chancellor's house to the campus of the University of Orlente, also in 
Cumana. According to Mr. Leon, this population contained approximately j 
200 individuals in March, 1971. 

Observations made at Willemstad in 1975 by Charles W. Myers suggest j 
that Eleutherodaotylus johnstonei was, at that time, a recent arrival in 
Curacao. Males were heard calling in a garden near the western edge of j 
Willemstad, but not in other nearby gardens or in the city itself. 

Pough, Stewart, and Thomas (1977) noted that Introduced species are 
"likely to make their first landfall in a coastal area" and that "the 
coastal margins of many Carribbean islands arehot and arid and success¬ 
ful colonizers must be able to tolerate these conditions". In their 
studies of Jamaican frogs they found that E, johnstonei and E-» planirostris 
(both introduced in Jamaica) select higher temperatures, have higher CTM 
values, and are able to withstand greater water losses than two endemic 

Jamaican species, E. oundalli and E. gossei. They concluded that the j 
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two introduced species are "evidently preadapted to being colonists be¬ 
cause they can withstand hot,dry conditions". In St. Vincent we observed 
a single male johnstonei calling from a small boulder within 20 yards of 
the surf. Other males were cal 1 ingfrom a nearbyCoccoloba grove. Schwartz 
(1967) also recorded johnstonei from extremely xeric coastal areas (as 
well as from a wide variety of other habitats) and concluded that this 
species "is much less restricted in its habitat requirements than are 
most other West Indian Eleutherodactylus". 

I n addition to thephysiological factorsdiscussed by Pough, Stewart, 
and Thomas (1977)? certain aspects of behavior may also function to make 
johnstonei a successful colonists. 

Julian Kenny (personal communication) tells of a box of johnstonei 
which was inadvertantly spilled by a visiting biologist in the Maracas 
Valley, Trinidad. By evening of the same day, the males had established 
call sites andwere actively calling. All of the males were subsequently 
recaptured and the i ntroduct ion of johnstonei intoTrinidad was prevented. 
This observation suggest that johnstonei adapts readily and immediately 
to new environments. 

Wingate (1965) suggested communal breeding and egg laying in john¬ 
stonei. In captivity johnstonei call, mate, and produce viable eggs even 
when crowded. Clutches of fertilized eggs were occasionally found on 
moist paper towels in small plastic boxes containing eight to ten adult 
frogs. Egg deposition didnot occur in ripe individuals of other eastern 
Carribbean species (including martinicensis) maintained underessentially 
identical conditions. Hughes (1962) found that johnstonei would breed 
in "boxes of dampened straw"; whi leChibon (i960, 1962) obtained numerous 
clutches of eggs in a terrarium containing wetsoi1, gravel, andextremely 
dense vegetation (there is unequivocal evidence, based on Chibon's de¬ 
scription of hatchlings, to show that his frogs were E, johnstonei; not 
mavtinioensis as he supposed). These observations, collectively suggest 
that johnstonei has an unusually low requirement for space and isolation 
during courtship activity. 

In some,but not all species of Eleuthevdaetylus , the eggs are guarded 
by the male or female parent. Bayley (1950) states that, in johnstonei3 
the eggs are guarded by the female and that, when a clutch of eggs is 
discovered, there are usually four or five other frogs sheltered nearby. 
Although the other frogs escape immediately, the female must be prodded 
before leaving the eggs,and wi 11 sometimes urinate on themwhile escaping. 
Lemon (1971) and Adamson, Harrison, and Bayley (i960) agreed that it is 
the female that guards the eggs. The later authors noted that the fe¬ 
male urinates on the eggs if disturbed while brooding. Chibon (i960) 
stated that the female is found very close to theeggs (but note apparantly 
not on or touching them). Wingate (1965) found one to five adults pre¬ 
sent with field collected eggs. Pope (1917), on the other hand, did not 
mention the presence of an adult frog with a clutch of field collected 
eggs inBermuda; andGroome (personal communication) speci fi cal lyobserved 

unguarded clutches of eggs in Grenada. Eggs deposited in laboratory con¬ 
tainers were either unguarded when discovered, or had one or more frogs 
sitting near, but not on them. Some of these eggs hatched successfully 
although they were heavily covered with fungus. These observations sug¬ 
gest that guardianship of the eggs in E, johnstonei is variable and ap- 
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parently not as highly developed as In some other members of the genus. 

It is evident, then,that both physiological andbehaviorial factors 
are probably involved in the remarkable ability of Eleuthevodaotylus 
johnstonei to colonize new areas. There is little information, however, 
on theeffects ofthis col onization oneither endemic orintroduced species 
of Eleuthevodaotylus in areas which johnstonei has colonized. 

On Jamaica, wheremultipie introductions haveapparantly taken place 
(Perkins, 19^2), johnstonei could conceivably co-exist, intime, with at 
least 15 other species of Eleuthevodaotylus. It is otherwise known to 
occur with gossei in Bermuda; with mavtinioensis in Antigua, Guadeloupe, 
and Martinique; with pinohoni in Guadeloupe; andwiththe frog currently 
referred to uviohi in Grenada and St. Vincent. 

Pough, Stewart, and Thomas (1977) studied the ecological relation¬ 
ships of johnstonei and planivostvis (both introduced) with two endemic 
Jamaican species, cundalli and gossei. They recorded johnstonei primarily 
from disturbed habitats not suitable to the native species. Indeed com¬ 
petition with a variety of native species may account for the initial 
slow spread of johnstonei in Jamaica (about 6 miles in 40 or 50 years as 
reported by Perkins, 19^2). On the other hand Pough, Stewart, and Thomas 
(1977) found that when coconut husk piles were denuded of frogs during 
the dry season, the husk piles were re-populated predominately by the 
introduced species {johnstonei and planivostvis). The anuran fauna of 
these husk piles in subsequent seasons was unfortuneately not discussed. 

Eleuthevodaotylus johnstonei arrived in Bermuda around 1880, while 
Eleuthevodaotylus gossei did not arrive until about 1906 (Dunn and Co-; 
nant, 1937). The ranges of these two species were initially mutually 
exclusive, but they came together in about 1916 (Pope, 1917). E. john¬ 
stonei is now island-wide in distribution, while the range of gossei has 
apparently become static. Where the two species occur together, gossei 
Is less abundant than johnstonei except in very moist situations (Win¬ 
gate , 1965). 

Hardy, Drewry, and Cole (unpublished MS), working in Guadeloupe, 

have found that johnstonei may displace mavtinioensis in agricultural 
environments. The peculiar limited distribution of mavtinioensis in. 
Martinique (predominately in the forested uplands of the northern third 
of the island) may reflect similar displacement by johnstonei. Schwartz 
(1967) recorded no recently collected specimens of mavtinioensis from 
Antigua, an island on which few natural habitats remain. Here, too, 
johnstonei may be displacing (or may have displaced) mavtinioensis by 
selectively occupying disturbed (i.e. agricultural) habitats. 

In St. Vincent thefrog currently referred to #. uviohi is far more 
abundant at the summit of Mt. Soufriere (where johnstonei does not occur), 
than it is on the lower slopes of the mountains where it occurs syntopi- 
cally with johnstonei. These two areas areecologically distinct however 
(ground bromeliads at the summit; heavy forests and agricultural areas 
on the lower slopes),and this, rather than competition with johnstonei,j 
may account for the differences in relative abundance. In Grenada, on 
the other hand, "uviohi" occurred in St. George's in 1910. At that time! 
johnstonei had probably been on Grenada for no more than 25 years (Bar- 
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bour, 1914; Groome, 1970) and was probably restricted to low, coastal 
areas. it had, however, reached the interior highlands (Grand Etang) 
by at least 1937 (Cochran, 1938). Eleutherodactylus "urichi" no longer 
occurs in St. George's (or the lowlands around St. George's), while 
johnstonei is quite abundant both In and around the city. Both species 
now occur in the forests surrounding Grand Etang; but, in this area, 

:johnstonei is conspicuously more abundant than "urichi11. 

These observations strongly suggest that johnstonei may, indeed, 
displace both native and introduced populations of Eleutherodactylus in 
areas which it has colonized. This seems to be particulari1y (but prob¬ 
ably not exclusively) true of disturbed habitats. The spread of Eleu¬ 
therodactylus johnstonei on the South American mainland may, therefore, 
in time drastically effect members of the local Eleutherodactylus fauna. 

SPECIMENS EXAMINED 

Eastern Caribbean 

Grenada. USNM 194388-96, Grand Etang, 26 June 1970; USNM 194397"8, Grand 

Etang, 9 July 1971. 

St. Vincent. USNM 194399-400, Lowrt,24 June 1970; USNM 194401-14, Lowrt, 
5 July 1971; USNM 194415, Soufriere, River Soufriere, 1000 feet, 7 July 
1971. 

Netherlands Anti 1les 

Cura9ao. AMNH 90933”4, near western edge of Willemstad, 29 August 1975* 

South America 

Guyana. USNM 194416-28, Georgetown, Belair Park, 6 July 1970. 

Venezuela. USNM 194429-41, Caracas, "late 1960's"; USNM 194442-6, Cum- 
ana, San Luis, 6 July 1970. 
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SURFACE ACTIVITY AND HORIZONTAL MOVEMENTS IN A MARKED 

POPULATION OF SISTRURUS MILIARIUS BARBOURI 

James A. Hudnal1 

Field observations on activity and field movements of the Dusky 
Pigmy Rattlesnake (Sistrurus miliarius barbouri Gloyd) were made in 

Florida in a cypress-sawgrass-pa1 metto habitat 5 miles west of Palm 
Beach Gardens, Palm Beach County (Fig. 1). Reported here are observa¬ 
tions on 64 individuals, 50 of which were marked in a local population 
(16. recaptured 1-5 times) betweenMarch 26, 1975 and November 14, 1976. 
These snakes are evening-crepuscu1ar and nocturnal from Spring to Fall, 
shifting to afternoon-diurnal during Winter. Evidence was found sug¬ 
gesting the occurrence of home ranges in this species. 

Fig. 1. Study area in December 1977. Major plant species include saw 
grass (Cladium jamaicensis) , pond cypress (Taxodium distiehum) , 
and saw palmetto (Serenoa repens). J 
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The study area (Fig. 1) borders a canal, no. C~l8, maintained by 
the Central and Southern Florida Flood Control District. The soil from 
the digging of the canal was piled up ca. 7 m away and paralled to the 
banks to form sand-shell rock levees ca. 23 m wide and 2.5 m high. These 
levees were weedy and periodically mown, leaving dense vegetation only 
on the steep canal bank and 1.5 m from the lip intact. Transects to 
capture snakes were walked along the mown vegetation interface or edge; 
recapture data provided one-dimensional field movements. On capture 
individuals were tagged, weighed,measured, sexed (sexed based on external 

tail morphology) and released. 

The tagging method used employs colored beads on monofilament su¬ 
ture-line that is sewn into the snake's tail, and the length measure¬ 
ments were made using both photographic and chi 11-coma methods. These 
methods are described in detail elsewhere (Hudnall, in press). 

Time and Season of Surface Activity. -- Transects (29 times) were 
completed by 1200 hrs (86,2%); a few afternoon (1500-1900 hrs) obser¬ 
vations are included. Most individuals (63 = 84% of 75 observations) 
were found coiled in a resting position. Of the 12 observations of 
actively moving individuals at the time of capture, 5 were seen in the 
afternoon. Only 1 observation of a coiled snake was made in the after¬ 
noon. It was found that 25 (39.7%) of 63 coiled snakes were positioned 
such that morning sunlight would strike themwithin the first two hours 
after dawn; the others were primarily located to thewest of vegetative 
cover or in erosion cuts in the bank such that they would remain shaded 
for most of the morning. 

A linear regression of overnight low temperatures against number 
of Dusky Pigmy Rattlesnakes seenduring an observation session produced 
a non-significant line (r = 0.127, df = 27). 

Numbers of observations of Sistrurus miliarius barbouri were dis¬ 
tributed as follows based on successful field sessions: April, 5 ob¬ 
served in 3 sessions; May, 12 observed in 6 sessions; June, 4 observed 
in 3sessions; September, 17observed in 6sessions; October, 18 observed 
in 4sessions; November, l4observed in 5 sessions; December, 5 observed 
in 2sessions. These data coincide predictably with data of Chamberlain 
(1935) for Sistrurus miliarius in South Carolina anddata of Palmer and 
Williamson (1971) in North Carolina. Of Chamberlain’s observations, 
65% were made from July toSeptember while Palmer andWi11iamson recorded 
66% of their sitings during these months. Most of mine were observed 
from September toNovember, explainable with colder and harsher weather 
arriving earlier in thenorthern states. It wasconcluded by Chamberlain 
(1935), and I concur, that "it appears that some individuals may be 
active atalmost anytime during theyear except in the coldest weather." 
In coastal south Florida "coldest weather" is usually no more than 5 
consecutive days induration. No evidence ofdenning behavior was found; 
only single individuals were observed with theexception of one occasion 
(September) when two snakes (male and female) were located within 4 m 
of each other. 

Bulletin Maryland Herpetological Society Page 135 



Volume 15 Number 4 December 1979 

Thus, the over-all picture for Sistrurus miliarius barbouri in my 
study area is a year-around active snake lacking a hibernation period. 
They seem to be afternoon-crepuscular and early evening nocturnal from* 
March-October (assume July-August with no persona 1 observations), being 
found coiled andasleep in the mornings and moving to cover for the day 
by noon. From November-February they seem to be primarily afternoon- 
diurnal, most of which time is spent basking or moving to and from a 
basking site. 

During all seasons, it was found that very few individuals (ca. 
5 out of ca. 55 observations) were inclined tostrike when harassed with 
a moving boot. The usual reaction was to coil to strike, rattle, then 
ret reat. 

Only three snakes assumed to be young-of-the-year were captured 

during this study: 11 October 1975, $VL = 220 mm; 18 October 1975, SVL 
= 229 mm; 23 November 1975, SVL = 227 mm. Each had a button at thetime 
of capture,and the229 mm snake possessed oneadditional segment. Snout- 
vent lengths of August S. m. streekeri reported by Fleet andKroli (1978) 
in east Texas did not exceed 161 mm; unless newborn S. m. barbouri ex¬ 
ceed this, the juveniles reported here would be 1-3 months old. 

TABLE 1 

ID# 

20 

Snout-vent 
Length 

at First 
Capture (mm) 

459 

No. Times 
Recaptured 

5 

x t St. Error 
Distance 

Travelled (m) 

Total 
Movement 

Since First 
Capture (m) 

Max. Distance 
From First 

Capture 
Point (km) 

ion 

Days From 
First to 

Last 
Capture 

179.6 ± 81.5 898.0 0.2393 84 

19 375 3 81.0 ± 67.1 243.0 0.2258 gn 62 

36 416 3 89.5 ± 34.6 268.5 0.1128 on 294 

21 469 2 121.2 ± 114.5 242.3 0.2423 42 

28 479 2. 151.7 t 80.3 303.3 0.2320 on 355 

4 526 1 93.6 93.6 0.0936 -1 13 

5 445 1 9.1 9.1 0.0091 0.6 14 

7 420 1 30.2 30.2 0.0302 1-9 16 

8 476 1 66.8 66.8 0.0668 4* 14 

18 422 1 69.5 69.5 0.0695 8 

22 296 1 118.9 118.9 0.1189 ZM 35 

25 362 1 9.1 9.1 0.0091 in, 7 

30 331 1 132.3 132.3 0.1323 (fed 21 

33 461 1 16.8 16.8 0.0168 7 

40 384 1 37.8 37.8 0.0378 o6- 162 

42 411 1 89.0 89.0 0.0890 b 57 

*14. ^ 

Table 1. Field movements of marked and recaptured Sistrurus miliarius 
barbouri in southern Florida. 
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Fig. 2. Diagrammatic map of recaptures of marked Dusky Pigmy Rattle¬ 
snakes; the 2920 m transect line is indicated here in four di¬ 
vided parts. Time elapsed in days (d) is shown between each 
capture point. 

No gravid individuals were noted at any time during the study. 

Field Movements of Marked Individuals. --Reduced data for movements 

of recaptured individuals is given in Table 1. Average distance traveled 
per capture and total movement, while variable, both indicate that in¬ 
dividual Sistrurus mitiaviusbarbouri activelymove within this restricted 
habitat. The measurement of maximum distance from the initial capture 
point reveals that thesnakes are generally not moving unidirectionally, 
and may be movingwithin a definable stable home range. The capture points 
plotted forsnake number 20 (male, see Fig. 2) is a strong case supporting 
the existence of home ranges In the Florida study area; several of the 
other individuals also Indicate definite home range behavior. 

Of fifty snakes marked over 1.5 years,8 of the 16 total recaptured 
individuals (50%) were recaptured within 1-3 weeks andnever seen again. 
Fitch (19^9), Indiscussing low recapture percentages and 1arge movements 
recorded for some Crotalus viridis oreganus in California, concluded that 
some individuals in his population were wandering randomly while some 
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long trips seemed tobeshifts to new,restricted home ranges. The seden¬ 
tariness through time of several of his crotalid snakes, as with mine, 
strongly suggest limited home ranges in rattlesnakes. Fleet and Kroll^ 
(1978) reported a gravid female S. m. streckeri in east Texas that was*> 
observed 7 times from 1 July 1976 to 3 August 1976; it remained within : 

2 m of its original capture point. 

The data reported here for a marked population support an earlier^ 
impression ofhighly localized behavior of unmarked individuals insimilar 
Florida habitats asobserved over thepast twelve years of field observa¬ 
tions on the species. The conclusion on home range behavior in Si-strums 
miliarius barbouri is also in agreement with the criterion of the long¬ 
term movement of individual snakes not being exceeded greatly by short¬ 

term movements of other individuals (Stickel and Cope, 19^7)• 
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A Study of the Homing Instinct in 

Terrapene a. Carolina in Maryland 

During the six week period from 9 June 1978 to 22 July 1978, the 
ovements of 13 displaced eastern box turtles, Terrapene c. Carolina 
Linnaeus), were studied. This project was conducted in conjunction with 
ngoing studies of the eastern box turtle at the Douglas Point Field 
tation forTerrestrial Studies, a 1400 acre tract of land on the eastern 
ho re of the Potomac River in Charles County, Md., approximately 48 ki1 - 
meters south of the District of Columbia. 

Upon capture, each turtle was fitted with a thread trailing device 
;hich was a modification of that used by Stickel (1950). Previous ex- 
erimenters have shown that this type of trailing device does not sig- 
ificantly alter theturtle1s pattern of movement (Stickel, 1950). Where 
ossible, turtles were trailed for several days within their home range 
o obtain an idea of their normal movement patterns and toget an approx- 
mat ion of the extent of their home range. After the home range infor- 
lation hadbeen obtained, the turtles were relocated. Ten of the turtles 
ere relocated from 500 meters to 900 meters from their home range. The 
emaining threeturtles were displaced 1.6 km, 4 km, and 8 km from their 
apture point. 

Of the 10 turtles displaced less than 900 meters, nine returned to 
heir home range. The pattern of movement observed during their return 
as markedly different from that observed within their home range. The 
ovements observed for those turtles within their home range consisted 
f repeated doubling, turning, and little unidirectional movement. This 
ype of home range movement pattern is consistant with that observed by 
ther authors (Dolbeer, 1969;Gould, 1957; Nichols, 1939; Stickel, 1950). 
owever, the pattern of movement observed in those turtles returning to 
heir home range consisted of an initial period of erratic movement 
usually less than 10 meters) followed by a period of unidirectional 
lovement whichcontinued until theindividual had returned tothe vicinity 
f its home range. For five individuals, this unidirectional movement 
as actually in the form of a slight arc rather than a straight path 
owards its home range. In all but one case, however, this arcing pat" 
ern of movement could be accounted for because the box turtle was fol- 
owing either a road or a stream valley. As noted in a previous study 
Lemkau, 1970), the returning turtles tend to follow natural or manmade 
•oundaries such as streams, roads, and washouts. 

As mentioned above, one of the ten turtles did not attempt to return 
o its home range. This particular individual hadbeen displaced approx- 
metely 600 meters. This individual, however, did not exhibit a typical 
lome range pattern of movement upon relocation. Rather, the pattern of 

lovement was very erratic, characterized by numerous circling movements 
ind more turns than were observed in the home range movements observed 
or this individua 1. 
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Of the three turtles relocated more than 1.6 km, none attempted to 
return to its point of capture. Within several days of release, all three 
individuals began to exhibit a pattern of movement similar to that seen* 
for the home range. This type of behavior was also seen in a 1974 study 
in which seven three-toed box turtles (Terrapene c. triunquis) were re¬ 
moved 1.6 km to 3.2 km from their capture point and estab11 shed new home 
ranges rather than returning to thei roriginal ones (Schwartz & Schwartz j 
1974). 

On the basis of this study it appears that at least some eastern 
box turtles exhibit a homing instinct. However, the distance from which 
a box turtle will return to its home range does seem to be limited. For 
some individuals, thiscritical distance appears to be less than 1.6 km. 
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