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previously reported for any snake species. 
Furthermore, I have observed this behavior only 
among the Texas A&M Research Annex popu- 
lation of western hognose snakes. I am un- 
certain whether or not these observations repre- 
sent a general behavioral characteristic of this 
species or an aberrant characteristic of a local 
population. I cannot understand the adaptive 
significance or selective advantage of self-in- 
flicted wounds. However, Klauber (1939) sug- 
gested that autohemmorhage in Phrynosoma 
blainvillei (= P. cornutum) may deter predation 
by mammalian predators. McCoy and Gehl- 
bach (1967) suggested that hemorrhaging in 
Rhinocheilus could be a ".. . physiological side- 
effect of the other presumed defensive behavior 
[= vibration of tails and elimination of cloacal 
sacs]." They also suggested that cloacal hemor- 
rhaging in snakes may be a response to stress 
leading to vasodilation of cloacal tissues. My 
observations of self-wounding during death 
feints of H. nasicus appear to support this hy- 
pothesis. 

LITERATURE CITED 

BURLESON, G. L. 1942. The source of the blood 
ejected from the eye by horned lizards. Copeia 
1942:246-248. 

GEHLBACH, F. R. 1970. Death-feigning and erratic 
behavior in leptotyphlopid, colubrid, and elapid 
snakes. Herpetologica 26:24-34. 

HANLEY, G. H. 1943. Terrarium notes on Cali- 
fornia reptiles. Copeia 1974:145-147. 

HECHT, M. K., V. WALTERS AND G. RAMM. 1955. 
Observations on the natural history of the Ba- 
havian Pigmy Boa, Tropidophis pardalis, with 
notes on autohemorrhage. Copeia 1955:249-251. 

HEUSSER, J., AND H. U. SCHLUMPF. 1962. Totstellen 
bei der Barren-Ringelnatter-Natrix natrix hel- 
vetica. Aquar. Terr. 2:214-218. 

HULME, J. H. 1951. The "playing possum" habits 
of the ringhals cobra. Herpetologica 7:132. 

IONIDES, E. J. P. 1952. Cobra feigning death (Naja 
n. nigrocollis). British J. Herpetol. 1:114-115. 

KLAUBER, L. M. 1939. Studies of reptile life in the 
arid Southwest. Bull. Zool. Soc. San Diego 14:1- 
100. 

KROLL, J. C. 1973. Comparative physiological ecol- 
ogy of eastern and western hognose snakes (Heter- 
odon platyrhinos and H. nasicus). Unpubl. Ph.D. 
Dissert. Texas A&M University, College Station. 

MACDONALD, A. ST. J. 1947. Shamming death 
snakes. J. Bombay Natur. Hist. Soc. 47:173. 

McCoY, C. J., AND F. R. GEHLBACH. 1967. Cloacal 
hemorrhage and the defense display of the 
colubrid snake Rhinocheilus lecontei. Texas J. 
Sci. 19:349-352. 

PLATT, D. R. 1969. Natural history of the hognose 
snakes Heterodon platyrhinos and Heterodon 
nasicus. Univ. Kansas Publ. Mus. Nat. Hist. 18: 
253-420. 

VISSER, J. 1966. Color change in Leptotyphlops 
scutifrons (Peters) and notes on its defensive 
behavior. Zool. Africana 2:123-125. 

previously reported for any snake species. 
Furthermore, I have observed this behavior only 
among the Texas A&M Research Annex popu- 
lation of western hognose snakes. I am un- 
certain whether or not these observations repre- 
sent a general behavioral characteristic of this 
species or an aberrant characteristic of a local 
population. I cannot understand the adaptive 
significance or selective advantage of self-in- 
flicted wounds. However, Klauber (1939) sug- 
gested that autohemmorhage in Phrynosoma 
blainvillei (= P. cornutum) may deter predation 
by mammalian predators. McCoy and Gehl- 
bach (1967) suggested that hemorrhaging in 
Rhinocheilus could be a ".. . physiological side- 
effect of the other presumed defensive behavior 
[= vibration of tails and elimination of cloacal 
sacs]." They also suggested that cloacal hemor- 
rhaging in snakes may be a response to stress 
leading to vasodilation of cloacal tissues. My 
observations of self-wounding during death 
feints of H. nasicus appear to support this hy- 
pothesis. 

LITERATURE CITED 

BURLESON, G. L. 1942. The source of the blood 
ejected from the eye by horned lizards. Copeia 
1942:246-248. 

GEHLBACH, F. R. 1970. Death-feigning and erratic 
behavior in leptotyphlopid, colubrid, and elapid 
snakes. Herpetologica 26:24-34. 

HANLEY, G. H. 1943. Terrarium notes on Cali- 
fornia reptiles. Copeia 1974:145-147. 

HECHT, M. K., V. WALTERS AND G. RAMM. 1955. 
Observations on the natural history of the Ba- 
havian Pigmy Boa, Tropidophis pardalis, with 
notes on autohemorrhage. Copeia 1955:249-251. 

HEUSSER, J., AND H. U. SCHLUMPF. 1962. Totstellen 
bei der Barren-Ringelnatter-Natrix natrix hel- 
vetica. Aquar. Terr. 2:214-218. 

HULME, J. H. 1951. The "playing possum" habits 
of the ringhals cobra. Herpetologica 7:132. 

IONIDES, E. J. P. 1952. Cobra feigning death (Naja 
n. nigrocollis). British J. Herpetol. 1:114-115. 

KLAUBER, L. M. 1939. Studies of reptile life in the 
arid Southwest. Bull. Zool. Soc. San Diego 14:1- 
100. 

KROLL, J. C. 1973. Comparative physiological ecol- 
ogy of eastern and western hognose snakes (Heter- 
odon platyrhinos and H. nasicus). Unpubl. Ph.D. 
Dissert. Texas A&M University, College Station. 

MACDONALD, A. ST. J. 1947. Shamming death 
snakes. J. Bombay Natur. Hist. Soc. 47:173. 

McCoY, C. J., AND F. R. GEHLBACH. 1967. Cloacal 
hemorrhage and the defense display of the 
colubrid snake Rhinocheilus lecontei. Texas J. 
Sci. 19:349-352. 

PLATT, D. R. 1969. Natural history of the hognose 
snakes Heterodon platyrhinos and Heterodon 
nasicus. Univ. Kansas Publ. Mus. Nat. Hist. 18: 
253-420. 

VISSER, J. 1966. Color change in Leptotyphlops 
scutifrons (Peters) and notes on its defensive 
behavior. Zool. Africana 2:123-125. 

JAMES C. KROLL, School of Forestry, Stephen F. 
Austin State University, Nacogdoches, Texas 
75961. Accepted 28 April 1976. 

EGG RETENTION IN SOME HIGH-ALTI- 
TUDE ANOLIS LIZARDS.-Developmental 
rates and survival of reptilian embryos are de- 
creased at low ambient temperatures (Weekes, 
1933; Licht and Moberly, 1965; Sexton and 
Marion, 1974). Viviparity provides one mea- 
sure of independence from such problems in 
cold habitats since viviparous females, while 
regulating their own body temperature, simul- 
taneously regulate that of their embryos. Not 
surprisingly, the repeated evolution of vivi- 
parity in reptiles is strongly centered in regions 
of high altitude and high latitude (Weekes, 
1933; Sergeev, 1940; Neill, 1964; Packard, 1966; 
Greer, 1968; Greene, 1970). Nonetheless, some 
high-latitude and high-altitude reptiles are ovi- 
parous. Adaptive strategies potentially available 
to these reptiles include breeding only during 
the warmest time of year (Gorman and Licht, 
1974), incubating eggs (Hutchison et al., 1966), 
ovipositing in the warmest microenvironments 
available (Neill, 1964), and retaining eggs in the 
oviducts until embryos reach advanced develop- 
mental stages, thereby reducing the duration of 
exposure of embryos to low ambient tempera- 
tures. Several oviparous reptiles at high latitude 
or altitude are known to contain eggs with ad- 
vanced embryos (Weekes, 1933; Stebbins, 1954; 
Stille, 1954; Anderson, 1962), but no one has 
correlated the stage of embryonic development 
in different populations of a single species with 
altitude. Here I report such data for some 
Anolis lizards (Iguanidae), a genus which is al- 
ways oviparous. 

The anoles of the A. cybotes species complex 
form a distinctive evolutionary and ecological 
assemblage of several species on Hispaniola. 
Distributed from sea level to over 2200 m, 
these lizards are suitable for an examination of 
the relationship between altitude and egg re- 
tention. 

I removed shelled eggs from females of several 
populations in late July and early August of 
1974 and recorded the stage of embryonic de- 
velopment (Defaure and Hubert, 1961) within 
24 hrs. If high-altitude females do retain eggs 
until embryos reach advanced stages, then the 
stage of embryonic development should in- 
crease directly with altitude. Using a prob- 
ability of 0.95 as the minimum level of sig- 
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TABLE 1. PERCENTAGE OF EMBRYOS OF A nolis 
LIZARDS IN THREE DEVELOPMENT CATEGORIES AS A 
FUNCTION OF ALTITUDE (N = SAMPLE SIZE; ND = NO 
EVIDENT DEVELOPMENT; 23= STAGE 23, SEE DEFAURE 
AND HUBERT, 1961). Vertical lines connect popula- 
tions of A. cybotes which are homogeneous by STP 

analysis. 

Developmental 
State (%) 

Population N ND 23 >23 

A. cybotes 

Playa Saladilla (sea level) 17 47.1 52.9 0 
Jarabacoa (520 m) 18 38.9 55.6 5.6 
Constanza (1150 m) 30 33.3 56.7 10.0 

A. shrevei 

Valle Nuevo (2200 m) 13 23.1 30.7 46.2 

A. armouri 

road to Furcy (c. 1600 m) 24 33.3 66.0 0 

nificance, I analyzed independence among 
samples with 2-tailed G-tests (R X C and STP; 
Sokal and Rohlf, 1969). 

Stage of embryonic development in several 

populations of Anolis cybotes on Hispaniola is 
summarized in Table 1. Populations of this 
species differ significantly (P < .005) with a 
trend toward more advanced embryonic de- 
velopment with altitude. 

I also examined eggs from single populations 
of two additional members of the cybotes com- 
plex. Embryos of A. shrevei from Valle Nuevo, 
Dominican Republic (2200 m), the highest pop- 
ulation sampled, were particularly advanced 
(Table 1). In contrast, embryos of A. armouri 
from near Furcy, Haiti (c. 1600 m) were not 
advanced (Table 1). This may reflect the close 
proximity of Furcy to the Caribbean which 
would buffer climatic extremes (A. R. Kiester, 

pers. comm.). 
Within some populations of Anolis lizards of 

the cybotes species complex on Hispaniola, the 
stage of embryonic development is correlated 
with altitude, suggesting that high-altitude fe- 
males retain eggs until embryos reach advanced 
stages. Egg retention can be a response which 
minimizes egg desiccation (Sexton and Marion, 
1974). However, since lowland habitats were 

subjectively much drier than the montane habi- 
tats on Hispaniola, this explanation is im- 
probable, despite the lack of short-term weather 
records from the localities sampled. More 
likely, egg retention by these high-altitude fe- 
male Anolis is an adaptive response which 

shortens the exposure of eggs to low ambient 

temperature, thereby potentially increasing em- 

bryo survival. 
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RAYMOND B. HUEY, Museum of Comparative 
Zoology, Harvard University, Cambridge, 
Massachusetts 02138. Present Address: Mu- 
seum of Vertebrate Zoology, University of 
California, Berkeley, California 94720. Ac- 
cepted 12 April 1976. 

NOTE ON THE EMBRYONIC DEVELOP- 
MENT OF THE DUSKY SALAMANDER, 
DESMOGNA THUS FUSCUS (CAUDATA: 
PLETHODONTIDAE).-Studies of the em- 
bryonic development of desmognathine sala- 
manders have been limited to brief field 
observations (Organ, 1961:202) and one field- 
laboratory investigation by Tilley (1972), in 
which he attempted to stage the embryonic de- 
velopment Desmognathus ochrophaeus in North 
Carolina populations. 

On 11 July 1975, a brooding female identi- 
fied as Desmognathus f. fuscus (Raf.), the north- 
ern dusky salamander, and an egg clutch con- 
taining 17 eggs were removed from a large 
seepage bank above a small stream in the Cuya- 
hoga River drainage in Portage County, Ohio. 
The condition of the clutch indicated that it 
had been only very recently deposited. To stage 
the subsequent development, I have assumed 
that the clutch was removed within 24 hours of 
deposition. 

The clutch was kept on moist sphagnum moss 
in an environmental chamber at 14 C and a 
L:D 12:12 light regime. The clutch was gently 
turned and rinsed daily in an extremely dilute 
methylene-blue solution to retard fungal 
growth. Tilley (1972) noted that laboratory- 
reared larvae tend to hatch prematurely due to 
daily handling, and I have no reason to suspect 
that my larvae are excepted from the suggestion. 

In the accompanying table, the embryonic 
development of this D. fuscus clutch is com- 
pared with that of nine D. ochrophaeus egg 
clutches found in the vicinity of Mt. Mitchell, 
Yancey County, N. Carolina, and subsequently 
staged by Tilley (1972). His clutches were found 
at an altitude of 914 m, while my clutch was 
found at 340 m. I have selected these clutches 
for comparison because they are well described 
in terms of visible development. 

Tilley's Mt. Mitchell clutches were reared at 
16 C and ranged from 28 to 57 days of age when 
collected. Of the seven clutches accurately 
counted, the eggs numbered from 14 to 23. In 
addition, Tilley assumed that neurulation oc- 
curred at 10 days as a minimum estimate. The 
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Neural tube 
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Stage 
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Prominent rhombencephalon 
Tail bud 
Pectoral limb buds 
Ectodermal invaginations in 

the thorax 
Dorsal pigmentation begins 
Pelvic limb buds 

Eye pigmentation begins 
Dorsal larval spots 
Noticeable movements 
Limb pigmentation begins 
Visible heartbeat 
Gill buds 
Branchial arteries 
Larval spots on the limb buds 
Toe buds 

Completed dorsal pigmentation 
Hatching 
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Age in days of 
deposition 

Portage Mt. 
County, Mitchell 

Ohio D. ochro- 
D. fuscus phaeus 

13-14 10-14 
14-15 - 

15-18 15-17 
18-19 

20-22 19-20 
20-23 19-23 
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D. fuscus embryonic development appears to be 
very similar to that of the Mt. Mitchell D. 
ochrophaeus. 
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