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nakes may be the most feared and misun-
derstood of all the Earth’s creatures. 
In many countries snakes are considered 

pests, and apprehensive homeowners may 
kill a backyard visitor. However, serpents are 
revered by some cultures, such as India, 
where cobras enjoy dedicated temples and a 
Hindu festival of snakes is celebrated each 
year. Unfortunately, as human populations 
continue to impinge on snake habitats around 
the globe, the increased number of human 
and snake encounters usually ends badly for 
the snake. Of the nearly 3,000 snake species 
worldwide, the World Conservation Union 
(IUCN) currently names 80 on the Red List 
of Threatened Species, a number widely 

thought to be an underestimate due to lack 
of information on the status of many species. 
Keep in mind that the snake in your backyard 
today may be an endangered species in the 
near future. 

As prey for a number of species, such 
as raptors, wild cats, skunks, and coyotes, 
Southern California’s snakes represent an 
important link in the food chain. In turn, 
snakes consume a variety of small animals 
including rats, mice, and rabbits to maintain 
a natural predator–prey balance. Considering 
the amazing reproductive rate of rodents and 
rabbits, we owe snakes a debt of gratitude for 
controlling the populations.  

Although approximately 8,000 bites from 
venomous snakes are reported annually in the 
United States, only 5 to 10 are fatal. Despite 
the urban legends depicting snakes lying in 
wait to fang unsuspecting human victims, 

snakes avoid people and inhabited areas when-
ever possible. In fact, the victims themselves 
provoke the majority of snakebites by han-
dling or attacking a snake.

While it is certainly advisable to avoid the 
infusion of snake venom directly from the 
source, venom has been the focus of many 
scientifi c investigations worldwide and has 
many signifi cant pharmacological uses. For 
example, the protein crotamine, present in the 
venom of the Brazilian rattlesnake Crotalus 
duissus terrifi cus, has an analgesic action 30 
times more potent than morphine but without 
the addicting side effects. An enzyme in the 
venom of the copperhead snake Agkistrodon 
contortrix shows promise as an agent to slow 
the metastasis of breast cancer, and the venom 
of several snakes including the Malaysian pit 
viper Callaselasma rhodostoma have anticoagu-
lant or blood clot disruption factors that could 
be very benefi cial in treating heart disease 
and stroke. Thus, in addition to our responsi-
bility to preserve snakes as integral compo-
nents of the ecosystems they inhabit, your 
survival may be intimately linked to theirs 
if you develop a disease that can be cured with 
a venom-derived medication. 

Assisted reproduction and germplasm 
(sperm and ova) storage are part of all long-
term animal conservation plans. Since the 
Reproductive Physiology Division of CRES 
added the Germplasm Repository to the 
Frozen Zoo® in 1980, more than 13,000 samples 
have been banked from more than 1,000 indi-
vidual animals of 280 species. Of these species, 
only six are reptiles and none are snakes. 
Surprisingly, even basic semen parameters 
are unknown for all but five of the world’s 
snake species.

To begin to remedy this dearth of knowl-
edge, we initiated a project to gather reproduc-
tive data and develop assisted reproductive 
technology using local Southern California 
snakes. The Wild Animal Park’s undeveloped 
land, comprising approximately half of our 

1,800 acres, is home to an astonishing 
16 species of snakes, 2 of which are 

considered sensitive and species of 
special concern by the State of 

California: the red diamond rat-
tlesnake Crotalus ruber ruber 
and the coastal rosy boa 
Charina trivirgata roseofusca. 

CONSERVATION CORNER

Much of the reproductive study conducted by 
the “snake repro” team at CRES involved the 
red diamond rattlesnake, one of the species 
of special concern that make its home on the 
Wild Animal Park’s undeveloped land.

For identifi cation purposes, a number was 
inserted into the last rattle of each snake captured. 
This number will eventually be shed when the 
rattle is lost, but should remain visible for at least 
two years to facilitate data collection.

The speckled rattlesnake Crotalus mitchellii 
phyrrus was also encountered during the study, 
and nine specimens were captured, numbered, 
and released.

Reproductive Studies of Free-Ranging Snakes 

at the Wild Animal Park

By Rogério Zacariotti, DVM, M.S, and Barbara Durrant, Ph.D., 

Conservation and Research for Endangered Species (CRES)
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The “snake repro” team comprised Brazilian 
veterinarian and Ph.D. candidate Dr. Rogério 
Zacariotti (supported by a fellowship from 
the Heller Foundation), CRES Reproductive 
Physiologist Dr. Barbara Durrant, the 
Zoological Society’s Herpetology department, 
the Applied Animal Ecology division of CRES, 
and Dr. Marcelo Guimares of the University 
of Sao Paulo in Brazil. 

During the course of 13 months, Dr. 
Zacariotti and members of the Reproductive 
Physiology staff logged 1,500 hours trekking 
through the backcountry of the Wild Animal 
Park to capture 122 snakes of 14 species. 
Their forays resulted in the identifi cation of 
several previously unknown snake den areas, 
which will be useful collection sites for studies 
of snakes in this habitat. The most commonly 
encountered species were the red diamond 
rattlesnake, with 78 individuals captured; the 
southern Pacifi c rattlesnake Crotalus oreganus 
helleri, 10 captured; and the speckled rattle-
snake Crotalus mitchellii phyrrus, 9 captured.

When a snake was captured, its GPS loca-
tion was recorded to facilitate its return to its 
home range. Each snake was transported to 
the CRES Beckman Center labs for analysis, 
where it was weighed and measured and its 

body condition was scored. This score was 
based on the size of the muscle layers along 
either side of the spine and ribs through palpa-
tion. A well-muscled, well-fed snake received a 
body score of 1, a thinner snake was classifi ed 
as a 2, and a snake in poor body condition was 
given a score of 3. A new identifi cation system 
was developed, and a small numbered label 
was inserted inside the rattle closest to the 
tail. The large number of red diamond rattle-
snakes (“rubers”) captured was suffi cient to 
conduct a series of investigations. 

To fi nd out the reproductive status of female 
rubers, we measured their ovarian follicles 
using ultrasound. Follicle development in 
snakes is called vitellogenesis and is charac-
terized by yolk produced from proteins and 
lipids by the liver. Females were classifi ed as: 
non-vitellogenic if their follicles were up to 
10 mm in diameter; vitellogenic if we measured 
follicles greater than 10 mm in diameter; and 
gravid if follicles had ovulated and contained 
developing fetuses. Although a single year is 
not enough to determine seasonal reproduc-
tive activity, we did see a pattern of vitellogen-
esis starting in the fall. During winter months, 
follicular development stopped while the 
snakes nested in protected areas. The breed-

ing season in the spring was accompanied by 
renewed vitellogenesis and ovulation. If fertil-
ization occurred, the beating hearts of fetal 
snakes could be seen with ultrasound from 
late spring through the summer. 

We also saw a pattern of sperm production 
in the males that matched the reproductive 
activity of the females. To collect semen for 
analysis, the dangerous end of the captured 
snake was restrained in a plastic tube while 
semen was drawn into a small syringe and 
evaluated for volume, motility, swimming 
speed, and integrity of the acrosome 
(the membrane needed for fertilization). 
Preliminary data show that the red diamond 
rattlesnake increases sperm production in the 
winter in anticipation of the spring breeding 
season, at which time sperm motility and 
swimming speed peak. 

To begin developing the fi rst cryopreserva-
tion protocols for snake semen, several differ-
ent extenders, cryoprotectants, freeze rates, 
and thawing techniques were compared. 
Initially, we found no motility in thawed sperm, 
but further experimentation resulted in steadi-
ly improved cryosurvival. Currently, thawed 
sperm shows about 70 percent of its pre-freeze 
motility, and we continue to improve swim-
ming speed and acrosome integrity.

The data collected at the Wild Animal Park 
represent a signifi cant addition to the body 
of knowledge on snake reproduction. The 
techniques of semen collection, cryopreserva-
tion, and ovarian ultrasound developed in 
the red diamond rattlesnake will benefi t con-
servation efforts for a variety of endangered 
snake species. 

Wild Animal Park veterinarians X-rayed 
one of the study’s female red diamond 
rattlesnakes. In addition to her recently 
consumed meal, a number of ovulated 
eggs were identifi ed (arrows).

Authors Barbara Durrant, Ph.D. (left) and
Dr. Rogério Zacariotti, DVM, M.S., examine 
a red diamond rattlesnake in a restraint tube.
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