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Preface

This volume represents the end point of the Northern California Herpetological Society’s Fourth
Conference on the Captive Propagation and Husbandry of Reptiles and Amphibians held February 18-20, 1989.
To reach this point was a tremendous undertaking that required countless man-hours from many sclfless
volunteers. We would like to acknowledge a number of people for their help and assistance in various phases
of this conference. Heino Kemnitz was instrumental in the planning of the dinner and in arranging the motel
and banquet room. Sam Bacchini, John Berger and David Muth had the formidable task of organizing the
registration. Tom Sinclair and James Rexroth helped tremendously with coordinating the speakers who
presented papers at the conference. James Rexroth also coordinated the advertising of the program. These
people formed the nucleus of the NCHS conference committee and can be thanked for the success of the event.

The ultimate goal of this conference and its proceedings is to disseminate inormation on reptile and
amphibian care that is useful to all herpetoculturists. We feel these proceedings exemplify this endeavor. We
have tried to keep each author’s style intact while molding their papers into a cohesive volume. Rick Staub and
Dale DeNardo assisted greatly in the process of reviewing the papers for this volume. Tom Greek redrew many
of the line drawings included in this volume,

As usual our failing memories have almost certainly allowed us to omit mentioning someone worthy of
recognition for their efforts. To this end, we apologize.

Gerold Merker
Ralph Gowen
Conference co-Chairmen

On the Cover

The spotted turtle (Clermmys guttata) is one of the most elegant turtles found in the United States and
has been used as a surrogate to help study the bog turtle (Clermumnys muhlenbergii). Photo by David Collins

On the Back Cover

The bog turtle (Clemmys muhlenbergii) is one of the rarest of North American turtles. Photo by David
Collins. The Mandarin ratsnake (Elaphe mandarina) is one of the most colorful of its genus; however, it has
proven to be a difficult species to maintain in captivity. Photo by Bill Gillingham.
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The Northern California Herpetological Society is a federal and state non-profit organization dedicated
to conservation, education and research of reptiles and amphibians. Founded in 1981 by a group of students at
the University of California at Davis, it has grown into a society with members across the United States. NCHS
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Husbandry and Propagation of
Salamander Species
at the Cincinnati Zoo

FEdward J. Maruska
Cincinnati Zoo
3400 Vine St.
Cincinnati, OH 45220

Introduction

In 1978, the Cincinnati Zoo and Botanical Garden opened Insect World, a unique, specialized exhibit
building for the display of invertebrates with an emphasis on insects. The first building of its kind in the United
States, Insect World was well received locally and remains one of our zoo’s most popular exhibits. It has gained
an international reputation with crews from Japan, Germany, France, Great Britain and Canada filming here.
Like many invertebrates, amphibians have traditionally been a sadly neglected class in zoo exhibition, generally
being relegated to a corner of the reptile house or aquarium.

Amphibians are not widely seen in large and varied numbers in most zoological parks and aquariums
because of their exacting husbandry requirements. Nonetheless, amphibians are an incredibly diverse group
ranging from the bizarre to the beautiful. Some species have a range of colors and splendor that rival the most
exotic birds, reptiles, or fish. Amphibians come in all shapes and sizes and many have fascinating life histories.
Taking all the above into consideration, the Cincinnati Zoo staff began to plan for another specialized zoo exhibit
solely for amphibians.

In order for us to portray life histories and to prevent our exhibit building from becoming an excessive
drain on wild populations, it would be necessary to propagate a wide variety of species. Some amphibians are
a widely used resource in biomedical research and educational studies. Though interest is long-standing, for
many species little attention had been focused on captive breeding with any regularity except for a few commonly
bred species such as the clawed frog (Xenopus sp.), leopard frog (Rana pipiens), axolotl (4dmbystoma
mexicanum), Asiatic fire-bellied toad (Bombina sp.), and various species of newts (Pleurodeles sp. and Triturus

sp.).

The conditions necessary for culturing a wide variety of amphibians are only now being studied in detail.

The breeding of any amphibian species, even in many large zoological institutions, is often the exception rather
than the rule. Although a greater number of species of anurans are now being bred with regularity, captive
breeding of a wide range of salamander species is still uncommon. Except for the Mexican axolotl used
extensively in biomedical research, amphibians in the order Caudata have been sadly neglected in terms of
captive husbandry and exhibit potential.
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The well over three hundred forms of salamanders present quite a variety in form, size, and colors, as
well as habits and habitats. With the recognition of the great variation of species and their ecological differences,
it immediately becomes apparent that no hard fast rules can be established to provide breeding parameters for
the entire order. Not only may the necessary captive accommodations vary from species to species, including
temperature range, foods and feeding schedule, but there may be variations in the disturbance of various
physiological rhythms, seasons, and time tables which stimulate courtship and eventual mating.

The influence of light, humidity, and temperature upon urodele breeding behavior is still not completely
understood for the majority of species. Too much or too little variation in the above may be responsible for the
failure of many species to breed in captivity. More research and experimentation both in the field and laboratory
is needed in this area.

The Cincinnati Zoo has probably bred more species of salamanders than any other institution, but space
does not permit going into great detail on all of our separate species’ successes. Instead, I will cover some
general husbandry practices that will be applicable to any amphibian propagation effort and elaborate on some
of our notable successes. : C

It was often said when keeping amphibians, "If you err with temperatures, err on the cool side." Asa
result of this fallacy, many amphibian exhibits are designed as walk-in refrigerators and amphibian species are
kept with little consideration given to the species’ natural habitat. Amphibians are found from the equator to
the arctic circle. With all the variety of habitats throughout this range, it is not surprising that one species will
live and thrive in conditions which may prove fatal to another.

Most commonly kept species of salamanders are native in the temperate latitudes. I have found through

experience that three ranges of temperatures are suitable to keeping a world-wide variety of salamander species.
The following charts denote some of the genera that thrive in these temperature gradients.

Cool Temperatures - 7-16°C; 45-60°F

" Family : - Genera
Ambystomatidae Ambystoma, Dicamptodon, Rhyacotriton
Salamandridae Chioglossa, Euproctus, Neuregus, Salamandra
Proteidae , Proteus
Plethodontidae Aneides, Bolitoglossa, Desmognathus, Eurycea,

Gyrinophilus, Hemidactylium, Hydromantes,
Plethodon, Pseudoeurycea, Typhlotriton
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Moderate Temperatures - 16-22°C; 60-72°F

Ambystomatidae Ambystoma, Rhyacosiredon
‘Salamandridae Cynops, Mertensiella, Notophthalmus, Pachytriton,

Paramesotriton, Pleurodeles, Salamandra,
Salamandrina, Taricha, Triturus, Tylototriton

Plethodontidae Bolitoglossa, Haideotriton, Fseudoeurycea,
Stereochilus, Typhlomolge

Proteidae Necturus

Cryptobranchidae Andrias, Cryptobranchus

Warm Temperatures - 22-29°C; 72-85°F

Salamandridae Notophthalmus
Sirenidae Pseudobranchus, Siren
Amphiumidae Amphiuma
Plethodontidae Bolitoglossa, Oedipina

All species of caecilians

Terrestrial salamanders are best exhibited in a terrarium representing a slice of the animal’s natural
habitat enclosed in glass. Avoid bright light and direct sunshine in any amphibian exhibit. One must be careful
of the degree of dampness provided, since the tolerance may vary for different species. Again, knowledge of the
general habits and needs of your amphibian is essential if the proper environmental conditions are to be
established.

Most salamanders are negatively phototrophic and strongly thigmomatic, and as a result of this behavior,
most have traditionally been excluded from exhibition as poor display animals. Contrary to this, I have found
that after a reasonable period of adjustment, many salamanders will remain visible throughout the day sitting
on a well-placed rock or picce of bark, if their enclosure is illuminated with subdued lighting.

Aquatic species are best kept in aquaria. Aquarium set ups for aquatic salamanders should be equipped
with substrate filtration, similar in design to those popularly used by the home aquarium hobbiest. The substrate
used may vary from natural gravel to river stones, depending on the species.

Dechlorinated water (tap water is dechlorinated by adding a few crystals of sodium thiosulfate per gallon
- 1/2 tsp/60 1) is recommended, as chlorine may damage the delicate external gills that occur in some species.
Sturdy aquatic plants such as broad or curly pondweed (Potamogeton sp.) or willow moss (Fontinatis antepyretica)
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may be used to decorate the exhibit and screen against excessive light. Precautions should be taken to anchor
plants with lead weights or rocks to prevent them being uprooted by the tank’s inhabitants.

Feeding

The success in keeping a captive animal depends on whether it feeds regularly. Again, we need to know
something about the species we are keeping to determine the proper food to offer. Some salamanders in the
family Plethodontidae have evolved protrusible, bell-shaped tongues to aid in catching insect prey. This tongue
mechanism is highly developed in Ensatina, Bolitoglossa, Pseudoeurycea, Hydromantes, and to a lesser extent in
Plethodon. Some salamanders like Ensatina and Bolitoglossa prefer insect prey (appropriate sized crickets) to
other foods offered. Avoid feeding meal worms to most amphibians because of their hard chitonous body
covering. Instead, fill out their diet with maggots or fly larvae.

The most popular salamander food is worms. Dug or red worms and earthworms (night crawlers) are
the food preferred by most salamanders. Red worms and night crawlers can easily be acquired from wholesale
bait suppliers. Avoid manure or tiger worms sold by most bait stores. Most amphibians would rather starve to
death than eat them. These worms can be identified by their hght bands and the foul odor they produce when
broken.

Hormonal Induced Reproduction

Within the past ten years, there have been many advances in amphibian husbandry as more zoo
herpetoculturists devote more time and energy to the problems of controlled reproduction. Hormonally induced
breeding has aided in the captive reproduction of some species. Although hormones are valuable tools in some
amphibian reproduction, they should not be looked upon as a panacea to all problems in captive breeding and
should only be used when it is difficult to elicit natural breeding or egg deposition. There are basically two types
of hormonal stimulants that have been readily used on amphibians. Pituitary extracts and synthetic
gonadotrophic hormones are used (Johnson, in press) to stimulate the gonads. In recent years, releasing
hormones, which give the pituitary a pulse that in turn stimulates the secretion of gonadotrophins, have been
used in a variety of vertebrates (Wagner, pers. comm) They show much potential for hormonally inducing
amphibian reproduction.

Even with the use of releasing hormones, subtle changes in captive environmental conditions must be
achieved to reach reproductive physiological readiness of the amphibian one hopes to breed. Only when the
proper conditions of the immediate surroundings - including wet and dry periods, changes in photoperiod and
temperature, or fluctuations in humidity - are satisfied, may hormonal induction result in fertile eggs (Beach,
1951).

In Vitro Fertilization

In ambystomatid salamanders the technique of in vitro fertilization is used widely under standard
laboratory conditions today. This method of obtaining artificially fertilized spawn can be used effectively to
produce large numbers of offspring from a limited number of parent stock. Humphrey (1962) clearly describes
the methodology and dosages of follicle stimulating hormone (FSH) in his paper on the Mexican axolotl feeding,
and care of adults and young,.
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Reproduction at the Cincinnati Zoo

Captive breeding of any species of the Plethodontidae is a rare occurrence; however, we have had a
reasonable amount of success with this family at the Cincinnati Zoo. Five specimens of slimy salamanders
(Plethodon glutinosus) were collected in Ohio in 1970. On August 18, 1976, a female was observed affixing her
eggs to the under and top sides of a piece of cork bark. She laid a total of 23 eggs (average diameter 7.6 mm).
Because the eggs were scattered, they were removed along with the female to a plastic crisper lined with damp
paper towels. Eggs and female were removed without apparent disturbance when the towel substrate was
changed. During the first two months of incubation, the temperature was maintained at approximately 13°C.
In the ensuing month, the temperature dropped to between 6-8°C, and the embryos seemed to suffer because
of this decrease and gradually all were lost even though the temperature was again raised to 13°C. This female
devoured all of her subsequent eggs.

A number of temperate terrestrial species of the family Plethodontidac have laid egg clusters that failed
to develop, apparently because the female abandoned the eggs. After the females ceased brooding behavior, the
eggs would soon develop a layer of fungus. The following species have laid eggs that failed to reach full
development: Hydromantes italicus, Plethodon jordani, Ensatina e. ensatina, Ensatina e. klauberi, Phacognathus
hubrichti. ' o

The Tennessee cave salamander (Gyrinophilus palleucus) occurs in Alabama and Tennessee. Nothing
was known of the reproductive habits of this cavernicolous species until a female Gyrinophilus p. necturoides was
observed fastening her eggs to the underside of a rock on the evening of June 10, 1984 at the Cincinnati Zoo.
She laid a total of 70 eggs depositing the majority in clusters attached to the bottom of the rock, and fastening
the rest randomly to gravel and the aquarium airlifts. Each egg was enclosed in several layers of a transparent
jelly-like mass which in total measured about 9 mm. The female has been in the zoo’s collection since 1973,
The male Gyrinophilus p. palleucus was collected in Tennessee in 1978. The majority of the eggs were lost to
a fungal infection probably resulting from oxygen deprivation. One egg survived and the larva hatched at a water
temperature ranging from 10-12°C on August 13 and measured 18 mm total length. Although ovarian eggs were
visible through the transparent underside of the female in each of the previous four years during the Fall no
reproduction occurred. A complete water change may have provided some stimuli for this year’s reproductive
success. Perhaps subtle chemical changes may trigger reproduction in cave-dwelling species, such as those caused
by surface run-off during Spring or Fall storms which invades the otherwise stable cave system. Excess rainwater
also carries nutrients into the cave system which starts the food chain ensuring abundant food for the larvae.

Giant Salamanders

Giant salamanders of the genus Andrias were once more widely distributed over the Northern
Hemisphere. Fossils have been found from formations of the Oligocene, Miocene, and Pliocene epochs of
Europe; the lower Eocene (60,000,000 to 70,000,000 years ago), through the Miocene in North America. Today
only two living forms remain, the Japanese giant salamander (Andrias japonicus japonicus) occurring in the
highlands of the western part of Japan, and the Chinese giant salamander (4ndrias japonicus davidianus) in the
mountains of western China. Both forms are listed as International Union for the Conservation of Nature
(TUCN) endangered species and from personal communications with Dr. Jiro Kobara, the former Director of
the Asa Zoo, and Dr. Li Yangwen, the Director of the Beijing Zoo, it seems that both forms could disappear
within 50 years if present environmental changes continue.

After a number of unsuccessful trials by Kobara, the Japanese giant salamander was bred successfully
in September of 1979 at the aquarium in the Asa Zoo. They kept four males and two females in four tanks 90
x 70 x 45 cm linked together by pipes (15 cm in diameter) and arranged in a circle so the animals could move
about freely (see Figure 1). They set shelters in three tanks and water was circulated from a nearby stream,
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establishing the following conditions: water temperature 4-20°C; pH 5.7; dissolved oxygen 8.5 (13.8°C); water
circulation 12.8 1/min. On September 28, 1979, 1224 eggs were discovered in the breeding chamber. The eggs
were deposited by the two females. The eggs hatched after an incubation of between 48-57 days.

Various types of aquariums

wire net

wooden cover I I -~
b
7

3 circularly-linked aguarium 4 circularly-linked aquarium

3 series-linked aquarium

Figure 1 - Japanese giant salamander enclosure

Kuwabara et al. (1979) have described the reproductive behavior of Andrias in its natural habitat from
field observations made between August 31 and September 3, 1978. They observed more than 27 animals
congregated around a nesting site. A dominant male exclusively guarded the nest cavity and demonstrated
territorial behavior, but would allow conspecific males to enter when a gravid female entered the nest. They
observed five females enter the nest site to lay eggs, one followed by another. All five egg-laying sequences were
similar and followed the same pattern. As a {emale ventured into the nest, several males followed. The
territorial male and several other males took'part in the courtship and spawning. Throughout the observation
period, the giant salamanders’ courtship activity was highest in the daylight hours. Males were also observed to
be more active than females.

The Asa Zoo attributes its successful breeding to the following important conditions: Animals are kept
in a group consisting of several females and males, not in separate pairs. The tanks are connected in a series so
animals can move about freely and, if necessary, avoid each other. They are fed live food, loaches in this casc.
Artificial nest boxes are provided. After the first breeding in 1979, the animals bred for four succeeding years.

The larvae were raised under a variety of experimental conditions and fed a variety of foods starting with
midge larvae, graduating to tadpoles, minnows, worms, and strips of beef liver (Kobara, pers. comm.). We have
long had interest in propagating the Japanesc giant salamanders and received several shipments of Andrias j.
japonicus from the Asa Zoo and Aquarium containing a total of 30 specimens. A number of these are now
reaching sexual maturity, and we have every hope of a successful reproduction with this species.
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Texas Blind Salamander

One of the world’s most highly specialized species of cavernicolous salamanders, the Texas blind
salamander (Typhlomolge rathbuni) reproduced for the first time under laboratory conditions at the Cincinnati
Zoo. The following account is based on three different spawnings deposited December 10, 1979, January 5-6,
1980, and October 24, 1980. Clutch size varied from 8 to 21 eggs.

The eggs (2 mm vitellus) were unpigmented and randomly attached to the aquarium airlift and substrate
singly or in clusters of two or three eggs. No parental care of eggs was apparent. Eggs from the first clutch
were placed under different controls of temperature and light intensities to determine the best conditions for
embryonic development and hatching. Relatively high light intensity is not detrimental to the development of
the embryo; however, it appears that a relatively constant water temperature approaching that of the cave habitat
(21°C) is necessary for normal embryonic development. The newly hatched larvac (11-12 mm TL) had lightly
scattered melanophores over much of their body surface. Undeveloped limbs and a prominent cye were
distinctive at this stage.

The larvae rapidly assumed characteristics of adults (i.e., attenuated limbs and elongated snouts);
however, pigmentation of the body persisted. As the months proceeded, the larval eyes were reduced in
proportion with the growth of the head and pigmentation gradually diminished. T. rathbuni is a species that can
be managed successfully in the laboratory when the proper environment for reproduction is maintained.

I hope the successful laboratory breeding and rearing of T. rathbuni and G. palleucus will encourage
studies on the other taxa heretofore considered too difficult to maintain. The compilation of detailed
documentation of life history information, which is lacking for most of the cavernicolous species of salamanders
of the family Plethodontidae, appears to be well within the grasp of the inquisitive researcher.

Ambystoma Species

On Mexico’s Neo-volcanic Plateau, there are a number of unique crater lake populations of neotenic
ambystomatid salamanders. Some species are endemic to a single crater lake, and any disturbance to such a
lake, like the introduction of non-native fish or pollution, could easily result in the loss of an entire population.
The Lake Patzcuaro salamanders (Ambystoma dumerilii) suffered a decline in numbers when bass were
introduced as a food fish. These salamanders are also fished heavily as a food item and for alleged medicinal
properties. A. dumerilii is classified as TUCN endangered and is listed as a Convention on the International
Trade in Endangered Species (CITES) Appendix II animal. A small breeding colony is being maintained at the
Cincinnati Zoo.

The Lake Alchichica salamander (Ambystoma taylori), formerly subsalsum (Brandon, Maruska and
Rumph, 1981), is restricted to the briny Lake Alchichica whose water approaches the specific gravity of sca water.
Our experience with this species has been less than promising. A group of 20 animals collected September 15,
1979 lived for a year at the Cincinnati Zoo in a 55-gallon tank in artificial Lake Alchichica water mixed to match
the salt composition reported by Taylor (1943). A second group of ten animals collected May 28-30, 1980,
maintained under similar conditions died of a bacterial infection. A third group of about 30 animals, collected
July 12-14, 1981 under excellent field conditions and accompanied throughout the transportation period to the
Cincinnati Zoo, were also lost over a several year period and only one animal survives at this time.

The newly described Lake Zacapu salamander (4mbystoma andersoni) (Krebs, 1984) is restricted to
Lake Zacapu in the state of Michoacan and was bred for the first time under natural conditions at the Cincinnati
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Zoo in 1983. With proper nutrition and water conditions that simulate their natural lake’s habitats, it should be
possible to propagate any of the above species in captivity.

Conclusion

Our captive salamander research project began in 1970 and many of the original salamander stock is
still alive at the time of this writing. Some examples are: Plethodon glutinosus, Plethodon elongatus, Gyrinophilus
palleucus, Phaeognathus hubrichti, Pseudotriton ruber, Desmognathus welteri. Other species we have maintained
at least for 10 years or more are as follows: Plethodon cinereus, Typhlotriton spelaeus, Eurycea lucifuga, Eurycea
longicauda, Typhlomolge rathbuni, as well as various Hynobius, Triturus, and Salamandra.

Advances in zoological park and aquarium amphibian husbandry in recent years have been gratifying,
especially the attention and effort expended to seck and provide the proper and often multi-facted inducers or
stimuli necessary to trigger ovulation and successful reproduction in a wide variety of species being kept. If we
are to accomplish sustained multi-generational captive reproduction of endangered amphibia, we must understand
their nutritional requirements, photoperiods, optimal temperature and humidity requirements, and the myriad
of variations of reproductive modes of these diverse species.

References

Beach, F. A. 1951. Instinctive Behavior: Reproductive Activities IN Stevens, S.S (Ed.) Handbook of
Experimental Psychology John Wiley & Sons, New York, NY. pp. 387-434.

Brandon, R. A,, E. J. Maruska, and W. T. Rumph. 1981. A New Species of Neotenic Ambystorma (Amphibia,
Caudata) Endemic to Laguna Alchichica, Puebla, Mexico. Bull. Calif. Acad. Sci. 80:112-125.

Humphrey, R. R. 1962. Mexico Axolotls, Dark and Mutant White Strains: Care of Experimental Animals.
Bull. Philad. Herp. Soc. 10(2/3):21-28.

Johnson, B. 1985. Breeding the Bell’s Horned Frog Ceratophrys omata: An Alternative to Hormonally Induced
Reproduction IN McKeown S. and F. Caporaso (Eds.) Proceedings 8th Annual Reptile Symposium on
Captive Propagation and Husbandry. pp. 22-32.
¥
Kobara J., K. Ashikaga, F. Wakabayashi, K. Kuwabara, and N. Suzuki. 1980. The Study on the Protection of
Japanese Giant Salamander, Megalobatrachus j. japonicus, in Hiroshima Prefecture 5. The Egg-Laying
in Aquarium. Hiroshima:Asa Zoological Park.

Krebs, S. L. and R. A. Brandon. 1984. A New Species of Salamander (Family Ambystomatidac) from
Michoacan, Mexico. Herpetologica. 40:238-245.

Kuwabara, K., T. Inoue, F. Wakabayashi, K. Ashikaga, N. Suzuki and J. Kobara. 1979. The Study on the
Protection of Japanese Giant Salamander, Megalobatrachus j. japonicus, in Hiroshima Prefecture 4.

Observations on the Reproductive Behavior in Stream of Matsuzaigawa. Hiroshima:Asa Zoological
Park.

Maruska, E. J. 1982. The Reproduction and Husbandry of Salamanders in Captivity with Special Emphasis on
the Texas Blind Salamander, Typhlomolge rathbuni. AAZPA Reg. Conf. Proc, 1982:89-94




Captive Propagation and Husbandry - NCHS 1989

Miller, T. J. 1983. Reproduction and Husbandry of Amphibians at the Buffalo Zoo. AAZPA Reg. Conf.
Proc. 1983:522-529.

Odom, R. A,, J. M. McLain, and T. C. Sheley. 1984. Hormonally Induced Breeding and Rearing of White’s
Treefrog, Litoria caerulea (Anura: Pelodryadidac). IN Tolson, P. J. (Ed.) Proceedings 7th Annual
Reptile Symposium on Captive Propagation and Husbandry. pp. 42-53.

Taylor, E. H. 1943. A New Ambystomid Salamander Adapted to Brackish Water. Copeia 1943:151-156.







Captive Propagation and Husbandry - NCHS 1989

Frog Madness:
Breeding Experiments with
Ceratophryne Frogs

Philippe de Vosjoli and Robert Mailloux
P.O. Box 76
Lakeside, CA 92040

Introduction

Since 1984 we have been working extensively on the development of methods for the maintenance and
propagation of tropical frogs, with a special emphasis placed:on the leptodactylid frogs of the subfamily
Ceratophrynae. This paper was titled "Frog Madness" in reference to a period of exalted thinking where all our
beliefs regarding the scientific views on hybridization were temporarily suspended. Wild thoughts ran through
our minds as to the possibilities of a type of herpetocultural engineering that would lead to the development of
a new field of biological art - the creation of custom designed frogs of extraordinary form, beauty, and genetic
character. All these demented processes were triggered in early 1988 by the importation of what was probably
the first group of the Chacoan horned frog (Ceratophrys cranwelli) brought into the United States since their
description as a new Ceratophryne species (Barrio, 1980).

Previously C. cranwelli had been considered the diploid form of the well known Argentine horned frog
(Ceratophrys omata), an octoploid specics. We were fortunate enough to receive the first of the imported C.
cranwelli, thanks to Dr. Luis Magnasco, a friend who in late 1987 set out on a collecting expedition to find this
species.  Subsequently, other specimens were brought into the United States through commercial herptile
channels. The primary reason for our initial excitement was that we finally had obtained a diploid Ceratophirys
that would allow us to test the relationships and genetic compatabilities of certain Ceratophrynes, particularly
the possible role of hybridization in the evolution of the two octoploid species, the Brazilian horned frog (C.
aurita) and the Argentine horned frog (C. omat‘b). Underlying any scientific interest in these mattcrs was an
intense herpetocultural excitement and curiosity as to the offspring these breeding experiments would generate.
This paper describes our preliminary experiments with these frogs.

Systematics of the Ceratophrynae

To elucidate any confusion regarding current views on the systematics of the Ceratophrynes and for the
purpose of clarifying the nature of our breeding experiments, figure 1 contains an overview of the subfamily
Ceratophrynae.
Polyploidy in the Ceratophrynes

Two species of Ceratophrynes are known to be polyploids, C. aurita (Becak et al., 1967) and C. omata
(Becak et al.,, 1966). Polyploid amphibians carry several sets of respective genes through an abnormally high

number of chromosomes. Most animals are diploid inheriting one set of chromosomes from a male and one
set from a female. Polyploidy in amphibians may occur either as the result of the hybridization of two or more
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of Paraguay and northern Argen 1na.
: Probably d1p101d 26 E

species (allopolyploidy) or it may occur spontaneously in a single species (autopolyploidy). According to
Duellman et al. (1986), "Presumably most if not all polyploid species of amphibians are allopolyploids". In many
cases, the polyploids exist in at least partial sympatry with closely related diploid congenerics (e.g. octoploid C.
omata with diploid C. cranwelli). A key puzzle to us concerned C. aurita. If this animal was an allopolyploid,
what was its closely related congeneric? Furthermore why did C. aurita have the basic dorsal pattern of C.
cornuta and "horns" intermediate in size between C. cornuta and C. cranwelli? Indeed what would happen if one
crossed C. cornuta with C. cranwelli? As for C. ornata, we wondered what would happen if we crossed C.
cranwelli with C. ormata? And if we obtained viable offspring, what would we obtain back-crossing hybrid F1 with
respective parent species or crossing F1 hybrids with each other?
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The key trigger had in fact been allopolyploidy. If hybridization was a mechanism by which some frogs
could evolve into independent bisexual polyploid species, then maybe any preconceptions regarding hybridization
in frogs should be ignored.

Procedure

Our approach to these breeding experiments was strictly pragmatic. Based on our previous work with
the breeding of Ceratophrynes (de Vosjoli et al.,, 1986 and 1987), we induced breeding in all of the species
mentioned by injecting the individual animals with the luteinizing hormone releasing hormone, LHRH(D alanine,
6 des-gly 10 ethylamide), at a dosage of 0.1 mg/kg for females and 0.01 mg/kg for males. Following the
injections, we placed the frogs into 63.5 cm x 48.3 cm polyethylene bins containing well water of moderate
hardness and a pH ranging from 7.4-7.6. The water level was just below the dorsal surface of the smallest animal
at rest. Room temperature ranged between 25-28°C.

Breeding, when it was successful, usually occurred within 24 hours of the hormone injection. Adults
were removed from the enclosure within a few hours of breeding completion. Well water was slowly added to
the breeding bin to a depth of 0.5 cm and an air stone connected to an aquarium pump was placed in the water
to provide aeration. If the eggs were clumped or deeper than a single layer on the bottom of the enclosure, we
would stir them with our hand to spread them into as close to a single layer as possible. In our experience eggs
of Ceratophrynes will fail to hatch when they are not distributed in a single layer. In most, but not all cases,
fertilized eggs distributed themselves in a single layer on a bottom surface and did not readily adhere to each
other, probably through a mechanism of membrane polarization. With hybrid breedings, we have found clumping
and adhesion to be common. Manually unclumping and distributing hybrid eggs significantly increases hatch
rates without apparent harm to the embryos if done once during the early stages of development.

Larvae

To accommodate the tadpoles, the water level was increased to 10 cm within 24 hours of hatching. Food
in the form of live, thoroughly rinsed (for at least 24 hours) blackworms were offered within 72 hours of
hatching, At that time, all tadpoles are distributed in additional bins at a density of 10 tadpoles to the gallon.
Live blackworms were offered daily and at least one fifth of the water changed daily in conjunction with the
siphoning of wastes and residues from the bottom,

At a room temperature ranging from 25-28°C, the first metamorphosing frogs will emerge within 21
days. The froglets are first placed in sloped containers which prevent drowning and yet supply enough water
while they are absorbing the tail. The froglets can be kept in groups, in large shallow polyethylene containers
with lids, as long as they are fed at regular intervals (every 48-72 hours) and their water is changed daily.
Froglets are fed tiny sections of catfish fillet dipped in a vitamin powder/calcium carbonate mix. The frogs are
fed from the end of tweezers or they are force fed with a plastic wedge until they are large enough to feed on
live day old mice.

Breeding # 1 Ceratophrys cranwelli

This species bred readily following the standard procedure. Female response to LHRH is rapid, about
twice as fast as that of C. ornata, with egg-laying occurring as early as 8 hours after injection. As a rule, only
a few hundred eggs are laid, usually less than 600. The tadpoles are more sensitive to cold temperatures than
those of C. omata. In our first breeding of this species in January 1988, we obtained froglets with a wide variety
of colors including what appeared to be mutations. Subsequent breedings of C. cranwelli have confirmed that
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there are probably a range of genetic color lines that can be bred selectively. At least some of these lines are
phenotypically expressed in the wild (see Figure 2).

One of the most interesting aspects of rearing many of the C. cranwelli froglets is that captive raised
adults are markedly brighter and stouter in appearance than imported adults. In fact, they look almost like a
different species. For the time being, we are attributing these differences to external growth regulating factors.
We suspect that our captive rearing conditions combined with a frequent and regular feeding schedule affect both
bone and skin development in a manner significantly different than the harsh conditions of the Chacoan habitats
of C. cranwelli. Our initial success with this species played a critical role in the breeding experiments that
followed.

Breeding #2 Ceratophrys cranwelli x Ceratophrys ornata

We have tried this hybrid breeding once using a male C. cranwelli and a female C. ornata. Over 2000
eggs were laid with what initially appeared to be almost 100% fertility. After 14 hours, a single tadpole was
swimming amidst eggs barely showing embryonic development. The tadpole was isolated and raised separately
and was dubbed Richard. Within 36-48 hours of laying the rest of the eggs hatched. Within the first two weeks,
the majority of the tadpoles died.

123 tadpoles eventually metamorphosed after 25 to 45 days. The froglets resembled C. omata froglets
except for the large dense spotting on the dorsum. With age, Richard and one other sibling grew at a
phenomenal rate, both reaching a snout-vent length of 12 cm in 6 months after hatching. The remaining froglets
have grown to become rather stunted adult frogs with varying differences in pattern, head shape, hind limb
proportions and in a couple of cases, neuromotor impairment.

An F2 breeding attempt using the two largest hybrids (both females) with hybrid males failed when tried
10 months after hatching. Though the males show clearly defined secondary sexual characteristics, they have
failed to perform amplexus even when injected with twice the normal amount of LHRH. The large females
failed to produce eggs. Future breeding attempts should determine whether the failure of the hybrids to breed
was due to immaturity or sterility.
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Breeding #3 Ceratophrys cornuta x Ceratophrys cranwelli

For this cross, we used a male C. cornuta and a female C. cranwelli. The standard breeding procedure
was employed, except that the male was manually placed on top of the female approximately 3 hours after
injection. The results of this hybridization were surprising, partly because we had believed that it would be
successful suspecting the possible role of C. cornuta in the background of C. aurita. To our knowledge, we are
the first to have attempted this interspecific cross. Fertility was approximately 80% with a high degree of egg
clumping, which we dispersed manually to a single layer to increase the hatching rate.

Within 36 hours, about 300 tadpoles hatched, which we raised using standard Ceratophrys rearing
procedures. About 190 of these eventually metamorphosed into froglets, which at first, vaguely resembled C.
cornuta froglets. In addition, the froglets had a fine graininess to their skin that made them look almost velvety
at times.

The most unusual feature of these froglets was their color. The majority had a bright green to yellow
green background dorsal coloration with orangish and maroon along their sides. Some had salmon pink spots
over the eyes and snout. Some had a pink background coloration with maroon or red or both. Others were
green with bright pink or orange along the side. Some were brown with bright orange. In short, these were the
most beautiful Ceratophrys we had seen to date. All the froglets also had tiny horns over the eyes which
eventually grew to a size intermediate between C. cornuta and C. cranwelli.

Breeding was attempted at 10 months between the largest sexual pair. While the female failed to
produce eggs, the male performed amplexus. We hope that a later breeding attempt will prove successful. For
those who are concerned that these hybrids could one day be confused with pure C. cornuta, one feature of these
frogs is a fail proof indicator of their hybrid origin - their throats are whitish or grayish with some dark mottling
while the throats of C. cornuta is black in both males and females.

Breeding #4 Ceratophrys cornuta x Ceratophrys ornata

We attempted this cross a number of years ago using a C. cornuta male and a C. ornata female. Only
30 tadpoles hatched from this cross with 7 surviving to metamorphosis. The froglets resembled aberrant C.
orata; some with a bright, almost pure yellow background coloration. Four of the froglets survived until six
months after hatching. We attempted to repeatythis cross once with no success.

Breeding #5 Ceratophrys cranwelli X Lepidobatrachus laevis

This breeding was attempted in order to test the hypothesis of Lynch (1982) that Chacophrys pierrotii
is in fact a natural occurring hybrid between C. cranwelli and L. llanensis. This has recently been refuted by
Maxson et al. (1988).

In the first experiment, we used a male L. lgevis and an adult female C. cranwelli. The problem we
encountered was the impossibility for a male L. laevis to perform amplexus on a female C. cranwelli. The female
is simply too large. The male L. lgevis amplexes submerged while the dorsal area amplexed in C. cranwelli is
usually above water. In a second experiment, the reverse was tried with a male C. cranwelli and a female L.
laevis, but a similar problem occurred. The female L. laevis was too slippery for the male C. cranwelli to
perform proper amplexus and she insisted on remaining submerged. On one occasion, we manually placed a
male C. cranwelli on a female L. laevis and repeatedly replaced him until the female ejected a number of eggs.
Some of these began to develop, but all tadpoles died at hatching. They looked similar to normal L. lgevis
tadpoles except for their small size.
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On another occasion, the same experiment was repeated with the same problems. We decided to place
the amplexing male C. cranwelli on a non-injected C. cranwelli female in close proximity to the laying female L.
laevis. Again, we had signs of development in some of the eggs and the hatching of a few L. laevis-like tadpoles
which all died within 24 hours.

Conclusion

Until we explore the possibilities of producing F2 offspring and until the genetics of the animals we have
produced are uncovered we must conclude that any of the breeding experiments performed to date are
preliminary in the strictest sense. The results of our C. cornuta x C. cranwelli cross are interesting and promising,
particularly if the hybrid offspring turn out to be fertile. Our frog madness is far from over and we have some

interesting intergeneric and even interfamilial hybridization experiments lined up.

For now, our emphasis will be on selectively line breeding C. cranwelli to determine some of the genetics
underlying the various phenotypes and also to more closely study the genetics of some of our hybrids.
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Western New York Bog Turtles
Perspectives on Captive Propagation

David Collins
Senior Keeper, Reptiles and Birds
Burnet Park Zoo
Syracuse, NY

Introduction

All too frequently, the connection between the species in our care and their wild counterparts becomes
extremely tenuous. As these two parties become increasingly estranged, both the animals and our efforts to
conserve them may suffer.

For many reasons, it is imperative that we understand the biology of wild populations when working with
a species. Foremost, we must insure that the species are not exploited through over-collecting, through necdless
errors in our own husbandry, or through the conveyance of misinformation to the public or merely the lack of
crucial information that could be conveyed to the public in our graphics.

Knowledge of a species’ biology, habitat, and climate requirements is neccessary to establish a successful
captive breeding program. Nonetheless, this information is frequently lacking or inadequate for many of the
species with which we work.

Finally, we are beginning to more fully understand the importance of preserving habitats, rather than
species; without the former, you cannot have the latter. Wild populations will only exist when sufficient habitat
has been preserved. Obviously, we must understand the habitat requirements of a species and work to conserve
these arcas through direct conservation efforts or through the educational value of our zoological exhibits and
graphics.

With these points in mind, T would like to stress the importance and advantages of working with a
species within its native range. First, management problems are greatly simplified; the climate and photoperiod
are appropriate. With many species, the option of seminatural outdoor enclosures is available. There is potential
for field studies of wild populations to provide information needed for successful captive breeding. There is
potential for bringing specimens into captivity through collection, and subsequent release of gravid wild females;
perhaps in concert with a head-starting program so that captive stocks can be established without impacting wild
populations. We all see how many wild caught adult animals are brought into the country every year, and how
many of these dic without reproducing. If these species were captive hatched or born in their native countries,
and exported as established and acclimated juveniles, the drain on native wild populations could be reduced and
the survival of the animals imported increased tremendously.

Finally, conservation should begin at home. While we are outraged at the destruction of the tropical
rain forest, or the decimation of the fragile Malagasy ecosystem, a shopping mall down the road is filling in
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another wetland. As we have all learned, the conservation war can never be won, so it is imperative that we
understand the needs of our animals and be prepared to undertake conservation battles as they arise.

I would like to offer one example of a conservation program designed to address the needs of one
species of a rare native reptile, the bog turtle (Clemmys muhlenbergii) in western New York which illustrates
some direct applications of captive propagation.

Background Natural History

Through most of the bog turtles’ range, its preferred habitat is an open canopy, wet meadow with soft
muck substrate. It is generally associated with shallow water, 1-5 ¢m in depth, frequently in the form of cool
running rivulets or shallow pools which are persistent throughout the year. Emergent tussock or hammock
forming vegetation provides low elevation and seasonally dense cover over the aquatic environment. The low
herbaceous canopy creates a micro-climate of very high relative humidity throughout the summer. Sedge
tussocks or sphagnaceous hummocks also offer important nesting and basking sites. Bog turtles are adept
burrowers and utilize this behavior for both defensive and thermoregulatory purposes.

The bog turtle occurs in a discontinuous range fromr northeastern Georgia to New York. Large gaps
exist between the species core range (southeastern Pennsylvania, Maryland, New Jersey, and southeastern New
York) and the southern Appalachian and western New York portions of its range. Surveys conducted over the
past ten years suggest that the species is more cryptic than rare within its core and southern range. In western
New York, however, the bog turtle has continued to be extremely elusive.

In 1977 the New York State Department of Environmental Conservation (NYSDEC) and the New York
Zoological Society collaborated on a statewide survey of all historical sites and locality reports of the bog turtle.
During these surveys, no bog turtles were found within the western New York range. During the following nine
years, the NYSDEC received two apparently legitimate reports of bog turtles from the Western Tier; one from
a historical site, the second from a new site.

The Burnet Park Zoo is located within the western New York bog turtle range. We felt it was
incumbent upon us to develop a comprehensive program which would address both the unanswered questions

regarding its distribution, as well as the conservation needs of the species in our region. In 1986 the zoo initiated
the Bog Turtle Conservation Program.

Burnet Park Zoo Bog Turtle Conservation Program

The Burnet Park Zoo Bog Turtle Conservation Program is comprised of six components. Up to this
point, the focus of our work has involved the first three components.

I have outlined the last three components in considerable detail previously (AAZPA 1987 Northeast
Regional Conference) so I have only briefly touched on the more important aspects of these.
I. Field Surveys and Status Update

Our surveys focused on the disjunct western New York portion of the bog turtle’s range. The species

has been reported from eight sites in six counties of the Western Tier. One site, known only from a 1916 record
in the literature, could not be located and a second, well-documented site in Tompkins County was destroyed
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by a sand and gravel operation around 1950. Of the remaining six sites, only two are well-documented - Genesee
and Seneca Counties. Bog turtles are known at the remaining four sites by only one or two reported specimens.

Bog turtles probably live up more to their name in western New York than they do in virtually any other
portion of their range. Several of the sites surveyed are better known for their unique floral communities or the
massasauga (Sistrurus catenatus) which shares a similar distribution as well as endangered status with the bog
turtle in western New York. Some of the most striking members of these plant communities are the orchids
which range from the large showy, yellow and pink ladyslippers to smaller species such as the fringed orchis, rose
pogonia and arethusa. At some sites, such as Bergen Swamp in Genesee County, more bog turtles have probably
been observed by botanists than herpetologists.

The six sites considered to be extant were surveyed a total of 57 times, representing 266.5 man-hours
of search time during 1987 and 1988. During these surveys bog turtles were found at only one site, Seneca
County. At this site only eight individuals, seven live and one dead were found in the course of 20 surveys of
the site over a two year period. Despite the small number of animals, the population appears to be viable as
it includes both juvenile and young adult animals, and one female was known to be gravid in 1988. This
population became the subject of an ecological field study which T will discuss later.

Of the other five sites, only Bergen Swamp appears to offer good bog turtle habitat. This site is
documented by a minimum of 18 specimens or reports; however, the last live bog turtle reported from Bergen
was in 1972 and a shell only was reported in the late seventies. I will discuss this site more in my conclusion.
Each of the four remaining sites lack critical components of good bog turtle habitat, such as flowing rivulets or
open canopy. The individuals reported from these sites most likely represented relict populations or individuals
displaced by either natural succession of their open wet meadow or bog habitat or alteration of the habitat by
agriculture or other human activities.

In western New York, muck farming has been practiced extensively over the past century and has
destroyed a tremendous amount of bog habitat. One Wayne County site, Zurich Bog, owned by the Bergen
Swamp Preservation Society, is a poignant example of remnant bog habitat hemmed in by muck farming,
Through the study of USGS Topographical maps and SCS soil survey maps, the distribution of muck soils and
probable historic bog habitat is clear. At present, this entire drainage has been altered by muck farming.

Our field surveys have pointed out the critical status of the bog turtle in western New York. Hopefully,
this research will aid in the management of this species by the NYSDEC as well as serve as an impetus for
further studies. As I mentioned earlier, these surveys have also served to identify a population for more intensive
study, which comprises the second component of our program.

II. Ecological Study

During the 1987 surveys, five bog turtles were captured, marked and released at the Seneca County site.
The age and sex distribution of this group suggested that this was a viable, although apparently very small
population. In 1988 the NYSDEC Endangered Species Unit offered the loan of radio telemetry equipment which
was subsequently augmented by additional equipment funded by the Friends of the Burnet Park Zoo. This
opportunity allowed us to intensify our studies of this population somewhat earlier than we had anticipated.

During early May, a male and female bog turtle were collected and fitted with radio transmitters. The

transmitters were attached with waterproof epoxy and covered with silicon caulk shaped to conform to the shape
of the shell. The entire package weighed 7-8 g, approximately 7% of the turtle’s body weight. The turtles were
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released at the point of capture and were relocated roughly twice a week. At each recapture, the turtle’s location
was mapped and data on habitat, environmental conditions and turtle activity were recorded.

Male #87.02 was followed from May 14-August 6, 1988 and female #87.04 was followed from May 17 -
June 21. The female’s signal was lost following the June 21 observation; the radio was later found on August
6, intact and sending a strong signal, in approximately one half meter of water at the same area where she had
previously been observed. During the period in which this female was followed she moved from an area of
contiguous shallow pools to a drier Juncus meadow with scattered sphagnum hummocks. Between June 11-14,
she appparently nested on one of these hummocks. She had returned to a shallow spring rivulet near the pool
habitat when found on June 21.

All observations of the male were in the same pool habitat or shallow rivulet where the female was
observed. The male was not observed to move into the Juncus meadow during the female’s nesting period, but
was observed within several meters of her on June 21. Interestingly, the female was initially located in 1988 when
she was found being mounted by the already telemetered male. During May and June, this pair was found in
close proximity to one another on several occasions; not terribly surprising during the spring breeding season.
If the post-nesting association observed on June 21 was not simply coincidence, it might suggest a more complex
social behavior.

Our 1988 work at this site presents only the initial stage of this study. The significance of this first year
was not so much the actual data that was collected, but the increased familiarity with the site. Hopefully, this
familiarity will translate into a cohesive and effective study design which will give us some important information
about the species at the northern extreme of its range.

III. Surrogate Species Recruitment Study

The practice of introduction or releasing mammal, bird, or fish game species has been a commonplace
management tool for years. The application of this practice to non-game and especially reptile or amphibian
species is considerably more recent. Currently, there are several herpetological head-start projects underway.
These include the sea turtle work at Brownsville, the red-bellied turtle (Pseudernys rubriventris) work in
Massachusetts, the Houston (Bufo houstonensis) and Puerto Rican toad (Peltophryne lemur) projects, and the
Virgin Island boa (Epicrates monensis) project of the Toledo Zoo, to name only a few. To a large extent,
however, there is still missing information regarding the effectiveness of these projects as recovery tools, and of
the specific effects of introductions of captive produced progeny on the existing population. We are specifically
interested in comparisons of recruitment rates of captive hatched and head-started juveniles versus their wild-
hatched age cohorts, changes in the size of the reproductive population and changes in population density,
movement patterns and home ranges.

We hope to illuminate some of these questions, and gain some insight into the feasibility of future bog
turtle introductions by using spotted turtles (Clemmys guttata) as surrogate bog turtles in a head-start release
project. These species are frequently sympatric and ecologically and biologically quite similar. Additionally, the
spotted turtle is relatively common in western New York, enabling us to identify a reasonably convenient study
population.

The spotted turtle study was initiated in 1985 with capture, marking, and release of three individuals at
the Ira Marsh study site. In 1986 an additional 13 turtles were captured and in 1987 a total of 51 captures
yielded an additional 10 unmarked animals. Based on the recapture data from 1987, we were able to estimate
the population size, using the Lincoln Index, at 29 individuals. In 1988 a total of 25 captures yielded 17
previously marked and one new turtle. The population estimate remained unchanged at 29 with the 1988 data,

20




Captive Propagation and Husbandry - NCHS 1989

with 28 wild turtles actually marked. At present, this population consists of nine adult males, 10 adult females,
and 10 juveniles.

The habitat of this population is tightly focused on a muskrat lodge hibernaculum. During spring
emergence, late March through mid-April, as many as ten spotted turtles have been observed basking in the
immediate vicinity of this lodge. In late April and early May, the spotted turtles disperse into adjacent wet
meadow habitats where they remain quite active until early June. Most nesting takes place in the first two weeks
of June, after which time the dense vegetation and greatly reduced activity of the turtles makes capture extremely
difficult without telemetry equipment or other remote capture techniques such as drift fences.

Beginning in 1986, gravid females collected after mid-May were held at the zoo until oviposition. They
were subsequently released at the point of capture and their eggs artificially incubated. Between 1986 and 1988,
a total of 30 spotted turtles have hatched at the zoo. Clutch sizes have ranged from four to seven and we have
experienced zero hatchling mortality. The first release took place on May 17, 1988. Four 1986 hatchlings were
released at the hibernaculum. These turtles ranged from 66-77 mm in carapace length, roughly the size of a six
to eight year old wild turtle from this population. Twenty-two youngsters will be released this May and a small
group of four will be released in 1989.

IV. Development of Captive Populations
Captive populations should be developed within the framework of three categories:

(A) Non-releasable exhibit animals. Bog turtles of unknown origin and progeny of these animals should be held
for educational exhibition and breeding research only.

(B) Regional population stocks. These captive populations should be established from several regions within
the species’ range. They should be derived from eggs collected from gravid wild females which are released
following oviposition. These captive populations should then be monitored in the same manner as SSP (Species
Survival Plan) species. Progeny of these populations may be used for reintroduction programs within their
respective regions.

(C) Head-start programs. These programs are designed to bolster low population levels or enhance juvenile
recruitment rates by the release of head-started juveniles, utilizing eggs from that population only. Where
population levels are so low that reproductive females cannot be located, the site may be assessed as a candidate
for introductions from Regional Population Stocks.

V. Reintroduction Programs
Introduction programs should be designed and introduction sites determined, following critical
assessment of suitable habitats and current population dynamics resulting from field surveys and ecological

studies. Potential sites for introductions may be placed in four categories:

(A) Verified populations. Head-start programs into existing populations with low recruitment or available,
unoccupied suitable habitat.

(B) Verified sites. If a verified site cannot be upgraded to a verified population by locating more than one

individual or evidence of reproduction, it may be considered as a candidate for introductions from Regional
Population Stocks. :
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(C) Unverified historical sites with suitable habitat. With respect to introductions, these sites should be treated
as lower priority verified sites. Particular attention must be paid to the identification and assessment of suitable
habitat.

(D) Suitable habitat with no history of bog turtle occupation. Again, with respect to introductions, these sites
should be treated as verified sites. The most stringent criteria of assessment of suitable habitat should be
applied, and this category should receive the lowest priority of the four categories.

VI. Exhibit and Conservation Education

The bog turtle and the conservation program are excellent vehicles for a broad spectrum program of
public conservation education. Turtles, in general, are well liked by the public and the diminutive size and
endangered status of the bog turtle further enhance this species’ ability to elicit strong public empathy.

The most important aspect in the conservation of the bog turtle is the recognition and preservation of
appropriate habitat. The small, isolated habitats frequently used by rare species of reptiles and amphibians often
lic on private property and are not identified until specific systematic surveys search them out. The process of
increasing the public awareness about the importance of prcscrvmg these unique environments is paramount to
broad scale environmental conservation.

The bog turtle’s strong dependency on a specific type of wetland habitat affords an excellent opportunity
to develop exhibits and presentations designed to illustrate the great variety and unique characteristics of wetland
environments. Incorporated with exhibits of related turtle species which show similar specificity to different
wetland habitats, the concepts of both endangered species and endangered habitats can be conveyed.

We have designed and this year will begin construction on an exhibit using the bog turtle to illustrate
the concept that Endangered Habitat equals Endangered Species.

Conclusion

The purpose of this paper was to give one example of a project which incorporates the technology of
captive propagation with a conservation effort for wild populations. We are hopeful that our preliminary surveys
and studies will lead to a fruitful conservation program for the bog turtle in western New York.

‘One result from these surveys, and of previous studies I have conducted on spotted turtles in Ohio and
wood turtles (Clermmys insculpta) in New York, is the realization of the extreme vulnerability of these
populations. The eastern Clemniys are examples of species which show a high degree of habitat specificity. As
such, they tend to occur in relatively small, discrete populations defined by the limits of their specific habitat.
The Ira Marsh spotted turtle population appears to have only about ten breeding age females; the bog turtle
population we are studying appears to be extremely small based on the recapture frequency seen this year; we
do not have enough data yet to generate an estimate. A wood turtle population which T studied for eight years
in Schoharie County, New York consisted of less than ninety individuals, less than a third of which were breeding
females. The largest population of any of the Clemmys I studied occurred in northeastern Ohio. During a seven
year study, 72 individuals were marked which generated a population estimate of about 200 animals; and
estimated 75 of these were adult females. When viewed in these finite numbers, it is very easy to see the
devastating effect that the removal of even a relatively small number of breeding aged adults would have. This
is one possible explanation for the decline of the bog turtle at Bergen Swamp. This site is more heavily
represented by preserved museum specimens than any other western New York site. Also, due to the unique
vegetational and geological aspects of this site it has received a great deal of attention from naturalists and other

22




Captive Propagation and Husbandry - NCHS 1989

scientists over the past century. Undoubtedly, many bog turtles were removed from this population and never
reported.

Successful captive breeding can certainly lessen the drain on wild populations once a species is
established in captivity. However, it is extremely important that we are all cognizant of the heavy price that these
wild populations pay while we are working the bugs out. I think it is incumbent on all of us to search out means
by which this price can be lowered.
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Captive Management of Exotic Tortoises

Richard J. Fife
Phoenix, AZ

Introduction

I have maintained various species of turtles and tortoises in my private collection and as Assistant
Curator of Reptiles at the Gladys Porter Zoo (Brownsville Texas) for over fifteen years. After leaving the Zoo
in 1978, I continued to procure various species for captive propagation.

The species I currently maintain include: African spur-thighed tortoise (Geochelone sulcata), leopard
tortoise (Geochelone pardalis babcocki), red-foot tortoise (Geochelone carbonaria), Burmese mountain tortoise
(Manouria emys nutapundi), radiated tortoise (Geochelone radiata), Hermann’s tortoise (Testudo hermanni),
marginated tortoise (Testudo marginata), and pancake tortoise (Malocochersus tornieri). The following husbandry
techniques and management procedures are a result of my captive propagation endeavors.

Facilities

My tortoise facility is located in i’hoenix, Arizona, which lies in the Sonoran Desert. Rain fall is 183
mm per year. I have recorded temperatures ranging from -6 to 47°C at my property. My property is flooded
with irrigation water on a regular basis, which slightly increases the relative humidity. The tortoise yards are not
irrigated.

Each enclosure is surrounded by a 2.0 m fence. The top 1.3 m is chain link and the bottom 0.7 m is
plywood. The plywood is buried about 10 mm in the ground and has been painted with a nontoxic red barn
paint. I have found that a solid barrier reduces animal pacing, retains hatchlings of undiscovered nests, and
eliminates tortoises from breaking their beaks or tearing their necks on the chain link.

The substrate is native desert soil which is high in clay. The enclosures are planted with grasses, palms,
cacti, and bamboo. I have found that fountain grass (Pennisetum setaceam) is essential as a retreat from the heat
and cold for most species. The availability of grass for grazing tortoises is essential.

The tortoise enclosures measure 10.0 x 3.0 m. In most cases, each individual species has its own
enclosure. I have provided an insulated house for tropical species. The house is 1.0 m tall with a floor of 1.5
x 1.0 m. A thermostat controls one 250 watt heat lamp. The heat lamp switches on when temperatures drop
below 18°C.

Diet
All my tortoises are fed similar diets; grass or alfalfa hay is always available. Most of the tortoises are
heavy grazers, excluding M. emys nutapundi and G. carbonaria which graze only occasionally. The tortoise diet

is regularly supplemented with carrots, squash, cabbage, various greens, tomatoes, prickly pear cactus, and
occasionally moistened monkey chow, melons and other fruits.
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A variety of diets have been tried on neonates. Grasses promote steady even growth without shell
deformities known as "hand-grenading” or "pyramiding". The grass must be a fine blade variety or a ground
cover like dichondra (Dichondra micrantha). Hatchling tortoises do not have the biting power to eat coarse grass
like bermuda (Cynodon). A disadvantage to grass is that most hatchlings cannot tolerate the high temperatures,
dryness, or cold winters in Phoenix, so they cannot be put out to graze for most of the year.

A vegetable diet consisting of green vegetables, squash, carrots, tomatoes, and fruit is very time
consuming to prepare and has been shown to promote unnatural shell growth. I now use vegetables as a
supplement only.

For the past year I have used moistened monkey chow for all hatchling tortoises. The monkey chow
is easy to use, inexpensive, and promotes excellent growth. Survival rates in neonates has greatly increased.
Growth can be accelerated without affecting normal shell development. Straight line shell measurements of 125-
140 mm can be expected at 8 to 10 months of age. The hatchling tortoises are bedded on alfalfa hay which they
occasionally eat.

Sex Identification

In managing breeding groups of animals, and in distribﬁting captive offspring it is very important to have
accurate sexual identification. Unfortunately, sex identification in some species of tortoises is extremely difficult
and almost impossible with neonates.

Sexing probes or forced hemipene eversion, common sexing techniques in snakes and lizards, cannot be
used to sex tortoises because they have a single penis instead of a pair of inverted hemipenes. Furthermore,
sexual behavior or activity can not always be relied on. I have observed female tortoises mounting other females
and emitting audible grunting sounds in the species M. emys nutapundi.

Sexual dimorphism is evident in many species of tortoises. The most obvious differences are concavity
of the plastron and larger tails in males. Another major difference is the configuration of the anal scutes. In
males, the anal scutes are more elongated and have a wide angle of separation. In females the anal scutes are
less clongated and are directed toward the rear of the shell. This difference is evident in most species of
tortoises and can be seen in some neonates. ‘

With some specics of tortoises, the sex can be determined by size comparisons. This varies with species;
in G. carbonaria the male is larger than the female, in G. p. babcocki, the female is larger than the male.

Gary Wenke of Phoenix, Arizona has noted that the nuchal scute in male 7. marginata is narrower and
longer than on females. This difference is noticeable to some extent on hatchling T. marginata. 1 continue to
see other signs of sexual morphology as my tortoises mature, and as additional tortoises are examined.

Climatic Adaptability

I have found that many species of tortoises can adapt in some degree to the climate in Phoenix. T have
used the book "World Climates" (Rudloff, 1981) to rescarch the needs of my tortoises. I have included the
climatic information of portions of the range of the leopard tortoise (G. p. babcocki), the Burmese mountain
tortoise (M. e. nutapundi), and the African spur-thighed tortoise (G. sulcata).

The leopard tortoise is native to much of castern and southeastern Africa. Due to the large range of
this tortoise, it is difficult to describe its climatic needs.
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Most of the captive leopard tortoises in this country come from Kenya and Tanzania, which is the
tropical range of G. p. babcocki. The city of Tabora, Tanzania has the typical climate for the species’ tropical
range (see Figure 1). Tabora is located at latitude 5 degrees 05 minutes south, longitude 32 degrees 50 minutes
east, and an elevation of 1190 meters. It should be noted that most of the tropical range is above 1000 meters.

In Tabora, January is wet with daily highs of 31°C, and daily lows of 15°C. July is dry with daily highs
of 30°C, and lows of 13°C. Annual extreme temperatures are 12°C and 34°C. Annual precipitation is 882
mm,

High Temperature (°C) 31 31 31 30 30 29

Low Temperature (°C) 15 16 16 16 14 12

Precipitation (mm) 135 | 126 170 133 34 3

High Temperature (°C) 30 32 3 | 34 34 32 34

Low Temperature (°C) 13 14 16 17 17 16 12

Precipitation (mm) 0 1 5 14 81 181 882
Figure 1 - Climate chart for Tabora, Tanzania

The typical subtropical range of the leopard tortoise has a climate similar to Salisbury, Zimbabwe (sce
Figure 2). Salisbury is located at latitude 17 degrees 56 minutes south, 31 degrees 06 minutes east, and an
elevation of 1479 meters.

In Salisbury, January is wet with daily highs of 29°C, and daily lows of 13°C. July is dry with daily
highs of 26°C, and lows of 2°C. Annual extreme temperatures are 2°C and 33°C. Annual precipitation is 863
mm. This climate is similar to San Diego, California with greater precipitation.

High Temperature (°C) 297 29 28 28 27 24

Low Temperature (°C) 13 12 11 9 5 3

Precipitation (mm) 216 | 172 99 36 11 4

High Temperature (°C) 26 27 31 32 32 30 33

Low Temperature (°C) 2 3 6 10 12 12 2

Precipitation (mm) 1 3 5 30 100 186 863
Figure 2 - Climate chart for Salisbury, Zimbabwe

The typical (cool) subtropical range of the leopard tortoise has a climate similar to Bloemfontein, South
Africa (see Figure 3). Bloemfontein is located at latitude 29 degrees 06 minutes south, longitude 26 degrees 18
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minutes east, and an clevation of 1400 meters. Pritchard (1979) reported that leopard tortoises are found at
altitudes above 6000 feet (2000 m) in the Graaff-Reinet area of South Africa.

In Bloemfontein, January is wet with daily highs of 35°C, and daily lows of 10°C. July receives about
10 mm of rain with daily highs of 21°C, and daily lows of -5°C. Annual extreme temperatures are -6°C and
36°C. Annual precipitation is 547 mm. This climate is very similar to Sacramento, California with one important
difference. In South Africa winters are dry and summers wet. In California winters are wet and summers are
dry.

High Temperature (°C) 35 32 31 28 24 21

Low Temperature (°C) 10 9 7 2 -2 -4

Precipitation (mm)

High Temperature (°C) 21 25 29 33 33 34 36

Low Temperature (°C) -5 -4 2 3 6 7 -6

Precipitation (mm) 10 4 | 19 48 68 68 547
Figure 3 - Climate chart in Bloemfontein, South Africa

In observing my captive leopard tortoises, I have noticed that adults can tolerate cold temperatures
(1°C) without any problems as long as it is of short duration and they can warm up soon afterwards.

My leopard tortoises will emerge from their heated house early in the morning when air temperatures
are between 7-10°C. The tortoises orient their shells toward the sun to receive maximum radiation and soon
have absorbed enough heat to begin grazing. This demonstrates the importance of South Africa’s dry winters,
enabling the tortoises to bask immediately after a cold night.

I would note that my leopard tortoises are from Kenya. They have only rarely been exposed to cold
(near freezing temperatures). They are all long term captives and unstressed animals.

The African spur-thighed tortoise has become available in the United States recently due to importing
and captive breeding. They have proven to be a very hardy tortoise, and I am sure they will become even more
common in captivity.

G. sulcata is native to the southern fringes of the Sahara Desert, from inland Senegal to the Massaua
coast on the Red Sea (Pritchard 1979). This is an area of extreme summer heat, only occasionally tempered by
summer rains. The winters are dry (no rain from November through March) with cool nights (occasionally light
frosts), and hot days. Tombouctou (Timbuktu), Mali has the typical climate for the range of G. sulcata (sce
Figure 4). Timbuktu is located at latitude 16 degrees 46 minutes north, longitude 3 degrees 01 minutes west,
and an elevation of 273 meters.

In Timbuktu, January is dry with daily highs of 36°C, and daily lows of 8°C. July receives some rain.
Daily highs are 44°C, and daily lows are 21°C. Annual extreme temperatures are 7°C and 47°C. Annual
precipitation is 225 mm. )'
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In the wild G. sulcata digs burrows to retreat from the heat and cold. My captive tortoises excavate
burrows about 1.5 meters long. The tortoises have no problem with summers in Phoenix where high
temperatures of 46°C can be expected. In winter the entrance to the tortoise burrows are covered with straw
to keep out the cold. Seldom do the burrows drop below 5°C even though outside temperatures my dip to -2°C.
As with the leopard tortoises the African spur-thighed tortoises emerge from their burrows in early morning,
and bask in the sun until body temperature has increased and grazing begins. During extended periods of cold
and overcast weather, a 250 watt heat lamp is set out for the tortoises to bask under.

—

High Temperature (°C) 36 39 43 46 47 47

Low Temperature (°C) 8 9 13 17 22 23

Precipitation (mm)

High Temperature (°C) 44 41 44 43 41 36 47

Low Temperature (°C) -5 -4 2 1 3 6 7 -6

Precipitation (mm) 65 95 37 5 0 0 225
Figure 4 - Climatc chart for Timbuktu, Malt

There are two subspecies of the Burmese mountain tortoise, M. emys emys and M. emys nutapundi. The
two tortoises were confused for many years and were thought to be the same subspecies. They are in fact very
different and may even be separate species. M. e. emys is the smaller of the two tortoises. It is from southern
Burma, southern Thailand, south into the Malay Peninsula, and from the islands of Sumatra and Borneo. M.
e. nutapundi grows to over 650 mm. It ranges from northern Thailand to northern Burma (Obst 1986).

Lashio, Burma is typical of the climate for the subspecies M. e. nutapundi (see Figure 5). Lashio is
located at latitude 22 degrees 58 minutes north, longitude 97 degrees 51 minutes east, and an elevation of 855
meters. This climate is similar to that of Miami, Florida.

High Temperature (°C) | 25 | 29 | 32 | 35 | 34 | 31

Low Temperature (°C) 4 6 9 14 16 19
Precipitation (mm) 249
¢ . Dec Year

High Temperature (°C) 31 31 31 30 28 25 36

Low Temperature (°C) 20 19 18 14 9 6 4

Precipitation (mm) 305 | 325 198 145 69 23 1574
Figure 5 - Climate chart for Lashio, Burma

In Lashio, January is not as wet as other moiiths of the year, with 8 mm of precipitation. Daily high
temperatures are 25°C and daily lows are 4°C. July is wet with 305 mm of precipitation. Daily highs are 31°C
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and daily lows are 20°C. Annual extreme temperatures are 4°C and 36°C. In the southern part of the range
of M. e. nutapundi, temperatures are about 5°C warmer. In the mountains of Burma (above 1600 meters),
temperatures of -3°C, and colder can be expected.

My M. e. nutapundi have hibernated every winter since 1980. They retreat to their turtle house or burrow
under leaf litter when night time temperatures drop below 7°C, which occurs about mid October. They do not
emerge until nights have warmed to about 10°C which usually occurs in March. The tortoise house is covered
with a thick layer of straw to protect the tortoises from extreme cold and hot winter days.

Summers are a bit more of a problem. The tortoise enclosure is planted with giant reed (4rundo donax)
which shades most of the yard. The reed is cut to the ground in winter to control its growth, and provide litter
for burrowing and nesting. The yard is misted regularly and a water hole is provided.

Reproduction

Breeding behavior and egg laying have been described by other writers extensively and I concur with
most of their observations. In addition, I would make the following generalizations:

My tortoises prefer to nest at the top of inclines or mounds, close to walls, and near bushes or trees.
I have had no nesting during the hot months of summer (mid-June to mid-August).

My leopard tortoises and red-foot tortoises lay from two to five clutches of eggs per year. Eggs are laid
from mid September to mid March. Leopard tortoises lay between 10-21 eggs. Red-foot tortoises lay between
3-6 eggs. Nesting begins in the late afternoon and is completed after dark.

My Testudo sp. nest in early spring or late fall. 7. hermanni lay between 3-5 eggs. T. marginata lay
between 6-9 eggs. The eggs are usually laid in the early morning,

My M. e. nutapundi lays her eggs the last week of May or the first week of June. Twenty to forty eggs
are laid. Straw and leaf litter is provided for nesting material. A few weeks before egg laying she begins moving
the nesting material into position for nest building. To date she has never completed her nest and infertile eggs
are laid indiscriminatingly on the ground. '

M. e. nutapundi is more difficult to sex than M. e. emys. It has taken over 13 years to locate a male
tortoise. In 1986 a male was obtained and breeding was observed the next summer. The male did not mate with

the female again until after eggs were laid in 1988. Two of the 1988 eggs were fertile but did not hatch. I am
hopeful for success in 1989.
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Long Term Husbandry and Propagation
of the
California Desert Tortoise

(Gopherus agassizi)

Kay Arneberg Booth
Orland, CA

Introduction

In 1935 I acquired my first two California desert tortoises (Gopherus agassizi). At this time, I was living
in Pomona, California. In 1953 the family moved to Orland, California and it was here, in 1956, that the female
laid her first clutch of eggs. These eggs were artificially incubated. According to herpetological records it was
the first time that this had been successfully accomplished. The original pair of tortoises are still alive and
produce eggs and hatchlings every year.

I kept several of the 1956 hatchlings (F1), which in due course had young of their own. One from their
1974 hatching and another from their 1975 hatching were retained and raised to sexual maturity (F2). In 1985
these tortoises laid eggs of which three hatched (F3). This makes four generations of tortoises in my collection
and three generations of captive bred tortoises. As far as can be ascertained, this is a world first.

Reproduction

Captive raised desert tortoises mature between 10-12 years of age. In the wild it may take longer,
because the amount and quality of food that they receive in captivity far exceeds that which they would naturally
find. As a male tortoise reaches maturity, his plastron becomes slightly concave. The plastron of the female
remains perfectly flat. This is the only reliable secondary sexual characteristic displayed by this sex. There arc
many theories on identifying the sex of hatchling desert tortoises. I suspect that the small indentation on the
carapace just above the tail can be used as an indication of sex (see Figure 1). I think it is wider in females than
in the males; however, I have only been able to verify this on two specimens. After about a year these
indentations wear off. Sometimes, males can be determined within three months of age through their belligerent
behavior.

Mature desert tortoises usually breed in April and May, with egg-laying occurring in June or sometimes
as late as July. If you have only a single pair, you should ensure that the male’s breeding activity does not
interfere with the female’s feeding. At times a lone female will become quite debilitated unless she is separated
from the male during this period. It is much better to house two or three females with a single male. The male
is amorous all year and it wise to keep a close watch on him. In view of his position he is very liable to get
turned over on his carapace. Some tortoises cannot right themselves and will die very quickly if caught upsidc
down in the hot sun.
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Figure 1 - Indentation in carapace above tail

The desert tortoise looks like an armored tank, but this is definitely an optical illusion. Their shells are
extremely thin, The skeleton and the scutes together are thinner than a dime. This means that desert tortoises
can be injured very easily.

No tortoise likes to be handled too much and they definitely should not be handled too roughly or
moved too quickly. If you startle a tortoise while you are handling it, they are likely to void their bladders of
all of their liquid reserves. Because of this defensive behavior if you come across a desert tortoise in the wild,
you should never handle it except to move it gently off of a road. A wild tortoisc may only have one or two
occasions in which to drink during a given year and this simple reflex can be life threatening