Publisher of Journal of Herpetology, Facsimile Reprints in Herpetology, Herpetological Review,
Catalogue of American Amphibians and Reptiles, Herpetological Circulars,
Contributions to Herpetology, and Herpetological Conservation

	
  

	
  

	
  

Officers and Editors for 2013-2014
President
ROBERT D. ALDRIDGE
Department of Biology
Saint Louis University
St. Louis, MO 63103, USA
President-Elect
AARON BAUER
Department of Biology
Villanova University
Villanova, PA 19085, USA
Secretary
MARION PREEST
Joint Science Department
The Claremont Colleges
Claremont, CA 91711, USA
Treasurer
ANN PATERSON
Department of Natural Science
Williams Baptist College
Walnut Ridge, AR 72476, USA
Publications Secretary
BRECK BARTHOLOMEW
P.O. Box 58517
Salt Lake City, UT 84158, USA
Immediate Past-President
JOSEPH R. MENDELSON III
Zoo Atlanta
Atlanta, GA 30315, USA
Directors (Class and Category)
FRANK BURBRINK (2016 R)
College of Staten Island, USA
ALISON CREE (2016 Non-US)
University of Otago, NEW ZEALAND
TIFFANY DOAN (2014 R)
Central Connecticut State Univ., USA
LISA HAZARD (2016 R)
Montclair State University, USA
TRAVIS LADUC (2014 Mem. at-Large)
University of Texas, USA
JENNIFER PRAMUK (2014 Cons)
Woodland Park Zoo, USA
CAROL SPENCER (2014 R)
University of California, Berkeley, USA
GREGORY WATKINS-COLWELL
(2016 R)
Yale Peabody Mus. of Nat. Hist., USA
Trustee
GEORGE PISANI
University of Kansas, USA
Journal of Herpetology
ERIN MUTHS, Co-Editor
U.S. Geological Survey
Fort Collins, CO 80526, USA
GAD PERRY, Co-Editor
Texas Tech University
Lubbock, TX 79409, USA
Herpetological Review
ROBERT W. HANSEN, Editor
16333 Deer Path Lane
Clovis, CA 93619, USA
Contributions to Herpetology
KRAIG ADLER, Editor
Cornell University
Ithaca, NY 14853-2702, USA
Facsimile Reprints in Herpetology
AARON BAUER, Editor
Villanova University
Villanova, PA 19085, USA
Catalogue of American Amphibians
and Reptiles
CHRISTOPHER BELL, Co-Editor
University of Texas, Austin
Austin, TX 78712, USA
TRAVIS LADUC, Co-Editor
University of Texas, Austin
Austin, TX 78758, USA
Herpetological Circulars
JOHN J. MORIARTY, Editor
Three Rivers Park District	
  
Plymouth, MN 55441, USA
Herpetological Conservation
JOSEPH C. MITCHELL, Editor
Mitchell Ecol. Res. Service
P.O. Box 5638
Gainesville, FL 32627-5638, USA

	
  

Dear Author,
Attached please find a gratis pdf file of your article/note
published in Herpetological Review. You are receiving this pdf
at no charge as a benefit of SSAR membership, and it is for
your personal use only (see copyright notice below).
Sincerely,
SSAR Publications Office

Notice warning concerning copyright restrictions: The copyright law of
the United States (title 17, United States Code) governs the making of
copies or other reproductions of copyrighted material such as PDFs. One of
these specific conditions is that the copy or reproduction is not to be "used
for any purpose other than private study, scholarship, or research." If a user
makes, or later uses, a PDF, copy, or reproduction for purposes in excess of
"fair use," that user may be liable for copyright infringement. The Society
for the Study of Amphibians and Reptiles (SSAR) holds the copyright to
this PDF. SSAR authorizes the author to use this PDF to fill reprint
requests for private study, scholarship and research purposes. It is a
violation of SSAR's copyright to distribute this PDF via mass emails, or
by posting this pdf on any website for download — Except the author's
own personal (not business) website / webpage.

62

CONSERVATION

CONSERVATION
This section provides a platform to showcase innovative conservation projects, partnerships in achieving conservation and management objectives, and conservation success stories or lessons learned, and to bridge the gap between science and management.
Subjects appropriate for this section include the following:
• In-situ conservation programs, particularly those involving local communities and governments
• Ex-situ conservation programs and success stories, or lessons learned
• Habitat protection or species appreciation and protection via ecotourism, education, and outreach
•	Proactive and multi-partner efforts to improve conservation policies or actions, or to increase public awareness of conservation
issues
• Point-counterpoint essays on hot topics in herpetofaunal conservation
Manuscripts, ideas, or questions for consideration should be directed to Conservation Section Editor, Priya Nanjappa (pnanjappa@
fishwildlife.org). All manuscripts will undergo external peer review. For detailed instructions on manuscript preparation, please consult the SSAR web page at: http://www.ssarherps.org/pages/HRinfo.php. For authors whose native language is not English and who
might require assistance with manuscript preparation, we invite you to consult SSAR’s Presubmission Manuscript Review service:
http://www.ssarherps.org/page/presub.php.
Herpetological Review, 2014, 45(1), 62–65.
© 2014 by Society for the Study of Amphibians and Reptiles

Rearing the Federally Endangered Reticulated Flatwoods
Salamander, Ambystoma bishopi, from Eggs through
Metamorphosis
The Reticulated Flatwoods Salamander (Ambystoma bishopi) is among North America’s most imperiled salamanders. The
species is federally listed as endangered (United States Fish and
Wildlife Service [USFWS] 2009) and is listed as “vulnerable” by
the International Union for the Conservation of Nature (IUCN).
Little is known regarding the basic natural history for the species (Jones et al. 2012). An inhabitant of longleaf pine flatwoods
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habitat, the species once occurred in southwestern Georgia,
southeastern Alabama, and across the Florida panhandle. The
only remaining breeding populations that are known are located
in the Florida panhandle, largely occurring on Eglin Air Force
Base. The species has not been observed in Georgia since 2001
(J. Jensen, pers. comm.) and has not been seen in Alabama since
1986 (J. Godwin and S. Graham, pers. comm.). Primary factors
behind the decline are habitat alteration, fragmentation, and insufficient hydroperiod in breeding sites with isolated breeding
populations being at higher risk of extirpation without possibility of recolonization (USFWS 2009).
In the fall/winter of 2011–12, drought in the Florida panhandle prevented the filling of ephemeral breeding ponds used
by Ambystoma bishopi on Eglin Air Force Base. The salamanders
deposit eggs along what will be the bottom of the ponds, but typically do so before heavy seasonal rains cause the ponds to fill with
water (Anderson and Williamson 1976; Hill 2013). As the ponds
fill, the eggs hatch and the aquatic larvae develop, if given enough
time before the ponds dry out again. Late into the breeding season of 2011–12, the ponds had not filled with water, and the eggs
had remained dry through their anticipated hatch dates. A USFWS official made the call to declare the eggs as “salvage material.”
The declaration made the eggs available for collection in an attempt to hatch and rear the larvae. Collaborators at Virginia Tech
requested the development of a protocol for rearing the federally
endangered ambystomatid from the amphibian conservation
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program at the Atlanta Botanical Garden (the Garden). The Garden sent one of the authors (DBF) to Florida to collect eggs and
bring them back to the facilities in Atlanta. Because this species
and its sister species, the Frosted Flatwoods Salamander (Ambystoma cingulatum) are both declining, one of our primary goals
was to make our methods for collecting eggs, hatching larvae,
and rearing larvae through metamorphosis readily available.
Egg collection and transport.—In early January 2012, eggs
were collected from Eglin Air Force Base under the authority of
the USFWS. Eggs are deposited as small groups (from 1–17 eggs
have been observed), and we removed the eggs by taking a divot
of earth from around each group of eggs that was roughly 5–10
cm out from the edge of the group of eggs. We then placed the
excavated divot into small plastic boxes (Fig. 1). By using this approach the eggs were not physically removed from the substrate,
did not change orientation and overall disturbance was minimized. The plastic boxes were then stacked inside of portable
plastic coolers for transport from Florida to the Garden.
Housing eggs and larvae.—At the Garden, each divot was
placed into a larger plastic shoe box. By gradually raising water levels in the plastic shoe boxes, up to a point where the water was just touching the eggs, we were able to hatch the eggs.
Water used for this process had been prepared two weeks prior
with peat moss pillows to lower the pH of the water from 7 to 5.8,
which is near the natural pH for breeding wetlands (Palis 1996).
The water had also been carbon filtered prior to pH adjustment
to remove potentially harmful chemicals and metals. The eggs
were maintained in a conservation greenhouse (used for cultivation of endangered plants from the southeastern United
States) with natural lighting and temperature regimes. Mean air
temperature ranged from 10°C to 23°C for the larval period (Fig.
2). Once larvae hatch they need to be isolated and placed into
individual plastic containers to avoid conspecific aggression.
Isolation reduces the risk of cannibalism and spread of disease.
Plastic containers of roughly 1L in volume are sufficient. A small
plastic plant pot was added to the enclosure to provide cover for
the developing larvae. The containers with the developing larvae
inside of them were maintained in the same greenhouse as described above.
Larval development in captivity proceeded from hatching in
January until May 2012 (roughly 18 weeks), therefore the decision was made to lower the water levels on the developing salamander larvae to 1 cm total depth. It was noted that the larval
period was taking longer in captivity than in the wild, where
Palis (1995) documented larval development of flatwoods salamanders to last from between 11–18 weeks. Within one week of
lowering the water level, three larvae (Fig. 3) started to change
color and pattern. The stripes began to fade and a darker gray
color replaced the brown coloration of earlier larval stages; furthermore, at metamorphosis pale white or silver spots began to
develop over the dorsum of the salamanders (Fig. 4). These three
individuals metamorphosed in the third week of May 2012, but
one individual drowned in the process. At this point, sphagnum
moss was added to the containers to provide metamorphosing
salamanders additional substrate on which to exit the water. We
still had roughly 15 larvae approaching metamorphosis. Metamorphosed larvae have a gray base coloration with metallic colored dots all over the dorsum. The dots range from a faint blue
color to white or silver (Fig. 4). When early metamorphs have
blue dots, they fade to white with time.
Feeding larvae and metamorphs.―—When larvae hatched they
were approximately 1–1.5 cm total length (Fig. 3). Owing to the
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season, there were no abundant micro-crustaceans available to
Garden staff to feed the salamanders; however, we placed frozen
fish foods into a blender and we introduced the slurry to larval
salamanders. The specific frozen foods used were as follows: San
Francisco Bay Brand, Inc. frozen bloodworms (“red dipteran larvae”) and glassworms (“white dipteran larvae”), and Bio-Pure
brand frozen Daphnia and frozen brine shrimp. Hatchling salamanders could be seen eating the viscous mixture of thawed and
blended foods. Shortly thereafter, live “black worms” (Tubifex
tubifex) were purchased from a commercial dealer. We blended
and fed the results to the salamanders, which was also accepted
as a food item. To diversify the diet, we also fed larval salamanders live Daphnia magna that were purchased from Ward’s Natural Science Company and another species of Daphnia provided
by Conservation Fisheries Inc. (Knoxville, Tennessee).
One concern about feeding salamanders following metamorphosis came from J. Mendelson (Zoo Atlanta) who previously attempted to rear several Ambystoma cingulatum from the larval
stage. While there were no problems feeding and rearing the
larvae, following metamorphosis the salamanders would not eat
and ultimately died. Taking this into consideration we fed late
stage larvae hatchling earthworms (Eisenia hortensis) as well as
larger earthworms cut to approximately 1 mm pieces from worm
colonies at the Garden. After metamorphosis, the same hatchling earthworms were offered as food. Introducing this food item
in the larval stage ensured that a familiar food would be available and would hopefully appeal to the salamanders through
their metamorphic period. Ambystoma bishopi are not known to
go through paedomorphosis, like some other ambystomatids, so
all individuals go through metamorphosis into the terrestrial life
stage. To date, we have not had a problem with salamanders accepting the small earthworms post-metamorphosis. In addition,
the salamanders have accepted termites (Reticulitermes sp.) and
cultured terrestrial isopods (Trichorhina tomentosa).
European night crawlers (Eisenia hortensis) are known in the
aquarium trade and at fishing bait shops as “Euro Drift Worms.”
They are easily cultured and are a relatively small species of night
crawler. One benefit to culturing them is that every size class
is available from a colony, and small amphibians can be given
newly hatched worms as they are roughly 3–6 mm in total length.
Culturing E. hortensis involves the use of Care Fresh® pet bedding (use the uncolored version). The media is widely available
through the pet industry and online. The material is acceptable
to Institutional Animal Care and Use Committees because it is
laboratory sterile and does not contain dirt (a consideration for
any university-based live animal research program dealing with
fossorial amphibians). We used the version of the product that
has no added dyes or colors. The material is placed into a bucket
with clean, carbon filtered water. Once the paper is saturated, it
is placed in a large fish net and gently squeezed to remove excess
water. The damp media is then added to plastic tubs to a depth
of 12–20 cm. The plastic tub must have a tightly fitting lid. Starter
cultures of 50–100 worms are added to the media and maintained in cool locations with daytime temperatures no greater
than 23.8°C and night time temperatures no lower than 10°C.
Any commercial earthworm food can be used to feed the worms
weekly as well as store brand white loaf bread. Turn the substrate
over one or two times a month to free trapped pockets of gas. As
the media decomposes, add new media. The culture will smell
with time as gases from decomposition build up, which is normal. Drain fluids from the bottom of the culture as they develop.
One advantage to using cultured earthworms as food items is
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Fig. 4. A newly metamorphosed Ambystoma bishopi demonstrates
the mix of larval and juvenile pattern. The body of the animal is
now dominated by black and white, whereas the larvae have brown
stripes on a tan base coloration; however, the stripes can still be seen
in this metamorph, a character that will be lost three to four weeks
post-metamorphosis.
Fig. 1. Small divots of substrate were excavated around Ambystoma
bishopi eggs to reduce physical damage by the egg collection process and were then placed into Tupperware® plastic boxes to limit
movement and damage to the eggs during transportation to Atlanta
Botanical Garden for rearing.

Fig. 5. Mid- and late-stage Ambystoma bishopi larvae have a welldefined pattern, fully developed hind limbs, and long digits.

Fig. 2. Mean air temperatures in the greenhouse at the Atlanta
Botanical Garden where Ambystoma bishopi eggs were hydrated,
hatched, and reared from January–May 2012.

Fig. 3. At one hour post-hatch, larval Ambystoma bishopi do not have
hind limbs and only have partially developed forelimbs and digits.

that they can also serve as a delivery system for additional vitamins and minerals to captive amphibians. Adult earthworms can
be injected with a small gage hypodermic needle with a slurry
of amphibian vitamins. We use Repashy Superfoods “Supervite”
and dissolve several micrograms of the vitamins in one ounce of
filtered water. The vitamin laden worms are then offered directly
to the salamanders as food items.
Terrestrial “dwarf white” isopods (Trichorhina tomentosa) are
readily available and are also relatively easy to culture. Their small
size makes them ideal food items for small amphibians, particularly metamorphic animals. E. Kowalski (Philadelphia Zoo) provided the Garden with this procedure for rearing T. tomentosa.
Ground coconut shell (available online and through the pet trade)
is mixed with ground leaves at a ratio of two to one respectively.
Oak, maple, ash, or fruit tree leaves are all acceptable for use. Dead
leaves are collected below a tree and carefully rinsed with carbon
filtered water. The leaves are dried and cut with scissors to slices
roughly 4 cm in length and 1 cm in width. These sliced leaves are
then thoroughly mixed into the ground coconut. The material is
then misted with carbon filtered water until it clumps and is damp
to the touch. Isopods can be observed actively crawling around
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on the substrate and the food that is offered. One to two cups of
the material is added to a plastic deli cup (0.47 L) with a ventilated
lid. Isopods are fed flake fish food once or twice a week (sparingly)
and a slice of potato is placed into the culture once a month. The
potato slices (can use squash or carrots) will have clusters of isopods on them and they can be harvested on this or a small piece of
cardboard, on which the isopods will also cluster.
Discussion.―—The Reticulated Flatwoods Salamander is experiencing a range-wide decline (USFWS 2009). While localized
populations do remain, a lack of dispersal ability or the need for
restoration of wetlands (Gorman et al. 2009) and uplands at formerly occupied sites may prevent recolonization. Efforts are underway to restore habitat; however, these efforts take considerable time (Gorman et al. 2013). With the breeding range reduced
to a relatively small area, prolonged regional drought, especially
in conjunction with anthropogenic alterations of local hydrology, could cause extirpation. These issues highlight the need to
develop captive rearing protocols and assurance colonies that
can later be used as a source population for restored sites. We
have outlined procedures to collect eggs, hatch larvae, and rear
larvae through metamorphosis that can be used to develop these
assurance colonies. The development of these colonies can then
be used as a tool to intervene in the decline, should that measure
be called for by the USFWS. Very little is known about dispersal
of flatwoods salamanders (see Ashton and Ashton 2005), and a
better understanding of genetic variation among local populations is needed before release of captive animals proceeds. Assurance colonies should be initiated sooner rather than later,
however, while individuals can still be obtained from the wild.
The development of a captive breeding protocol is the next step
with our project, and we will publish our results in an effort to
disseminate whatever techniques we are able to produce. The
development of captive assurance colonies may provide a tool
for wildlife biologists to develop methods with which to deal
with potential disease and reintroduction programs.
The developmental period for the salamanders in captivity
may have lasted longer than those in the wild (11–18 weeks; Palis
1995). One potential cause for the longer captive developmental
period might have been a consistent water level and water temperatures. Water had been added to the containers holding the
larvae throughout the developmental process to replace loss via
evaporation (maintained at approximately 8 cm depth). Without decreasing water levels, larvae may not metamorphose as
quickly as in drying ponds in the wild, though deep sections of
natural ponds still contained larvae after metamorphs had been
observed, so a longer larval stage may not be cause for concern.
Furthermore, larger size at metamorphosis has been linked to
higher post-metamorphic survival (Scott 1994) and reproductive
fitness (Scott 1994; Semlitsch 1988) in closely related salamanders, so a longer larval stage may be desirable, assuming growth
is continuing. Prior to metamorphosis, larvae were approximately 3–4 cm total length (Fig. 5).

65

Acknowledgments.—We thank Eglin Air Force Base, especially
Kathy Gault and Bruce Hagedorn, for logistical support, and the assistance of Brandon Rincon, Steve Goodman, John Himes, and Annamarie Saenger with detection and collection of eggs in the field.
Conservation Fisheries Inc. (Knoxville, Tennessee) kindly supplied
cultured freshwater amphipods to use as food with early stage salamander larvae.
Literature Cited
Anderson, J. D., and G. K. Williamson. 1976. Terrestrial mode of reproduction in Ambystoma cingulatum. Herpetologica 32:214–221.
Ashton, R. E., Jr., and P. S. Ashton. 2005. Natural history and status of
the flatwoods salamander in Florida. In W. E. Meshaka Jr., and K. J.
Babbitt (eds.), Amphibians and Reptiles: Status and Conservation
in Florida., pp. 62–73, Krieger Publishing Co., Malabar, Florida.
Gorman, T. A., C. A. Haas, and D. C. Bishop. 2009. Factors related to occupancy of breeding wetlands by flatwoods salamander larvae.
Wetlands 29:323–329.
———, ———, and J. G. Himes. 2013. Evaluating methods to restore
amphibian habitat in fire-suppressed pine flatwoods wetlands.
Fire Ecol. 9:96–109.
Hill, E. P. 2013. Ambystoma cingulatum: courtship and oviposition.
Herpetol. Rev. 44:112–113.
Jones, K. C., P. Hill, T. A. Gorman, and C. A. Haas. 2012. Climbing behavior of flatwoods salamanders (Ambystoma bishopi/A. cingulatum).
Southeast. Nat. 11:537–542.
Palis, J. G. 1995. Larval growth, development, and metamorphosis
of Ambystoma cingulatum on the Gulf Coastal Plain of Florida.
Florida Sci. 58:352–358.
———. 1996. Element stewardship abstract: flatwoods salamander
(Ambystoma cingulatum Cope). Nat. Area. J. 16:49–54.
Scott, D. E. 1994. The effect of larval density on adult demographic
traits in Ambystoma opacum. Ecology 75:1383–1396.
Semlitsch, R. D., D. E. Scott, and J. H. K. Pechmann. 1988. Time and
size at metamorphosis related to adult fitness in Ambystoma talpoideum. Ecology 69:184–192.
United States Fish and Wildlife Service [USFWS]. 2009. Endangered
and Threatened Wildlife and Plants; Determination of Endangered Status for Reticulated Flatwoods Salamander; Designation
of Critical Habitat for Frosted Flatwoods Salamander and Reticulated Flatwoods Salamander, Final Rule. Fed. Reg. 64:6699–6774.

Herpetological Review 45(1), 2014

