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1. INTRODUCTION
1.1. DESCRIPTION

Puerto Rican Crested Toadeltophryne lemuare the only native species of toad found in
Puerto Rico and the Virgin Islands. This is a medsized toad (64 to 120 mm snout-vent
length) with distinctive supraorbital crests angraminent upturned nose. Females are larger
than males and have more prominent crests. Thkucranges from brown to yellow brown
with black or brown patches. The ventral surfaca creamy white with some dark mottling.
Sexual dichromatism (males are yellower than feg)atemost obvious when males are in
breeding condition. Males also possess promingptial pads on the first and second digits of
the front feet.

1.2.HABITAT

La Reserva Forestral de Guanica, the nationaltfareghich Puerto Rican crested toads are still
found, is a rugged dry sub-tropical forest. Theeereo permanent bodies of fresh water, and
significant rainfall usually comes once a years located on the south-west coast of Puerto Rico.
The toads are found at low elevations (not excee00m) in arid or semi-arid rocky areas with
well drained soils. The habitat found in Guanica &a abundance of limestone ridges and
boulders with dissolution holes and fissures, wlaichused by the toads as daytime retreats from
the oppressive heat.

Quebradillas

Guanica
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Daytime highs can reach 20, and the surface temperature of the rocks carbdio 5F°C. A

1990 radiotracking inquiry into post reproductivevements showed that toads moved up to 1.5

km (0.9 miles) in 3 nights before settling dowramarea where average nightly movements were
10 meters (33 feet). Toads were able to climbentical rock faces to seek shelter in holes in the
limestone at least 45 cm (18 inches) above thengtou

1.3.WILD POPULATION

Native to Puerto Rico and Virgin Gorda, this speatelisted as threatened by the U.S. Fish and
Wildlife Service. The Virgin Gorda population isotight to be extinct. Its range is currently
limited to two known sites in Puerto Rico. Thesmaining populations, one found in the north
at Quebradillas, and the other in the south at @aaare known to be genetically distinct and
must be managed as such.

1.4.CAPTIVE POPULATION

As of 99.12.31 the captive population consisteddf50.126 animals (260) at 21 institutions.
This includes 16 animals at University of Puertodkand ZooRico, Mayaguez. Wild caught

founders number 20.5 at 2 Institutions. Of theBara southern animals except the following:
3.1 Northern toads at Cincinnati (no founders),Nddthern toads at Fort Worth (no founders.)
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2. CAPTIVE MANAGEMENT ISSUES

2.1. RELEASES

Captive-bred animals have been designated faasela Puerto Rico, to supply the SSP with
breeding stock, and for use in related researctouh the 1980s captive-bred offspring were
held in captivity and returned to Puerto Rico postamorphosis as toadlets or toads. Rearing
animals post metamorphosis requires considerabteirees (space, time, and food) and increases
the shipping cost for a given number of animalswiNeaptive-bred animals are sent to Puerto
Rico at 7 to 10 days of age as tadpoles. This sllooos to rear and return large numbers of
animals for release without depleting often-scaeseurces. Captive bred toads surplus to the
SSP have been provided to the University of PuRito at Rio Pedras and ZooRico, the zoo in
Mayaguez. Staff and students at the university,zno staff have been trained and provided with
the equipment necessary to hold and eventuallydireetoads in Puerto Rico. The following is a
history of the release of captive-bred Puerto Rmasted toads in Puerto Rico.

1982: First release of northern toads in Quebi@slill982/06/19
1983: Buffalo releases: 75 toadlets released 83/Ql2ebradillas (Northern)
1984: Buffalo releases: 500 toadlets released 3d/@ambalache (Northern).
306 toadlets released 84/6/21 Cambalachel{sin)
1985: Toronto releases: 370 toadlets released B502nmbalache (Northern)
1987: Toronto releases: 829 toadlets releasedB¥ Blianica (Southern)
1989: Toronto releases: 6.3 toads and 707 tadpake8uffalo) released 89/02 Guanica
1991: Cincinnati releases: 352 toadlets (via FttWaeleased Cambalache (Northern)
1992: Toronto releases: 1026 toads released irR$2ithnica (Southern)
1993: Toronto releases: 10,000 tadpoles releasg8 GAanica (Southern)
Buffalo releases: 1,548 tadpoles released agfhica (Southern)
1996: Toronto releases: 1100 tadpoles release®Ma/@uanica (Southern)
1000 tadpoles released 96/12/18 Guanioatf®@rn)
1999: Toronto releases: 1650 tadpoles releasedA®@uanica (Southern).
980 tadpoles released 99/11/23 Guanicatf@m).
Sedgwick County releases: 2000 tadpoles rede2@4/18 Guanica (Southern).
BO@dpoles released 99/11/23 Guanica (Southern).
Toledo releases: 4000-5000 tadpoles releasdd /23 Guanica (Southern).
2000: Toronto releases: 25,000 tadpoles release@/ P2/03 Guanica (Southern)



PUERTO RICAN CRESTED TOADPgltophryne lemyr2002 HUSBANDRY MANUAL
Page 7.

2.2.RESEARCH

Current research includes:
The effects of temperature on tadpole growth aneldpment.
The effects of different diets on tadpole growtl a@evelopment.
The effects of different vitamin and mineral suppénts on toadlet growth and development.
The effects of different diets on the growth andedepment of toadlets.
Substrate temperature selection by toads.
Water temperature selection by tadpoles.

2.3.PIT TAGS

At the Toronto Zoo, adult toads are implanted wgiissive integrated transponders (PIT). The
Trovan PIT tags are used. Emla cream ™ is usedasbanaesthetic, and is applied to the left
shoulder area. The needle with the ID chip isrteskover the left thorax placing the implant
subcutaneously between the left shoulder and tre@d gland. The opening in the skin is
closed with 3M Vetbond ™ tissue glue. The ardhés rinsed with water to remove traces of
the anaesthetic, which is capable of causing gearegsthesia in these toads. Implanting with
PIT tags means that all the toads can be houseth&gather than in pairs, cutting down on
holding space requirements and keeper time.

2.4. SHIPPING

2.4.1. TOAD AND TOADLET SHIPPING PROTOCOL

Toronto Zoo uses 1 or 2-litre wax coated cardboaitld cartons or large plastic deli/margarine
containers for housing toads and toadlets for shgpprhe containers must be thoroughly washed
and rinsed and allowed to air dry before being us&ahall holes (1/8" to 1/4") are punched or
drilled in the sides and tops of the containerngrtvide needed air.

In order to provide moisture and a secure shockyéibsy environment in the shipping

containers, slightly dampened sphagnum or shee$,nmeased or pulled apart to create air spaces
and refuges for the toads is used as a packingumediach container is filled with this "airy"
substrate. The moss musit be saturated with water. During shipping, wet snogl settle and

the weight can crush, trap or drown small toadl®&sffalo Zoo uses dampened paper towel to
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provide the necessary moisture during shipping.isiaed sponge pieces or chips may also be
suitable.

A one-litre container can hold twelve 1.25-cm (Ltpadlets. The tops of the cartons are folded
and taped or stapled closed. The square milk amerspack easily in Styrofoam shipping boxes.
These are the same boxes that are used to shipalrbph (a Styrofoam inner box placed in a
cardboard outer box). To prevent jarring duriregéport crushed newspaper or Styrofoam
packing chips are used to support the containezs mnthe boxes.

2.4.2. TADPOLE SHIPPING PROTOCOL

Tadpoles are packed and shipped in the same walydpécal fish are. Plastic bags (10" x 18")
are used. These should be square bottomed otttraeerners taped up on the outside to prevent
tadpoles from being trapped in collapsed cornetsagk. The bags are first filled with the
tadpoles' original water to approximately 20% voduaf the bag. Then an equal amount (20%)
of aged or dechlorinated water (same temperatsir@jded to the bags for a total of 1.2 — 1.4
litres per bag. Approximately 300 tadpoles areip@ach bag. To ensure adequate oxygen
supply during shipping, the bags are then fillethwaxygen from a medical cylinder to
approximately 2/3 by volume of the bags. Bagssaaded using heavy rubber bands. The sealed
bags are then placed into a second bag and tied &gk heavy rubber bands. The shipping
containers are the same ones used to ship trdgbgla Styrofoam inner box placed in a
cardboard outer box). The Styrofoam boxes arel lmigh several sheets of newspaper. To
prevent jarring during transport, crushed newspap&tyrofoam packing chips are used to
support the bags once in the boxes. Another lafypewspaper is then placed over the bags. A
can of Sera viformo tablet food (270 tablets per) @nd a Spanish instruction sheet for releasing
the tadpoles are included in each box. The Styrofbaxes are taped up and placed in their
cardboard outer shells, which are then also taped u

The following shipping labels are then affixedetich box:

-This way up

- Live animals

-Keep out of sun (in English and Spanish)

Air transportation and shipping information canfbend in Appendix D.
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2.4.3. RELEASE INSTRUCTIONS

CORDIALES SALUDOS DESDE EL ZOOLOGICO DE TORONTO

Antes de soltar los renacuajos en la laguna, esriamte aseguarse que la temperatura del agua
en la bolsa que contiene los renacuajos sea idemie temperatura del agua en la laguna. Para
ello proceda de la siguiente manera:

1) Desate la bolsa con los renacuajos y procedanemte a agregar agua de la laguna a la bolsa
hasta que esta se llene de agua. Esta es necgssar@climatar a los renacuajos a la temperatura
y composicion quimica del agua del nuevo medio antbj evitando asi un posible "shock".

2) Una vez que los renacuajos se hayan aclimasadmjede proceder a soltarlos en el agua.

Aqui les incluyo alimento para los primeros dias.fede alimentar entre 30 a 40 "pellets" por
dia, dispersandolos en distintos puntos de la lagliambien puede ofrecer algun vegetal verde
como lechuga una vez al dia.

BUENA SUERTE!

Greetings from the Toronto Zoo. Before releasirggttdpoles into the pond, ensure that the
water temperature in the bags is the same as titk po accomplish this, undo the bags and
slowly add the pond water to the tadpole bag tinéilbag is full of water. This is to acclimatise
the tadpoles to the temperature and water chenabthe pond. The tadpoles can then be
released in the pond.

We have provided some tadpole food. Feed 30 tae#létp daily. Disperse throughout the pond.
Lettuce or greens can also be fed once a day.

GOOD LUCK!
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3. EXHIBITRY

Some zoos have exhibited Puerto Rican crested tgadg rock piles, or rock and cemented
caves to simulate the limestone of the Puerto Riednitat. These toads are a challenge to exhibit
for they take every opportunity to hide and tuckiupny crevice available. Substrates that have
been used include sand, soil, moss, gunite, fiassglgravel, bark, river stone and limestone
rocks. Shallow rock crevices and plants providem@wironment in which the toads are usually
visible, active and enjoyed by the public. A sureéAZA institution exhibits has been compiled
by Eli Bryant-Cavazos and is attached as Appendid fis survey describes exhibit set-ups and
graphics.
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4. ADULT HUSBANDRY

4.1. HOUSING (Off Exhibit)
At Toronto Zoo, Puerto Rican crested toads aredubo#f exhibit in 125 litre (35 gallon) aquaria,
at a density of 6-10 adult toads per aquariuntodtls are not PIT tagged, animals that have bred
are housed in pairs. The room the toads are hanssadvell lit with natural lighting. To
supplement natural photoperiod, a Vita-lite™ anda@sSylvania Blacklight™ are suspended
directly over the tanks on a 12:12 light: dark mipatriod. For ease of cleaning, the toads are kept
on thin rubber matting in 125 litre (35 gallon) agum measuring 45cm wide x30cm high
x90cm long (18" wide x 12" high x 36" long) withp#exi-glass and screen lid. Rocks with
crevices, PVC tubes, coconut shells, and largeskeaerve as hides. Toads commonly use 2" to
3" diameter PVC tubes (cut in 8" lengths) which barlinked with elbows and T's to form a
network of tubes that can extend vertically as &elhorizontally. The tubes are used as tunnels
and daytime retreats. The network of PVC tubeseeanily be disconnected for cleaning purposes
and to locate a toad's whereabouts.
Water is provided in shallow dishes (plastic plsauicers) or by tilting the tanks and offering a
small amount of water at one end (1-2 cm deep)te¥\&sources are regularly utilised for
defecation. Water dishes and tanks are cleanédlascrubbing soiled are and then rinsing and
refilling with dechlorinated water.

Off exhibit holding tanks at
Toronto Zoo
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4.2.DISINFECTION

Disinfection is not routinely done but if required1.0% sodium hypochlorite solution can be
used. Household chlorine bleach ranges from 3%84sodium hypochlorite and commercially
available bulk solutions can be of much higher emtiation (up to 12%). It is therefore vital to
confirm the concentration on the container labekibh the manufacturer or supplier before
preparing a dilute working solution for use in eynainks. After disinfection, tanks are rinsed
thoroughly with hot tap water and left to air-dmyeonight before being used to house toads again.
Porous materials such as bark or driftwood are tegéaced if excessively soiled. If these
materials must be disinfected with bleach, theytrthen be rinsed with water and then sprayed
with a solution of 16 ppm sodium thiosulphate (8meg 500 ml of water). This solution has a
neutralising effect on chlorine.

lodine toxicity has been seen in amphibians frodine reversibly bound to plastic holding
containers. Because of this potential binding itstics, it is recommended that iodine not be
used to disinfect any material that will come im@xt with the toads. Other disinfectants are not
recommended for use on amphibian tanks or furniture
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4.3.NUTRITION

The adults are each fed one mouse pinkie everyndegeek, and 3-4 large crickets (1 gram per
toad) twice per week. All food is dusted with wit@/mineral supplement. Occasionally
mealworms, wax worms and dew worms are offere@ausbf the crickets. The toads are
checked on feeding days and removed from theirshitleis also ensures each toad gets its share
of the food items. Some toads quickly adjust ®fteding regime and readily emerge from their
hides on their own, anxious to feed. All the toadsweighed monthly in order to assess general
health. They are not fed two weeks prior to andnduthe pre-breeding conditioning period (up

to six weeks). After each breeding attempt, theldcare offered small amounts of food daily for
about one week to increase lipid stores and thebaxk to the two day per week feeding
schedule.

Toads emerging
from hides to feed.




PUERTO RICAN CRESTED TOADPgltophryne lemyr2002 HUSBANDRY MANUAL
Page 14.

5. REPRODUCTION

5.1. SEXING OF ADULT TOADS
There are several prominent features that allodsda be sexed as they approach adult size.
The most reliable indicator is size. Measuremehtlalt toads are usually significant indicators
of sex. Female toads are larger in size with ad®o, more distinct headcrest (see table and

diagram below).

Table 1: Adult toad measurements

MALE FEMALE
Weight rang 27 to 54 43-140¢
Body length averag 6.6cn 8.3cn
Body length ranc 6.1-7.5cn 8.1-8.4cn
Head length avera 1.8cn 2.7cn
Head length rang 1.8-1.9cn 2.2-2.9cn
Head width avera¢ 1.8cn 2.5¢cn
Head width ranc 1.8-2.0cn 2.5-2.6¢n
TOTAL LENGTH HEAD LENGTH HEAD WIDTH

Snout

x—.

<>

Snout to middle of head at theBetween the posterior edge of
‘ ® end of cranial crest the cranial crests

Vent

When the males are in prime breeding conditionyakdichromatism is particularly evident.
Their colour changes to lemon yellow, particulanythe sides of the body, and the throat area.
Males also possess prominent nuptial pads onit$teaind second digits of the front feet. Males
will produce a male release call. By clasping thedtjust behind its front legs, with thumb and
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forefinger, it is possible to elicit a chirping ealse call from a male. This chirp may be barely
audible or quite loud, depending on the toad, b@ny case it is often possible to feel the jerking
of the male's body as he exhales air to producedhe This method is not infallible as some
males do not readily produce the release call sante females will attempt to do so.

5.2. PRE-BREEDING CONDITIONING PERIOD

During the dry months in Puerto Rico, the toad bee® dormant and aestivates. This rest period
may act as a stimulus for egg maturation in theiesaf the females. The conditioning period
prior to breeding Puerto Rican crested toapisears to be about 30-45 days. In the past, gie pr
breeding conditioning involved aestivating toads imoistened substrate of sphagnum and peat
moss at a maintenance room temperature % 30 he substrate was allowed to slowly dry out,
but it was found that the toads dehydrated as Wélis method was discontinued due to toad
deaths during and post aestivation.

Egg production and maturation in captive amphibizers often been unpredictable, possibly due
to abnormalities in the vitellogenic cycle. Keepamgphibians at lower temperatures for 4 to 6
weeks has been shown to partially correct abnotiesiin the vitellogenic cycle of captive
amphibians. These animals produce larger numlienature ova that can support development.
Through the limbic system, environmental cues sasctemperature and light may affect the
hypothalamus which secretes gonadotropin-reledsingone (GnRH). GnRH causes the
pituitary to release gonadotropin, which in tunmstlates steroid hormone production. The
oestrogen steroid hormones play an important rostimulating yolk protein synthesis in most of
the vertebrates. The length of time and the degireeoling, and the need to cool males, are
currently under review.

Toads are maintained at a temperature range’6f-26°C (78F- 86°F). As pre-breeding
conditioning, Toronto Zoo now recommends that daiyale toads be cooled for 21-45 days.
Before this conditioning period, toads are weighad a general health examination is

performed. If fat stores appear good and weightéasined stable, the selected toads are moved
to a cool room, or incubator. In order to reducebssibility of chytrid infection in Puerto Rican
crested toads, the SSP is recommending a simig@hglactic treatment for fungal infections as
that adopted by the Wyoming toad SSP. Prophylaeament of Puerto Rican crested toads
consists of bathing the toads with Itraconozoleo(8pox, Janssen Pharmaceutica, Inc.,

Titusville, New Jersey, USA) prior to cooling. tfdconozole is not available, Enilconazole
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which is similar to itraconozole can be used. Emkzole manufactured by Janssen
Pharmacuticals as Imaverol come as a 100mg/mlisolut

These recommendations are for all toads beingWwitbdoffspring destined for release to puerto
rico, and does not apply to non-breeding toadss photocol uses dilutions described by Donald
K. Nichols and Elaine W. Lamirande of the DeptPatthology, Smithsonian Institute.

x A 0.01% suspension of itraconozole is used. Thisbmaprepared from a 1% suspension of
itraconozole (Sporanox, Janssen Pharmaceutica,Timgsville, New Jersey, USA) using
0.6% saline as the dilutant.

x Toads are to be soaked in a depth of 2 cm of 0.@Honozole for 5 minutes daily for five
days prior to cooling. The solution can be poureerahe backs of the toads in order to wet
the dorsal skin surfaces. The solution will be abed through the ventral skin and will be
channeled to the entire toad.

x At the end of the cooling period and before pladhmgytoads into the breeding tank, apply the
0.01% itraconozole as a rinse spray using a haddipeay bottle.

The female toads are not fed two weeks prior tbauring the cooling period, but always have
access to water. When a large number of toad®dre bred, the Toronto Zoo cools the room in
which the toads are housed. For smaller numbdsesartiimals in their existing tanks, as is (i.e. no
substrate other than the rubber matting and hides)noved into an environmental chamber or
incubator for cooling. The temperature is slowlgyped to 18C(66°F) over the first 7 days of

the cooling period. The open mesh of the aquahdrns partly covered to raise the humidity to
over 80% in the aquarium. As little disturbanceassible is encouraged during the cooling
period.

In the past Buffalo Zoo has had successful breedsmyg the following pre-breeding

conditioning. The toads are cooled in aquariadilgth wet sphagnum. The aquaria are moved to
a cool room where temperatures range from I’&@E5-66F), slightly cooler than at Toronto

Zoo. The moss is kept generally wet throughoutti@ing period, although the top layers are
allowed to dry out somewhat. Temperature is eibvered or raised’® at a time, keeping the
toads at a new temperature for 4-6 days until iegahe desired temperatures.

5.3.BREEDING

Captive breeding events are scheduled for thdaddtéOct-Nov) to coincide with the likelihood
of rain in Puerto Rico. If an important fall breegl fails, then an early spring (March-April)
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breeding may be attempted. It is important to cehd faecal examination after each breeding
attempt. Despite normal loads, the stress of ¢mming may affect the immune system
response, and bacteria/parasite loads may be etevat

Breeding tanks are set up with aged tap wateriwetlvance (a minimum of 14 days) of the pre-
breeding conditioning period begins. This allow8 weeks for adequate preparation of filters
and allows sufficient algae growth for tadpole$eted on. These tanks are either 140L(35gal)
aquaria or larger 400L(100gal) fibreglass tubse Breeding tanks are set up on a slant with
approximately 8cm(3") of aged or dechlorinated wateone end and a deeper end with 15cm(6")
of water. This allows the adult toads the choicevafer depth. The tanks are seeded with an
algae culture (future tadpole food). The water terafure is maintained at ¥(86°F). Large

tubs have sponge filters and a canister filterutating the water and the return is pumped
through a perforated wand in an effort to simutaia. The smaller aquaria have a sponge filter
and a corner filter with charcoal.

A calcium block (primarily calcium carbonate), usechome aquariums, is also placed in the
tanks. One such calcium block is the Wardley Bufthnk Neutralizer with calcium
(http://www.bigalsonline.com/BigAlsUS/ctl3684/cp1@5si1382057/clO/wardleysturtletankneutr
alizer). Plastic plants, rocks and large half gajs, some submerged, others half submerged to
form out of water perching spots, are placed thinoug the tank. Algae grows well on these and
adults string their eggs around the clay shardslamglastic plants. In the wild, emergent plants
are important as egg laying sites.

5.4. HORMONAL REPRODUCTION PROTOCOL
The following protocol used for the induction opreduction in Puerto Rican crested toads at
Toronto Zoo has proven successful on most occasibhe most success has occurred in young
toads in their first breeding season, (males l&2s/eld and females 2-3 years old) however,
hormone injections have stimulated egg laying year old toads at the Cincinnati Zoo, and 11
year old toads at the Toronto Zoo. The use of lboes for breeding amphibians does not negate
proper pre-breeding conditioning. Hormone treatmeh not be effective in the absence of
mature ova in the ovary. In other anurans, ovairatibn is dependent upon an extended
maturation time and a good nutritional status. Wéelecting female for breeding, choose the
most robust looking specimens. It is recommendatiahy females that are to be used for
breeding be fed an extra pinkie mouse once a wareirie month prior to the pre-breeding
cooling period. Stress is a powerful inhibitor afghibian reproduction and consequently needs
to be reduced as much as possible.
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Based on research conducted at Toronto zoo, tereift hormones are used to induce
reproduction. Luteinizing hormone releasing horm(ut¢RH) for females and human chorionic
gonadotropihCG) for males

LHRH for females:

The analog des-Gly (d-Ala) LHRH ethylamide from i@ Chemical (catalogue number L4513)
is used in female toads. The product comes as dgraw 1 or 5 mg bottles, needs to be
dissolved in sterile saline prior to use, and stidnd stored in the freezer. At TZ, LHRH is
diluted to make a 100 microgram/ml solution angé&min 1 ml syringes prior to use. The shelf
life of the dry product is 2 years. Whenever pdssibew product should be obtained for each
breeding cycle. Toads are injected using a do$elofig/g subcutaneously (intraperitoneal
injection can also be used).

Sigma Chemical now requires USDA approval to selRH for use in amphibians. Institutions
should contact the USDA Center for Veterinary Matdor assistance and submit an
application to purchase LHRH for use in amphibidresget permission for Sigma to sell LHRH
to a zoo for use in animals each zoo needs toadgitker on Clinic's (Zoo's) letterhead to:

Kim Young (Tel: 1-240-276-9207; Fax: 1-240-276-9p41
Deputy Director, Division of Compliance, HFV-230
Center for Veterinary Medicine

Food and Drug Administration

Metro Park North

7500 Standish Place

Rockville Maryland 20855

Your veterinarian must submit the following infortioe:
How did you learn of this product

Veterinarian's name, address and phone number.
Clinic name and address

Patient name and non-food species

Name of drug

Class of drug

Amount of drug

Condition to be treated with drug
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A statement that you will notify the animal ownkat the drug is not approved for use in
animals; that the drug will not be used in foodhaals; that you agree to notify FDA if there are
adverse reactions.

If the above contact information changes, updatéatmation is available from their internet site
(http://www.fda.gov/cvm/default.html) is:

U. S. Food and Drug Administration
Center for Veterinary Medicine
7519 Standish Place

Rockville Maryland 20855-0001
301-827-3800 or 1-888-INFO-FDA

hCG for males:

Although there were no statistical differencese@alpsperm concentrations in response to LHRH
and hCG, we still recommend using hCG becauseedfiiting of the spermiation response and
the enhanced behavioural response seen. The tohihg peak appears to be sooner with hCG
(3 to 6 hours) compared to LHRH (24 hours). The ddGe that we recommend for males is 10
IU/g subcutaneously (intraperitoneal injection e#so be used). Research shows that sperm
production peaks between 6 and 24 hours followmpection (See Graph 2).

Graph 2: LHRH-induced spermiation in the Puerto Rican crestec
toad (125 ng/g dose)
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Time from Injection
Timing of Injections:
At the end of the cooling period the female toagsvearmed back up to 28 (82°F) over three

days (i.e. approx. & per day). On the third day taped toad calls*pdaged throughout the day
and into the night. As early as possible on thening of day 3 the males are placed together in
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the large breeding tank with simulated rain andtéped calls are played throughout the day.
Between 11:00 and 13:00 hours, all the males geeted with hCG. Following the injection, the
females are added to the breeding tanks. Wresifiegmpeting males appears to be very
stimulating to male toads. As toads amplex theynapved to a separate breeding tank to keep
track of parentage. Female toads are also injeethd_HRH at this time. If toads are being bred
only for release and parentage is not being trgdkedpairs can be left in the original breeding
tank. Eggs are usually laid overnight within 24ireof amplexus or after hormonal injections.
Once eggs are laid, the adults are removed torgpldinks and the eggs are allowed to hatch in
situ. The water level is then gradually increaisedrder to provide a larger volume of water for
the developing eggs.

If no eggs are laid overnight Females may be injected again the following #@males seem to
be susceptible to fluid overload and death fronwaiag can occur (see secti@m.2Non-
infectious diseasg Caution should be used and the females’ hydrdéeels and general body
condition should be assessed at this time. Iféheales appear healthy and vigorous, then the
toads can be re-injected and left in for an add&i®4 hours.

If pairs are not in amplexus: Injecting females may cause premature depositib
unfertilised eggs. In these cases hormones cag-&eministered following the same protocol
and timing as above. Females are subsequenttt@dj@nce a male has amplexed with them.
Further injections are not usually required for esal

*A cd of Puerto Rican toad calls is available frdm Toronto Zoo.
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6. EGGS, TADPOLES & TOADLETS
6.1. EGG CARE

After the adult pairs are removed from the breedamds, and detritus is siphoned out. Care is
taken not to disturb the strings of eggs. Filterd eeturn water are moved away from any eggs.
Water depth is slowly increased until it reache23&m (7-9"). Egg developmentis rapid at
30°C, and development is seen within 12 hours. Affeh@urs the eggs hatch, and the embryonic
tadpoles cling to the egg strings before droppinthé bottom of the tank. It is important not to
disturb the embryonic and externally gilled tadga@é this stage. The tanks are left another 24
hours and then any unhatched eggs are carefulpseu out of the tank. Aeration by airstone or
filter is kept low to avoid a whirlpool effect ohd eggs, and newly hatched tadpoles. Itis
necessary to cover the filters with a fine net{jpanty hose works well) to avoid trapping
tadpoles inside the filter.

6.2. TADPOLES

Recording hatch dates for toadsThehatch dateis thedate the tadpole emerges from the

egg Metamorphosis dates can be recorded as segarateents. This is in accordance with the
AZA “Standards for Data Entry and Maintenance oftN&American Zoo and Aquarium Animal
Records Databases”

To maintain the highest water quality, detritus andaten food are siphoned off, and water
changes with dechlorinated water (up to 40%) areed@ to three times per day. Successful
metamorphosis is more likely if the tadpoles afeitelarge volume tubs. When food items are
placed in the tanks, a few tadpoles begin to feeating what appears to be a swarming around
the food items. Tadpoles appear to move en massegimout the tank.

The tadpoles are fed three times daily so thatadd can be removed and fresh food is always
available. Tank algae that consist mostly of lgteen algae (60beptolyngbyacf. boryanasp)

have been found to provide good nutrition. Algaeudth be cultured several weeks prior to breeding
attempt so that there is an ample supply of freeld fivailable for tadpoles. Tank algae can also be
harvested and stored frozen for future use. Plaatgethat to avoid possible pathogen introduction,
algae from ponds or other non-biosecure sourcaddhot be used. Additional feed items include
fresh high quality commercial fish foods. The mamfeeding consists of equal parts Sera-san
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enhancing flakes, Tetra 4 in 1 FD menu, aquaribihere diet, and spirulina flakes. The food is
moistened with a few drops of water to form a flvall and rolled in ascorbic acid powder. For
example, 1/4 teaspoon (approx. 0.6 grams) of fdosl supplement feeds 50 tadpoles (10 days
old) at one feeding. Three to four feeding statiaresprovided per tank. The small balls of food
are stuck to the tank wall just at the water s@fac are allowed to fall to the bottom of the
tanks. The amounts and number of feeding staionscreased as the tadpoles grow. Calcium
blocks will slowly dissolve in the water. A new osleould be added to the water before the old
one has completely dissolved.

Food from the morning feeding is removed in theraon prior to the second feeding. The
afternoon feeding consists of Sera-viformo tabléta.o tablets (approx. 0.5 grams) are given
per 50 tadpoles (at 10 days old).

The third feeding consists of pieces of 4" by #z&n or microwaved (to rupture the plant cells)
spinach or lettuce per tank. Lettuce and spinagelieal on alternate days and the pieces are left in
the tanks overnight. Previously frozen tank alga® also be used. This provides an overnight
food source with little risk of fouling the water.

Prior to the morning feeding, the remaining food &recal material from the previous night are
removed. The pH, ammonia levels and the water ¢eatpres are checked. Ammonia levels
under 0.1 ppm, nitrates below 1ppm, pH betweend78amand temperature of 30(86°F) are
recommended. Water changes to adjust water chgraisd to clean the water are performed.
Water temperatures have ranged from 2%G3&2-93F) over the course of tadpole development.
Recent studies at Toronto Zoo suggest that a textyrerof 36C (86F) is best suited for raising
healthy tadpoles. Ammonia and pH levels have rafiged 0.02 to 3.3 ppm and from 6.7 to 8.3
respectively, prior to morning water changes. Yashter changes vary from 10% to 50%
depending on pH and ammonia levels and the clafitige water. Sponge filters are rinsed clean
with dechlorinated water once per week; filter waotl activated charcoal are changed three days
later. Sudden fouling of the water due to tadpotetalities or overfeeding can be addressed
with massive water changes of up to 75% using fadjgd or dechlorinated water.

Buffalo Zoo houses their Puerto Rican crested taddoles in a glass box with a screen bottom.
A 100% daily water change is performed by lifting the tadpoles on the screen and placing
them in a clean tank that has aged water at the samperature. Water chemistry has not been
monitored.
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From studies done in Puerto Rico, metamorphosigrea@pproximately 21 days after hatching.

At cooler temperatures, captive metamorphosis canral0-14 days later than wild tadpoles.

At 30°C, hind legs are obvious after day 9 and some tad@oe ready to metamorphose by day
14. At this point "beach" areas are created irtdh&s, by slowly dropping the water levels and
offering more plant material and cork bark. Froay dO to day 21 (some tadpoles are delayed in
development and some fail to metamorphose) frgs sopear and toadlets start appearing on the
"beaches".
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6.3. CLEANING AND FEEDING PROTOCOL FOR TADPOLES

A.M. Cleaning
1. Take water temperatures and record on indiVidnelosure sheets. Maintain temperature
between 28-3(C.

2. Siphon off old food and faeces from bottomasfkk. Remove up to 50% of water and replace
with dechlorinated water at the same temperature.

3. Take water samples (prior to feeding) to labMmmday, Wednesday, and Friday.

4. If ammonia levels are above 0.5 ppm do an mhdit 40% water change.

5. Every Friday - replace filter wool and activatzarbon in all filters.
Every Monday - rinse off sponge filters withctiorinated water (a light rinse just to remove
detritus on surface of sponge).

A.M. Feeding (after water changes)

1. Feed appropriate amounts of flake food mix{aez Appendix A for composition). Mix dry
food with a small amount of water (2-3 drops) aoitlinto a ball. Roll ball in Vitamin C powder
to coat and place at side of tank or drop to lotbd tank.

Mid-day Feeding

1. Siphon off uneaten food and faeces. Replaterwath dechlorinated water at the same
temperature. If indicated by water chemistry (amiadevels above 0.5 ppm) do a 40% water
change at this time.

2. Feed appropriate amounts of tablet food.

Evening feeding
1. Offer appropriate amount of frozen or microwdettuce or spinach.
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6.4. FEEDING SCHEDULE EXAMPLE

The following amounts are averages fed to a tarftgftadpoles at 3% at the specified ages
(day after spawning).

A.M.: Flake Mixture

Day 2 - Day 5: 1/16 tsp. (0.159)

Day 5 - Day 8: 1/8 tsp. (0.39)

Day 8 - Day 14: 3/16 tsp. (0.459)

Day 14+ - amount reduced as metamorphosgrg@ssed.

Mid-day: Tablet Diet

Day 2 - Day 5: 3/4-tablet (0.189)

Day 5 - Day 8: 1 1/4 tablet (0.309)

Day 8 - Day 14: 1 1/2 tablets (0.389)

Day 14+ - amount reduced as metamorphosgrg@ssed.

Evening: Lettuce and Spinach:
Offered in 4" X 4" pieces ad lib (usually 2 to ikges per tank) since it does not foul the water
overnight.

6.5. METAMORPHOSIS

As toadlets start appearing on the "beaches",dneynoved to toadlet rearing tanks. The Buffalo
Zoo has had success using pea gravel as a subatvater is added to increase humidity and to
prevent dehydration. At Toronto Zoo, the tankasig with rubber matting or indoor/outdoor
carpeting at one end of the tank and half coconeils clay shards, plastic hides, plastic plants
and leaves are offered as refuges. One cm (.5 ofckater is offered at the other end. To avoid
desiccation after metamorphosing, the toadlets seeér as soon as they leave the water. This
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occurs even if water is available. Although maidelspots are offered, the toadlets usually mass
together in large numbers under one or two hiddsgs may be an adaptive behaviour for
moisture conservation since the surface area ts nadéi® is much reduced. This drought reducing
behaviour has been observed in both captive ardisitilations with captive-bred toadlets.

The Toronto Zoo houses toadlets and toads in tartkswell fitted Plexiglas lids. Newly

emerged toadlets are quite capable of scalingehecal glass walls of these tanks, so secure lids
are required. These lids have sections screeneadrfoirculation. This also allows for some
control over humidity levels, increasing or decne@st by covering or exposing the screened
areas of the tank lids. Since young toadlets aseeqtible to dehydration, humidity in the tanks
should be maintained over 80%.

The main food items for toadlets are pinhead ctgkégravel is used as a substrate, care is
required to ensure that the small crickets do rae br disappear into the substrate. Fruit flies
may be fed as well in the first few weeks. FrombBra below, the appropriate amount of food to
offer for a group of toadlets can be determined.dxample, a group of 25 toadlets at 5 weeks
would require 2.5grams of food.

Graph 1: Average weight of food offered per Toad
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Young toadlets have\gery robust appetite and have been known to ovefegbrevent deaths
from ingesting too large a meal, the daily rati@n foad is divided in half and the young toads are
fed twice a day, every day, for the first 14-16 sed-rom age 4 to 6 months they are fed the full
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ration during a single feeding offered four timeseek. After six months of age they are feed
three times a week on the same schedule as this.add the toadlets increase in size, so does
the cricket size. At eight to ten weeks they dfered 1/4" crickets, at 16 weeks they are offered
1/2" crickets and at 24 weeks they are offered 84t crickets, wax worms and mealworms.
As they approach adult size, other food items sisciew worms or new-born mouse pinkies are
introduced. At this time they are put on the s&@eeling schedule as adults, and the amount of
crickets offered is slightly reduced to 1-1.2 grgmes adult toad.
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7. VETERINARY CARE
By Dr. Graham Crawshaw, Puerto Rican crested toad SP Vet Advisor

7.1.CLINICAL PROBLEMS

When provided with the appropriate living condigothe Puerto Rican crested toad has proven
to be a resilient and long-lived animal in captiviDisease conditions have been seen in
individuals as well as in groups. There is no reasdbelieve that the Puerto Rican crested toad
is in any way unique among amphibians from a dies@at of view, but there is still little
documented evidence of any specific disease preseddost deaths have been sporadic,
although multiple die-offs have occurred in bothilégland juveniles. As with other amphibians,
the diagnosis of the extent and cause of a paatigubblem in the live animal is not easy. A
complete necropsy may be required to elucidat@tblelem and develop a course of treatment
for other affected individuals.

7.2. QUARANTINE

A suitable quarantine period in order to evaluateaming animals, to allow them to adjust to
new conditions, recover from transit and to avoahsfer of disease to an existing collection. At
Toronto Zoo, Puerto Rican crested toads are maedan quarantine rooms for a minimum of 60
days or until animals are considered healthy, fire® parasites, eating well and are gaining
weight. The quarantine will be extended indefiyiiéthese conditions are not met. Animals are
weighed upon arrival and a brief examination idgrened. Later, at some stage during the
quarantine period closer examination, identificatiand parasite treatment are performed.
Antibiotics are not used routinely unless the cbadiof the animals or medical history dictates.
At least three negative faecal samples are reqbiegéate animals are released from quarantine.
Since Puerto Rican crested toads or their offspnag be designated for transfer to other
institutions or for release in to the wild, proteatof the species from medical conditions which
may be present in other amphibians in the colladsdighly desirable. The use of a separate
room or facility for Puerto Rican crested toadstrengly encouraged.
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7.3.INFECTIOUS DISEASE

7.3.1. VIRUSES
Viral disease is as of yet undiagnosed in PuertarRcrested toadsThere have been cases of
high tank mortality in groups of tadpoles that hgeaeralised oedema reminiscent of lesions
caused by the iridovirus, tadpole oedema virusnouattempts have been made to isolate a virus.

7.3.2. BACTERIA
As with other amphibian species, bacterial diseaset uncommon. Many of the cases of sepsis
have been associated with outbreak situations gitinmes of stress, such as aestivation,
introduction to breeding tanks, or in young indivads. Post-shipment mortality has also been
seen. Under normal circumstances conditioned estedol adults appear to be very hardy. While
every effort should be made to keep the toads’renment free from pathogens, over cleaning,
excessive disturbance and the use of disinfectambe stressful and may render toads more
susceptible to infectious disease. Affected anirteald to be lethargic and less responsive than
normal, fluid accumulation may be seen in the kg$ coelomic cavity, and reddening of the
ventral surface and of the toes may be apparemasianal skin ulcers may be seen particular on
the feet and at the points of contact with the gcbuAs with all amphibian species, bacterial
septicaemia and dermatitis are of concern in PURidan crested toaddost of the bacterial
species of concern are gram-negative opportunistaders. Organisms isolated from cases of
sepsis and dermatitis includeromonas, Pseudomon&$avobacterium, Bordetella,
AlcaligenesandSerratia Multiple organ systems are often infected iresasf septicaemia,
including liver, kidney, spleen, and occasionakatt.Acinetobactehas been isolated from a
case of pneumonia.

Thirty eight cases of systemic disease have beamaeloronto Zoo . Most of these were
diagnosed with single or multiple organism septici@e Pseudomonaspp were the most
commonly isolated bacteria from septic animglavobacterium, Bordetella, Alcaligenesd
Serratia marcescerfsave also been cultured. In only four individualss#eromonas hydrophila
cultured. There has been very little need for the af antibiotics in Puerto Rican crested toads,
since under Toronto Zoo conditions either individaragroup outbreaks of bacterial infection are
uncommon. Antibiotics of choice include aminoglyides (Amiglyde, 5mg/kg s.c. g24h) and
fluoroquinalones (Baytril-enrofloxacin, 5-10 mg/gg., or s.c. q24h).

Tadpoles also get bacterial sepsis, often assdorath poor water quality or some other stress.
Treatment of tadpoles can be performed with metigyldue baths (3 mg/l), or antibiotics.
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Mycobacteriosis (tuberculosis) is a common conditiocaptive amphibians, and is manifested
by either skin lesions (nodules and ulcers) or gdised disease. No records of mycobacteriosis
causing death of Puerto Rican crested toads ekist®cid-fast bacteria has been identified in an
abscess of a live toad.

7.3.3. FUNGI
Fungal dermatitis and systemic fungal diseas@ezasionally seen in the clinical setting.
NigrosporumandTrichodermahave been isolated in fungal dermatitis at Toraido. Lesions
are variably distributed, and typically black, reter and ulcerated with occasional white raised
areas. In addition, one case of dermatitis has been in which the skin was black, necrotic and
oedematous. Tadpoles occasionally also get funfgttions manifesting as multiple deaths
within a tank with fungal organisms evident grossiyhistologically. One case of
chromoblastomycosis, a systemic fungal diseasehtmbeen well documented in other
amphibian species has also been seen. Treatmimigal disease can be undertaken with topical
or systemic therapy. Itraconazole (Sporanox™)(&kmp.o. g 24h) or ketoconazole (10-20
mg/kg PO g12-24h) has been utilised with some ssciceamphibians. Topical therapy with
enilconazole (Imaverol™) suspension was successtubating the case dfrichoderma.
While chytridiomycosis has not been documenteduert® Rican crested toads it has been
diagnosed in other bufonids, and there is no appaeason the species should not be considered
susceptible to infection by chytrids. Lesions agsatibed as having a predominantly ventral
distribution with a brown discoloration and grama@pearance. Animals are often found dead
before gross lesions are noted. No treatmenthigiridiomycosis has been described.

7.3.4. PARASITES
Parasitic disease has been relatively uncommoaptive Puerto Rican crested toads
Strongyloid infestation has been noted in a fewmddials and has been quite refractory to
treatment with various anti-parasitic drugs. Aup®f individuals at one zoo was diagnosed
histopathologically with 8alantidiumlike enteric parasitism. As there was no grosdence of
enteric disease or histologic evidence of inflamamtthe pathogenesis remains unclear.
Amoebic enteritis was diagnosed in one individ&atamoebdas been shown to be pathogenic
in other amphibian species, and may be diagnoselirect smears or flotation, although
systemic infection of the liver and kidneys caroalscur. One zoo reported an infection with a
coccidian. These are traditionally hard to eliménisit amphibians and reptiles.
Treatment of parasitic diseases has met with bigrsuccess, depending on the parasite.
Nematodes can be hard to eliminate permanentlgredthe to ineffectiveness of the treatment or
reinfestation from the environment. At Toronto 4be current treatment for strongyloidswith
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moxidectin (Cydectin™) (1mg/kg s.c., q14d). Fenlsade (Panacur™)(100 mg/kg p.o. q14d),
and ivermectin (lvomec™) (0.2-0.4 mg/kg s.c, q1lHale also been used.

Flagellates are usually not of concern, but whesgnmt in large numbers can cause weight loss
and the faeces will be liquid brown. These haventseecessfully treated with Flagyl
(Metronidazole) 100mg/kg mixed with 1 ml Hill's R iption Diet a/d with 0.5ml water PO
Q3D for 5 treatments. If the faeces is very loas# @n enteritis is suspect we will add Baytril
10mg/kg to the mix.

7.4.NON-INFECTIOUS DISEASE

7.4.1. NUTRITIONAL DISEASE

Nutritional requirements of Puerto Rican crestatls, while being specifically undefined, seem
to be generally met by the captive diets used aymmaos. Metabolic bone disease either
associated with hypocalcemia or hypovitaminosisaB Iheen seen in growing toadlets which
have very high growth rates. In addition, adults/rdevelop fibrous osteodystrophy, pathologic
fractures and vertebral malformation secondarpmg term calcium or vitamin D deficiencies.
The use of powdered supplements and high calcivertebrate diets are essential when feeding
insects that often have inverse calcium: phosph@tiss and are deficient in certain other
nutrients.
Spindly leg syndrome has been seen in Puerto Riesmted toads, and as in other species, the
cause has not been determined. The condition nfegt afp to 100% of developing toadlets but it
appears to be more common in offspring from oldeeding stock. Tadpoles appear to develop
normally until the time of limb generation, at whitme very small, poorly muscled forelimbs
develop. At this stage no treatment is feasibleatitbugh affected animals may survive for
some time, euthanasia is recommended. The caubes afisease also remains undefined and
multiple factors may be involved. With the dietl fat the Toronto Zoo, for which nutritional
analysis has been performed, this syndrome iseest sommonly. It is vitally important that the
ingredients for the tadpole diet, including vitasare fresh. Oxidation of some of the nutrients is
likely a contributing factor in spindly leg syndrem
Other developmental deformities have also been isgerenile Puerto Rican crested toads
including missing eyes and rotated elbows. A cduasenot been determined. Gastric impaction
secondary to overfeeding has been seen in a femoPREan crested toads, and consideration
should be given not to overfeed individuals. Yoangl small animals may be at higher risk due
to the lower potential gastric volume.
Myopathy (muscle pathology) has been seen in a puwiindividuals. While no aetiology has
been defined for this myopathy, nutritional defiwees (i.e. hypovitaminosis E) are a concern,
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and vitamin E levels should be quantified in suspases. A hind limb paralysis has also been
seen in a number of individuals. Whether or notitiabal deficiencies (i.e. vitamin E, A, or B)
may play a role in this disease is not known.
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7.4.2. PHYSICAL FACTORS
Drowning is seen periodically in individuals aebding time. Small females, that cannot support
the weight of amplexing males, are particularlyish. Submerged structures where individuals
can sit at the water surface are helpful in pramgrdrowning, but not totally effective.
Metamorphosing toadlets may drown if left in deegdev too long without access to shoreline
once their forelimbs emerge. Trauma is an occakamhunfortunate cause of death.
Mortality has been associated with preparatiorbfeeding both through drying (aestivation) and
cooling (hibernation). Accidental excessive cooliras lead to deaths in hibernated breeders. As
with any amphibian specieB, lemuris susceptible to desiccation particularly in dmal
individuals. Animals aestivated in drying conditsomay also succumb to desiccation if the
substrate is too dry. Animals aestivated in thisineal must be monitored carefully for
dehydration. Mortalities have also been seen wieted or aestivated animals are placed in
breeding tanks and rehydrated. It is not uncomrhahihdividuals put into breeding tanks 24-48
hours after being removed from aestivation die fararhydration with lesions of ascites
(coelomic fluid) and generalised oedema. Oldemarfs appear to be much more susceptible. It
Is suggested that these animals be rehydrated stow#y over a period of 2-3 days before being
placed into breeding tanks to allow for a more geddeturn of normal osmoregulatory function,
and that they be monitored closely. It is possibé&t the hormone used to induce reproduction
(luteinizing hormone releasing hormone) may inaeeassceptibility to osmoregulatory
imbalances since the hormones associated withagugl oxytocin and arginine vasotocin
increase the permeability of skin. To counterhi éffect, furosemide (Lasix ™) may be given
by injection (5mg/kg s.c.).

7.4.3. TOXINS
As with all amphibians, the Puerto Rican cresteditis susceptible to environmental
contamination and toxicity. Tadpoles and toaddeésthe highest risk groups. Degradation of
environmental conditions and contamination withhstiengs as cleaning chemicals should be
considered in cases of high tank mortalities. Regesting of water for ammonia, nitrates, pH,
and temperature is imperative. Ammonia levels ufdkeippm, nitrates below 1ppm, pH between
7 and 8, and temperature betweel@@nd 31C are recommended. Regular water changes or
excellent biological filtration are generally recoranded to maintain such conditions. High
levels of dissolved gases can cause "gas bubldashs' in tadpoles as is seen in fish.

7.5.0THER CONDITIONS
Tumours are generally quite rare in amphibians. €ase of myeloproliferative disease was
diagnosed at necropsy. Kidney and urinary pathoisgpmmon in older animals The majority
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have glomerular disease. A cluster of four caseystic nephropathy was noted at one zoo. The
causes remain unclear.

7.6. MORTALITY PEAKS

Mortality peaks are associated with particular snrethe life cycle of captive Puerto Rican
crested toads. Infertility does occur. It is nocommon that 15-25% of a clutch of eggs is
infertile. Higher levels of infertility may also s®2en. While tadpole survivability is greatly
increased in captivity, the tadpole stage can ezpee high mortality. Tadpole mortality rates
seem to peak within the first few days after hatghand at or near metamorphosis. However,
large numbers of tadpole deaths should not be derexi normal and diagnostic efforts should be
pursued. Toadlets that are fed adequately grovaraédble rates, and a small percentage of
individuals never seem to flourish. The exact reador this are unclear, and undoubtedly these
are individuals that would not survive natural citiods.

7.7. ANAESTHESIA

Anaesthesia in Puerto Rican crested toads is sitoilanaesthesia of other toad species. For
general anaesthesia toads are placed in a containgining a shallow depth of water containing
2 g/l tricaine methanesulphonate (MS-222). Sohgishould be buffered to bring the pH close to
neutral using the same concentration (2g/l) of wodbicarbonate (powder or premixed solution).
The toad sits in and is soaked in the solutionl timti appropriate level of anaesthesia is achieved.
This can be judged by increasing muscular relaratass of righting reflex, lack of response to
pain, and slowing respiration. Induction usualkes 8-12 minutes at room temperature (smaller
animals induce faster).

Blood collection and surgery can be performed foilgy MS-222 anaesthesia. At surgical levels,
respiration ceases. Toads have been kept anassth&ir an hour or more (especially at cool
temperatures) without the need for additional athe#s. In fact, keeping the animals in
anaesthetic solution will result in overdose anatlhleAdditional MS-222 can be applied or
injected if needed to maintain surgical plane. Aaisrshould be kept moist during surgery.
Following completion of the procedure, toads aneed in clean water and allowed to recover. It
Is recommended that toads are warmed to reduceasctimes — this can be achieved by placing
the container on a heating pad.
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Local anaesthesia is used for placing transporatetsurgery of superficial lesions. Emla cream
™ is applied to the location with cotton tipped kgator and rubbed in. In toads anaesthesia of
the area is achieved within a few minutes. Avoidessive application of the cream as this can
cause general anaesthesia. Excess cream is wigdethaed of at the end of the procedure.

7.8.SURGERY

Puerto Rican crested toads are quite amenablederguf satisfactory anaesthesia can be
achieved. Laparotomy, laparoscopy and skin surggnybe performed. Local anaesthesia can be
used for superficial biopsies and lacerations. \suware sutures with a soft absorbable suture
(e.g. Vicryl ™) and VetBond ™ glue is applied te thuture line. For small wounds, VetBond
alone is used.

7.9.BLOOD SAMPLING AND HAEMATOLOGY

The usefulness of blood samples in the diagnosssrgfhibian disease is much less proven than
in other taxa. Blood parameters are more labiephibians and there has been little work on
correlating changes in blood values with diseasevéver, sampling is encouraged in order to
develop knowledge in this area. Obtaining sampdesbe difficult and cardiac puncture remains
the most reliable source for blood. Anaesthesiademmended, to achieve deflation of the lungs
and allow palpation of the heart. Puerto Ricantecetoads typically have high basophil counts -
a feature common to some amphibians.

A study at the Toronto Zoo in 1998 looked at ha@togical parameters. Blood samples were
taken from anaesthetised toads by cardiac puncluesheart is located beneath the sternum (it
may be necessary to retract the xiphoid processathg. Blood is collected via a small gauge
needle and syringe introduced into the ventricldn\gentle aspiration. This procedure appears to
be quite safe. Haematological parameters of faighf{-month-old) anaesthetised toads are
presented in Table 2.

Table 2: Haematological parameters

Parameter Mean Standard Deviation
Erythrocyte count (automated) (X0) 0.987 0.109
Erythrocyte count (manual) (x¥3l) 1.237 0.208
Leukocyte count (manual) (x10 10.16 3.071
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Parameter Mean Standard Deviation
Neutrophil (%) 4.400 2.458
Lymphocyte (%) 63.76 8.224
Basophil (%) 27.73 7.225
Eosinophil (%) 3.000 3.242
Monocyte (%) 1.325 1.421
Hematocrit (%) 32.93 3.744
Hemoglobin (g/1) 105.2 13.90
Protein (total) (g/l) 38.45 5.5
Albumin (g/l) 18.00 2.699
Albumin/Globulin ratio 0.885 0.158
Alkaline Phosphatase (1U/l) 51.90 19.36
Alanine Aminotransferase (1U/l) 13.68 7.956
Aspatate Aminotransferase (IU/l) 228.5 154.5
Bile Acids (total) (umol/l) 1.780 0.645
Bile Acids (Conjugated) (umol/l) 0.480 0.304
Amylase (1U/l) 91.73 80.98
Lipase (1U/l) 53.73 20.63
Calcium (mmol/l) 2.015 0.210
Chloride (mmol/l) 76.18 6.520
Phosphorus (mmol/l) 1.863 0.673
Potassium (mmol/l) 4.30 1.48
Sodium (mmol/l) 109.5 5.849
Sodium/Potassium ratio 30.43 15.94
Creatinine Phosphokinase (1U/l) 2389 1852
Creatinine (umol/l) 28.23 5.568
Urea (mmol/l) 15.04 6.437
Glucose (mmol/l) 2.720 0.958

7.10. EUTHANASIA

Tadpoles and small toadlets (under 5 grams) mauteanised by placing them in a solution of

T-61 or pentobarbitone. Large toads should be iegemdividually (i.p.).
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8. PRODUCTS MENTIONED IN THE TEXT

Amikacin (Amiglyde™) — Ayerst Veterinary Labs, Wiefyerst Canada Inc. 400 Michener
Rd, Guelph, ON N1K 1E4, Canada

Ascorbic Acid, coated - Hoffman-LaRoche Ltd., Edke, Ontario, MOC 5J4, Canada.
Aquarian Herbivor Diet —

Enrofloxacin (Baytril™)—Bayer Inc. Ag. Division- Amal Health, 77 Belfield Rd. Toronto,
Ont. MOW 1G6

Calcium blocks - Turtle Tank Neutralizer: Wordiégrporation, New Jersey, U.S.A.
Enilconazole (Imaverol™) Janssen Animal HealthGt8en Belt Dr., Toronto, ON

M3C 1L9, Canada

Fenbendazole (Panacur) — Hoechst Roussel Vet, 2a@dtison Dr., Regina, SK, S4N 5P7,
Canada

Furosemide (Lasix™) - Hoechst Roussel Vet Vet, Bé@derson Dr., Regina, SK, S4N 5P7,
Canada

Hill's Prescription Diet a/d — Hill's Pet Nutritigrinc. P.O. Box 148, Topeka Kansas,
www.hillspet.com

Itraconazole (Sporanox™)Janssen-Ortho

Ivermectin (lIvomec™) — Merial Canada Inc., 500 Man@lvd. Suite#1, Baie D’'Urfe, PQ
HI9X 3V1, Canada

Luteinizing hormone releasing hormone analog dgs{@&Kla) LHRH ethylamide: Sigma
Chemical (catalog number L4513)

Metronidazole (Flagyl)

Moxidectin (Cydectin™), Ayerst Veterinary Labs, WyeAyerst Canada Inc. 400 Michener
Rd, Guelph, ON N1K 1E4, Canada

MS222 ™- Sandoz, Basle, Switzerland

Murex Spirulina Flakes - Murex Aqua Foods Inc., gy, British Colombia, V3A 5ES8,
Canada.

Osram Sylvania Blacklight F40/350BL-40\WWBsram Sylvania, 100 Endicott St. Danvers,
MA, 01923, USA

Sera San Colour Enhancing Flakes - Sera AquariskHEd5138 Heinsberg, Germany.
Tetra FD Menu, Special Food, 4 in 1 blend: Tetrrk®, Ulrich, Germany

Trovan™ — InfoPet Identfication Systems Inc., 517 Mavelers Trail, Burnsville, MN
555337-2548, USA

Vatbond™ — 3M Animal Care Products, St. Paul, MN441000, USA

Vita-lite ™, Duro-Test Corp. 9 Law Dr., FairfieltlJ 07004, USA
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Appendix A TADPOLE DIET NUTRIENT COMPOSITIO N

Component Dry Basis As Fed
Dry Matter % 100.00 93.00
Crude Protein % 51.18 47.60
Crude Fat % 5.81 5.40
Ash % 12.04 11.20
Crude Fibre % 1.83 1.70
Gross Energy Callg 4.920 4.575
ADF % 2.47 2.30
Ca % 2.47 2.30
P % 1.45 1.35
Mg % 0.17 0.16
K % 0.88 0.82
Na % 0.77 0.72
Fe Ppm 1018.82 947.50
Zn ppm 142.69 132.70
Cu ppm 6.88 6.40
Vit C mg/g 8.67 8.11
Vit E mg/kg 396.77 369.00
Vit A IU/kg 5836.70 5428.13
Vit D IU/g 3.33 3.10
Asp % 4.15 3.86
Glu % 7.28 6.74
Ser % 2.18 2.03
Gly % 4.37 4.06
His % 1.12 1.04
Arg % 2.90 2.70
Thr % 1.97 1.83
Ala % 3.17 2.95
Pro % 3.22 2.99
Tyr % 1.42 1.32
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Appendix A (cont.)

TADPOLE DIET NUTRIENT COMPOSITION

Component Dry Basis As Fed
Val % 2.20 2.05
Met % 1.22 1.13
lle % 181 1.68
Leu % 3.40 3.16
Phe % 1.95 1.81
Cys % 0.44 0.41
Lys % 3.12 2.90

Flake diet Ingredient Composition

Aquarian Herbivore Diet

Tetra FD-Menu 4 In 1 Blend
Sera-San Color Enhancing Flakes
Murex Spirulina Flakes

Ascorbic Acid, Coated

Jameson B50

Thiamine

100g
100g
1009
100g
29
1 tablet
100mg
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Appendix B TADPOLE REARING RECORD
Month: Year: Enclosure:
Species:  Puerto Rican Crested Toad [.D.: Dam:
I.D.: Sire:
Date Laid:

Notes: Follow posted Protocol

Diet Offered OBSERVATIONS

DATE
Time
Flakes
Tablets
Spinach
Lettuce
Temperature
H,O Change
Ammonia
Nitrate
pH

Initial
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Appendix C

AZA EXHIBIT SURVEY BY ELIZABETH

BRYANT-CA VAZOS

Part 1. Graphics and Exhibit Technique

INSTITUTION (

q

(N

5RAPHICS

bECRET TO EXHIBITING TOADS

Buffalo

We currently have a very basic graphics: new
graphics would highlight conservation
(particularly the release program) and adaptati
of semi-fossorial amphibians in harsh
environments.

They are not capable of burrowing into

the hard mud (the dried mud looks gr|
jo¥and the toads hang out in the stor

active for feeding and misting.

bunkers in view of the public. They ge

eat
e
t

1)

Calgary

Habitat loss is the major reason why these
distinctive looking toads are endangered. Zoo
trying to help Puerto Rican crested toad
populations recover through the Species Survi
Plan breeding and release program.

Haven't been able to keep visible.
Pargsibly try small potted plants at fro
of the exhibit. They seem to like sittin
ialthe pots under vegetation

«

Cleveland
Metroparks

The sensitive skin of frogs and toads is highly
permeable, allowing water and air to pass, mu
like out lungs. This unique property also makef
animals particularly vulnerable to pollutants an
pesticides. Amphibians act as environmental
monitors, providing us with early warnings of
changes in the Rainforests conditions. At the
bottom of the graphic -- SSP The Puerto Ricar]
crested toad is highly endangered due to exter]
habitat destruction on its tropical island. Clewel
Metroparks Zoo is an active participant in an
international effort called Species Survival Pla
(SSP) to help breed and conserve the rare toa

ch
5 the

sive
a

|
.

Columbus

Puerto Rican crested todkl{ophryne lemyr
Loss of coastal wetlands due to development,
conversion to crop land and drainage for mosq
control, threaten this amphibian with extinction
Survival depends upon habitat protection and
captive breeding and reintroduction plans. The
Columbus Zoo participates in a Species Surviy
Plan for the Puerto Rico and Virgin Gorda.
Habitat: exposed limestone outcroppings.

They like to squeeze between the rog
but they can't go back very far. Rocks
aite stacked to leave cracks that the t
utilise, but are still visible. There is alj
a glass petri dish that is buried to its 1
and filled with sheet moss that the toz
alt in if the moss in not too wet.

ks,

bads
50
im
ads

Detroit

Once thought to be extinct in the wild, teimall
toad with bony ridges above its eyes is known

Put water up front; they like to sit in a
fvater bowl.

have a very small population on the island of
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Appendix C (cont.)

Part 1. Graphics and Exhibit Technique

INSTITUTION

RAPHICS $ECRET TO EXHIBITING TOADS

Detroit (cont.)

Puerto Rico. Captive-bred offsprfghis
endangered amphibian have been taken back

Puerto Rico for release into their native habitat,
Tiny radio transmitters "backpacks" have been

o

placed on some individuals by researchers to track
the movements of these animals in the limestone
crevices where they reside. Puerto Rican crested

toad Peltophryndemur). Range: Puerto Rico.
Also SSP logo on graphic. The exhibit in the

amphibian center will have a continuously runn

loop playing above the exhibit showing habitat
backpacked animals, as well as traditional
graphics.

ing

Fort Worth Puerto Rican crested toad (Peltophrgnsur)  [Shallow limestone "caves" are provided.
Limestone karst formations, Puerto Rico and |Longer more narrow caves allowed
Virgin Gorda. Once believed to be extinct, thergoads to hide too much. When filled in
have been recorded sightings of this rare toad [with gravel, the toads started scraping
the wild. SPECIES SURVIVAL PLAN. Zoos anfhere snouts. Caves were then enlarged
aguariums throughout the world are currently |and their snouts healed up and the
working together through the AZA to protect angdublic can still see them.
conserve the world's rare and endangered species.
Through captive breeding and education, the §SP
was established by the AZA to ensure viable gene
pools of selected endangered species. The dream
of all dedicated zoo and aquarium professionals is
to see a time when, through captive propagatiaon,
stable populations of animals may be reintrodyced
to protected natural habitats. The members in this
exhibit are members of the Species Survival Plan.

Louisville The Puerto Rican Crested Toad was tlet fir  |Opening up crevices in front and closing
amphibian to become part of the American Zogthem off in the back. Also place pool |n

and Aguarium Associations Species Survival Rfeant of exhibit.

For more than 30 years it was thought to be
extinct. The larger Cane Toad was introduced
the early 1900's and competes with the Puerto

Rican crested toad for resources. Due to huma

development, toad populations have disappea
in many areas. The largest breeding site for thi

species is a dirt parking lot under constant thre

of development. Also a range map, diet info a
toad sticker.

n

n
red

[2)

at
nd a
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Appendix C (cont.)

Part 1. Graphics and Exhibit Technique

INSTITUTION

RAPHICS $ECRET TO EXHIBITING TOADS

Philadelphia

It is hard to believe that up until I3%eryone
thought the Puerto Rican crested toad was ext
Today we released some more tadpoles that w

born at the Toronto Zoo. Starting with six toadsgown to fit. Tank is constantly moist
zoos have returned 4,000 captive-bred toadletsuaimy a magnum 350 filter for
12,000 tadpoles to the wild. The Philadelphia Zi@zirculation of water.

is building artificial breeding ponds in Puerto &
to continue this success.

Rocks are stacked securely to provid
jdirhly lit low caves. Caves must be lo
er®mugh so the toads have to hunker

ic

D

St. Louis

Focus on conservation. The crested toadlis
found in Puerto Rico. This species is endangef

extinction and depends on the limestone habitaiut are visible by the public.
along the north and south-western coasts of the

island. Heavy seasonal rains trigger the toads
emerge from the limestone and breed in the
temporary ponds formed by the rain. There is
little freshwater habitat remaining in these areg
and the toads now breed in cement cattle troug
that are filled by rainwater. Freshwater ponds
essential for the survival of this species. Imagir
waiting all year to breed, only to discover thad t
pond is dry!

afch a way that the animals feel secU

(0

very
S
jhs
are
e

h

The rockwork in the exhibit is set up in

Santa Barbara

Listed as a threatened species, émoMRican
crested toad is part of the SSP. This program

attempts to maintain the diversity of each specjesver was under it and the animals

listed through a strict breeding program. Rangg

Have tried placing curved bark agains
glass or positioned so that the only

cauld be viewed. After a day or so the
found a way of moving the bark or

positioning themselves out of sight.
Have also used minimal substrate.

5t

24

Sedgwick
County

SSP - Those initials stand for Species Survival
Plan. SSP is a way for co-operating zoos to
manage the captive breeding of endangered
species on an international scale. The object i
avoid inbreeding and to weed out harmful
inherited traits. The Puerto Rican crested toad
one of this zoo's SSP species.

Rock crevices large enough to squee
into, but shallow enough so the toad
can't completely conceal itself -- a
glifficult balance to achieve; a "rain”

aswhile.

period will bring them out of hiding for
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Appendix C (cont.)

Part 1. Graphics and Exhibit Technique

| to

mMost
ble

ors

INSTITUTION GRAPHICS $ECRET TO EXHIBITING TOADS
Toronto Conservation - how precarious survival ade of |Will provide limited rock depressions
community in conservation and role of zoos (SSRallow enough to hide in but remain
in assisting survival (release to adjacent visible. Plastic tubes will be designeq
constructed ponds). keep toads in clear part of the tube, but
secure in the "tunnel”.
Vancouver You are looking at some very lucky toads. TheyThe sandstone slabs are stacked so
Aquarium were thought to be extinct until 1967. Fortuna:Jelythe hiding spots are somewhat visi
there were enough of them left to start a captivés the public. Most of the time the
breeding program in 1982. Our Aquarium is |toads’ heads are visible, and the visit
proud to be one of the zoos and aquariums  |get a pretty good view.
breeding these toads under a Species Surviva
Plan. So far, 16,000 captive-bred tadpoles and
toadlets have been released back to Puerto Rito.
These toads are now listed as threatened by the
U.S. Fish and Wildlife Service — Not bad for toads
thought to be extinct just over 30 is the loss of
their breeding ponds and limestone-hill homes|to
residential and tourist developments.
Part 2: Exhibit Detalil
Institution Dimensions| Substrate Plants Props # of toadsOther Information
Buffalo 4' wide Topsoil mixed|Pear cacti an€acti, hawthorn| 3.2 - 4.5 | Tried several other
3' high with water andother speciegbranches (dead), mixes of substrate; |f
2' deep allowed to dry/of cacti stone bunkers it was loose at all,
pushed into mud the toads
when soft disappeared. The
mud worked great in
my opinion; you can
even imbed rocks in
the mud and make it
look like a limestone
hillside. Cacti pots
were buried in the
mud as well.
Calgary 40" wide |Rock, moss, [Asparagus |moss, slate 2.4
65" high  |gunnite fern, pothos,
38" deep silver king
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Appendix C (cont.) Part 2: Exhibit Detall
Institution  Dimensions|Substrate Plants Props # of toadkOther Information
Cleveland |3' wide Fibre glass Phiodendrof®" - 3" washed 3.0.0
Metroparks |5' high bromeliad [river rocks,
3' deep native wood
branches, and
sheet moss.
Columbus 13" wide |Dry topsoil Tillandia Back and side | 0.1-0.3
16" high species (air |walls are
36" deep plants - covered by tuffg
bromeliads) [rock stacked to
placed in rockhe top. Crevices
crevices. are filled with
sheet moss.
Detroit 12" wide |[Sharp sand Succulents| Limestone rock 2.0/0
10" high
14" deep
Fort Worth | 38" wide |Gravel (white |Asparagus [Limestone 1.1
19" high  |limestone fern rocks, sand-
19" deep |gravel mixed stone, twig-like
with brown branches and a
and tan gravel slow waterfall
Louisville 24" wide |Soil, gravel, |Creeping Limestone, shee¢t 0.3
14" high  |rock, moss, |asparagus |moss cork bark
18" deep |bark
Philadelphia| 24" wide |Pea gravel Pothos Limestone ro¢k 3.0.0
14" high
36" deep
St. Louis 87.6 cm |Gravel Various typesRocks, 0.3
45.7 cm mixture, soil inof ivy, driftwood.
55.8cm  |areas where |pothos, and
there are plantficus. Future
exhibit will
have arid
adapted
plants.
Santa Barbarfa 11" wide (Bark, moss Cut plants |Bark and rocks. 2.0.0
12" high from zoo
12" deep grounds that
are changed
every 1-2
days.




PUERTO RICAN CRESTED TOADPgltophryne lemyr2002 HUSBANDRY MANUAL

Page 50.

Appendix C (cont.)

Part 2: Exhibit Detall

Institution  Dimensions|Substrate Plants Props # of toadkOther Information
Sedgwick [23"wide [Medium size |Sanseveria, [Twigs, dried 4.0.0 |Exhibit has a floor
County 24" high  |gravel in pool (hoya, pothos, |grass drain to allow pool
19" deep |area, lime-  |Swedish ivy. water changes (abo
stone rocks 3 X a week).
cover Animals are rotated
terrestrial on and off exhibit.
portion.
Toronto 18" wide [Shallow bark (1 plastic cactus Limestone 3.3
2' high mulch and 1/2| rock, clear
3' deep river stone for plastic tubes as
drainage. tunnels, cactus
wood.
Vancouver |40 cm wide|Soil covered |Pothos, Rocks and 1.1 Although the
Aquarium |40 cm high |with sandstongspathiphyllum |plants sandstone is visuall
80 cm deepslabs (toads [ficus, pumilla nothing like the

cannot get to
soil).

toads natural habitat
| feel it allows me to
reproduce the
environmental
conditions fairly
accurately, and is
easily cleaned and
maintained.

y

ut
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Appendix D INSTRUCTIONF®R DOMESTIC SHIPMENTS
WITHIN THE UNITED STATES

Shipping will be relatively simple. Book your pment with the carrier of your choice, ensure
the shipping container is of IATA standard, lakesis affixed properly, & emergency instructions
are affixed to the outside of the shipping containe
Other documents to include with the shipment grecisnen reports, emergency instructions,
IATA declaration.

There are no permits required to move the toa@sstate, between participating institutions as
long as there is no commerce between exchangitituinens. USF&W retains ownership of the
toads. As these toad shipments are for breedingedochtion/reintroduction, and involves no
commerce, no permits are needed. It would be a gisadto include with your shipment a copy
of the USF&W Puerto Rican Crested Toad permitawficm that the institutions involved in the
shipment are on the list of approved institutiamdald and relocate toads.

WITHIN CANADA

Follow the information give above for the Unitec®s. Check with the local Provincial Wildlife
or Natural Resources Ministry to confirm there moamport or export permits required by the
Province. Some Provinces in Canada will requirerang from them to move the toads into or
out of the Province.
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Appendix E INSTRUCTIONS FOR INTERNATIONAL SHIPMENTS

DOCUMENTS REQUIRED:
a valid copy of the USF&W Puerto Rican Crested TBadnit (for import/export
from or to the USA)
health certificate
Airway bill—available from the airline and usuafilled out by airline staff
USFW 3-177 form (import / export declaration )
IATA declaration
Commercial invoice also known as Proforma invoice
Emergency instructions

FLIGHT BOOKING:

The airline of choice is Delta Airlines. Call thela Air Cargo office and make you’re booking
4-5 days in advance of the proposed shipping @atsure your shipment is to go “DELTA
DASH?” (this is a priority service). You will need book to enter at one of the designated ports
for wildlife to enter the USA. We recommend you édkanta, as it most suitable to favourable
weather conditions at the time of year shippingueec

The shipment will be done over two days, day omestiipment arrives in Atlanta at or about
noon or early afternoon to allow for USFW inspecti®he shipment will then sit overnight and
take the first Delta flight out of Atlanta for Sdnan, Puerto Rico, arriving San Juan about noon.
This allows USFW staff time to clear customs arakpp and deliver to the release sites before
nightfall.

NOTIFICATION OF CONSIGNEE AND USFW ATLANTA

USFW Service:

Once you have booked the shipment and receivedwayabill number, proceed to complete all
the required paperwork. Then notify by phone (fellap with fax) the USFW Service at Atlanta
for the inspection. Send to them via fax a copthefpermit, airway bill, and a copy (unsigned) of
the USFW 3-177 form, and any other information they require.

US Fish & Wildlife Service, Atlanta Airport: Inspee Kenneth Endriss Ph: 404-763-7959
Fax: 404-763-7560.

CONSIGNEE:

Ensure the address for the consignee is as follows:

US Fish & Wildlife Service Attn: Ken Foote (787) B5297 x 29

Carr.301, Km 5.1

P.O. Box 491

Boqueron, Puerto Rico, USA. 00622

AND: Miguel Canals, Dept. of Natural Resourcesatiua Forest, (787) 821-5706.

Send to Ken Foote all the information regardingghgment. This will include the flight details,
time of arrival, etc. Also send with the informatia copy of the USFW 3-177 (unsigned copy)
and ask Ken Foote to sign and forward to the ingpeat the Atlanta Airport. US law requires
the consignee (in this case the USFW, Puerto Raceign the 3-177 at the port of entry
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Appendix E (cont.) INSTRUCTIONS FOR INTERNATIONAL SHIPMENTS

(Atlanta). Ken Foote will need to liase with the BM8 inspectors in Atlanta to receive the signed
copy. This signed copy is required for USFW cleaea

ATTACHED DOCUMENTS AND HOW TO COMPLETE:
AIRWAYBILL:

Box 1: (Routing and destination)

Note: the airlines use codes for airports ATLANTAknown as “ATL, SAN JUAN is known as
“SJU” fill in the TO box with the letters “ATL”, ta next box is “by first carrier” fill in Airline
taking he shipment, in this case Delta Airlinediehext box is TO fill in the letters SJU for San
Juan, the next box is labelled BY fill in the Airés Code, Delta is DL, Drop down to the Airport
of Destination and enter San Juan Puerto Rico,

Box 2:
This is where you will fill in the address of th&&BW Boqueron, Puerto Rico with Ken Foote as
the contact and her phone number

Box 3:
Fill in the shippers name and address along wdbrdact name and phone number and enter
your account number with Delta in the box as inigida

Box 4:
Fill in the box only indicated “Airport of Departeii this is the name of the departure airport

Box 5:

Enter the currency of the shipment i.e.: for a gatuUS Dollars enter “USD, for a value in
Canadian Dollars enter “CND”. If the shipmentasoe sent prepaid, enter an XX in the box
indicated by PPD. Enter the declared value fori@gerand declared value for customs in the
boxes as indicated. Note: this value must be theesa both cases.

Box 6:

Enter the number of pieces as indicated, move a¢haescolumn as indicted Nature and quantity
of goods and enter “LIVE TOADS/TADPOLES”; undergtanter the dimensions of the boxes in
the shipment.

Box 9:
Enter any handling information, see example

Sign airway bill at the bottom as indicted by “saure of shipper above” and initial the box
indicating this shipment does not contain dangegmasls.
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Appendix E (cont.) INSTRUCTIONS FOR INTERNATIONAL SHIPMENTS

US FISH & WILDLIFE SERVI CE 3-177 --DECLARATION FORVIPORTATION OF
EXPORTATION OF FISH OR WILDLIFE

See attached copy for a sample of how to fill in

COMMERICAL INVOCIE OR PROFORMA INVOICE
See attached copy of how to complete, Note: vatuthis form must be the same as entered on
the airway bill in the boxes indicated “ declaredue for carriage and declared value for
customs”

IATA SHIPPER’S CERTIFICATION FOR LIVE ANIMALS
See attached copy

EMERGENCY INSTRUCIONS

See attached copy of our emergency instructionsshould include this information with the
paperwork and also attach a copy to outside ofobtiee boxes in the shipment.

TO TRACK INTERNATIONAL SHIPMENTS:

To track an international shipment, go to the DAltaCargo web site Http://www.delta-
air.com/home/index.jgpand find the area indicated “Site map and Seaadld’click on it. Your
will be brought to a screen listing “Programs aeavi&es” click on "Delta Air Cargo”, a screen
will appear where you can enter your airway bilet@able you find out the status of your
shipment.
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Appendix F

REPORT ON ANALYSIS OF ALGAE AND CYANOBACTERIA IN SMPLES FROM
SITES IN PUERTO RICO RELATED TO THE PUERTO RICAN EBTED TOADS

J. Acreman, Curator

University of Toronto Culture Collection of Algaeé Cyanobacteria (UTCC)
Department of Ecology and Evolutionary Biology

University of Toronto, Toronto, ON M5S 3B2

Tel: (416) 978-3641

Fax: (416) 978-5878

jacreman@eeb.utoronto.ca

October 20, 2006

Analysis of Algae and Cyanobacteria
Part 1:

Sample # 1. About 200 ml of fresh sample was ctdtédune 5, 2006 from a captive rearing
enclosure for Puerto Rican toads at the Toronta Eagas held at 20 C in dim light until
analyzed by the curator at the University of ToocoGulture Collection of Algae and
Cyanobacteria (UTCC).

METHOD:

Two ml of the fresh sample were examined live urad#/ild-Leitz inverted microscope using
magnifications of 64X to 625X with brightfield apthase contrast. Slide mounts were also
prepared and examined under 1000X (oil immersibiasp contrast. Most of the material in the
original sample was a dense dark blue-green mathndonsisted of several species of
predominantly filamentous cyanobacteria. Roughmestes were made of the proportions of each
taxon according to their contribution to the biomakhe following taxa were found:
BACILLARIOPHYCEAE

Nitzschia sp. (few <1%)

CYANOPHYCEAE

Anabaena sp.1 (20 %)

Anabaena sp. 2 (5%)

Gleocapsa sp. (2%)

Leptolyngbya cf. boryana sp. (dominant: 60 %)*

Leptolyngbya sp. (2%)
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Scytonema sp. (10 %)

CHRYSOPHYCEAE

Mallomonas sp. (few ~1 %)

In addition there were numerous zooflagellatesraordphotosynthetic bacteria.

* This species will be isolated into pure cultutehee UTCC for further examination. Time
permitting, other species from this sample wilbdte isolated into pure culture.

Part Two:

Five samples of algal mats were collected in theogeNovember 15-22, 2005 from Puerto Rico
but were frozen prior to delivery to the UTCC ativémsity of Toronto. They were then held at
4C in the dark until examined. All of the samplestained mats with high amounts of sediment
and very little moisture. The cells were badly @delgd making the analysis difficult.

METHOD:

Samples of about 1 cm2 were spread on slides atitledi water added to disperse the material.
The entire slide was examined at magnification84f to 625 X using phase contrast. Rough
estimates were made of the proportions of eachntagoording to their contribution to the
biomass.

Sample # PR-17: Finca El Tallonal

The sample was taken from pond 1C in the sun.nsisted of mostly decayed vegetation which
appeared to be from leaves. There were few aldjal meesent. A pale, filamentous
cyanobacteria, probably Leptolyngbya, was presehigh numbers but badly degraded. The
following taxa were observed:

CHLOROPHYCEAE

Kirchneriella sp. (dominant 70%)

Scenedesmus sp. (5%)

CYANOPHYCEAE

Leptolyngbya sp.? (~ 25 % see above)

BACILLARIOPHYCEAE

Navicula sp. (few <1 %)

Sample # PR-18: Tamarindo
The sample was collected from a pond and consagdtatbstly fine-grained sediment and few
cells of algae and cyanobacteria. The followingtasere observed:
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BACILLARIOPHYCEAE

Navicula sp. (25%)

Nitzschia sp. (25%)
CHLOROPHYCEAE

Geminella sp? (10%)

Scenedesmus sp. (25%)
Unidentified colonial green alga (5%)
CYANOPHYCEAE

Gleocapsa sp. (10%)

Sample # PR-20 Tamarindo

The sample was collected from the edge of a potid warine toadlets. It consisted of fine
grained sediment and the following taxa:

BACILLARIOPHYCEAE

Nitzschia sp. (25%)

CHLOROPHYCEAE

Scenedesmus sp. (40 %)

CYANOPHYCEAE

Gleocapsa sp. (15%)

Lyngbya sp. (20%)

Sample # PR-24: Tamarindo

This sample was collected from the center of theddueside crested toadlets. It contained the
following taxa:

BACILLARIOPHYCEAE

Navicula sp. (few < 1%)

CHLOROPHYCEAE

Geminella sp? (5%)

Pithophora sp. (large filamentous mat-forming alg20% of biomass)
Scenedesmus sp. (30%)

CYANOPHYCEAE

Chroococcus sp.(10%)

Gleocapsa sp. (5%)

Lyngbya sp. (20%)
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Sample # PR-30 Coamo

This sample was collected by a river where thelatadvere last seen. It consisted of fine-grained
sediment and a more diverse set of algal taxag(oistand green algae), than in the other 4
samples. In contrast to the other 4 samples there mo Cyanophyceae observed. Taxa found:
BACILLARIOPHYCEAE

Cymbella sp. (10%)

Navicula sp 1. (dominant 40 %)

Navicula sp 2 (20%)

Pinnularia sp. (10%)

CHLOROPHYCEAE

Euastrum sp. (<1% )

Mougeotia sp. (10%)

Scenedesmus sp. (10%)

Glossary:

Cyanophyceae have chlorophyll a and carry out axyglving photosynthesis, they have
traditionally been aligned with algae and, withaefjfor their characteristic color, called blue-
green algae.

Chrysophyceae are small flagellates that are awedh brown color. Like diatoms it can form
silica, but it is stored in a cyst within the deltead of the cell wall. Chrysophyceae are
somewhat photosythetic, but it can also digesiwa food.

Chlorophyceae are a large and important groupeshfivater green algae.

Bacillariophyceae (diatoms) are a major group d&aeyotic algae, and are one of the most
common types of phytoplankton. Most diatoms areelhilar, although some form chains or
simple colonies. A characteristic feature of diatoetis is that they are encased within a unique
cell wall made of silica.



