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APPENDIX F 
 

Protocols for Transportation, Captive Care, and Release of Leopard Frogs (Rana spp.) 
 

 
General Guidelines for Transportation of Leopard Frog Life Stages 
 
• Transportation 

o General Container Information 
 Use only plastic containers, no metal or glass. 
 Containers should be water tight when tipped upside down. 
 Do not use bags more than once. Use only new, rinsed bags. 
 Carry 1 or 2 extra containers filled with water in case of an emergency (i.e. 

leak). 
o Type of Containers per animal size 

 Larvae at any stage, ship well in 11” x 10.5” (1 gallon self closing bags (e.g. 
Ziplocs®) or in aquarium grade plastic bags sealed with a rubber band. 
Aquarium grade bags can be inflated and sealed with rubber bands to prevent 
collapsing. Double bagging should be considered for trips longer than 4 hours 
or when driving on rough roads. 

 Larvae may also be transported in hard plastic buckets or containers that have 
tight fitting lids. 

 GladWare® is highly recommended for transportation of metamorphs, 
juveniles, and adults. They keep them from being crushed and they are 
reusable. 

o Preparing Containers 
 Thoroughly rinse all shipping containers with water. Do not use any type of 

detergent or soap to clean the containers. 
 The GladWare® also needs holes drilled in the top. A standard hole punch 

works well, approximately 16 holes.  Drill from the inside out so that no sharp 
edges protrude into the animal holding space. 

 If desired, mark each bag with identification of eventual destination and the 
number of animals in the container. 

o Stocking densities 
 Per gallon bag for short shipments. 

• Eggs: 1 mass per bag, minimize disturbance and division of mass 
• Larvae under ½”: 25 per bag 
• Larvae 1” - 1 ½”: 15 per bag 
• Larvae over  1 ½”: 10 per bag 
• Recently metamorphosed frogs: 5 per container or bag 

 Avoid overcrowding 
o Water 

 Water put in the bags must be chlorine and chloramine free. Dechlorinating 
chemicals can be used to immediately remove chlorine. 

 Stream or pond water from which the animals originated can be used. Avoid 
capturing aquatic invertebrates or organic debris. 
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 Other alternatives are bottled drinking water or tap water left uncovered for 24 
or more hours. 

 For larvae, fill bags by approximately 75 percent or greater volume water to 
avoid excessive sloshing. 

 For metamorphs, juveniles, or adults place 20 ml of water with a leaf of 
romaine or iceberg lettuce for hiding. If transporting from the wild, use algae 
or leaves instead. 

 Shipping 
• Blow out bags with a breath or an oxygen cylinder to prevent collapse 

during shipping. Allow a little space within the bag to allow for 
expansion with elevation changes. 

• Foam or plastic insulated ice chests work well for protecting bags from 
temperature extremes and accidental damage. Foam boxes that fit 
within a cardboard box are commercially available from tropical fish 
dealers. 

• Use towels, newspapers or bags blown full of air to fill in empty 
spaces between bags in the shipping container. 

• Battery operated air pumps are useful in aerating buckets of animals 
during transport. 

o Temperature 
 Optimal shipping temperature is a compromise between the captive and 

anticipated release temperature. 
 To keep animals cool in warm weather, place a 1-3 inch layer of cubed ice 

inside plastic bags on the bottom of an insulated ice chest. Cover the ice with 
a layer of plastic, then a few layers of towels, newspaper, or cardboard to 
insulate the animals from the direct cold.  It is suggested to place a piece of 
foam between ice and animals, so if ice melts the animals will float instead of 
settling in the water. 

 A thermometer with a remote sensor inside the container can assist in 
monitoring the temperature while shipping. 

 Alternatively, animals could be moved in open containers if kept inside air-
conditioned vehicles capable of maintaining the appropriate desired 
temperature. 

 When tadpoles arrive at the rearing facility, it is important to equalize the 
temperature of the shipping container and that of the tank into which the 
animals will be released. This is easily achieved by floating the plastic bag or 
container in the tank for 15-20 minutes. An aquarium thermometer can be 
used to ensure that the two containers are within one or two degrees of each 
other before transferring the animals. 

 
Leopard Frog Egg Mass Collection and Transportation Protocol 
 

• Make sure that all field equipment (boots, nets, truck tires, etc.) that may have been used 
at other locations have been disinfected to prevent spread of chytrid fungus.  Various 
methods have been shown effective: 1) rinsing with 1 percent sodium hypochlorite 
(household bleach); 2) 20-second exposure to 70 percent ethanol or 1 mg/ml 
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benzalkonium chloride; 3) desiccation and exposure to 50-60°C heat for 30 minutes; and, 
4) either 0.012 percent Path-X™ or 0.008 percent quaternary ammonium compound 128 
(both containing DDAC, didecyl dimethyl ammonium chloride as active ingredient). 
Johnson, ML, L Berger, L Philips and R, Speare. 2003. Fungicidal effects of chemical 
disinfectants, UV light, desiccation and heat on the amphibian chytrid Batrachochytrium 
dendrobatidis. Diseases of Aquatic Organisms 57:255-260. 

 
• If possible, record the water and air temperature at the site, location of the egg mass in 

the pond or creek, and current and recent weather events.  Additional water quality data 
may be collected at this time as resources and circumstances permit (pH, dissolved 
oxygen, ammonia, nitrite, nitrate, total hardness, calcium hardness, alkalinity, chlorine, 
copper, iron).  Forward this information with the egg mass and to a member of the 
Chiricahua leopard frog Recovery Team. 

 
• Egg masses should be freshly laid (< 5 days) or show little sign of development.  

Reduced hatched rate and mortality of tadpoles increases greatly once the embryonic 
tadpoles are developed to the point they are able to wriggle within their eggs. 

 
• Use a new, 1 gallon, self-closing plastic bag to transport the egg mass. Rinse the bag with 

the source water thoroughly before use and write the name of the collection site on the 
bag. Place only 1 egg mass per bag (approximately 500 eggs or fewer).  If the egg mass is 
larger, divide into smaller portions of approximately 300-500 eggs each. 

o To transfer the egg mass into the bag, submerge the bag and fill with clear water. 
Next, carefully cut away any vegetation or sticks attached to the egg mass, 
without dividing the egg mass. In your cupped hand(s), gently move the egg mass 
into the submerged, opened, plastic bag. Be careful not to transfer aquatic 
invertebrates, mud, leaves, and other organic debris into the bag. 

o If only a portion is being collected, use 2 plastic spoons and your fingers to 
separate the egg mass. Place 1 hand underneath the egg mass, to prevent the eggs 
from touching the substrate or breaking apart. Take caution not to remove the 
portion of the egg mass attached to the supporting vegetation or debris. 

o Once the egg mass is in the bag, bring it to the surface and seal the bag. Allow 
approximately ½ - 1” of air space. Once sealed, placed the filled bag into a second 
bag in case of leakage. 

o If the situation permits, collect an additional 2 – 5 gallons of water from the site in 
clean plastic bags or plastic buckets.  This source water may be important for 
initial acclimation of egg mass in the captive environment. 

o  
• Transport the egg mass in the plastic bag within a styrofoam or hard plastic cooler to 

provide a stable appropriate thermal environment. The bag should be supported within 
the cooler to prevent leakage through the seam and excess sloshing during transport. 
Towels, newspaper, or air filled bags work well in supporting the egg mass bag in the 
cooler. Ice or freezer packs may be added to the cooler to maintain a suitable temperature 
(60-75 degrees F.), provided the frozen material does not directly contact the egg mass 
bag. 
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• Coordinate with the captive rearing facility prior to departure to alert them to your 
estimated time of arrival and minimize transit time. 

 
Leopard Frog Tadpole Collection and Transportation Protocol 
 

• Make sure that all field equipment (boots, nets, truck tires, etc.) that may have been used 
at other locations have been disinfected to prevent spread of chytrid fungus.  Various 
methods have been shown effective: 1) rinsing with 1percent sodium hypochlorite 
(household bleach); 2) 20-second exposure to 70 percent ethanol or 1 mg/ml 
benzalkonium chloride; 3) desiccation and exposure to 50-60°C heat for 30 minutes; and, 
either 0.012 percent Path-X™ or 0.008 percent quaternary ammonium compound 128 
(both containing DDAC, didecyl dimethyl ammonium chloride as active ingredient). 
Johnson, ML, L Berger, L Philips and R, Speare. 2003. Fungicidal effects of chemical 
disinfectants, UV light, desiccation and heat on the amphibian chytrid Batrachochytrium 
dendrobatidis. Diseases of Aquatic Organisms 57:255-260. 

 
• If possible, record the water and air temperature at the site, location of the tadpoles in the 

pond or creek, and current and recent weather events.  Additional water quality data may 
be collected at this time as resources and circumstances permit (pH, dissolved oxygen, 
ammonia, nitrite, nitrate, total hardness, calcium hardness, alkalinity, chlorine, copper, 
iron).  Forward this information with the tadpoles and to a member of the Chiricahua 
leopard frog Recovery Team. 

 
• Tadpoles to be collected should be moving independently and have already absorbed 

their yolk.  Recently hatched tadpoles that rest and only move when stimulated have 
higher mortality during transportation and acclimation to captivity than older more active 
tadpoles. 

 
• Use a new, one gallon, self-closing plastic bag to transport the tadpoles.  Rinse the bag 

with the source water thoroughly before use and write the name of the collection site on 
the bag. 

o Use a soft nylon net to collect the tadpoles to minimize damage to their skin.  A 
clear plastic bag may be used instead of a net in some circumstances and causes 
even less damage to the tadpoles. 

 If the tadpoles are small (< 1 inch Snout-Tail Length), place no more than 
25 tadpoles per bag. 

 If the tadpoles are large (> 1 inch Snout-Tail Length), place no more than 
15 tadpoles per bag. 

o Fill the 1 gallon transport bag with clear water. 
 If you are using a nylon net to collect tadpoles: once you have netted the 

tadpoles, quickly lift them out of the water and place the entire net below 
the waterline in the transport bag.  Gently swish the net back and forth to 
release the tadpoles into the transport bag. 

 If you are using a plastic bag to collect tadpoles: let the bag drift open 
underwater as you swoop it toward the tadpoles.  Lift the bag above the 
water surface and seal the bag with just a slight gap so that excess water 
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can be squeezed out.  Transfer the tadpoles and the small amount of water 
into the 1 gallon transport bag. 

 Avoid placing aquatic invertebrates, mud, leaves and other organic debris 
into the transport bag. 

o Close the transport bag and allow approximately 1” of air space. Once sealed, 
placed the filled bag inside a second bag in case of leakage. 

o If the situation permits, collect an additional 2 – 5 gallons of water from the site in 
clean plastic bags or plastic buckets.  This source water may be important for 
initial acclimation of tadpoles in the captive environment. 

 
• Transport the tadpoles in the plastic bag within a styrofoam or hard plastic cooler to 

provide a stable appropriate thermal environment. The bag should be supported within 
the cooler to prevent leakage through the seam and excess sloshing during transport. 
Towels, newspaper, or air filled bags work well in supporting the tadpole bag in the 
cooler. Ice or freezer packs may be added to the cooler to maintain a suitable temperature 
(60-75 degrees F.), provided the frozen material does not directly contact the tadpole bag. 

 
• Coordinate with the captive rearing facility prior to departure to alert them to your 

estimated time of arrival and minimize transit time. 
o If the water quality of the source water and the captive rearing enclosure are 

radically different with respect to pH and hardness, effort should be made to 
adjust the enclosure water prior to introduction of tadpoles.  In any case, the 
tadpoles should be floated in their bags in the water of enclosure to allow for them 
to reach equilibrium with the enclosure water temperature before release.  If the 
pH and hardness cannot be adjusted, add small amounts of enclosure water to the 
bags to gradually acclimate the tadpoles.  You may want to add the extra source 
water to the enclosure to try and ameliorate the effects of the different water 
quality parameters. 

 
Juvenile and Adult Leopard Frog Collection and Transportation Protocol 
 

• Make sure that all field equipment (boots, nets, truck tires, etc.) that may have been used 
at other locations have been disinfected to prevent spread of chytrid fungus.  Various 
methods have been shown effective: 1) rinsing with 1 percent sodium hypochlorite 
(household bleach); 2) 20-second exposure to 70 percent ethanol or 1 mg/ml 
benzalkonium chloride; 3) desiccation and exposure to 50-60°C heat for 30 minutes; and, 
either 0.012 percent Path-X™ or 0.008 percent quaternary ammonium compound 128 
(both containing DDAC, didecyl dimethyl ammonium chloride as active ingredient). 
Johnson, ML, L Berger, L Philips and R, Speare. 2003. Fungicidal effects of chemical 
disinfectants, UV light, desiccation and heat on the amphibian chytrid Batrachochytrium 
dendrobatidis. Diseases of Aquatic Organisms 57:255-260. 

 
• If possible, record the water and air temperature at the site, location of the frog in the 

pond or creek, and current and recent weather events.  Additional water quality data may 
be collected at this time as resources and circumstances permit (pH, dissolved oxygen, 
ammonia, nitrite, nitrate, total hardness, calcium hardness, alkalinity, chlorine, copper, 

 F-5



Chiricahua Leopard Frog Recovery Plan                                                               2006 
 
 

iron).  Forward this information with the tadpoles and to a member of the Chiricahua 
leopard frog Recovery Team. 

 
• Frogs may be transported in a new, 1 gallon, self-closing plastic bag.  No more than 5 

juveniles (Snout-Vent Length < 2 inches) should be placed per bag.  Larger frogs (Snout-
Vent Length ≥ 2 inches) should be transported with no more than 1 frog per bag.  Hard 
plastic containers may be used depending on the circumstances (e.g., disposable 
Gladware™, Rubbermaid© containers, 5 gallon buckets with lids, etc.).  Hard containers 
should have ventilation holes on the lid—make sure the ventilation holes have no rough 
edges projecting inward that could harm the frogs.  The containers should be rinsed with 
the source water thoroughly before use and approximately ½” to 1”deep water added.  
Write the name of the collection site on the container. 

o Many frogs benefit from soft plant material added to the water.  This can be 
aquatic vegetation, sphagnum moss, or shredded deciduous leaves.  This material 
provides underwater perch sites that helps calm down some frogs.  It also 
provides some padding if the container is jostled during transport.  Be wary of 
putting too much material in the container as this can trap and drown frogs. 

o If the situation permits, collect an additional 2 – 5 gallons of water from the site in 
clean plastic bags or plastic buckets.  This source water may be important for 
initial acclimation of smaller frogs in the captive environment. 

 
• Transport frogs in a plastic bag by placing them within a styrofoam or hard plastic cooler 

to provide a stable appropriate thermal environment. The bag should be supported within 
the cooler to prevent leakage through the seam and excess sloshing during transport. 
Towels, newspaper, or air filled bags work well in supporting the frog bag in the cooler. 
Ice or freezer packs may be added to the cooler to maintain a suitable temperature (60-75 
degrees F.), provided the frozen material does not directly contact the tadpole bag. 

o If the containers are too large to be managed this way, care should be taken to 
limit the speed of temperature change during transport.  Newspaper or insulation 
can be duct-taped around the container and ice-packs slipped between the bucket 
and the insulation material. 

 
• Coordinate with the captive rearing facility prior to departure to alert them to your 

estimated time of arrival and minimize transit time. 
o For frogs with a known history of mortality following transport, initial efforts at 

the captive rearing facility may include some anti-shock measures.  This may 
include supplemental oxygen bubbled through the water, addition of no more than 
4.5 g of salt or sea salt to liter of water in the enclosure (which should be 
completely rinsed and refilled with freshwater 48 hr after arrival to removal all 
supplemental salts), and addition of artificial slime products used for stressed 
tropical fish.  Initial treatment with itraconazole baths (1 percent solution 
dissolved to 0.01 percent strength in a 0.6 percent salt solution as a 5 minute soak) 
is warranted if the frogs come from an area known to be contaminated with 
chytridiomycosis or if there have been recently mortalities in the population. 

o If the water quality of the source water and the captive rearing enclosure are 
radically different with respect to pH and hardness, effort should be made to 
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adjust the enclosure water prior to introduction of frogs.  In any case, the frogs 
should be floated in their bags in the water of enclosure to allow for them to reach 
equilibrium with the enclosure water temperature before release.  If the pH and 
hardness cannot be adjusted, add small amounts of enclosure water to the bags to 
gradually acclimate the frogs.  You may want to add the extra source water to the 
enclosure to try and ameliorate the effects of the different water quality 
parameters. 

 
Arizona Leopard Frog Captive Care Protocol 
 

• Minimization of disease transfer 
o Make sure that all enclosure materials that may have housed other amphibians 

have been disinfected to prevent spread of chytrid fungus.  Various methods have 
been shown effective: 1) rinsing with 1 percent sodium hypochlorite (household 
bleach); 2) 20-second exposure to 70 percent ethanol or 1 mg/ml benzalkonium 
chloride; 3) desiccation and exposure to 50-60°C heat for 30 minutes; and, either 
0.012 percent Path-X™ or 0.008 percent quaternary ammonium compound 128 
(both containing DDAC, didecyl dimethyl ammonium chloride as active 
ingredient). Johnson, ML, L Berger, L Philips and R, Speare. 2003. Fungicidal 
effects of chemical disinfectants, UV light, desiccation and heat on the amphibian 
chytrid Batrachochytrium dendrobatidis. Diseases of Aquatic Organisms 57:255-
260. 

 
• Preparation time 

o Enclosures should be functioning at least 14 days ahead of amphibian arrival to 
ensure that the systems are maintaining stable water quality parameters and to 
allow initial colonization of filter media with organisms crucial to each stage of 
the nitrogen cycle (i.e., capable of converting ammonia to nitrite and nitrite to 
nitrate). 

 
• Enclosures 

o As large an enclosure should be used as possible to provide maximum water 
capacity.  A large water volume with proper filtration maintains more stable water 
quality parameters than a smaller water volume similarly equipped. 

o All should be constructed of easily disinfected materials like plastic, glass, or 
fiberglass. 

 Containers of cement-based products are one alternative, provided they are 
well aged and no longer leaching alkaline.  Unsealed concrete can be 
problematic to disinfect between groups of animals.  Rough concrete 
surfaces have been linked to mycobacterial infections in aquatic frogs, an 
incurable fatal infection. 

 No metal containers, galvanized or not.  These may leach metal ions that 
are known toxicants to amphibians. 

 Aquaria, plastic kiddy pools, plastic cattle troughs, and aquaculture tubs 
work well.  The specific enclosure depends on the husbandry plan to be 
implemented.  In most cases, as large an enclosure as possible should be 
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chosen so that the filtration system is as complete as possible (i.e., 
mechanical, chemical, biological, UV irradiation) to achieve and maintain 
stable water quality within appropriate parameters. 

 PVC or plastic pond liners are also acceptable, provided they are labeled 
as “fish safe” by the manufacturer. 

 Water depth should be at least 5 inches for swimming larvae and no more 
than 5 inches for metamorphosing larvae and froglets. 

o Lids 
 All containers should have screened or solid lids to prevent larvae, 

metamorphs or adults from jumping out or escaping. The screens should 
be plastic rather than metal to avoid oxidized metal falling into the 
enclosure. 

• An alternative is to use taller containers and keep the water level 
low. 

o Cage furniture 
 Hiding spots, basking spots and aquatic perches are essential for frogs to 

feel comfortable in their enclosures.  Visual barriers are important to 
reduce stress between frogs within the same enclosure and to reduce stress 
caused by activity outside the enclosure. 

 Disturbance should be minimized by setting up the holding containers in 
low (human) activity areas. 

 Artificial floating plants provide larvae with resting and hiding places. 
 Live plants or algae may be used if obtained from the same location as the 

animals, or if the plants are thoroughly rinsed and stored in tap water for 
30 days.  More stringent disinfection measures may be appropriate 
depending on the level of quarantine desired for the population of frogs.  
Copper sulfate, levamisole and chlorhexidine baths may be used to 
eliminate protozoa, helminthes and other pathogens that may find refuge 
in the plants.  Chytrid fungus may survive on aquatic plants but may be 
eliminated by soaking the plants in water maintained at 99°F for at least 
18 hours. 

 Plastic window screen mesh can be used as rafts and feeding platforms.  
Tadpoles often prefer resting above the bottom of the water column. 

 PVC pipe and fixtures can be used as underwater refuges 
 The underwater perches should be stratified so that an animal can seek 

refuge at a comfortable depth of water.  Some of the perches should be 
placed beneath overhead basking lights. 

o Lighting 
 Where practical, access to natural sunlight at levels approximately equal to 

the wild habitat is beneficial. 
 Artificial lighting can be provided using fluorescent lights. 
 Ultraviolet B may be provided using specific fluorescent bulbs.  The need 

for this is uncertain at present. 
 Multiple basking sites should be provided on the land and on underwater 

perches using incandescent lights or ceramic bulb heaters. 

 F-8



Chiricahua Leopard Frog Recovery Plan                                                               2006 
 
 

 Light should be provided in a patchwork mosaic so an animal can choose 
between light and dark spaces. 

o Temperature 
 Water temperature should be maintained between 68°F and 80°F. 

• Basking lights may be suspended over underwater rocks to provide 
thermal variation that offers larvae the chance to thermoregulate. 

 Larval growth rates are directly correlated with environmental 
temperatures.  Within the biologically appropriate temperature ranges, 
higher temperatures typically yield faster growth rates. 

 Temperatures above 72°F are recommended to reduce the risk of the 
fungal disease saprolegniasis. 

o Inserts for rapid movement of animals 
 Holding containers can be fitted with mesh bottom inserts that contain the 

larvae or adults when the inserts are removed from the water. This insert is 
then placed into a clean container of the same size.  This is not practical 
for complex systems but is often useful for small enclosures maintained on 
a sponge filter. 

 
• Stage specific considerations 

o Housing-Embryos 
 In general, the enclosure should be large enough so that the pump 

produces minimal current to agitate the egg mass or recently hatched 
larvae. 

 Gently aerate water in embryo holding tank with a sponge filter and 
aquarium pump or an aquarium power head.  If a sponge filter is not 
available, an airstone may be used.  A sponge filter is preferred as it 
provides biological filtration if it has been properly aged. An airstone does 
not provide any filtration. 

 Egg masses and recently hatched larvae should be suspended off the 
bottom of the holding container. Plastic window screen mesh or rinsed 
cheese cloth material are useful for building a “hammock” underneath the 
eggs to suspend them in the water. 

 Remove dead hatchlings or eggs covered with fungus from the mass if 
possible with minimal disturbance.  Ammonia levels can quickly rise to 
toxic level from decomposing eggs or hatchlings even with biological 
filtration. 

 Stocking density: 1 egg mass (up to 1000 eggs) per 10 gallons of filtered 
aerated water. 

o Housing-Larvae 
 Filtration 

• Mechanical, chemical and biological filtration is essential to 
maintain water quality.  UV sterilizers may also be beneficial. 

• External canister filters are best for maintaining high volumes of 
water and moderate to high stocking densities.  Under-gravel filters 
and filter sponges are best suite for low water volumes and low 
stocking densities. 
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• Even with filtration, water changes are important to reduce build-
up of organic waste product.  Approximately 10 percent of the 
water volume should be changed weekly. 

• Systems that include algae growth and living plants are encourage 
as it provides additional buffering of water quality parameters.  
Additionally, algae are excellent food for larvae. 

 Stocking density 
• Sizes can be mixed; with Chiricahua leopard frogs there is no 

evidence that large tadpoles harm small individuals. Stocking 
capacity declines as tadpoles grow larger, so it is important to 
monitor water quality closely and check for signs of overcrowding. 

• For maximum growth 
o 25-30 larvae per 10 gallons of filtered aerated water 

o Housing-Metamorphosing Larvae 
 Water depth should be decreased to no more than 5 inches for larvae 

showing hindlimbs only. 
 Edges of the enclosures should have haul out areas and underwater 

perches. Some larvae may drown swimming the perimeter of the enclosure 
looking for haul out areas of none have been provided. 

 Cover should be provided on dry land and underwater. 
 Some haul out areas should be beneath a basking light. 

• Wattage of light should be adjusted to provide a hotspot of 85-
90°F 

 Larvae that have developed 4 legs but retain a tail should be maintained in 
a separate tank from the 2-legged larvae.  The water level can be 
decreased to 3 inches or less to reduce risk of drowning. 

 Newly metamorphosed froglets should be separated by size to keep 
cannibalism to a minimum.  Although larvae are not cannibalistic, juvenile 
and adults frogs are. 

 Stocking density: 
• No more than 10 metamorphs or froglets per 10 gallons of filtered 

aerated water. 
 

• Diet 
o Many of the problems with metamorphosis are due to poor plane of nutrition as a 

tadpole.  Mistakes during tadpole development may result in dying tadpoles, 
stunted metamorphs or froglets that are unthrifty. 

o Leopard frog tadpoles typically graze off the bottom of the water column or on 
the surface of objects.  Food should be placed on the bottom of the enclosure to 
ensure the tadpoles find it easily.  Some food items are buoyant, such as thawed 
frozen spinach, and may need to be weighted with stones so they don’t float. 

o Type of food for larvae: 
 Live algae and aquatic plants are excellent food sources for tadpoles. 

• Where possible, enclosures should be heavily planted so that 
tadpoles can graze of live food plants. 
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o Duckweed (Lemma) is easy to raise and a good food 
source.  It may need to be harvested and crushed to sink to 
the bottom of the enclosure where it is easily found by 
tadpoles. 

o Other aquatic plants are useful food sources (e.g., Elodea) 
• If it is not practical to maintain algae and live plants in the rearing 

enclosures, algae cultures can be started in other enclosures and 
used as a food source. 

o Firm plastic sheets, pieces of tile or nonporous stone may 
be placed into an algae-rich environment and seeded with 
algae.  Once a layer of algae is growing, the “plot” of algae 
can be removed and placed in with the tadpoles for grazing. 

o If multiple plots are maintained, fresh algae is available for 
harvesting continuously. 

 Larvae feed well on dark green leafy produce 
• Dark green leafy produce should not exceed 50 percent of the total 

diet offered 
o Spinach 

 Use either frozen thawed spinach or fresh spinach 
that has been frozen overnight.  Freezing breaks 
down the cell walls of the spinach and makes it 
more digestible by the tadpoles. 

 Spinach contains oxalates that can interfere with 
tadpole development if consumed to excess.  
Spinach should comprise no more than 15 percent 
of the diet offered 

 Spinach is not an essential part of the diet, merely 
an option! 

o Romaine lettuce 
 Should be frozen overnight to break the cell walls 

and increase its digestibility 
 Romaine lettuce should comprise no more than 15 

percent of the diet offered 
o Mustard greens 

 Should be frozen overnight to break the cell walls 
and increase its digestibility 

 Mustard greens should comprise no more than 15 
percent of the diet offered 

o Turnip greens 
 Should be frozen overnight to break the cell walls 

and increase its digestibility 
 Turnip greens should comprise no more than 15 

percent of the diet offered 
• Other produce may be offered not to exceed 15 percent of the total 

diet offered 
o Cucumber slices 
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 Should be frozen overnight to break the cell walls 
and increase its digestibility 

 Cucumber should comprise no more than 15 percent 
of the diet offered 

o Green peas 
 Should be frozen overnight to break the cell walls 

and increase its digestibility 
 Peas comprise no more than 15 percent of the diet 

offered 
• Bok Choy and Kale are not recommended as their cell walls seem 

more resistant to bursting during the freezing process.  They have 
low digestibility for tadpoles. 

 Processed fish foods 
• Spirulina-based fish foods and algae wafers designed for 

herbivorous cichlids work well. 
o They may comprise up to 50 percent of the diet 
o Sinking wafers or pellets are preferred to floating wafers or 

pellets 
• High protein fish foods should comprise at least 25 percent of the 

offered diet 
o Dehydrated bloodworms, tubifex worms and earthworms 

are excellent sources of protein 
o Sinking foods are preferred to floating foods 

• Frozen bloodworms, daphnia (water fleas) and rotifers are 
excellent protein sources and should comprise at least 5 percent of 
the offered diet 

• Cooked egg white can be used as a protein source.  It should not 
exceed 5 percent of the offered diet. 

• Alfalfa-based rabbit pellets may be used as a temporary diet if no 
other foods are available. 

 A complete tadpole diet will vary from species to species and depends on 
water quality in part.  However, a good starting diet consists of 5 oz of 
frozen thawed dark green leafy produce, 2 oz of frozen thawed peas, 5 oz 
of spirulina algae wafers, 2 oz high protein fish food, 2 oz frozen 
bloodworms. 

• All of these materials can be mixed together and frozen into small 
cubes for later use. 

• One 400 mg tablet of human-grade calcium carbonate and one 
multivitamin tablet should be ground into a powder and mixed into 
every pound of food. 

• One pound of the diet can be mixed together with hot water and 
one packet of unflavored gelatin to form more durable cubes that 
sink to the bottom of the water table 

o This may be kept in the refrigerator (45°F) for up to 5 days 
o If longer storage is desired, freeze the cubes.  This reduces 

the potency of some of the water-soluble vitamins. 
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• Food should be offered ad libitum.  This means that fresh food is 
constantly available for feeding throughout the entire day and 
night. 

• Uneaten decomposing food should be removed daily 
 Calcium is a critical supplement for the diet 

• Calcium carbonate blocks or calcium carbonate pills (designed for 
human consumption) should be scattered on the bottom of the 
enclosures even if the food has been supplemented with calcium. 

• Calcium hardness of the water needs to be high for most species of 
native Arizona Leopard Frogs.  Calcium supplements used to 
increase the hardness of water for freshwater tropical cichlids may 
be used.  Ranges of 350-450 ppm are appropriate. 

• Vitamin D3 supplements, such as used for supplementing the water 
source of feeder chickens, pigs or calves, may need to be added to 
the water in some instances if the diet was poor. 

o Types of food for froglets and juveniles 
 They feed well on domestic crickets, mealworm larvae, mealworm adult 

beetles, flightless houseflies, silkworm larvae, earthworms, small fish, and 
small roaches 

• Food must be offered alive 
• Since frogs often hunt more intensively at night, food items should 

be introduced to the enclosure at dusk, either just before or just 
after the lights over the enclosure have been turned off. 

• Insects should be dusted with calcium carbonate prior to feeding to 
increase the calcium content ingested by the frog 

• Insects should be dusted with a multivitamin powder once a week 
prior to feeding 

 In open air facilities a black light can be hung near the edge of the pond to 
attract wild night flying insects. The light should be hung low enough to 
the ground so the frogs can easily catch the flying insects, but high enough 
to attract insects from a distance. 

• Do not use this technique if there is a risk that pesticides are 
sprayed in nearby areas 

 
• Air Quality 

o If the air smells bad to you for any reason, it may contain chemicals that are 
harmful for amphibians 

 Do not smoke around amphibian enclosures 
 Avoid the use of strong smelling chemicals in the airspace around an 

enclosure 
 Make sure that the ventilation leading to the amphibian enclosure does not 

communicate with any space that has dangerous chemicals in the air 
o Water in enclosures should have sufficient aeration so that the larvae are not 

gasping for air at the top of the tank or looking distressed. 
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• Water Quality and Changing Schedule 
o The importance of appropriate water for raising young amphibians cannot be 

overstated.  Larval development and metamorphosis are incredibly complex and 
demanding life stages for amphibians.  In addition to diet, some dissolved 
substances in the water provide nutrients for growth of the larval amphibian.  
Conversely, some dissolved substances are toxic and create metabolic demands 
that can interfere with normal growth and metamorphosis. 

o Water samples from natural breeding sites should be analyzed for various 
parameters and efforts made to reproduce those parameters in the captive setting. 

 Unfortunately, many times there is little or no data about the water quality 
in situ.  The guidelines in Table 1 are settings that are applicable to most 
Leopard frog species native to Arizona. 

• Values should be adjusted if the species is known to inhabit hard 
alkaline water (e.g., limestone seep) or soft acidic water (e.g., 
sphagnum bogs, pine forests) or it is likely that larval growth and 
metamorphosis may be abnormal. 

o For example, Ramsey Canyon leopard frogs, Rana 
subaquavocalis, developed nutritional secondary 
hyperparathyroidism when maintained in water that had 
lower calcium hardness than the levels detected in natural 
breeding sites. 

• Simple dipstick water quality tests are readily available (Hach 
Company, PO Box 389, Loveland, CO 80539, phone (800) 227-
4224). 

o Changing Schedule 
 All holding containers should ideally be cleaned daily by siphoning off a 

minimum of 10 percent and a maximum of 50 percent of the water in the 
larvae holding containers, and then replacing it with one of the water types 
under water quality. 

 The frequency of water changes will depend on the stocking density of 
larvae and presence/absence of a filtration system. 

 Water for the froglets can be changed once a week to minimize stress as 
long as dead prey items are being skimmed daily. 

o Water Issues 
 If tap water is used for water, the faucet should be opened and run for a 

few minutes prior to collecting water.  This allows the residual water in 
the pipes that may have a high copper content to be flushed out of the 
system, 

• Tap water should be allowed to sit 24 or more hours in an open 
container to allow the chlorine to dissipate. 

• Aeration helps remove the chlorine quicker. 
• Check with your local water provider.  If chloramines are used to 

disinfect the water, you may need to use dechlorinating chemicals 
instead of aeration.  It may take 3-5 days for chloramines to be 
eliminated from the water by aeration 
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• Carbon filters can be placed in-line to eliminate the need for 
aeration to remove chlorine or chloramines 

o These filters need to be changed regularly 
o Water should be checked with chlorine test kits (e.g., Hach 

Company dry strips) to make sure the filters are functioning 
properly 

 Stream or pond water from which the animals originated is acceptable. 
• The water temperature may be raised to 95°F or higher to eliminate 

chytrid fungus 
During a water change, replacement water should be the same temperature as the 
water in the holding container to minimize stress. 
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Table F1.  Water quality parameters suitable for Arizona Leopard Frogs. 
 

Parameter Range Comments 
 
Frequency of 
Sampling 

   
Temperature 68-74°F Temperature may be maintained outside these ranges 

depending on the growth rate desired.  Gastrointestinal 
gas and slow development are signs of inappropriately 
low temperatures. 

  
Daily 

 
   
pH 7.8-9.0 Requires at least a 10 percent water change if outside this 

range.  If the pH is outside this range more than 3 days in 
a row, the filter media may need to be changed.  Lower 
pH to 6.5-7 for acidic species by adding peat moss.  
Higher pH may be achieved using calcium supplements or 
water quality supplements for alkaline-dwelling cichlid 
fish. 

 
Daily 

 
   
Ammonia Not to exceed 0.2 

ppm 
If outside this range, change water immediately.  Make 
sure uneaten food and organic debris are being removed 
frequently.  The volume of water to be changed depends 
on level of ammonia.  May need to add Amquel™ or 
other ammonia-neutralizer designed for tropical fish.  
Filter may need to be changed and new activated carbon 
added.  Even a minor rise in ammonia can cause 
immediate death or immunosuppression and subsequent 
outbreaks of infectious disease.  Ideally, ammonia levels 
should never exceed 0.1 ppm 

 
Daily 

 
   
Nitrite Not to exceed 0.1 

ppm 
Requires at least a 10 percent water change if above this 
limit.  Make sure uneaten food and debris are removed.  
Filter may need to be changed. Every 2 or 3 days 
  

   
Nitrate Not to exceed 10 

ppm 
Requires at least a 10 percent water change if above this 
limit.  Make sure uneaten food and debris are removed.  
Filter may need to be changed. Every 2 or 3 days 
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Parameter Range Comments 
 
Frequency of 
Sampling 

Total Hardness Not to drop below 
350 ppm 

Specimens may show white plaques if hardness is too 
high.  Change water and refill with distilled or deionized 
water if hardness is too high.  Add calcium blocks or 
cuttle bone if hardness is too low.  Water supplements 
designed for hardwater (alkaline) cichlid fish may be used 
to increase hardness instead. 

 
Every 7 days 

 
   
Calcium 
Hardness 

Not to be less 
than 

See comments for total hardness.   

Total Hardness 
 
Every 7 days 
 

   
Alkalinity  50-100 ppm See comments for total hardness.  

  
Every 7 days 
 

   
Free Chlorine Not to exceed 0 

ppm after water 
change 

Chlorine-free water should be used to prepare an 
enclosure.  Any detected chlorine indicates that the carbon 
filter on the water supply line needs to be changed.  
Dechlorinating agents such as sodium thiosulfate may be 
added if it is impractical to change water. 

 

   
See comments for free chlorine. Total Chlorine Not to exceed 0 

ppm after water 
change 
 

   
See comments for copper. Iron Not to exceed 2 

ppm after water 
change 
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Captive Release Protocol For Larvae, Juvenile and Adult Leopard Frogs Native to Arizona   
 
• Qualifications For A Release Program 

o No mortalities in the release group during the previous 30 days 
 Release groups may be defined as groups of frogs or larvae confined to an 

individual container, such as a fish tank, at a rearing facility 
 No “cause of death unknown” or diagnosis of contagious disease as cause of 

death for 30 days prior to release. 
 All mortalities should be examined by a pathologist skilled in diagnosing 

amphibian diseases. 
• If sections of skin are submitted to the pathologist (instead of the 

whole animal), the sections should include at least 2 pieces of skin 
from the ventral pelvic region and/or ventral hind limb and/or feet or 
toes. 

• Each release group should be screened by PCR tests to identify chytrid 
fungus at least 30 days prior to release 

o Only chytrid-negative groups should be released 
o No unthriftiness or diagnosed illness in the release group during the previous 30 days. 

 No obvious physical abnormalities – missing limbs, deformities of long bones, 
vertebral scoliosis or kyphosis, corneal lesions, skin lesions – detected. 

 Diagnosis of certain diseases, such as mycobacteriosis, in a single individual 
may render the entire group unfit for release. 

o No medical treatments of the release group during the previous 30 days. 
o All animals designated for release should be in permanent quarantine to prevent 

exposure to novel pathogens. 
 Open enclosures which allow access of free-ranging insects and other food 

animals are still considered quarantine as long as there is a low risk of other 
amphibians entering the facility 

 Staff caring for animals known to harbor diseases communicable to leopard 
frogs (including but not limited to other amphibians) should have no contact 
with quarantined leopard frogs.  If this is not practical: 

• Caregivers should work the leopard frogs first before they have cared 
for other animals. 

• Caregivers that have contacted other animals either as part of their job 
or as pets should “shower in” and change clothes before entering the 
leopard frog facility. 

 If a wild population has a known incidence of a given infectious agent (e.g. 
Lucke’s herpesvirus), it may be safe to assume that released animals with that 
agent represent an acceptably low risk. 

o All enclosures should be worked with separate tools and equipment to reduce cross-
transmission. 

 Disposable gloves should be worn and new ones used for each enclosure. 
 Any enclosures with unthrifty animals should be worked last. 

o Water quality logs should be maintained. Adjustment to release site water conditions 
should occur 30 days prior to release. 
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 Animals that have recently been exposed to ammonia or nitrite spikes within 
30 days of may be under substantial stress.  Potential impact should be 
discussed with all parties involved before a release is approved. 

 
• Pre-Release Screening Protocol (Up to 30 Days Prior to Release) 

o Depending on the size and life stage of the specimens to be released as well as the 
number of specimens destined to be released, a random sample of animals may need 
to be assessed rather than an individual assessment of all animals within a group. 

o Data to be obtained and evaluated 
 Obtain weight 
 Perform physical exam 

• Note body position 
• Alertness 
• Nose-to-toes visual examination 

o Note any abnormalities 
o Pay special attention to the musculoskeletal system for obvious 

bony abnormalities (e.g., long bone curvature or asymmetry, 
spinal curvature, mandibular bowing, etc.). 

 Obtain skin scrape sample for chytrid PCR testing 
• Only animals testing negative within 30 days of release should be 

released 
• Positive animals should be treated 

 If post-release monitoring is scheduled, mark animal with permanent or 
temporary technique consistent with goals of monitoring program. 

• Toe clip 
o Toe clip may be saved for chytrid histopathology, DNA 

banking or frozen for future pathogen recovery attempts. 
• PIT tags 

o Intracoelomic placement may not be permanent 
o Subcutaneous placement may need surgical glue closure of 

injection site to prevent tag loss 
• Injectable elastomeres 

 
• Pre-Release Activities (10 Days and 2 Days Before Release) 

o Chytrid fungus prophylacis 
 Soak in an antifungal solution 10 days and 2 days prior to release (or packing 

for transport for release) 
• If this has never been used on this species before, try the treatment on 

a few individuals well ahead of time to determine tolerance. 
• Use one of the following two treatments. 

o Itraconazole: diluted to 0.01 percent concentration in 0.6 
percent saline (Sporanox, Janssen Pharmaceutica, Titusville, 
New Jersey).  Rx: Add 10 ml of a 1% itraconazole solution to 
990 ml of 0.6% saline [6 g NaCl added to 1 liter of water]. 
Soak frogs for 1 hour. 
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o Miconazole: diluted to 0.01 percent concentration in 0.6 
percent saline as alternative (Conofite lotion, Schering-Plough 
Animal Health Corp., Union, New Jersey) for up to 1 hr. This 
solution is generally not tolerated as well as itraconazole since 
it contains alcohol. 

 
• Immediate Pre-Release Activities (At Time of Packing for Transport) 

o Do a visual assessment of animals and approve or reject packing for transport. 
o Antibacterial prophylaxis 

 If this has never been done before, try the treatment on a few individuals well 
ahead of time to determine tolerance. 

 Dip in benzalkonium chloride (2.0 mg/l).  Rx Large batches: Add 0.5 ml of a 
50% benzalkonium chloride solution to 125 liters of water [~33 gallons]. Soak 
frogs for 15 to 20 seconds.  Rx Small batches: This is best done in 2 dilutions. 
1) Solution A. Add 0.5 ml of a 50% benzalkonium chloride solution to 5 liters 
of water. 2) 40 ml of solution A to 1 liter of water. Soak frogs for 15 to 20 
seconds.  

 Rinse with fresh water before packing animal. 
 Repeat visual assessment and approve or reject for packing for transport 

 
• Activities At Release Site 

o Do a final visual assessment of animals and approve or reject release. 
o Aquatic life stages 

 Equilibrate water temperature and chemistries of transport container with 
release site water 

• Float containers in release site water for at least 30 minutes 
• Do a 50 percent water change with release site water and wait for 10 

minutes 
• Release all animals that appear to behave normally 

o Terrestrial life stages 
 Equilibrate container temperature with release site temperature 

• Sit containers in shaded location for at least 30 minutes  
 Release all animals that appear to behave normally 
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APPENDIX G 
 

Field Work Disease Prevention Protocol  
 

 
All resource and land management agencies, researchers, and others conducting aquatic 
monitoring or research are encouraged to follow this protocol to prevent or reduce the spread of 
amphibian and other aquatic borne diseases. This protocol for working in wetland habitats is 
adapted from the Declining Amphibian Populations Task Force Fieldwork Code of Practice, 
which provides guidelines for use by anyone conducting fieldwork in amphibian or other aquatic 
habitats. Chytrid fungus, iridoviruses, and other highly contagious and deadly diseases are being 
reported worldwide, and may be a significant cause of amphibian population declines. Pathogens 
such as chytrid fungus can easily be transferred between habitats on equipment and footwear of 
fieldworkers, spreading to new locations containing species that have little or no resistance to the 
organisms. It is vitally important for anyone involved in amphibian research and other types of 
wetland studies, including those on fish, bats, invertebrates and plants, to take steps to prevent 
the introduction of disease agents and parasites. For further Declining Amphibian Populations 
Task Force information, see http://www.open.ac.uk/daptf/index.htm (website current as of March 
2004). 
 
Requirements for Working in Wetland and Aquatic Systems 
 

• Dedicated equipment will be used by staff, crews, and permitees frequently working in 
springs occupied by Chiricahua leopard frogs. This includes footwear. Dedicated 
equipment will be cleaned and stored separately. 

 
• Equipment which cannot be duplicated or can be easily cleaned must be disinfected 

between visits to springs. Equipment will be rinsed and all debris removed. Surfaces, 
which should appear clean, will be scrubbed with one of the following solutions: 

o 1) rinsing with 1 percent sodium hypochlorite (household bleach); 
o 2) 20-second exposure to 70 percent ethanol or 1 mg/ml benzalkonium chloride; 
o 3) desiccation and exposure to 50-60°C heat for 30 minutes; 
o 4) 0.012 percent Path-X™ or 0.008 percent quaternary ammonium compound 128 

(both containing DDAC, didecyl dimethyl ammonium chloride as active 
ingredient) 

o Solution concentrations from Johnson, ML, L Berger, L Philips and R, Speare. 
2003. Fungicidal effects of chemical disinfectants, UV light, desiccation and heat 
on the amphibian chytrid Batrachochytrium dendrobatidis. Diseases of Aquatic 
Organisms 57:255-260. 

 
• Following disinfection, equipment should be rinsed copiously with tap water. 

 
• Footwear belonging to occasional users must be completely cleaned before and between 

visiting spring sites, with special attention paid to grips, cleats, and laces. Felt-bottomed 
wader boots are very difficult to clean completely and should be avoided whenever 
possible. To further reduce the risk of disease transfer, all equipment will be completely 
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dried before re-use. Bat and bird netting which has remained out of the water does not 
have to be wetted. Poles and stakes need to be completely cleaned as above. Trowels 
used to collect plants need to be dedicated or completely disinfected between springs. 

 
• In remote locations, clean all equipment as described above upon return to the lab or base 

camp. If disinfecting in the field is necessary, sanitize all items before arriving at the next 
location. Do not use solutions in the immediate vicinity of the springs or in other habitats. 
Used cleaning materials (including liquids) must be disposed of safely and if necessary 
taken back to the lab for proper disposal. 

 
• When animals are collected, separation of specimens from different sites will be ensured 

and great care taken to avoid indirect contact between them (e.g. via handling, reuse of 
containers) or with other captive animals. Isolation from unsterilized plants or soils that 
have been taken from other sites is also essential. 

 
• Amphibians that are headstarted for release into refugia will be grown using clean lab 

methods (i.e., quarantine) and disinfected prior to release. 
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APPENDIX H 
 

Watershed and Channel Processes that Support Aquatic and Riparian Ecosystems and 
Chiricahua Leopard Frog Habitat 

 
 
Hydrologic and geomorphic processes (groundwater, surface water, channel, and watershed 
processes) are intricately related to the form, function, and condition of aquatic and riparian 
ecosystems – ecosystems that provide essential suitable habitat for the Chiricahua leopard frog.  
This Appendix explains the watershed framework and its relevance to Chiricahua leopard frog 
recovery; discusses suitable habitat for the Chiricahua leopard frog in terms of the hydrologic 
and geomorphic processes that sustain such habitat, the natural ranges of variation in these 
processes, and the human-induced changes that have occurred to these habitats.  We also 
summarize pertinent watershed and stream assessment methodologies, provide suggestions on 
how to prioritize sites for restoration based on watershed principles, and provide general 
guidance on how to develop a restoration plan.  
 
Watershed Delineation 
 
Watersheds are drainage basins - portions of the surface that collect runoff from the surface, 
concentrate it into channels, and conduct the resulting flow to a definable outlet.  Simply stated, 
a watershed is the total area above a given point that contributes water to that point.  Watershed 
concepts are those analytical and management principles for which the application relates 
directly to a geographic region defined by a drainage area.  For many decades, watersheds have 
been used as a convenient geographic unit for studies of how natural and human-caused activities 
affect water quality and quantity at specific points on a stream and on particular water bodies 
(Omernick 2003).   
 
The Chiricahua leopard frog is primarily an aquatic species; hence, watersheds may serve well as 
regions for analysis, decision-making, and management for recovery of the frog.  However, 
watershed boundaries are permeable – disease, frogs, and water (through artificial transfers) can 
cross watershed boundaries.  A number of extant Chiricahua leopard frog sites are located near 
watershed divides in headwater areas where relief is small and frogs may easily cross the divide. 
Watershed boundaries are also permeable in that artificial transfers of water among watersheds 
are common.  Disease vectors also cross watershed boundaries.  Therefore, planning and 
management considerations may need to extend beyond the physical watershed boundaries. 
 
Large watersheds are aggregations of smaller watersheds, producing a natural hierarchy.  
Definition of the watersheds and river basins of the Southwest is standardized among Federal 
and state agencies by the National Water Resources Council and the U.S. Geological Survey, 
who have created a series of watershed outlines (U.S. Water Resources Council 1978).  This 
standard approach uses a hierarchical series of numbered hydrologic units (HUs), with each unit 
being a watershed, a part of a watershed, or a collection of watersheds (Seaber et al. 1987). The 
identification numbers, called hydrologic unit codes (HUCs), use two digits for the largest 
divisions or regions, four digits for subdivisions, and six, eight, ten, and, in some locations, 12 
digits for still finer subdivisions.  
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The largest divisions in the HU classification system are 21 water resource regions, which cover 
the entire U.S., with each region containing either an entire river basin or a series of closely 
related basins, each identified with a two digit hydrologic code. The regions covering the range 
of the Chiricahua leopard frog include the Rio Grande (region number 13), Upper Colorado 
River (14), and Lower Colorado River (15), though not all of this area is current or historical 
Chiricahua leopard frog habitat. 
  
The creators of the HU maps subdivided the water resource regions into planning subregions, 
designated with 4-digit code numbers; 6-digit code numbers identify the members of a still finer 
subdivision consisting of accounting units. The accounting units are divided into smaller 
subdivisions, or cataloging units, identified by 8-digit code numbers. The 21 water resource 
regions of the nation contain 2,150 of the 8-digit units, which have an average drainage area of 
about 1,750 km2 (700 mi2).  These units provide a standardized base for use by water-resources 
organizations in locating, storing, retrieving, and exchanging hydrologic data; in indexing and 
inventorying hydrologic data and information; in cataloging water-data acquisitions activities; 
and in a variety of other applications (Seaber et al. 1987).  Other agencies, particularly the 
Natural Resource Conservation Service, have divided the 8-digit cataloging units into 10-digit 
hydrologic units, known as 10-digit HUs (formerly known as 11-digit HUs) 
(http://www.az.nrcs.usda.gov/technical/gis/index.html).  The hydrologic units shown on maps, as 
delineated by this hierarchical subdivision, are commonly referred to as HUCs, even though the 
codes are merely identifiers for the units at their particular hierarchical levels (Omernik 2003).  It 
is more accurate to refer to the hydrologic units as HUs. 
 
Ten-digit HUs are the smallest widely-available subdivision. Although the term HU and 
watershed may be used interchangeably in this recovery plan and were often used in delineation 
of RUs and MAs, it must be remembered that HUs are not in all cases true watersheds, but may 
be a part of a watershed, with flow into the HU from upstream areas. Because of the 
aforementioned permeability of watershed boundaries – to disease, to water transfers, and 
sometimes to frogs themselves - RU and MA boundaries do not always correspond to watershed 
boundaries.       
 
Reviews of water-related resource management by the National Academy of Sciences (National 
Research Council 1999) and by a Presidential commission on western water (Western Water 
Policy Review Advisory Commission 1998) recommend watersheds as the spatial framework for 
planning and management of water and water-related resources.  Though the utility of using 
watersheds for study of land/water relationships is apparent, watersheds as an ideal unit for 
ecosystem management is not as well understood and may be inappropriate (Omernik 2003).  
Omernik (2003) points out that the choice depends on what one is studying and on the objectives 
of the study, and notes that the strength and limitations of watersheds and HUs must be clarified 
and understood.  
 
Watersheds can be used as an analytical and management unit when the physical system makes 
sense to do so.  Regardless of the management unit, it is a fact that land and water uses that occur 
upstream from a site have the potential to alter the hydrologic regime at the site - i.e. water and 
sediment delivery - in ways that may be either detrimental or beneficial to the frog and its 
habitat.  Land and water uses that occur within a one-mile radius of a site - both upstream and 
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downstream and across upland areas – are likely to have the most immediate effect and require 
strong examination as there may be either negative or positive consequences to frog populations 
and habitat. 
 
In the past several years, frogs have been observed, and are believed to still occur, in 42 different 
10-digit HUs – 24 HUs in Arizona and 18 HUs in New Mexico.  Historically, including all 
documented observations, frogs occurred in 95 different 10-digit HUs in the U.S. – 49 in Arizona 
and 46 in New Mexico.  Historical data go back to the 1920’s, though most of the observations 
were made from the 1970’s to the present.  Frogs were probably more widely distributed in pre-
European times than is indicated by these historical observations. 
 
Management Areas (MAs) 
 
MAs have been delineated in Arizona and in New Mexico (see Appendix B).  Two MAs have 
also been delineated entirely in Sonora, and others straddle the Arizona-Sonora border.  In some 
cases, MAs correspond to 10-digit HUs and in other cases, MAs may consist of only part of a 10-
digit HU or may span parts of several 10-digit HUs.  In New Mexico, the entire 10-digit HU 
containing occupied and potential habitat was typically designated as the MA.  In Arizona, MAs 
were often delineated as parts of a HU or HUs.  MAs in relation to occupied 10-digit HUs are 
shown in Figures H1 and H2, which also show sites with frogs likely present. 
 
There are 36 MAs in the U.S. and two entirely in Mexico.  In the southern U.S. portion of the 
frog’s range, there are 16 MAs that range in size from 98 to 268 square miles (Figure H1).  In the 
northern portion of the frog’s range, there are 20 MAs that range in size from 68 to 909 square 
miles (Figure H2).   MAs delineate those areas where the recovery team believes there is large 
potential for successful recovery.   MAs contain extant populations or sites where habitats will be 
restored or created, and populations of frogs established or reestablished. 
 
To examine more closely the relationship between MAs and watersheds, we will use MA 2 
(MA2) – the Pajarito Wilderness – as an example.  MA2 is in Recovery Unit 1 and crosses the 
U.S.-Mexico (Arizona-Sonora) border (Figure H3, Map 1).  In the U.S., MA2 corresponds to the 
10-digit hydrologic unit known as Rio Altar Headwaters, which contains the Sycamore Creek 
watershed (Figure H3, Map 2).  The Sycamore Creek watershed is an important location for 
extant Chiricahua leopard frogs, which most likely functions as a hub of a metapopulation.  
Thus, the Sycamore Canyon watershed is an important area for protection of existing frog 
populations and may contain locations of suitable habitat that are currently not occupied but 
could support reestablished populations.  When one looks closely at the Sycamore Canyon 
watershed, it can be seen that smaller nested watersheds can be delineated for each extant 
population (Figure H3, Map 3).  For instance, activities in the relatively small watersheds of two 
occupied stock tanks in the Sycamore Canyon watershed (85 and 32 acres – see delineated 
watersheds in Figure H3, map 3) can have the most direct impact on the frogs and their habitat, 
whether those activities consist of natural ones (e.g. flooding and sedimentation) or human-
induced (e.g. mining, road construction).  Although MA1 is the area delineated for management 
purposes, each individual site should be considered in the context of its immediate watershed. 
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Frogs currently often occur at springs and stock tanks that are in the upper reaches of watersheds, 
where the local watershed is small and thus fairly isolated – i.e. there is little upstream area.  
These populations may be the easiest to control, with respect to upstream impacts.  However, 
there are numerous populations, some in Arizona and more in New Mexico, that are still extant 
in stream systems that have appreciable upstream watershed area.  For example, the population 
that occurs in the main stem of Sycamore Creek has an upstream watershed area of about 4,600 
acres.  The population that occurs on the middle San Francisco River has an upstream watershed 
area of over 1,200 square miles.  Although all upstream activities have the potential to affect 
water and sediment delivery at a particular site, the nearer an activity occurs to a site, the larger 
is the potential to affect the site.  It is true that management may be simpler for a site with a 32-
acre watershed than for a site with a 1,200-square mile watershed.  This is, no doubt, a major 
reason that remaining Chiricahua leopard frogs occur in relatively isolated locations near the 
headwaters of stream systems.  However, it is important to maintain and recover populations in 
small watersheds as well as larger watersheds.  Numerous local populations scattered through a 
relatively large watershed area can function as a metapopulation, and protection and 
reestablishment of such populations is important to recovery.     
 
 
WATERSHED PROCESSES 
 
The term watershed processes, in its simplest form, refers to rainfall-runoff processes.  However, 
there are a host of interconnected processes occurring at the watershed scale.  The section below 
briefly describes these processes and provides references for additional reading. 
 
Runoff Processes and Streamflow 
 
Precipitation falling to the Earth may evaporate, be transpired by plants, infiltrate the soil surface 
and percolate downward through the soil profile to become subflow to perennial streams or to 
recharge groundwater aquifers, or it may runoff the surface and be converted to streamflow.  In 
the southwestern U.S., only about 5 to 15 percent of average annual precipitation is converted 
into streamflow (Ffolliott et al. 2004).  In well-drained forested watersheds in mesic regions, 
such as the eastern U.S., precipitation tends to move vertically into the soil profile and then 
laterally through the soil to stream channels.  In the Southwest, vegetation is sparse, soils are 
shallow with low permeability, and high-intensity rain storms often exceed the infiltration 
capacities of soils, making overland flow the dominant process in moving excess water into 
stream channels (Marti et al. 2000).  Rapid water level rises in streams recharge dry streambeds, 
resulting in large transmission losses, i.e. losses of streamflow to bank storage and channel 
bottoms when streamflow is first initiated in intermittent or ephemeral streams.  Bank storage is 
also an important process on perennial streams, when flood flows raise the water level much 
higher than normal base flow, recharging the floodplain.  
 
Although groundwater does not respond as quickly to precipitation as does streamflow, because 
of the longer pathways involved, rapid water level rise may occur following a precipitation and 
streamflow event in areas with shallow groundwater.  Rapid water level rise is observed beneath 
an ephemeral reach of the San Pedro River, Arizona, following flow events in the river (Figure 
H4).  When groundwater level is sufficiently high to intersect the bottom of a stream channel, 
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groundwater discharge to the stream channel occurs.  If groundwater discharge to the stream 
occurs year round, the stream is said to be perennial.  If groundwater discharge to the stream 
occurs in some seasons, but not year round, the stream is said to be intermittent.  Ephemeral 
streams are those that flow only in direct response to surface water runoff; i.e. the top of the 
groundwater (water table) does not intersect the bottoms of ephemeral stream channels.  In some 
cases in arid regions, the top of the groundwater may be several hundred feet below the bottom 
of ephemeral stream channels (i.e. washes).  Typically, in valley bottoms in regions without 
large-scale groundwater development by humans, the groundwater either intersects the bottom of 
the stream channel or occurs at a fairly shallow depth beneath the stream channel.  In valleys 
with shallow groundwater but without perennial streamflow, groundwater may still be 
sufficiently shallow to provide sub-irrigation to the deeper-rooted vegetation. 
 
The larger the watershed area, the greater the volumes and peak flows of streams and rivers 
(Baker 1986).  Round watersheds, as opposed to those that are more elongated, concentrate 
rainfall-induced streamflows more quickly at the outlet, so there is little difference between 
rainfall-induced streamflows and those from snowmelt.  Streamflow response to rainfall is 
quicker and peak flows are higher on high-elevation watersheds with steep hillslopes and 
channel gradients than on low-elevation watersheds with gentle hillslopes.  Amounts and rates of 
overland flow from rainfall storms are higher on watersheds with soils of volcanic origin than on 
watersheds with sedimentary soils (Ffolliott et al. 2004).  The greater the intensity and the longer 
the duration of rainfall, the higher the magnitude of the resulting streamflow.  When soils in a 
watershed are already wet from an earlier rainfall event, subsequent events produce a greater 
volume of streamflow than a comparable precipitation event would produce on a dry watershed.   
 
Snow melt events at high elevations are a major contributor to annual streamflow (Baker et al. 
2000).  Flow response to snowmelt in intermittent and ephemeral streams can last for several 
days or weeks.  Rain-on-snow events, while major streamflow generators when they occur, 
represent less than 10 percent of the individual streamflow generation events in the Southwest 
region (Ffolliott et al. 2004). 
 
Precipitation and watershed characteristics combine to affect the magnitude and duration of 
streamflow response.  Human activities can result in changes to watershed and stream channel 
conditions, which can affect streamflow response.   
 
Erosion and Sediment Transport 
 
Stream channels evolve to transport the water and sediment delivered to them by their watershed.  
On the long journey from watershed divides to the oceans, all rivers must transport the erosional 
products of their source basins, while maintaining their own competence for self-perpetuation.  
As the drainage or watershed areas enlarge, so do the requirements for streamflow and sediment 
transport.   
 
Upland erosion processes, streambank erosion, and channel scour produce the sediments that are 
entrained in streamflows.  Dynamic and complex fluvial processes and hydraulic factors are 
involved in the intermittent transport and deposition of sediments.  The episodic transport of 
sediments through stream channels in the Southwest mirrors the episodic streamflow patterns 
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typical of the region (Lopes et al. 2001).  Although the energy available from snowmelt-runoff 
events to move soil particles is relatively low, much of the annual total production of sediments 
is a result of these events. The largest sediment loads transported in single hydrological events 
are associated with the high-intensity, short-duration and mostly convectional rainfall occurring 
at all elevations during late summer to early fall.  Streamflow duration in these events is typically 
limited to hours or at most a few days.   
 
Sediment transport in a stream is comprised of two components:  suspended sediment and 
bedload.  Bedload is that portion of the sediment load that is too large to be carried in suspension 
by a given flow, and thus moves along the bottom of the stream in a bouncing sort of motion.  
Although as much as 90 percent of the total sediment load that moves through stream systems in 
the Southwest region is comprised of suspended sediments (Ffolliott et al. 2004), the bedload 
component is more important in the structure and function of a stream  (DeBano et al. 1996).  
Downstream movement of bedload involves channel erosion and sediment deposition, which 
affects the stability of the channel.  In the Southwest, the transport of sediment in streams and 
rivers is characterized as alternating pulses of aggradation (deposition) and degradation (erosion) 
that are punctuated by periods of inactivity (Ffolliott et al. 2004).     
 
Riparian Vegetation Dynamics 
 
Riparian zones provide key services for all ecosystems, but are especially important in dry 
regions, where they provide the main source of moisture for plants and wildlife, and the main 
source of water for downstream plant, animal, and human communities.  These services are 
highly dependent on streambanks and floodplains being in a vegetated and relatively undisturbed 
state (Belsky et al. 1999).  A healthy riparian area maintains a dynamic equilibrium between the 
streamflow forces acting to produce change and the vegetation, geomorphic, and structural 
resistance to this change (Baker et al. 2004). Topography of the riparian corridors is rearranged 
during alternating cycles of deposition and erosion, precluding the development of a stable 
organic soil horizon or a well developed soil profile, and resulting in a soil that reflects the 
depositional patterns and history of channel flows.  Rooted streamside plants retard streambank 
erosion, filter sediments from the water, build up and stabilize streambanks and streambeds, and 
provide shade, food, and nutrients for aquatic and riparian species.  Healthy riparian areas act as 
giant sponges during flood events, raising water tables and maintaining a source of streamflow 
during dry seasons.  The result is a more stable streamflow throughout the year (U.S. General 
Accounting Office 1988).   
 
Disturbance 
 
Riparian ecosystems are subject to and have evolved with extreme natural disturbance.  This 
disturbance, in the form of large floods transporting large sediment loads, are necessary to the 
recruitment of riparian vegetation, the rewatering and recharge of floodplain sediments, and the 
maintenance of off-channel wetlands.  When a riparian ecosystem is functioning in a stable 
channel balance between channel deposition and downcutting by erosion, this is termed dynamic 
equilibrium or stable channel condition (Lane 1955).  The variables in this process are sediment 
discharge, stream discharge, particle size, and channel slope.  A change in any one of these 
variables sets up a series of mutual adjustments in the companion variables with a resulting 
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direct change in the characteristics of the river.  When a riparian ecosystem is functioning in 
dynamic equilibrium, it is sufficiently stable that compensating internal adjustments occur 
among these variables without producing changes that overwhelm this equilibrium, i.e. the 
channel is able to transport the water and sediment delivered to it by its watershed without undue 
erosion or deposition.  Because of the episodic nature of streamflow and sediment transport in 
southwestern watersheds, local deposition or erosion may occur in short stream reaches while a 
plug of sediment is being moved through, but overall, the stream is maintaining dynamic 
equilibrium. 
 
Cattle cause more damage to riparian areas than their often small numbers would suggest.  Cattle 
tend to avoid hot, dry environments and congregate in wet areas for water and forage.  Damage 
caused by cattle to riparian areas and stream habitats in the Southwest can be separated into those 
that occur at the stream reach level and those that occur at the watershed or regional level 
(Belsky et al. 1999).  Excessive grazing by livestock has depleted the herbaceous cover of forage 
plants and affected the regulating effects of vegetation on soils, streamflow, water quality, and 
fluvial geomorphology in some riparian corridors (DeBano et al. 1999; Cartron et al. 2000; 
DeBano et al. 1996).  Effects of grazing on aquatic habitat include increased sedimentation, 
which may fill pools and bury riffles, reduction of streambank stability and hence loss of 
undercut banks, loss of streamside vegetation, and widening and shallowing of the stream 
channel – all these influences result in decreased heterogeneity in aquatic habitat.   
 
Livestock grazing has been reduced or largely eliminated from many riparian corridors on public 
lands in the U.S.  However, these corridors are still affected by elk and other ungulates.  Where 
excessive livestock grazing has occurred in the past but has been removed, the stream channels 
may still be recovering from the effects of that grazing and may still show instability. 
 
Wildfires occurring in the surrounding watershed may spread to riparian areas.  Under severe 
conditions, wildfires can cause widespread damage to vegetation and soil and thereby disrupt the 
hydrologic function of riparian systems, even if fire did not directly burn in the riparian area 
(DeBano et al. 1998).  Storm runoff increases following a fire because of greater contribution 
from overland flow, which is increased due to loss of cover and reduced infiltration.  Peak flows 
after burning have increased 500 to 2,500 percent in ponderosa pine forests (Campbell et al. 
1977; Rich 1962) and 20 to 45,000 percent in chaparral shrublands (Sinclair and Hamilton 1955; 
Glendening  et al. 1961).  Increased peak flows and entrained sediments often overwhelm the 
dynamic equilibrium of a stream system, causing excessive erosion in higher gradient areas and 
excessive deposition in lower-gradient areas.  Channels and banks may be scoured, floodplains 
rearranged, vegetation removed, pools filled in, riffles buried, and high turbidity may result in 
perennial streams downstream from locations of catastrophic wildfire.  As the watershed 
revegetates and soils stabilize, peak flows will reduce and the channel will gradually restore 
itself to a new dynamic equilibrium.  
  
Hydrologic and Geomorphic Underpinnings of Suitable Habitat for the Chiricahua 
Leopard Frog 
 
Although the Chiricahua leopard frog is, within the realm of aquatic beings, a habitat generalist, 
it has been increasingly relegated to an increasingly narrow habitat niche.  Caught between the 
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massive loss of habitat that has historically occurred on the large river systems (due to the 
human-induced drying of these systems and the invasion of the remaining waters by non-native 
predaceous species) and the more recent drought induced drying, the frog has been eking out a 
living in the remaining smaller creek, spring, and stock tank systems.  These systems often 
exhibit poor conditions (due to various human uses) and may be subject to occasional drying, 
especially during drought years.  In fact, in many parts of southern Arizona and the “boot heel” 
of New Mexico, the highly arid portion of its range, the frog is currently found predominantly in 
artificial features, such as stock tanks, drinkers, and spring boxes.  In the relatively wetter portion 
of its range, the eastern Mogollon Rim area of Arizona and the Gila Mountains of southwestern 
New Mexico, frogs occur in higher proportions in natural habitats, as well as in artificial 
features.   
 
The occasional drying episodes, if of short duration, may benefit the Chiricahua leopard frog 
because they are slightly more resistant to drying than are bullfrogs and certainly more so than 
non-native predacious fish species.  However, Chiricahua leopard frogs are not highly resistant 
to drying themselves; therefore, complete loss of moisture from their environment can cause loss 
of frog populations. 
 
There is a strong desire among many of those involved in ranid frog conservation and recovery 
to get them back into a more natural environment, in part because natural systems have a higher 
drought tolerance, tend to be self-sustaining, and can often support larger populations than small 
artificial systems such as stock tanks; which bodes well for species longevity and recovery, and 
also because the ability of the frog to sustain itself in a natural environment is a strong indication 
of the health of that environment.  The task is daunting; however, considering the scarcity of 
water, the current condition of many of the watersheds and their associated channels, the 
multiple use mandate of public land, the scarcity of funding for restoration, and the conflicting 
needs and values within the land management agencies and among the public land users.   
 
The Chiricahua leopard frog had most probably disappeared from much of its historical range by 
the time biologists starting looking for it (see Reasons for Listing/Treats – Degradation and Loss 
of Habitat, page 33).  On the big river systems in Arizona (the Colorado, Salt, Verde, and Gila 
rivers), 90 percent of natural (unregulated) perennial flow has been lost (Figure H5) due to 
damming, diversion, groundwater pumping, and watershed and channel degradation.  
Throughout Arizona, including creeks and streams at higher elevations, at least 35 percent of 
natural perennial flow has been lost (Figure H5).  Such massive loss of flow and associated 
habitat took a toll on native species, including ranid frogs.  The introduction of predatory non-
native species, such as American bullfrog and various sport fish species, to the remaining 
permanent water in the remaining large, bottomland river systems and cienegas essentially 
destroyed those systems as ranid frog habitat, too, leaving only the higher elevation tributary 
streams and a few isolated pockets in bottomland systems as refugia.   
 
Beginning in the late 1800s, morphology of bottomland rivers underwent a marked change.  In 
many locations, meandering, marshy stream bottoms became incised - resulting in increased 
stream gradient, increased erosion, and lowered groundwater levels - with the resultant 
destruction of many off-channel wetlands and headwater cienegas and associated habitats 
(Hendrickson and Minckley 1984).  These low-energy off-channel and headwater habitats were 
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most likely the preferred habitat for Chiricahua leopard frog, allowing for a diversity of micro-
habitats, protection from predators, and relative habitat stability for egg-laying and tadpole and 
metamorph development.  Evidence of such habitat preference may be seen among lowland 
leopard frogs, a closely related species, at locations such as Aravaipa Creek in the Aravaipa 
Wilderness and Hot Springs Creek in the Muleshoe Cooperative Management Area – when 
walking the main flowing creek, few frogs are seen, but when one encounters quite, stable off-
channel pools, leopard frogs abound. 
 
Given the habitat changes, the multiple use mandates of public lands, the private property rights 
of private lands, and limited budgets, how do we best go about Chiricahua leopard frog recovery 
– protection and restoration of habitat - from a hydrological and geomorphological perspective? 
 
STREAM AND WATERSHED ASSESSMENT 
 
Riparian and aquatic ecosystems are strongly influenced by the diversity and health of 
surrounding upland ecosystems.  Assessment of watershed conditions, including hydrological 
sub-basin conditions, is a fundamental component of riparian management (Garrett et al. 2002).  
Numerous guidance documents have been developed pertaining to assessment of bottomland 
ecosystems - channel, riparian habitat, and watershed conditions.  Each governmental agency – 
the USFS, BLM, U.S. Environmental Protection Agency, NRCS, and NPS – has their preferred 
methods.  Attachment 1 at the end of this appendix provides a summary of some of the available 
guidance documents.  There is no one method that is superior to all the others.  It is 
recommended that any assessment method that is used consider criteria (indicators) that can be 
used to prioritize riparian habitat management, recognizing four major categories of criteria that 
influence riparian/fluvial ecosystem management: hydrology (including geochemistry and 
geomorphology), ecological health, cultural resources, and socio-economic variables.  
 
Sites considered for recovery should provide or have the potential to provide, through habitat 
restoration or creation, “suitable” habitat for Chiricahua leopard frogs.  Suitability is defined in 
the glossary (Appendix K), and further described in “Habitat Characteristics/Ecosystems” in Part 
1; and Attachment 1 of Appendix E.   
 
Stream and watershed assessments may be undertaken for any number of purposes including, but 
not necessarily limited to, fisheries management, threatened or endangered species recovery 
plans, drinking water source assessment, watershed/land-use planning, compliance monitoring 
for State or Federal permits, or for reporting and documenting the status and trends affecting 
local, regional, or national water quality and stream habitat.  With respect to Chiricahua leopard 
frog recovery, stream and watershed assessment may be undertaken to establish the condition 
and trend of watersheds or stream reaches that contain occupied habitat; to delineate the extent, 
condition, and trend of watersheds or stream reaches that support suitable but unoccupied 
habitat; to prioritize watersheds or stream reaches for reintroduction; and to assess the extent of 
stream enhancement or restoration projects that would be required prior to reestablishment. 
 
There has been a proliferation of stream assessment protocols in recent years, which attests to the 
varied needs of resource managers nationwide and the lack of definitive characteristics available 
to guide the development of such protocols.  Although the range of the Chiricahua leopard frog 
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is restricted to the Southwest, and thus limits to some extent the climatic, hydrological, and 
geological variation (as compared to nationwide), nonetheless, there is substantial variation in 
these components across its range.  In addition, different management agencies – such as the 
USFS and the BLM – have developed different stream and watershed assessment protocols, 
which are documented in specific guidance documents (see list).   
 
In a review of selected physical stream assessment protocols for use in the Clean Water Act 
Section 404 program, Sommerville and Pruitt (2004) suggested that programmatically complete 
stream assessment protocols have the following characteristics:   
 
1) Classification:  Stream assessment should be preceded by classification to narrow the natural 
variability of physical stream variables. Classification should be based on intrinsic resource 
characteristics affecting the physical, chemical, and biological attributes of streams. Pertinent 
characteristics may span numerous scales including regional, watershed, stream reach, and site 
specific factors. 
 
2) Objectivity:  The assessment procedure should remove as much observer bias as possible by 
providing well-defined procedures for objective measures of explicitly defined stream variables. 
 
3) Quantitative Methods:  The assessment procedure should utilize quantitative measures of 
stream variables to the maximum extent practicable. If stream quality indices are used, they 
should be based on explicit values or narrowly defined ranges of quantifiable stream 
characteristics. 
 
4) Fluvial Geomorphological Emphasis:  Stream assessments undertaken to prioritize watersheds 
or stream reaches for management, or to aid in the design of stream enhancement or restoration 
projects should be based on fluvial geomorphic principles. In-stream modifications undertaken in 
the absence of a firm understanding of hydrology and sediment transport, and the resultant 
implications on channel form can only lead to haphazard success at best, and may result in gross 
channel instability and degradation that can adversely affect the entire drainage network. 
 
5) Data Management:  Data from stream assessments should be catalogued by designated entities 
in each region of the country. This is especially true of reference data. Many state agencies 
maintain databases for ambient monitoring and designated use allocations, but these data may 
not always be shared or utilized by CWA Section 401/404 personnel even within the same 
agency. Regional or national compilations of stream assessment data would enhance the science 
of fluvial restoration by providing a more complete picture of physical stream characteristics, 
and would thereby improve design and review of stream enhancement or restoration projects. 
 
Prioritization 
 
Limited funding requires prioritization.  Prioritization requires assessment and a process for 
selecting the “low-hanging fruit” first.  It is important to select the sites where success can be 
demonstrated, and thus additional funding secured, before moving on to the more difficult sites.  
Prioritization often involves developing and using specific criteria or indicators and ranking 
those criteria. 
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For example, to provide guidance in selecting critical riparian areas in the Little Colorado River 
Basin, Garrett et al. (2002) describe methods for prioritizing riparian management based on 
geographic analyses of hydrological sub-basin conditions, using the Little Colorado River (LCR) 
basin in central, eastern, and northeastern Arizona as a test case.  They first developed criteria 
(indicators) that can be used to prioritize riparian habitat management, recognizing four major 
categories of criteria that influence riparian/fluvial ecosystem management: hydrology (including 
geochemistry and geomorphology), ecological health, cultural resources, and socio-economic 
variables. They then described the availability and quality of natural resource data for the LCR 
and recommend further GIS analyses that would improve the prioritization approach.  Next, they 
used a geographic information system (GIS)-based approach to assessment of ecological 
conservation priorities in the LCR. They identified 19 ecological and economic criteria for which 
sufficient data were available and that were good indicators of sub-basin characteristics. They 
categorized the various LCR hydrological sub-basins, based on amount of perennial and 
ephemeral stream habitats, vegetation type, and flow modification. They segmented the LCR 
basin into sub-basins of various sizes, divided resources into environmental and economic 
categories, standardized variables for sub-basin land area (where appropriate), and used GIS 
analyses to develop a spreadsheet-based scoring process that generates a score for each resource 
for each riparian/fluvial sub-basin. They applied the scores to evaluate trade-offs in ecosystem 
protection and restoration potential, against reaches for which economic or other management 
actions are appropriate, or on which further research is needed.  
 
Riparian management in sub-basins with multiple-use conflicts may require innovative adaptive 
management approaches for protection and restoration that bring stakeholders together to 
develop common economic and environmental goals. 
 
 
WATERSHED USE AND MAINTENANCE GUIDELINES 
 
Recovery Action 1.2.1 specifies development of watershed use and maintenance guidelines for 
watersheds containing extant populations of Chiricahua leopard frogs.  Extant populations are 
those considered likely to be present (see Figures H1 and H2 for MAs with likely extant 
populations) and such watersheds are termed occupied watersheds.  These recommendations may 
also be used to develop guidelines for historically occupied watersheds that are not likely to 
contain extant populations of Chiricahua leopard frogs but that do contain suitable habitat and 
potential recovery sites.   
 
Watershed use and maintenance guidelines will be developed by land managers, landowners 
including ranchers, and other interested parties and are to be specific to an occupied watershed or 
groups of watersheds.  The purpose of the guidelines is to reduce threats and increase persistence 
of Chiricahua leopard frog populations and metapopulations in specific watersheds or groups of 
watersheds with the ultimate goal of delisting of the species.   
 
These recommendations are provided to assist land managers, ranchers, and others to develop the 
guidelines for occupied watersheds in their area.  Watersheds (10-unit HUs) were selected as the 
primary criteria for MA boundaries and therefore serve as useful units when discussing 
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individual populations and metapopulations of frogs (i.e. “recovery sites” where Chiricahua 
leopard frogs are likely present or locations selected for future reestablishments).   
 
Land and water uses that occur upstream from a site have the potential to alter the hydrologic 
regime at the site - i.e. water and sediment delivery - in ways that may be either detrimental or 
beneficial to the frog and its habitat.  Land and water uses that occur within a one-mile radius of 
a site - both upstream and downstream and across upland areas - may have either negative or 
positive consequences to frog populations and habitat.  With appropriate watershed use and 
maintenance guidelines, positive benefits can be maximized, and threats to the frog can be 
eliminated, minimized, or mitigated.   Land uses in occupied watersheds and unoccupied 
watersheds with suitable habitat should strive to maintain habitat, balance the hydrological 
regime, maintain dispersal corridors, prevent or mitigate the introduction and spread of non-
native predators and disease, and minimize or mitigate introduction of contaminants harmful to 
the frog.  
 
These recommendations provide specific suggestions for minimizing the effects of various land 
and water uses, predation, and air and water contamination, and provide recommendations for 
habitat preservation. These recommendations will be valuable when developing watershed use 
and maintenance guidelines, developing conservation measures for development projects, during 
section 7 consultations under the ESA, and for regional conservation planning for the Chiricahua 
leopard frog. 
 
Guidelines should: 

 
1. Permanently protect suitable habitat and dispersal corridors through land acquisition or 

conservation easements, or other agreements with willing landowners on private lands or 
water-right holders on private or public lands, and commitments for appropriate land 
management on public lands. 

2. Restore hydrological regime through watershed management, retirement of stream 
diversions, and local restrictions on groundwater pumping on public lands.   

3. Manage livestock grazing to maximize benefit and minimize detrimental effects to 
Chiricahua leopard frogs. 

4. Manage for minimal impact, or eliminate where necessary, activities that have the 
potential to degrade Chiricahua leopard frog habitat in occupied watersheds – grazing, 
recreation, mining, timber harvest, flood control activities. 

5. Minimize opportunities for introduction of non-native predators and disease and conduct 
non-native predator control where prudent. 

6. Eliminate or control point and non-point sources of contamination, and air-borne 
contaminants where possible, in occupied watersheds. 

7. Employ fire management practices (i.e., prescribed burns, emergency fire suppression, 
and emergency water use) that decrease incidental impacts and increase benefits to the 
Chiricahua leopard frog. 

8. Implement watershed management and protection plans using cooperative agreements 
and existing incentive programs. 
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Appendices A and I discuss conservation measures, mitigation, and compensation that can be 
built into project proposals to minimize effects on the frog and its habitats. 
 
Actions 
 
The Chiricahua leopard frog was formerly distributed throughout the landscape at elevations 
between about 3,300 and 8,900 feet.  However, habitat alteration, introduction of non-native 
predators, and disease has resulted in a severe reduction in number of occupied areas.  Currently, 
the U.S. Forest Service manages the majority of occupied habitat of the Chiricahua leopard frog.  
In Arizona, forests with habitat likely to be occupied by Chiricahua leopard frogs include 
Coronado, Tonto, and Apache-Sitgreaves National Forests.  In New Mexico, forests with 
occupied and likely to be occupied habitat include Gila National Forest and potentially the San 
Mateo Mountains on the Cibola National Forest.  Therefore, watershed management will be 
especially important on these national forests.  
 
Important habitat also occurs on lands managed by other entities, including the USFWS, the 
BLM, the State land departments in Arizona and New Mexico, the White Mountain Apache and 
San Carlos Apache Tribes, and Fort Huachuca, as well as on private lands such as the Ladder 
Ranch in RU 8 and the Gray Ranch in RU 3. 
 
Forest Service and BLM lands are public lands managed for multiple use, meaning a wide 
variety of activities may occur on these lands, including grazing, recreation, mining, and timber 
harvesting.  Diversion of stream water for beneficial use occurs as well as groundwater 
extraction.  Each of these activities has the potential to negatively impact Chiricahua leopard 
frogs and their habitat if not properly managed with the frog’s needs in mind.  With proper 
management, frogs can co-exist with these activities on public lands in many situations.  In some 
instances, certain activities (e.g. livestock grazing, mining, recreation, timber harvest, water uses) 
may need to be eliminated from occupied watersheds for a period of time, to provide frogs and 
their habitat the opportunity to recover from excessive stresses. 
 
Private lands include some excellent habitat for Chiricahua leopard frogs, especially in 
southeastern Arizona and southwestern New Mexico.  A number of ranchers in this area have 
formed the Malpai Borderlands Group and are moving ahead with Chiricahua leopard frog 
recovery actions.  Small private land in-holdings are common in the National Forest and BLM 
lands.  Land and water use activities on these parcels may have detrimental effects on 
downstream populations of frogs and may also disrupt dispersal corridors, but in some 
circumstances may benefit frogs (e.g. construction of stock tanks). 
 
The actions described below are recommended for incorporation into watershed use and 
maintenance guidelines.  The overarching purpose of the actions is to protect extant populations 
and to restore riparian and aquatic habitat to favor dispersal into natural habitats and formation of 
metapopulation dynamics. 
 
These recommendations only partly address the range of activities that may affect watershed 
values.  Other activities, such as livestock grazing, mining, recreation, contaminants, non-native 
species, and flood control, among others can dramatically affect watersheds.  The effects of these 
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activities (see Part 1, “Reasons for Listing/Threats”) and measures to correct adverse effects 
(especially see Appendix I and the recovery actions) are addressed elsewhere in this recovery 
plan.  Those sections of the document should be reviewed for further ideas and measures for 
improving watersheds.   
 
1) Permanently protect suitable habitat and dispersal corridors through land and conservation 
easements or acquisition, or other agreements with, willing landowners. 
 

a. Encourage and assist owners of large tracts of natural lands to develop preserves, 
conservation banks, and/or mitigation banks.  Owners of large tracts of natural land 
(public and private) should be encouraged to participate in conservation planning by 
establishing preserves or mitigation banks.  The grass bank program practiced by Malpai 
Borderlands Group and the Gray Ranch, whereby ranchers can use a grass bank during 
hard times if they agree to a conservation easement of their property, could be applied 
elsewhere to reduce grazing impacts during drought and to curtail conversion of 
ranchlands to other land uses that are not compatible with frog recovery.  The mitigation 
bank program for the endangered Pima pineapple cactus (Coryphantha scheeri var. 
robustispina) practiced by the USFWS in coordination with Ross Humphreys may have 
applicability for recovery of the Chiricahua leopard frog, as well.      

 
b. Purchase conservation easements or parcels from willing sellers or develop 
agreements with willing landowners where acquisitions/agreements may protect 
existing populations, allow for expansion of metapopulations, protect dispersal 
corridors, and increase the quantity of protected suitable habitat within the range of 
the species.  Expanding the acreage of protected high quality habitat within each RU will 
contribute to recovery of the Chiricahua leopard frog by increasing opportunities for 
dispersal, population expansion, and recolonization. The delineation of MAs (Figures  
B1-8, Appendix B) provides direction on where habitat suitability and connectivity are 
considered important for long-term recovery of the Chiricahua leopard frog and where 
land acquisition or protection would prove most beneficial.  

 
In the “Critical Recovery Needs” in the “Recovery Units” portion of the Plan, and in the RU 
descriptions in Appendix B, including delineation of MAs (Figures  B1-8), several areas have 
been noted as being very important to the ecological function of adjacent sites that currently 
support the Chiricahua leopard frog.  Long-term protection of parcels in these, and other areas, 
should be pursued via conservation easements, Habitat Conservation Plans, Safe Harbor 
Agreements, or other agreements or mechanisms for long-term or permanent protection.  
 
Isolated sites such as stock ponds, which currently comprise the majority of occupied habitat in 
southeastern Arizona and southwestern New Mexico, are also in need of protection.  If there is 
opportunity for dispersal to suitable natural habitat, dispersal corridors should be provided 
permanent protection. Opportunities to acquire in-holdings within National Forests should be 
pursued; vehicles for achieving this may include land exchanges. Again, protection of the 
watershed, including stream reaches up- and downstream of known populations and adjacent 
uplands within one mile, will increase the potential for long-term suitability of such sites for the 
Chiricahua leopard frog. 
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Traditional fee title acquisition by government or private resource interests is an effective, but 
expensive, way of protecting resources. Other mechanisms to protect habitat on private lands 
include: 1) local zoning restrictions that prevent incompatible uses, 2) transfer of development 
rights, 3) fee title donations, 4) sale or donation of conservation easements, 5) land exchanges, 6) 
sale and back lease or resale programs with restrictive covenants, and 7) use of existing incentive 
programs (described in Appendix A). Support and assistance of private landowners in conserving 
and recovering the frog may be gained by developing economic and other incentive programs 
(e.g. relief from taxes, tax credits, tax deductible habitat management expenses, and Safe Harbor 
Agreements).  
 
2) Restore hydrological regime through watershed management, retirement of stream diversions, 
and local restrictions on groundwater pumping on public lands.   
 

a. Work to improve watershed and channel condition in occupied watersheds.  The 
goal is to maximize water supply to Chiricahua leopard frog habitat while minimizing 
erosion and deposition.  Altered hydrological regimes can result in a multitude of direct 
and indirect impacts to the Chiricahua leopard frog and its habitat.   Negative effects to 
the frog and its habitat from poor watershed condition stem chiefly from increased flood 
peaks, reduced base flow, and excessive sediment transport, which may lead to loss of 
habitat through scouring, sediment deposition, and drying.  Poor watershed and channel 
conditions may result from excessive grazing pressure, especially during drought years; 
fire suppression and high-intensity fire; prolonged drought; dams and surface water 
diversions; and groundwater pumping that intersects stream flow.  

 
b. Retire stream diversions and remove dams to secure adequate flows where 
appropriate for maintenance and restoration of Chiricahua leopard frog habitat.  
Where frogs occur in natural stream habitats, data should be collected to identify the 
stream flows needed to restore natural, seasonal flow cycles and thus maintain optimal 
habitat for protection and recovery of the Chiricahua leopard frog and co-occurring 
species. Care must be taken to consider the varying needs of co-occurring species and 
accommodate potential conflicts.  Generally, however, native species co-evolved with 
each other and with the natural hydrological regime and thus should be expected to thrive 
under conditions of natural flow. 

 
Water flows will vary with climatic cycles and thus may not be consistently maintained, 
particularly in drought conditions.  Therefore, measures should be proposed and agreements 
implemented to secure the needed flows when diversions, impoundments, or urban wastewater 
flows threaten the integrity of the hydrological regime. 
 
Where Chiricahua leopard frogs occur in artificial structures, such as stock ponds and drinkers, 
steps should be taken to maintain a minimum water level and water quality.  In times of 
prolonged drought, water transport via pipeline or tanker truck may be required.   
 
Recovery Team members, land managers, and wildlife agencies should work with water-
resource users to evaluate dams and diversions (particularly springs) that are negatively affecting 
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the extent and suitability of Chiricahua leopard frog habitat, including those that provide stable, 
permanent water sources for non-native predators.  Strategies to eliminate or reduce impacts to 
the frog should be developed.  In particular, removal of dams and diversions may be considered 
in coordination with and with approval of water-rights holders and land/facility owners when 
such facilities no longer serve their useful purpose and/or when they could feasibly be replaced 
by other, less environmentally damaging facilities capable of supplying water of equal or better 
quality compared to the facility proposed for removal. 
 

c. Restrict drilling of new wells where pumping has the potential to diminish stream 
flow in occupied watersheds.  Entities other than the Forest Service cannot construct 
and/or test wells on National Forest System (NFS) lands without Forest Service 
authorization.  Tonto National Forest has developed a groundwater policy that has been 
adopted at the Regional level.  The policy states that water supply development that 
would significantly impact surface water resources will not be allowed.   

Applicants wishing to drill new wells on public lands in occupied watersheds should be required 
to demonstrate that the water development will not cause degradation of Chiricahua leopard frog 
habitat through lowering of water levels or diminution of stream flow.  For existing wells in 
occupied watersheds, if it appears that pumping is causing harm to Chiricahua leopard frog 
habitat through lowering of water tables or diminution of stream flow, alternative water supplies 
should be investigated.  The Recovery Team should attempt to work with groundwater pumpers 
on private lands, when possible, if private wells are adversely affecting Chiricahua leopard frog 
habitat. 
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ATTACHMENT 1 
 

Brief Description of Some Published Stream and Riparian Assessment and Classification 
Protocols 

 
Stream Visual Assessment Protocol.  USDA NRCS National Water and Climate Center Technical 
Note 99-1 1998. This assessment protocol provides a basic level of stream health evaluation. It 
can be successfully applied by conservationists with little biological or hydrological training. It is 
intended to be conducted with the landowner and incorporates talking points for the 
conservationist to use during the assessment. This protocol is the first level in a four-part 
hierarchy of assessment protocols. Tier 2 is the NRCS Water Quality Indicators Guide, Tier 3 is 
the NRCS Stream Ecological Assessment Field Handbook, and Tier 4 is the intensive 
bioassessment protocol used by your State water quality agency. 
 
Stream Management.  U.S. Army Corps of Engineers  ERCD/EL  SR-W-00-1  2000. 
A handbook designed to provide guidance to cities, counties, federal and state agencies, private 
consultants, private developers, and others. Purpose of handbook: produce projects that have less 
adverse effect on the aquatic environment. 
 
Hydrogeomorphic Approach for Assessing Wetland Functions.  U.S. Army Corps of Engineers, 
Classification.pdf-1993  Approach.pdf-1995.  A multi-agency effort involving the Corps, EPA, 
the Federal Highway Administration, NRCS, and the USFWS; developed primarily for use in the 
context of the Clean Water Act Section 404 regulatory program. The HGM is a procedure for 
measuring the capacity of a wetland to perform functions.  This narrows the focus of attention to 
the functions a particular wetland type is most likely to perform and to the ecological 
characteristics that control these functions. The HGM Approach is based on three fundamental 
factors that influence how wetlands function: 1) position of the wetland in the landscape 
(geomorphic setting); 2) water source (hydrology); 3) the flow and fluctuation of the water once 
in the wetland (hydrodynamics).  
 
Classification of Wetlands and Deepwater Habitats of the United States.  U.S. Fish and Wildlife 
Service 1979.  Relies largely on vegetative cover because the type of plant cover (or the lack of 
it) is the kind of information that can be reliably interpreted from aerial photographs, which 
allows this classification system to meet one of its major goals - providing the basis for tracking 
changes in the surface area of wetlands over time through the National Wetland Inventory. 
 
Methods for Evaluation Riparian Habitats with Applications to Management.   U.S. Forest 
Service  General Technical Report INT-221  1987. 
 
Stream Corridor Restoration – Principles, Processes, and Practices.  GPO Item No. 0120-A 
Federal Interagency Stream Restoration Working Group 1998.  This document, the result of a 
cooperative effort among fifteen Federal agencies and partners to produce a common reference 
on stream corridor restoration, encapsulates the rapidly expanding body of knowledge related to 
this subject. 
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Figure H5:   Loss of natural flow in Arizona’s streams. 
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APPENDIX I 
 

Recommended Conservation Measures for Projects Affecting Frogs  
 
 
Conservation measures should, to the extent practicable, minimize effects of proposed projects 
on the Chiricahua leopard frog and its habitat. In order of preference, conservation should avoid, 
minimize, rectify, reduce, and/or compensate for the impacts of a project. The objective of 
conservation should be, within MAs, no net loss of frog suitable habitat quantity and quality, and 
maintenance or enhancement of movement corridors among populations and future population 
establishment/reestablishment sites. To the extent possible, adverse effects to extant populations 
of frogs should be avoided.  The following conservation measures should be incorporated into all 
projects that may affect suitable frog habitats, sites selected for habitat restoration or creation, 
and movement corridors among sites within MAs.  The measures may be modified as necessary 
to conform to the nature of the project or type of disturbance.  Project conservation should also 
include measures for reducing the likelihood of disease transmission (see Appendix G).  In 
regard to section 7 consultations, if these measures are added to project proposals, they will 
reduce effects of proposed actions and increase the likelihood that USFWS will be able to concur 
that a project may affect, but is not likely to adversely affect, the Chiricahua leopard frog; and in 
formal consultation, that a project is not likely to jeopardize the species.  However, each project 
is different, and adherence to these conservation recommendations does not guarantee any 
conclusion or outcome in the section 7 process.   
 
 
LIVESTOCK GRAZING AND MANAGEMENT 
 
As discussed in “Reasons for Listing/Threats” in the body of the Recovery Plan, livestock 
grazing and management can have both positive and negative effects on Chiricahua leopard frogs 
and their habitats.  Negative effects can include deterioration of watersheds, erosion and/or 
siltation of stream courses, elimination of undercut banks that provide cover for frogs, loss of 
wetland and riparian vegetation and backwater pools, spread of disease and non-native predators, 
degradation of water quality in ponds and livestock tanks, reduced water quantity in ponds and 
tanks due to water consumption by livestock, and trampling of egg masses, as well as larval, 
juvenile, and adult frogs.  Positive effects can include construction and maintenance of livestock 
waters that provide habitat for Chiricahua leopard frogs.  Livestock can also be used to open up 
aquatic habitat that in the absence of grazing may become overgrown, excluding or reducing 
habitat for frogs.  Ranchers can also serve as eyes and ears to record and report frog die-offs, 
illegal activities, changes in habitat, and other factors that may affect recovery.  Generally, under 
good ranch management, minor losses of frogs and some temporary deterioration of habitats as a 
result of grazing activities are not likely to result in extirpation of populations, and can be 
tolerated, although consideration may be given to finding ways to minimize these effects.  
Livestock grazing that does not compromise habitat suitability is compatible with healthy 
populations of Chiricahua leopard frogs.  In northern Arizona and west-central New Mexico, elk 
can cause effects to frogs and habitats similar to cattle.  The following are general guidelines for 
livestock (or elk) grazing practices in Chiricahua leopard frog habitat.  Additional ideas can be 
found in Appendix A:   
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1.    Manage livestock grazing in the watersheds of extant populations and habitat 
restoration/creation sites for improvement to, or maintenance of, satisfactory watershed 
conditions.  In the case of degraded watersheds, several grazing strategies and guidelines may be 
considered to minimize impacts to the frog. Strategies that should be analyzed include riparian 
area exclusion, rest-rotation and deferred utilization, varied livestock types (e.g., change from 
cow-calf operation to steers or breeds which utilize dry habitats), and/or lowered stocking rates 
or smaller breeds for lighter utilization levels to limit forage removal.   Strategies may include 
site-specific actions, such as: fencing or creation of pastures, relocation of water and salting sites 
away from wetlands, maintenance of stream bank stability (e.g., no more than 10 percent of 
natural stream bank stability altered by livestock trampling, chiseling, and sloughing), 
management of upland herbaceous vegetation for conservative utilization rates, and monitoring 
of utilization and subsequent habitat suitability for frogs. While implementing changes in 
livestock management to affect long-term watershed improvement, installation of control 
structures may be warranted for emergency control of headcuts that threaten frog habitats. Such 
management may not be necessary for some sites that are not affected, or only minimally 
affected by watershed condition, such as mine adits and some other artificial ponds. 
Implementation of grazing guidelines is of particular importance in MAs, especially where 
grazing impacts are adversely affecting extant populations of frogs or recovery sites.   
 
 2.    When livestock tanks are newly constructed or reconstructed, consider how that tank may 
serve as a stepping stone for non-native species to move across the landscape and negatively 
affect leopard frog recovery.  Careful placement of tanks and regulating public access may be 
necessary to ensure they do not become reservoirs of non-native predators.  Also consider if 
these tanks can serve as habitat restoration/creation sites for future establishment or 
reestablishment of frog populations.  Converting stock tanks to troughs or elevated tanks in 
which water is supplied by a pipeline, windmill, or solar pump should be considered if the site is 
expected to be colonized by non-native predators, but should be discouraged if it could serve as a 
habitat for Chiricahua leopard frogs.  
 
3.    Minimize livestock trampling and loss of bankline cover while still providing some open 
bankline for frog basking and foraging.  Generally, avoiding damage to egg masses, tadpoles, 
and frogs is likely to require either light use of stock ponds used by frogs, or a good knowledge 
of when eggs are being produced.  Potential conservation measures include, but are not limited 
to, partial fencing of tanks or other habitats, and construction of trick tanks or double tanks, one 
of which could be fenced, while the other is left open for access by livestock.  Effects of 
livestock at tanks and ponds could be avoided by installing drinkers fed from a well or even from 
the stock pond itself, and keeping the cattle out of some or all of the pond area.  Permanent 
fencing and livestock exclusion from an entire pond or habitat is not recommended unless the 
site is not likely to become overgrown. 
 
4.    Enhance underwater cover and substrates for egg mass deposition by placing logs and 
branches in the water.     
 
5.     Prevent water quality degradation. Areas in which livestock congregate may experience 
high levels of nutrients due to urination and defecation by these animals. This has been identified 
as a problem at some sites (see “Reasons for Listing/Threats” in part 1 of the Plan).  Measures 
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should be implemented to alleviate water quality degradation.  Suggestions include limiting the 
extent of time that livestock are allowed to congregate in aquatic sites harboring Chiricahua 
leopard frogs. If a demonstrated threat to Chiricahua leopard frogs exists, corrals should be 
moved or should not be proposed if adjacent to frog habitats where water quality degradation is 
likely to occur. 
 
6.     In regard to maintenance of livestock tanks, please refer to the Appendix A, Participation 
Plan. 
 
 
FIRE SUPPRESSION AND PRESCRIBED FIRE 
 
Fire in the short term produces harmful effects that, for leopard frogs, come primarily in the 
forms of (1) potentially toxic or suffocating ash runoff, and (2) increased sedimentation from 
bare ground, causing pools to fill and habitat to become simplified. Depending on the sensitivity 
of a regional leopard frog population, fire that occurs or is planned could cause a catastrophic 
loss.  Although prescribed fire and wildfire almost always have short-term adverse effects to 
frogs and their habitats, properly managed low-severity fire can reduce the likelihood of 
catastrophic fires and improve habitat conditions in the long term.  In regard to fire suppression 
near or in the watersheds of MAs, the following measures should be implemented to the degree 
that they do not compromise human safety or result in loss of homes or other high value 
property.  The current fire management guidelines used by USFS, BLM, and other land 
managers should be evaluated for compatibility with these recommendations.  
 
1.    An objective of fire suppression should be protection of Chiricahua leopard frogs and 
their habitats.     
 
2.   All personnel on the fire should be briefed about protecting the Chiricahua leopard frog 
and its habitat. 
 
3.   On wildfires, Resource Advisors should be designated to coordinate listed species and 
other resource concerns and serve as an advisor to the Incident Commander.  Resource Advisors 
should monitor fire suppression activities to ensure that protective measures endorsed by the 
Incident Commander are implemented.  The Resource Advisor should also perform other duties 
as necessary to ensure adverse effects to the Chiricahua leopard frog and its habitat are 
minimized.  Resource Advisors should be on call 24 hours during the fire season. 
 
4.   Off-road vehicle activity should be kept to a minimum.  Vehicles should be parked as 
close to roads as possible, and vehicles should use wide spots in roads to turn around.  Whenever 
possible, local fire-fighting units should go off-road first because of their prior knowledge of the 
area. 
 
5.    To the degree possible, crew camps, equipment staging areas, and aircraft landing and 
refueling areas should be located away from Chiricahua leopard frog populations and sites 
selected for habitat restoration or creation.  Whenever possible, these activities should be located 
in previously disturbed areas.  Any temporary solid and sanitary waste facilities should be 
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located well away from frog habitats.  If such activities are located in Chiricahua leopard frog 
habitats, measures should be taken to limit habitat disturbance and to locate sites in areas with 
minimal effects to the frog and its habitat (see measures for surface-disturbing construction 
projects, below).     
 
6.   Use of tracked vehicles should be restricted to activities that, in the judgment of the 
Incident Commander and in consultation with the Resource Advisor, might save a large area or 
important resources from fire.  
 
 7.    Fire crews should, to the extent possible, obliterate vehicle tracks made during the fire 
where presence of tracks is likely to encourage off-road travel by recreationists. 
 
 8.    No fire retardants or suppressants toxic to fish or amphibians should be used over habitats 
occupied by Chiricahua leopard frogs, tributary drainages, or on the watershed where these 
chemicals are likely to enter occupied frog habitats.  
 
9.    Water should not be drafted from stock tanks or other aquatic habitats if Chiricahua 
leopard frogs are present or likely to be present, of if the site is known to be chytrid-positive.  If 
stock tanks are refilled after a fire, only sources of water known to be free of non-native 
predators and chytrids (such as well water) should be used as a source.  Avoid water drops on 
Chiricahua leopard frog habitats unless the water is known to be free of non-natives and chytrids.     
 
10.    If fire burns in the watershed of an extant population of frogs and in the judgment of the 
Resource Advisor will result in significant ash or sediment flow into that habitat, measures such 
as construction of waterbars in firelines, etc. should be implemented to direct flow away from 
frog habitats.  If ash and/or sediment flow is likely to occur despite these measures, frogs and 
tadpoles should be salvaged and held at a holding facility until toxic conditions abate or habitat 
can be restored.  If possible, at least 20 frogs and/or 100 tadpoles should be salvaged.  Salvage 
can often wait until the fire is controlled in the area of the habitat. Ash and sediment flow will 
not be a problem until significant rainfall occurs.  Appendices C, E, and I provide guidance on 
establishing refugia, and care and transport of frogs.  It is imperative that unwanted genetic 
mixing not occur, that the frogs are not brought into contact with exotic diseases during salvage 
or at the holding facility, and that any repatriations are done carefully to avoiding moving 
anything except the frogs (ie., unwanted snails, algae, fish, etc.) back to re-release sites.   
 
11.   Rehabilitation of the burned areas should be undertaken, including seeding, planting of 
native perennial species, etc.  Watersheds of occupied habitat and sites selected for habitat 
restoration/creation should be rested from grazing for the first two summer growing seasons 
(July, August, and September) following the fire. 
 
12.   Recovery of vegetation should be monitored. 
 
13.   The effectiveness of suppression activities and these measures should be evaluated after a 
fire.  Procedures should be revised as needed. 
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The following measures should be implemented during prescribed fire (including prescribed 
natural fire) events.  If a prescribed fire escapes prescription, the measures above for fire 
suppression should also be implemented. 
 
1.    An objective of prescribed fire should be enhancement of Chiricahua leopard frog 
habitat, with a recognition that some short-term adverse effects may occur prior to habitat 
enhancement.   
 
2.    Measures 2, 4, 5, 7, 11, 12, and 13 from the fire suppression measures above should be 
implemented. 
 
3.   Only light burns should occur in the watersheds of occupied Chiricahua leopard frog 
habitats and sites selected for habitat restoration/creation.  However, if higher intensity burns 
occur and biologists predict that ash or sediment may flow into frog habitats, measure 10 for fire 
suppression, above, should be implemented.   
 
 
FLOOD CONTROL 
 
Guidelines on flood-control measures should be developed and implemented on public lands. 
Guidelines could include actions such as: maintenance of appropriate levels of down woody 
material in riparian zones and within 500-feet of aquatic frog habitats; avoidance of 
seeding/revegetating treated areas with non-native species (including using mulch that may 
contain non-native seed species); contour felling of trees within or just outside riparian zones to 
help reduce runoff and sedimentation of streams; and monitoring to verify effectiveness of 
actions. Guidelines should address impacts of flood-control activities carried out upstream of 
Chiricahua leopard frog habitat.   
 
 
SURFACE-DISTURBING CONSTRUCTION PROJECTS 
 
To the extent possible, surface-disturbing projects should be located outside of occupied 
Chiricahua leopard frog habitat, habitat restoration/creation sites, and the immediate watersheds 
of such habitats. If a project must be located in habitats or in the immediate watershed of habitat, 
effort should be made to locate the project in a previously-disturbed area, in an area where 
habitat quality is poor, or where impacts to the frog and habitat will be minimized. A 
reconnaissance of the project site should be conducted prior to construction in order to assist in 
locating the project. Prior to project initiation, an individual from the lead action agency should 
be designated as the field-contact representative. The field-contact representative should have the 
authority to ensure compliance with protective measures for the Chiricahua leopard frog and will 
be the primary agency contact dealing with these measures. The field-contact representative 
should have the authority and responsibility to halt activities that are in violation of agreed-upon 
conservation measures. 
All project work areas should be clearly flagged or similarly marked at the outer boundaries to 
define the limit of work activities. All construction and restoration workers should restrict their 
activities and vehicles to areas that have been flagged to eliminate adverse impacts to the 
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Chiricahua leopard frog and its habitat. All workers should be instructed that their activities are 
restricted to flagged and cleared areas. 
 
Within Chiricahua leopard frog habitats, the area of disturbance of vegetation, soils, and water 
should be the minimum required for the project. If possible, specify a maximum disturbance 
allowable based on the specifics of the project. Project activities should be located out of wetted 
sites to the extent practicable. Locate equipment staging areas, borrow sites, and material 
stockpiles well away from occupied habitat and habitat restoration/creation sites. Clearing of 
vegetation and grading should be minimized. Wherever possible, rather than clearing vegetation 
and grading, equipment and vehicles should use existing surfaces or previously disturbed areas. 
Shrubs that cannot be avoided should be crushed rather than graded out of the way, if possible. 
Where grading is necessary, surface soils should be stockpiled and replaced following 
construction to facilitate habitat restoration. Soils should be stockpiled outside of riparian and 
wetland areas, and should not be placed upstream or upslope of such sites.  
 
Existing roads should be used for travel and equipment storage whenever possible. 
 
Where feasible and desirable, in the judgment of the field-contact representative, newly created 
access routes in the action area should be restricted by constructing barricades, erecting fences 
with locked gates at road intersections, and/or by posting signs. In these cases the project 
proponent should maintain, including monitoring, all control structures and facilities for the life 
of the project and until habitat restoration is completed. 
 
Measures should be designed and implemented to ensure hazardous materials, including, but not 
limited to, pesticides, fuels, oil, and other chemicals are stored well away and not upstream of 
frog habitats. Use of such materials should not occur in frog habitats and only in such a way that 
these materials do not enter frog habitats. If use of such materials is necessary, only use those 
that have been approved for use in aquatic systems and that have known effects on amphibians 
where possible. Measures should be taken to avoid or minimize runoff into and sedimentation of 
frog habitats.  
 
A biological monitor (may be the same person as the field-contact representative), approved by 
the action agency, should be present in each area of active surface disturbance occurring in 
occupied frog habitat or restoration/creation sites, or in the immediate watershed of such 
habitats.  Monitors should remain onsite throughout the work day from initial clearing through 
habitat restoration. The monitor(s) should perform the following functions: 
Develop and implement a worker education program. Wallet-cards summarizing this information 
may be provided to all construction and maintenance personnel. The education program should 
include the following aspects at a minimum: 

- description, biology, and status of the Chiricahua leopard frog; 
- protection measures designed to reduce impacts to the species and its habitat; 
- function of flagging designating authorized work area; and 
- reporting procedures to be used if a frog is encountered on project sites. 

Ensure that all project-related activities are in compliance with these measures. The biological 
monitor alone, or working through the field-contact representative or other on-site personnel, 
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should have the authority and responsibility to halt activities that are in violation of agreed-upon 
conservation measures.   
 
Monitor frog habitats in the action area periodically to ensure effects are minimized. In addition, 
all hazardous sites (e.g., open pipeline trenches, holes, or other deep excavations) should be 
inspected for the presence of frogs prior to backfilling. 
 
Work with the project supervisor to take steps, as necessary, to avoid disturbance to Chiricahua 
leopard frogs and their habitat. For example, if stream crossings by trucks or other heavy 
equipment are required, have monitors check for egg masses, frogs, and tadpoles.  If avoiding 
disturbance to a frog, egg mass, or tadpole is not possible, or if a frog is found trapped in an 
excavation, the affected animals should be captured and relocated, or held for release at a 
holding facility following cessation of project activities as designated by the field-contact 
representative in consultation with the permitting State agency and USFWS. Affected animals 
should not be held in captivity for more than one year, and should not be relocated more than one 
mile away from the point of capture unless otherwise designated by the field-contact 
representative in consultation with the permitting State agency and USFWS (appropriate Federal 
and State permits are needed for these activities). 
 
Take measures as needed to minimize the risk of disease transmission associated with 
construction projects. If vehicles/equipment use will occur in more than one frog habitat, ensure 
that all equipment is clean and dry or disinfected before it moves to another habitat (if the 
presence/absence of the disease is well known in the area, these rules could be varied; see 
Appendix G for additional information). 
 
Additional Measures for Road Construction, Reconstruction, or Maintenance 
 
Although not documented for Chiricahua leopard frogs, mortality of other species of leopard 
frogs by vehicle traffic on roadways can be considerable (Carr and Fahrig 2001) and roads may 
serve as barriers to movement (deMaynadier 2000).  Fencing and culverts have been used 
successfully to reduce mortality of leopard frogs on roads and to minimize barrier effects (U.S. 
Department of Transportation 2001, Linck 1998). 
 
Construction or major improvement/reconstruction of roads within 0.3 mile of occupied frog 
habitats or habitats selected for habitat restoration or creation should include a frog barrier fence 
on each side of the road that is exposed to frog habitat. In cases where such barriers could isolate 
populations, culverts should be installed to facilitate movement of frogs under the road (see U.S. 
Department of Transportation 2001 and “PROJECTS WITH LONG-TERM EFFECTS” below for design 
of fencing and culverts). Roads farther than 0.3 mile from occupied frog habitats or habitats 
selected for habitat restoration or creation may also need to be equipped with barrier fencing and 
culverts if the road would act as a substantial barrier to movement of frogs among populations, 
or to colonization of suitable habitats. Barrier fences and culverts are conservation measures to 
be considered in addition to those described above under “Surface-Disturbing Construction 
Projects”. 
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Engineer and maintain roadways to minimize erosion/watershed degradation in the vicinity of 
suitable habitat. Salting of roadways adjacent to frog habitats should be avoided, or if necessary 
runoff patterns should be altered to avoid saline runoff into habitats.  Design roads (or fence 
them) to discourage OHV use, camping near habitats, and other recreational activities that may 
adversely affect the frogs or their habitats.  
 
Additional Measures for Mining 
 
1.   Develop appropriate mining plans of operation and implement changes in other uses as 
needed to maintain/improve watershed health and restore/maintain wetlands to the extent 
possible. 
 
2.    Construct control structures to minimize erosion. 
 
3.     Employ conservation measures below in regard to hazardous materials and pesticides.      
   
4.     Gravel-mining operations.  Develop management guidelines for those operations 
adversely affecting Chiricahua leopard frogs and their habitat.  Management guidelines may 
include such measures as: removal of artificial pools that have been created by suction dredging 
and now harbor non-native aquatic species (or may in the future), bank stabilization, reduction 
and containment of sediments, reduction of highbanking, and removal of gravels and soils above 
the high water mark and on adjacent terraces.   
 
5.    Creation of un-mined buffers one mile up- and downstream of known frog populations 
will contribute to recovery by eliminating potential negative effects on frog reproduction and 
survival. Sediment loads should be monitored for mining activities conducted greater than one 
mile upstream to evaluate whether Chiricahua leopard frogs are negatively impacted. If so, 
minimization measures should be enacted to reduce degradation of water quality. Strict 
management or elimination of mining activities is recommended on all public lands in occupied 
watersheds where Chiricahua leopard frogs are threatened by such activities. Where elimination 
is infeasible due to valid claims, and where mining operations are already permitted under the 
State Surface Mining and Reclamation Act, guidelines should be implemented to avoid impacts. 
 
6.   Where acid mine drainage from current or historic mining activities may be affecting 
Chiricahua leopard frog populations, identify measures to reduce or eliminate the effects. Acid 
mine drainage is associated with the extraction of many metals. High acidity can have direct 
effects on the frog and their prey base, or indirect effects by interactions with other actual and 
potential contaminants. Activities that contribute to acidic drainage should be discouraged in the 
watersheds of Chiricahua leopard frog populations.  Drainage from historic tailings or other 
sources may be cleaned up or the drainage diverted away from the frog habitats.  Some 
elimination or reduction of contaminant exposure might be accomplished through zoning 
regulations. This may entail working with county planning departments and agricultural 
commission offices to define areas where certain activities are not permitted or certain chemicals 
are restricted.   
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Additional Measures for Logging/Thinning 
 
1.   Frogs at high elevation or cold water sites may benefit from opening a closed canopy 
around a pond, allowing for higher water temperatures.  However, in general, buffers of 
undisturbed or lightly disturbed vegetation should be left around occupied habitat and sites 
selected for population establishment/reestablishment.  Buffers should be wide enough and have 
minimal surface disturbance necessary to eliminate or nearly eliminate erosion or sedimentation 
into occupied frog habitats or sites selected for restoration/creation as a result of disturbance in 
logged/thinned areas.   
 
2.   Develop and implement timber harvest guidelines to reduce impacts to the Chiricahua 
leopard frog and its habitat. Guidelines for minimizing impacts associated with timber harvest 
activities should be developed for each timber region that contains MAs.  Implementation of 
guidelines should be refined for individual sites within MAs (i.e., based on topography, 
watershed conditions). 
 
3.   Design and maintain logging roads in a manner that reduces impacts.  Erosion control 
features should be established on skid trails and tractor roads immediately upon completion of 
yarding on them in wet weather conditions. Road surfaces should maintain a hard surface (e.g., 
rock hardness) during periods of road use. Roads should be designed with the minimum width 
necessary to support the proposed use, roads on steep slopes (greater than 50 percent) should be 
full-bench design, and spoils should be disposed on grounds that are less than 30 percent slope 
and remote from watercourses. New roads and those requiring reconstruction should be out-
sloped with rolling lips.  After logging is completed, close logging roads/routes in the vicinity of 
occupied habitat and sites selected for restoration/creation. 
 
 
HAZARDOUS MATERIALS, INCLUDING PESTICIDES 
 
1.       Use and store hazardous materials well away from occupied frog habitats and project 
sites selected for restoration/creation.  Such materials should be stored downslope or in another 
drainage from frog sites.    
 
2.       Develop and implement hazardous materials spill contingency planning and prevention.  
A model oil and hazardous materials spill contingency plan is available at 
http://ifwes.fws.gov/Contaminants/SpillPlan/. 
 
3.      Adhere to the USFWS’s Region 2 Pesticide Use Guidelines for Chiricahua leopard frog 
(White 2004). 
 
4.      Identify point and non-point source pollution and develop guidelines to reduce impacts.  
Identification of pollution sources will provide the focus for implementation of appropriate 
guidelines and impact minimization measures. Identification of non-point sources should include 
wastewater discharges and areas in which use of agricultural or other chemicals are concentrated. 
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5.    Decontaminate aquatic habitats that support the Chiricahua leopard frog and are known to 
be contaminated.  If contaminated, but occupied frog sites are identified, these sites should be 
cleaned up and remediation implemented as necessary at each site. Chiricahua leopard frogs 
should be removed from the site while clean up occurs and either relocated or allowed to 
disperse back into ponds once water quality has been improved (see Appendix D regarding 
holding facilities, and Appendices F and G regarding captive care, transportation, release, and 
disease prevention protocols). 
 
6.  Stop contamination of frog habitats from the direct application of herbicides and 
pesticides by road crews (e.g., county departments).  Materials known to be toxic to aquatic and 
riparian species are routinely applied for control of roadside weeds and other unwanted 
vegetation as well as mosquito control. This is particularly important where ditches, riparian 
areas, and springs occur at roadsides.  Other means to achieve weed or mosquito control should 
be developed with management agencies. 
 
7.    Use habitat-based measures to prevent contamination of Chiricahua leopard frog habitat. 
Habitat-based recovery actions that prevent the movement of pesticides into the aquatic 
environment should be used to reach this goal. For example, well-vegetated riparian areas and/or 
vegetation buffers around natural and artificial ponds should be protected and/or enhanced near 
agricultural and rural areas to prevent aerial drift and overland flow of chemicals into wetlands. 
Intensive farming should be avoided within a 1,500-foot buffer from occupied wetlands.  
    
 
RECREATIONAL DEVELOPMENTS, ACTIVITIES 
 
Hiking, fishing, horseback riding, and backcountry camping occur over large areas of public 
lands such as National Forest, BLM, State, and regional park lands. Habitat impacts associated 
with use of trails and roads, use of developed recreational sites, and dispersed use include 
wetland vegetation trampling, soil compaction, sedimentation, bank destruction, dammed pools, 
vegetation clearing, introduction of contaminants, spread of disease, and introduction of non-
native fishes and American bullfrogs. Impacts to the Chiricahua leopard frog may include direct 
loss of egg masses and tadpoles due to trampling and decreased suitability of aquatic habitats due 
to the proliferation of non-native predators, sedimentation of pools, vegetation clearing or 
trampling, and decreased water quality. 
 
1. Reduce the impacts of trail and road use on Chiricahua leopard frog suitable or occupied 
habitats, or identified recovery sites on public lands.  Depending on site-specific needs, trails and 
roads may need to be rerouted to avoid stream crossings and rerouted a distance of at least 500 
feet from such habitats. Where stream crossings are absolutely necessary, measures that ensure 
that crossings do not degrade frog habitat should be implemented.  Vehicular activities should be 
excluded from riparian and other wetland areas unless adequate stream crossings exist to prevent 
sedimentation. Roads within 0.3 mile of known populations of the Chiricahua leopard frog 
should be closed annually, if feasible, from March through October to prevent the killing of 
subadult and adult frogs on roads. Alternatively, roads can be fenced and culverts installed to 
allow safe crossings by frogs (see “Additional Measures for Road Construction, Reconstruction, 
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or Maintenance” above).  With each of these actions, care must be taken to avoid impacting other 
species. 
 
Management plans should include conservation such as: (1) closure or reroutes of trails or trail 
segments that cause degradation of Chiricahua leopard frog suitable or occupied habitats, or 
identified recovery sites, (2) development of trails and overlooks which provide the public 
opportunities to view unique resources without impacting those resources, (3) closure and 
relocation of campgrounds and other developments to areas that are within a 500-foot distance 
from Chiricahua leopard frog suitable or occupied habitats, or identified recovery sites , (4) 
development of interpretive trails and signs to educate the public about sensitive resources and 
habitats, (5) restoration of aquatic and upland areas that have been heavily degraded by 
recreational activities, and (6) installation of space barriers installed as appropriate to protect 
sensitive habitat areas. Existing guidelines for road development, maintenance, drainage, and 
surfacing should be followed to decrease impacts to the Chiricahua leopard frog suitable or 
occupied habitats, or identified recovery sites. 
 
2. Minimize off-highway vehicle impacts.  Develop management guidelines for off-road 
vehicle uses where recreational activities have resulted in sedimentation of streams and ponds 
and the degradation of upland habitats.  Many areas in National Forests need management of off-
road vehicle use in occupied watersheds to decrease impacts to the Chiricahua leopard frog and 
other sensitive species. Sediment monitoring guidelines, permanent or seasonal closures, and 
development and maintenance of siltation ponds are needed in these areas. 
 
3. Reduce impacts on the Chiricahua leopard frog from developed recreational sites and 
dispersed recreational use on public lands.  Developed sites, including day use areas and 
campgrounds, often attract congregations of people around water. Management plans for 
developed recreational sites on National Forest, State park, and regional park lands are needed 
and should minimize impacts to the frog.    
 
 
MONITORING AND RESEARCH ACTIVITES 
 
Adhere to disease prevention protocols in Appendix G.  Proposed monitoring and research 
recommended in the Step-Down Narrative should be funded first.  
 
 
PROJECTS WITH LONG-TERM EFFECTS 
 
Sites of permanent or long-term (greater than one year) effects, where continuing activities are 
planned that pose a hazard to frogs, may be enclosed with barrier fencing to prevent frogs from 
wandering onto the project site where they may be impacted. Barrier fencing should consist of 
flashing or other solid barrier material at least 12 inches high and buried sufficiently to ensure 
gaps do not form under the barrier. Hardware cloth with a 0.25-inch mesh may also be used if the 
top is folded over and out, away from the project site, to prevent frogs from climbing over the 
barrier. 
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GROUNDWATER PUMPING, IMPOUNDMENTS, AND SURFACE WATER DIVERSIONS 
 
To the extent possible, groundwater pumping, impoundments, and surface water diversions 
should not be authorized where such activity would adversely affect occupied Chiricahua leopard 
frog sites or project sites selected for restoration or creation, unless such activities are 
unavoidable. If unavoidable, the action agency or project proponent should take every reasonable 
measure to ensure effects are mitigated to the maximum extent practicable. Conservation 
measures will need to be tailored to each project, but may include: 
Relocating the project to a site where effects are minimized 
Minimizing the amount or duration of water pumped, diverted, or impounded 
Providing replacement water to frog habitats to offset impacts 
Temporarily relocating frogs if disturbance to hydrology is temporary 
Replanting riparian and wetland vegetation if temporary impacts desiccate these plants  
 
 
HABITAT BUFFERS 
 
Protected habitat buffers may be desirable in some cases to isolate frog habitats from human 
activities that cause or are suspected of causing effects beyond the actual boundaries of the 
activity (e.g. urbanization, fishing lakes, etc).  Buffers should be sufficient in size and or quality 
such that effects attenuate across the buffer.  This will vary by project type and habitats available 
as a buffer (see “Additional Measures for Logging/Thinning” above).  The buffer should be in 
place and protected as such as long as the project effects manifest.  Incorporation of the dispersal 
abilities habits of the Chiricahua leopard frog, and influences of habitat type and gradient, should 
increase the understanding of appropriate buffers by site.  
 
 
RESTORATION OF DISTURBED AREAS 
 
A project-specific habitat restoration plan should be developed by the project proponent. The 
plan should consider and include as appropriate the following methods: expansion or 
enhancement of affected wetlands, seeding or planting of plant species native to the project area, 
control of non-native plants or animals (without pesticides), erosion control, or other measures, 
as appropriate. Generally, the restoration objective should be to return the disturbed area to pre-
project conditions, or at a minimum, to result in no net loss of frog habitat quality or quantity.  
Restoration may also present opportunities for improving or creating habitat over baseline 
conditions.  The project proponent should conduct periodic monitoring of the restored area. 
Restoration should include eliminating any hazards to frogs created by the project, such as 
hazardous materials, areas of erosion, and holes or trenches in which frogs might become 
entrapped. Disturbance of existing perennial shrubs during restoration should be minimized.  If 
unavoidable, crushing shrubs is preferable to digging or pulling them out, because crushed plants 
may resprout from the root crown. 
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COMPENSATION 
 
Compensation is the least preferred option to address the impacts of a project on the frog or its 
habitat, and should only be considered if efforts to avoid, minimize, rectify, or reduce the 
impacts of the project have been expended.  Given that frogs occupy relatively small areas, most 
projects should be able to avoid contact.  To ensure no net loss of habitat quality or quantity, we 
recommend action agencies charge compensation to project proponents if net residual effects still 
would occur after all reasonable on-site conservation measures have been applied.  Projects may 
have beneficial effects (e.g. see livestock grazing and management, above) that could balance 
adverse effects.  Compensation funds should be used to acquire, protect, or restore Chiricahua 
leopard frog habitat, or to carry out other high priority recovery actions.  
 
 
DETERMINING WHETHER COMPENSATION IS NEEDED 
 
To evaluate whether it is appropriate to collect compensation, the action agency should consider 
whether, after all on-site conservation measures have been applied, the project would still have a 
net adverse affect to: 1) quality or quantity of occupied frog habitats or restoration/creation sites, 
2) Chiricahua leopard frogs, or 3) corridors for movement of frogs among existing populations 
and/or project sites selected for restoration/creation in MAs. If any such net adverse residual 
effects still remain, then compensation is desirable. However, a project proponent or action 
agency does not need to compensate if the same or a different project proponent or agency 
already paid compensation for a particular area. That is, compensation is only needed once for 
multiple disturbances to a particular area. 
 
 
COMPENSATION DETERMINATION 
 
Compensation basis 
 
The goal of compensation is to prevent the net loss of Chiricahua leopard frog habitat quantity 
and quality in MAs, to maintain or enhance movement corridors among populations, and to make 
the net effect of a project neutral or positive. To achieve this goal, compensation should be based 
on the area of frog habitat degraded or lost, degradation or loss of movement corridors, growth 
inducing effects, and the duration of the effects. Compensation should be determined by the 
following formula: 
 
 Area = A (B + G + D +1)  
 
Area is the suitable frog habitat land area that must be purchased or restored/created to 
compensate for residual effects.  Other variables are evaluated as follows: 
 

A Net area (acres or hectares) in a MA of occupied frog habitat or habitat in a 
selected restoration/creation sites that is degraded or lost (including areas where 
adverse effects to habitat, frogs, or both occur) due to the project, after all on-site 
conservation measures have been applied. Frog habitats include wetlands and associated 
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riparian vegetation in which frogs may forage or disperse.  Frog habitats may be 
degraded if corridors to other suitable habitats are disrupted or compromised. 

 
B Barrier to movement within MAs: 
The project will not block or impede movement among occupied and/or 
restoration/creation sites ......................................................................................................0 
The project will block or impede movement between two occupied and/or 
restoration/creation sites .................................................................................................  0.5 
The project will block or impede movement among three or more occupied and/or 
restoration/creation sites ...................................................................................................1.0 

 
G Growth inducing effects (the project facilitates other development, recreation, 
introduction of non-native predators or disease, or other activities that will, in the future, 
adversely affect frogs or their habitats in a MA): 
The project will have no growth inducing effects ...............................................................0 
The project will have growth inducing effects .................................................................0.5 

 
D Duration of effect: 
The effects of the project are expected to be short term (< 10 years)..................................0 
The effects of the project are expected to be long term (> 10 years)................................0.5 

 
Applying the compensation formula above will result in 1:1 to 3:1 compensation, depending on 
the nature of the residual effects, as defined above. Within MAs, action agencies or project 
proponents should purchase and donate suitable habitat, or promptly create or restore 
replacement habitat in the quantity defined by the compensation formula. Quality of habitat 
should be equal to or greater than that lost or degraded. Action agencies may require project 
proponents to pay a monetary equivalent (including administrative costs) that is required to 
purchase and/or restore the required habitat.  
 
If effects of a project results in less than $200 of compensation, action agencies should charge 
project proponents $200 as compensation to cover administrative costs of processing and 
evaluating requests. 
 
 
COMPENSATION FUND ACCOUNTS 
 
Each of the action agencies should maintain an accounting of all compensation funds paid and 
collected. These accountings should be incorporated into the annual monitoring report for 
implementation of the recovery plan. One of the agencies should serve as a clearinghouse for all 
compensation funds and accounting data. Project proponents would pay that clearinghouse 
agency through the action agency that authorizes the project. The Stakeholders Subgroups should 
be consulted as to how the funds are expended. 
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APPENDIX J 
 

Guidelines for Backyard Chiricahua Leopard Frog Refugia 
Authors: Dennis Caldwell and Angel Rutherford 

 
 
Size and location 
 
The pond should be located within the elevational limits of the species of frog designed for and 
in close proximity to the frog’s historical distribution to ensure adequate climatic ranges.  The 
pond should be 300 gallons or larger, 30 gallons per adult frog, and no less than 10 square yards 
surface area.  The pond should be located where runoff from rainwater will not run into the pond 
and overflow it.  The pond should receive at least 3 hours of sun per day at all times of the year. 
Overhead trees that allow filtered sun are good, but will increase the amount of debris buildup in 
pond.  Pond should be equipped with a mechanism for draining. 
 
Contour 
 
New ponds should be designed with a variety of gradients. The shoreline should have some 
sunny shallows and some steep edges that drop off quickly to the deepest parts of the pond. Deep 
areas should be at least 2 feet deep. At least 50 percent of the shoreline should be designed for 
easy escape of non-aquatic animals from the water to avoid drowning.   
 
Substrate 
 
New concrete ponds should be constructed with lime inhibitors to avoid high water pH levels. 
Bottom substrates should be at least 3 inches deep with a variety of areas of wash sand and pea 
gravel. Make sure sand and gravel is from a non-polluted source. A few larger rocks should be 
arranged on the bottom as cover for tadpoles and frogs. Make sure gravel and rocks are not 
limestone or mineral rich. New ponds should be seeded with a gallon of bottom substrate (muck) 
from the wetland where the frogs originated to introduce algae, beneficial micro fauna, and to 
speed up water stabilization and biological filtration effectiveness. It is very important to utilize a 
chytrid free source for all plants and substrate. 
 
Filtration 
 
A biological filter should be incorporated with an oil-less, sealed pond pump, plumbed with PVC 
plastic pipe or nontoxic flexible hose. For a small pond, pump size should be able to move at 
least 500 gallons per hour. The water intake needs to have a prefilter to keep small tadpoles from 
being sucked into pump. It is recommended that the pond have an automatic fill with a float 
valve to avoid accidental drying. 
 
Cover 
 
The interior of the pond should be heavily planted with filtering/oxygenating plants like Coon’s 
tail (Ceratophyllum demersum). At least 50 percent of the interior perimeter of the pond should 
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be planted with bushy native aquatic vegetation. Good native aquatic cover plants, are horsetail 
(Equisetum laevigatum), common cattail (Typha latifolia), common threesquare bullrush 
(Schoenoplectus pungens), devils beggarticks (Bidens frondosa), American brooklime (Veronica 
serpyllifolia), and pennywort (Hydrocotyle umbellata).  Duckweed (Lemna spp.) should be 
avoided because it becomes problematic with pumps and filters. If possible, plants should be 
acquired from the wetland the frogs came from. Permission must first be obtained from the land 
manager of the plant removal site.  If this is not possible, as a last resort, large selections of 
native plants are available from Hydra Aquatic, Inc. at hyraaquatic.com. Beware that these plants 
might harbor unwanted microorganisms and diseases. Never acquire plants from ponds that have 
been exposed to American bullfrogs. Bullfrogs are known carriers of the frog disease 
chytridiomycosis. 
 
Keep a few basking sites along the sunny edges of the pond clear of vegetation so frogs have 
basking sites where they can sun. The outside perimeter should have at least 50 percent dense 
cover. Good non-aquatic perimeter cover plants are deer grass (Muhlenbergia rigens), 
hummingbird trumpet (Zauschneria spp.), or any other dense plant. Large rocks will add to cover 
variety and hold heat during cold weather. 
 
Other animals 
 
American bullfrogs and crayfish must not be introduced to the pond. If either species is likely to 
be in the area, measures should be taken to keep them out. This could be a barrier fence or wall. 
Most fish are not compatible with leopard frogs.  Some native fish are compatible and can be 
acquired through your State Game and Fish Department.  Cats and dogs should be watched 
closely in the vicinity of the pond.  Stray cats should be discouraged.  If wild skunks and 
raccoons are a problem, a thorny bramble of twigs surrounding the pool might help keep them 
away.  Several species of birds can be problematic near frog ponds, especially herons and 
grackles.  These birds are able to do significant damage to a small frog population and should be 
discouraged from your pond.  Bird netting can be suspended over the pond to keep birds away 
when tadpoles are metamorphosing into vulnerable froglets.  Netting can entangle frogs as well 
as other wildlife and should be used only when needed.  Pile small branches and twigs in 
shallows and around the perimeter of the pond to discourage herons. 
 
Mosquito control 
 
Mosquitoes generally do not breed in ponds with moving water; however, if the pond is in an 
urban setting in close proximity to neighbors, mosquito control will be mandatory. The best 
choice is the native Gila topminnow.  Your State Game and Fish Department should be contacted 
for native fish stock.  The invasive mosquito fish (Gambusia affinis) must never be introduced 
into a leopard frog refugium; mosquito fish have been released into the wild throughout Arizona 
and have decimated populations of native fish and will readily eat hatching leopard frog 
tadpoles.  Never take native fish from the wild without first getting permission from your State 
Game and Fish Department. 
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During the stabilization process, while starting up a new pond, BT Mosquito dunks (Bacillus 
thuringiensis israeliensis) can be used to eliminate mosquito larva from the pond until the pH is 
stable enough to introduce fish.  
 
Chemical Additives 
 
Chemical additives like algae removers, water clarifiers, and salts should be avoided and only 
administered on advice by a knowledgeable amphibian veterinarian.  Pesticides should never be 
used near amphibian refugia. 
 
Maintenance 
 
In early winter, when egg masses are all hatched, thin emergent and perimeter vegetation to 
allow additional sunlight to reach basking sites.  Remove excessive sediment buildup from 
bottom of the pond, making sure not to disturb sandy substrates.  Always perform a partial water 
change after removing sediment.  To perform a partial water change, you must change out a 
portion of the water by draining the pond down 10 inches, then refill the pond to the normal 
level.  Through evaporation, salts build up in the pond; partial water changes should be 
performed several times a year.  Never change out more than a quarter of the water in the pond 
and be extra careful when egg masses are present.  
 
Algal Cycles 
 
Ponds go through seasonal cycles of algal blooms.  This is normal in any healthy pond and 
should not be discouraged.  Frog larvae feed on algae and use it as cover. The natural 
stabilization process of a new pond involves algal blooms soon followed by the algae dying back 
and the water turning clear again.  This cycle repeats several times the first year especially 
during the spring and fall as sunlight and temperatures are changing.  During severe algal 
blooms, reduced oxygen levels in the pond might threaten fish.  If necessary, a partial water 
change and/or increased water circulation will increase oxygen levels.  
 
Rainy season frog dispersal 
 
During summer rainy weather, many of the frogs will disperse from the pond.  If the frogs need 
to be contained, a frog-proof perimeter fence will need to be installed.  
 
Cannibalism 
Big leopard frogs will eat small frogs.  If frogs from your refugium are to be used to augment 
wild populations, late term larvae and froglets should be removed from the pond and held in a 
separate enclosure, safe from larger frogs. 
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APPENDIX K 
 

Glossary  
 
 
Adaptive Management:  An interactive process whereby management of species populations and 
habitat is initiated, evaluated, and refined based on monitoring and research results. 
 
Amplexus:  The sexual clasp, in which a male frog assumes a piggy-back position, with his 
forelimbs encircling the female’s body.  In Chiricahua leopard frogs, amplexus is axillary or 
pectoral, in which the male’s forelimbs encircle the female’s chest just behind her forelimbs.  
 
Augmentation:  Intentional release of individuals into an area occupied by that species. 
 
Conservation:  From Section 3(3) of the ESA: The terms "conserve," "conserving," and 
"conservation" mean to use and the use of all methods and procedures which are necessary to 
bring any endangered species or threatened species to the point at which the measures provided 
under this Act are no longer necessary. Such methods and procedures include, but are not limited 
to, all activities associated with scientific resources management such as research, census, law 
enforcement, habitat acquisition and maintenance, propagation, live trapping, and transportation. 
 
Conservation Action:  A conservation action is a management action that, when implemented, 
will partially or wholly achieve stated objectives for covered species or land cover types. 
 
Contaminants:  Any undesirable physical, chemical, biological, or radiological substance present 
in water as a result of human activities. 
 
Deme:  A group of closely-related individuals.  A deme may be a metapopulation, or groups of 
metapopulations or populations in a geographic area, such as a mountain range or river drainage. 
 
Emergent:  In flooded or ponded areas, rooted, herbaceous vegetation with parts of the shoot 
both below and above water, including cattail and bulrush. 
 
Enzootic:  Refers to a disease that is constantly present in an animal population, but usually only 
affects a small number of animals at any one time 
 
Establishment:  Intentional release of frogs to establish a population at a previously unoccupied 
site. 
 
Extant:  Currently existing, or not extinct.  As in “extant” populations of frogs that are still in 
existence.  
  
Habitat:  The specific places where the environmental conditions (i.e. physical and biological 
conditions) are present that are required to support occupancy by individuals or populations of 
Chiricahua leopard frogs. Habitat may be occupied (individuals or population of the species are, 
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or have recently been, present) or unoccupied (see also “unoccupied habitat”, “potential habitat”, 
and “suitable habitat”).  
 
Habitat Conservation Plan:  Part of the application package for a 10a1B permit from the USFWS 
for incidental take of a listed species by a non-Federal entity.  An HCP is a document that 
describes how agencies or landowners will manage their activities to reduce effects on 
vulnerable species.  An HCP discusses the applicant's proposed activities and describes the steps 
that will be taken to avoid, minimize, or mitigate the incidental take of species covered by the 
plan.  

Habitat Quality:  Habitat quality refers to the ability of the environment to provide conditions 
that support individual and population persistence. High quality habitat includes all elements 
needed for relict leopard frogs to complete their life cycle. Low quality habitat would include 
only the minimal elements that support occurrence of relict leopard frogs. 

 
Habitat Quantity:  Habitat quantity refers to the area of the environment that provides conditions 
that produce or could produce occupancy of a given organism.  
 
Historical Range:  Those geographic areas inhabited at the time of modern exploration and 
settlement, as verified by museum voucher(s) or documented in the published literature.  
 
Holding facility:  Holding facilities will most likely be captive facilities at zoos, museums, 
backyard ponds, or other managed aquatic sites that may or may not be within a RU.  However, 
holding facilities could also be actively-managed aquatic sites within a MA or RU.  These 
facilities would be activated during drought, after fires in the watershed, or other disasters that 
threaten populations.  Frogs may need to be temporarily captured and held in these holding 
facilities until ponds refill after drought, or other threats abate or are corrected (see recovery 
action 1.2.14).   
 
Immediate watershed:  Watersheds (typically USGS 10-digit Hydrologic Units) that surround 
extant populations and potential recovery sites.  The term is used in reference to project areas 
that may impact extant populations or recovery sites. 
 
Introduction:  Release of individuals into an area not formerly occupied by that species 
 
Inventory:  The process of conducting surveys to determine total distribution and number of 
frogs. 
 
Isolated Population:  An isolated population is one that is beyond the reasonable dispersal 
distance from adjacent populations.  Reasonable dispersal distance is generally a) within one 
mile overland, 2) within three miles along an ephemeral or intermittent drainage, 3) within five 
miles along a perennial stream (see page E-2 of appendix E), or some combination thereof.  
Potential dispersal barriers, such as ridgelines and waterfalls, should be considered when 
determining whether a population is isolated. 
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Loss of Habitat:  Loss of habitat is a reduction in habitat quality or quantity that results from an 
adverse change in environmental conditions, such as cover, substrate, channel type, interacting 
species, river area, reservoir area, water quality, and groundwater depth. 
 
Management area:  A delineated region within a Chiricahua leopard frog RU in which recovery 
efforts will be focused; includes all known extant populations of frogs and areas with high 
potential for habitat restoration or creation, and establishment or re-establishment of frog 
populations. 
 
Metapopulation:  A system of local populations connected by dispersing individuals (or a set of 
local populations that interact via individuals moving among local populations, Hanski and 
Gilpin 1991).  A local population is a set of individuals that interact with each other with a high 
degree of probability (Hanski and Gilpin 1991). Suitable habitat patches may support local 
populations; such patches without any individuals represent extinct local populations.  Local 
populations are often disjunct, occupying relatively isolated suitable patches of habitat, but do 
not have to be so.  Corridors are avenues of dispersal among local populations that possess 
habitat required for survival and feeding, but not necessarily suitable for reproduction or year-
round use.  Interactions among local populations (via the movement of individuals along 
corridors) establish a dynamic that can be characterized by the rates of local population 
extinction and recolonization, and that in turn, create a phenomenon of local population turnover.  
Metapopulations persist until all local populations are extinct (Hanski and Gilpin 1991).  For the 
purposes of this recovery plan, we further define a metapopulation as consisting of at least four 
local populations that exhibit regular recruitment, three of which are extant most of the time. 
Local population will be arranged in geographical space in such a way that no local population 
will be greater than five miles from at least one other local population during some part of the 
year unless facilitated dispersal is planned.  Metapopulations need to include at least one large, 
healthy subpopulation (e.g., at least 100 adults) in order to achieve an acceptable level of 
viability as a larger unit.  If drought can be managed effectively so that small, lentic habitats 
have a good chance of persistence, overall metapopulation viability may be achievable with a 
smaller number of individuals per subpopulation (e.g., 40 – 50 adults).  Most local populations 
should be robust (see definition below) and self-sustaining with minimal management (e.g. 
minimal or no augmentation, predator control, and habitat maintenance over a 25-year period).      
 
Native Species:  A species restricted to and only known to naturally occur within a specific 
geographic area. 
 
Non-native Species:  A species in a specific geographic area outside of its historical range.   
 
Open Water:  A flooded or ponded area that does not support rooted vegetation. Deep water 
(>1.8 m) or frequent, rapid fluctuation in water depth are usually the cause for the lack of 
vegetation. 
 
Oviposition (sites):  The act of egg-laying and/or the location where eggs are laid.  
 
Population:  A group of individuals of the same species inhabiting a given geographic area at the 
same time and among which mature individuals interbreed or are likely to interbreed. Ecological 
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interactions and genetic exchange are more likely among individuals within a population than 
with individuals in other populations of the same species. 
 
Population persistence:  A population of two or more frogs that includes at least one individual 
of each sex and exists for a given period of time.  Note that a persisting population is not 
necessarily viable, but through reproduction it has the potential to exist beyond the life spans of 
the individuals in the population – see definition of “viable population”. 
 
Population stability:  A population that shows stable or increasing trends and has not shown any 
significant decline from which it has not recovered during a 15 year period.   
 
Potential Habitat:  Habitat that is lacking one or more of habitat elements necessary to support a 
Chiricahua leopard frog population, but with proper management could develop into suitable 
habitat.    
 
Project Site:  Any project site in which recovery actions will be implemented; includes recovery 
sites targeted for maintaining metapopulations and isolated, but robust, populations of 
Chiricahua leopard frogs, refugia and holding facilities, aquatic habitat restoration project sites, 
upland project sites to be managed for watershed improvements or to facilitate dispersal of frogs, 
interpretive sites for public outreach, and other project sites.   Project sites will usually, but not 
always be, located within MAs. 
 
Range:  The geographic area a species is known or believed to occupy. 
 
Reestablishment:  Intentional release of frogs to establish a population where frogs occurred in 
the past. 
 
Refugia population:  A captive or actively-managed wild population created to preserve local 
populations in MAs or RUs in which extirpation is likely in the near future.  These refugia 
populations may also be desirable as a source of egg masses, tadpoles, and frogs for translocation 
to recovery sites, for augmentation, or to repopulate habitats after environmental disasters.  
Surplus frogs from these facilities may also be used for research purposes (see Recovery Action 
7).  Refugia populations may be located in wild or semi-wild managed aquatic habitats; or at 
zoos, museums, backyard ponds, fish hatcheries, or other similar facilities, which may or may 
not be located within the RU. 
 
Recovery site:  A site containing a metapopulation or isolated, but robust population, or sites 
where such populations would be established.  Recovery sites that are metapopulations include 
likely dispersal corridors and aquatic sites, and upland habitats between populations through 
which frogs may disperse.  Most or all recovery sites will be contained within MAs.  These sites 
will often need active management to maintain or achieve habitat suitability, including habitat 
restoration and protection, and Chiricahua leopard frogs will need to be established or re-
established at many recovery sites. 
 
Repatriation:  Intentional release of individuals into an area formerly occupied by that species. 
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Riparian:  Vegetation or other resources associated with a river, spring system, or other aquatic 
site that are dependent on groundwater and floodwater controlled by the aquatic site. Common 
riparian vegetation community types in the historical range of the Chiricahua leopard frog, from 
high to low elevation, include blue spruce, southwestern maple/white fir, narrowleaf cottonwood, 
box elder/mixed deciduous, Arizona walnut, Arizona alder, Sycamore/walnut/ash, Fremont 
cottonwood/sycamore, Fremont cottonwood/willows, honey mesquite, salt cedar, salt cedar-
honey mesquite, and marsh or cienega vegetation community types (Szaro 1989). 
 
Robust population:  A Chiricahua leopard frog population containing at least 60 adults and 
exhibiting a diverse age class distribution that is relatively stable over time.  A population of 40-
50 adults can also be “robust” if it resides in a drought-resistant habitat. 
 
Safe Harbor Agreement:  A voluntary agreement between USFWS and non-Federal landowners 
in which conservation benefits accrue to threatened or endangered species while providing the 
landowner assurances from additional ESA-related regulation.  Once developed, the USFWS 
issues an enhancement of survival (10a1A) permit to the landowner for incidental take of the 
listed species above the baseline occurrence of the species on the enrolled properties at the time 
the agreement is signed.   
 
Skeletochronology:  A widely used histological technique to estimate age in amphibians and 
reptiles that exhibit cyclic patterns of bone growth.  Cross-sections of the toes or other bones are 
histologically mounted and examined to count annual growth rings, similar to counting growth 
rings on a cross-section of a tree.   
 
Succession:  The change in the composition and structure of a biological community over time in 
the absence of major disturbance (e.g. fire, flood, land clearing by humans). For example, deep 
open water in a backwater may gradually fill over time with organic and inorganic material and 
become colonized by marsh species (e.g. cattail and bulrush). The marsh may eventually be 
succeeded by riparian forest of willows and cottonwoods. A major flood event could scour out 
the backwater site, returning it to an open water condition. 
 
Suitable habitat:  Habitat is suitable for Chiricahua leopard frogs if it falls within the range of 
habitat variation where the frog has been found.  This range is described in the “Habitat 
Characteristics/Ecosystems” in part 1 and in the survey protocol in Appendix E. 
 
SUL:  Snout-urostyle length – the length of a frog measured from the anterior end the snout to 
the posterior end of the urostyle. 
 
Translocation:  Intentional release of individuals in an attempt to introduce or repatriate a 
species, or augment a population. 
 
Unoccupied Habitat:  Sites that support all of the constituent elements necessary for Chiricahua 
leopard frogs, but where surveys have determined the species is not currently present. The lack 
of individuals or populations in the habitat is assumed to be the result of reduced numbers or 
distribution of the species such that some habitat areas are unused. It is expect that these areas 
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would be used if species numbers or distribution were greater. See also definition of “habitat” 
and potential habitat.”  
 
Viable Population:  A viable population is one that has a probability of extinction of less than 10 
percent in 100 years; also referred to as “long-term viability” in the recovery plan.  This 
definition is consistent with the IUCN’s Red List definition for a species that is not 
“Vulnerable”.  
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APPENDIX L 
 

Acronyms Used in This Document 
 
 
ACEC Area of Critical Environmental  MS 222 Tricaine methane sulfonate 

anesthesia  Concern 
AGFD Arizona Game and Fish Department 
AZ Arizona 
BANWR  Buenos Aires National Wildlife  
 Refuge 
BLM  Bureau of Land Management 
C  Centigrade 
CEDES La Comisión de Ecología y                                      

Desarrollo Sustentable del Estado de 
Sonora 

NAD  North American Datum 
NEPA  National Environmental Policy Act 
NM  New Mexico  

     
NRCS Natural Resource Conservation 

Service                                                                        

NMDGF  New Mexico Department of 
Game and Fish 

NWR National Wildlife Refuge 
OHV  Off-highway vehicle 

CBSG Conservation Breeding Specialist  PARC Partners in Amphibian and Reptile 
Conservation  Group 

CFR Code of Federal Regulations PCAV Polyhedral cytoplasmic amphibian 
virus CMA Cooperative Management Area 

DOAC Didecyl ammonium chloride PCB Polychlorinated biphenyls 
DNA Deoxyribonucleic acid PCR  Polymerase chain reaction 
DPS Distinct population segment PDS Postmetamorphic death syndrome 
DVM Doctor of Veterinary Medicine pH  Potential of Hydrogen; provides a 

measure on a scale from 0 to 14 of 
the acidity or alkalinity of a solution 

EPA Environmental Protection Agency 
ESA Endangered Species Act 
F  Fahrenheit PFC Proper functioning condition 
FEV  Frog erythrocutic virus Ppm Parts per million 
GPS Global positioning system PVA Population viability analysis 
HCP Habitat conservation plan PVC  Polyvinyl chloride 
HU Hydrologic unit PVHA Population and habitat viability 

analysis IMADES Instituto del Medio Ambiente y  
Quat128  A quaternary ammonia 

disinfectant 
el Desarrollo Sustentable del Estado de  
Sonora 
IIPAM Identification, Inventory,  RMP  Resource Management Plan 

RU Recovery unit Acquisition, Protection and Management of  
Sensitive Habitats SEMARNAP  Mexico’s Federal Secretaria  
IUCN  International Union for Conservation  del Medio Ambiente, Recursos 

Naturales y Pesca (Environment, 
Natural Resources and Fishing 
Secretary 

of Nature and Natural Resources, or World  
Conservation Union 
LC50  Concentration of a compound at  

SJV  Sonoran Joint Venture which 50 percent of test organisms die in a  
given time period  SUL  Snout to urostyle length 
LIP  Landowner incentive program TES  Threatened and Endangered Species 
MA  Management area TEV  Tadpole edema virus 

UGWA  Upper Gila Watershed Alliance 
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USA United States of America UTM  Universal Transverse Mercator 
USAG United States Army Garrison UV Ultraviolet radiation                       

UV-A  Ultraviolet-A radiation                  
UV-B  Ultraviolet-B radiation 

USDA United States Department of 
 Agriculture                     
USFWS United States Fish and Wildlife 

Service 
VES  Visual encounter survey 
WHIP  Wildlife Habitat Incentives Program

USGS  United States Geological Survey 
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APPENDIX M 
 

Public and Peer Reviews of the Draft Recovery Plan and Responses 
 
 

The Chiricahua leopard frog draft recovery plan was made available for public review for 60 
days – from April 12 to June 12, 2006.  Comments were solicited in an April 12 Federal Register 
notice; 263 letters to biologists, agencies, stakeholders, and other potentially interested parties; in 
news releases; and on the Fish and Wildlife Service’s Arizona Ecological Service’s Office 
website.  Six comment letters were received.  Herein we summarize comments from those letters 
and the resultant edits to the recovery plan. 
 
 
PEER REVIEWS 
 
We requested review of the plan by four peer reviewers (Dr. David Bradford, U.S. EPA, 
Landscape Ecology Branch, Las Vegas, Nevada; Dr. C. Kenneth Dodd, Jr., USGS/Florida 
Integrated Science Centers, Gainesville, Florida; Dr. Amy Lind, USDA Forest Service - Sierra 
Nevada Research Center, Davis, California, and Dr. Richard Zweifel, American Museum of 
Natural History (retired), Paradise, Arizona).  We received comments from David Bradford and 
Richard Zweifel. 
 
Richard Zweifel    
 
A1:  Zweifel noted redundancy in the plan, but added “Attempts to reduce redundancy very 
likely would be detrimental to other sections of the Plan, and in any event I have no specific 
suggestions to make along those lines”.   
 
Response:  David Bradford also mentioned redundancy.  Some of it is unavoidable – for instance 
discussion of threats, such as predators and chytridiomycosis, is needed in the Executive 
Summary, Part 1 – Reasons for Listing/Threats, to some degree in the recovery strategy and 
narrative outline, as well as in some appendices.  That said, the bulk of the description of these 
threats should be presented in Part 1 – Reasons for Listing/Threats, and then referenced as 
needed elsewhere in the plan.  The appendices provide greater detail on many topics, and in the 
body of the plan some text could be removed and referenced in those appendices instead.  The 
Plan was examined for redundancy and, where appropriate, redundancy was reduced by cross-
referencing or eliminating text where it was not needed.   
 
A2:  Page 10:  The statement “No recent records (1995) to the present exist for the …Peloncillo 
Mountains…” conflicts with “A few populations persist …Peloncillo Mountains…” on page 63.” 
 
Response:  The statements are technically correct, because the reference on page 10 refers only 
to the Arizona portion of the Peloncillo Mountains.  The species still occurs in the New Mexico 
portion of the range.  On page 10 after “Peloncillo Mountains”, “(Chiricahua leopard frogs still 
occur in the New Mexico portion of this range)” was added. 
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A3:  Pages 13-14:  The last sentence on page 13, which extends onto page 14, includes a list of 
hypothetical predators.  Zweifel notes “I forced a T. cyrtopsis (black-necked gartersnake) to 
disgorge two adult Rana chiricahuensis and a trout, and got a half-grown one from another.” 
 
Response:  The following was added at the end of the sentence:  “Zweifel (2006) observed 
predation of adult and juvenile Chiricahua leopard frogs by black-necked gartersnakes.”  Zweifel 
(2006 – his comment letter) was added to the Literature Cited section. 
 
A4:  On page 24, native fish associated with Chiricahua leopard frogs are listed.  Zweifel notes 
that speckled dace (Rhinichthys osculus) occurred with Chiricahua leopard frogs historically in 
Cave Creek and East Turkey Creek in the Chiricahua Mountains.  He also notes that both 
Chiricahua leopard frogs and an introduced trout were once abundant at the type locality for the 
frog at Herb Martyr Dam in the Chiricahua Mountains. 
 
Response:  Speckled dace was added to the list of species in the first full sentence on page 24.  
On page 22, last full paragraph, after the 2nd sentence the text was revised to read: 
 
“Vredenburg (2004) demonstrated that introduced rainbow trout (Oncorhynchus mykiss) and 
brook trout (Salvelinus fontinalis) were effective predators on mountain yellow-legged frog 
tadpoles (Rana muscosa), and that such predation was the most likely mechanism responsible for 
the decline of that frog.  However, Zweifel (2006) observed both Chiricahua leopard frogs and 
trout (unknown species) in abundance at Herb Martyr Dam in the Chiricahua Mountains.  Rosen 
(1996a) suggested…”  
 
Vredenburg (2004) was added to the Literature Cited. 
 
A5:  Page 66, “opportunities for establishing populations at the Muleshoe Ranch…”  Zweifel 
questions whether Chiricahua leopard frogs would be appropriate at this locale.  He has observed 
only lowland leopard frogs. 
 
Response:  There is a sight record for Chiricahua leopard frog from upper Redfield Canyon on 
the Muleshoe Ranch in 1991 and there are numerous Chiricahua leopard frog localities from 
elsewhere in the Galiuro Mountains.  However, most leopard frogs identified on the Muleshoe 
Ranch have been lowland leopard frogs.  The last sentence in the first full paragraph on page 66 
was revised to read as follows: 
 
“…and opportunities for establishing populations at appropriate sites on the Muleshoe Ranch 
should be explored with The Nature Conservancy, BLM, and the Coronado National Forest.” 
 
A6:  Wasn’t the town of Playas taken over by the Federal Government for training soldiers in 
urban warfare?  (See last full paragraph of page B-13) 
 
Response: Yes, the town was purchased by New Mexico Tech in 2004 and is being used as a 
training site for counter-terrorism urban warfare by the Department of Homeland Security.  The 
text on page 66 was revised to reflect this.   
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A7:  Silver Creek stock tank, between Portal and Paradise in the Chiricahua Mountains, is 
potentially an excellent site to reestablish Chiricahua leopard frogs, if the cooperation of the 
property owner can be obtained.  There may also be reestablishment potential at the Southwest 
Research Station (an historical locality) near Portal.  
 
Response:  On page 64, in the “Crucial Recovery Needs” for RU3, the following sentence was 
added to the 2nd paragraph, which becomes the 3rd to the last sentence: 
 
“Discussions should be initiated with the owners of the Silver Creek stock tank and Southwest 
Research Station near Portal to explore opportunities for population reestablishment at these 
historical localities.”  
 
David Bradford 
 
B1:  Bradford is concerned about uncertainties involved with controlling two of the major threats 
– invasive predators and chytridiomycosis.  He believes the cost estimates in the implementation 
schedule to address these problems are inadequate. 
 
Response:  We agree that costs are likely underestimated for dealing with these serious threats.  
In regard to controlling predators, we have some idea of the costs in relatively simple systems 
(e.g. ~$5,000 to treat a stock tank); however, it would take further analysis to determine how 
many such sites would need to be treated, and we do not fully understand the techniques or costs 
associated with control in larger systems.  In response, the per year cost estimate for recovery 
task 1.2.9 (total of $100k, as written) was replaced with “TBD” (to be determined).  The same 
rationale was used to revise recovery task 1.2.12 (replaced $ with TBD).  Task 6.13, which 
would research and evaluate methods to control predators and competitors remained the same 
(total of $150k), as did 6.19, which would investigate methods to treat chytridiomycosis in wild 
frog populations (total of $85k over 5 years).   
 
B2:  Need definition for “isolated” in reference to isolated robust population (see recovery 
criterion 1).   
 
Response: Added “isolated population” to the glossary.  Defined as follows: An isolated 
population is one that is beyond the reasonable dispersal distance from adjacent populations.  
Reasonable dispersal distance is generally a) within one mile overland, 2) within three miles 
along an ephemeral or intermittent drainage, 3) within five miles along a perennial stream (see 
page E-2 of appendix E), or some combination thereof.  Potential barriers, such as ridgelines and 
waterfalls, should be considered when determining whether a population is isolated.  
 
B3:  “The main difficulty in using the document is its size and the fact that a topic (e.g. role of 
invasive species in population declines or recovery) is addressed in many places.  Cross-
referencing was often helpful in this regard, and the use of appendices for the more detailed 
information was also useful.” 
 
Response:  See response to A1.   
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B4:  “Is there a reason why the implementation schedule (Part III) is not listed as a table in the 
Table of Contents?” 
 
Response:  Implementation Schedules typically are not referred to as tables in recovery plans 
(and was not referred to as such in the draft plan).  It was not listed as a table in the Table of 
Contents. 
 
B5:  “In a few places in Part 1 there was some mixing and confusion between background 
material appropriate for Part 1 and speculation or management actions that seemed more 
appropriate for Part II (see minor comments below).”  The minor comment to which Bradford 
refers is likely B9.       
 
Response:  In a few places in Part 1, we make reference to recovery or recovery actions that 
should be taken (see page 17 – middle of 2nd full paragraph; page 18, last paragraph; page 38 – 
discussion of agriculture; and page 49, last full paragraph).  These sections were modified to 
present factual information pertaining to the biology, threats, and other material appropriate for 
Part 1; while discussions of recovery needs were removed.   
 
B6:  “P. v. & 149. My guess is that the total costs are an underestimate, especially since cost 
estimates for some items are listed as ‘TBD’.” 
 
Response:  The text makes it clear on page v. and 149 that these are minimum costs that do not 
include to-be-determined costs.  However, we revised “Does not include TBD costs” at the 
bottom of page 149 to “These totals are minimum cost estimates that do not include TBD costs”.         
 
B7:  Replace “Bradford 2002” with Bradford, D.F., J.R. Jaeger, and S.A. Shanahan. 2005. 
Distributional changes and population status of amphibians in the eastern Mojave Desert. 
Western North American Naturalist 65:462-472.” 
 
Response:  Revised as suggested. 
 
B8:  In reference to page 9, lines 4 and 5, Bradford suggests providing sample sizes rather than 
“almost all perennial waters” and “All waters”. 
 
Response:  The text was revised to provide numbers rather than qualitative descriptors, as 
suggested. 
 
B9:  Page 18, last paragraph – it is confusing because it shifts between discussing background 
material to recommendations for management. 
 
Response:  See response to comment B5. 
 
B10:  Page 22, paragraph 2, line 3:  This argument would be strengthened by providing sample 
sizes for “All historical”.   
Response:  The text was revised to provide number of sites that corresponds to “all historical”. 
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B11:  Page 22, paragraph 4, line 9:  It is not clear whether “may prove harmful” is speculation or 
based on observation. 
 
Response:  Interactions between Chiricahua leopard frogs and mosquitofish have not been well 
studied.  However, at Beatty’s Guest Ranch in southern Arizona, a healthy population of Ramsey 
Canyon leopard frogs exists in the presence of mosquitofish, but tadpole densities appear lower 
than at some other sites. Revised to read “ Mosquitofish and Chiricahua leopard frogs can 
coexist; however, in at least in some circumstances (especially at high abundance of 
mosquitofish and/or low habitat diversity), predation by mosquitofish may greatly reduce larval 
frog survival.”   
 
B12:  page 28, paragraph 2, lines 3-4:  Can a source (e.g. pers. comm., publication) be cited for 
the statement “Free-ranging healthy American bullfrogs with low-level chytridiomycosis 
infections have been found at Cienega Creek, Arizona.”?   
 
Response:  This statement is from Bradley et al. (2002).  The text was revised to include this 
citation. 
 
B13:  Page 40, last paragraph, lines 2-4:  Not clear what constitutes relatively short viability in 
regard to the following statement: 
 
“Because of the inherent dynamic nature of southwestern wetland and riparian habitats, coupled 
with the increased likelihood of extirpation characteristic of small populations, the viability of 
extant populations of the Chiricahua leopard frog is thought, in many cases, to be relatively 
short.”  
 
Response:  Revised to read:  “Southwestern riparian and aquatic systems are inherently dynamic 
due to seasonal and longer-term drought and wet periods, floods, and fire.  Dynamic habitats 
combined with often small populations of adult frogs create circumstances in which population 
sizes vary greatly over time and populations are periodically extirpated.”  
 
B14:  Page 60, paragraph 3.  Spelling “”dentification”. 
 
Response:  Corrected:  “identification”.    
 
 
PUBLIC/AGENCY REVIEWS   
 
U.S. Forest Service, Region 3, Albuquerque, NM 
 
C1:  “One concern is that the stakeholder subgroup approach was not consistent for all recovery 
units.  We recommend the U.S. Fish and Wildlife Service assign this role to a FWS employee, 
contractor, or another Federal or state employee that would be accountable to and meet the 
expectations identified by the FWS.” 
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Response:  We assume the commenter refers to the Team Leader or Mediator position.  The 
Stakeholder Subgroups should represent the views of regional stakeholders.  As a result, in most 
cases it will not be appropriate for the FWS employee to serve as Team Leader or Mediator (an 
exception may be in the case of RUs that contain wildlife refuges).  As a result, Stakeholder 
Team Leaders or Mediators could come from a variety of backgrounds.  In the case of the three 
stakeholder groups, one was lead by U.S. Forest Service employees, while the other two were 
lead by Malpai Borderland Group representatives.  The subgroups worked well, and we see no 
reason to limit those who can serve in leadership roles. 
 
C2:  “We suggest that wildland fire use and prescribed burns be encouraged, while noting that 
low intensity burns are desired in the vicinity of frog habitat.  This allows the FS to restore 
National Forest System lands and ecosystems that are fire-adapted to be more resilient and 
resistant to large-scale, high intensity burns.  Large-scale, high intensity burns are the type that 
results in the most devastating effects to frog populations.” 
 
Response:  Recovery action 1.2.4 calls for restoration of natural fire regimes in the watersheds of 
extant populations of Chiricahua leopard frogs in MAs, including the use of prescribed fire, 
managed natural fire, and wildfire that will result in restoration of hydrologic function.  Fuels 
management and wildfire suppression are noted as crucial recovery needs and/or wildfire is 
described as a crucial threat in RU 2 (page 62), RU 3 (page 64), RU 6 (page 68), RU 7 (page 70), 
and RU 8 (page 71); and the threat of catastrophic wildfire figured prominently in the threat 
assessments in Appendix B.  The destructive nature of catastrophic fires is described on pages 38 
and 39.  Effects of, and measures to minimize, impacts of fire suppression and prescribed fire 
activities are described in Appendix I (pages I-3 to I-5) and recognize that habitats can be 
protected and can improve in the long-term through fire management, but revisions in the 
opening paragraph on page I-3 were made to better emphasize the benefits of fire-management 
activities.  Inserted the following as the 3rd sentence in that paragraph: “Although prescribed fire 
and wildfire almost always have short-term adverse effects to frogs and their habitats, properly 
managed low-severity fire can reduce the likelihood of catastrophic fires and improve habitat 
conditions in the long term.” 
 
C3:  The draft Recovery Plan states that suitable frog habitat exists in the Cibola National Forest.  
Habitat there is better described as “potential”; the metapopulation that includes the Alamosa 
Warm Springs probably did not include populations in the San Mateo Mountains because of a 
lack of suitable habitat.   
 
Response:  See response to C4.          
 
C4:  Little recovery opportunity exists in the Cibola National Forest; identification of recovery 
sites there is probably inappropriate because aquatic sites are not drought resistant, there is a lack 
of perennial water in the Magdalena Ranger District (which includes all portions of RU 8 on the 
Forest), no populations of Chiricahua leopard frogs have been found despite surveys at all 
potential habitats within 5 miles of the extant population at Alamosa Warm Springs, and stock 
tanks in the area do not hold water long enough to allow larval development.  
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Response:  In the sentence in the last paragraph on page B-85 “The San Mateo 
Mountains...proximity to this locality and presence of suitable habitat.”  “Suitable” was replaced 
with “suitable or potential”.  We also inserted the following after that sentence:  “Surveys for 
frogs on the Cibola National Forest at all potential habitats within five miles of the Alamosa 
Warm Springs population have been negative.  There is a lack of perennial water and probably 
little recovery potential in this area of the Cibola National Forest.” 
 
C5:  Recommend rewording the statement on page H-13 to better describe which activities “may 
need to be eliminated from occupied watersheds for a period of time, to provide frogs and their 
habitat the opportunity to recover from excessive stresses.” 
 
Response:  Consistent with the first part of this paragraph, inserted “(e.g. livestock grazing, 
mining, recreation, timber harvest, water uses)” after “In some instances, certain activities” in the 
middle of page H-13.   
 
C6:  Page H-14: Clarify how delineation of MAs (Figures B1-8) provides direction on where 
habitat suitability and connectivity are considered important for recovery. 
 
Response:  The section to which the commenter refers also makes reference to “Crucial 
Recovery Needs” in the RU descriptions in the body of plan, and the more detailed RU 
descriptions in Appendix B.  Together with the MAs, these sections describe areas that have the 
greatest potential for successful recovery.  The value of MAs for recovery is described in the first 
paragraph on page 53.  No revisions needed. 
 
C7:  Page H-14:  Clarify which areas have been noted as being very important to the ecological 
function of adjacent sites that currently support the Chiricahua leopard frog.   
 
Response:  These specific areas are described to some degree in Appendix B and in the “Crucial 
Recovery Needs” (see these sections), and watersheds of extant populations of frogs (see 
recovery action 1.2.1 and Appendix H).  Additional areas will be identified as recovery sites are 
identified and evaluated (see recovery actions 1.2.17.1, 2.1, and Appendix D).   No revisions 
needed. 
 
C8:  Page I1, 3rd sentence:  Insert “suitable” before “habitat”. 
 
Response:  Revised as suggested. 
 
C9:  Page I-2:  The Recovery Plan should identify where grazing impacts are adversely affecting 
extant populations of frogs or recovery sites.  
 
Response:  There is very little discussion in the Plan of specific sites impacted by grazing 
(however, see discussions in Appendix B, page 35, and “Crucial Recovery Needs” in the RU 
descriptions, pages 58-71).  The purpose of Appendix I is not to identify specific sites where 
impacts may occur, but rather to provide a shopping list of recommended conservation measures 
that can be helpful to Forest biologists, range conservationists, ranchers, and others involved in 
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livestock management.   Discussions of impacts at specific sites are more appropriately deferred 
to project-level section 7 consultations and other analyses.  No revisions needed. 
 
C10:  Page I-5:  The term “immediate watershed” should be defined. 
 
Response:  “Immediate watershed” is defined on page 58:  “(typically USGS 10-digit Hydrologic 
Units) that surround extant populations and potential recovery sites”.  The following definition 
was added to the glossary: 
 
Immediate watershed:  Watersheds (typically USGS 10-digit Hydrologic Units) that surround 
extant populations and potential recovery sites.  The term is used in reference to project areas 
that may impact extant populations or recovery sites.     
 
C11:  Pages I-6 and 7: Within Federal land management agencies, the field-contact 
representative (page I-6) or the biological monitor (page I-7) are not likely to have the authority 
to halt activities in violation of agreed upon conservation measures.  That authority usually rests 
with the line officer or contracting officer. 
 
Response:  If a monitor or field contact representative detects project activities that are outside 
agreed upon conservation measures, that person should go through established channels so that 
those activities can be suspended pending review.  In regard to biological monitors, we made the 
following revision to the 2nd sentence in the 2nd paragraph on page I-7:  “The biological monitor 
alone, or working through the field-contact representative or other on-site personnel, should have 
the authority and responsibility to halt activities that are in violation of agreed upon conservation 
measures.”  
 
C12:  Page 1-10, item #1, Recreational Developments, Activities:  Should be reworded so it is 
clear that only trails and roads within or adjacent to occupied or suitable habitat be rerouted. 
 
Response:  In item #1, sentence 1, replaced “Chiricahua leopard frog habitat” with “Chiricahua 
leopard frog suitable or occupied habitats, or identified recovery sites”.  In the 2nd sentence, 
replaced “wetland (i.e., springs, wet meadows, ponds, marshes) frog habitats” with “such 
habitats”.  In the 2nd paragraph of item #1, part (1), replaced “aquatic systems” with “Chiricahua 
leopard frog suitable or occupied habitats, or identified recovery sites”.   In part (3) replaced 
“frogs habitats” with “Chiricahua leopard frog suitable or occupied habitats, or identified 
recovery sites”.   In part (6), replaced “Chiricahua leopard frog habitats” with “Chiricahua 
leopard frog suitable or occupied habitats, or identified recovery sites”. 
 
C13:  Page I-11, part (3):  It is recommended that campgrounds or other developments within 
500 feet or frog habitats be closed or relocated.  Suggest that this be applied only to occupied or 
suitable habitat. 
 
Response:  Addressed in response to C12. 
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C14:  The Cibola National Forest would like to be involved in the development of Watershed 
Use and Management Guidelines as identified in the recovery actions (1.2.1) and in the 
development of guidelines for logging/thinning in the Alamosa Warm Springs MA. 
 
Response.  The descriptive text for recovery action 1.2.1 makes it clear that the recovery plan, 
including Appendix H, is providing information for land managers or others to develop 
watershed use and management guidelines.  The Southwestern Region’s watershed, soil, and 
water conservation guidelines are cited as one of those sources of information.  We expect that 
the Cibola National Forest would be the lead land manager developing any watershed and 
management guidelines for forest lands in the Alamosa Warm Springs MA.  Similarly, Appendix 
I, page I-9 and elsewhere, only provide recommended conservation measures for logging or 
thinning projects, and do not prescribe to land managers the content of such measures.  No 
revisions needed. 
 
C15:  page I-5, item #1 and 4:  Need to portray the benefits of prescribed fire.  Also, in item #4, 
the monsoon season is often the best time to burn because this is when fires naturally occur and 
high intensity fires are unlikely. 
 
Response:  See response to C2.  In regard to fire in the uplands during the monsoon season, if it 
is wet enough for frogs to be moving across the landscape, it is probably too wet for a fire to 
carry.  Item #4 was removed.          
 
Arizona Game and Fish Department     
 
D1:  “In addition to recovery actions described in the Draft Plan, we urge the Service 
concurrently to develop conservation tools that provide assurances in conservation planning to 
private landowners and therefore contribute to successful recovery of Chiricahua leopard frogs.” 
 
Response:  Appropriate conservation tools would include Safe Harbor Agreements, Habitat 
Conservation Plans and associated Incidental Take Permits, private and tribal lands agreements, 
recovery and enhancement of survival permits, and using our authorities to assist private 
landowners to accomplish recovery (e.g. our Partners for Fish and Wildlife Program).  These 
tools are mentioned in recovery actions 2.3, 4.3, 5.2, 8.1, 8.2, 10.2, and 11.2, and are also 
described in “Previous and Ongoing Conservation Measures” in Part 1 and in Appendix A.  Our 
recently completed Statewide Safe Harbor Agreement for the Chiricahua leopard frog, whereby 
AGFD holds a master permit and individual non-Federal landowners can sign on to the 
agreement through a Certificate of Inclusion (described on pages 48 and 49), provides an 
example of conservation tools.  Given the coverage on this topic, no additional revisions are 
needed to address this comment. 
 
D2:  Page 56, Recovery Units third paragraph:  “Change third sentence of paragraph from 
‘Hydrological units are used as MA boundaries because…’ to ‘Hydrological units and mountain 
ranges are used as MA boundaries because…” 
 
Response:  Revised as suggested. 
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D3:  Page 57, Recovery Units, first partial paragraph.  “Change last sentence of paragraph to ‘If 
other populations are found in the future outside an established MA, the habitats of those 
populations will be included in the appropriate MA.”  
 
Response:  It is possible that populations disjunct from established MAs could be found, and that 
no “appropriate” or adjacent MA may be available to which the new population could be 
attached.  In those cases, a new MA may be warranted.  Revised as follows: 
 
“If other populations are found in the future outside an established MA, an adjacent MA will be 
extended to include the habitats of those populations, or a new MA should be established based 
on those populations.” 
 
D4:  Page 58, Recovery Unit 1:  “Add Tumacacori Mountains to the description.” 
 
Response:  In the 2nd sentence of the “Description” on page 58, replaced “Pajarito-Atascosa 
Mountains” with “Tumacacori-Pajarito-Atascosa Mountains”.   
 
D5:  Page 77, Narrative Outline for Recovery Actions 1.2.6:  “Change ‘Part VI, Actions 
Available for…’ to ‘Part II, Actions Available for…”   
 
Response:  Revised as suggested. 
 
D6:  Page 88, Narrative Outline for Recovery Actions 6.19, second sentence: Insert ‘to’ before 
‘clear”. 
 
Response:  Revised as suggested. 
 
D7:  Page A-1, Appendix A, third paragraph, second sentence: Delete ‘for’ after ‘recovery plan 
contains…”. 
 
Response:   Revised as suggested. 
 
D8:  Page I-14, Appendix I:  “Compensation is misspelled in the section heading named 
“Comppensation Fund Accounts” 
 
Response:  Corrected spelling. 
 
D9:   “Add definition of ‘persistence’ to the Glossary (Appendix K).”   
 
Response:  “Persistence”, particularly as it is used in regard to long term population persistence 
in the Recovery Strategy and in the PHVA, is an important concept that is undefined.  The 
PHVA’s  VORTEX model defines extinction as the absence of either sex.  If persistence is the 
opposite of extinction, then a definition for the former can be constructed from the definition of 
the latter.  Because persistence typically refers to presence over a period of time, we add a 
temporal component: 
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“A population of two or more frogs that includes at least one individual of each sex and exists for 
a given period of time. Note that a persisting population is not necessarily viable, but through 
reproduction it has the potential to exist beyond the life spans of the individuals in the population 
– see definition of “viable population”” 
 
This definition was placed in the Glossary.  .  
 
New Mexico Department of Game and Fish     
 
This letter suggested no changes to the draft Plan:  “The Department supports implementation of 
the final Recovery Plan based on the Draft and looks forward to assisting in recovery efforts for 
the Chiricahua leopard frog.” 
 
Response:  No changes needed. 
 
Salt River Project 
 
E1:  “SRP has three main concerns with the proposed Plan:  1) the Plan should recognize and 
discuss measures to minimize impacts to existing water rights holders due to recovery actions, 2) 
the Plan’s emphasis on the adverse effects of dam operations on the leopard frog is unjustified, 
particularly given the inability of dam operators to prevent adverse impacts to the frog caused by 
nonnative fish populations introduced into the watershed many years ago by third parties; and 3) 
the criteria for determining compensatory mitigation, described in Appendix I, are susceptible of 
overly broad application and should be revised. 
 
Response:  These comments are elaborated upon later in SRP’s letter – and are addressed below. 
 
E2:  SRP holds that the Plan should include recognition of private water rights and discuss 
protection mechanisms to minimize impacts to private water rights and operators of water 
management facilities.  Most importantly, SRP finds that recommendations for removal of dams 
and/or proposals to reduce diversions would be in conflict with water rights and cause harm to 
the holders of those rights.  The Team and the U.S. Fish and Wildlife Service should consider 
these potential impacts in formulating the timing and location of future recovery projects. 
 
Response:  In E3, specific excerpts from the text are provided by SRP where they think 
modifications are needed to address their concerns.  The following text was also revised: 
 
Page 54, 2nd full paragraph, 5th sentence:  Revised as follows:  “Education and outreach will 
complement these efforts by again building support and understanding of the recovery program, 
as well as developing conservation partnerships with landowners and managers, water rights 
holders and dam/reservoir operators, recreationists, ranchers, anglers, and others that use and 
enjoy public lands.” 
 
Page A-2, 3rd paragraph, first sentence:  Revised as follows: “Currently, the greatest 
opportunities for ranchers and land or water managers to participate…” 
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Page A-10, 1st full paragraph, 6th sentence:  Revised as follows:  “If the land or water 
manager…” 
 
Page A-26, 2nd line:  Revised as follows:  “Private property and water rights will be respected.” 
 
E3:  In this comment, SRP provides specific suggestions for revised text to support their more 
general comment in E2.  These are addressed here one by one: 
 
Page 53, bottom of second paragraph:  Consider including agreements with water holders. 
 
Response:  Revised to read: “…(e.g. agreements with landowners and water rights holders, 
abatement of…” 
 
Page 76 (1.2.1): add “water managers”. 
 
Response: Revised to read: “… that can be used by land and water managers, ranchers, and 
others…” 
 
Page 76 (1.2.2):  Suggest revision:  “Once developed, recommendations should be implemented 
on public lands (after consideration and protection of private water rights interests if 
appropriate), and in the case of willing private landowners or water rights holders on private 
lands.” 
 
Response:  Revised as follows:  “Once developed, recommendations should be implemented on 
public lands, and in the case of willing private landowners, on private lands.  Private and tribal 
land and water rights will be respected.” 
 
Page 83 (2.3): add “On Federal and non-Federal lands, agreements with willing water rights 
holders, such as Safe Harbor Agreements or other agreements, may be needed to provide 
assurances that those rights are not economically harmed by presence of frogs or recovery 
actions.” 
 
Response.  Safe Harbor Agreements cannot be implemented on Federal lands.  The text was 
revised as follows:  “Agreements with willing land or water rights holders, such as Safe Harbor 
Agreements or other agreements, may be needed to provide assurances that those rights are not 
economically impacted by presence of frogs or recovery actions.” 
 
Page 85 (4.3): same as Page 83 (2.3) above. 
 
Response:  Replaced current language with suggested language from previous comment.   
 
Page 91 (8.1, 8.2):  Similar comment – include water rights interests when developing 
partnerships.   
 
Response:  Inserted “water rights holders” after “landowners” in 8.  In the text for 8.1, inserted 
“and water rights holders” after “Landowners” in second sentence.  No changes needed to 8.2. 
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Page B-57 (Tonto NF bottom 2nd paragraph):  Should describe the baseline conditions at Blue-
Ridge-East Verde River water diversion (average of 9,000 af/yr, range of 0-15,000 af/yr), which 
is in the Upper East Verde River MA.  Need coordination with SRP on recovery actions. 
 
Response:  At the bottom of the subject paragraph, added “Recovery implementation in this area 
will need to consider water management.  Coordination with Salt River Project and other water 
users will be necessary when considering water needs for recovery efforts.” 
 
Page D-4 (3rd paragraph):  Suggested revision:  “If private landowners and/or water rights 
holders are willing to allow reestablishment on their lands or using their water, it will often be 
desirable to develop Safe Harbor Agreements or other such agreements prior to population 
establishment.” 
 
Response:  Revised as suggested. 
 
Page H-12 (1st bullet): Revise to read “…with willing landowners on private lands or water right 
holders on private or public lands…” 
 
Response:  Revised as suggested. 
 
Page H-16 (1st paragraph):  Where a valid water right exists, public land managers are not free to 
decide that a dam “no longer serves its useful purpose” and remove it.   Suggest revising the 1st 
paragraph to read “Recovery Team members, land managers, and wildlife agencies should work 
with water resources users to evaluate dams and diversions (particularly springs) that are 
negatively affecting the extent and suitability of Chiricahua leopard frog habitat, or that provide 
stable, permanent water sources for non-native predators, to identify strategies to eliminate or 
reduce impacts.  In particular, removal may be considered in coordination with and with 
approval of water rights holders when such facilities no longer serve their useful purpose and/or 
when they could feasibly be replaced by other, less environmentally damaging facilities capable 
or supplying water of equal or better quality compared to the facility proposed for removal.”  
 
Response:  Adopted commenter’s suggested text with minor revisions:  “Recovery Team 
members, land managers, and wildlife agencies should work with water resources users to 
evaluate dams and diversions (particularly springs) that are negatively affecting the extent and 
suitability of Chiricahua leopard frog habitat, including those that provide stable, permanent 
water sources for non-native predators.  Strategies to eliminate or reduce impacts to the frog 
should be developed.  In particular, removal of dams and diversions may be considered in 
coordination with and with approval of water rights holders and land/facility owners when such 
facilities no longer serve their useful purpose and/or when they could feasibly be replaced by 
other, less environmentally damaging facilities capable or supplying water of equal or better 
quality compared to the facility proposed for removal.” 
 
Page H-16 (c):  Consider discussing working with groundwater pumpers on private lands that 
could be influencing frog habitat.   
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Response:  In the bolded part of part (c), removed “on public lands”.  At the end of the 2nd 
paragraph, added “The Recovery Team should attempt to work with groundwater pumpers on 
private lands, if possible, if private wells are adversely affecting Chiricahua leopard frog 
habitat.” 
 
E4:  In this comment, SRP believes the plan should recognize that water facility operators often 
have no authority to prevent or control establishment of non-native sport fisheries, bullfrogs, etc. 
into reservoirs or other water facilities.  The Plan needs to more thoroughly describe the 
influence of past and ongoing fisheries management on occupied and potential recovery habitats 
and what actions would need to be taken by agencies to promote and achieve recovery in the 
RUs and specific locations within MAs.  SRP then goes to describe specific text where changes 
are recommended, pursuant to this comment: 
 
Pages 36-37 (Dams and Reservoirs) and Page 50 (Water):  Some non-native fisheries are 
sustained by stocking, and would not otherwise maintain themselves.  Also, in some arid basins, 
the presence of dams and resulting altered hydrology may benefit the frog through flow 
maintenance and the creation of more habitat than what might otherwise be present.  As a result, 
there may be opportunities for Recovery Team members to work with water managers to 
improve conditions for frogs. 
 
Response:  The discussion on page 50 simply states the Chiricahua leopard frog’s biological 
needs and constraints, and is not the appropriate section to elaborate on the effects of dams or 
non-native fish stocking. As a result, no changes are needed on page 50.  On page 37, the 
following was added to the first paragraph:  “Creation of reservoirs is not the direct cause of the 
loss of Chiricahua leopard frog populations.  However, the stable, deep water they provide is 
excellent habitat for sport fisheries, crayfish, and bullfrogs.  A long history of State, Tribal, and 
Federal stocking programs, combined with “bait-bucket” introductions have rendered these 
aquatic sites largely unsuitable for leopard frogs.  In some cases, such as high altitude lakes, if 
stocking ceased, non-native fish populations might disappear due to lack of reproduction.  In 
those cases, there may be opportunities for restoration of native fish and frog populations.” 
 
Immediately before the last sentence at the end of the 2nd paragraph on page 37, added “In some 
cases, dams may have created more stable or perennial flows in downstream reaches, which were 
historically unsuitable for Chiricahua leopard frogs. However, these reaches now almost 
invariably support non-native predators.”  
 
Pages 77-78 (1.2.9):  The Plan should recognize that actions to control deleterious fish and 
wildlife species are under control of State or Tribal wildlife agencies and coordination and 
permits are needed to implement those actions.   
 
Response:  Added at the end of the text in that section:  “Control of non-native predators must be 
coordinated and permitted through appropriate State, Tribal, and Federal agencies.”   
 
Page B-4:  SRP recommends adding language such as “stressors were summarized across broad 
geographic areas and there is likely high variation among individual sites.  Thus for site 

 M-14



Chiricahua Leopard Frog Recovery Plan                                                               2006 
_____________________________________________________________________________________________ 

assessment and project evaluations, managers must use site or project specific information to 
determine impacts on frogs and their habitats.”       
 
Response:  The purpose of the threat assessment is to evaluate threats broadly across RUs, and is 
not appropriate for site-specific or project-specific threat assessments.  Added the following to 
the end of the text on page B-4:  “Assessment of threats at specific recovery sites should be 
based on a site-specific analysis within the context of this broader threats assessment (see 
recovery actions 2.1 and 2.2).” 
 
Page B-58, Page B-63 - Table B-10:  SRP believes the contribution, source, and irreversibility of 
“Extraordinary Predation” caused by dams and reservoirs should be reevaluated in light of the 
past and ongoing sportfish stocking.  SRP considers the impact of dam presence and operation on 
all three criteria to be “Low”, the ability to control or manage non-native fish in many of the 
small reservoirs within the delineated MAs is technically feasible, but would require AGFD (or 
NM Game and Fish or Tribal agencies) to change policy and management direction (as discussed 
in section 1.2.10).  Thus, dam operations have a much smaller influence on the fish assemblage 
than is presented in the Draft Plan.  More discussion and information is needed on pages B-58 to 
B-61 that substantiates and explains the ratings in Table B-10, and qualifying language (B-4 
comment) should be referenced. 
 
Response:  Page B-58 does not mention dams or reservoirs in regard to extraordinary predation 
(no changes needed there).  In Table B-10, dams and reservoirs are shown as having “very high” 
contribution to extraordinary predation, “very high” irreversibility, and “very high” as a source 
of the threat.  Going back to the definitions on page B-2, “very high” in regard to “contribution”, 
means that the source (dams and reservoirs) has a very high contribution to the stress 
(extraordinary predation).  Dams and reservoirs create the habitat suitable for large populations 
of non-native fishes and other predators.  In unaltered systems (without the dams and reservoirs) 
often there is marginal or no habitat for many of these species.  Reservoir populations of these 
species often serve as source populations from which dispersal occurs, causing spread and 
invasion of other nearby habitats.  Many reservoirs are also popular recreation sites, and even 
without stocking by State, Federal, or Tribal agencies, the public will introduce fish into these 
systems or they will invade from adjacent aquatic systems.  We attempted to capture the 
influence recreation has on extraordinary predation on page B-64.  There is no source of stress 
that corresponds to sport fisheries stocking, but that should be captured in the “recreation” source 
of stress.  In regard to irreversibility, the Recovery Team believed it was essentially impossible 
to remove dams and reservoirs, hence the “very high” ranking.  The model’s algorithms produce 
the “source” and “combined rank” rankings.  In regard to the comment that “More discussion 
and information is needed on pages B-58 to B-61 that substantiates and explains the ratings in 
Table B-10, and qualifying language (B-4 comment) should be referenced”, we refer the reader 
to The Nature Conservancy’s “The Five-S Framework for Site Conservation: A Practitioner’s 
Handbook for Site Conservation Planning” for more information about the process that produced 
the threat assessment results (see page B-3).  No revisions needed. 
 
E5:  Page I-1 (1st paragraph) and I-13:  SRP believes that the recommendations to apply the 
conservation measures broadly across MAs prior to identification of site specific recovery areas 
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and introduction of frogs into currently unoccupied habitats is not warranted and without legal 
basis. 
 
Response:  In the first paragraph, page I-1, we state: “The following conservation measures 
should be incorporated into all projects that may affect suitable frog habitats, sites selected for 
habitat restoration or creation, and movement corridors among sites within MAs.” 
Hence, the conservation measures do not apply broadly to MAs, but rather are focused on 
specific areas with the greatest potential for frog recovery.  These specific sites are likely to be a 
very small percentage of the total land area in each MA (aquatic habitats are scarce, particularly 
those that are suitable for Chiricahua leopard frogs).  Consistent with the rest of the recovery 
plan, these conservation measures are recommendations (not legal requirements), but it is hoped 
that land managers and project proponents would adopt these measures when developing project 
proposals.  No revisions needed. 
 
E6.  The Draft Plan erroneously suggests that compensation or mitigation are required for any 
project proposed within MAs, regardless of whether such compensation or mitigation is 
necessary to avoid a violation of the Endangered Species Act.  The team should consider and 
describe a more refined approach to the evaluation of project impacts to frog recovery.  
Revisions and clarification are needed in this section and on page I-13 (and possibly other 
sections in Appendix I) so that that the Plan’s recommendations for project impact compensation 
conform to the ESA, implementing regulations, and relevant case law. 
 
Response:  In regard to the comment that the conservation measures are “required”, see our 
response to E5.  Nowhere in Appendix I does it say that the measures are required.  The title of 
the Appendix is “Recommended Conservation Measures for Projects Affecting Frogs”.  The 
conservation measures were based on measures developed in actual projects that went through 
the section 7 consultation process for the frog and other species, as well as literature and 
experience with related species (some of that literature is cited in this Appendix).  The Appendix 
is not novel; the format and content is consistent with measures developed for the desert tortoise 
(Desert Tortoise Compensation Team 1991), the flat-tailed horned lizard (pages 58-64 of Flat-
tailed Horned Lizard Interagency Coordinating Committee 2003), and the relict leopard frog 
(Appendix 3 of Relict Leopard Frog Conservation Team 2005).  Recommending conservation 
measures to minimize project impacts to a listed species and its habitat is consistent with the 
purposes and policies of the Endangered Species Act, as described in section 2(b) and (c) of the 
Act, as well as section 7.  Providing these conservation measures will also assist Federal 
agencies in meeting their responsibilities to conserve listed species under section 7(a)(1)(A) of 
the Act.  No revisions needed. 
 
E7:  Page I-13.  In regard to groundwater pumping, impoundments, and surface water diversions, 
recommendations should be applied where specific restoration/creation sites have been identified 
and can be specifically evaluated.  The recovery sites selection criteria should consider and 
eliminate potential conflicts with existing and known future water diversions and uses. 
 
Response:  See response to comment E5.  The recommendations for conservation measures only 
apply to projects that may affect suitable frog habitats, sites selected for habitat restoration or 
creation, and movement corridors among sites within MAs.  In regard to the comment about site 
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selection criteria, the following sentence was inserted at the end of the first (incomplete) 
paragraph on page D-4 of Appendix D:  “Potential conflicts with water rights and existing or 
known future water diversions and uses should be minimized.”   
 
E8:  page 24, 2nd paragraph:  Consider discussing that habitat complexity likely influences the 
frog’s ability to survive in the presence of predatory native fish.   
 
Response:  Added the following to the end of the 1st complete paragraph:  “Chiricahua leopard 
frogs are also more likely to persist with predators in sites exhibiting habitat complexity.” 
 
E9:  page 40 (1st paragraph):  We agree with statements concerning influence of altered 
hydrology as the underlying cause of saltcedar presence; however, the Team should review 
recent literature and consider the beneficial effects to removal in some small spring systems.  
See:  Kennedy et al. 2005. Eradication of invasive Tamarix ramosissima along a desert stream 
increases native fish density. Ecological Applications 15(6):2072-2083. 
 
Response:  Control of saltcedar in some situations is recommended in the Conservation 
Assessment and Strategy for the relict leopard frog.  Revised the 1st complete sentence on page 
40 as follows:  “Removing saltcedar, and potentially replacing it with native species, is likely to 
have few benefits for leopard frogs, but may have application at some sites (see Kennedy et al. 
2005, Relict Leopard Frog Conservation Team 2005).”  These two citations were added to the 
Literature Cited section.  
 
E10:  Page B-55: In the map, “Upper Verde River” should be “Upper East Verde River”. 
 
Response:  The name of the MA as shown on the map and as listed on page B-60 is “Upper 
Verde River MA”.  However, it is essentially the upper East Verde River (including Ellison 
Creek), not the Upper Verde River.  The name of the MA on the map and on page B-60 was 
changed to “Upper East Verde MA”. 
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