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EXECUTIVE SUMMARY 

Summary of Accomplishments 

This project successfully initiated metapopulation recovery of the Chiricahua leopard frog in Las 

Cienegas National Conservation Area (LCNCA) and Santa Rita Mountains in southeastern 

Arizona.  

We helped build and strengthen highly collaborative, viable public-private partnerships with: 

 Arizona Game & Fish Department (AGFD),  

 Bureau of Land Management (BLM),  

 area ranchers, and 

 numerous other agencies, NGO’s, landholders, and schools and other educational 

programs.  

In the field, we: 

 exhaustively surveyed the entire watershed to map aquatic species, habitat, and 

conservation opportunities;  

 removed invasive species from the watershed;  

 built and enhanced habitat; and  

 introduced frogs to increase their distribution, abundance, and dispersal connectivity.  

We implemented reconciliation ecology, used novel approaches for frog epidemiology 

management and exotic species control, and report empirical evidence of dispersal distances and 

metapopulation processes in leopard frogs.  

In addition to establishing, including our cooperation with AGFD, 14 new populations already 

supporting thousands of new frogs and tadpoles, BLM, U.S. Fish & Wildlife Service (USFWS), 

and AGFD used our habitat enhancement sites for release of T&E (and proposed) fishes and 

Mexican gartersnakes.  

Purposes of This Report 

This report describes the objectives, design, methods, outcomes, and significant findings, 

regional significance, and currently ongoing status of the FROG (Frog and Fish Restoration 

Outreach Group) Project. The FROG Project is a National Fish & Wildlife Foundation (NFWF)-

funded program to restore populations of the federally threatened Chiricahua leopard frog (Rana 

[Lithobates] chiricahuensis) to a large (approx. 444 square miles) landscape in southeastern 

Arizona. The project is centered at the Bureau of Land Management’s (BLM) Las Cienegas 

National Conservation Area (Las Cienegas NCA) and private ranches and other public lands in 

Empire Valley, Pima and Santa Cruz counties, Arizona. Included are large areas of Coronado 

National Forest (Coronado NF) in Santa Rita Mountains and Pima County Conservation Lands 

in Sonoita Grasslands. This work region encompasses the most intact valley wetland spring 

complex (“cienega”), and the most biologically intact valley-mountain landscape that includes 

major wetlands, in the American Southwest 
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Goals and Objectives 

The aquatic vertebrate fauna in perennial waters of the American Southwest, consisting of 

gartersnakes, turtles, ranid frogs, and fishes, is among the most globally threatened of any of the 

world’s biogeographical ecological assemblages. The broadest goal of the FROG Project is to 

develop and implement novel, large-scale, highly collaborative approaches to restoration of 

native aquatic biodiversity in the arid Western United States. Our regional goal is to establish 

and demonstrate methods for landscape level conservation of native ranid frogs, gartersnakes, 

and fishes inhabiting natural and human-modified environments encompassing major aquatic 

ecosystems in both valley and mountain settings. In our study landscape, we aimed to establish 

and initiate the implementation of a schema to preserve, conserve, and enhance 

“metapopulations” (populations with landscape inter-connectivity) of sensitive, threatened, and 

endangered species: the Chiricahua leopard frog, lowland leopard frog, Mexican gartersnake, 

Gila topminnow, Gila chub, longfin dace, and desert pupfish. 

Our specific, funded project objectives were to: 

(1) Establish the status of ranid frogs (including the non-native American bullfrog (Rana 

catesbeiana), a major biodiversity threat), native and non-native fishes, and non-native 

northern crayfish (Orconectes virilis) in the large study landscape;  

(2) Eradicate threatening non-native populations of bullfrogs, crayfish, and fishes;  

(3) Engage the public in aquatic biodiversity conservation;  

(4) Build public agency partnerships for native frog conservation in the study region;  

(5) Protect and enhance habitat and populations and reduce threats for the Chiricahua leopard 

frog; and  

(6) Establish new populations of the Chiricahua leopard frog to increase its regional 

distribution, abundance, and metapopulation function. 

Methods, Strategies, and Activities 

The study region focused and centered on Las Cienegas NCA, Coronado NF, Pima County 

Conservation Lands, Arizona State Lands, and private ranches that produce cattle on private and 

leased public lands. Our primary work landscape included:  

(1) Empire Valley with its intact, valley-center cienega-stream wetland complex of upper 

Cienega Creek, and its livestock waters  

(2) Eastern Santa Rita Mountains with several perennial streams, springs, and numerous 

livestock waters 

(3) Northern Sonoita Grasslands with livestock waters and rural ranchette development 

(4) Western Whetstone Mountains and adjoining western Rain Valley 

We also included adjoining areas with important population, drainage, and human connections:  
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(5) Rural towns of Sonoita and Elgin 

(6) The large cienega at Babocomari Ranch 

(7) Audubon Society Research Ranch on north flank of Canelo Hills  

(8) Lower Cienega Creek in the Pima County Preserve and town of Vail region.  

The focal area for our work (1)–(4) comprises, as noted above, a large intact natural landscape 

with unique lowland cienega wetland values. Arizona Game and Fish Department has been 

conducting surveys in (2) for over two decades and pursuing active conservation of Tarahumara 

frogs (R. tarahumarae) since before 2004 and of Chiricahua leopard frogs since before 2007.  

Our opportunity to work with AGFD on this project has greatly enhanced conservation efforts in 

(2). The larger are including (5)–(7) has seen the formation of major private-public partnership 

networks recognized by the U.S. Congress and involving leadership of Cienega Watershed 

Partnership (the funded principal for FROG Project), The Arizona Nature Conservancy, and 

Sonoita Valley Planning Partnership. Our inclusion of the downstream area of lower Cienega 

Creek reflects observed population connections with populations upstream. The full landscape 

(1)–8) represents a coherent eco-geographical entity of rare natural ecosystem function and 

biodiversity. This landscape also involves rural communities of large cattle ranches, ranchettes 

(smaller holdings of a few acres to a few dozen acres, in ranchlands but not involved primarily 

with livestock production), and small towns that value open landscapes and nature. 

Under our project-funded work we: 

 Surveyed the entire region for perennial water vertebrates, including monitoring and an 

exhaustive census of aquatic sites in our focal region.  

 Eradicated bullfrogs, crayfish, and, where possible, non-native fishes. 

 Established working, educational, and cooperative relationships with key area ranchers; 

schools; conservation groups; federal, state, and county agencies; and small property 

owners with water features. 

 Developed Safe Harbor Agreements with private owners in conjunction with Arizona 

Game and Fish Department. 

 Designed a large-scale landscape plan for Chiricahua leopard frog metapopulations in 

this “frog-shed” (this is the expected area throughout which ranid frog movements are 

expected over about one decade) 

 Enhanced habitat for aquatic species, including non-native removals, disease control, 

pond deepening, well improvements, and fencing to regulate cattle access. 

 Actively monitored and rescued drought-threatened leopard frog populations. 

 Propagated Chiricahua leopard frogs by captive breeding and head-starting. 

 Established new Chiricahua leopard frog populations within the metapopulation context. 

Results 

Surveys. We monitored and documented the increase of the single remaining Chiricahua 

leopard frog population in Empire Valley, and assisted and collaborated with AGFD (including 
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under their NFWF Grant 25805) in monitoring and management of existing and newly 

discovered populations in Santa Rita Mountains. In Santa Rita Mountains and Canelo Hills, we 

found two previously unknown breeding populations, and documented and augmented five new 

populations established by frogs dispersing from areas where we assisted with emergency 

drought-related frog conservation. 

We observed the increase and mass dispersal to a nearly 5 mi radius from a lowland leopard frog 

population that had apparently been introduced into Sonoita Grasslands at the head of Empire 

Valley. Based on genotyping, we showed that this was not likely a naturally occurring 

population, and differed from the two remaining populations of the species in our area (lower 

Cienega Creek and northwestern Whetstone Mountains, which were genetically 

indistinguishable). Small lowland leopard frog populations were observed and monitored in these 

two sites. 

We found that the Mexican gartersnake population in Empire Valley has significantly declined, 

presumably due to the decline of leopard frogs, its primary pray. We collected adult Mexican 

gartersnakes for a regional captive propagation program and assisted with the first release of 

captive born neonates, which was in upper Cienega Creek in Empire Valley in 2012. The release 

was made possible by our bullfrog eradication and leopard frog reintroductions. 

In our focal work area, we have apparently successfully eradicated bullfrogs, including from the 

most problematic area – the wetland complex associated with Cienega Creek. Eradication from 

such a complex site has not previously been reported, and follow-up is required to ensure 

complete eradication. We also eradicated bullfrogs outside of our focal area; however, one site in 

the community of Elgin is on inaccessible private land and remains a significant threat. Local 

human communities in the study region consist of hundreds of low density, private parcels 

presenting potential for invasive aquatic species threats and special challenges for surveys and 

removals. Bullfrog populations on ranchettes are likely tied to the Babocomari River, where we 

documented large populations, as well as northern crayfish, mosquitofish, and non-native 

predatory fishes. Large, exotics-infested natural habitats like Babocomari require major 

planning, eradication efforts, and methodological advances to achieve sustainable regional 

recovery of native aquatic species for the long-term. To counter this difficulty, we developed a 

bullfrog-free buffer zone established between Empire Valley and Elgin-Babocomari that can be 

effectively monitored. Each year surveys must be conducted and any immigrating removed 

before they can disperse deeper into the conservation area.  

Crayfish eradication at the single site in Empire Valley has proven extremely difficult. After six 

years of multifaceted, multi-agency efforts, crayfish remain in very low numbers. This 

persistence demonstrates how challenging the eradication of this species is even in isolated 

populations. Invasion of crayfish into Cienega Creek would very likely have devastating 

ecological consequences. Our land and wildlife management partners have made this a top 

priority for the watershed. 
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Our surveys revealed that non-native fish populations have recently proliferated to a threatening 

extent on ranchettes in the eastern Santa Rita Mountains and near the communities of Elgin and 

Sonoita. These include mosquitofish, which pose an extreme threat to native species in habitat 

like that in Cienega Creek. Although at least one mosquitofish population has been eliminated, 

we believe that many more remain. The widespread and common use and distribution of this fish 

for mosquito control on private property, increases the likelihood that mosquitofish will reach 

Cienega Creek in the foreseeable future.  This would, with high probability, result in extinction 

of the Gila topminnow population in the creek, which is the only large viable natural population 

of the species in the United States. 

Our surveys identified other exotic fishes in ponds in the watershed, many of which are unlikely 

to be highly successful and threatening to native species in Cienega Creek. However, this could 

change quickly if ecological changes favor exotics, such as development of large in-stream pools 

following beaver introductions planned for 2013. We eliminated a population of bluegill sunfish 

(Lepomis macrochirus) at one pond within the area, opening it up for occupancy by leopard frogs 

and, potentially, native fishes, but we have identified a total of 33 known, likely, and suspected 

exotic fish populations in the Cienega Creek watershed. It is certain that more than these 33 are 

present, and most are on private lands where necessary agency-landowner willingness to proceed 

can be elusive. The regionally highest single species priority would be to help landowners 

replace mosquitofish with native topminnows and pupfish for mosquito control, which will likely 

require a broadened application of the Safe Harbor Agreement program. On Lower Cienega 

Creek, north of Empire Valley we documented bullfrog populations on private lands threatening 

the native lowland leopard frog population there. We removed bullfrogs from Pima County’s 

Cienega Creek Natural Preserve and from two livestock waters located between the source 

population on private land and the Preserve. However, bullfrogs still exist in the area and re-

invade this section of Cienega Creek, although thus far without successfully establishing a 

population.   

Restoration. FROG Project enhanced aquatic habitat with well water, pond liners, pond 

deepening, exotic species elimination, Safe Harbor Agreements, and cattle control fences at six 

ponds at Las Cienegas NCA, one on adjoining Pima County conservation land, and three on 

private or leased lands in Coronado NF. We collaborated with livestock operators through a 

cooperative approach where the rancher gets the use of our water supply infrastructure to 

maintain clean livestock water in troughs while the frogs use cattle-excluded areas of the 

watering hole. This reconciliation ecology system involves well and pump infrastructure, which 

the livestock operator will help maintain in perpetuity. In addition to creating habitat for aquatic 

species, the enhanced and converted livestock waters now provide permanent drinking water for 

wildlife along key corridors. 

We have produced Chiricahua leopard frog eggs and raised tadpoles at the FROG Project 

ranarium at Las Cienegas NCA and University of Arizona, and working with AGFD and 

Phoenix Zoo, in total we have raised and released 4,769 head-started frogs and tadpoles at ten 

new sites. Natural immigration from newly protected and augmented populations to enhanced 
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habitat sites has resulted in colonization of at least four new populations. We experienced 

administrative delays we didn’t expect, but nonetheless successful reproduction has been 

confirmed already at three new habitat sites.  

Collaboration and Outreach. The development of collaborative efforts has benefitted 

from the FROG Project. Surveys, emergency population protection during drought, faster  

authorization to proceed with T&E species translocation and salvage, and development of Safe 

Harbor Agreements has been facilitated among Arizona Game & Fish Department (AGFD), 

BLM, Coronado NF, FROG Project, Pima County, and U.S. Fish & Wildlife Service (USFWS).  

The greatly enhanced cooperation and collaboration with AGFD is a key project outcome. 

FROG Project has been instrumental in establishing trusted relationships among conservation 

groups and agencies, Pima County, and key area ranchers. This has translated to new and 

pending Safe Harbor Agreements, new Chiricahua leopard frog populations, elimination of 

exotic fish populations and bullfrog sites, and agreements on major landscape management 

concepts for Las Cienegas NCA. Projects like ours provide impetus for trust and equity benefits 

to non-governmental entities, including by preempting misunderstandings and clarifying the 

frustratingly opaque and often complex legal processes used to facilitate conservation. 

We are collaborating with Sky Island Alliance to engage their volunteers in habitat modifications 

at our restoration sites and have utilized staff and machinery from The Nature Conservancy to 

help with new pond construction. 

FROG Project has worked with local schools to increase stewardship, awareness and 

participation in native aquatic biodiversity conservation. We initiated an ongoing monitoring 

program with area high school students engaged in designing, building and monitoring aquatic 

habitat. We also helped design hands–on aquatic species teaching techniques to facilitate area 

youth programs, field trips and summer camps. Our renovated habitat at Cottonwood Pond has 

become a focal site for school groups to learn about aquatic species conservation, with 

interpretive signs designed by students to raise awareness of key issues like invasive species and 

water conservation in the area. 

We engaged with over 8,000 people at 25 local events and community presentations and 

distributed 1,000 take-home packets on aquatic species conservation efforts and issues. Our 

website (https://sites.google.com/site/frogspotsprogram/) is designed as a resource, with tools to 

learn about aquatic species conservation and how to participate. It features FROG Project 

information, an aquatic species guide, a “kids” page, and a guide to creating a backyard pond 

habitat for native species. Our frog breeding facility (“ranarium”) is along the BLM’s historic 

Empire Ranch Heritage Discovery Trail with an interpretive sign tying in wildlife restoration to 

the historic building restoration efforts taking place at the ranch, making the point that the 

historic flora and fauna is an important part of heritage preservation efforts at the Ranch and 

across the NCA. On the academic side, we presented at three scientific venues: Science on the 

Sonoita Plain (2010), Current Research on Herpetofauna of the Sonoran Desert V (2011), and 

World Congress of Herpetology (2012). 

https://sites.google.com/site/frogspotsprogram/
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As a result of these successes, and with expectation that surveys this summer (2013) will show 

further positive results, FROG Project has been central in successfully establishing the basis for 

viable metapopulations and public-private conservation of the Chiricahua leopard frog in the 

Empire Valley-Santa Rita Mountains landscape.  

Project Outcomes Achieved 

We itemized an extensive set of specific targets (in boldface) in our project proposal, which have 

been accomplished as follows: 

1. Increase number of known Chiricahua leopard frog breeding sites in the watershed from 

the 2 known to 10: As of this writing, we have recorded breeding at 11 population sites, and 

breeding expected at 4 or more new sites this fall. 

2. Increase number of exotics-free Chiricahua leopard frog breeding sites from 2 to 10: All 14 

breeding sites established, and expected in 2013, are free of exotic species. 

3. Increase number of warm sites (to reduce disease mortality) from 2 to 7: Based on provision 

of relatively warm well water or establishment at sites with relatively constant-temperature well 

water at sites outside the coldest bottomland waters of Cienega Creek, there are currently 10 

relatively warm sites with Chiricahua leopard frogs. 

4. Increase number of sites with controlled perennial water from 0 to 5: Currently there are 7 

Chiricahua leopard frog sites with wells, two newly supplied with water lines, and one additional 

site with a liner to enhance water permanence. Two more sites are ready for completion and frog 

establishment later this year or next. 

5. Increase number of private ponds with native species from 0 to greater than 3: Chiricahua 

leopard frogs have been found or are being introduced at 3+ sites: two private ponds, one Pima 

County-owned pond, and in new sites leased for cattle ranching.   

6. Increase number of robust populations (as specified in USFWS Chiricahua leopard frog 

recovery plan) from 1 to > 2: There are currently 4 robust populations in the project area, with 

2 more expected to qualify as robust this year based on ongoing rapid increases in numbers of 

frogs and egg masses.  

7. Increase number of private ponds participating in project from 0 to 10: Eleven private 

owners comprising a total of 15 ponds and pools have been participating in the project. This 

includes two ranches and one ranchette, including one large ranch that now has a Safe Harbor 

Agreement due to our work assisting Arizona Game and Fish Department. However, our 

planned implementation of wider participation of smaller landowners was limited by 

unanticipated limits on of using Safe Harbor Agreements with numerous smaller landholders. 

8. Increase percentage of community placing high value on their conservation awareness 

25% to 50%: We focused first on working closely with the principal area ranchers and larger 

ranchette landowners. Our previous contact was important in the outcome: all of the major cattle 

ranches surrounding Las Cienegas NCA cooperated actively with frog conservation programs. 

We also established active participation of two larger ranchette and some smaller ranch 

landholders. Through a high school program, we measured an increase in youth awareness and 

understanding of native aquatic species management: two aspects of these results were 

particularly interesting. First, environmental values awareness increased in the most involved 

class, which was self-selected for environmental interest, but increased more in the “control” 

classes we surveyed. Second, values changed from a conventional leave-it-alone paradigm to a 

more radical centrist paradigm of active engagement with management. 
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9. Increase residential citizens volunteering to take native aquatic species from 0 to 5: Four 

private residential citizens have accepted or are in process of accepting Chiricahua leopard frogs, 

and 7 others, with smaller holdings, have expressed strong interest in obtaining native aquatic 

species. The expense of administering Safe Harbor Agreements for multiple small landholders 

limited our ability to complete as much of this task as we planned.  

Knowledge Gained and Lessons Learned 

An important result of FROG Project work is the growing trust from and willingness to engage in frog 

conservation of regional ranchers. The presence of a solid collaboration among NGO’s, 

university research and extension, county conservation authorities, and dedicated state and 

federal agencies has improved the ability of major ranching interests to understand the 

opportunities to reconcile economic and conservation activities. 

The successful removal of an entrenched bullfrog population from the complex bottomland 

aquatic complex in Las Cienegas NCA represents a major advance in our understanding of exotic 

species management options. Each new advance of this type over the past decade and a half 

opens wider opportunities to restore native aquatic species populations in critical natural 

environments. 

Our efforts represent a case-study of the major difficulties with complete eradication of exotic 

crayfish populations. The extended and varied work we had to undertake underscores the need to 

take radically aggressive action when crayfish eradication is desired. The wide scope of the 

crayfish problem in the region makes this a critical area where growth of the knowledge base is 

essential. 

As perhaps expected, FROG Project’s exhaustive regional survey of surface waters revealed an 

expansion of the number of populations of threatening non-native fishes, which is associated 

with suburbanization and residential ranchette development. This highlights the growing, critical 

need for wider citizen awareness and participation in aquatic species conservation, even in 

landscapes that are heavily dominated by cattle ranching interests where exotic species problems 

are no longer multiplying rapidly.  

Our observations of rarely documented dispersal events contribute novel understanding to the 

conceptual bases of leopard frog metapopulation dynamics. We documented the rapid growth of 

an introduced lowland leopard frog population, followed by remarkably rapid and extensive 

dispersal to numerous aquatic sites in a 5-mile radius over only 2-3 weeks of heavy monsoonal 

rainfall. Our surveys and data provided by AGFD also indicate a similar dispersal distance for 

Chiricahua leopard frogs in Santa Rita Mountains. This exceeds previously demonstrated 

dispersal for native Southwestern ranid frogs. In Chiricahua leopard frogs, our surveys and 

monitoring suggest divergent long-term dispersal behaviors for different populations. The 

principal source population at Las Cienegas NCA (Empire Spring) has never shown evidence for 

even short-distance (> ½ mile) dispersal; in contrast, we observed the establishment of three new 

populations at distances of at least 2, 2, and 3 miles from nearest source population in Santa Rita 

Mountains. These observations suggest the possibility of locally adapted, genetic bases for 
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anuran dispersal characteristics, which has been documented for the marine toad (“cane toad) in 

Australia.  

We have submitted genetic samples to search for evidence of local divergence among leopard 

frog populations in the project area. These samples are also to be examined for disease presence 

and differences in alleles related to disease resistance. These behavioral and genetic studies are 

critical parts of developing and implementing successful conservation programs for amphibians, 

globally. 

Status, Ongoing Work, and Recommendations 

Even though project target goals have been accomplished, and a metapopulation-based landscape 

design for regional Chiricahua leopard frog restoration has been implemented, major work to 

secure and monitor this success is still ongoing.  

 First, the most immediate priority is to ensure the success of bullfrog and crayfish 

eradication in 2013. This is essential, because a delay or hiatus could lead to an exotic 

species reproductive event that would rapidly set back the achieved success by years. 

 Second immediate priority is to complete two remaining pond infrastructure 

enhancements that will ready two sites for new, assured water supply sites for Chiricahua 

leopard frogs 

 Third immediate priority is to observe whether Chiricahua leopard frog populations, 

which have been established without the chytrid fungus pathogen (Bd: Batrachochytrium 

dendrobatidis) remain Bd-free for sufficient time to expand rapidly, and to thus initiate 

dispersal and metapopulation dynamics on the desired large landscape scale.  

 Fourth, it is immediately and critically necessary to monitor the bullfrog buffer zone, 

remove immigrant bullfrogs, if any, and determine the status and sufficiency of the 

buffer.  

Continuing work, in 2013-2015 or later, which requires or will strongly benefit from continued 

attention from FROG Project personnel also involves: 

 Monitoring of disease status and epidemiology of Chiricahua leopard frog populations;  

 Establishment of new populations at habitat enhancement sites just completed;  

 Documentation of leopard frog dispersal patterns and metapopulation function; and  

 Helping AGFD to secure population protection and increases in Santa Rita Mountains. 

Dissemination 

Throughout the FROG Project we have reached out and developed partnerships with the many 

different governmental and non-governmental entities as well as the local residents and ranchers. 

We have exchanged ideas, shared information and collaborated with these partners, and 

facilitated conservation agreements as a third party liaison. This report is a culmination of 11 

years of work in the area combining recent research with our previous work, as well historical 

data and field notes from previous generations of biologists. We present a detailed and updated 
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synthesis of our understanding of landscape-wide status of aquatic amphibians and reptiles we 

studied in our study region. This report should help guide similar recovery efforts elsewhere. 

Our website remains within the top hits under “frog conservation” on Google search engines and 

is targeted to all audiences to make technical information easily understood. This information 

can be maintained with minimal effort to continue serving its purpose even after the completion 

of our work on the ground. 

Our communication with diverse stakeholders(for example, ranchers, rangeland ecologist and 

prairie dog researchers) in the region is facilitated at twice-yearly Biological Planning meetings 

for BLM’s Resource Management Guide process for Las Cienegas NCA. Within this biological 

planning process we also attended meetings of the Riparian Team Subcommittee and we 

participated in developing the NCA’s Comprehensive Resource Management Plan. 

We are on the USFWS Chiricahua Leopard Frog Recovery Team, and Southeastern Arizona and 

Southwestern New Mexico Chiricahua Leopard Frog Recovery Steering Committee, as well as in 

local recovery groups for Recovery Units 1 and 2 in the Recovery Plan. Members of our team 

have played a major role over the past 13 years in the development of the Chiricahua Leopard 

Frog Recovery Plan. 

We worked closely with an area school on a campus wetland project and related curriculum. The 

students also are helping manage their own reserve populations of native plants, fish and frogs. 

We continue to teach aquatic species ecology and management to school groups.  

Each year we participate in Cienega Watershed Partnership’s State of the Watershed Workshop, 

where we share updates on our progress and knowledge of aquatic ecosystems with land 

managers, scientist and ranchers. In addition each year we participate in a CWP-hosted board 

reception and the annual Sonoita Valley Planning Partnership meeting, where residents meet and 

talk with land managers and researchers. 

In Tucson we presented to the Tucson Herpetological Society and to a Pima Association of 

Governments-sponsored forum of city and county professionals focused on conservation issues 

within the larger watershed. 

On the academic side, we presented at three scientific venues: Science on the Sonoita Plain 

(2010), Current Research on Herpetofauna of the Sonoran Desert V (2011), and World Congress 

of Herpetology (2012). With the culmination of this report, we will be equipped to present our 

findings at future symposia venues.  
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INTRODUCTION 

Overview 

The purpose of this project is to recover populations of the Chiricahua leopard frog, a federally 

listed threatened species (USFWS 2002), in a key eco-geographical location (USFWS, 2002, 

2007, 2012) and, in so doing, contribute directly to recovery of other, co-occurring and 

interacting, declining, threatened, and endangered aquatic vertebrate species. The 

overwhelmingly critical conservation problems for ranid frogs in the American Southwest, which 

are also important for almost all the other native aquatic vertebrates, involves introduced non-

native organisms and loss of aquatic habitat due to water extraction, drought, and habitat 

modification. The non-native species problem exists in two distinct categories: introduced 

predators and/or competitors; and emerging exotic diseases. In combination, these forces present 

a recipe for leopard frog decline and, if unmitigated, probable extirpation. 

Although these facets of the native aquatic species conservation problem require radically 

different conservation solutions, they also share a key underlying issue and response. Non-native 

predators and competitors are animals that can, in increasingly more complex environments, be 

eradicated. Emerging pathogens cannot likely be eradicated successfully, but must be controlled 

by environmental and/or genetic means and mitigated by other factors that enhance population 

size of disease-afflicted native species. Underlying the success of most non-native predators and 

competitors are habitat suitability factors, in most cases resulting from anthropogenic habitat 

modification. Thus, detailed consideration of habitat types and environmental conditions is 

directly relevant to designing strategies to recover aquatic species threatened by both classes of 

introduced organisms. Despite this, these facets of the problem require separate analysis and 

planning before they can be brought together within a recovery strategy. 

Amphibians are experiencing major and often catastrophic declines worldwide (Stuart et al. 

2004), as are freshwater fishes, and both groups are intensely threatened in relatively arid regions 

where biogeographic isolation, habitat and niche structure uniqueness, and endemism may be 

high. 

Our specific, funded project objectives were to: 

(1) Establish the status of ranid frogs (including the non-native American bullfrog, a major 

biodiversity threat), native and non-native fishes, and non-native northern crayfish 

(Orconectes virilis) in the large study landscape;  

(2) Eradicate threatening non-native populations of bullfrogs, crayfish, and fishes;  

(3) Engage the public in aquatic biodiversity conservation;  

(4) Build public agency partnerships for native frog conservation in the study region;  

(5) Protect and enhance habitat and populations and reduce threats for the Chiricahua leopard 

frog; and  

(6) Establish new populations of the Chiricahua leopard frog to increase its regional 

distribution, abundance, and metapopulation function. 
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Figure 1. Setting of the FROG Project in southeastern Arizona. The study region is shown in Figure 2. 
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Figure 2. Key features of the FROG Project study region in southeastern Arizona. 
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Study Region, Habitats, and Species 

Geographic Area and Aquatic Habitat. The study region included all of the Cienega Creek 

drainage basin, from the grassy oak woodlands of Canelo Hill in Santa Cruz County north 

through Plains grassland in Empire Valley into the Sonoran Desert near Vail in Pima County, 

Arizona. This encompassed an area of 765 mi
2
 (1958 km

2
; Figure 1 and Figure 2. The work 

focused and centered on Empire Valley and Santa Rita Mountains, encompassing the BLM’s Las 

Cienegas NCA, Coronado NF, Pima County Conservation Lands, Arizona State Lands, and 

private ranches that produce cattle on private and leased public lands. This primary work 

landscape of 444 mi
2
 (1136 km

2
) included:  

(1) Empire Valley with its intact, valley-center cienega-stream (see Hendrickson and 

Minckley 1985) wetland complex of upper Cienega Creek, and its livestock waters;  

(2) Eastern Santa Rita Mountains with perennial streams, springs, and livestock waters;  

(3) Northern Sonoita Grasslands with livestock waters and rural ranchette developments, 

extending to the actual top of the Cienega Creek drainage basin in Canelo Hills; and 

(4) Western Whetstone Mountains and adjoining western Rain Valley  

We also included adjoining areas with potentially significant population and drainage 

connections, these included:  

(5) Rural towns of Sonoita and Elgin with sprawling ranchettes and vineyards;  

(6) The large cienega at Babocomari Ranch;  

(7) Audubon Society Research Ranch on north flank of Canelo Hills; and  

(8) Lower Cienega Creek in the County Preserve and Vail, Arizona, region.  

The focal area for our work (1)–(4) comprises, as noted above, a large intact natural landscape 

with unique wetland values, which has been recognized in assembly of the Las Cienegas NCA 

by BLM. The larger landscape area (including all of the areas listed above) has seen the 

formation of major private-public partnership networks facilitated by U.S. Congressman Jim 

Kolbe and involving leadership by Cienega Watershed Partnership (the principal in the funding 

for FROG Project), The Arizona Nature Conservancy, and Sonoita Valley Planning Partnership. 

Our inclusion of the downstream area of lower Cienega Creek reflects observed population 

connections and genetic identities of fish and frog populations upstream. The large landscape we 

worked represents a coherent eco-geographical entity of rare natural ecosystem function and 

biodiversity. This landscape also involves rural communities of ranchers, ranchettes, and small 

towns that have a general interest in and appreciation of the natural resources and values of our 

greater study area. 

Aquatic habitats in the study region were dominated by the presence of the perennial cienega-

stream of Cienega Creek. The word ciénega is an American Spanish term for a marshy wetland 

supported by springs. Cienega Creek is comprises two major perennial cienega-stream segments 

and natural bottomland pools in Empire Valley and, downstream past a long dry reach, the reach 



19 

 

of intermittent and perennial desert stream north of I-10 between Pantano and Vail. Uniquely 

among major Arizona valley bottom wetlands, and probably in all of southwestern United States 

cienegas, this wetland system supports only native fishes. It supports a high diversity of riparian 

reptiles and amphibians (Rosen et al. 2005) including both lowland and Chiricahua leopard frogs 

and the Mexican gartersnake (also a candidate for federal listing; see below). 

Livestock waters, including largely perennial ponds, numerous semi-perennial and ephemeral 

ponds, and many aboveground reservoirs and drinker tanks, were a second predominant feature 

of regional aquatic habitats. These waters are supplied by storm runoff, wells, and, in some 

cases, underlying springs. Livestock waters, especially earthen tanks (ponds) were ubiquitous in 

both mountain and valley environments. 

A third major feature in the study region was Babocomari Cienega and Babocomari River, lying 

within the Sonoita Grasslands, between Canelo Hills and Empire Valley. This large system was 

heavily dominated by non-native fishes, bullfrogs, and crayfish, and most native aquatic species 

(except the Sonoran mud turtle) have been extirpated there (Rosen and Schwalbe 1988; Rosen 

and Schwalbe 2002b). 

Santa Rita Mountains supported a fourth major aquatic environmental type: spring runs in large 

canyons, including West Sawmill Canyon, Temporal Gulch, Big Casa Blanca Canyon, and 

importantly for this project, the Gardner Canyon complex including springs in Gardner, Cave, 

and Fish Canyons.  North of the Gardner Canyon complex to the Rosemont mining district is an 

area of several large stock tanks and smaller drainages that have supported Chiricahua leopard 

frog populations.  Many of these populations have survey histories extending back 38 years to 

1975 (J. Frost, J. Bagnara, unpublished field notes; courtesy of P. Fernandez and J. Bagnara). 

Chiricahua Leopard Frog (Rana [Lithobates or Pantherana] chiricahuensis). This is a large 

(frequently with large adults exceeding 100 mm snout-vent length [SVL]) ranid frog inhabiting 

primarily perennial streams, springs, and marshes (Frost and Bagnara 1977), as well as stock 

ponds (Scott and Jennings 1985), in grasslands and woodlands in southeastern Arizona and 

southwestern New Mexico (R. Jennings and Scott 1993). There is a disjunct population segment 

along the Mogollon Rim and White Mountains in both states. In Mexico, it extends through 

eastern Sonora and central western Chihuahua south into central Durango (Platz and Mecham 

1979; Stebbins 1985).  

Within inhabited stream or spring systems, this leopard frog is frequently associated with deep 

pools or ponds. It was formerly in all major valley bottom cienega-stream systems in the 

grasslands and woodlands of southeastern Arizona, including San Bernardino National Wildlife 

Refuge (SBNWR), Whitewater Draw, San Pedro River, Santa Cruz River, Cienega Creek, 

Arivaca Creek, and Altar Valley (Figure 4; Clarkson and Rorabaugh 1989 and therein; personal 

observations), often in great numbers (Wright and Wright 1949; Frost and Bagnara 1977), but 

persists in these natural valley bottom wetlands only in Empire Valley (USFWS 2012). It has   



20 

 

 
Figure 3. Chiricahua leopard frog (above) and lowland leopard frog (below; courtesy Beryl Baker) 

showing differences in eye orientation, snout shape, lip stripe, tympanic spot, and green coloration 

tone that, together, characterize differences between these sometimes similar-looking species.  
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Figure 4. Distributional records of Chiricahua and lowland leopard frogs in southeastern Arizona based on conservation-related surveys and museum 

and literature records. Refer to the base map in Figure 1 for additional location names. Some recent records resulting from active management or 

dispersal may exist but are not included. Based on examination of field notes, published literature, museum records, the type series of the Chiricahua 

leopard frog, and our observations on the extent of variation in key characters of the Chiricahua leopard frog, some published records of the lowland 

leopard frog that are not supported by specimens, are shown here as questionable. 
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Figure 5. Current and historic distribution of the Chiricahua leopard frog in southeastern Arizona. Refer to the base map in Figure 1 for additional 

location names. New populations established in the FROG Project study region by active management are not shown. Several extant sites shown, 

including the west-most cluster of populations (at Buenos Aires NWR), the centrally located south-most cluster(south of Sierra Vista), and all four of the 

east-most populations represent results of active management prior to the FROG Project. Some recently additional re-established populations outside the 

FROG Project study area may exist. Recent locality records, in intensively monitored areas, that we believe represent dispersing frogs that did not 

establish populations are not included in the map.  
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Figure 6. Current and historic distribution of the lowland leopard frog in southeastern Arizona. Refer to the base map in Figure 1 for additional location 

names. Frogs associated with Road Canyon Tank and dispersal therefrom are believed to result from introduction, as described in text, and those 

established in urban Tucson by active management, and are not shown. Several extant sites shown, including the west-most cluster of populations (at 

Buenos Aires NWR), the centrally located south-most cluster(south of Sierra Vista), and all four of the east-most populations represent results of active 

management prior to the FROG Project. Some recently additional re-established populations outside the FROG Project study area may exist. Recent 

locality records, in intensively monitored areas, that we believe represent dispersing frogs that did not establish populations are not included in the map. 
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Figure 7. Chiricahua leopard frog habitat in mid-valley (Cienega Creek Headwaters Reach, 

above) and mountain canyon spring run (Gardner Canyon, below). 
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declined markedly (see Figure 4) in the last four decades (Clarkson and Rorabaugh 1989; Sredl, 

1997). Breeding can occur in spring, summer, and fall; tadpoles require 3 months or more to 

metamorphose, and egg-laying may begin at ages of 4-5 months post-metamorphosis (Sredl and 

Jennings 2005 and therein; P. Rosen and C. Schwalbe, unpublished data). 

The Chiricahua leopard frog was recorded in upper Cienega Creek in the 1970’s through the 

early 2000’s (J. Frost, unpublished field notes; P. Warren and C. Schwalbe, personal 

communications; Rosen and Caldwell 2004). Leopard frog abundance declined markedly in 

Empire Valley after the mid-1980’s (Rosen and Schwalbe 1988; P. Rosen, unpublished data; J. 

Simms, unpublished data; Rosen and Caldwell 2004). Breeding populations persisted in Empire 

Valley only at Empire Gulch Spring and in Santa Rita Mountains in one or more stock ponds and 

spring runs in the early-mid 2000’s; at Empire Gulch Spring it was confirmed to carry the chytrid 

fungus pathogen (Bd; see below; D. Caldwell and P. Rosen, unpublished data). 

Lowland Leopard Frog (Rana [Lithobates or Pantherana] yavapaiensis). This is a medium-

sized native ranid frog living in streams, river, springs, and ponds primarily within desertscrub 

and semi-desert grassland. This species has declined range-wide but apparently viable 

metapopulations persist in most regions in which it was originally found (Sredl 1997, 2005; 

Stebbins 1985). In southeastern Arizona, most populations have become extinct, including most 

of those found in lowland valley environments; numerous populations persist in the lower San 

Pedro River and several of its tributaries (Figure 6). It breeds primarily in late winter and spring 

with a second breeding season in early fall (see Sartorius and Rosen 2000); it can reach 

metamorphosis in 3-4 months and  reproduce in the breeding season following metamorphosis. It 

occurs widely in larger streams and lowland rivers with intensive flash-flooding that mitigate 

against bullfrog breeding success and against non-native piscivorous fishes, which accounts for 

its ability to persist as metapopulations in many areas (Sartorius and Rosen 2000). Its 

susceptibility to chytrid fungus disease (see below) varies among regional populations with 

populations in Cienega Creek among the more susceptible group (Savage and Zamudio 2011; 

Savage et al. 2011). The known persisting populations in the FROG Project area, in Whetstone 

Mountains (in the northeastern margin of Empire Valley) and lower Cienega Creek have 

remained small or highly unstable after the 1980’s to early 1990’s (D. Caldwell, unpublished 

data; D. Turner personal communications; Turner et al. 2003; and see below, in Results). The 

lowland leopard frog was abundant in the lower portions of Cienega Creek in Empire Valley in 

the 1970’s (J. Frost, unpublished field notes), declined  there during the 1990’s (J. Simms, 

unpublished data), but has occasionally been seen there as recently as 2007 (D. Kahrs, 

unpublished data). It has persisted in lower Cienega Creek (County Preserve). 

American Bullfrog (Rana [Lithobates or Aquarana] catesbeiana). This is a large (maturing at 

110-120 mm SVL and reaching >160 mm SVL) non-native, primarily late spring and summer 

breeding species with a long tadpole stage (usually >5 months and often exceeding 1 yr) with a 

broad diet including many larger invertebrates, fishes, frogs, reptiles, and even birds and 

mammals (Bury and Whelan 1984; Casper and Hendricks 2005). Bullfrogs are widely 
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recognized as an invasive species with multiple impacts on native frog species; in Arizona they 

frequently achieve very high population densities (Rosen and Schwalbe 1988, 2001; Schwalbe 

and Rosen 1988; Suhre 2010) and are strongly associated with extirpations of leopard frog and 

Mexican gartersnake populations (Rosen and Schwalbe 1995, 2001, 2002a&b).  

 
Figure 8. Relative rates of consumption of bullfrog versus lowland leopard frog 

tadpoles under laboratory conditions by non-native predatory fishes collected in 

southern Arizona. Fish were acclimated to the lab, fasted for 48 hr, and presented a 

single tadpole for a 24-hr trial period. Tadpole sizes were matched, and were of 

readily eatable size in relation to fish gape. 

Bullfrog tadpoles are unpalatable to most fishes (Dubets 1954; Evenson 1978; Evenson and 

Kruse 1982; Katz et. al. 1988; Kruse and Francis 1977; Sexton and Phillips 1986; however see 

below) but more vulnerable to aquatic insect predation than tadpoles of lowland the leopard frog 

(Kahrs 2009) and other ranid species that don’t frequently occur with large predatory fishes, as 

bullfrogs do (Werner and McPeek 1994). This may give native ranids an advantage over 
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bullfrogs in aquatic insect-dominated predation settings. Bullfrogs can have a massive advantage 

when non-native predatory fishes are common (Adams et al. 2003). However, tests with locally 

introduced fishes indicated that largemouth bass readily consumed bullfrog tadpoles and some 

other species consumed bullfrog tadpoles but took leopard frog tadpoles more readily (Figure 6); 

several field sites with largemouth bass had few bullfrogs and little successful reproduction 

(Baker and Rosen, unpublished). 

Bullfrogs were first observed in Empire Valley in 1986 (Rosen and Schwalbe 1988), after being 

introduced into a livestock pond and, apparently, dispersing into Cienega Creek. Removal efforts 

have been underway since 2002 (Rosen and Caldwell 2004 and unpublished data). In Cienega 

Creek and its environs, bullfrogs never achieved the high abundance seen in other cienegas for a 

variety of possible reasons (see Results), Bd-positive status (Caldwell and Rosen, unpublished 

data), abundant aquatic insects (Kahrs 2009) or turtles (Rosen and Caldwell 2004), or some 

other, unsuspected factor. Early eradication efforts were thus relatively successful, though not 

successful in eliminating bullfrogs from the creek. Hypoxic conditions in the upper creek reach, 

which favored predacious insects over fish, ended in 2008-2009, followed by a rapid recovery of 

topminnow and chub abundance and may have contributed to a larger than expected bullfrog 

population found as the FROG Project was beginning (see Results) 

Mexican Gartersnake (Thamnophis eques). This is a large gartersnake species (reaching 1018 

mm SL and over 1.3 m [52”] total length). It is among the most highly aquatic of the striped 

gartersnakes, and occupied numerous lowland cienegas and riverine marshes as well as some 

rivers and streams at intermediate elevations (to ca. 6,000 ft elevation) in the United States. It has 

declined markedly in the United States since the early 1900’s, particularly over the past half 

century, notably as a result of bullfrog 

predation, leopard frog and probably 

native fish decline, and habitat 

desiccation (Holycross et al. 2006; 

Degenhardt et al. 1996; Rosen and 

Schwalbe 1988, 2002; Schwalbe and 

Rosen 1988). This gartersnake has a broad diet including earthworms and all classes of 

vertebrates, although U.S. populations are associated primarily with strong prey populations of 

ranid frogs and native fishes. It eats juvenile bullfrogs and may reach large adult size where 

bullfrogs are abundant, but bullfrogs eat juvenile Mexican gartersnakes and may drive the 

snake’s population to extinction (Rosen and Schwalbe 2001, 2002b). 

In central north-central Arizona, the Mexican gartersnake is the only striped gartersnake in 

lowland rivers and marshes (the highly piscivorous narrow-headed gartersnake, which is spotted 

Figure 9. Mexican gartersnake 

from Cienega Creek. 
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and unstriped, occupies a divergent niche), and coexists in some localities with bullfrogs. In 

southeastern Arizona, including the FROG project area, the Mexican gartersnake co-exists with 

the ecologically similar checkered gartersnake (T. marcianus), which is less strictly associated 

with perennial water. The checkered gartersnake persists in abundance with bullfrogs, and 

appears to displace the Mexican gartersnake, apparently because juvenile checkered gartersnakes 

are relatively terrestrial and thus are less susceptible to bullfrog predation (Rosen and Schwalbe 

2001 and therein). 

The Mexican gartersnake population in Cienega Creek was thought to be healthy in the mid-

1980’s, but has declined since then (Rosen and Schwalbe 1988; Rosen and Caldwell 2004; see 

below in Results), synchronously with the decline of leopard frogs. Bullfrog removals in the 

creek since 2002, in the absence of leopard frog recovery, may be contributing to continuing 

Mexican gartersnake decline. 

 
Figure 10. Newborn Mexican gartersnakes, captive-bred at Arizona-Sonora Desert Museum, ready for 

release by Arizona Game & Fish Department in the Cienega Creek Headwaters at Las Cienegas NCA. FROG 

Project assisted with this action, and our habitat enhancements for frogs and fish are designed, in part, to 

benefit this snake species, which is proposed for listing as threatened by USFWS (2013a & b). Photo by Jeff. 

Servoss. 

Gila Topminnow (Poeciliopsis occidentalis) and Desert Pupfish (Cyprinodon macularius). 

The Gila topminnow is a live-bearer similar in appearance and size to the non-native 
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mosquitofish, but is a less aggressive predator on newborn fishes (Minckley 1973; Minckley and 

Marsh 2009). The topminnow, now endangered, was once among the most abundant species in 

the Gila River basin, but has been rapidly displaced by the mosquitofish. Cienega Creek supports 

the only large natural population of this topminnow in the United States (Minckley 1999; 

Weedman 1998). It occurs in abundance throughout most of Cienega Creek, but was nearly 

extirpated by eutrophication-induced hypoxia in the upper reach of the creek in Empire Valley in 

the early-mid 2000’s (Bodner et al. 2007; J. Simms, unpublished data); it colonized lower 

Cienega Creek in the Pima County Preserve during this time period. 

 
Figure 11. Native Gila topminnow (left, female above, male below; an endangered species) and non-

native western mosquitofish (right, female above, male below). The topminnow population in 

Cienega Creek is by far the largest in the American Southwest. We found numerous populations of 

the mosquitofish, which in all known cases rapidly replaces the topminnow, in ponds peripheral to 

Cienega Creek. Illustrations are by Dennis Caldwell. 

The desert pupfish is a small, egg-laying species with broad and high thermal and salinity 

tolerances. Also endangered and formerly widespread in Gila River basin, no large, robust 

populations remain in the wild (Minckley and Marsh 2009; USFWS 1993, 2010). A related 

species, the Santa Cruz pupfish (C. arcuatus), occupied the Santa Cruz River basin but has been 

extinct for over four decades (Minckley 1973; Minckley et al. 2002). Current re-establishment 

practice in the Tucson region, including Empire Valley, is to utilize captive stocks of the desert 

pupfish 

The Gila topminnow and desert pupfish are highly efficient bio-control agents for mosquitoes, 

and can co-exist in local sympatry. Both are lowland species (Minckley and Marsh 2009) that do 

not thrive under the rigorous flood regime of canyon-bound streams that protects some native 

Southwestern fishes from being displaced by non-native species (Minckley and Meffe 1987). 

Topminnow and pupfish, alone or in combination, appear to have little effect on reproductive 

success of lowland leopard frogs (P. Rosen, unpublished data). They therefore seem ideal species 

to conserve in habitats suitable for native leopard frog recovery. 
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Gila Chub (Gila intermedia). This is a medium-large minnow (to ca. 250 mm total length) with 

a diverse diet that includes aquatic insects, leopard frog tadpoles and, for larger adults, smaller 

fishes (Weedman et al. 1996; Minckley and Marsh 2009). Gila chubs avidly consume small 

crayfish and appear to be an important potential biological control agent for the exotic northern 

crayfish (Orconectes virilis) in southeastern Arizona (P. Rosen and D. Lazaroff, unpublished 

observations and data). The Gila chub inhabit smaller streams, springs, and cienegas, preferring 

quiet, deeper waters, especially pools. Cienega Creek is critical habitat for the Gila chub, and 

supports the only stable, secure population in existence (USFWS 2005 and therein), although we 

describe exotic threats to the chub in the drainage basin (see Results). Threats include habitat 

desiccation via groundwater pumping, water diversion and climate change, fire, and, most 

importantly, introduced crayfish and fishes, especially green sunfish, catfishes and bass. 

 
Figure 12. Gila chubs (left, courtesy of Martin Schlaepfer); longfin dace (right, courtesy of Joseph Tomelleri). 

Gila chub occur throughout most of Cienega Creek and in adjoining Mattie Canyon, but, like the 

topminnow, were nearly or entirely extirpated from the upper Empire Valley creek reach (the 

“Headwaters Reach”) during the early-mid 2000’s (J. Simms, unpublished data) and only 

recently colonized lower Cienega Creek. Gila chubs and other native chubs in southeastern 

Arizona eat leopard frog tadpoles but apparently find bullfrog tadpoles unpalatable (P. Rosen, 

unpublished data), and apparently thus facilitate high bullfrog population density as do bluegill 

sunfish (see Adams et al. 2003). In mesocosm experiments Gila chubs reduced lowland leopard 

frog tadpole survivorship by ca. 95%; in complex cienega-like habitat, but apparently not in 

canyon rock pools, chubs and leopard frogs can coexist (Hall, 2006; P. Rosen and D. Hall, 

unpublished data and observations).  

The Gila chub is a key for multi-species conservation in the FROG Project area. It should be 

combined judiciously with leopard frogs and, possibly, smaller fishes, as it can be a ferocious 

predator. However, it can be important, in addition to its intrinsic value, as a key part of the food 

base for the Mexican gartersnake. 
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Other Species. Several other aquatic species and groups in the FROG Project study region are 

relevant to this report. Sonoran mud turtles (Kinosternon sonoriense) are very abundant in 

Cienega Creek in Empire Valley and in some stock ponds, but are uncommon or rare in lower 

Cienega Creek and Empire Gulch Spring. This species may have significant effects by eating 

aquatic invertebrate abundance and may eat tadpoles and fish. 

Two other gartersnake species, the checkered gartersnake and black-necked gartersnake 

(Thamnophis cyrtopsis) occur in the area, and may be increasing in abundance and distribution in 

Empire Valley, although the latter species is primarily in canyons. Gartersnakes can consume 

large numbers of frogs and tadpoles, and could be a key regulator of leopard frog abundance. No 

gartersnake of any kind have been recorded at Empire Gulch Spring, to our knowledge. 

The Tarahumara frog (Rana tarahumarae), which went extinct in the United States in 1983, is 

part of a restoration effort led by AGFD in Big Casa Blanca Canyon in Santa Rita Mountains in 

2004. Although habitat and likely chytrid fungus disease have hampered this ongoing program, 

there are plans for additional releases. This is likely significant for the Chiricahua leopard frog 

program, as the two species may serve as pathogen reservoirs for each other. 

The canyon treefrog (Hyla arenicolor) occurs widely in regional canyons, supports strong black-

necked gartersnake populations, and may serve as a pathogen reservoir. 

The longfin dace (Agosia [sometimes included in Rhinichthys] chrysogaster) is among the few 

Southwestern fishes that are not endangered. It occurs in lower Empire Valley reaches of 

Cienega Creek, lower Cienega Creek, and Gardner Canyon. This species co-exists with lowland 

leopard frog populations in desert streams and in mesocosm settings. Although not federally 

listed, it is a species of conservation concern. 

A high abundance and diversity of aquatic insects occur in Cienega Creek, Empire Gulch Spring 

(Kahrs 2009) and elsewhere in the study region. These play important roles as food for fishes, 

turtles, and may have critical roles in the ecology of ranid frogs via predation on tadpoles. 

Notable tadpole predators include the giant water bugs (especially Lethocerus and Abedus) and 

dragonfly larvae (especially Anax, Libellula, Aeshna, and others). 

A number of non-native fishes found in the Cienega Creek drainage basin are discussed below, 

some of which will have devastating ecological effects if they reach Cienega Creek, where none 

have ever been reported. 

Species Summary: Key Considerations for Leopard Frog Conservation Planning. Key 

species interactions affecting conservation planning for the Chiricahua leopard frog involve 

predation and disease transmission. Exotic species threats are primary, with the bullfrog the most 

critical threat and crayfish and green sunfish potentially critical threats. The green sunfish and 

mosquitofish are also critical potential threats to the Gila topminnow and Gila chub. The crayfish 

is a critical threat to aquatic vegetation, aquatic insects, fishes, and frogs; if crayfish invade 

Cienega Creek, the existing ecosystem would collapse and conservation of native ranid frogs, 

mud turtles, and the Mexican gartersnake would be precluded.  
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Although new aquatic habitat can be created for native species, such as by enhancing livestock 

waters, prior regional removal of non-natives is required to avoid invasion or reinvasion that 

would occupy new or enhanced habitat. 

Predation by Gila chubs on native ranid tadpoles is a concern for the establishment and 

enhancement of species assemblages, especially in ponds, and predation by chubs on aquatic 

insects is a concern in localities where bullfrogs occur. However, predation by Gila chubs on 

crayfish is, conversely, a potentially critical conservation tool in the study region and elsewhere. 

Gartersnake predation could prevent the establishment of native leopard frogs or eliminate small 

populations: we have observed rapid, near extirpation of lowland leopard frogs by the checkered 

gartersnake in outdoor mesocosms (P. Rosen, unpublished data). Establishment of the Mexican 

gartersnake in multi-species habitat enhancement sites should thus be delayed until leopard frogs 

become abundant. And establishment of topminnows and/or pupfish prior to introduction of 

gartersnakes is likely essential as a suitably reliable food supply for newborn and small juvenile 

gartersnakes. Recovery of gartersnakes in the American Southwest will be a novel undertaking 

with additional complications and challenges. 

Although lowland leopard frogs occurred in lower Empire Valley, while Chiricahua leopard 

frogs occurred, on average, further up the drainage and at higher elevations, susceptibility of 

both species to Bd may be reduced by relatively higher environmental temperatures at the lower 

elevations of their respective distributions. The elevational pattern of distribution has shifted 

downward for both species: in the Chiricahua leopard frog, most high elevation populations have 

disappeared, except in warm springs (Rosen, personal observations; see USFWS 2012); in the 

lowland leopard frog, the strongest remaining regional population is in the lowest river basin in 

which stream desiccation and massive exotics invasion has not excluded native leopard frogs – 

the Bill Williams River in western Arizona. The pathogen’s growth limit at about 25C and 

mortality at about 30-32C (chronic exposure) or higher (brief, acute exposure), and the 

apparently high disease susceptibility of leopard frogs under cold conditions (less than 10-15C, 

most likely based on our observations) even though the chytrid pathogen grows slowly at these 

low temperatures, indicates that establishing leopard frog populations at relatively low elevations 

and in warm sites may be optimal. These considerations are particularly important in designing 

new habitats for leopard frogs. 

In planning and conducting non-native species control and eradication, additional key factors 

should be considered: (1) the bullfrog’s incredible dispersal capability; (2) the ability of bullfrogs 

and crayfish to remain inactive and secreted for periods of several months without feeding (even 

at room temperature), and (3) the long-term potential for accidental or incidental dispersal of 

non-native fishes and crayfish, especially during summer flood events. All of these exotics are 

moved by people and maintained in backyard habitats and ranch ponds.  

Metapopulation Considerations in Valley and Mountain Landscapes. Population 

fluctuations, local extinctions, expansions and irruptions, and dispersal and colonization events 
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are metapopulation dynamics. They play major roles in determining the short-term and long-term 

persistence of species at local, regional, and, over the longest time periods, continental scales. 

For local recovery of immediately threatened species and populations, potential and expected 

metapopulation dynamics occurring at time scales of about 2-50 years are of interest for 

conservation planning. Habitat conditions and population dynamics fluctuate in time: in the 

extreme, source and sink populations may even exchange roles. The metapopulation concept is 

important for conservation biology of ranid frogs, and for other frogs and toads, that have 

discreet population centers and breeding localities interconnected by dispersal, which can occur 

on the surprising scale of several miles.  

In addition to promoting landscape- and regional-level population persistence, metapopulation 

dynamics have important consequences related to maintenance of diverse gene pools that make 

adaptation possible, and for the spread of adaptive changes. These are complex phenomena, 

many of which are not quantitatively understood for any species or for local or regional 

metapopulations. They become increasingly well understood and defined through the practice of 

species recovery programs. 

Figure 5 and Figure 6 illustrate the broad landscape structure of regional leopard frog 

metapopulations in the FROG project region and surrounding areas. For example, many of the 

oldest records of leopard frogs are in the major natural wetlands such as Cienega Creek, Sonoita 

Creek, Babocomari, San Pedro River, and Santa Cruz River that are or were found in the central 

valley bottoms. In almost all these localities, exotic species invasions have eliminated the 

original leopard frog populations. Metapopulations have become increasingly restricted to 

mountains in livestock ponds and smaller, often highly isolated mountain springs and spring runs 

(Sredl and Howland 1995; Sredl 1997, 2005; Sredl and Saylor 1998; Sredl and Jennings 2005)  

that remain beyond the spread of exotic species (Sartorius and Rosen 2000; Rosen and Schwalbe 

1998, 2002a & b) and outside the main spheres of anthropogenic habitat modification and 

desiccation (Hall and Steidl, 2007; Wallace et al, 2010).  

In some regions, exotic species have already spread throughout valley ponds and into montane 

waters, apparently eliminating leopard frog metapopulations, in southern Santa Rita Mountains 

and parts of the southern Santa Catalina and adjoining Rincon mountains, for example. In Avra 

Valley west of Tucson, a lowland leopard frog metapopulation that most likely derived from 

Santa Cruz River disappeared as agriculture declined and bullfrogs invaded. Bullfrogs also 

invaded Altar Valley and Chiricahua leopard frogs were extirpated in 2001, but exotic species 

control has permitted re-establishment of the leopard frog metapopulation shown in Figure 6. 

Intensive monitoring during leopard frog recovery programs revealed colonization events by 

bullfrogs of at least 11 km during a single season, while observed native leopard frog dispersal 

has ranged from less than ¼ to about ¾ of that, as we described below. Unequivocal examples of 

Chiricahua leopard frog metapopulation centers have also now been documented in the course of 

recovery programs. In the FROG Project study region, at least one local 1970’s era source 
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population (which we identified as having been at “Perfect Tank”, as described below) is extinct, 

and at least one locality unoccupied in the mid-late 1990’s is currently a major source of 

dispersal and new breeding populations (Gardner Canyon Spring Run; see below).  

Observations of dispersal, metapopulation dynamics, introduced species ecology and control, 

epidemiology, and human interactions, which occur during active recovery and management 

programs, contribute to the scientific basis for conservation biology and feed back to the project 

through adaptive management. The FROG Project plan for Chiricahua leopard frog recovery is 

an adaptive management framework in which plans are made with the best available information 

and may nonetheless change rapidly based on new information.  

The Problem of Non-native Predators and Competitors 

Native and endemic aquatic vertebrate faunas face diverse threats and have suffered major 

declines globally, notably including in arid regions (Contreras and Escalante 1984; Edsall et al. 

1995; Hansen and Peck 1995; McDowall 1984; McKay 1984; Lelak 1987 Moyle 1986; Moyle et 

al. 1986; Ogutu-Ohwayo 1993; Richter et al. 1997; Zaret and Paine 1973;). Non-native species 

introductions are a major problem in arid regions with high endemism: Miller et al., (1989) 

estimated that introduced species were involved in 68% of known extinctions in the North 

American fish fauna, compared to habitat degradation or modification (73%), or other factors 

(38% or less). Amphibian declines have many causes (Collins 2010), but in the American West, 

non-native aquatic predators and competitors are a nearly ubiquitous and often overwhelmingly 

important problem.  

Although many causes of amphibian decline have been reported (Collins 2010), including habitat 

destruction, elevated ultra-violet radiation (Blaustein et al. 1994), acid rain (Harte and Hoffman 

1989), and heavy metal pollution (Hale, et al. 1995), introduced species and disease are 

predominant problems regionally and globally.  Introduced predators and competitors have been 

directly associated with ranid frog declines in much of western North America (Bahls 1992; 

Bradford 1989; Bradford et al. 1993; Bury and Luckenbach 1976; Clarkson and Rorabaugh 

1989; Dumas 1966; Fellers and Drost 1993; Green 1978; Hammerson 1982; Hayes and Jennings 

1986 1988; Knapp et al. 2007; Kupferberg 1997; Leonard et al. 1993; McAllister et al. 1993; 

Moyle 1973; Rosen and Schwalbe 1995; Rosen et al. 1995; Schwalbe and Rosen 1988; Vitt and 

Ohmart 1978). This problem is affecting other amphibians in the American West (Collins et al. 

1988; Gamradt and Kats 1996; Tyler et al. 1998) as well as elsewhere in the world (e.g., 

Brönmark and Edenhamn 1994). 

Essentially all native ranid frog species in western North America are in decline (Vial and Saylor 

1993, and therein; M. Jennings 1995; Sredl and Howland 1995) or have disappeared (Hale, et al. 

1995; Stebbins 1985) across most major regions (Arizona--Clarkson and Rorabaugh 1989; 

California--M. Jennings 1995; Colorado--Hammerson 1982; Corn and Fogelman 1984; Pacific 

Northwest--Leonard et al. 1993; Bahls 1992 and therein). For western North America, at least, 
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the introduced predators and competitors are among the most ubiquitous and potent causes of 

decline, and introduced species problems interact with the other key factors in ranid frog decline 

– emerging disease and habitat modification. 

In the FROG Project region, in southeastern Arizona, both the Chiricahua and lowland leopard 

frogs have declined markedly in recent decades (Clarkson and Rorabaugh 1989; Hale et al. 2005; 

Sredl 2007; Figure 1). Both are severely impacted by non-native species (Fernandez and Rosen 

1996; Rosen and Schwalbe 2002; Rosen et al. 1995; Sartorius and Rosen 2000; Schwalbe and 

Rosen 1988; USFWS 2007), as are endangered native fishes (Meffe 1985; Minckley and Deacon 

1991; Minckley and Marsh 2009; Rinne 1996; Gila chub [Weedman et al. 1996; Dudley and 

Matter 2000], Gila topminnow [Meffe et al. 1983; Voeltz and Bettaso 2003], and desert pupfish 

[Minckley 1973; USFWS 1993]) and the Mexican gartersnake (Rosen and Schwalbe 1988, 

2002), which is a candidate for federal listing as threatened (USFWS 2006).  

Although many non-natives can impact native aquatic vertebrates, a few can thrive and are very 

difficult to eradicate in small stream, cienega, and livestock pond habitats found in southeastern 

Arizona. These species pose disproportionate threats for conservation of native fishes, ranid 

frogs, mud turtles, and Mexican gartersnakes that occur in our study region. All of these species 

achieve unusually high abundances in southeastern Arizona, where they face less predation, 

competition, parasitism, and disease than in their native ranges, and where habitat modification 

by humans facilitates their survival in arid landscapes. 

Gila topminnow populations are almost invariably driven to extinction within a few years by 

non-native mosquitofish (Gambusia affinis), which are being spread on the landscape for 

mosquito control or incidentally as a result of game fish establishment. Green sunfish (Lepomis 

cyanellus) are a primary threat to the Gila chub in the region as well as to topminnows, 

pupfishes, and native leopard frogs. In both cases, the non-native fishes are capable of living in 

natural habitats important to the natives, and exert intensive effects via predation and, in some 

cases, by competition. Although these non-native fishes cannot disperse readily across 

landscapes lacking perennial waters, and can thus potentially be controlled and readily eradicated 

in man-made waters, they may be dispersed during episodes of high rainfall or accidentally or 

incidentally by people. 

Bullfrogs pose a more difficult problem. They eat ranid frogs, compete with native tadpoles, eat 

gartersnakes (among a remarkable assortment of other dietary items; see Bury and Whelan 

1984), and, by eating native frogs, compete with gartersnakes. They also carry virulent 

amphibian pathogens (see below), and can sustain very high population densities by cannibalism. 

Bullfrog tadpoles are unpalatable to all native fishes and most non-native fishes that occur in the 

study area, and thus achieve high population densities in the presence of several predatory fish 

species that consume the chief predators of bullfrog tadpoles – aquatic insects (Adams 1999, 

2000; Adams et al. 2003). The high population densities achieved, along with great dispersal 

capabilities, make bullfrogs a particularly difficult threat to contain, even in arid landscapes 
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(Suhre 2010). Over the past 12-14 years, bullfrog eradication has been achieved in increasingly 

complex habitat (Kahrs 2009; P. Rosen, C .Schwalbe, and D. Hall, unpublished observations), 

but lowland cienega, stream, and pond complexes, which occur in the FROG Project study 

region are among the most difficult environments for bullfrog removal (Rosen and Schwalbe 

2001). 

The Problem of Emerging Disease 

While there are now numerous known pathogens impacting amphibian populations (Collins 

2010), an exotic disease, chytridiomycosis, caused by the chytrid fungus pathogen 

Batrachochytrium dendrobatidis; Bd) has emerged as a critical cause of global amphibian 

declines and extinctions (Skerratt et al. 2007; Stuart et al. 2004; Wake and Vredenburg 2008; 

Collins 2010).  Chytridiomycosis is a major conservation problem for ranid frogs in the 

American Southwest, including southeastern Arizona (Bradley et al. 2002; Sredl et al. 1997; 

Sredl 2005; USFWS 2002).  

Bd inhibits electrolyte transport across amphibian skin, causing decreases in sodium and 

potassium and leading to cardiac arrest and death (Voyles et al. 2007). Bd zoospores infect and 

grow in keratin cells on adult amphibian skin and tadpole mouthparts in structures called 

zoosporangia (Berger et al. 2005). Zoosporangia discharge zoospores onto the skin and into the 

water where they reinfect the host and infect new hosts (Berger et al. 2005).  Tadpoles only have 

keratin in their mouthparts (Marantelli et al. 2004) and thus tend not to suffer from 

chytridiomycosis, although there are exceptions (Lamirande and Nichols 2002; Muths et al. 

2003; Marantelli et al. 2004; Rachowicz and Vredenburg 2004; Searle et al. 2013; Woodhams 

and Alford 2005). Thus, tadpoles are often a Bd-reservoir within populations (Hyman 2012), 

while adult and especially juvenile frogs are often felled by the disease.   

Bd zoospores are waterborne, and die when desiccated (Johnson et al. 2003). Bd grows and 

reproduces best from 17-25
o
C, can survive freezing, and dies when exposed to high temperatures 

(e.g., 37C for 4 hr; 30-35C for several days; Chatfield and Richards-Zawacki 2011; Geiger et al. 

2011; Johnson et al. 2003; Longcore et al. 1999; Piotrowski et al. 2004; Retallick and Miera 

2007; Woodhams et al. 2011, 2012; S. Wells, T. Sprankle, personal communications).  Frog 

populations at localities, elevations, or in seasons with non-optimal temperatures for Bd are less 

susceptible (Bradley et al. 2002, Berger et al. 2004, Forrest and Schlaepfer 2011; Stuart et al. 

2004, McDonald et al. 2005, Kriger and Hero 2007b, Schlaepfer et al. 2007; Skerratt et al. 2007); 

as are more aquatic species (Lips et al. 2003b, Kriger and Hero 2007a) and individuals that 

frequently experience body temperatures above 25C (Rowley and Alford 2013). Thus, 

environmental factors, especially temperature, can play a key role in habitat suitability and 

recovery of amphibians. 

Pond water may be an important reservoir of Bd, and some aquatic insects, feathers, and fish can 

also harbor the pathogen (Collins et al. 2005, Johnson and Speare 2005), although the 
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importance and dynamics of Bd-spread by non-amphibians is very poorly understood. However, 

it seems certain that Bd can be spread by dirty research equipment and boots, and likely that 

birds and large mammals can spread the disease at least in low doses. Thus, while cleanliness 

and disinfection of field gear is critical, discovery and implementation of environmental, genetic, 

and microbial processes permitting co-existence of amphibians with Bd will ultimately be 

decisive for the survival and recovery of many amphibian species. 

Intrinsic Bd-resistance can result from anti-Bd peptides (Rollins-Smith et al. 2002, Ramsey et al. 

2010; Pask et al. 2012), many produced by diverse communities of microorganisms living on 

frog skin (Bletz et al. 2013).  Some populations within susceptible species, including in the 

American Southwest, are also Bd-resistant (Savage et al. 2011); and genetic variation in the 

major histocompatibility complex is related to this resistance (Savage and Zamudio 2011), 

suggesting that adaptation by natural selection can lead to coexistence with the pathogen. For 

such (relatively rapid) evolutionary adaption, it is crucial that abundant, genetically diverse 

conservation populations be sustained over numerous generations while the rigors of natural 

selection are at work. Ultimately, for many species and populations, genetic engineering (of gene 

pools by adding resistant conspecifics; or of genomes by laboratory gene transfers) may prove 

beneficial or essential for extinction prevention. 

Some species that have been widely introduced globally are Bd-resistant, notably including the 

American bullfrogs (Rana catesbeiana) and African clawed frogs (Xenopus spp.), and thus are 

important reservoirs and vectors of Bd (Bai et al. 2010; Daszak and Cunningham 2003; Fisher 

and Garner 2007; Gahl et al. 2012; Garner et al. 2006; Kielgast et al. 2010; Mazzoni et al. 2003; 

Weldon et al. 2004). Chytridiomycosis is dose dependent in leopard frogs (Ratzlaff 2012): since 

non-native species like the bullfrog can carry substantial infection loads (e.g., Ratzlaff 2012), 

and can disperse to distances of at least 11 km (7 miles; Suhre 2010), Bd increases the urgency of 

bullfrog eradication for disease control in more susceptible species like the Chiricahua leopard 

frog. 

The native canyon treefrog (Hyla arenicolor), which occurs widely in abundance in these regions 

and co-occurs with native ranid frogs in rocky streams, is Bd resistant due, at least in part, to 

high body temperatures and terrestriality, is a carrier (Sredl and Caldwell 2000, Baker 2010; 

Ratzlaff 2012). This exemplifies the difficulties that likely preclude regional or local eradication 

of Bd in susceptible amphibian species. 

In summary, a number of facts about the emerging Bd pathogen are central to designing recovery 

plans for Southwestern ranid frogs. The pathogen has reservoirs and cannot likely be eradicated, 

requiring a survival scenario in which the native frogs co-exist over the long-term with the 

disease. Over the long-term, resistance adaptations that will sustainably mitigate the problem can 

only be facilitated by measures that increase frog population size and genetic diversity, with an 

expectation that facilitating adaptation using modern molecular genetic methods can be 

contemplated for the foreseeable future. Eliminating important Bd-reservoir and vector species, 
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in particular the bullfrog, is one of three primary methods to achieve large and relatively healthy 

populations of native ranids. A second is to initiate new, disease-free native species populations 

in enhanced habitat, thus producing large populations that resist extinction and have genetic 

variation that can produce adaptation. Third, warm habitat conditions that reduce disease 

pathogen virulence and frog susceptibility facilitate the persistence of large frog populations 

ultimately co-existing with the pathogen, which is the environmental scenario most likely to 

permit the evolution of disease resistance frogs and development beneficial microbial 

communities on frog skin. Simply put, solving the chytridiomycosis problem is a complex, 

developing field of research and conservation practice. 

Human Interactions with Ranid Frog Recovery Planning 

The sociological landscape of the FROG Project study region and surrounding areas is as 

complex and challenging as the metapopulation, non-native species, and disease elements of the 

ranid frog conservation landscape. Geographically, the project landscape ranges across a gradient 

from the growing urban margin near lower Cienega Creek through growing town and ranchette 

communities near Sonoita and Elgin, to relatively stable ranching communities throughout the 

area and recreational, wilderness, and conservation lands in lower Cienega Creek, Empire 

Valley, Santa Rita and Whetstone mountains, and the Canelo Hills region.  

The landscape of active conservation agencies is also multifaceted. Cienega Watershed 

Partnership, The Arizona Nature Conservancy (TANC), Bureau of Land Management Tucson 

Office, and University of Arizona and its associates in Tucson Herpetological Society and the 

Tucson community of natural historians were all directly involved in developing the proposal 

that became the FROG Project. All remained actively involved in implementation of the project. 

This group interacted closely with two key state agencies, Arizona Game & Fish Department 

(Non-game Branch, Ranid Frogs Program; State Herpetologist; and Regional Wildlife Managers 

Tim Snow and Erin Miller); and U.S. Fish & Wildlife Service Ecological Services, Tucson 

Office, with five key individuals devoting important efforts to manage, facilitate, and in some 

cases, regulate the project. Further, key personnel in the U.S. Forest Service, Nogales Ranger 

District, were instrumental as well as actively involved in conservation in the FROG Project. 

There is a significant underlying private and NGO initiative, centering on Tucson, for active 

conservation of amphibians, reptiles, and environment. FROG Project and its personnel have 

been centrally involved in an enhancement of the relationships of these agencies and varied 

partners.  

Collaboration with ranchers for native aquatic species conservation has evolved positively since 

1991, when Rosen and Cecil Schwalbe met with Matt and Anna Magoffin of Malpai Borderlands 

Group, Cochise County, Arizona in 1991. However, this dynamic faced ideological and 

conventional opposition, and only after another decade and a half, or more, has a wide coalition 

of ranchers and frog conservationists developed, in a radical centrist fashion. At the same time, 
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mistrust and underlying political differences have not been adequately resolved among some 

sectors of small landowners and the affluent urban public. While FROG Project has solidified 

strongly positive relationships involving major ranchers, which now exist across major, key areas 

of southeastern Arizona, much more remains to be done with other private sector groups. 

Regulatory agency personnel played key roles. Rancher-conservationist collaboration has 

resulted in part from the foresight of Jim Rorabaugh of USFWS, who designed the Endangered 

Species Act listing package for the Chiricahua leopard frog to facilitate rancher participation. 

Mike Sredl and others at AGFD played key roles in designing and implementing the species’ 

recovery plan and Safe Harbor Agreement (SHA) program. However, agency resources are 

limited and the SHA program has been the victim of budget cuts – and stringent monitoring 

requirements that were built into the program – leaving agency personnel unable to implement 

this valuable program on the broader scale we envision. The SHA program is an invaluable tool 

for land managers and private conservationists: we believe a review of its role may be warranted. 

New challenges are evolving at youth and educational levels. Political sentiments since 

9/11/2001 have focused less than before on social well-being and long-term environmental 

stewardship. On a deeper level, the almost Matrix-like growth of social focus on digital media 

has tended to undermine the modern conservation worldview, as derived rather than real-world 

experiences are supplanted by a post-modern focus on constructed reality. Even traditional 

hunting and fishing activities are apparently in marked decline. The post-World War II 

renaissance of massive post-secondary school liberal arts exposure has receded before a staid 

revival that sees education as a means to earning rather than being or becoming.  

It is not difficult to envision dystopian prospects for our environment: it need not be so. To the 

contrary, growing professional conservation opportunities would reinvigorate conservation 

biology and biodiversity concerns. Our experience during the project shows that young students 

are stilled turned on by the realities and prospects of ecology, environment, and actively planned 

progress in the field. Engagement of a widening public with open space recreation augers well 

for increasing ranch-based and rural environmentalism. Meeting the tremendous environmental 

challenges and opportunities developing on Earth will require a vastly increased labor force in 

jobs that will be among the most rewarding and desirable available in any profession. 

Educational, volunteer, collaborative, and employment opportunities are thus integral and inter-

related with scientific progress in a large biodiversity project like the one described in this report.  
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Design of the FROG Project 

An array of biological and cultural problems defined the design of a program to achieve an array 

of quantitatively stated objectives and outcomes. In the biological sphere, the following 

principles were applied: 

 Eliminate non-native aquatic species 

 Plan on a large landscape scale appropriate to the dispersal and metapopulation dynamics 

of both native and non-native species 

 Enhance aquatic habitat to ensure permanent water by deepening, and with infrastructure 

to limit conflicts of livestock and aquatic biodiversity conservation 

 Design habitat to support multiple species of native fishes, amphibians and reptiles in 

suitable combinations, with the above mentioned considerations applied 

 Establish new frog populations with animals head-started or salvaged from impending 

drought conditions to minimize impacts on existing populations. Establish Mexican 

gartersnakes at trial sites after leopard frogs and small fishes have become abundant 

 Establish ranid frog metapopulation dynamic potential at hierarchical spatial scales 

conducive to short-term dynamics in local population clusters and longer-term, larger 

landscape dynamics involving major aquatic environmental types and topographic 

features 

 Control emerging disease in frogs by eradicating exotic species disease reservoirs, 

establishing new populations of frogs without major disease-causing pathogens, and 

utilizing environmental conditions to reduce pathogen virulence 

 Monitor leopard frog population outcomes in relation to key population dynamic 

features: disease, environmental temperature, water quality (as needed), predation and 

cover, and migration patterns of the leopard frogs 

In the cultural sphere, the following principles were applied: 

 Build enduring working relationships with livestock ranchers for mutual or reconciled 

economic and biodiversity conservation benefits 

 Strengthen working relationships among private, NGO, and governmental entities 

working for aquatic biodiversity conservation 

 Develop formal means, including Safe Harbor Agreements, to facilitate private 

participation in conservation 

 Establish communication and cooperation with smaller property owners to facilitate or 

encourage their participation in conservation 

 Provide educational experience in biodiversity conservation through local public schools 

 Provide public information through an internet website and presentation of project goals 

and outcomes to professional and wider public audiences 
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FIELD METHODS, STRATEGIES, AND RESULTS 

Status: Ranid Frogs and Gartersnakes 

Survey and Monitoring Methods 

Surveys were conducted throughout the year but primarily April-October, and were usually done 

in teams of two fieldworkers. Exhaustive species site occurrence surveys were done in 2010 in 

the Empire Valley region. Intensive surveying was done during the May-June dry season, and 

surveys for dispersing frogs were repeated during the late summer. We attempted an exhaustive 

survey of potentially frog-utilized aquatic sites using on-the ground knowledge, informants, 

historic species occurrence records from museums, field notes and databases, and by scrutinizing 

topographic maps and historic aerial imagery in Google Earth. Google Earth was particularly 

useful in identifying lentic (still-water) sites that were of interest because we could use the 

history function to review landscape photos over the past 20 years.  This allowed us to select 

stock tanks with the most permanent water as sites that should be surveyed.  Sites identified near 

known or historic leopard frog populations were given particular interest.  

However, we visited and assessed all mapped surface water sites (streams, springs, stock ponds, 

and wells) in the area, especially during 2010. Based on these surveys and on monitoring and 

exotic species eradication objectives, we revisited many sites – some repeatedly – during late 

2010 through early 2013.  

Visual Encounter Surveys (VES) for frogs were used along with dip-netting and seining where 

appropriate. Typically, we carefully approached aquatic habitat scanning with binoculars or 

powerful flashlights, listened for calling amphibians, and walked near the edge of the water to 

detect frogs by either direct viewing or detecting their leaps into the water. Generally, 

streambanks and pond margins were thoroughly searched and rock ledges and clumps of 

emergent aquatic vegetation such as sedges, rushes, and bunch grasses were probed. Additional 

data was obtained by dipnetting and seining for tadpoles and fishes. If there was any question as 

to the identity of an amphibian we attempted to wait for the animal to resurface from the water 

and identified it using hand collection or visually, at times with binoculars. Surveys were done 

during daylight hours and at night, and localities with potential frog habitat that did not yield 

observations as expected during daylight were usually revisited at night. 

We recorded Universal Transverse Mercator (UTM) coordinates with Garmin 60CX™ GPS 

units using the WGS84 datum.  We used a Hanna Combo™ pH & EC meter to record water 

temperature, pH, conductivity, and total dissolved solids.  A Kestrel 4000™ was used to record 

air temperature, humidity and wind speed.  Generally these parameters were recorded at the 

beginning of a survey. 

We have records for surveys at 287 sites during 2010-2013 in the FROG Project area (Table 1), 

including our work with AGFD and records they sent us. We thus recorded counts totaling 
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Table 1. Overview of number of sites surveyed and numbers with aquatic animals. 

Localities surveyed 

 Local Sub-regions in Lower Cienega Creek and the Empire Valley Region: 

Sites: 

Babo-

comari 

Canelo 

Hills 

Cienega 

Creek 

County 

Preserve 

Elgin-

Sonoita 

Empire 

Mts 

LCNCA 

in 

Empire 

Valley 

San 

Pedro 

Valley 

Santa 

Rita 

Mts 

Western 

Rain 

Valley 

Whet-

stone 

Mts Total 

Total number surveyed 3 27 2 44 13 23 21 118 26 12 287 

With aquatic vertebrates / crayfish 3 8 2 11 5 13 2 30 12 2 88 

With ranid frogs, fishes, crayfish 3 8 2 11 5 13 1 25 11 2 81 

With ranid frogs, fish 3 8 2 11 5 13 1 25 11 2 81 

With ranid frogs 3 8 2 9 0 12 1 18 11 2 66 

With Chiricahua leopard frogs 0 2 0 0 0 9 0 17 1 0 29 

With lowland leopard frogs 0 0 2 4 0 3 0 0 7 2 18 

With bullfrogs 3 6 1 5 0 3 1 1 6 0 26 

With native fishes 0 0 0 0 0 5 0 2 1 0 8 

With non-native fishes 2 2 0 3 5 0 0 6 2 0 20 

With non-native crayfish 1 0 0 0 0 0 0 0 2 0 3 
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31,808 individuals in 1,683 instances of aquatic species occurrences, not including toads, at 88 

sites. Bullfrogs recorded in Cienega Creek in Empire Valley during eradication efforts accounted 

for 1,808 of the individuals and 1,185 of the instances. 

Historical Distributions and Mapping 

We assembled a large database with 5,205 records consisting of: 

 Our ranid frog records from the study region during 1983-2013,  

 Records for native ranid frogs from all major museum collections in the United States 

(except University of New Mexico),  

 Aquatic species observations for Las Cienegas NCA from Jeff Simms during 1990-2013,  

 Survey records for aquatic species received from Arizona Game & Fish Department for 

the Empire Valley and Santa Rita Mountains, and for leopard frogs Santa Catalina-

Rincon mountains complex,  

 Literature records for the study region, San Pedro Valley, and Santa Catalina-Rincon 

mountains complex, and  

 Leopard frog records from the unpublished field notes of John Frost and Joseph Bagnara 

during speciation studies during the 1970’s.  

Each record was vetted for accuracy and to avoid redundancy among the components of the 

database. Leopard frog species identification records were also carefully vetted based on 

thorough perusal of the literature, examination of the type series of Rana chiricahuensis, and our 

experience with intraspecific variation in key identification characteristics in the study region. 

Based on the type series and our observations of variation, we found that some early records of 

R. yavapaiensis from the Santa Rita Mountains were probably misidentifications.  

We interviewed numerous expert individuals with experience observing frogs in the regions 

represented in the database, including Joseph Bagnara (University of Arizona, retired), Steve 

Hale, William Hayes (Arizona Game and Fish Department, retired), Don Mitchell (Arizona 

Game and Fish Department), Jim Rorabaugh (USFWS, retired), Debbie Sebesta (U.S. Forest 

Service), Josh Taiz (U.S. Forest Service), Jeff Simms (BLM), and Thomas Skinner (U.S. Forest 

Service, retired).  These interviews helped guide our surveys, but we only included written 

records in the database. For mapping purposes elsewhere in southeastern Arizona, we added 

locality information from our observations, museum records, the literature, and reports pertaining 

to population persistence or disappearance based on notes from proceedings of and meetings 

with members of the Chiricahua Leopard Frog Recovery Team. 

Distribution and Status of Native Ranid Frogs and Gartersnakes 

The Chiricahua leopard frog existed as a single population in Empire Valley and four known 

populations in the eastern Santa Rita Mountains at the initiation of our project in 2010. We 

discovered two new breeding populations in Santa Rita Mountains one in 2010, West Tank, and 

one in 2011, Gardner Canyon Spring Run. Other populations were established by us and AGFD 

or were likely occupied by natural dispersal during 2010-2013 (Table 2). 
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Table 2. Field records of the Chiricahua leopard frog in the study region during 2010-2013. Site 

names in bold were occupied at the beginning of the FROG Project. Sites where populations were 

established or augmented by releases are underlined, and those known to have been established 

by natural colonization are in italics. Sites where habitat was enhanced are indicated by ***. 

Region - Site Name 

adult - 

subad juvenile tadpole 

egg 

mass 

Total 

Counted 

Canelo Hills 

    

103 

Canelo Pass 

    

100 

Double Tank (O’Leary) 

    

3 

LCNCA 518 113 342 11 1712 

Cienega Cr, Headwaters reach 3 

 

3 

 

6 

Cienega Cr, lower Cinco bottoms 8 8 

  

11 

Cienega Cr, Mattie Cyn  reach 4 2 

  

8 

Cottonwood Well *** 

  

3 

 

3 

Empire Gulch Spring 430 80 236 8 1408 

Empire Well *** 1 

 

32 

 

33 

Maternity Well 35 22 48 3 132 

Ranarium 37 1 32 

 

111 

Santa Rita Mts 945 473 67 90 6208 

Bowman Tank 1 2 

  

15 

Cave Cr 2 6 

  

8 

Christina's Tank 1 

   

1 

Crazy Lazy P Tank *** 183 46 

  

263 

East Tank 6 54 

  

61 

Gardner Cyn road crossing 

 

1 

  

1 

Gardner Cyn Spring Run 180 84 17 21 1391 

Granite Tank 28 90 25 

 

178 

Greaterville Tank *** 45 77 

  

399 

Hog Tank 5 

   

5 

Louisiana Gulch Corrals 8 

 

25 

 

33 

Morningstar Tank 2 

   

3 

Morningstar Well 1 

   

1 

Redtail Tank 7 

   

7 

unnamed tank 22 

    

11 

Vera Earl North Tank 3    3 

Vera Earl Tank  *** 20    20 

Upper Enzenberg 

    

1 

West Tank *** 476 113 

 

69 3808 

W Rain Valley 11 

 

15 4 48 

Road Cyn Tank *** 11 

 

15 4 48 

Total 1474 586 424 105 8072 
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Figure 13.  Exponential increase of Chiricahua leopard frogs observed, after years of stability as a 

small population at Empire Gulch Spring. Graph shows means ± 2 SE, with sample sizes at top. 

Several sites are indicated in Table 2 as established by dispersal, and others with less than 100 

frogs counted and no egg masses or tadpoles observed were also likely colonized by natural 

dispersal and were not breeding populations as of early spring 2013.  

Large population increases were seen at Empire Gulch Spring (Figure 9), and at Gardner Canyon 

Spring Run and West Tank during 2010-13 (Figure 10). The increase at Empire Gulch was 

remarkable in two ways: it followed a period of remarkable stability at very low total population 

size, and despite the increase virtually all frogs remained close to the spring source of the short 

spring run rather than dispersing to utilize wider areas. Increases were also observed in Santa 

Rita Mountains, including what appeared to be in-progress irruptions (huge increases in 

population size, which may often be followed by large dispersal events), particularly at West 

Tank. Very large numbers of tadpoles in Gardner Canyon Spring Run (several thousand) and egg 
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masses in West Tank (n = 30) were observed in spring 2012, and large numbers of egg masses 

were seen in Gardner Canyon (n=18) in spring 2013. 

 
Figure 14.  Frog counts estimated for repeatedly visited populations in Santa Rita Mountains. 

Populations were discovered in 2010 and 2011. In 2011, the West Tank population was supplied 

with supplemental water and the Gardner Canyon population was augmented with drought-

rescued frogs.  

Although we observed many Chiricahua leopard frogs during this project, the species has 

disappeared from a number of known sites and major populations in the region. 

Lowland leopard frogs were found breeding in the recently enhanced habitat in Road Canyon 

Tank in early 2010: the population may have originated by introduction, as the nearest possible 

source population (Wakefield Canyon) was very small and over 11 miles distant. Genetic 

analysis confirmed the frogs were not from Wakefield or from the County Preserve population, 

which were genetically identical (Anna Savage, unpublished data). The Road Canyon population 

irrupted in 2010 through early 2011 and provided dispersers found at numerous other localities 

(Table 3). Only small populations of the lowland leopard frog remain in or near the study region. 
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The Road Canyon Tank population was extirpated when the well was turned off or failed in 2011 

and most of the frogs were collected by AGFD. 

Table 3. Field records of the lowland leopard frog in the study region during 2010-

2012. Site names in bold remain extant in 2013, and sites that were colonized by 

dispersers from Road Canyon Tank are in italics. 

Region - Site Name 2010 2011 2012 

SITE 

total 

County Preserve 14 17 235 266 

Cienega Cr, Clay Mine Ponds 

  

2 2 

Cienega Cr, Horseshoe Bend reach 14 17 233 264 

Elgin-Sonoita 42 

  

42 

Little Johnson tank 1 

  

1 

Regge Tank 3 

  

3 

unnamed 37 3 

  

3 

Walker Pond 35 

  

35 

LCNCA 14 144 

 

158 

Cienega Cr, Headwaters reach 4 143 

 

147 

Hummel Tank 9 

  

9 

Oil Well Tank 1 1 

 

2 

W Rain Valley 948 784 

 

1732 

Clyne Pond 5 

  

5 

Clyne Pond Spring 

 

1 

 

1 

Hospital Tank 49 30 

 

79 

Rain Valley ditch-pools 9 

  

9 

Road Cyn Tank 810 753 

 

1563 

Small Tank 6 

  

6 

Upper Road Cyn Tank 69 

  

69 

Whetstone Mts 32 

  

32 

Wakefield Cyn Stream (1) 15 

  

15 

Wakefield Cyn Stream (2) 17 

  

17 

YEAR Total 1050 945 235 2230 

 

The lowland leopard frog was widespread and abundant in central and lower Empire Valley, 

Cienega Creek County Preserve, Sonoita Creek, Monkey and Cottonwood springs, and in the 

southern Santa Rita Mountains in the mid-20th century, but persists now only in small or 

unstable numbers in the County Preserve and in Whetstone Mountains (Wakefield Canyon). 

Gartersnakes remain uncommon to rare in the study region (Table 4). Even though 2010-12 were 

the years with the most intensive fieldwork in Mexican gartersnake habitat, fewer were seen than 

in 2002-3; the population is thought to have already declined before 2002. The decline of the 
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Mexican gartersnake is correlated with, and probably caused by, a decline in native ranid frogs in 

Cienega Creek. Our bullfrog removal efforts have further reduced the food base for the Mexican 

gartersnake, and may have exacerbated its decline even though bullfrogs, in higher densities than 

observed in Cienega Creek, are apparently capable of decimating or eliminating populations of 

the snake. 

The Mexican gartersnake was first recorded in the County Preserve in the early 2000’s, but has 

not become abundant there. It was very abundant at Babocomari in the late 1950’s (Bob Bezy, 

personal communication) and was still present in 1985, but has not been recorded there since. It 

has not been reported in Sonoita Creek for several decades and disappeared from the Tucson 

Basin after the 1960’s (Rosen and Schwalbe 1988). 

Table 4. Field records of gartersnakes in the study region during 2002-2003 and 

2010-2012, during intensive herpetological work at and near Las Cienegas NCA. 

 

2002 2003 2010 2011 2012 Total 

Thamnophis eques 5 24 7 7 4 47 

Cienega Cr, Headwaters reach 3 11 7 7 1 29 

Cienega Cr, Mattie Cyn reach 

 

4 

   

4 

Cienega Cr, Narrows reach 2 6 

  

3 11 

Cienega Cr bottomlands 

 

3 

   

3 

Thamnophis marcianus 0 1 1 0 1 3 

Cienega Cr, Headwaters reach 

 

1 

   

1 

Maternity Well     1 1 

Sue’s Pond 

  

1 

  

1 

Thamnophis cyrtopsis 0 1 0 6 1 8 

LCNCA 

      Cienega Ranch 

 

1 

   

1 

Santa Rita Mts 

      Mesa Tanks 

    

1 1 

West Tank 

   

1 

 

1 

Western Rain Valley 

      Clyne Pond Spring 

  

2 4 

 

6 

Road Cyn Tank 

  

1 1 

 

2 
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Distribution and Status of Non-Native Aquatic Species 

No non-native fishes, or crayfish, have ever been established in Cienega Creek. In Santa Rita 

Mountains, the native longfin dace (Gardner Canyon, lower Cave Creek, Temporal Gulch) and 

desert sucker (Temporal Gulch) occur in natural habitat. Native fishes are largely or entirely 

replaced by a diversity of exotic fishes at Babocomari (Minckley 1973; Minckley and Marsh 

2009), where crayfish have also been found at least since the mid-1980’s (Rosen and Schwalbe 

1988).  

We found a total of 9 taxa of exotic fishes in the study region. We found them in many more 

localities than previously recorded, including in ponds and tanks in Santa Rita Mountains, 

Mustang Mountains and elsewhere in western Rain Valley, Sonoita Grasslands, and Empire 

Mountains (Table 5; Figure 11). There are undoubtedly more exotic fish species populations in 

the study region than the 43 we recorded, although our totals for Empire Valley, eastern Santa 

Rita Mountains, and western Rain Valley are likely close to the actual totals present.  

The most frequently recorded was the prime sportfish combination for ponds, largemouth bass 

(Micropterus salmoides)-bluegill sunfish (Lepomis macrochirus), neither of which are strong 

invaders of small natural waters in southeastern Arizona, although potentially invasive in 

Cienega Creek. Green sunfish (L. cyanellus), which are highly invasive and harmful to native 

fishes, remain in a single location (Table 5), although they doubtless also still occur in 

Babocomari with bass, catfish, and other exotics we did not record during our limited work there 

during 2010-2013. The third most frequent exotic fish in our observations was the mosquitofish 

(Gambusia affinis), which, along with the green sunfish and northern crayfish, may be poised to 

invade Cienega Creek, where these exotics would almost certainly wreak havoc with native 

aquatic vertebrates. 

Few of the fish populations we observed pose an immediate or likely threat of natural dispersal 

(during flood overflows) into Cienega Creek. Almost all are behind berms or in isolated, dug 

ponds, not in major drainages likely to breach and have floodwaters reach Cienega Creek. The 

problem these exotic fishes pose is their presence in increasing numbers of location where they 

are moved by people and from which they could easily be moved to less secure locations or even 

introduced into the creek or a stream that might flood into the creek. 

Crayfish were first observed in Empire Valley in 2006 at Clyne Pond, where they apparently 

arrived with a sport fish stocking shortly before that. As noted, they are in Babocomari River, 

and we found them abundant in adjoining T-4 spring. They are also found throughout most of 

Sonoita Creek, as well as San Pedro River. Crayfish were observed in a pond in Empire 

Mountains in the mid-late 1990’s but have not been seen there since (Caldwell, unpublished). 

They remain scarce in Tucson Basin: they are reportedly extirpated from Sabino and Bear 

canyons following severe post-fire flooding, sedimentation, and the flourishing of Gila chubs, 

which eat crayfish, following the eradication of green sunfish. They still occur in one location, 

Rose Canyon Lake, in the Santa Catalina-Rincon mountains complex, having survived drying of 

the lake for fisheries management. 
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Figure 15. Distribution of non-native fishes and crayfish observed during the FROG Project (2010-2013). Fish 

species occurrences are in Table 5, and locality coordinates are in Appendix II. Arizona Game & Fish 

Department provided confirmation that green sunfish were recorded at Apache Spring in Gardner Canyon). 
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Bullfrogs were first observed in 1987 in Empire Valley near the Mattie Canyon confluence in 

Cienega Creek (Rosen and Schwalbe 1988; Rosen and Caldwell 2004). They were introduced at 

Clyne Pond a few years before that (Doc Clyne, personal communication), a few years after the 

pond was established in 1978 in its present condition. They probably reached the creek by 

dispersal from there, possibly via the intermediary location of Road Canyon Tank. Bullfrogs 

were eradicated from Road Canyon Tank by drying and capture in 2002 and an annual drying 

regime was initiated by BLM there and at stock ponds throughout Las Cienegas NCA to prevent 

bullfrog proliferation. We (Caldwell and Rosen) began removing bullfrogs from Empire Valley 

in 2002 (see below, Eradication and Control of Non-Native Species). 

Bullfrogs were well established in San Pedro River but not Babocomari or Sonoita Grasslands in 

the 1980’s; they arrived at Babocomari between 1987 and 2000. They were likely first 

introduced into Sonoita Creek in the late 1960’s or early 1970’s by stocking with sport fishes. In 

lower Cienega Creek, in the County Preserve, bullfrogs were first observed during the late 

1990’s, having colonized from golf course ponds downstream at Vail; but they have never bred 

or become established in the strongly scouring desert stream flood regime of the creek there. 

We found bullfrogs at 25 localities in the study region during 2010-13. They were abundant at 

Babocomari, four locations in Canelo Hills near San Raphael Valley, five locations in Sonoita 

Grasslands (in the Elgin-Sonoita sub-region of our study region), and in the Headwaters reach of 

Cienega Creek in Empire Valley (Table 6; Figure 16). 

Bullfrogs were observed in low or moderate abundance in Cienega Creek in Empire Valley with 

limited observed breeding success until 2010, at which time large numbers of tadpoles (2010) 

and metamorphs and juveniles (2011) were found (see below). We suspect that the abundance of 

predatory aquatic insects in this reach of the creek along with vertebrate predators and our 

removal efforts contributed to their limited distribution and abundance at Las Cienegas NCA, 

although we suspect that further research is needed to understand bullfrog ecology in cienega 

environments. Native fishes became rare in the Headwaters reach during the early 2000’s as a 

result of shading, drought, and eutrophication, and low dissolved oxygen (Bodner et al. 2007), 

but recovered during the late 2000’s (Jeff Simms, unpublished data). Fish recovery, notably 

including the Gila chub, which eats insects but not bullfrog tadpoles (Rosen, unpublished 

laboratory data), was accompanied by a reduction in aquatic insect abundance compared to 2006-

7 (Kahrs 2009; P. Rosen, observations), which may explain the increase in bullfrog reproductive 

success that we found in 2010 just as the FROG Project was beginning. 

Bullfrogs in Sonoita Grasslands and western Rain Valley are likely derived by dispersal from 

populations at Babocomari and the Clyne Pond area. We only located one robust population in 

this sub-region and, unfortunately, have not been able to interact with the pond owner. In Rain 

Valley and the small part of San Pedro Valley we examined, near Whetstone, bullfrogs were 

rare: these populations probably were established by dispersal from Babocomari or San Pedro 

River, as we have not found any other source populations. 
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Figure 16.  Distribution of the American bullfrog observed during the FROG Project (2010-2013). Removal 

efforts and results and the buffer zone shown in this figure are detailed in text and tables, and locality 

coordinates are in Appendices II and III. 
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Table 5. FROG Project records of non-native fishes from the Empire Valley study region during 2010-2012, totaling 43 occurrences at 27 localities. 

Local Region and Site Names 

Carassius 

auratus 

Ctenopharyn-

godon idella 

Cyprinus 

carpio 

Gambusia 

affinis 

Ictalurus 

punctatus 

Lepomis 

cyanellus 

Lepomis 

macrochirus 

Micropterus 

salmoides 

Fish 

(unk. sp.) 

Spp. / 

Locality 

Babocomari 0 0 0 1 0 0 0 1 __ 2 

Babocomari House Pond not obs. not obs. not obs. not obs. not obs. not obs. not obs. 1 __ 1 

T4 Spring not obs. not obs. not obs. PRESENT not obs. not obs. not obs. not obs. __ 1 

Canelo Hills 0 0 0 2 0 0 0 0 __ 1 

Canelo Pass not obs. not obs. not obs. PRESENT not obs. not obs. not obs. not obs. __ 1 

unnamed tank 19 not obs. not obs. not obs. PRESENT not obs. not obs. not obs. not obs. __ 1 

Elgin-Sonoita 0 1 2 4 0 0 3 3 __ 5 

Homestead Lane Pond not obs. not obs. not obs. PRESENT not obs. not obs. not obs. not obs. __ 1 

Kalso Pond not obs. not obs. Eradicated Eradicated not obs. not obs. not obs. not obs. __ 2 

Masek Pond not obs. PRESENT not obs. not obs. not obs. not obs. PRESENT PRESENT __ 3 

Ryan Tank not obs. not obs. not obs. PRESENT not obs. not obs. PRESENT PRESENT __ 3 

Slattum not obs. not obs. PRESENT not obs. not obs. not obs. not obs. not obs. __ 1 

Star Pond not obs. not obs. not obs. PRESENT not obs. not obs. PRESENT PRESENT __ 3 

Empire Mts 0 0 0 0 0 1 3 2 1 3 

Duck Tank not obs. not obs. not obs. not obs. not obs. PRESENT not obs. not obs. __ 1 

Fish Tank not obs. not obs. not obs. not obs. not obs. not obs. PRESENT PRESENT __ 2 

The Lake not obs. not obs. not obs. not obs. not obs. not obs. PRESENT not obs. __ 1 

Twin Tanks - Davidson not obs. not obs. not obs. not obs. not obs. not obs. PRESENT PRESENT __ 2 

Well Tank not obs. not obs. not obs. not obs. not obs. not obs. not obs. not obs. PRESENT 0 

Santa Rita Mts 1 0 1 2 1 1 4 4 2+ 7 

Apache Spring not obs. not obs. not obs. not obs. not obs. PRESENT not obs. not obs. __ 1 

Foster Ranch not obs. not obs. not obs. PRESENT PRESENT not obs. PRESENT PRESENT ? 4 

Gearson Pond not obs. not obs. not obs. not obs. not obs. not obs. PRESENT PRESENT ? 2 

Haber Koi Pond not obs. not obs. PRESENT PRESENT not obs. not obs. not obs. not obs. __ 2 

Haber Pond not obs. not obs. not obs. not obs. not obs. not obs. PRESENT PRESENT __ 2 

Hog Tank not obs. not obs. not obs. not obs. not obs. not obs. not obs. not obs. bullhead 1 

Mesa Tanks not obs. not obs. not obs. not obs. not obs. not obs. not obs. not obs. PRESENT 0 

Sposito Pond not obs. not obs. not obs. not obs. not obs. not obs. PRESENT PRESENT ? 2 

Sweetwater Dam PRESENT not obs. not obs. not obs. not obs. not obs. not obs. not obs. __ 1 

W Rain Valley 0 0 0 0 0 0 1 1 __ 3 

Goat Well Drinker not obs. not obs. not obs. PRESENT not obs. not obs. not obs. not obs. __ 1 

Hospital Tank not obs. not obs. not obs. not obs. not obs. not obs. Eradicated not obs. __ 1 

Jack Daniels Dam not obs. not obs. not obs. not obs. not obs. not obs. not obs. PRESENT __ 1 

ALL (Localities / Species) 1 1 3 10 1 2 11 11 3 40 
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Table 6. Bullfrogs observed in the FROG Project study region during 

2010-2013, and population status (P = present, E = eradicated, NE = 

never established) as of May 2013. 

Region - Site Name 

No. 

Counted Status 

Babocomari 63 P 

Babocomari Cienega 14 P 
Babocomari House Pond 25 P 
T4 Spring 24 P 

Canelo Hills 2015 P 

Bedrock Pool 1 2 P 
Bedrock Pools 2 13 P 
Little Outfit Ranch Pond 500 P 
unnamed tank 19 500 P 
unnamed tank 20 500 P 
unnamed tank 21 500 P 

County Preserve 4 NE 

Cien Cr, Horseshoe Bend monitor site 4 NE 

Elgin-Sonoita 717 P 

Barnes Pond 30 E 
Homestead Pond 2 NE/E 
Kalso Pond 80 E 
Ryan Tank 600 P 
Slattum Pond 5 E/NE 

LCNCA 1815 E? 

Cienega Cr, Headwaters reach 1808 E? 
Cienega Cr, lower Cinco bottoms 7 E 

San Pedro Valley 1 NE? 

Road Tank 1 NE? 

Santa Rita Mts 2 P 

Gringo Tank (Temporal Gulch) 2 P 

W Rain Valley 52 E? 

Clyne Pond 5 E 
Hospital Tank 30 E 
Jack Daniels Dam 4 E 
Sue's Pond 8 E 
Sue's Pool 1 E 
unnamed tank 2 4 E? 

Grand Total 4669 

  

Bullfrogs are not known in the headwaters of Sonoita Creek (i.e., at or near Monkey Spring and 

Cottonwood Spring) and have not been found abundant in Sonoita Creek above Patagonia Lake 

except at a sewage pond at Patagonia. The only bullfrogs known from the Santa Rita Mountains 

are those we found in lower Temporal Gulch (Gringo Gulch Tank), in the southeast part of the 
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mountains north of Patagonia. We (Caldwell and Rosen) began removing bullfrogs from Empire 

Valley in 2002 (see below, Eradication and Control of Non-Native Species). 

Eradication and Control of Non-Native Species 

Exotic Fish Control. Although several exotic fish populations have been eradicated or naturally 

gone extinct in the Empire Valley region during the 21
st
 century, we focused on eradication of 

the two most immediately problematic exotics, the American bullfrog and the northern crayfish 

(Orconectes virilis). 

Exotic fish eradication was accomplished by pond desiccation at Clyne Pond (bass and bluegill 

removed, pre-2008), Hospital Tank near Clyne Pond (bluegill sunfish removed in 2012), and in 

two ponds near Elgin (mosquitofish and koi removed by owners, 2010-12). In addition, natural 

drying of Hog Tank in Santa Rita Mountains eliminated bullhead catfish in winter 2012-13. 

Bullfrog Control Methods. Intensive bullfrog removal was conducted in Cienega Creek in 

Empire Valley during 2010-2013 (Table 7, Table 8, Figure 17). We used a combination of 

netting with seines, hoop nets, and dipnets, minnow trapping, gigging, and shooting with 22-

caliber rifles with telescopic sights. Most capture and shooting was done at night. It was 

necessary to clear access through the vegetation to approach the water in the very dense cattail, 

bulrush, grass, forb, and willow thickets in the cienega, and stealth and caution was required in 

the treacherous mud and invisible water traps along the creek. Trapping with custom-made fine-

mesh hoop traps was effective in capturing tadpoles, while shooting was the most effective 

means of collecting frogs, particularly the most wary frogs in the most complex pools.  

We initiated intensive removals each year in April and attempted to hunt adults to extirpation 

prior to onset of egg-laying; as noted below, this is a critical element for bullfrog eradication. For 

mid-high elevations for bullfrogs, breeding onset may be as late as June, but is much earlier in 

the Sonoran Desert (Dowe 1979). 

Table 7. Bullfrogs collected during intensive eradication efforts in Empire Valley during the 

FROG Project, 2010-2013. 

Region - Site Name 

adult - 

subadult juvenile tadpole 

age 

class 

undet. total 

LCNCA 273 529 505 231 1538 

Cienega Cr, Empire (unspecified) 3 

  

2 5 

Cienega Cr, Headwaters reach 264 529 505 229 1527 

Cienega Cr, lower Cinco bottoms 6 

  

0 6 

W Rain Valley 1 -- -- 10 11 

Clyne Pond 

   

3 3 

Sue's Pond 1 

  

7 8 

Total 274 529 505 241 1549 
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Bullfrog Eradication Results. Bullfrogs are nearly completely eradicated from the Empire 

Valley (see Table 6 and below). The 1,536 bullfrogs removed during 2010-2013 was over 4× the 

total for all preceding years (Table 7, Table 8). Although this reflects the intensive efforts we 

made it also reflects a more successful reproductive event than previously observed (1996, 2002-

2009) during our observations in the creek. Compared to many other areas, including cienega 

stream habitat at San Bernardino National Wildlife Refuge in Cochise County, Arizona (Rosen 

and Schwalbe 2001, 2002a), this still represents a relatively small bullfrog population. 

 

 
Figure 17. Decline of bullfrogs in Cienega Creek during an intensive eradication program. 

In order to prevent reinvasion from neighboring bullfrog populations to the south of Cienega 

Creek we established a buffer zone (Figure 16) of stock tanks in a swath of land that sweeps 

from the towns of Sonoita and Elgin eastward to Rain Valley.  These stock tanks often are dry in 

spring and late fall but normally fill with summer rains.  Bullfrogs dispersing into the buffer-

zone from Babocomari and Elgin area populations are detected and removed from the buffer 

zone, insuring invaders do not reach Cienega Creek or its immediate environs.  We implemented 

the buffer zone in 2011 and have since removed over 20 bullfrogs, which has maintained the 

buffer zone bullfrog-free.  

The time course of bullfrog decline at Cienega Creek under intensive eradication (Figure 17) is 

similar to that observed at other sites where habitat drying is not feasible and eradication has 
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Table 8. History of bullfrog removals from the Empire Valley region. The FROG Project efforts are in the shaded portion of the table. 

Region - Site Name 1996 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total 

LCNCA 1 7 54 121 55 35 6 5 0 20 345 1116 75 2 1842 

Cienega Cr, Headwaters reach 1 7 15 60 6 17 6 3  19 339 1116 73 2 1664 

Cienega Cr, lower Cinco bottoms 

  

36 61 49 18 

 

2  1 6 

   

173 

Cienega Cr, Mattie Cyn  reach 

  

3 

     

 

   

2 

 

5 

W Rain Valley 

 

16 

  

2 

  

57  5 10 1 

  

116 

Clyne Pond 

      

22 7* 3 

 

3 

   

35 

Hospital Tank 

       

50  5 

    

55 

Sue's Pond 

        

 

 

7 1 

  

8 

Road Cyn Tank 

 

16 

      

 

     

16 

Lower Hilton Tank 

    

2 

   

 

     

2 

Total 1 23 54 121 57 35 28 62 3 25 355 1117 75 2 1958 

 

* Additionally, 2,000+ tadpoles were removed during pond drying. 
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been successful (e.g., Altar Valley [Hall and Rosen, unpublished]; ponds in Pajarito Mountains 

[Hall and Tom Jones, unpublished], and Sycamore Canyon in Pajarito Mountains [Kahrs 2009). 

In each case, intensive removals led to a rapid decline in bullfrog abundance, followed by 

declining take as metamorphosing tadpoles and growing juveniles were collected. In ponds and 

clear streams, seining for tadpoles may produce effective reductions, but not in cienega habitat 

with deep (≥ 2 m) steep-sided, narrow pools and dense submergent and emergent vegetation. 

In each case, we have collected a few bullfrogs in the year after eradication seemed apparent. 

These seem most likely to be individuals that were hidden and avoided capture in previous 

seasons or years but which moved into vulnerable positions subsequently. The few individuals 

removed in spring 2013 in Cienega Creek are consistent with this. However, continued intensive 

monitoring is required in summer 2013 and again in spring 2014 to insure success of this first-

ever removal of a bullfrog population from habitat of cienega-like complexity. 

Crayfish Eradication. Crayfish eradication has proven even more difficult than bullfrog 

removal. There is a report of significant overland movement by crayfish, although we have not 

detected this in southeastern Arizona. More importantly, the species introduced, the northern 

crayfish (Orconectes virilis) can apparently survive intensive removal efforts by burrowing and 

remaining inactive for long periods of time. Only minimal subsurface moisture may be required 

during inactivity, and spring water belowground appears almost certainly sufficient for their 

survival. 

Crayfish pose a major threat to Cienega Creek: their establishment there would be expected to 

eliminate most aquatic vegetation and native aquatic invertebrates, reducing native fish 

populations; and crayfish predation and competition would likely decimate Sonoran mud turtle 

and leopard frog populations and lead to extirpation of the Mexican gartersnake. 

Therefore, intensive efforts have been made to eradicate crayfish from the only known 

population in the Cienega Creek drainage basin at Clyne Pond and in the small spring (Clyne 

Spring) above Clyne Pond (Table 9). The table indicates the high level of effort over a full 6 

years (spring 2007 – spring 2013). In spite of our intensive efforts it appears that crayfish remain 

in the Clyne Spring area at low population densities (Figure 4). Further treatment of the pond and 

spring are still required. 
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Figure 18. Crayfish decline during intensive saturation trapping following pond 

drying in semi-desert grassland in western Rain Valley, Arizona. Subsequent 

trapping in June-July 2013 has revealed a small number of remaining crayfish. 
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Table 9. History of non-native northern crayfish (Orconectes virilis) and bullfrog 

(Rana catesbeiana) eradication program at Clyne Pond, Las Cienegas NCA in 

western Rain Valley, Arizona, 2006-May 2013. Seven crayfish have been trapped at 

the site in June-early July 2013. 

      Date Event Description 

7-Jul-2006 found crayfish very abundant 

25-May-2007 pumped mostly dry (TNC / UA), 7 bullfrogs removed 

3-Jun-2007 pumped dry – removed crayfish / ≈2000 bullfrog tadpoles 

24-May-2008 ≈ 200 small crayfish removed; bullfrogs removed 

26-Oct-2008 three crayfish found 

18-May-2009 pond treated with rotenone (AGFD, BLM, UA) 

20-Jun-2010 44 crayfish removed by trapping 

27-Jun-2010 18 crayfish removed by trapping 

15-Aug-2010 last of 15 bullfrogs (adults) successfully removed 

Nov-2010 pumped dry - manual eradication, few crayfish (FROG Project) 

22-Jun-2011 44 crayfish removed by continuous intensive trapping 

25-Jun-2011 23 crayfish removed by continuous intensive trapping 

29-Jun-2011 10 crayfish removed by continuous intensive trapping 

Jul-Aug-2011 Monsoon pond-filling < ¼ facilitated trapping 

5-Jul-2011 6 crayfish removed by continuous intensive trapping 

16-Jul-2011 4 crayfish removed by continuous intensive trapping 

21-Jul-2011 1 crayfish removed by continuous intensive trapping 

15-Aug-2011 0 removed by continuous intensive trapping 

1-Sep-2011 1 crayfish removed by continuous intensive trapping 

30-Sep-2011 0 removed by continuous intensive trapping 

1-Jun-2012 0 removed by continuous intensive trapping 

1-Jul-2012 0 removed by continuous intensive trapping 

1-Oct-2012 0 removed by continuous intensive trapping 

1-Nov-2012 1 crayfish found (BLM) 

1-May-2013 0 removed by intensive trapping 

8-May-2013 pumped dry, no crayfish found (FROG Project, BLM) 
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Current Difficulties Remaining for Exotic Species Control 

Exotic species problems remain challenging in several aspects: 

 Intensive work needed for bullfrog eradication 

 Challenges of larger, more complex habitat areas 

 Growing threats of escape from private populations of mosquitofish and other fishes 

 Absence of established method for crayfish eradication 

Bullfrog Eradication Methodological Findings. We have extensive experience with bullfrog 

eradication in southeastern Arizona dating to 1986 (Rosen and Schwalbe 2001) that includes 

wetland complexes that couldn’t be dried or fenced, runoff-filled stock ponds in a semi-arid 

valley (Schwalbe and Rosen, unpublished; Hall and Rosen unpublished; T. Jones and others, 

unpublished; Suhre 2010); a mountain canyon stream (Kahrs 2009); and the cienega-stream 

reported here. Complete desiccation with treatment to ensure absence of tadpoles appeared to 

work based on only 6-8 weeks in a dry season in a valley with no perennial water (see Suhre 

2010). Elsewhere the same valley, intensive hunting of adults prior to breeding season onset, 

plus hunting and seining of juveniles and tadpoles required a three-year effort (Hall and Rosen, 

unpublished), as did hunting, seining, and dipnetting in a ≈ 6 km long stream in semi-arid 

mountains (Kahrs 2009). This appears to also be the time-frame for Cienega Creek in this study, 

although our work in 2013 is ongoing as year 3.  

In Cienega Creek, the two key elements of the eradication program are intensive early-season 

removals to prevent breeding and a highly motivated field group to persist under difficult 

conditions of habitat and night hunting. In the absence of complete desiccation of habitat 

sufficient or in combination with other methods to eradicate tadpoles, this may be the expected 

time course in situations where one or more effective methods can be applied throughout all 

parts of a work locality. Suhre (2010) has demonstrated the large landscape scale required to 

successfully treat localities where dispersal recolonization is possible. 

Challenges of Large and Complex Habitat Landscapes. Larger, interconnected waters 

infested by a variety of exotics pose a challenge greater than any we have faced to date, with the 

degree of inter-connectedness of waters directly, and probably geometrically related to the 

difficulty of the effort. In our study region, Babocomari River and Cienega are large, complex 

waters near the limit of our current ability to eradicate exotics. The springs at Babocomari are 

strong, so eradication of the mosquitofish there would be very difficult, and bullfrog eradication 

will be difficult due to the size and complexity of the habitat. The ranch owners and a number of 

surrounding landholders with ponds would need to be fully engaged as cooperators.  

Sonoita Creek, just southeast of our study region, presents similar challenges nearly as difficult 

as those above; the presence of a large fishing lake in the central stream reach adds further 

difficulty. In southeastern Arizona, despite such difficulties, a top-to-bottom eradication strategy 

within drainage basins is usually feasible – for many exotic species, providing sufficient capture 

methods and landscape-level strategies are possible. Moving downward and inward toward 
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larger, more difficult localities, and capitalizing on opportunities offered by drought or other 

management programs, could permit an ongoing expansion of exotic-controlled landscapes. 

Human Populations and Exotics Control. Exotic species control is significantly complicated 

by the increase of rural and suburban ranchette developments. This increase requires engaging a 

growing pool of stakeholders, which increases the probability that one or a few uncooperative 

landholders may greatly complicate the development of a sufficient landscape-level strategy.  

Further, we have clearly identified, documented and continue to advocate for availability of  

protected species like Gila topminnow and desert pupfish for use by landholders to replace use of 

ecologically threatening fishes for mosquito control. Though illegal in Arizona, local residents in 

parts of our study region remain entrenched in the inexpensive and effective culture of moving 

non-native mosquito fish about the landscape to reduce mosquito populations. Without a 

substitute, this practice will be impossible to change: this poses a very real threat to the valley 

bottom Cienega Creek aquatic community and, in particular to the largest population of Gila 

topminnow in the United States and perhaps in the world. Similar issues arise in the scenario 

where people want to have sporting sized fishes in their ponds but have no access to native 

species that are all federally protected, although this problem is less immediately critical than the 

mosquitofish problem.  

Broadening of Safe Harbor Agreement and other conservation agreement approaches could play 

a great role in correcting these problems, and that in turn could reduce landscape-level problem 

of one or a few landholders who are hesitant or unwilling to cooperate. 

Crayfish Eradication Methodological Issues. Eradication or control of non-native crayfish 

eradication is now a global biodiversity problem (Hobbs et al. 1989) - and one with no currently 

established solution (Peay and Hiley 2001; Hyatt 2002; Hänfling et al. 2011). Authors have 

suggested that chemical control with rapidly degraded pyrethroids may be successful (Peay et al. 

2006; Morolli et al. 2006; Freeman et al. 2010; Sandodden and Johnsen 2010), but it would 

appear that this advance may not have achieved full eradication (Peay, communication cited in 

Hänfling et al. 2011). Bio-control using predatory fishes has been rejected by some authors (Peay 

and Hiley 2001; Hyatt 2002), while others suggest it might be effective (Hein et al. 2006, 2007; 

Aquiloni et al. 2010) and that only a combination of methods has any likelihood of success 

(Haenfling et al. 2011).  

Our experience mirrors these internationally debated problems. After years of effort using a 

combination of methods, we are nearing success using a relatively inexpensive combination of 

pond desiccation and intensive trapping and manual capture. However, it appears clear that the 

northern crayfish population is hanging on in subsurface refuges in a small spring at the head of 

our eradication locality, albeit in very small numbers that might be amenable to trapping. 

However, we are considering adding other methods at this time. 

The literature on crayfish control and eradication has a number of assertions that various 

methods have no probability of success, which are probably based on over-generalization of 
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habitat-specific and species-specific experiences. In Sabino Canyon, near Tucson, it is currently 

thought that a formerly entrenched northern crayfish population has been completely extirpated 

(J. Taiz, personal communication, 2013) by the combined effects of green sunfish eradication, 

resultant population expansion of the predatory native Gila chub, and intensive drought-flood 

cycles that included massive landslides and post-fire ash inflow that the chub population, 

remarkably, survived (D. Hall, P. Rosen, David Lazaroff, unpublished observations; Lazaroff et 

al. 2006). Chub ecology (Minckley 1973; Minckley and Marsh 2009) differs from that of other 

predatory fish considered in the literature (see review in Hyatt 2002; Hein et al. 2006, 2007): 

chubs have a very broad diet, including herbivory, but are also aggressive predators on small 

juvenile crayfish (P. Rosen, unpublished data), rather than on adults. Predation on adult crayfish 

tends to undermine bio-control because adult crayfish are often the primary control of juvenile 

recruitment (Momot 1993; Momot and Gowing 1977). Establishing chubs at our crayfish 

eradication locality is under discussion.  
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CHIRICAHUA LEOPARD FROG 

HABITAT AND METAPOPULATION 

ENHANCEMENT 

Metapopulation Basis for Chiricahua Leopard Frog Recovery 

The landscape design presented by Caldwell et al. (2011) is illustrated and explained in Figure 

19 and Figure 20. Background information needed for the derivation of this plan is detailed in 

the Introduction, with general points presented in the sub-section Design of the FROG Project.  

Three regional considerations were central to development of the specific recovery plan for the 

study region (see Figure 19 and Figure 20): 

1. The Chiricahua leopard frog in Empire Valley was restricted to one isolated 

breeding population in Empire Gulch Spring, where population expansion has 

been ongoing since 2002 (Figure 19) with no die-offs despite the presence of 

the chytrid pathogen. 

2. The rest of the regional population existed in a small metapopulation in 

central eastern Santa Rita Mountains, a precarious situation that during the 

late 1990’s and early 2000’s appeared to approach extinction. 

3. Leopard frogs originally occurred in Cienega Creek, with several miles of 

highly productive and complex habitat that we viewed as the natural center of 

a regional metapopulation. Establishment of leopard frog populations in the 

creek would buffer recovery successes elsewhere in the region, where 

populations would be in smaller, relatively isolated waters, most of which 

require maintenance at various intervals and costs. Further, restoration leopard 

frogs in the creek would likely be necessary to anchor recovery programs for 

the Mexican gartersnake. However, the cool shady habitat in the creek 

bottoms was expected to make frogs susceptible to chytridiomycosis. Re-

established creek populations might be too small to persist and unable to 

survive with or adapt to the chytrid pathogen Bd.  

The strategic plan was designed to enhance and use warmer waters in bajada stock ponds 

supported by wells, situated above the cold air sink of the creek bottomlands, to supply migrants 

to populate the creek. These enhanced habitats (see Habitat Enhancements and Protection, 

below), populated with head-started leopard frogs, would also support themselves by 

metapopulation dynamics and, potentially, buffer the Santa Rita Mountains metapopulation 

against extinction (Figure 20). We collaborated with and will continue to assist AGFD with 

understanding the metapopulation and invasive species distribution and ecology in Santa Rita 

Mountains and preserving and enhancing habitat there.
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Figure 19. Distribution and hypothesized (or possible) metapopulation structure of the Chiricahua leopard frog in the Las Cienegas NCA – 

Santa Rita Mountains region prior to initiation of habitat enhancement and population augmentations and re-establishment by FROG 

Project and Arizona Game & Fish Department. The dispersal/connectivity radii shown correspond to a 1-3-5 mile dispersal pattern 

suggested in the species recovery plan (USFWS 2007). Site names are in Figure 29. 
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Figure 20. Design of the FROG Project recovery program for the Chiricahua leopard frog at Las Cienegas NCA, showing planned 

restoration sites, progress to date, and hypothetical dispersal that may produce frog metapopulation clusters as well as larger landscape 

scale metapopulation dynamics. Progress shown is as of June 2013. Local population clusters in Santa Rita Mountains where we are 

assisting Arizona Game & Fish Department in recovery, are also shown. An exotic species buffer is shown in Figure 16. Site names are in 

Figure 29.
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Exotic species distribution and control have been described above. If we could successfully 

eradicate bullfrogs from Cienega Creek, Empire Valley would be free of them, and re-

established leopard frog populations could grow rapidly and disperse to select optimal habitat. 

Based on our intensive survey, we designed an exotic species buffer zone (Figure 16) where 

bullfrogs from unmanageable areas could be intercepted before reaching Cienega Creek. 

We engaged the local ranching community and AGFD wildlife managers to capitalize on mutual 

needs for high quality waters and mutual interests in ecologically healthy landscapes. The 

potential spread of exotic fishes and crayfish is a potentially intractable long-term problem that 

required us to engage wider constituencies. These programmatic aspects are described below 

(see Collaboration, Outreach, and Education: Building Human Relationships for 

Conservation Biology).  

Biologically, the most problematic and uncertain element in the Chiricahua leopard frog 

recovery program is the effect of chytridiomycosis on population survival, distribution, and 

abundance. Applying current research, we identified known and suspected mechanisms affecting 

the disease, prime among them temperature. We measured water temperatures in context of 

known, long-term persistence patterns of Chiricahua leopard frogs with Bd at several sites in 

southeastern Arizona. We used water temperature data to guide selection of priority sites for frog 

releases from among those shown in Figure 6. We collected and archived skin swabs for Bd as 

well as other potential pathogens or beneficial microbes, and collected and archived toe clips for 

future genotyping, by researchers specializing in the ecology and evolution of Bd resistance in 

frogs. These samples will guide interpretation of monitoring results and continuing adaptive 

management. 

Temperature and Disease Resistance 

The thermal physiology of the amphibian chytrid fungus disease, suggested that we investigate 

thermal conditions in which leopard frog populations persist. We placed temperature Hobo 
TM

 

(Water Temperature Pro V2 Datalogger-U22-001) data loggers at 20 sites for variable numbers 

of months, collected temperature data with pocket thermometers, and utilized water temperature 

data previously collected at 5 sites including 2 additional to sites we measured. David Kahrs 

kindly made available similar data he collected using i-button dataloggers in 2006 and 2007.  

Analysis of thermal characteristics of sites occupied by Chiricahua leopard frog populations 

coexisting with Bd (see Figure 21 and Figure 24) in context of long-term observations (see also 

Figure 22 and Figure 23) indicated that mild winter water temperatures may be optimal for frog 

population persistence when Bd is present. This hypothesis has a different basis from literature 

reports demonstrating that frogs able to attain or sustain high body temperatures above the 

optimal or lethal physiological limits of the pathogen (see Introduction) can coexist with the  
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Figure 21. Water temperature comparison among known and planned habitat sites for the Chiricahua leopard frog in the upper watershed 

of Cienega Creek. These data are from loggers established in multiple sites throughout the study region during 2006-7 and 2011-present. 

Some dataloggers were lost to theft and flooding resulting in discontinuous records. Sites with the most stable thermal regime and highest 

winter temperatures in Empire Gulch Spring support growing populations of the frog despite coexistence with the chytrid pathogen Bd. The 

next most stable site, Cienega Creek headwaters reach, supported this frog until the early 2000’s, but bullfrogs may have contributed to its 

demise there. In sites with colder winter temperatures, populations are absent (e.g., lower Empire Gulch) or disease-related mortality 

episodes have been observed (Ranarium). The thermal phenology of Louisiana Gulch is representative of all ponds in the area we have 

measured: the frog population has remained healthy there but Bd is not known to be present there. Data are in Table 10. 
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Figure 22. Water temperature comparison among pools utilized by the Chiricahua leopard frog in the Bd-positive 

system of Sycamore Canyon in Pajarito Mountains. These data are from loggers established by David Kahrs (see 

Kahrs 2009) during 2006-7. More leopard frogs have been observed in canyon reaches with warmer winter 

temperatures (see Figure 23). 
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Figure 23. Distribution of Chiricahua leopard frogs in a population with long-term coexistence with Bd, Sycamore Canyon in Pajarito 

Mountains, Arizona. Data were supplied by David Kahrs (see Kahrs 2009). Bd has been present at this locality since at least 1972 (Mike 

Sredl, personal communication) and has been implicated in extinction of the Tarahumara frog there (Hale et al. 1995, 2005). Winter 

mortality of the leopard frogs in Sycamore Canyon has been observed repeatedly since that time (Christina Akins, Jeanette Carpenter, 

Steve Hale, David Kahrs, personal communications; Rosen, unpolished observations) and the population has remained small most of the 

time. The leopard frog population has been most abundant or has been observed only near the upstream spring sources at Yank Spring, as 

represented in this graphic. These upstream areas are the warmest in the canyon during winter (see Figure 22). 
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Figure 24. Water temperature comparison among known and planned habitat sites for the Chiricahua leopard frog in natural water sites 

in Empire Valley. Las Cienegas NCA. These data are from loggers established in multiple sites throughout the study region during 2006-7 

and 2011-present. As noted in Figure 21, high winter temperatures were associated with frog population persistence. Based on this data, 

we selected a site in the lower creek with strong spring flow as a release site for Chiricahua leopard frogs. We are currently (May 2013) 

monitoring Chiricahua leopard frogs that emigrated into the headwaters reach and bred in 2012, although lowland leopard frogs that 

arrived in 2010, and bred, failed to become established there. 
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Table 10. Mean monthly temperatures from Hobo TM dataloggers in the Empire Valley region. Data from loggers that were in shallow 

water due to water level decreases were eliminated. Lower locations are in Table 11. 
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Sep-2012 18.10 

   

17.66 

 

16.78 19.22 20.98 18.81 

     

20.37 

Oct-2012 15.35 

   

16.78 

 

10.96 14.37 16.61 13.21 

     

14.71 

Nov-2012 12.94 

   

16.32 

 

7.41 11.44 12.13 9.49 

     

9.89 

Dec-2012 10.21 

   

15.76 13.14 5.69 9.87 7.24 6.86 

     

6.95 

Jan-2013 8.03 

   

15.00 11.86 5.33 5.70 5.56 5.21 

     

5.04 
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Table 11. Locations and siting of water temperature dataloggers in the Empire Valley region. Note that loggers installed in 2013 have not 

yet been downloaded and are not represented in (Table 10). 

Site easting northing 

Elev. 

(ft) 

H2O 

Depth 

(cm) Logger Microenvironment YEARS 

Cienega Cr - Cold Spring 539921 3524148 4193 ≈50 slot pool near spring inflow 2013 

Cienega Cr - Headwaters (big bend) 538994 3516976 4400 70 approx. middle of slot pool, moderately shaded 2011-13 

Cienega Cr - Headwaters (Gardner confl) 538896 3517774 4382 ≈50 slot pool 2006-7 

Cienega Cr - Mattie confluence 540291 3524740 4154 70 approximately middle of slot pool, shaded 2011 

Cienega Cr - Sanford Crossing 540512 3525547 4199 70 approximately middle of slot pool, shaded 2011 

Cienega Cr - Stevenson Cyn confl 540224 3524767 4193 ≈50 slot pool 2006-7 

Cinco Ponds (large N pond) 539352 3517586 4398 70 3m off east bank in open water, no shade 2011 

Cottonwood Well Pond 535988 3514106 4531 ≈50 pond 2013 

Empire Gulch (Cien Cr bottom lands) 538714 3518702 4352 70 2 m off N. bank of pool in open water, no shade 2011-13 

Empire Gulch spring run 534338 3517031 4557 50 pool approx. 100 m from spring head, shaded 2006-7, 2011-13 

Empire Gulch Spring source 534219 3516968 4206 50 Pool at confluence of both spring heads, shaded 2006-7, 2011-13 

Empire Well 530138 3516390 4817 ≈50 pond 2013 

Johnson Tank 537215 3510633 4617 150 6 m off S. bank in open water, no shade 2011 

Karen's Tank 534403 3517375 4580 70 2 m off N. bank of pool in open water, no shade 2011 

Maternity Well 531726 3514074 4725 70 3 m off N. bank of pool in open water, no shade 2011-13 

Oil Well 538010 3514179 4498 100 3 m off N. bank in open water, no shade 2011 

Ranarium (North) 533948 3516948 4589 30 under water pipe, some shade 2011-12 

Ranarium (South) 533939 3516928 4587 30 under water pipe, some shade 2011-12 

Road Canyon Tank, center 540870 3511415 4644 70 2m off N. bank in open water, no shade 2011 

Road Canyon Tank, well inflow pipe 540866 3511406 4644 30 directly under well pipe entrance, no shade 2011 

Santa Rita Mts - Granite Tank 521082 3514228 5631 70 3 m off S. bank, no shade 2011 

Santa Rita Mts - Louisiana Gulch 525782 3512589 5045 50 Middle of metal tank, some shade 2011-13 

Santa Rita Mts - West Tank 522701 3516875 5256 100 3 m off N. bank, open water, no shade 2011-13 

 

 

 



74 

 

pathogen and may be minimally affected by it. We have frequently found evidence of winter 

mass mortality in leopard frogs in southeastern Arizona following cold snaps. Persistence of 

Chiricahua leopard frogs with Bd where winter temperatures hover around 14-15 deg C, well 

within the physiological range for growth of Bd, suggests that the frogs’ immune function, skin 

protective functions, general health, or protective skin microbial communities are positively 

affected by higher winter temperatures. 

Our landscape design for habitat enhancement and selection of sites for release of head-started or 

salvaged leopard frogs is based on this working hypothesis (see Figure 24). We searched for sites 

with the potential for frequent exposure of leopard frogs to warm summer ambient and operative 

temperatures (≥ 25 C [77 F]), and especially those with high winter water temperature minima (≥ 

10 C [50 F]) as described here. 

Most available sites for leopard frog re-establishment in our study area, and elsewhere, lack the 

mild winter water temperatures we hypothesize can enhance frog disease resistance (see Figure 

21). In order to utilize such sites where we provided otherwise enhanced habitat conditions to 

jump-start regional population recovery, we treated all frogs and tadpoles to ensure they were 

Bd-free (see below, Raising and Releasing Chiricahua Leopard Frogs) prior to releasing them 

into unoccupied habitat.  

By eradicating bullfrogs, we have removed the largest reservoir of the chytrid fungus pathogen, 

thus potentially creating large areas completely free of known pathogen reservoirs. However, the 

pathogen likely remains in the basin and is virtually certain to re-enter as restored leopard frog 

populations come in contact with infected bullfrogs, canyon treefrogs, Tarahumara frogs, or 

other infected leopard frogs via dispersal. There may be persistent water reservoirs or additional 

modes of dispersal of the Bd pathogen, as well. We detected the pathogen at Empire Gulch 

Spring and it is presumed present in treefrogs in the southeastern Santa Rita Mountains and in 

bullfrogs in Sonoita Creek and Babocomari River. Our restoration design depends on 

establishing otherwise optimal conditions for Chiricahua leopard frogs, leading to large 

populations with increased potential for evolution of disease resistance. We continue collect 

disease-swab and genetic samples from captured amphibians to monitor population 

reestablishment outcomes and enable interpretation of the outcomes of these re-establishment 

releases. Ultimately, genetic or microbial management for disease resistance may prove 

necessary for the long-term recovery success in the Chiricahua leopard frog. 

Raising and Releasing Chiricahua Leopard Frogs 

Considerable collaborative effort was made collecting, propagating, and preventing the spread of 

disease and pathogens, specifically Bd. From 2011-2013, 4,765 Rana chiricahuensis were 

released into new and enhanced habitat. Various strategies were employed to ensure that all 

animals were disease-free and best suited for survival including head- starting, temporally 

strategic releases, and best known chytridiomycosis treatment and prevention practices (see 

Table 12). This section addresses methods, materials, and strategies of raising, treating, 

transporting, and releasing performed by FROG Project. 
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Housing and Husbandry: Housing and husbandry was conducted in both a controlled 

laboratory setting at University of Arizona (UAZ) and in the semi-natural setting of the LCNCA 

ranarium. Other than both providing the necessary means for survival these two facilities share 

few similarities. The ranarium were designed and constructed to meet conditions conducive to all 

life stages in a natural setting. Housing and husbandry necessarily differed for each life stage in 

the laboratory setting. 

 

Egg masses brought to UAZ were 

manually cleaned of debris, rinsed 

with dechlorinated tap water, and 

placed in shallow glass dishes with 

ample dechlorinated tap water. 

Ambient water temperatures in the 

laboratory were 19-23°C. Water 

changes were performed as 

necessary until larvae hatched. 

After hatching, once the larvae had absorbed their yolk they were transferred into aquaria.  

Larvae at UAZ were from egg masses raised in-house and collected from the LCNCA source 

populations (Empire Gulch Spring and the nearby ranarium). Larvae collected from the source 

populations were housed separately from those hatched at UAZ: stringent biosecurity and 

isolation protocols were followed to prevent transmission of potentially harmful pathogens. At 

UAZ, larvae were enumerated, divided, and acclimated at ambient temperature (19-23°C) in 

glass aquaria outfitted with filtration systems (Fluval
TM

 120 canister filter, Fluval
TM

 C4 power 

filter, or under-gravel aquarium filter), a Via Aqua
TM

 200W aquarium heater, and cage habitat 

structure (PVC pipe, terra cotta planters, aquatic plants). Although densities varied, densities 

between 0.5-0.7 tadpoles/gallon were found to be optimal. All aquaria were previously washed 

and sterilized with 10% bleach, filled with dechlorinated tap water, and biological filters were 

allowed to cycle. Tadpoles were fed spinach, egg white, fish flake, and gel food. The gel food 

consisted of hydrated rabbit chow, leafy greens (collard, kale, red lettuce, spinach, and romaine), 

spirulina powder, gelatin, and agar. When larvae attained front limb stage they were moved into 

new tanks. 

Recently metamorphosed frogs (“metamorphs”)were housed in both glass aquaria and 100-150 

gal Rubbermaid
TM

 stock tanks. Densities were maintained at ≤ 25 frogs/m
2
 of floor space. All 

housing was supplied with dechlorinated tap water and ample cage habitat structure. Water 

temperatures were 22-24°C and air temperatures 20-26°C. Water changes were performed as 

necessary. Animals were fed 6-8 small crickets/day.  

Figure 25. Frog and tadpole 

raising setup at University of 

Arizona. 
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Adult and juvenile frogs from source populations were visually inspected for clinical signs of 

disease, weighed, measured, and sexed (adults only) upon arrival. All individuals were 

acclimated at 23-25°C in 30 gal, glass-topped aquaria (92 × 32 × 42.5 cm) with 15 l of 

dechlorinated tap water. Each tank housed 3-5 frogs of similar size. Aquaria were outfitted with 

Via Aqua
TM

 200W digital aquarium heaters and structure to provide basking opportunities and 

feeding stations. Tanks were regularly cleaned and water was changed once every 2 d. Animals 

were fed 4-6 adult crickets/day/individual; captive roaches were also fed on occasion. 

Disease Control and Treatment: Amphibian disease treatment is a rapidly advancing field, 

with important advances in recent years in treatment of chytridiomycosis (“chytrid fungus 

disease”) in captive animals. Best known practices were employed by the FROG Project to 

ensure Bd-free animals for repatriation efforts. Because Bd only infects the keratinized structures 

of amphibians, collection and cleaning of egg masses for head-starting is good strategy to secure 

a Bd free cohort. There are several strategies to treat Bd infection. Itraconazole is a widely used 

antifungal drug for adult amphibians, and is the only known reliable method to treat amphibians 

in the field; however, itraconazole is expensive and potentially fatal to tadpoles and recent 

metamorphs (Garner et al. 2007; Pessier and Mendelson 2010). Heat treatment has few known 

side effects and can serve as a viable method for elimination of Bd infection in captive tadpoles 

as well as frogs (Chatfield and Richards-Zawacki 2011; Geiger et al. 2011).  

Frog heat treatment: Seventeen subadult frogs were collected from the LCNCA ranarium, and 

were assumed to be Bd-positive. After 10 day acclimation period, water temperatures were 

gradually elevated over a 48 hr period to 30°C and remained constant for 8 more days. After 8 

days at 30°C, water temperatures were elevated to 32°C over a 24 hr period and remained at 

32°C for 11 days. Water temperatures were constant during treatment with only slight 

fluctuations during water changes. During treatment two frogs died from unrelated cage 

malfunctions: no other mortalities or signs of stress were observed, although at 32°C frogs 

extensively utilized the platforms (which were 2× 2 cm mesh set at the water level). Heat 

treatment lasted a total of 21 days, after which frogs were re-acclimated to ambient temp 

(approximately 23°C) over 24 hr. Water temperatures during treatment ranged from 27-33°C and 

averaged 30.7°C. Air temperatures in the treatment cages ranged from 24-30°C and averaged 

27.6°C. Frogs were fed throughout the treatment period and increased 11% in SVL, with males 

gaining 11% in body mass and females 25%. Swab samples for later Bd-testing were collected 

prior to their release. 

Tadpole heat treatment: After acclimation, 60 tadpoles at a time were moved into treatment 

tanks (20 gal glass-topped, glass aquaria with Fluval
TM

 C4 power filters and Via Aqua
TM

 200W 

aquarium heaters). Once tadpoles appeared to resume normal swimming behavior water 

temperatures were elevated gradually from 26°C to 34°C over 48 hr. Water temperatures were 

held at 34°C for 5 days (approximately 120 hr) by gradual decrease to 24°C and tadpoles were 

removed from the treatment tanks and placed in new aquaria. This process was repeated until all 

of the tadpoles had been treated. In total 168 tadpoles were subjected to heat treatment. While no 

mortalities were recorded during treatment one tadpole was found dead 24 hr after treatment. 
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Additionally, 8 tadpoles were observed to have subconjunctival hemorrhages (blood in the eye) 

post treatment, which did not appear to negatively affect their overall health. Prior to release 

tadpoles were housed in new aquaria where temperatures ranged from 21-23°C for over 30 days, 

during which time many metamorphosed.  

Antifungal Drug treatment: Adult and juvenile frogs were treated with itraconazole in 

accordance with Chiricahua Leopard Frog Recovery Plan guidelines (USFWS 2007). Frogs were 

bathed for 1 hr in a shallow bath consisting of 99% amphibian Ringers solution (6% saline 

solution) and 0.01 % itraconazole. After treatment, frogs were rinsed in dechlorinated tap water 

for thirty minutes and placed in new enclosures. 

Establishment of New Populations of Leopard Frogs 

Releases for establishment of new populations are listed in Table 12 and locations and site names 

are shown in Figure 20 and Figure 29, respectively. Releases at Gaucho Well and Cienegita 

Wetland are pending completion of construction in 2013.  

All of the releases and the natural colonization (at Maternity Well Pond) in Empire Valley 

appear to be proceeding successfully, with breeding recorded at several, as detailed in the 

following section. 

 
Figure 26. Captive-raised Chiricahua leopard frog releases at Las Cienegas NCA in 2011 (Cinco 

Ponds with Arizona Game & Fish Department, left) and 2012 (Road Canyon Tank with Bureau of 

Land Management, right). 
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Table 12. Summary of translocation releases of 4,769 Rana chiricahuensis in the FROG Project. For life stage, A=adults, J=juveniles, 

L=larvae. Details are in text. The cohorts released on 3-4 Oct. 2011-2012 were raised at Phoenix Zoo, with some in 2011transferred to a storage 

tank and ranarium for additional head-starting. The 22 March 2013 cohort was raised at University of Arizona. The other instances were 

direct wild- to-wild translocations. All ranarium animals originated from Empire Spring stock. Our survey and planning input were relevant 

for Hog, Granite, and Bowman tank releases, which were performed by AGFD under NFWF Grant 25805. 

 

 

Collection Details Release Details 
Disease Prevention and 

Treatment 
Collaborator Contributions 

Date Source Site(s) 
Release  

Date 
Release Site 

No. 

Released  

(life stage) 

Egg 

Mass 

Rinse 

Itra-

conazole 
Heat 

Collection (1), Raising (2), Transport (3), 

Treatment (4), Release (5) 

2-Jun-11 Granite Tank 03-Jun-11 Gardner Canyon 35 J  X  FROG Project (1,3,4,5), AGFD(1,3,4,5) 

2-Jun-11 Greaterville Tank 03-Jun-11 Gardner Canyon 8 A, 34 J  X  FROG Project (1,3,4,5), AGFD(1,3,4,5) 

14-Jun-11 Granite Tank 14-Jun-11 Greaterville Tank 8 A, 50 J    FROG Project (1,3,5) 

27-May-11 Empire Spring 03-Oct-11 LCNCA Ranarium 100 L X   FROG Project (1,2,3,5),  Phx Zoo (2,4), AGFD (1, 3,5) 

27-May-11 Empire Spring 03-Oct-11 Cinco Pond North 186 L X   FROG Project (1,2,3,5),  Phx Zoo (2,4), AGFD (1, 3,5) 

27-May-11 Empire Spring 03-Oct-11 Cinco Pond North 56 J X X  FROG Project (1,2,3,5),  Phx Zoo (2,4), AGFD (1, 3,5 

27-May-11 Empire Spring 03-Oct-11 
Maternity Well                   

(Storage Tank) 
200 L X   FROG Project (1,3,5),  Phoenix Zoo (2,4) 

30-May-12 
Maternity Well                   

(Storage Tank) 
30-May-12 Road Canyon Tank** 20 J, 51 L ***   FROG Project (1,2,3,5),  BLM (3,5) 

10-Apr-12 Greaterville Tank 10-Apr-12 Granite Tank 6 A  X  AGFD (1,3,4,5) 

Summer, 2012 West Tank 04-Oct-12 Hog Tank 550 L X   AGFD(1,3,5), Phx. Zoo(2,4),FROG Proj.(3,5),USFS(5) 

Summer, 2012 West Tank 04-Oct-12 Bowman Tank 400 L X   AGFD(1,3,5), Phoenix Zoo (2,4) 

Summer, 2012 West Tank 04-Oct-12 Greaterville Tank* 400 L X   AGFD(1,3,5), Phoenix Zoo (2,4) 

14-Aug-12 Ranarium  13-Sep-12 Cienega Creek 17 A  X X FROG Project (1,2,3,4,5) BLM (5) 

14Aug-14Sep-12 Ranarium 19-Oct-12 Cottonwood Tank* 1050 L X   FROG Project (1,2,3,4,5) BLM (5) 

14Aug-14Sep-12 Ranarium 19-Oct-12 Empire Well** 1200 L X   FROG Project (1,2,3,4,5) BLM (5) 

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cottonwood Tank** 87 L X  X FROG Project (1,2,3,4,5) 

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cottonwood Tank** 14 J X X X FROG Project (1,2,3,4,5) 

14Aug-14Sep-12 Empire Spring 22-Mar-13 Springwater Wetlands* 86 L X  X FROG Project (1,2,3,4,5) BLM (5) 

14Aug-14Sep-12 Empire Spring 22-Mar-13 Springwater Wetlands* 13 J X X X FROG Project (1,2,3,4,5) BLM (5) 

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cienega Creek 86 L X  X FROG Project (1,2,3,4,5)  

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cienega Creek 13 J X X X FROG Project(1,2,3,4,5)  

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cinco Well* 86 L X  X FROG Project (1,2,3,4,5)  

14Aug-14Sep-12 Empire Spring 22-Mar-13 Cinco Well* 13 J X X X FROG Project (1,2,3,4,5)  

* Denotes new habitat      **Denotes enhanced habitat       ***Overwinter outdoor storage of zoo-raised cohort in isolated storage tank 
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Habitat Enhancements and Protection 

Design 

Overview. Habitat enhancement design and site selection for native ranid frogs and fishes was 

based on five criteria:  

 Connectivity to existing Chiricahua leopard frog populations 

 Connectivity to optimal frog habitat in Cienega Creek 

 Isolation from potential bullfrog source populations 

 Warm thermal exposure settings 

 Pre-existing well water and other infrastructure with potential for reconciled use by 

livestock and native aquatic species (as well as other wildlife) 

We prepared a detailed work site enhancement plan (Caldwell et al. 2011) describing the grand 

landscape plan for ranid frog restoration and a detailed gazetteer of specific sites and site designs 

to accomplish the five goals. Here, the general approaches to accomplishing these goals are 

described. 

Exotic Species Absence. In general, few non-native aquatic vertebrates are compatible with any 

of the native species of concern in our study region, and none are known to be compatible with 

the suite of primary target species (leopard frogs, Gila topminnows, desert pupfish, and Mexican 

gartersnake). Thus, the objective was total elimination and prevention of colonization at all 

habitat enhancement sites. Exotic species removals, remaining threats, and buffer zones are 

detailed in other sections of this report. 

Water Permanence and Supply Reliability. All aquatic target species for conservation are 

closely associated with and essentially require never-drying water sources. The two issues here 

are ensuring a source of perennial water and securing habitat enhancement waters against 

temporary failure of water supply. The permanence of water at these sites may prove important 

in the future for both aquatic and terrestrial species based on climate change predictions. 

Our focus on water supply enhancement was in livestock waters on bajadas surrounding the 

Cienega Creek bottomlands in Empire Valley and at connectivity gaps between Santa Rita 

Mountains and Cienega Creek. At each site, we ensured a well water supply, either by installing 

solar panels and associated pumps and electrical infrastructure or by restoring function external 

electric power supply. 

Although regular monitoring of waters is planned, we deepened sites whenever possible to avoid 

site drying before infrastructure problems are discovered and remedied.  

We also selected natural perennial water sites as focal areas for exotics eradication. We advised 

BLM about exotics control associated with their project with AGFD to deepen spring-fed pools 

in the Cienega Creek bottomlands, at the Cienegita Wetland and Springwater Wetland project 

sites. 
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Habitat Depth and Complexity. In addition to concerns for avoiding habitat desiccation, we 

provided deep and shallow water environments at each habitat enhancement site to provide a 

varied thermal regime and varied cover plants and potential food species for conservation target 

species. Similarly, we established a variety of locally collected, disease-free (cleaned) 

macrophytic algae and submergent and emergent aquatic higher plants to enhance habitat 

complexity and diversity. Where possible, we avoided establishment of very fast-growing 

emergents – cattail (Typha sp.) and, especially, the very tough “tule” (bulrush: Scirpes 

[Schoenoplectus] americanus) that create extensive and dense stands that require frequent, labor-

intensive vegetation maintenance. 

We considered the mix of native aquatic species as an important element of habitat complexity. 

Based on mesocosm experimental observations, we determined that leopard frogs can readily 

coexist with both topminnows and pupfish, whereas Gila chub produced a large (≈95%) 

reduction in tadpole abundance.  

We identified sites suitable for future Mexican gartersnake establishment contingent upon 

establishment of cover and abundance of native leopard frogs and small native fish as a reliable 

prey base for the full age-size range of the gartersnakes. Additionally, we recommended that 

sites with Gila chubs as an abundance prey based, with ranid frogs likely uncommon, may also 

be suitable for Mexican gartersnake establishment. 

We recommended that gartersnakes and chubs be established only after frogs and smaller fishes 

to facilitate initial population expansions of the frogs and smaller fishes, and to ensure an 

abundant and diverse food supply for the larger, more predatory species. Site specific details 

reflecting these considerations of species mixes are in the FROG Project work plan (Caldwell et 

al. 2011). 

Relatively Elevated Thermal Regime.  Few available water sources in the region, except at the 

existing robust population site of the Chiricahua leopard frog at Empire Gulch Spring on Las 

Cienegas NCA, were found to meet the needed criteria listed above. Historic habitat in Cienega 

Creek is colder in winter, due to the cold air drainage settling in the valley bottom. As described 

above, we therefore selected habitat enhancement sites above these relatively cold bottomlands 

or, in Cienega Creek we selected reestablishment release sites where spring flows produced the 

most stable thermal regimes available.  

Reconciled Use by Livestock and Native Aquatic Species. Although our broad approach was 

to allow simultaneous use of waters by livestock and leopard frogs with minimal special 

infrastructure, this was only possible on a limited scale at Las Cienegas NCA. The livestock 

operation there rotates large cattle herds (up to several hundred head) through brief, intensive, 

but infrequent use of pastures and water sources, which could damage leopard frog and native 

fish breeding success and lower adult survivorship. 

For Las Cienegas NCA, we designed and implemented pond fencing systems in which cattle are 

excluded from core aquatic habitat but are allowed access to waters from the developed wells as 
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described below. Las Cienegas NCA is a working ranch. Livestock are provided drinkers (water 

troughs) or unfenced overflow ponds. Cattle benefit from this arrangement by being provided 

clean water sources while frogs benefit by having additional habitat when few cattle are present 

This design is exemplified by the diagram in Figure 27. 

 
Figure 27. Livestock pond habitat design for native aquatic species at Las Cienegas NCA. 

Implementation 

We constructed livestock exclosures using welded steel pipe according to specifications 

established by BLM to accommodate wildlife (such as antelope and deer) and adequately protect 

habitat from cattle on Las Cienegas NCA.  

At sites in Coronado NF and on Pima County conservation lands in the study region, enhanced 

frog habitat in larger stock ponds (relative to the intensity of use by cattle) were not designed to 

exclude livestock, but were deepened to increase water permanence. This additionally avoids 

drought reduction of these waters that would result in high intensity cattle impact on the waters. 

In one case, during drought, we worked with a ranch operation to provide well water and a cattle 

exclosure for a regionally important Chiricahua leopard frog population, while ensuring 

necessary water access for livestock. 

Site Selection and Utilization. On Las Cienegas NCA, key areas for restoration were located and 

classified according to five criteria listed above. We generated a list of priority sites to refine 

with the BLM land managers and the NCA livestock grazing operator, Vera Earl Ranch. All sites 
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meeting our criteria on the NCA were built into BLM’s Biological Opinion (BO) and NEPA 

process. From this list, FROG Project budgeted the top 7 sites, installing solar power and pumps 

where needed, and the welded pipe rail fences as required by the BO to exclude cattle from each 

frog or fish pond.  

The livestock operator, Ian Tomlinson, has shown great commitment to this project by funding 

all the livestock water conversions at these sites. Although BLM’s BO states that all leopard frog 

habitats must be protected from livestock, grazing rotations on much of the NCA accommodate a 

2 year rest for most pastures meaning, with cattle occupying water holes for 30 days or less at 2+ 

year intervals. This allows frogs to utilize the livestock waters outside the protected habitat with 

no livestock effects most of the time. Our observations suggest that the abundance of insects 

associated with cattle can also substantially increase food availability for leopard frogs and fish, 

further reinforcing this conservation partnership. 

We learned BLM rarely initiates an Environmental Assessment (EA) that combines livestock 

improvements with species recovery. This prolonged the anticipated NEPA process from two to 

ten months, unanticipated administrative requirements that delayed FROG Project habitat 

enhancements and frog population establishments for over a year from our planned schedule. In 

spite of these delays, the collaboration between our BLM, Livestock operator and AZG&F 

insured that once the paperwork was in place we were able to act rapidly and effectively As a 

result, we have already completed enhancements of six livestock sites: Cottonwood Well Pond, 

Cinco Well Pond, Empire Well Pond, Gaucho Well Pond, Road Canyon Tank, and Maternity 

Well Pond). Two other sites are currently being enhanced: Cienega Ranch Pond and Bill’s Tank. 

The administrative effort forged a new path for BLM conservation efforts on the NCA, and 

paves the way for future rancher conservation collaborations. Future projects of this nature 

should plan and buffer for unexpected administrative issues.  This is exemplified by 

unanticipated time requirements for EA development and NEPA review, and expenses for 

welded metal fencing of livestock sites for native fish and frogs. 

Habitat Enhancement Site Descriptions 

Summary site descriptions and status are presented here. More detailed site information and 

diagrams are in the FROG Project work planning document (Caldwell, Hall, and Rosen 2011). 

Frog releases are detailed in Table 1 and accompanying text. 

Frog Raising Facility (Ranarium). We built a ranarium (with two buildings and four pools) to 

safely headstart tadpoles and house a breeding population of Chiricahua leopard frogs for 

reintroductions on the NCA. Constructed in early 2010 these facilities were stocked with adult 

frogs from Empire Gulch at that time. The ranarium proved effective in supporting several 

generations of frogs and was instrumental in producing several egg masses and frogs used for 

establishing frogs in restored habitat and reestablishing frog populations in Cienega Creek. Upon 

completion of the ranarium, BLM managers of the NCA created a nature trail to the facility 
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highlighting frog conservation for the visiting public. FROG Project collaborated with BLM to 

design an interpretive sign for the site. 

 

Figure 28. Ranarium construction with Sky Island Alliance (left), and finished in situ (right). 

Maternity Well. During the late summer rainy season of 2011, FROG Project surveys 

discovered a small number of Chiricahua leopard frogs at Maternity Well that appear to have 

colonized from Santa Rita Mountains populations, some 3.5-5.5 miles away. Although this pond 

was not on our original priority restoration list due to frequent or constant livestock presence, we 

were able to reconcile this use with frog conservation and thus incorporated this natural 

colonization into the plan. The site has excellent frog habitat with marshy edges; and has an 

electric well, large aboveground concrete storage reservoir (which we used for tadpole raising), 

and an existing livestock drinker array. We installed a pipe rail fence around the pond as required 

by the BO. The site may enhance connectivity between Empire Valley and Santa Rita Mountains 

frog metapopulations. It quickly became a new breeding population site by the end of summer 

2012, with increased breeding observed in spring 2013. This pond may need to be deepened in 

the future. 

Empire Well. This site should also provide connectivity between Empire Valley and Santa Rita 

Mountains; and has an electric well, drinker array, new pipe rail fence, and a marshy overflow 

that provides additional frog habitat. We have identified Empire Well as a historic site for 

leopard frog speciation studies during the 1970’s, when it supported a Chiricahua leopard frog 

population (Frost, unpublished field notes). Tadpoles released here in 2012 have done 

exceptionally well with breeding observed in July 2013. 
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Figure 29. Site names referred to in text in the Las Cienegas NCA and eastern Santa Rita Mountains. Most sites are stock ponds; perennial stream reaches are 

shown in heavier blue than ephemeral and intermittent reaches; wetlands under construction by BLM and AGFD in the cienega bottomlands are also named.
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Figure 30. Cottonwood Well Pond before (above) and shortly after (below) habitat enhancement. 

Cottonwood Well. Located in the intersection of three heavily used cattle pastures in lower 

Gardner Canyon Wash near Cienega Creek, we improved the infrastructure of the site for 

leopard frogs in 2011-2012 as shown in Figure 27 and released tadpoles in 2012 and tadpoles 

and metamorph frogs in spring 2013. Breeding may occur in 2013. This site is an important 

anchor for metapopulation dynamics on the west side of upper Cienega Creek. Location of this 

site along the main NCA road made it a prime location for public education: working with BLM, 

we installed interpretive signage (Appendix I), and the site has been an important outdoor 

classroom for educational programs ongoing at the NCA. 
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Gaucho Well and Oil Well Tank. 

Located near Cottonwood Well and 

upper Cienega Creek, this site combines 

a small, deepened, fenced pond at 

Gaucho Well, with a new solar well 

pump, and with nearby Oil Well Tank. 

There is also a nearby borrow pit that 

will serve as frog habitat. Oil Well Tank 

has no supporting well infrastructure, 

but is the most perennial runoff-based 

livestock pond near Cienega Creek, 

second only to Clyne Pond on the NCA 

property. Frogs are scheduled for release 

at Gaucho Well Pond in 2013, and the 

site adds stability to the regional frog 

metapopulation by diversifying the kinds 

of water supply to include perennial and 

ephemeral runoff-based habitat.  

Bill’s Well and Cienega Ranch Pond. Enhancements of habitat at these sites are in intermediate 

stages of completion.  We installed a solar-powered pump system at Bill's Well; pipe-rail fencing 

and pond deepening remain to be completed. Cienega Ranch Pond has electric power and pump 

already but needs fencing and deepening.  These sites would provide leopard frog habitat very 

close to Cienega Creek and we are seeking funding to complete work at these sites. 

Cinco Well. This site on the Whetstone Mountains bajada east of upper Cienega Creek anchors 

and diversifies frog metapopulation structure in the creek region that originally supported 

Chiricahua leopard frog habitat in the cienega. This tank is close to Lane Tank, the creek, and 

Cinco Ponds, and thus will support local metapopulation dynamics. It has a small, deepened 

earthen pond, pipe rail fence, and new solar well. Tadpoles were released at the site in spring 

2013. 

 

Figure 31. Conservation signs identifying 

the cooperative context of the project 

were installed at all project restoration 

sites at Las Cienegas NCA. 



87 

 

 

Figure 32. Aerial views of planned local metapopulation complexes based on habitat enhancements 

and frog releases at Cinco Well (above) and Cottonwood and Gaucho wells (below). 
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Cinco Ponds. Located between Springwater Wetland and Cinco Well on the Cienega Creek 

bottomlands, this series of natural, perennial-water depressions (dried for the first time known in 

fall 2012) had breeding Chiricahua leopard frogs in the mid-1980’s but with little if any 

successful breeding since. It was the principal bullfrog breeding site in Empire Valley until 

successful eradication in 2005, but individuals from the creek were removed in subsequent years 

(Table 8).  There is an experimental grazing exclosure program at Cinco Ponds that is showing, 

as predicted, that cattle can help maintain open water at the site. Metamorph and larval 

Chiricahua leopard frogs were released in the largest, north-most pond at this site in fall of 2011, 

when it was among the only sites available while the NCA-wide BO for the project was being 

prepared. Leopard frogs that bred in the adjoining creek (Headwaters reach) in 2012 most likely 

originated from the Cinco Ponds release. 

Cienega Creek Headwaters Reach. This perennial reach supported Chiricahua leopard frogs in 

the 1970’s (John Frost, unpublished field notes), but only occasional individuals were observed 

until 2004. Lowland leopard frogs from Road Canyon Tank colonized the upper headwaters 

reach in summer 2010 and bred there but were not observed after 2011. This short-lived 

population was in contact with bullfrogs and may have suffered from chytridiomycosis and 

bullfrog predation. It is possible that the elevation and cold air settling at this location may result 

in temperatures too low for the lowland leopard frog in the presence of Bd. Both lowland and 

Chiricahua leopard frogs are largely persisting in the lower portions of their original elevational 

range, but the Headwaters are in the lower range for the Chiricahua and upper range for the 

lowland frog species. Monitoring at this site is expected to provide critical information on this 

issue and for adaptive management of the Las Cienegas frog recovery plan.  A small population 

of Chiricahua leopard frogs had established themselves and bred in this section of creek by 

spring of 2013. 

Springwater Wetland and Cienegita Wetland. Habitat enhancements at these two 

groundwater-fed sites in bottomlands adjoining the core of upper Cienega Creek are nearing 

completion. These projects are being carried out by BLM, AGFD, and U.S. Army Corps of 

Engineers with FROG Project consultation. Cienegita Wetland has two deep pools dug into the 

bottom of lower Empire Gulch west of the creek and Springwater Wetland has a single pool in 

lower Springwater Canyon east of the creek. All three pools are protected from livestock grazing. 

During planning over the past several years, FROG Project personnel advised on the construction 

of bullfrog-proof fences at both sites to avoid creation of deep, lentic, densely vegetated habitat 

suitable for bullfrogs and complicated for bullfrog removal. Eradication of bullfrogs in Cienega 

Creek may obviate the fences; monitoring over the next few years will resolve this. Tadpoles and 

juvenile frogs were released at Springwater Wetland in spring 2013. These sites have high 

potential for establishment of native aquatic species and to supply information on cooler 

temperature effects on reintroduction success. 

Cienega Creek Mattie Canyon Reach. This reach of Empire Cienega is separated from the 

Headwaters reach by an intermittent reach near Cienega Ranch. It is continuous with the 
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downstream Narrows reach, but has stronger spring flow and more cienega-like vegetation. 

Lowland leopard frogs bred strongly in or near the Cienega Ranch stream reach area in the 

1970’s (John Frost, unpublished field notes) and a few adult individuals have been found in the 

Narrows reach 1991-present (Jeff Simms, David Kahrs, P Rosen, unpublished data). Frogs 

identified as Chiricahua leopard frogs were found in the rich cienega core of the Mattie Canyon 

reach in 1986 (Rosen and Schwalbe 1988). Stable temperature spring inflow, mild winter water 

temperatures, and low elevation in this reach were factors that led to the release of adult, 

juvenile, and larval Chiricahua leopard frogs at this site in 2012 and 2013. Animals from these 

releases appear to be thriving as of mid-spring 2013. 

Road Canyon Tank. Situated in the upper Rain Valley portion of Las Cienegas NCA near the 

Clyne Ranch sub-region, this twin tank system with solar well, one pond fenced for cattle 

exclusion, and a deepened, rubber-lined frog pond has been perennial since 2007. Bullfrog 

eradication and lowland leopard frog establishment, irruption, and extirpation at this site have 

been described elsewhere in this report. Chiricahua leopard frogs, desert pupfish, and Gila 

topminnows were successfully established at this site in spring 2012. All three native species 

were thriving and breeding at the site by fall 2012. This site is likely to be a Chiricahua leopard 

frog source that naturally colonizes ponds in the Clyne Ranch area. However, the establishment 

release derives from Empire Gulch Spring frogs, which have shown no evidence of dispersal 

beyond a few hundred meters: the dispersal behavior of the frogs at Road Canyon Tank will 

likely be informative about the importance of genetics versus habitat quality in dispersal 

tendency of the Chiricahua leopard frog. 

Clyne Ranch Area. This area containing NCA-owned Clyne Pond and Clyne Pond Spring, 

Hospital Tank and several currently non-perennial stock tanks on Pima County conservation 

lands, and pools and ponds on the private Clyne Ranch, is a tri-partite private-county-federal 

collaborative conservation area. Coronado National Forest is likely to be involved on adjoining 

lands in Whetstone Mountains. Lowland leopard frogs colonized the area in 2010 but apparently 

failed to establish breeding populations: bluegill sunfish in Hospital Tank, crayfish, pond-

draining for crayfish control in Hospital Tank and Clyne Pond, and the presence of the last 

bullfrogs, potentially carrying Bd, in 2011 (Table 8) probably ensured that these immigrant frogs 

could not successfully establish new populations. 

Clyne Pond has been a focus of intensive exotic species control as described above, and was 

deepened in 2012. Once exotics control is complete and assured, both Clyne Pond and the spring 

are likely to provide a large, relatively complex habitat for the Chiricahua leopard frog and other 

aquatic vertebrates.  

Hospital Tank was also deepened in 2012 and exotic bluegill sunfish were eradicated. This is 

another large, deep, perennial tank supported only by runoff that is expected to host a strong 

Chiricahua leopard frog population. Similarly, privately-owned Sue’s Pond and swimming pool 

will likely contribute to a local frog metapopulation thanks to the Clynes’ interest in and 

participation in the program. Other Pima County-owned tanks and wells are in an advanced 
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planning stage for habitat enhancement and establishment of native aquatic species. All partners 

are positively engaged: AGFD and FROG Project continue to assist with clarifying the biological 

and legal issues (which involve relationships between Safe Harbor Agreements and Pima 

County’s multi-species habitat conservation plan and permit under the Sonoran Desert 

Conservation Plan) to finalize and implement native species plans. 

Santa Rita Mountains. Several releases of head-started Chiricahua leopard frog tadpoles in 

eastern Santa Rita Mountains have been carried out during 2012, spear-headed by AGFD (Table 

12). Information on the success of these efforts will be forthcoming this year and next, and we 

will continue to assist AGFD with monitoring and other on-the-ground work in this sub-region of 

our study region. Here we provide some details on protection and status of pre-existing 

populations. 

Protection of Leopard Frog Populations Facing Extinction 
Details of Chiricahua leopard frog salvage and translocation numbers in Santa Rita Mountains 

are in Table 12. Here we present information on population histories. 

West Tank. Frog project surveys discovered this breeding population in 2010. The pond catches 

runoff, and Thurber Ranch, owned by Rosemont (Augusta Mining) Copper Company, worked 

with FROG Project to provide a water line to prevent drought-extinction of the population during 

2010-2013. The population irrupted in 2012-13, and may have done so previously: numerous 

observations of individual, non-breeding Chiricahua leopard frogs on the planned Rosemont 

Mine site during 2007 likely were long-distance dispersers from West Tank. We found emigrant 

frogs presumed to have come from West Tank at nearby East Tank and at Bowman Tank. It is 

possible (or probable) that other small groups of frogs seen in localities to the south (at or near 

Granite Tank, Greaterville, and Box Canyon) and possibly near Cave Creek and Gardner 

canyons, dispersed from West Tank. 

Granite Tank and Greaterville Tank. AGFD, with FROG Project participation, salvaged 

drought-threatened frogs from Granite Tank in 2011 and moved them to nearby Greaterville 

Tank. Drought-threatened frogs at the latter were moved to Gardner Canyon Spring Run by 

AGFD with our assistance in 2011. This may have contributed to the irruption of Chiricahua 

leopard frogs in Gardner Canyon Spring Run in 2012-13, which appears to be the colonization 

source of ponds on and near Ian Tomlinson’s ranch south of Gardner Canyon. The Gardner 

Canyon Spring Run frogs are also most likely the source of dispersers found in Cave Creek and 

nearby tanks. 

Greaterville Tank was also threatened by ash-laden floodwaters in 2011-12. AGFD, Coronado 

National Forest, and FROG Project assisted with Tucson Electric Power Company delivery of 

water to the site. This was another unique and productive collaboration between a corporation, 

government agencies, and an NGO.  AGFD and Frog project personnel went on to salvage and 

monitor water conditions to protect and utilize the drought-threatened frogs. The Forest and 
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AGFD subsequently excavated the pond, installed a rubber pond liner, and released head-started 

Chiricahua leopard frogs at the site. 

Vera Earl Ranch Area Ponds. By early 2012 dispersing Chiricahua leopard frogs from nearby 

Gardner Canyon Spring Run had colonized and established a breeding population in a stock pond 

(Crazy-Lazy P Tank) adjacent to the Vera Earl's deeded land. FROG project personnel worked 

closely with the ranch to survey private lands to establish that there were no frog pre-existing 

populations there (which documents a “zero baseline” that is important for Safe Harbor 

Agreement completion). This provided key data for AGFD and Vera Earl Ranch to complete a 

SHA under which leopard frogs may colonize and be sustained in the ranch’s private ponds.  The 

SHA was finalized in early spring of 2013, and frogs have been documented on the ranch since 

then.  

Leopard Frog Dispersal and Metapopulation Observations 
Available survey data, including our observations, suggest there may be variation among leopard 

frog populations in dispersal characteristics. In rapidly spreading non-native populations of the 

marine toad (or, “cane toad”; Bufo [Rhinella] marinus) in Australia, local gene pools have 

evolved by natural selection (or “spatial selection”) to move rapidly and consistently in the 

specific direction of the invasion front advance (Shine 2012; Shine et al. 1011; Urban et al. 

2008). And toads from the fast-advancing gene pool have reduced investment in the immune 

system (Llewellen et al. 2010). It is possible or likely that this form of adaption explains 

observed variation in dispersal among ranid frog species and populations in the American 

Southwest.  

Bullfrogs, which have rapidly expanded their range in the region over the past century, have 

been observed to disperse up to 11 km over a six-week period (Suhre 2010). Suhre’s (2010) 

observations are from a livestock pond metapopulation in a semi-arid valley lacking natural 

perennial water, and probably originated from a large, dense population introduced into a 

regional cienega (Rosen and Schwalbe 1988) by long-distance dispersal.  

Lowland leopard frogs were observed to disperse to a distance of up to 7.7 km (4.8 mi) over a 2-

9 week period (Figure 33). From the last week of July through mid-August 2010 there were 

unusually consistent, often heavy rains in Empire Valley, with occasional heavy rain into the last 

week of August. By 15-17 August, we had detected lowland leopard frogs at sites 2.2 – 5.7 km 

from Road Canyon Tank in surrounding localities that had all been surveyed in spring and 

summer prior to the rains. During September 2010 they were found 4.0 – 7.7 km from the source 

tank. The dispersing frogs were found in ponds, arroyo and ditch pools, and in the Headwaters 

reach of Cienega Creek. Numerical data showed no evidence of a distance-related decline in 

number of frogs detected. During early summer 2011, the emigrant lowland leopard frogs were 

found at an average distance of 5.5 km from Road Canyon Tank: they were restricted to the 

Cienega and major runoff-fed tanks (Clyne Pond, Hospital Tank, and Oil Well Tank). None were 

seen in 2012 except for a single unidentified leopard frog at Hospital Tank in June 2012.  
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Figure 33. Dispersal of the lowland leopard frog from an irrupting population in Road Canyon 

Tank to unoccupied habitat during August 2010. The first record of the lowland leopard frog in the 

mapped area (until the dispersal depicted here) was in 2007 at newly refurbished Road Canyon 

Tank, and probably represents an introduction, based on geographic, survey, and genetic data. 

Observations during this study provide six records of minimum dispersal distances for the 

Chiricahua leopard frog. The closest possible sources for the colonization of Maternity Well are 

Empire Gulch Spring (3.8 km) – from which we have never detected migrant frogs – and 

Louisiana Gulch (6.1 km), a small population that may have contributed the several migrants we 

discovered at Maternity Well Pond during 2011-12. In 2008, a small number of frogs were found 

in non-perennial tanks north of West Tank, the closest possible source population. These ponds 

averaged 5.6 km (5.0 – 7.6) km from West Tank. West Tank was also the nearest possible source 

of immigrant Chiricahua leopard frogs found in East Tank (0.6 km) and Bowman Tank (2.0 km). 

Unlike the data for lowland leopard frogs from Road Canyon Tank, these dispersal distances for 

the Chiricahua leopard frogs would be underestimates if the frogs did not originate from the 

nearest possible source population. That said, the range of observed dispersal distances (up to 7.6 

km) is remarkably similar to the known dispersal of lowland leopard frogs from Road Canyon 

Tank. Both species may thus move about 5 miles from source populations to other water sites. 

These are, however, unlikely to be the maximum dispersal that frogs from these populations 

make. 
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In context of the demonstrable, relatively common dispersal of leopard frogs at Road Canyon 

and in Santa Rita Mountains, we found almost no dispersal instances of Chiricahua leopard frogs 

from Empire Gulch Spring. During 2010-2013, this population consisted of over 50 adults, with 

hundreds of metamorphs (newly transformed froglets) occasionally counted. Frog density was 

remarkable, with almost all individuals and all observed breeding within less than 225 m of the 

spring source along a small spring run. Although we searched all ponds within a several km 

radius of the population, the only dispersal we recorded was from the spring to our ranarium 

pools (before we enclosed them), a distance of under 0.2 km. These data suggest that this 

population may be composed almost entirely of sedentary, non-dispersing frogs. As noted above, 

this population was the source of the re-establishment releases we did in Empire Valley, 

including at Road Canyon Tank: in the near future, we may have opportunities to observe the 

dispersal of these frogs to unoccupied habitat.  

Over 16 years of monitoring, the Empire Gulch Spring population has persisted as a very small 

but stable, and then rapidly increasing population. Dispersers from this population may have 

entered population sinks in the Cienega Creek bottomlands, which may have functioned as an 

ecological trap with high quality habitat containing bullfrogs (serving as both an effective 

predator and Bd disease reservoir) and low temperatures conducive to Bd virulence.  

The Gardner Canyon Spring Run population history is of special interest. No leopard frogs were 

present at the site during at least some period of 1994 (P. Rosen, unpublished data) and we have 

no records of Chiricahua leopard frogs in Gardner Canyon, surrounding canyons, or elsewhere in 

Santa Rita Mountains during 2001-2007, although there may have been some present (Jim 

Rorabaugh, personal communication). It is clear that the current core or source population of 

leopard frogs in the Gardner Canyon region did not exist for some time during the 1990’s 

possibly for parts of the preceding and succeeding decade. The largest population recorded in the 

area during the 1970’s (John Frost, unpublished field notes), which was irrupting, was in a pond 

we identified as "Perfect Tank", in a north branch of East Sawmill Canyon in the Gardner 

Canyon complex. This tank was unoccupied during 2010-2011. This is an empirical example of 

extremely dynamic metapopulation processes in the Chiricahua leopard frog. 

The dispersal observations suggest that the scale of the 1-3-5 rule (overland, along intermittent 

or ephemeral, and along perennial drainages; in miles) used in the Chiricahua Leopard Frog 

Recovery Plan (USFWS 2007) for dispersal-related problems is generally acceptable, but we 

have not detected evidence that dispersal occurs to longer distances along intermittent and 

perennial drainages than overland. Our data summary supports the metapopulation concept 

underlying aspects of the Recovery Plan. However, we suggest that metapopulation function in 

leopard frogs may have a varying genetic basis, and that numbers of frogs in source populations 

likely plays a major role in effective colonization distance probabilities. 
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COLLABORATION, OUTREACH, AND EDUCATION 

Building Human Relationships for Conservation Biology 

We established working relationships with federal, state, and county conservation agencies, non-

governmental conservation groups (NGOs), major area ranchers, and water source owners at 

smaller properties such as rural homes and ranchettes. We established educational programs 

through local schools, collaborated with other environmental outreach programs, and developed 

an educational website dedicated to the project. 

Our work with governmental agencies involved grant proposal development, permit 

development and compliance, joint meetings, shared fieldwork (including in site surveys and 

monitoring, frog reintroductions and emergency drought salvage), review of work plans, and 

data sharing. 

Our work with NGOs included proposal development and restoration construction (with The 

Arizona Nature Conservancy), shared fieldwork (with Sky Island Alliance), and data sharing 

(with Save the Scenic Santa Ritas). 

In addition we participated in many collaborative meetings and workshops designed to bring 

stakeholders, NGO’s, and governmental agencies together. We continue to play an active role in 

LCNCA’s Biological Planning, Coordinated Resource Management Plan, and Long-Term 

Climate Change Scenario Planning and have collaborated with over 50 different organizations 

and many individuals through this process. 

We brought a “radical centrist” approach to our work with ranchers and small property owners, 

focused on understanding and respecting their economic requirements, communicating methods 

of reconciling aquatic conservation with other land uses, advocating fairness regarding costs that 

may accompany conservation work, and assisting with understanding conservation processes and 

related government requirements such as those involved with Safe Harbor Agreements. In using 

the radical centrist construct, we suggest that people from diverse backgrounds, who may be 

operating from conflicting idea sets, may find firm common ground by seeking reconciled action 

concepts and implementing them. This concept has helped us advise and assist major area 

ranchers on Safe Harbor Agreements and other forms of cooperation.  

We would like to see small landholders have access to the Safe Harbor Program or other 

mechanisms facilitating their participation in this radical center. Although small landholdings are 

less extensive (in total) in our study area, this does not apply in many other frog conservation 

areas. Simply by their numbers, smaller landholders will often multiply the total number of sites 

with aquatic species. Their access to native species, to replace otherwise inevitable use of non-

natives, is an opportunity to multiply native species refuges. This is actually far more critical as a 

mechanism to stop the proliferation and continuing spread of non-natives. 

Regarding costs, we sought to avoid imposing any financial costs on any rancher or homeowner. 

In practice, ranchers were often able to assist by modifying details of livestock watering 
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infrastructure, and we were able to assist by funding frog habitat-related infrastructure for waters 

that provided benefits to livestock. We also helped ranchers and others seek grant funding for 

habitat development or enhancement. Regarding attitudes, we attempted to keep private owners 

informed about conservation activities that might concern or affect them, and acted as liaisons 

building better communication between private owners and government agencies. In at least one 

case we only needed to inform a major rancher that a major population of Chiricahua leopard 

frogs was on the lands he managed for him to proactively work to save the population. 

In our work with local schools, we provided conservation experiences, working with 233 

students and collaborating on 39 field trips to the study region. Students ranged from middle 

school to high school. Outreach projects ranged from classroom lectures to field trips. Some 

efforts were one-time only events while others involved multiple events working with group of 

students. 

Collaboration with Ranchers and Smaller Landholders 

We found that most smaller landholders we approached – those with perennial waters that 

concerned us – were interested in the issues of native aquatic species conservation and willing to 

take steps in favor of conservation (Table 13). Based on interactions and observations by our 

field staff at the onset and conclusion of the FROG project, we were able to document a dramatic 

shift in small landholder behaviors toward supporting aquatic systems or biodiversity. At the 

onset of the project only 8% (1 of12) of the small landholders showed some or significant efforts 

or behaviors that support aquatic systems or biodiversity. By the end of the project the 

percentage rose to 75%. 

However, we have been unable to use the Safe Harbor Agreement program for the multiple 

smaller waters and smaller landholders, as we planned. We were unable, therefore, to provide 

native vertebrate species for these private individuals, which prevented us from developing 

strong collaborative work with them. Although noted elsewhere in this report, we reemphasize 

the very high likelihood that the waters involved will have aquatic vertebrates, that these are 

likely to be exotic species under the circumstances, and that this comprises a significant threat to 

conservation of virtually all species of native aquatic vertebrates in the study region.  

As small landholders multiply in the attractive rural landscapes of the American Southwest, 

related issues will of course increase proportionately. The difficulty of finding solutions, 

however, may increase disproportionately. One of the smaller landholders who happened to have 

a pond supporting a large bullfrog population was unwilling to communicate with us: we suspect 

that generalized distrust of conservation and possibly general lack of understanding of the issues 

were involved. As with larger ranchers, the process of turning a threat into an opportunity, as 

seen from both sides, involves building positive interactions and expectations. The combination 

of our inability to legally engage smaller landholders in active conservation on their lands, with 

the growth in their numbers and landscape scope, may present a synergistic increase in the threat 

they pose to natural waters and conservation lands.
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Table 13. Environmental values pertaining to native aquatic species conservation among smaller landholders in the Empire Valley region. 

  At ONSET of FROG Project  

  consistently damaging neutral/mix consistently supportive 

Smaller 

Landholders 

significant effort or many 

behaviors that damage aquatic 

systems or biodiversity 

some effort or behaviors that 

damage aquatic systems or 

biodiversity 

inconsistently damaging or 

supportive behaviors 

some efforts or 

behaviors that support 

aquatic systems or 

biodiversity 

significant efforts or 

many behaviors that 

support aquatic 

systems or 

biodiversity 

Landholder 1   

No response to many attempts to 

contact them regarding a major 

bullfrog breeding source population 
on property 

      

Landholder 2 

Stocked and maintained pond with 
invasive fish, deepening pond to 

make more permanent, doesn't care 

about native species 

        

Landholder 3   
Built large pond for exotic koi, 
inadvertently supporting bullfrogs 

      

Landholder 4   
Maintained 2 ponds with exotic 

species breeding populations 
      

Landholder 5   Maintained pond with exotics       

Landholder 6     Private pond for non-native fish     

Landholder 7       
Built pond for wildlife but 

lacked info to manage 
  

Landholder 8 Large and small private ponds for 

non-native fish (bullfrogs absent) 
        

Landholder 9   
Large private pond bordering NCA 

for non-native fish 
      

Landholder 10   
Large private pond bordering NCA 

for non-native fish 
      

Landholder 11     

Deepened large private pond for 

wildlife; now supports bullfrogs. 
Knew of bullfrog problem but not 

effect of their actions  

    

Landholder 12     

Outdoorsman supports game species 

enhancements but not interested in 
non-game wildlife 

    

                 Continued 
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 Table 13. Continued. 

  At END of FROG Project 

  consistently damaging neutral/mix consistently supportive 

Smaller 

Landholder Name 

significant effort or 

many behaviors  that 

damage aquatic 

systems or biodiversity 

some effort or behaviors that 

damage aquatic systems or 

biodiversity 

inconsistently 

damaging or 

supportive 

behaviors 

some efforts or behaviors that 

support aquatic systems or 

biodiversity 

significant efforts or many 

behaviors that support 

aquatic systems or 

biodiversity 

Landholder 1   No response to contact attempts       

Landholder 2   

Carried out plans to stock non-native fish, 

understanding it is impractical to stop 

bullfrogs at this site; bass will help reduce 
breeding; still removing native turtles 

      

Landholder 3       

Understand bullfrog problem and 

maintain vigilance and bullfrog 
eradication at pond 

  

Landholder 4         
Complete removal of non-natives; 

now maintained for natives 

Landholder 5       
Plans to make pond permanent for non-
native fish but wants to keep bullfrogs 

out; will avoid mosquitofish  

  

Landholder 6       

Revamped pond and now wants to 

exclude bullfrogs and mosquitofish to 

support native species conservation 

  

Landholder 7         

Removed cattails to facilitate 

bullfrog detection / removal in 
anticipation of native species 

colonizing 

Landholder 8       

Will not give up the fishing pond but 

wants to convert smaller pond for 

native species 

  

Landholder 9       

Fish died and now they are convinced 

to not restock; interested in supporting 
native species 

  

Landholder 10   
Large private pond bordering NCA for 

non-native fish; we did not make contact 
      

Landholder 11       
Now wants to rid ranch of bullfrogs 

and mosquitofish 
  

Landholder 12       
Now aware of conservation value and 

connection to benefiting game species  
  



98 

 

Table 14. Environmental values pertaining to native aquatic species conservation among larger landholders in the Empire Valley region. 

  At ONSET of FROG Project * 

  consistently damaging neutral/mix consistently supportive 

Larger 

Landholder  

significant effort or many 

behaviors that damage 

aquatic systems or 

biodiversity 

some effort or 

behaviors that 

damage aquatic 

systems or 

biodiversity 

inconsistently damaging or 

supportive behaviors 

some efforts or behaviors 

that support aquatic 

systems or biodiversity 

significant efforts or many 

behaviors that support aquatic 

systems or biodiversity 

Landholder 13     

Fully cooperative on NCA but 

resistant to cooperate on his 

large private holdings in key 
recovery area 

    

Landholder 14     

Unaware leopard frogs occupied 

Forest Service lands in his 
grazing leases were 

    

Landholder 15 
Stocked and maintained 

large pond with exotics, was 

wary or hostile initially 

        

Landholder 16       
Ramps on water troughs; 

cooperative on leased land 
  

Landholder 17       

Generally supportive of native 
species management and 

livestock-native species 

reconciliation 

  

  At END of FROG Project 

Landholder 13         
Maintaining water at ponds to support 
native frogs, completed SHA, 

strongly supported LCNCA project 

Landholder 14         
Fenced key leopard frog population 
and provided water line from well to 

prevent drying during drought 

Landholder 15* 

(initial negative 

contacts were in 2006; 

improved prior to 2010 

 
      

Maintained large ponds, helped 

removed all exotics, actively 

interested in hosting natives 

Landholder 16         
Embarked on partial funding of frog 
habitat site on ranch and fully 

supportive 

Landholder 17         

Sought help to initiate active frog 

conservation on new ranch in Canelo 

Hills adjoining our project area 
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Our interactions with larger landholders were uniformly positive (Table 14). At the onset of the 

FROG project only 2 of the 5 large landholders in the region showed efforts or behaviors that 

supported aquatic systems or biodiversity. By the end of the project all 5 showed significant 

efforts or many behaviors that support aquatic systems or biodiversity. While not to be taken for 

granted, it would appear that, for ranid frog conservation at least, there is now a widespread 

awareness among many leading ranchers in Arizona that positive reconciliation ecology 

outcomes can be expected. We can only hope that this situation continues and expands 

throughout the regions involved in leopard frog recovery. 

Citizen Outreach 

Outreach to the residents of Elgin and Sonoita will continue to play a crucial role in conservation 

of aquatic species in the region. These communities are located near the head of Cienega Creek 

watershed and their decisions on water conservation and invasive species will determine the 

long-term success or failure of this project. Invasive species inventories and eradication on 

public land is possible through the cooperation of a small set of land managers who all have a 

conservation goal consistent with this project. Private lands constitute a minority in the 

watershed (in terms of land area) but involve over a thousand people, with a similar number in 

Patagonia, in the headwaters of Sonoita Creek just southeast of Sonoita. Ultimately, exotic 

species control must proceed from such headwaters, with wide public support, and progress 

downstream toward completion in any target watershed. In this case, “downstream’ means 

Tucson (and Nogales for Sonoita Creek), where hundreds of thousands of people live, but where 

local government can play a proportionately greater role. 

One key facet of our outreach has focused on allaying fears of the Endangered Species Act that 

often run rampant in rural communities. Our focus on larger landowners has been a great success 

and lays sufficient groundwork for active engagement of smaller, but still major landholders. 

We focused other efforts with youth in the community, and targeted key property owners that 

had large bodies of water and or breeding populations of invasive species. We offered assistance 

in control of problem species and disseminated information to help them better understand the 

problem species as well as the species we are trying to save. We also tabled at local events and 

met with local leaders at a Rotary Club meeting with a presentation about the FROG Project and 

how the community can help. 

We actively participated in major collaborations to further adaptive management of the 

watershed: 

Biological Planning is a collaborative process to implement the flexible management 

prescriptions in the Las Cienegas Resource Management Plan (with emphasis on livestock 

grazing management) using the best available science and with opportunity for meaningful 

stakeholder involvement to reduce conflicts. Frog Project team sits on the Riparian/aquatics 

Technical Team providing expertise in aquatic ecosystem conservation. Technical teams meet 

throughout the year and converge twice a year for onsite meeting/workshops.  
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Figure 34. Key field meetings in which FROG Project participated at Las Cienegas NCA: A 

meeting with ranchers, the interested public, and agencies including Pima County is shown 

above, and with key partners  (from left to right) Cat Crawford (USFWS), Dennis Caldwell 

(FROG Project), Debbie Sebesta (USFS), Jeff Simms (BLM) and Mike Sredl (AGFD) 
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The Coordinated Resource Management Plan is a voluntary natural re-source planning 

process to enhance resource management and resolve resource issues.  

Coordinated planning brings together people who are concerned about the land. Land owners, 

users, resource managers, and other interested parties are teamed together to achieve common 

goals and meet resource needs.  

The Coordinated Resource Management plan recommendations do not override the authority of 

those ultimately responsible for federal, state and private resources. The process is flexible and 

the plans address specific situations and contain practical strategies and recommended actions. 

State of the Watershed is a collaborative workshop held annually by CWP to evaluate the 

management practices adapted on Las Cienegas NCA. 

Scenario Planning is a process to better prepare managers to sustain land health in the face of an 

uncertain future in which climate and other drivers such as agency budgets and regional 

economies may be different than they are today. Las Cienegas Scenario Planning is designed to 

build on long-standing adaptive management and collaboration in and around the Las Cienegas 

National Conservation Area, to involve additional partners from adjacent lands, and to boost our 

ability to anticipate and prepare for changes that we cannot control. 

Sonoita Valley Planning Partnership and Cienega Conservation Council Coalition joint 

meeting is an annual meeting sponsored by CWP to bring stakeholders to the table to discuss 

issues in the watershed. These meetings bring the public in to interface with land managers 

ranchers and scientists. 

We worked with several private homestead owners who had ponds (see Table 13). They assisted 

primarily with non-native species control, and they, and others, will likely be willing in the 

future to host native aquatic species in their waters depending on the status of the Safe Harbor 

Agreement program as mentioned previously. 

Celebrating Agency Cooperation and Collaboration 

We developed cooperative and collaborative working relationships with 69 agencies and groups, 

including 18 major partnerships (Table 15). Extensive working relationships were established 

with Arizona Game and Fish Department, Bureau of Land Management, Coronado National 

Forest, and U.S. Fish & Wildlife Service, and important collaborative work was successfully 

accomplished with all of the major private cattle ranching operations adjoining our core study 

areas at Las Cienegas NCA.  The Frog Project could not have accomplished its goals if not for 

these relationships.  We particularly acknowledge the ranchers Sara Barchas, Doc Clyne, Sam 

Donaldson, and Ian Tomlinson for their help and time spent working with us.  We are grateful 

for the great cooperation between FROG Project and AGFD, and to AGFD for its great time 

investment in help without which we could not have achieved our goals.  Particular thanks go to 

AGFD employees Christina Atkins and Mike Sredl for their time and devotion to ensuring the 

Frog Project succeeded.  Our cooperation with Jeff and Karen Simms of the BLM was rewarding 
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and also of central and key importance: their involvement was pivotal to the development, 

implementation, planning and success of the FROG Project. We also acknowledge the increasing 

and central contributions of Coronado National Forest, in particular of Debbie Sebesta. Efforts 

on behalf of FROG Project by Cat Crawford and Jeff Servoss at USFWS were similarly critical, 

timely, and very much appreciated. 

Table 15. FROG Project cooperators and collaborators, 2009-2013, on the National Fish & Wildlife 

Foundation FROG Project. Major cooperators are in boldface. 

Private Ranches: Clyne Ranch 

 High Haven Ranch 

 Little Outfit Ranch 

 Rose Tree Ranch 

 Thurber Ranch 

 Vera Earl Ranch 

Private Homesteads: Barns Property 

 Dias Ranch 

 Haber Property 

 Kalso Property 

 Lopez Property 

 Scott Property 

 Slattum Ranch 

 Walker Ranch 

Private Corporations: Rosemont Copper 

 Summit Hut 

 Tucson Electric Power Company 

 Westland Resources 

NGOs: Amerind Foundation 

 Antelope Foundation 

 Arizona Land and Water Trust 

 Arizona Zoological Society 

 Audubon Arizona 

 Bats Conservation International 

 Cienega Watershed Partnership 

 Desert Botanical Garden 

 Empire Ranch Foundation 

 Empire-Fagan Coalition 

 Ironwood Tree Experience 

 National Audubon Society Appleton-Whittell Research Ranch 

 Phoenix Zoo 

 Rincon Institute 

 Robinett Rangeland Resources 

 Save the Scenic Santa Ritas 

 Sky Island Alliance 

 Sonoita Valley Planning Partnership 

 Sonoran Desert Museum 

 Sonoran Institute 
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 Southwest Decision Resources 

 The Arizona Nature Conservancy 

 Tucson Herpetological Society 

Public Educational 

Institutions: Arizona State University, School of Life Sciences 

 Cienega High School 

 Empire High School 

 Prescott Community Collage 

 Sonoita Elementary School 

 University of Arizona CLIMAS Center 

 University of Arizona, School of Natural Resources & the Environment 

Government Agencies - 

State: Arizona Game & Fish Department, CAMP Program 

 Arizona Game & Fish Department, Non-game Branch Fisheries Program 

 Arizona Game & Fish Department, Non-game Branch Ranid Frogs Program  

 Arizona Game & Fish Department, Wildlife Managers 

 Arizona Game & Fish Department, Black-tailed Prairie Dog Program 

 Arizona Game and Fish, Mexican Gartersnake Program 

 Arizona Game and Fish, Turtle and Tortoise Program 

 Arizona State Land Department 

Government Agencies - 

Federal: AmeriCorps, Youth Volunteer Corps 2010 

 Bureau of Land Management 

 Coronado National Forest, Nogales Ranger District 

 Coronado National Forest, Sierra Vista Ranger District 

 Natural Resources Conservation Service 

 Saguaro National Park 

 United States Fish & Wildlife Service, Arizona Ecological Service Office 

 United States Fish & Wildlife Service, Partners for Fish & Wildlife Program 

 United States Fish and Wildlife Service, Southwest Region (2) 

Government Agencies - 

County: Cienega Creek Natural Preserve 

 Colossal Cave Mountain Park 

 Pima Association of Governments, Watershed Planning Subcommittee 

 Pima County Office of Conservation Science & Environmental Policy 

 

Educational Outreach and Values Assessments 

Introduction and Overview  

Major threats of invasive species to native biodiversity are rampant throughout southeastern 

Arizona and much of the North American Southwest and American West. In our study region, 

increased rural, suburban, and ranchette development in the Elgin and Sonoita area, at the head 

of the Cienega Creek watershed, intensified and diversified these threats. We therefore put high 

priority on developing public awareness of invasive species issues. We planned to implement a 

backyard habitat or backyard pond project in these communities to meet our project goals, but 

Safe Harbor programs are not yet developed enough to support numerous small, private T&E 

species conservation programs. However, project members have been involved in such projects 
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in the Tucson area, which have proved to be powerful tools for generating community interest 

and support in leopard frog conservation and in dealing with real-life invasive species issues 

within their neighborhoods. In Tucson, we have worked with lowland leopard frogs, a non-

federally listed species, as well as T&E fishes under a grandfathered research permit to 

University of Arizona.  

In the Elgin-Sonoita area, instead, we focused on outreach efforts.  FROG Project produced and 

distributed informational handouts and business cards; and launched a web site 

(https://sites.google.com/site/frogspotsprogram/home) with in-depth information about the 

project, native and non-native species with an identification guide, a kids’ fun page, and a guide 

to designing and maintaining a native species pond. We approached local schools and teachers to 

work with younger members of the Elgin, Sonoita, and Vail communities. This outreach 

facilitates informing people and assists them in becoming advocates for native species with 

family, friends and neighbors, a primary process especially in rural communities.  The web site 

and the printed brochures will continue to work after the end of our project funding. Details of 

our work with local communities are presented here, with attention highlighting the need to 

sustain programs that have grown as a result of our work with numerous and diverse 

collaborators.   

Outreach and Education 

AmeriCorps, Youth Volunteer Corps 2010. This was a group of six youth, ages 9-13, involved 

in 4 days of learning during summer break from school. They learned about aquatic ecosystems 

with a focus on invasive species impacts, visiting both an unnatural golf course wetland and then 

a natural wetland, and made comparisons of plant and animal diversity, and which site was just 

“more fun.” The students were amazed and most had never even seen Cienega Creek, a mere 3 

miles from their school. They submitted a report to golf course managers pointing out species at 

the site (e.g., the bullfrog) that threaten the nearby Lower Cienega Creek County Preserve and 

identified management practices the golf course was incorporating that have helped reduce the 

bullfrog population there. 

Empire High School AP Environmental Science Classes. Empire High School in Vail, one 

of two high schools in our outreach target community contacted us when their Advanced 

Placement Environmental Science class self-identified the importance of riparian areas in arid 

ecosystems. We helped them learn and study the aquatic ecosystems as a contribution to the 

FROG Projects goals of enhancing cattle tanks for native frog and fish habitat.  

These students participated in monthly field trips studying natural wetlands and productive 

leopard frog sites. They compared these productive sites with livestock ponds targeted for 

enhancement, and identified key components and potential problems with the targeted sites. 

Throughout the year they monitored Cottonwood Well Pond and Maternity Well Pond to 

document changes in water quality and macroinvertebrates as these sites were enhanced. The 

https://sites.google.com/site/frogspotsprogram/home
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class also helped build the Road Canyon Tank, with several students volunteering a Saturday to 

help finish the pond. 

The class generated spreadsheets for their data and passed the project along for future classes, 

which have continued where they left off. The second year’s students were involved with 

Cottonwood Well Pond habitat enhancements and have developed a strong sense of stewardship 

for that site. They are currently developing a field guide and key to macroinvertebrates of Las 

Cienegas NCA. Both BLM and the school are very supportive and we hope to find future 

funding to continue. 

 
Figure 35. Conservation involvement of high school students (Empire Gulch Spring, 

left) and youth (Cotton Well, right) in FROG Project educational activities. 

Cienega High School. At Cienega High School, also in Vail, was the second high school on our 

target outreach community. We teamed up with a science class working primarily with special 

need students. This class was working with the USFWS Partners Program and needed guidance 

to build a native pond habitat on campus. We took the students to visit Cienegas Creek to draw 

inspiration, and facilitated acquisition of native plants, fish, and lowland leopard frogs.  

The students also participated in field trips to Las Cienegas NCA, where they learned to identify 

macroinvertebrates and toured Cottonwood Well Pond to learn about habitat enhancement. The 

class embarked in a project to grow native restoration plants in the school’s greenhouse to be 

used at FROG Project sites. These special needs students respond especially well to getting out 

of the confinement of conventional learning and we are seeking funding to continue this work. 

Wild About the Grasslands! Wild about the Grasslands! is the Empire Ranch Foundation’s 

highly acclaimed ecology and Western Heritage Education Program for youth. The Empire 
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Ranch Foundation, in partnership with the BLM Tucson Field Office, provides customized field 

classroom programs for schools, Family Fun Day events, and teen-engaged stewardship 

monitoring projects at the historic Empire Ranch in the heart of Las Cienegas NCA. In summers 

2011 and 2012, FROG Project helped develop riparian monitoring activities to teach kids about 

fish, frogs, and wetland ecology.  

Each summer event consisted of a field day working with high school-aged students to train 

them to mentor younger students. Then the second day, middle school students worked through 

activities with the mentors and the adult group leaders. 

River Pathways. The FROG Project was asked to help collaborate with Audubon Arizona and 

the BLM-Tucson Field Office to develop a curriculum intended to get students outdoors, 

introduce them to Arizona’s native habitats, and build their interest in careers managing public 

lands. The program begins in the classroom, where students learn from five modules focused on 

riparian ecology and resource management. Later, students take a field trip to Sweetwater 

Wetlands Water Treatment Facility in Tucson, where they are trained in monitoring techniques 

used by scientists, followed by a second field trip to the Las Cienegas NCA where selected 

students will get a chance to use what they learned while conducting field studies, alongside 

biologists from the BLM and the FROG Project. Students participating in this second field trip 

have the opportunity to apply for summer internships with Audubon Arizona and BLM staff 

during annual surveys along Cienega Creek.  

Although participating schools come from all over the Tucson area and are not all from our 

outreach target community, River Pathways offers teachers and students an opportunity to bring 

the textbook to life through real-world, on-the-ground experiences, and exposes them to Las 

Cienegas NCA and aquatic conservation efforts. This program is fully funded and poised to 

continue. FROG Project biologists are continuing with River Pathways on a volunteer basis until 

funding becomes available. 

Youth Engaged Stewardship (YES! 2012). YES! Is a project that contributes to Youth Outdoor 

Pathways – a network of organizations concerned with engagement of youth in the outdoors, 

including in the Cienega Creek watershed. Formed in 2011, numerous educational, 

environmental, governmental, and youth organizations, including CWP, are mapping out 

pathways that will lead to significant involvement, advocacy, skills enhancement, and leaders 

among youth in the outdoors. CWP received a grant from AGFD to pilot test a group of teen 

leaders in assessing and managing an area on Las Cienegas NCA.  

The seven students signed up for this program toured and met with biologist working on the 

black-tailed prairie dog reintroduction project, the big sacaton (grass) restoration project and the 

FROG Project, all at the NCA. Their second day involved leadership training and project 

evaluation. At the end of the day, these students chose the FROG Project to be the most 

important project in which they could have the most impact.  

https://sites.google.com/site/youthoutdoorpathways/
https://sites.google.com/site/youthoutdoorpathways/
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Our team worked closely with the students to help identify how their work and funding could 

best tie into our efforts at Cottonwood Pond. We facilitated field days where the students learned 

about the NEPA process and many other intricacies of stewarding site enhancements on public 

lands. The students prioritized projects and budgeted their grant money, deciding to invest in five 

tons of rock to add structural habitat and erosion control to the pond and to support public 

outreach at the site by designing and funding two informative signs at the site. They also learned 

about bureaucracy and the processes required prior to actual on-the-ground conservation 

enhancements. We and our collaborators are continuing this program with YES! in 2013 and are 

currently seeking funding to continue this great program into the future. 

Local Community Events. FROG Project presented informational tables at three major target 

community events: once at Arizona Trails Day in Patagonia, and twice at the annual Empire 

Ranch Roundup. Informational packets and business cards were distributed and a large poster 

was on display. These events averaged about 2,500 people each, and were great networking 

venues in our target community. 

 
Figure 36. Project outreach table, which was manned at numerous events in the 

Empire Valley region. 

One-on-One. By contracting local services and conducting surveys on and around private land 

FROG Project, met and interacted with many residents and ranchers in our target community. 

These contacts evolved into trusted allies spreading the word locally as well as contributing 

materially. In rural culture with widespread mistrust of government, the non-governmental 

FROG Project provided a critical bridge for communication and trust between key private 
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property owners and government managers of land and wildlife. We have observed radical 

improvements, even turnarounds, in several key ranchers in this area and elsewhere in southern 

Arizona. We hope also that our work with government personnel facilitates their grasp of the 

issues and opportunities involved with private participation in aquatic biodiversity protection.  

Rosemont Copper Mine Opposition Events. The local community has developed a number of 

subgroups fighting the threat of a proposed huge, open-pit copper mine affecting leopard frog 

recovery areas in the Santa Rita Mountains in our study region. These groups help generate 

conservation awareness in the area and we have assisted them whenever possible. 

Additional Outreach. There have been many other outreach efforts and opportunities during our 

three-year project, including community forums, meetings, high school career days, school 

lecture series, Rotary Club meetings, and scientific events like the annual Science on the Sonoita 

Plane. In all we have attended almost 30 events and have potentially reached over 8,000 people. 

Values Assessment 

Introduction and Methods Narrative. In order to assess the impact of citizen engagement  

(“citizen science”) of the FROG Project conservation program on societal environmental values, 

we tested local high school students at Empire High School in Vail, Arizona with a validated 

environmental values/attitudes questionnaire—the Bogner and Wiseman’s (2006) two-

dimensional model of ecological values (or 2-MEV).  This model for assessing environmental 

attitudes consists of two higher-order factors (or orthogonal dimensions): PRESERVATION 

(intent of support, care with resources, enjoyment of nature) and UTILIZATION (altering nature, 

human dominance/priority). Both factors are measured by 10 questionnaire items on a five-point 

Likert scale (ranging from ‘strongly disagree’ to ‘strongly agree’, with a neutral ‘neither agree 

nor disagree’ in the middle). A sample item for the PRESERVATION factor of environmental 

attitudes is “We must set aside areas to protect endangered species” (see Table 16). A sample 

item for the UTILIZATION factor of environmental attitudes is “Humans have the right to 

change nature as they see fit.” 

Students enrolled in Advanced Placement-Environmental Sciences (N=19), where they 

conducted monthly fieldwork with FROG Project personnel, were compared to two other classes 

as controls (non-science class – Art, N=22; and a biological science class – Anatomy, N=29). 

We administered the 2-MEV questionnaire at the beginning and end of the academic year, in 

August 2011 and May 2012.   

Values Assessment Results. Results illustrated in Figure 37 showed that, as expected, the 

Environmental Science students began the academic year with PRESERVATION value-scores 

that were statistically significantly higher than those in the Anatomy class, but not, as was 

expected, significantly different than Art class students.  We expected that Environmental 

Science students might show higher PRESERVATION values because the environmental class 

likely tended to be self-selected by students who already had such values. Pre-existing similarity 

between Environmental Science and Art students may not be entirely unexpected, insofar as 
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social metrics have associated authoritarian/right-wing personalities with conservative attitudes 

toward nature conservation (Wiseman et al. 2012, and therein). Conversely, individuals with 

egalitarian/left-wing proclivities with high openness and artistic personalities seem to be 

associated with liberal environmental conservation values. 

Table 16. Environmental values/attitudes questionnaire from Bogner and Wiseman 

(2006). Items are listed in order of highest to lowest value-scores for students in 

Advanced Placement-Environmental Sciences at the end of the academic year. 

PRESERVATION (intent of support, care with resources, enjoyment of nature) 

I enjoy trips to the countryside. 

I save water by taking a shower instead of a bath (in order to spare water) 

We must set aside areas to protect endangered species. 

I always switch the light off when I don't need it. 

It is interesting to know what kinds of creatures live in ponds or rivers. 

Sitting at the edge of a pond, watching dragonflies in flight, is enjoyable. 

It upsets me to see the countryside taken over by building sites. 

Dirty industrial smoke from chimneys makes me angry. 

Humankind will die out if we don't live in tune with nature 

Society will continue to solve even the biggest environmental problems. 
 

UTILIZATION (altering nature, human dominance/priority) 

Nature is always able to restore itself. 

Only plants and animals of economical importance need to be protected. 

People worry too much about pollution. 

We need to clear forests in order to grow crops 

We must build more roads so people can travel to the countryside. 

Humans have the right to change nature as they see it. 

Human beings are more important than other creatures. 

Our planet has unlimited resources. 

We should remove garden weeds to help beautiful flowers grow. 

Worrying about the environment often holds up development projects. 

Likewise as expected, the Environmental Science students began the academic year with 

UTILIZATION value-scores statistically significantly lower than both their Art and Anatomy 

classmates. Thus, initial (“PRE”) conditions were essentially as expected and well in line with 

our understanding of the social conditions involved. 

At the end of the academic year, the Environmental Science students showed a statistically 

significant increase in PRESERVATION values (despite starting high at the onset), as expected.  

Surprisingly, however, both other classes (Art and Anatomy) also showed a significant increase 

in PRESERVATION values/attitudes—a result that needs further exploration with the teachers 

and students.  
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Table 17. Environmental values assessment findings expectations and results for students 

at Empire High School, Vail, Arizona. 

 

SCORES REFLECTING “PRESERVATION”-VALUES 

Expected: Environmental Science (ES) students start with  greater PRESERVATON values 

scores compared to Art and Anatomy (non-ES) students 

Results: 

Expected Finding 1: PRESERVATION values scores are higher  at PRE-academic year 

course for ES  than non-ES students 

Unexpected Finding 1: PRESERVATION same at PRE-course  for ES and (non-science) Art 

Unexpected Finding 2: In all classes studied, students’ PRESERVATION value scores went 

up significantly in pre- vs. post-academic year course tests. Is this just a matter of 

expectation? ES least increase, Art next then Anatomy had greatest increase. 

Expected Finding 2: ES showed small but significant change in pre- and post-course 

PRESERVATION values (they were self-selected high and stayed high) 

 

SCORES REFLECTING “UTILIZATION”-VALUES 

Expected: Environmental Science students start with  lower UTILIZATION values scores 

compared to Art and Anatomy students 

Expected Finding 3: UTILIZATION values scores were much lower at PRE-course for ES  

then general biology (Anatomy) course students 

Unexpected Finding 3: UTILIZATION were lower (but not significantly)  at PRE-course for 

ES students than Art students 

Unexpected Finding 4: No matter what class, student scores went up significantly in 

UTILIZATION from PRE- to POST-course 

 Unexpected Finding 5: ES student scores increased massively in UTILIZATION compared 

to students in non-ES classes 

 This is counter to what has been observed elsewhere – e.g., environmental knowledge correlated 

negatively with utilization attitudes. So we expected the Environmental Science students that 

have high environmental knowledge should score low on UTILIZATION, and, most notably, to 

have increased most in PRESERVATION- and decreased in UTILIZATION-values scores. 

 Parallel trends in change among all classes suggests either student communication across class 

subjects (outside of class) or parallel values changes imparted via experiences in all classes or 

across wider social milieu. 

 Increases in UTILIZATION-values and PRESERVATION-values, which are elsewhere found (and 

expected) to correlate and respond inversely rather than together, suggest unexpected dynamic. 

 Largest increase in UTILIZATION-values seen in students successfully engaged in conservation 

action (ES students) suggests active management changes conventionally expected correlation of 

pro-conservation mores with passive approach to “nature”. 
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More surprising still, however, was the change in the UTILIZATION values: all three classes 

showed increases, and, most strikingly, the Environmental Sciences students showed the most 

dramatic UTILIZATION values-scores increase over the course of the academic year. The Art 

and Anatomy students showed more modest (though still statistically significant) increase in 

UTILIZATION value-scores. This dramatic increase over the academic year for the 

Environmental Science students in UTILIZATION is directly counter to expectation and has not 

been previously reported 

For example, a study of Flemish eco-schools showed environmental knowledge to increase with 

eco-friendly education and such knowledge to be correlated negatively to UTILIZATION 

attitudes (Boeve-de Pauw & Van Petegem, 2011). This would lead one to expect the AP 

Environmental Science students, 

who acquired new 

environmental knowledge, 

would have shown reduced 

values-score for UTILIZATION 

after the course, just the 

opposite of the results we got. 

 

Figure 37. Illustration of 

changes in environmental 

value-scores of students at 

Empire High School 

before and after exposure 

of an environmental 

science class to 

participation in the FROG 

Project. 

The dramatic increase over the academic year in UTILIZATION for the Environmental Science 

students may reflect their exposure in the class/field to stewardship activities and to human 

management of the environment.  Perhaps the experience of having to “change nature” for the 

good of an endangered species had an impact on the students’ environmental values. Normally 

UTILIZATION is seen as an environmentally antagonistic value, but these results suggest that it 

may also reflect a human stewardship/management perspective rather than a human dominion 

perspective.  

Discussion and Philosophy. This unexpected result reflects the philosophy underlying the 

FROG Project’s approach to conservation practice and is related to certain problems with 

practicing the ideas of the “radical center” (Halstead and Lind 2001). We worked to actively 

manipulate “nature”, which has already been strongly impacted by previous anthropogenic 

changes. To do so, we engage the understanding of, and we understand the needs of, diverse 
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rural and urban personalities and communities, in context of which conservation biology is 

practiced. This can be called a radical centrist approach contrasted with the often acrimonious 

Left-Right divide in recent US politics (Figure 38). 

 

Figure 38. Diagram of 

conservation values 

domains. The FROG 

Project strives to practice 

and promote “radical 

centrist” conservation 

values. 

Personality plays a central 

role in this liberal-

conservative divide (Lakoff 

1996, 2002) and more 

generally in ideology (Jost et 

al. 2008), including liberal 

and conservative ideologies. 

Mooney (2012) used these 

dichotomies to explain how 

the US Republican Party misuses science for political gain. At the same time, however, Mooney 

notes that, contrary to liberal ideology, “authoritarian” (as contraposed to “egalitarian”) 

personality traits have positive practical value, including for understanding liberals, if not for the 

grasp and acceptance of science-based change. 

Similar dichotomous social forces plague conservation biology and environmentalism. Urban-

rural non-understanding set ranchers against conservationists (and vice versa) for several 

decades, contributing to broader societal and political antagonisms. This has pushed ranchers in 

particular toward hostility and mistrust of conservation, for both personality and economic 

reasons.  

FROG Project practice recognizes that conventional liberal environmentalism can be both 

unrealistic and unproductive. In aquatic species conservation, scientific results weigh heavily 

against non-native species, not against ranching; after nearly two decades of conservation 

practice these issues have become increasing well recognized. More broadly, ranching is far less 

a problem than urbanization, other massive forms of habitat destruction or modification, non-

native species introductions, and climate change. Urban liberals may still be internalizing these 

scientific realities, and meanwhile, they have, until recently, done little to reconcile mainstream 

human economic activities with biodiversity conservation – including in urbanized as well as 

more rural settings. 

Exposure of the Environmental Science students, via FROG Project, to conservation-friendly 

ranchers and ranching practices, to scientifically based active management, and to the need to 
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eliminate problematic non-native frogs may have combined to challenge conventional liberal 

attitudes regarding personality and related human geography. This would account for the 

increases in both PRESERVATION and UTILIZATION value-scores. The breadth of the change 

across course types at Empire High School may be accounted for by cultural diffusion of the 

practical centrist approach experienced in the field by teachers and students, and persistently 

shared by the students via web-based media. Further study would be required to defend or 

evaluate this hypothesis. 

The FROG Project approach shows a similar, clearer but anecdotal tendency among our 

cooperators in the field. Key area ranchers, and others across southeastern Arizona, have become 

active participants in ranid frog conservation. Some, including in our study region, have made 

radical shifts from aggressive mistrust to active and productive collaboration. While we 

attempted to mediate between ranchers’ needs and governmental propositions, these ranchers 

have also facilitated discussion between us and agency personnel in certain important situations.  

While “anecdotal”, these are the extreme cases that clearly represent a deeper and more 

extensive change. The big problem we face – the proliferation aquatic exotics populations on 

smaller properties – is most difficult not because the conservation idea and approach are faulty. 

The difficulties stem from: (1) the sheer number of new owners of small landholdings; (2) the 

difficulty of even contacting some of these owners who, in some cases, still project the liberal-

conservative conflict onto biodiversity conservation; and (3) the continuing inability of 

conservation authorities to recognize and respond appropriately to the critical relationships 

involving – in particular – the need to eliminate harmful non-natives and the required access of 

private owners to native replacement species. As noted elsewhere in this report, we have had no 

shortage of volunteers among the landowning public, many of whom are still waiting for native 

species after assisting with creation of exotics-free waters. 

Lessons Learned: 

 Assessment of the impact of “citizen science” efforts on environmental values that don’t 

distinguish between PRESERVATION values (Intent of Support, Care with Resources, 

Enjoyment of Nature) and UTILIZATION values (Altering Nature, Human 

dominance/priority) may get confusing and/or misleading results. 

 Citizen science seems to increase PRESERVATION values, even in those that already 

hold high PRESERVATION values. 

 Citizen science that includes hands-on environmental management experiences may 

increase the UTILIZATION values, reflecting a human stewardship/management 

perspective of nature rather than a human dominion perspective. 
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SYNTHESIS: PROJECT STATUS, ONGOING WORK, AND 

RECOMMENDATIONS 

The conservation work and research described in this report have roots in the mid-1980’s when 

an apparently healthy population of Mexican gartersnakes were found with native leopard frogs, 

Gila chubs, topminnows, and longfin dace in the intact cienega-stream environments of Empire 

Valley in Cienega Creek (Rosen and Schwalbe 1988). Monitoring and research in this 

assemblage accelerated in the mid-1990’s as declines of the gartersnake and leopard frog species 

continued, with a focus on disease in frogs (Bradley et al. 2002) in 1997-1999 leading to the 

Southern Arizona Winter Amphibian Monitoring Program (SAWAMP; Sredl and Caldwell 

2000). Bullfrog control and intensive survey and monitoring began in 2002-2003 (Rosen and 

Caldwell 2004), leading to investigations of predator-prey relationships (Adams 1999, 2000; 

Adams et al. 2003) underlying the relative success of bullfrogs versus leopard frogs under varied 

environmental conditions (Kahrs 2009). While the focus of much of this work was in Cienega 

Creek, both at Las Cienegas NCA and the Cienega Creek Natural Preserve in lowermost desert 

reach of the creek, surveys in Santa Rita Mountains related to declines of the Tarahumara Frog 

(Hale et al. 1995, 2005) and Chiricahua leopard frog (Sredl and Howland 1995; Sredl 1997) laid 

a foundational data basis from 1973-2009 for the broader regional project. Other work in 

southeastern Arizona established bases for bullfrog control (Kahrs 2009; Rosen and Schwalbe 

2002a, and therein), leopard frog disease resistance (Forest and Schlaepfer 2011; Savage and 

Zamudio 2011; Savage et al. 2011; Schlaepfer et al. 2007), the importance of livestock waters for 

frog conservation (Rosen and Schwalbe 1998; Sredl and Saylor 1998; USFWS 2002), and the 

potential for landscape-level success of Chiricahua leopard frog recovery in stock ponds 

(USFWS 2012). The FROG Project work during 2010-2013 is an interim culmination of this and 

other work that has been done locally and that has created the foundation for such an ambitious, 

multi-habitat, large-landscape, causality-based project. 

To date, primary project accomplishments are: 

 Exhaustive inventory and monitoring of aquatic species in the 444+ mi
2
 study region 

 Nearly complete or complete eradication of bullfrogs and crayfish from Empire Valley 

 Protection of Santa Rita Mountains populations of the Chiricahua leopard frog from 

drought 

 Augmentation of Chiricahua leopard frog populations in Santa Rita Mountains 

 Enhancement of pond habitat for the Chiricahua leopard frog in the terrain surrounding 

the Cienega Creek Headwaters reach 

 Propagation and release of Chiricahua leopard frogs in enhanced pond habitat in Empire 

Valley 

 Utilization of thermal habitat characteristics to select Chiricahua leopard frog habitat 
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 Establishment of breeding populations of Chiricahua leopard frogs in Cienega Creek and 

surrounding enhanced pond habitat 

 Strengthening of inter-agency collaboration for aquatic species conservation, especially 

among Arizona Game and Fish Department, Bureau of Land Management, Coronado 

National Forest, U.S. Fish and Wildlife Service, and University of Arizona 

 Extensive outreach and education to the public, including local residents, schools, and 

NGO’s 

 Solidification of rancher-conservationist collaboration for frog conservation 

Yet the fact remains that each of these accomplishments are, in greater or lesser degree, works in 

progress. Ongoing work primarily by AGFD, BLM, and FROG Project, which represents the 

recommendation for elements of project continuation, calls for: 

 Monitoring of short- and medium-term progress of: 

o Reintroduced, augmented, and naturally established populations of the Chiricahua 

leopard frog 

o Epidemiology of leopard frogs in relation to habitat temperature, population 

density, genetics, and frog skin microbial communities 

o Infiltration of exotic species, especially bullfrogs, into the buffer zone, and 

removal of those that appear 

o Reintroduced and naturally occurring Mexican gartersnakes in Cienega Creek 

 Monitoring to ensure that bullfrog and crayfish eradication is complete, with additional 

removals if necessary. 

 Completion of outstanding habitat enhancement construction and establishment of native 

fishes in additional locations that have been made ready for them 

 Collection of Chiricahua leopard frogs from newly established populations for stocking 

and augmentation of enhanced habitat 

 Building on and continuing public outreach, particularly: 

o Educational outreach programs for students 

o Safe Harbor Agreements and engagement of ranch and ranchette landowners, 

especially those with waters that may harbor exotic species 

o Continued support for and collaboration with major area ranchers in whose stock 

ponds much of the recovery of the Chiricahua leopard frog is occurring 

 Focus on research related directly to successful leopard frog recovery: 

o Thermal regimes and disease resistance 

o Genetics and microbial relationships to disease resistance 

o Population dynamics and infection status 

o Dispersal and metapopulation function 

It may seem inevitable that researchers and other practitioners in conservation biology could call 

for continuation of these programs, particularly as we approach the goals set out for Recovery 

Unit 2 in the Chiricahua Leopard Frog Recovery Plan (USFWS 2007). We emphasize that: 
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 Disease mitigation in frogs, locally and globally, remains a work in progress based on 

rapidly advancing research, with uncertain outcomes that are pivotal for species recovery, 

locally and globally 

 Metapopulation dynamics, including in native and exotic species, and including natural 

human-mediate dispersal, are poorly understood and are likely to be understood primarily 

in context of active conservation and management programs 

 Recovery as defined by federal programs is only a minimum for preventing species 

extinction, not for restoring key ecosystem roles for species: species under consideration 

for federal listing, in this project notably the Mexican gartersnake, require more than the 

legally mandated leopard frog recovery for their own recovery 

 Sustainability of the gains of the FROG Project, and other projects involving leopard 

frogs, as well as protection of native fish species in the region, requires: 

1) Advancing exotic species control into currently problematic areas that threaten 

reinvasion of conservation areas, and  

2) Extension and expansion of successfully initiated public-private educational and 

collaboration programs that will stem the human-mediated dispersal of exotics and 

positively engage a wider public in the enjoyment and products of conservation 

activities. 
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PROJECT PROPOSAL OUTCOMES ACHIEVED 

We itemized an extensive set of specific targets (in boldface) in our project proposal, which have 

been accomplished as follows: 

6. Increase number of known Chiricahua leopard frog breeding sites in the watershed from 

the 2 known to 10: As of this writing, we have recorded breeding at 11 population sites, and 

breeding expected at 4 or more new sites this fall. 

7. Increase number of exotics-free Chiricahua leopard frog breeding sites from 2 to 10: All 14 

breeding sites established, and expected in 2013, are free of exotic species. 

8. Increase number of warm sites (to reduce disease mortality) from 2 to 7: Based on provision 

of relatively warm well water or establishment at sites with relatively constant-temperature well 

water at sites outside the coldest bottomland waters of Cienega Creek, there are currently 10 

relatively warm sites with Chiricahua leopard frogs. 

9. Increase number of sites with controlled perennial water from 0 to 5: Currently there are 7 

Chiricahua leopard frog sites with wells, two newly supplied with water lines, and one additional 

site with a liner to enhance water permanence. Two more sites are ready for completion and frog 

establishment later this year or next. 

10. Increase number of private ponds with native species from 0 to greater than 3: Chiricahua 

leopard frogs have been found or are being introduced at 3+ sites: two private ponds, one Pima 

County-owned pond, and in new sites leased for cattle ranching.   

10. Increase number of robust populations (as specified in USFWS Chiricahua leopard frog 

recovery plan) from 1 to > 2: There are currently 4 robust populations in the project area, with 

2 more expected to qualify as robust this year based on ongoing rapid increases in numbers of 

frogs and egg masses.  

11. Increase number of private ponds participating in project from 0 to 10: Eleven private 

owners comprising a total of 15 ponds and pools have been participating in the project. This 

includes two ranches and one ranchette, including one large ranch that now has a Safe Harbor 

Agreement due to our work assisting Arizona Game and Fish Department. However, our 

planned implementation of wider participation of smaller landowners was limited by 

unanticipated limits on of using Safe Harbor Agreements with numerous smaller landholders. 

12. Increase percentage of community placing high value on their conservation awareness 

25% to 50%: We focused first on working closely with the principal area ranchers and larger 

ranchette landowners. Our previous contact was important in the outcome: all of the major cattle 

ranches surrounding Las Cienegas NCA cooperated actively with frog conservation programs. 

We also established active participation of two larger ranchette and some smaller ranch 

landholders. Through a high school program, we measured an increase in youth awareness and 

understanding of native aquatic species management: two aspects of these results were 

particularly interesting. First, environmental values awareness increased in the most involved 

class, which was self-selected for environmental interest, but increased more in the “control” 

classes we surveyed. Second, values changed from a conventional leave-it-alone paradigm to a 

more radical centrist paradigm of active engagement with management. 

13. Increase residential citizens volunteering to take native aquatic species from 0 to 5: Four 

private residential citizens have accepted or are in process of accepting Chiricahua leopard frogs, 

and 7 others, with smaller holdings, have expressed strong interest in obtaining native aquatic 

species. The expense of administering Safe Harbor Agreements for multiple small landholders 

limited our ability to complete as much of this task as we planned.  
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DISSEMINATION 
Throughout the FROG Project we have reached out and developed partnerships with the many 

different governmental and non-governmental entities as well as the local residents and ranchers. 

We have exchanged ideas, shared information and collaborated with these partners, and 

facilitated conservation agreements as a third party liaison. This report is a culmination of 11 

years of work in the area combining recent research with our previous work, as well historical 

data and field notes from earlier workers. We present a detailed and updated synthesis of our 

understanding of landscape-wide status of aquatic amphibians and reptiles we studied in our 

study region. This report should help guide similar recovery efforts elsewhere. 

Our website remains within the top for hits under “frog conservation” on Google search engines 

and is targeted to all audiences to make technical information easily understood. This 

information can be maintained with minimal effort to continue serving its purpose even after the 

completion of our work on the ground. 

Our communication with diverse stakeholders(for example, ranchers, rangeland ecologist and 

prairie dog researchers) in the region is facilitated at twice-yearly Biological Planning meeting 

for BLM’s Resource Management Guide process for Las Cienegas NCA. Within this biological 

planning process we also attended meetings of the Riparian Team Subcommittee and we 

participated in developing the NCA’s Comprehensive Resource Management Plan. 

We are on the USFWS Chiricahua Leopard Frog Recovery Team, and Southeastern Arizona and 

Southwestern New Mexico Chiricahua Leopard Frog Recovery Steering Committee, as well as in 

local recovery groups for Recovery Units 1 and 2 in the Recovery Plan. Members of our team 

have played a major role over the past 13 years in the development of the Chiricahua Leopard 

Frog Recovery Plan. 

We worked closely with an area school on a campus wetland project and related curriculum. The 

students also are helping manage their own reserve populations of native plants, fish and frogs. 

We continue to teach aquatic species ecology and management to school groups.  

Each year we participate in Cienega Watershed Partnership’s State of the Watershed Workshop, 

where we share updates on our progress and knowledge of aquatic ecosystems with land 

managers, scientist and ranchers. In addition each year we participate in a CWP-hosted board 

reception and the annual Sonoita Valley Planning Partnership meeting, where residents meet and 

talk with land managers and researchers. 

In Tucson we presented to the Tucson Herpetological Society and to a Pima Association of 

Governments-sponsored forum of city and county professionals focused on conservation issues 

within the larger watershed. 

On the academic side, we presented at three scientific venues: Science on the Sonoita Plain 

(2010), Current Research on Herpetofauna of the Sonoran Desert V (2011), and World Congress 

of Herpetology (2012). With the culmination of this report, we will be equipped to present our 

findings at future symposia venues. 
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Appendix I. Interpretive signs at FROG Project sites at Las Cienegas National Conservation Area 
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Appendix II. Coordinates of Non-Native Species Sites in the Empire Valley Region 
Coordinates are UTM zone 12N, datum WGS84. See text and tables for details. 

 

Species/Site Name Easting Northing 

Fishes (see Table ) 
  Apache Spring 523908 3509413 

Babocomari House Pond 552030 3499646 
Canelo Pass 541890 3486096 
Duck Tank 531078 3537449 
Fish Tank 530065 3524181 
Foster Ranch 530748 3510536 
Gearson Pond 529954 3511398 
Haber Koi Pond 529575 3511515 
Haber Pond 529561 3511528 
Homestead Lane Pond 543943 3503107 
Hospital Tank 546937 3512412 
Jack Daniels Dam 547986 3505157 
Kalso Pond 541306 3505838 
Masek Pond 534313 3509085 
Ryan Tank 541355 3504381 
Slattum Pond 540586 3505264 
Sposito Pond 534459 3511728 
Star Pond 537703 3503980 
Sweetwater Dam 519214 3508786 
T4 Spring 549731 3500192 
The Lake 529190 3530656 
Twin Tanks - Davidson 531487 3530715 
unnamed tank 19 540899 3482879 

Orconectes virilis 
  Clyne Pond 546744 3514421 

Clyne Spring 547043 3514892 
T4 Spring 549731 3500192 

Rana catesbeiana 
  Babocomari Cienega 551202 3499814 

Babocomari House Pond 552030 3499646 
Barnes Pond 541630 3504463 
Bedrock Pool 1 540273 3484955 
Bedrock Pools 2 540806 3483610 
Cienega Cr, Empire (unspecified) 539651 3521523 
Cienega Cr, Headwaters reach 538974 3517102 
Cienega Cr, lower Cinco bottoms 539389 3517437 
Clyne Pond 546735 3514435 
Gringo Tank 521625 3495397 
Homested Pond 543943 3503107 
Hospital Tank 546937 3512412 
Jack Daniels Dam 547986 3505157 
Kalso Pond 541306 3505838 
Little Outfit Ranch Pond 540785 3484115 
Road Tank 559937 3507928 
Ryan Tank 541355 3504395 
Slattum 540586 3505264 
 Sue's Pond 547691 3514092 
Sue's Pool 547408 3514061 
T4 Spring 549747 3500233 
unnamed tank 19 540899 3482879 
unnamed tank 2 552922 3508356 
unnamed tank 20 541602 3483043 
unnamed tank 21 542161 3483936 
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Appendix III.  Bullfrog buffer zone survey site locations in Empire Valley region 
Coordinates are UTM zone 12N, datum WGS84. See text and figures for details. 

 

Designated Site Name UTM Zone Easting Northing 

BZ#1 12N 542477 3508958 

BZ#2 12N 542314 3509152 

BZ#3 12N 544503 3509719 

BZ#4 12N 541469 3508222 

BZ#5 12N 538377 3505886 

BZ#6 12N 537926 3505018 

BZ#7 12N 540445 3507108 

BZ#8 12N 536214 3506957 

BZ#9 12N 546687 3510022 

BZ#10 12N 552911 3508378 

BZ#11 12N 552053 3509064 
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Appendix IV.  Survey site locations in FROG Project study region, subdivided by sub-region and area 
Coordinates are UTM zone 12N, datum WGS84. Values in table are number of instances in which observations of a higher taxon of animal was observed at a site during 

2010-2013 (as of May 2013). Localities in Santa Catalina-Rincon mountains visited by FROG Project personnel under separate funding are included. 

 

  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Babocomari Ranch                       

Babocomari Cienega 551180 3499767 4584 2 

    

1 

 

3 

Babocomari House Pond 552030 3499646 4556 1 1 

     

2 

T4 Spring 549736 3500205 4612 2 1 1 

    

4 

Canelo Hills                       

Hay-Vaughn Cyn 

           unnamed 11 537707 3495299 5175 

      

1 1 

unnamed 12 537494 3495661 5191 

      

1 1 

Papago Spring 

           Barnhill's Tank 533379 3500111 5096 

      

1 1 

Cove Tank 534077 3495414 5374 

      

2 2 

Coyote Tank 534820 3493419 5460 

      

1 1 

Dark Tank 532532 3495687 5324 

      

1 1 

Donaldson house pond 537295 3493666 5243 

      

1 1 

Double Tank (Oleary) 535934 3496678 5222 2 

     

3 5 

Dry Tank 534449 3494128 5430 

      

1 1 

Frazer Ranch tank 537647 3496669 5107 

      

1 1 

Oleary Tank 535404 3495443 5299 

      

2 2 

Papago Spring 534640 3497141 5147 

      

1 1 

Papago Tank 535337 3497560 5086 

      

1 1 

Roads, YET 538827 3508537 

     

1 

  

1 

Sabino Tank 536573 3495701 5233 

      

1 1 

unnamed 1 533632 3498963 5176 

      

1 1 

unnamed 10 537640 3497189 5151 

      

1 1 

unnamed 2 534935 3498003 5128 

      

1 1 

unnamed 30 534385 3497210 5224 

      

1 1 

West Tank (Canelo Hills) 535471 3493308 5384 

      

1 1 

Willow Tank 533202 3496193 5336 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

San Raphael-Canelo Pass 

           Bedrock Pool 1 540273 3484955 na 1 

      

1 

Bedrock Pools 2 540806 3483610 na 1 

      

1 

Canelo Pass 541890 3486096 na 1 1 

     

2 

Little Outfit Ranch Pond 540785 3484115 na 1 

      

1 

unnamed tank 19 540899 3482879 na 1 1 

     

2 

unnamed tank 20 541602 3483043 na 1 

      

1 

unnamed tank 21 542161 3483936 na 1 

      

1 

County Preserve                       

Cien Cr, Clay Mine Ponds 535825 3541952 

 

1 

      

1 

Cien Cr, Horseshoe Bend site 534721 3542292 3378 14 

      

14 

Elgin-Sonoita                       

Curly Horse-Yucca Ash 

           Curly tank 534808 3501795 4912 

      

1 1 

Johnson Reservoir 537229 3510671 4617 

      

3 3 

Little Johnson tank 537972 3510959 4583 1 

     

1 2 

Masek Pond 534313 3509085 4714 

 

6 

     

6 

Regge Tank 535701 3512284 4592 2 

     

1 3 

unnamed 28 Smith Cyn 536686 3509689 4688 

      

1 1 

unnamed 29 Smith Cyn 537469 3508619 4646 

      

1 1 

Walker Pond 534325 3507194 4761 2 

      

2 

Elgin 

           Barnes Pond 541630 3504463 4800 5 

      

5 

Homested Pond 543943 3503107 na 1 

      

1 

Kalso Pond 541306 3505838 na 2 

      

2 

Slattum 540586 3505264 na 1 

      

1 

Elgin/Sonoita 

           Davis Home Well 537736 3504931 4799 

      

1 1 

Dry Tank 2 536936 3506309 4729 

      

1 1 

unnamed 3 533925 3503514 4846 

      

1 1 

Upper Babocomari-Elgin 

           Elgin bridge pools 544503 3509703 4870 

      

1 1 

Encinos Trap no 1 537817 3498579 5069 

      

1 1 

Encinos Trap no 2 537662 3498477 5083 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Mill Tank 545392 3506202 4870 

      

2 2 

Ryan Tank 541355 3504386 4802 2 3 

     

5 

Star Pond 537703 3503980 4862 

 

3 

     

3 

unnamed 36 544169 3506018 4802 

      

1 1 

unnamed 37 544047 3506693 4800 1 

      

1 

unnamed 5 544066 3506787 4800 

      

1 1 

unnamed 51 544398 3509036 4862 

      

1 1 

unnamed 52 537014 3497945 5125 

      

1 1 

unnamed 53 541107 3499873 4892 

      

1 1 

unnamed 54 542897 3500389 4886 

      

1 1 

unnamed 55 541812 3500894 4869 

      

1 1 

unnamed 6 545066 3507208 4885 

      

1 1 

unnamed 61 540344 3499588 4944 

      

1 1 

unnamed 7 543992 3505107 4767 

      

1 1 

unnamed 8 547715 3505333 4792 

      

1 1 

unnamed 9 543671 3505642 4800 

      

1 1 

West End No 1 538662 3501170 4964 

      

1 1 

West End No 2 539459 3500919 4960 

      

1 1 

Upper Cienega Cr-Elgin 

           Beck Tank 536215 3506935 4699 

      

1 1 

Cow Tanks 535446 3506781 4715 

      

1 1 

Davis Home Tank 537908 3505033 4918 

      

1 1 

Davis Well 540466 3507121 4754 

      

1 1 

Harness Tank 542486 3508953 4798 

      

1 1 

Railroad Tank 534614 3504671 4790 

      

1 1 

Reeves Tank 538372 3505881 4754 

      

1 1 

unnamed 43 536449 3503106 4830 

      

1 1 

Empire Mts                       

Davidson Cyn 

           Big Pond 533965 3524713 4645 

      

1 1 

Duck Tank 531078 3537449 3619 

 

1 

     

1 

Landing Strip Tank 533636 3524943 4666 

      

1 1 

Missile Tank 531576 3535867 3705 

      

1 1 

Mountain View Tank 531829 3539190 3559 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

The Lake 529190 3530656 4200 

 

1 

     

1 

Twin Tanks - Davidson 531487 3530715 4016 

 

2 

     

2 

unnamed 56 529247 3529354 4271 

      

1 1 

unnamed 57 530930 3529427 4080 

      

1 1 

unnamed 58 532144 3532871 3896 

      

1 1 

unnamed 59 532678 3533570 3848 

      

1 1 

SW end of Empire Mts 

           Fish Tank 530065 3524181 4396 

 

2 

     

2 

Well Tank 530428 3523667 4200 

 

1 

     

1 

LCNCA                       

Cienega Cr 

           unnamed ("guzzler") 538765 3508296 4619 

      

1 1 

unnamed 33 539084 3509161 4616 

      

1 1 

unnamed 4 538944 3515017 4465 

      

1 1 

Cienega Cr, Empire Valley 

           Cienega Cr, Cienega Ranch reach 538962 3521006 4301 

      

2 2 

Cienega Cr, Empire (unspecified) 539515 3520271 

 

5 6 

 

1 9 4 6 31 

Cienega Cr, Headwaters reach 538972 3517073 4407 1229 6 

 

1 9 3 2 1250 

Cienega Cr, lower Cinco bottoms 539371 3517513 4398 8 1 

   

1 2 12 

Cienega Cr, lower Empire bottoms 538691 3518700 4352 

      

1 1 

Cienega Cr, Mattie Cyn  reach 540143 3524457 4201 7 2 

 

4 

 

5 1 19 

Cienega Cr, Narrows reach 541998 3527831 

  

3 

 

1 2 1 

 

7 

Frog Tank 540520 3524753 

    

1 

   

1 

Cinco Well 

           Cinco Well 540537 3516527 4539 1 

      

1 

Curly Horse-Yucca Ash 

           Bellota Tanks 532227 3512913 4744 

      

1 1 

Empire (upper) - Los Posos 

           Empire Well 530141 3516374 4810 3 

      

3 

Maternity Well 531749 3514096 4725 21 

  

4 1 

 

2 28 

Empire Ranch 

           Empire Gulch Spring 534169 3516967 4558 24 1 

 

1 

 

1 

 

27 

Ranarium 533916 3516862 4606 25 

  

3 

  

1 29 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

lower Empire Gulch 

           Rattlesnake Tank 538322 3518181 4391 

      

1 1 

North Cyn 

           Andrada Tank 531843 3519662 4798 

      

1 1 

Diamond A Mill 537179 3521387 4437 

      

1 1 

Enzenberg North Well 537952 3521298 4376 

      

1 1 

Oil Well-Gaucho 

           Cottonwood Well 535996 3514091 4532 3 

     

3 6 

Gaucho Well 537357 3513959 4521 

    

1 1 

 

2 

Gaucho Well 537429 3513983 4521 

   

1 

   

1 

Hummel Tank 538711 3512931 4521 2 

      

2 

Oil Well Tank 537999 3514168 4498 2 

    

2 5 9 

Redington Pass                       

Red Tank 2 (Cat-Rinc) 544854 3580347 3690 

      

1 1 

Tanque Verde Cyn 

           Italian Trap Tank 540080 3572443 4019 

      

1 1 

Rincon Mts                       

Espiritu Cyn 

           Espiritu Cyn 549124 3568601 4369 1 

     

1 2 

Flagtail Spring 547569 3568694 4674 

      

1 1 

High Tank 547810 3569275 4381 

      

1 1 

Metate Tank 543978 3572470 4388 

      

1 1 

Middle Cyn Tank 550846 3568374 4313 

      

1 1 

Pelon Spring 550643 3569852 4124 

      

1 1 

Tres Pipas Cyn 547793 3569397 

       

1 1 

Upper Tank 545335 3574589 4058 

      

1 1 

Upper West Fork Spring 549183 3567927 4554 

      

1 1 

Willow Spring 549289 3568518 4398 

      

1 1 

Paige Cr Drainage 

           Bear Cr Survey End 550404 3561578 4244 1 

      

1 

Bear Cr Survey Start 548921 3562015 4588 

      

1 1 

Buckhorn Spring 553626 3558425 4048 

      

1 1 

Paige Cyn 

           Lower Turkey Spring 548816 3559755 4434 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Mesquite Cyn 549113 3560399 4394 1 

     

1 2 

Mesquite Spring 549725 3560383 4417 

      

1 1 

Paige Cyn 551438 3557431 4075 1 

     

1 2 

Sycamore Cyn Spg, Paige 549395 3567814 

       

1 1 

unnamed unmapped spring 549664 3561831 

       

1 1 

Upper Mesquite Spring 548642 3560881 4474 

      

1 1 

Roble Cyn 

           unnamed 00 549549 3569560 4321 

      

1 1 

Tanque Verde Cyn 

           Park Tank 542737 3570932 4697 

      

1 1 

San Pedro R (lower)                       

Beaver Dam 566512 3558727 3285 

      

1 1 

San Pedro Valley (upper)                       

unnamed tank 3 563816 3513153 

       

1 1 

Whetstone - Hwy 90 

           Babocomari Gravel Pits 561153 3501792 

       

1 1 

Bates Tank 562816 3516294 

       

1 1 

Dual Tanks 564000 3513213 

       

1 1 

Highway Tank - SP 561285 3514882 

       

1 1 

Homestead tank 562786 3510990 

       

1 1 

Hwy 90 reported RAYA site 561566 3505197 

       

1 1 

Lower Tank - Whetst 559180 3516262 

       

1 1 

Mesquite Tank 560469 3513769 

       

1 1 

Middle Tank 557316 3516045 

       

1 1 

No 4 Tank 556351 3505725 

      

1 

 

1 

Road Tank 559937 3507928 

 

1 

      

1 

unnamed tank 12 559079 3506629 

       

1 1 

unnamed tank 13 563110 3513771 

       

1 1 

unnamed tank 14 564565 3505118 

       

1 1 

unnamed tank 15 564793 3504193 

       

1 1 

unnamed tank 16 565820 3504193 

       

1 1 

unnamed tank 17 566298 3510839 

       

1 1 

unnamed tank 18 567287 3506814 

       

1 1 

Upper Tank 2 556821 3515685 

       

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Well Tank 558356 3502307 

       

1 1 

Santa Catalina Mts                       

Alder Cyn 

           Alder Cyn lwr end 529425 3592422 4448 4 

     

2 6 

Alder Cyn lwr strt 529618 3592562 

       

1 1 

Alder Cyn uppr end 527229 3591325 

 

1 

      

1 

Alder Cyn uppr strt 529618 3592562 

 

1 

      

1 

Bonito Cyn 

           Campo Bonito Spring 524485 3602940 4806 

      

1 1 

unnamed 14 530359 3603752 4064 

      

1 1 

Buehman Cyn 

           Brush Corral Spg 536722 3584854 

       

1 1 

Buehman Cyn 542651 3586721 3283 5 

     

1 6 

Bullock Cyn 541038 3582094 3373 

      

1 1 

Cedar Spring 536879 3586350 4013 

      

1 1 

Cocklebur Tank 543426 3587871 3327 

      

1 1 

Finley Spring 534692 3586369 4256 

      

1 1 

Georges Spring 536405 3585790 4038 

      

1 1 

Mesquite Flat 535456 3586128 4179 

      

1 1 

Pink Tank 544704 3588441 3305 

      

1 1 

unnamed 12 542164 3588793 3295 

      

1 1 

unnamed 2 542941 3580376 4041 

      

1 1 

unnamed 3 542503 3581409 3757 

      

1 1 

Canada del Oro 

           Canada del Oro 519812 3598550 4427 1 

     

1 2 

Cherry Spring 515247 3597709 4001 1 

      

1 

Gap Tank 516147 3597575 4200 

      

1 1 

Pig Spring 519443 3599694 4476 

      

1 1 

unnamed 4 518665 3598571 4857 

      

1 1 

Catalina Cyn 

           Catalina Tank 531613 3597656 4344 

      

1 1 

Kitty Tank 531897 3597136 4219 

      

1 1 

Davis Mesa 

           Mesa Well 538394 3593177 3629 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Red Tank 537161 3593562 3834 

      

1 1 

unnamed 10  534820 3593256 4142 

      

1 1 

Edgar Cyn 

           Bar Six Drinker 541181 3591763 3310 1 

      

1 

Davis Spring 533705 3591139 4164 

      

2 2 

Edgar Cyn 532708 3590223 4172 3 

     

1 4 

Lonehill Tank 539172 3586689 3623 

      

1 1 

Novio Falls 526274 3587915 6547 

      

1 1 

Novio Spring 526350 3587688 6797 

      

1 1 

Peck Spring 542272 3594081 3197 1 

      

1 

Split Tank 536933 3592185 4022 

      

1 1 

unnamed 11 543076 3592269 3178 

      

1 1 

Flag Wash 

           Twin Tank I 525359 3604343 

       

1 1 

Twin Tanks 524849 3604599 4724 

      

1 1 

Geesaman Cyn 

           Geesaman Cyn 527769 3593199 5130 4 

     

2 6 

Geesaman Cyn trib 525735 3592775 

 

1 

     

1 2 

Gibb Cyn 527513 3593973 4880 1 

     

1 2 

Gibb Cyn trib 526100 3593300 

 

2 

     

2 4 

Pabasco Tank 535790 3595139 3885 

      

1 1 

Ridgeline Tanks 1-3 526407 3593253 5277 9 

     

2 11 

Ventana Tank 534187 3594457 4188 

      

1 1 

Nugget Cyn 

           Nugget Cyn 527031 3598683 4807 1 

     

1 2 

Nugget Tank 528232 3598561 4736 

      

1 1 

Peppersauce Cyn 

           3C Tank 527747 3601071 

       

1 1 

American Flag Spring 527376 3601289 4539 

      

1 1 

Peppersauce Cyn 526490 3600282 4660 1 

     

2 3 

unnamed 13 537392 3603803 3264 

      

1 1 

unnamed 5 529265 3600179 4232 

      

1 1 

unnamed 6 531204 3600255 4264 

      

1 1 

unnamed 7 530868 3600243 4291 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Romero Cyn 

           Romero Cyn 512656 3586133 4143 1 

     

1 2 

Stratton Cyn 

           Fence Tank Stratton bajada 530761 3596902 

       

1 1 

Juanito Cyn 528621 3595000 4556 1 

     

1 2 

Stratton Cyn 527624 3595785 4907 1 

     

2 3 

unnamed Stratton nr Well Tank 529426 3596327 

       

1 1 

unnamed Big Tank 529071 3594039 

       

1 1 

Youtcy Cyn 

           Youtcy Spring 545578 3578204 3527 2 

      

2 

Youtcy Tank 544510 3574716 4136 

      

1 1 

Santa Rita Mts                       

Adobe Cyn 

           Bathtub Tank 522128 3504653 

 

1 

      

1 

unnamed tank (El Pilar) 521851 3505172 

      

1 

 

1 

Box Cyn 

           Box Cyn dam site 520739 3518262 

       

1 1 

Empire (upper) - Los Posos 

           Barchas Pond 528605 3517384 4961 

      

1 1 

Bowman House Tank 523429 3515663 5190 

      

1 1 

Bowman Tank 524591 3516413 5089 4 

     

3 7 

Cemetery Tank 523778 3514462 5237 

      

1 1 

East Tank 523239 3516871 5178 3 

     

2 5 

Granite Tank 521076 3514230 5631 11 

      

11 

Greaterville Tank 522755 3514683 5342 12 

     

4 16 

High Haven tank 529145 3516951 4905 

      

1 1 

Los Posos tank 525403 3514826 5174 

      

5 5 

Louisiana Gulch Corrals 525807 3512591 5045 4 

      

4 

Morningstar Tank 522681 3513968 5356 3 

      

3 

Morningstar Well 522896 3514036 

 

1 

      

1 

Oak Tree Tank 526893 3519399 5136 

      

1 1 

Oak Tree Windmill 529787 3518919 4893 

      

1 1 

Redtail Tank 522428 3515607 

 

1 

     

2 3 

unnamed 13 526257 3516320 5058 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

unnamed 14 526155 3515957 4972 

      

1 1 

unnamed 15 526285 3515887 4977 

      

1 1 

unnamed 16 528480 3515601 4945 

      

1 1 

unnamed 17 527836 3515149 5018 

      

1 1 

unnamed 20 527562 3512521 4924 

      

1 1 

unnamed 21 527107 3512157 4935 

      

1 1 

unnamed 35 524751 3515992 5106 

      

1 1 

unnamed 38 525358 3514798 5176 

      

1 1 

unnamed 39 526523 3514940 5111 

      

1 1 

unnamed 42 525350 3514817 5181 

      

1 1 

unnamed 44 522423 3515623 5324 

      

1 1 

unnamed 45 522423 3515623 5324 

      

1 1 

unnamed 46 524590 3516415 5089 

      

1 1 

unnamed 47 524487 3517187 5162 

      

1 1 

unnamed 48 525944 3517082 5078 

      

1 1 

unnamed 49 528819 3518142 4985 

      

1 1 

unnamed 50 528350 3520092 5039 

      

1 1 

unnamed drinker 2 527883 3512014 4885 

      

1 1 

unnamed drinker 3 527392 3512602 4930 

      

1 1 

unnamed drinker 4 524636 3514247 5247 

      

1 1 

unnamed drinker 5 522352 3513202 5502 

      

1 1 

unnamed drinker 6 522156 3513385 5588 

      

1 1 

unnamed Tank 1 527576 3512492 4923 

      

1 1 

Upper Enzenberg 520554 3514763 5504 1 

      

1 

Upper Enzenberg Tank 520636 3514736 

       

1 1 

West Tank 522701 3516875 5257 31 

   

2 

  

33 

Gardner Cyn 

           Apache Spring 523908 3509413 5185 

 

1 

     

1 

Cave Cr 523104 3509242 5210 2 

    

1 1 4 

Christina's Tank 524343 3510221 5199 1 

     

2 3 

Fish Cyn Dam 520781 3512754 5412 

      

1 1 

Fish Well 521595 3512225 5331 1 

     

1 2 

Foster Ranch 530748 3510536 

  

1 

     

1 

Gardner Cyn road crossing 522215 3508381 

 

1 

      

1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Gardner Cyn Spring Run 523077 3508466 5211 14 1 

   

2 

 

17 

Haber Koi Pond 529575 3511515 4786 

 

2 

     

2 

Haber Pond 529561 3511528 4786 

 

2 

     

2 

Hidden Tank 521914 3512605 

       

1 1 

Little Fish Tank 522900 3510613 5367 

      

1 1 

Perfect Tank 520715 3510931 5552 

      

3 3 

Sweetwater Dam 519214 3508784 5685 1 4 

   

1 

 

6 

Sweetwater Spring 519884 3509020 5536 

      

1 1 

unnamed 18 530127 3513648 4862 

      

1 1 

unnamed 19 530871 3511392 4745 

      

1 1 

unnamed 31 525009 3509666 5148 

      

1 1 

unnamed 32 520952 3508138 5452 

      

1 1 

unnamed 34 524990 3509632 5142 

      

1 1 

unnamed drinker 1 523208 3513036 5408 

      

1 1 

unnamed temporary pond 535527 3511255 4607 

      

1 1 

Upper Fish Cyn Tank 519833 3513061 5624 1 

      

1 

Mill Cyn 

           Bowman Spring 522415 3516589 5120 

      

1 1 

Mt Fagan 

           Blacktail Tank 529765 3528544 4287 

      

1 1 

Mulberry Tank 529925 3527116 4200 

      

1 1 

Rosemont 

           4066 Tank 525538 3518662 5208 

      

1 1 

Adobe Tank 527846 3521520 4761 

      

1 1 

Barrel Tank 524440 3519209 5140 

      

1 1 

East Dam Tank 527317 3522813 4608 

      

1 1 

Gunsite Tank 523334 3523121 5180 

      

1 1 

Highway Tank 527505 3519379 5098 

      

1 1 

Lower Tank - SR 523225 3521950 5129 

      

1 1 

Mcleary Tank 523596 3523636 5130 

      

1 1 

North Basin Tank 524794 3519765 5064 

      

2 2 

Rosemont Crest Tank 523572 3524361 5253 

      

1 1 

South Lower Tank 523119 3521923 5214 

      

1 1 

South Upper Tank 523033 3522931 5257 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

unnamed 41 525386 3517330 5148 

      

1 1 

Upper Tank 523138 3521957 5226 

      

1 1 

S of Gardner Cyn 

           unnamed 22 531182 3506599 4891 

      

1 1 

unnamed 23 530917 3506636 4904 

      

1 1 

unnamed 24 527531 3508279 5194 

      

1 1 

unnamed 25 525604 3508604 5295 

      

1 1 

unnamed 26 530803 3506869 4941 

      

1 1 

Smith Cyn 

           unnamed 27 531150 3508495 4888 

      

1 1 

Temporal Gulch 

           Gringo Tank 521624 3495395 4557 2 

    

1 

 

3 

Temporal - Dragon Tank 519568 3497532 4580 

     

1 

 

1 

Temporal - Joker Tank 519080 3500638 4532 

     

2 

 

2 

Temporal - unnamed S Dragon Z 519990 3496869 4483 

     

1 

 

1 

Temporal Gulch 519342 3498350 4579 1 6 

   

2 

 

9 

Vera Earl Ranch 

           Crazy Lazy P Tank 525866 3508496 5238 7 

     

1 8 

Cyn (Ft Cyn) Tank 524747 3507048 

       

1 1 

Dynamite Tank, Hog Cyn  523510 3506367 

       

2 2 

Hog Cyn tank, Fish Tank 522377 3507010 

 

4 

    

1 1 6 

ranch tank 1 527313 3508923 

       

1 1 

ranch tank 2 527552 3508284 

       

1 1 

ranch tank 3 531177 3506599 

       

1 1 

ranch tank 4 531155 3508473 

       

1 1 

ranch tank 5 530814 3508548 

       

1 1 

ranch tank 6 531996 3507717 

       

1 1 

ranch tank 7 530479 3504918 

       

1 1 

ranch tank 8 535414 3506770 

       

1 1 

Mesa Tanks 524715 3504512 

  

1 

  

1 

  

2 

unnamed tank 10 531868 3506343 

       

1 1 

unnamed tank 11 531967 3507689 

       

1 1 

unnamed tank 22 523909 3508349 

 

1 

     

1 2 

unnamed tank 4 527312 3508908 

       

1 1 



149 

 

  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

unnamed tank 5 527558 3508284 

       

1 1 

unnamed tank 6 530502 3504895 

       

1 1 

unnamed tank 7 531102 3506591 

       

1 1 

unnamed tank 8 531193 3508482 

       

1 1 

unnamed tank 9 531381 3505327 

       

1 1 

unnamed tank WNW Mesa Tanks 523474 3505192 

       

1 1 

West Sawmill Cyn 

           unnamed 40 519098 3514490 5777 

      

1 1 

W Rain Valley                       

Clyne Ranch 

           Hospital Tank 546937 3512412 5010 6 3 

   

1 5 15 

Sue's Pond 547692 3514092 5101 2 

   

1 

 

3 6 

Sue's Pool 547408 3514061 

 

1 

      

1 

Upper Sue Tank 547861 3514670 5140 

      

3 3 

LCNCA 

           Clyne Pond 546714 3514469 4975 5 

 

2 

 

1 

 

6 14 

Clyne Pond Spring 547041 3514879 4999 2 

 

9 

 

2 

 

6 19 

Mustang Mts 

           Jack Daniels Dam 547986 3505157 5045 1 4 

     

5 

Road Cyn 

           Rain Valley ditch-pools 544954 3510409 4894 3 

      

3 

Road Cyn Tank 540843 3511384 4641 29 8 

  

2 

 

2 41 

Small Tank 538652 3513119 na 1 

      

1 

Upper Road Cyn Tank 543026 3511744 4747 3 

     

1 4 

Rt 82 

           Cornwall Tank 542328 3509163 4793 

      

1 1 

Danger Tank 541475 3508244 4739 

      

1 1 

Sands Ranch 

           Boulder Tank 1 548716 3514110 5166 

      

4 4 

McNally Tank 548660 3515564 5220 

      

6 6 

Whetstone Mts 

           Bear Spring 550960 3515669 5683 

      

1 1 

Blacktail Spring 548140 3517282 

       

1 1 

Boulder Tank 2 543507 3515533 4711 

      

1 1 
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  Easting Northing El. (ft) frog fish crayfish lizard snake turtle none TOTAL 

Cottonwood Spring 551850 3512062 5141 

      

1 1 

Cottonwood Storage tank 551855 3512073 

       

1 1 

Deathtrap Spring 551963 3517866 na 1 

      

1 

Goat Well 550436 3512986 5206 

      

3 3 

Ramsey Well 547745 3516966 

       

1 1 

Simpson Spring 550700 3516650 5374 

      

1 1 

unnamed tank 2 552922 3508356 

 

1 

      

1 

Wind Tank 543443 3514857 4703 

      

1 1 

Whetstone Mts                       

Wakefield Cyn 

           Little Nogales Spring 549420 3527627 4710 

      

1 1 

Lower Wakefield Spring 551941 3527083 4875 

      

1 1 

Nogales Spring 550225 3527397 4768 

      

2 2 

Silver Spring 550157 3527556 4684 

      

1 1 

Smitty Spring 546815 3532093 4072 

      

1 1 

unnamed 60 546254 3537736 3862 

      

1 1 

unnamed drinker 7 549227 3527689 4781 

      

1 1 

Upper Wakefield Spring 554914 3525838 5610 

      

1 1 

Wakefield Cyn Stream (1) 549605 3529024 4458 1 

      

1 

Wakefield Cyn Stream (2) 549760 3529409 4392 1 

      

1 

Wakefield Spring 547464 3532915 4058 

      

1 1 

Whetstone Mts 546521 3523159 

     

1 

 

1 2 

Apache Spring 547715 3522357 

       

1 1 

Mill Tank No2 545326 3523960 

     

1 

  

1 

mean values 537308 3520088 4540 16.4 2.6 4.0 1.9 2.2 1.6 1.2 5.5 

 


