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C. Problem Statement 

 

Evaluating of the success of mitigation projects is typically limited to a description of the 

topography and physical wetland characteristics of the site. Quantitative data on the use of the 

mitigation site by aquatic and terrestrial wildlife is frequently lacking but can contribute valuable 

information for assessing mitigation efforts and for planning for future projects.  

Activities designed to mitigate the impacts on U.S. waters from road construction and 

other activities associated with such large-scale projects are required by federal and state laws 

(e.g., U.S. Corps of Engineers, compensatory regulations section 404B-1guidelines). Early 

wetland mitigation efforts were often unsuccessful, but stricter requirements and increased 

knowledge about wetland function have increased the success of such projects. The aggregate pit 

associated with the re-construction of the road between Moran Junction and Dubois (Wyoming 

highway 26/287) is located at the U.S. Forest Service Blackrock Ranger Station work compound 

(Blackrock) on the south side of the Buffalo Fork River in Teton County, WY. The mitigation 

site excavated near the aggregate pit was designed to provide woody riparian scrub-shrub 

wetland habitat as mitigation for area lost in the same watershed due to road construction. The 

wetland mitigation site was constructed in 2007 and vegetated in 2008. Phase II was completed 

in summer 2014. Quantitative information on the use of these mitigation sites by wildlife is 

lacking. Preliminary data (Muths et al. unpublished data) indicate that there were multiple 

amphibian species breeding in Phase I and that birds and bats were in the area, but there are no 

data on other taxa. Quantifying the use of these sites by wildlife is an important consideration in 

determining the success of mitigation sites.  

Four species of amphibians native to Wyoming, including the boreal toad, reside on the 

Blackrock compound. Our research indicates that the toad population at Blackrock is declining at 

5-6% per year and that disease due to the amphibian chytrid fungus is contributing to this decline 

(Muths et al. 2008, Pilliod et al. 2010, Murphy et al. 2009, 2011). This fungal disease is not 

particular to Wyoming but is having devastating effects on amphibian populations worldwide 

(Lips et al. 2006, Skerratt et al. 2007, Muths et al. 2003).  

As of 2013, 3 of 4 native amphibian species established breeding populations (evidenced 

by breeding behavior, eggs or tadpoles) at the Phase I wetland mitigation site at Blackrock. The 

4
th

 native species, the Columbia spotted frog, bred at the mitigation site for the first time in 2013. 

These observations suggest that the Phase I wetland mitigation site provides at least adequate, if 

not preferred, habitat for these species. In addition, the Phase I wetland mitigation site possesses 

characteristics that are typically “good” for amphibians: adequate shallows to support breeding, 

aquatic vegetation to provide refuge from predators, and water through the summer to allow 

metamorphosis. We suspect that food resources (aquatic invertebrates) and hibernation sites are 

adequate and conducive to the presence of amphibians, and have collected the preliminary data 

to assess these factors. With the completion of Phase II, characteristics (e.g., connectivity, 

amount of shallows, margin characteristics) have changed, with a likely effect on amphibian 

breeding effort. For example, we observed toads at the margins of the Phase II water body. 

The primary breeding site for these amphibians was an oxbow of the Buffalo Fork River 

adjacent to Blackrock. In the spring of 2011, the levee separating the oxbow from the river was 

breached by late and heavy spring run-off, most likely destroying amphibian reproductive efforts 

that year. We observed greatly reduced breeding activity in the oxbow in subsequent years 

(2012-2013), suggesting that breeding habitat provided by the mitigation site may now be even 

more important to the amphibian populations at Blackrock.  
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The mitigation site and the surrounding wetland landscape provide an excellent 

natural laboratory to quantify mitigation efforts at Blackrock. Although long-term efforts 

are necessary to quantify the ultimate success of the wetland mitigation site, our research over 

the last 12 years puts us in the unique position of being able to provide quantitative data about 

the mitigation site in a relatively short time. This proposal builds on that capability. Our 

proposed work takes advantage of an extraordinary opportunity to compare a newly minted 

mitigation site (Blackrock Phase II), an established mitigation site (“Snow Oval”, eastern side of 

Togwotee Pass, Shoshone District of the Bridger Teton National Forest), and the reference 

wetlands at Blackrock and Togwotee Pass. By examining differences in the presence and use 

(i.e. breeding) of these sites by a variety of taxa, we can draw conclusions about the efficacy of 

the Blackrock wetland mitigation site, now at Phase II, within the context of the surrounding 

landscape. 

 

D. Background 

 

Wetlands are one of the world’s most endangered environments (Mitch and Goselink, 

2007). Approximately 53% of wetlands in the lower 48 United States were lost between 1780 

and 1980 (USGS, http://www.npwrc.usgs.gov/resource/wetlands/wetloss/summary.htm), and 

over 50% of wetlands have been lost in the developed world following European expansion. 

Recent meta-analyses indicate that created habitats do not fully replace natural wetlands (Ray 

Benayas 2009, Moreno-Mateos et al. 2012). For example, restored wetlands are 25% less 

productive than natural wetlands. Communities in small, depressional wetlands in cold temperate 

forests are especially slow to recover to reference conditions, and restored habitats may provide 

foraging areas, but not breeding habitat that it is designed to replace (Moreno-Mateos et al. 2012, 

Queheillalt and Morrison 2006). Furthermore, there is concern that design elements of 

constructed wetlands may increase disease transmission in amphibians, which could reduce the 

long-term viability of these habitats (Harp and Petranka 2006, Greer and Collins 2008) by 

altering food webs (i.e., decline or extirpation of amphibians will cascade up via decreased food 

supply for birds and snakes and cascade down via decreased predation pressure on invertebrates). 

If constructed wetlands do not function similarly to those that are lost, the net result is altered 

ecosystem structure and biological communities. While our primary focus remains the 4-species 

of native amphibians, by integrating data on invertebrates and the more visible species (birds, 

bats, and large mammals) we can provide a broader view of the biological communities present 

in Phase II mitigation site at Blackrock.  

Even though mitigation sites typically do not fully compensate for the function and 

productivity of the wetlands they replace, there is evidence that many (but not all) local 

amphibians can persist in these sites (Shulse et al. 2010, Petranka et al. 2007, Lesbarreres et al. 

2010). Most mitigation sites are constructed to hold water year-round; however, it is becoming 

more common for mitigation plans to require construction of temporary or semi-permanent 

wetlands, which poses new challenges to wetland design. Mitigation wetlands with temporary or 

semi-permanent hydroperiods are also recommended to prevent establishment by fishes, which 

can strongly alter community structure (Shulse et al. 2013).  

The effects of global climate change—including changes in the form, timing, and amount 

of precipitation (IPCC 2012)—are likely to increase challenges of designing temporary wetlands. 

Changes in precipitation will likely be compounded by increased summer temperatures that can 

reduce water availability and stress animals, creating synergies that magnify negative effects 
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(IPCC 2012, Laurence and Williamson 2001, Wenger et al. 2011). These changes pose 

especially serious threats to aquatic biodiversity in arid regions like western North America. 

Drought is shortening wetland hydroperiods, resulting in greater local extinction rates for 

amphibians (Corn and Fogleman 1984, Hossack et al. 2013, McMenamin et al. 2008). Based on 

recognition that wetlands are being lost globally, and that climate change is a severe threat to 

these sensitive habitats, there is a growing need to determine how to engineer replacement 

habitats to provide appropriate conditions for local species while also providing resistance to 

drought (Shoo et al. 2011). Unfortunately, quantitative data on differences in vital rates of 

animals between constructed and natural wetlands, and the mechanisms behind the differences, 

are lacking. This information is critical if we are to design and construct mitigation wetlands that 

host communities similar to, and function as, natural wetlands. 

 

E. Study Objectives 

 Our overall objective is to quantify the success of the mitigation project at Blackrock 

(now in Phase II). We will also include the Snow Oval mitigation site and mitigation wetlands 

along Togwotee Pass. Results will provide information for future mitigation efforts in this and 

similar types of habitat and provide evidence of successful wetland mitigation efforts. 

 

OBJECTIVE 1:  

 

To provide quantitative information on the status of two populations of amphibians (chorus frogs 

and boreal toads), including estimates of demographic parameters (survival, recruitment and 

population size) and disease status. The data collection proposed here is a critical addition to our 

existing data set and will increase the precision of the estimates of demographic parameters. This 

will occur at 6 focal ponds at Blackrock (3 mitigation, 3 reference). 

 

Approach:  

1. We will collect 2 years of demographic data on the amphibian communities using 

capture-recapture methods at focal ponds in the mitigation sites (Phase I and II), Swan 

Pond (the older mitigation site) and at 3 naturally occurring wetland areas (n = 6 ponds). 

Capture-recapture methodology involves capturing animals, giving them a unique mark 

(the mark depends on the species, all methods used have been approved by the 

appropriate animal care committees at USGS) and then using program MARK (White 

and Burnham 1999) to assess the data. We have extensive experience with these 

statistical methods and program MARK (e.g., Muths et al. 2010, Muths et al. 2011, 

Muths and Scherer 2011). 

2. Disease: The amphibian chytrid fungus (Batrachochytrium dendrobatidis, Bd) is a 

concern, especially for boreal toads. We will sample for Bd in approximately 20 

individuals per species, per year. To sample for Bd, the animal’s skin is rubbed with a 

cotton swab that is then preserved in ethanol and sent to a laboratory for molecular 

analysis (J. Kerby, University of South Dakota). Limited disease testing is currently 

funded, but additional testing will allow us to explore host-pathogen relationships among 

the fungus, a susceptible species (boreal toad), and a species that is a putative carrier of 

the disease, but not significantly affected by it (chorus frog). These data will allow us to 

determine if constructed wetlands increase disease transmission. 
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Application:  

Results will provide justification for WYDOT and similar agencies to construct wetlands with 

semi-permanent hydroperiods and a combination of woody riparian scrub-shrub and open water 

elements, (i.e., Phase I with 1.0 m to 1.5 m maximum depth), rather than focusing exclusively on 

ephemeral or permanent sites or wetlands that have a uniform plant community, as is currently 

common in wetland mitigation. 

 

OBJECTIVE 2:  

 

To collect information on a broad array of taxa present at mitigation and reference sites. These 

data will provide insights into what animals are using the site, and in some cases, the phenology 

and intensity of use. These data will be collected at 6 wetlands at Blackrock , the “SnowOval” 

mitigation site, and 9 wetlands on Togwotee Pass. The Togwotee Pass wetlands include 3 

wetlands impacted by road construction (e.g., road expansion reduced size of the wetland), 3 

created or mitigation wetlands, and 3 wetlands that were not impacted by road construction. 

 

Approach:  

1. Visual encounter surveys (Heyer et al. 1994) will be used to determine the presence of 

amphibians at the sites. Egg mass counts will be used to provide an index to breeding 

population size of Columbia spotted frogs (1 egg mass = 1 female; Hossack et al. 2013).  

2. Disease sampling (as above), ≤ 20 samples collected per species per site. 

3. Bird, bat and amphibian call surveys will be assessed using automated recording units 

(ARU, a technology we have used, e.g., Corn et al. 2011b) placed at 9 wetlands. These 

data will provide an idea of the intensity of use, the species that are using the areas, and 

the phenology (timing of when they are present). For example, the ARUs record 

amphibian breeding choruses (chorus frogs, spotted frogs), indicating when amphibians 

are breeding, and bird and bat calls that provide information on the species using the site, 

the timing of use and the intensity of use. These data will help us characterize differences 

and similarities between mitigation and reference sites.  

4. Invertebrates will be sampled during the summer at 16 wetlands. We will use sweep nets 

to collect invertebrates, preserve them in ethanol and then identify them to family and 

some to species (sensu Hossack et al. 2010). We will describe the community structure of 

wetland invertebrates, which can be a key indicator of wetland health (e.g., Wray and 

Bayley 2006, Sharma and Rawat 2008).  

5. Mammal surveys: We will use track surveys and infra-red cameras (Espartosa et al. 2011, 

Lyra-Jorge et al. 2008, Jennelle et al. 2002) at the sites to determine the presence and 

activity of medium to large mammals.   

 

Application: 

Although an assessment of the presence or density of organisms alone does not prove that the 

habitat is of adequate quality to support continued use by the observed organisms (Robinson 

et al. 1995), it is a first step in determining which taxa to focus on for more quantitative 

research and provides first lines of evidence that mitigation sites are functioning in a similar 

way to natural sites. 
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F. Study Benefits 

 

Wetland mitigation efforts are applied to a landscape with the aim of being permanent or 

at least persisting for a reasonable number of years. The Blackrock project proposed here is 

invaluable because it already has a jump start on data collection and can provide a defensible 

quantitative evaluation of amphibian, invertebrate, bird, and bat use of the wetland mitigation 

site and a well-planned evaluation of large mammal presence.  

Mitigation is a required activity. Evidence of the use of a variety of animals at various 

stages during the project indicates successful mitigation. Results can be used by WYDOT and 

other agencies to identify wetland designs that simultaneously meet Army Corps of Engineers 

mitigation requirements and provide the best option for promoting community recovery. 

Additionally, such information can be used to streamline design decisions for future wetland 

mitigation projects. Specifically, The Army Corps of Engineers has special conditions requiring 

shrub wetland creation, a habitat type which is often difficult to establish (B. Bonds, pers. 

comm.). An important aspect of this project is that it is likely to provide evidence that mitigation 

wetlands with a combination of woody shrubs and open water increase community richness, 

compared to wetlands with few shrubs or those that are dominated by shrubs. Mitigation with 

this type of wetland as an endpoint rather than the typical endpoint of a shrub 

monoculture would make the construction of mitigation sites simpler and less expensive. 

Furthermore, required monitoring could be concluded sooner, saving considerable costs.  
While our efforts focus primarily on amphibians, we assess the presence of a variety of 

animals that are likely to benefit from "amphibian friendly" habitats, specifically birds, bats, and 

large mammals. We expect information from this study will have broad applicability to wetland 

mitigation nationwide. The Blackrock project is an excellent opportunity for collaboration 

among the Wyoming Department of Transportation, the U.S. Forest Service, and the U.S. 

Geological Survey. The data gathered will be used not only to inform and support mitigation 

efforts, but also to inform management decisions about amphibians on the Bridger-Teton 

National Forest and specifically at Blackrock. This project provides excellent opportunities for 

public outreach and education.   

 

G. Applicable Question 

1. N/A 

2. N/A 

3. Implementation would begin in the spring of 2015, exact timing contingent on amphibian 

emergence from hibernation 

4. Yes, Wyoming Game and Fish permits are in place (33-350_2014) and will be renewed 

for 2015 – 2017. 

5. Major unknown factors are the timing of snowmelt which determines access to sites and 

breeding phenology of amphibians. 

6. Yes, we make contingency plans each season but they result in low or no cost changes. 

7.  There are no reasons to segment this study. 

8. N/A 

9. N/A 
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H. Statement of Work 

 

Work Plan and Scope: 

 

Initial logistical problems have been solved such that the implementation of this project will be 

efficient. We plan to be on-site during spring 2015, with field work and analyses following the 

schedule below. With the inclusion of the Blackrock mitigation site, the Snow Oval, and several 

mitigation wetlands on Togwotee Pass, we anticipate that the applicability of the results will be 

broad, extending to mitigation efforts in similar habitats. Furthermore, we plan to recruit a 

Master’s of Science student to summarize and analyze the data collected 2012-2014, providing a 

solid link between the data collection from the original and the newly proposed aspects of the 

project. We have already secured part-time Teaching Assistant salary for a graduate student at 

the University of Montana, which will produce significant cost savings to the project. 

 

Work Schedule: 

 

May 2015–May 2017 

--Second phase of data collection as described above for amphibians, invertebrates, birds, bats, 

and large mammals and initiation of additional work (surveys, camera traps, Snow Oval site). 

--Principal Investigators and graduate student will collect data as describe above at all sites.  

--Data quality assurance, analysis, writing. 

 

Cost Estimate: 

2 years:  $69,241.20. Please see budget (below). 

 

I. Change Order Information and Agreements 

N/A 

 

J. Implementation Process   
 

The information that we provide from this research may have substantial impact as 

WYDOT defines alternative actions or alternative endpoints that could be implemented 

during subsequent mitigation efforts, potentially saving time and costs. Our work 

underscores the importance of understanding the role of amphibians in this type of wetland and 

their habitat-specific needs. We expand this species-specific context to include other taxa thereby 

presenting a more inclusive picture of how the mitigation site is functioning in terms of wildlife. 

This information will provide another tool for the mitigation toolbox, perhaps expanding 

alternatives in the implementation of other wetland mitigation activities. For example, this 

project will determine the suitability of the wetland mitigation site for amphibians as it currently 

presents itself (“a lower functioning wetland”). Typically “higher functioning wetlands” include 

mature willows of a particular density and size, but such characteristics may not be appropriate 

for amphibians and may not be critical for other species (e.g., invertebrate communities). A 

“lower functioning wetland” that reduces cost and effort to WYDOT, but that is providing 

preferred habitat to species of concern (i.e., amphibians), may be a preferable goal for mitigation. 

Amphibians are generally present at wetland sites; they eat a variety of invertebrates and may be 
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prey items for birds, snakes, some invertebrates and occasionally mammals. Thus, they are 

important components of wetland sites and contribute to a healthy wetland ecosystem.  

 

K. Technology Transfer 

 

We will provide updates to WYDOT through presentations at the Wyoming Department of 

Transportation and Wyoming Contractor’s Association Training Conferences, or other venues 

such as meetings with the Forest Service. We will summarize major findings in a full-color, 

easily understood fact sheet that can be available for public outreach and communication. We 

will also present results at 3 or more professional meetings and will publish at least 2 peer-

reviewed papers over the course of the project. In addition to WYDOT, other agencies will likely 

find our results useful, including the US Forest Service, the National Park Service, and various 

state agencies involved with amphibian conservation such as the Wyoming Game and Fish 

Department and the Colorado Boreal Toad Recovery Team. We have presented our work on this 

project at the Forest Service in Jackson, Wyoming, to the Wyoming Department of 

Transportation and Wyoming Contractor’s Association Training Conference in 2012, and as an 

update to the RAC in January 2014. Earlier data from Blackrock has been incorporated in 

multiple publications and presentations locally and internationally (see attached investigator 

CVs). Data from the Blackrock site are currently under analysis for manuscripts in preparation. 

 

L. Special Requirements 

 

1. Staffing 

a. Technicians will be competitively hired. 

b. Graduate student (University of Montana) with 2 years of experience at Blackrock 

has been competitively selected. 

c. Please see the CVs of each of the collaborating scientists. 

d. Maggie Schilling, The Northern Rockies Conservation Cooperative (NRCC), will 

administrate the funding, hiring, and purchasing with direction from the 

collaborating scientists. 

2. Equipment 

a. Equipment is either available or listed in the budget below (e.g., cameras for 

camera traps). 

3. Deliverables: quarterly progress reports to WYDOT, draft and final reports and executive 

summary, copies of any published manuscripts. 

4. Responsibilities of parties: Muths, Hossack, Pilliod (scientists) – maintain data, advise 

and guide student and technicians, oversee project, initiate and complete manuscript 

preparation; Schilling – administrate funding, hiring and purchasing; Swartz (graduate 

student) and technician (TBA) – collect data under direction of PIs, enter data into 

appropriate spreadsheets, maintain adequate field records, communicate with PIs, NRCC, 

Forest Service and WYDOT on project updates and issues, assist in report writing and 

manuscript preparation.   

 

 

Literature cited:  
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Table 1: Data collected thus far at each of the Blackrock and Togwotee Pass sites.  

Wetland Site 
Frog & Bat 
Recorders 

Egg Mass 
Countsa 

Invertebrate 
Samples 

Visual 

Encounter 
Survey (all 

amphibians) 

 
Capture-recapture 

     
 

AMMAb 

 

BUBO 

 

PSMA 

 

RALU 

BRc-Oxbow 2010–2014 2011–2014 2012–2014 2012–2014 2012–2013 2003–2014 ― 2012–2014 

BR-Mitigation 2011–2014 2012–2014 2012–2014 2012–2014 2012–2013 2010–2014 2010–2014 2012–2014 
BR-Swan 2013-2014 2012–2014 2012–2014 2012–2014 2012–2013 2005–2014 ― 2012–2014 

BR-Midway ― 2013-2014 2012–2014 2012–2014 2012–2013 2012–2014 ― 2012–2014 
BR-Heron 2013-2014 2013-2014 2012–2014 2012–2014 2013 2012–2014 ― 2012–2014 
BR-Marsh ― 2013-2014 2012 2012–2014 2013 2012–2014 ― 2012–2014 
BR-Chick ― 2013-2014 2012 2012–2014 ― ― ― ― 

BR-NorthDike ― 2013-2014 2012–2014 2012–2014 ― ― ― ― 
BR-SouthDike ― 2013-2014 2012 2012–2014 ― ― ― ― 

BR-Raptor ― 2013-2014 2012 2012–2014 ― ― ― ― 
BR-Roundworm ― 2013-2014 2012–2014 2012–2014 ― ― ― ― 

Togd_12AC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_12BI ― 2014 ― 2012–2014 ― ― ― ― 

Tog_12CI ― 2014 2012 2012–2014 ― ― ― ― 

Tog_12DC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_13AC ― 2014 2013-2014 2012–2014 ― ― ― ― 

Tog_13BC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_13EC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_14BC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_14CI ― 2014 ― 2012–2014 ― ― ― ― 

Tog_15AI ― 2014 2012–2013 2012–2014 ― ― ― ― 

Tog_16AC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_16BC ― 2014 2013-2014 2012–2014 ― ― ― ― 

Tog_16CR ― 2014 2012-2014 2012–2014 ― ― ― ― 

Tog_17AI ― 2014 ― 2012–2014 ― ― ― ― 

Tog_17BI ― 2014 2013-2014 2012–2014 ― ― ― ― 

Tog_17CC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_17DR ― 2014 ― 2012–2014 ― ― ― ― 

Tog_17ER ― 2014 2013-2014 2012–2014 ― ― ― ― 

Tog_19AC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_19BI ― 2014 ― 2012–2014 ― ― ― ― 

Tog_21AR ― 2014 ― 2012–2014 ― ― ― ― 

Tog_21BR ― 2014 ― 2012–2014 ― ― ― ― 

Tog_21CR ― 2014 ― 2012–2014 ― ― ― ― 

Tog_24CC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_25AC ― 2014 ― 2012–2014 ― ― ― ― 

Tog_25BI ― 2014 2012–2014 2012–2014 ― ― ― ― 

Tog_25CR ― 2014 2012–2014 2012–2014 ― ― ― ― 

Tog_26AI ― 2014 ― 2012–2014 ― ― ― ― 

Tog_26BC ― 2014 2013-2014 2012–2014 ― ― ― ― 
a
For Columbia spotted frogs only. 

b
Trapping for salamanders has been unsuccessful and was terminated in 2014.  

c
BR indicates wetlands near the Blackrock Ranger Staion. 

d
Tog indicates wetlands along Togwotee Pass. The last letter in the site name indicates whether it is an impacted 

wetland (I), created wetland (C), or reference/unimpacted wetland (R). 
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