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Project Summary:  We will evaluate effectiveness of wildlife crossing structures on SR 

77 via an unprecedented, five-year, comprehensive monitoring program that includes a 

diverse array of wildlife, including, but not limited to 21 focal species designated for the 

Tortolita-Santa Catalina Linkage.  We will quantify wildlife-automobile collisions (WACs), 

determine use of crossing structures before and after construction using a variety of 

methods (e.g., wildlife cameras, satellite telemetry), and develop a Linkage Stewardship 

Program involving multiple stakeholders.  We will simultaneously monitor nearby control 

sites, and determine abundance and distribution of wildlife in areas surrounding 

crossing structures to examine effectiveness relative to existing populations.  We will 

also monitor traffic and other key environmental variables critical to the success of 

crossing structures.  Results will be used to inform future design, placement and 

effectiveness of crossing structures planned for other highways in Arizona and 

elsewhere, particularly in arid regions and for previously overlooked species that are 

critical to ecosystem structure and function, and to the safety and welfare of the public. 
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EXECUTIVE SUMMARY 

Continued exponential growth in urbanization has resulted in a sprawling transportation 

network of country roads, city streets, multi-lane highways, and railway lines that has 

reached even the most remote regions of the world.  The network of roads, in particular, 

has continued to grow at a rapid pace even though we have recognized its potential 

impacts on natural resources, especially wildlife, for decades.  Over the last sixty years, 

we have developed and implemented measures to mitigate negative impacts of 

roads on wildlife.  Unfortunately, the majority of these measures have never been 

properly evaluated within a comprehensive scientific framework.  Reliance on 

anecdotal evidence has resulted in mitigation efforts that are essentially feel-good 

measures.  Recently, however, collaboration among urban planners, land managers, 

engineers, citizens, wildlife ecologists, and conservation organizations, has led to the 

emergence of a new interdisciplinary field, referred to as "road ecology."  Road ecology 

has provided us with a comprehensive framework within which to examine 

impacts of roads on wildlife and their habitats, and for designing and evaluating 

mitigation efforts.    

The overall goal of this project is to apply a comprehensive road ecology approach to 

evaluate the effectiveness of three recently approved wildlife crossing structures on SR 

77, in Pima County, Arizona.  The crossing structures will be built in the heart of the 

Tortolita-Santa Catalina Linkage, which has long been recognized as a critical wildlife 

corridor for conservation planning efforts in the region.  The Tortolita-Santa Catalina 

Linkage was identified as one of 16 top priority wildlife linkages in Arizona.  The 

opportunity to evaluate these crossing structures in a comprehensive framework is 

unprecedented, and it has the potential to position Pima County and Arizona as 

worldwide leaders in mitigating the effects of roads on wildlife.  We propose to seize on 

this opportunity by incorporating a comprehensive, science-based monitoring program 

that relies on data from a wide array of wildlife species.  The results of this monitoring 

program will be crucial to the success of further mitigation efforts in Pima 

County, Arizona, and throughout the world.    

Several aspects of the SR77 crossing structures are unique.  First, and perhaps most 

important, is their location in the Sonoran Desert.  The linkage is comprised of arid 

desert habitat that is home to a diverse array of species, most of which have never been 

studied in the context of road impact mitigation.  Indeed, we will monitor a large suite 

of species, including 21 focal species that have been identified for the Tortolita-

Santa Catalina linkage, because of the ecologically relevant information each one will 

provide.  The placement of two types of structures (two underpasses and one overpass) 

in close proximity, and in the same habitat, allows us to assess potential effects of 

structural attributes on crossing structure success.  We will also address a widespread  
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gap in our knowledge by conducting monitoring before and after construction, 

which will allow us to obtain baseline data required for a more robust evaluation 

of crossing structure effectiveness.  

We have designed our monitoring program to revolve around methods that vary in their 

scope and inform the larger question of crossing structure effectiveness.  We have also 

chosen methods and techniques that have been thoroughly evaluated for cost-

effectiveness, using particular techniques or equipment that will give us the 

greatest return on our investment.  We do not anticipate the discovery of a “smoking 

gun” effect of crossing structure efficacy, but rather a combination of effects that interact 

in varying and complex ways.  With this in mind, we will apply multiple levels of scrutiny 

in assessing wildlife use of crossing structures.  We stress the need to examine how 

wildlife species use the crossing structures in the context of how abundant those 

species are in the surrounding area (i.e., residing within or passing through the 

linkage).  In addition, we will study wildlife populations as integral parts of the larger 

ecological community.     

Quantifying wildlife-automobile collisions (WACs) and documenting use by wildlife are 

vital first steps in addressing the extent to which crossing structures are effective at 

reducing road mortality and increasing habitat connectivity.  However, an accurate 

evaluation of crossing structure success cannot be made solely from road mortality 

patterns and passage frequency.  A more complex study design is required if we 

are to increase our understanding of the role of wildlife-engineered passages in 

mitigating road impacts.   

We have included methods in our program that allow us to document the 

movement of species through the structures, in the road-zone, and throughout 

the linkage.  We have chosen these methods for the amount of detailed data they yield 

in relation to their costs.  For example, fluorescent powder tracking will provide moment-

to-moment behaviors of species as they approach and cross the road, or pass through 

a structure, requiring only fluorescent powder and UV flashlights.  Radiotelemetry will 

provide long-term movement data on a variety of species whose individual home range 

sizes are smaller than the length of the corridor (e.g., Gila monsters and rattlesnakes), 

while satellite telemetry (which requires almost no man-hours in the field beyond 

capturing the animals) will document the movements of wide ranging species (e.g., 

deer, bobcats).  These methods, as well as others, will provide us with data on multiple 

spatial and temporal scales, so we can more accurately assess the crossing structures’ 

effects at the community and ecosystem levels. 

To address the issue of habitat connectivity, we will perform genetic analysis on 

multiple species to determine the level of habitat connectivity provided by the 

crossing structures.  In obtaining and storing tissue samples from all species we 
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capture, we will be creating a large database of genetic samples which can be used in 

future projects in this area for many years to come. 

We have also anticipated factors that have potential to influence the efficacy of 

the structures.  These include several environmental factors, such as temperature, 

humidity, light, and noise.  We will deploy several types of datalogging devices in and 

around the structures to record environmental variables, resulting in additional cost 

savings, because they decrease the amount of labor required in the field.  We are 

aware that the success of the structures hinges on the amount and type of human 

activity in the area.  Therefore, we will develop workshops and a Linkage 

Stewardship Program to educate and encourage the public to live safely, 

responsibly, and enjoyably in this important linkage. 

In conclusion, we have developed a comprehensive monitoring program using 

innovative, cost-effective methods.  We have obtained substantial match from the 

University of Arizona/US Geological Survey ($459K) and the Arizona Department 

of Transportation ($495K), making this a truly unprecedented partnership.  We would 

like to emphasize that a monitoring program of this scope has never been conducted for 

any type of road impact mitigation project, and that is why it is so important to 

comprehensively monitor the SR77 wildlife crossing structures.  The state of Arizona 

and its citizens have made a substantial monetary investment in these structures; 

if they are not monitored and evaluated in a comprehensive and scientific 

manner, they will essentially be “feel-good” measures.  It is critically important to 

current and future mitigation efforts that we take advantage of the opportunities that 

abound in this project. 
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INTRODUCTION 

Transportation is fundamental to society, and the sprawling road system upon which 

humans depend is at the heart of transportation infrastructure.  In the United States 

alone, there are over 4 million miles of public roads.  Surprisingly, the road network in 

the US only covers about 1% of the land.  However, we lose 48 acres of land for every 

mile of paved road due to right-of-way clearing and other aspects of construction 

(Foreman et al. 2003).  Although direct effects of road construction are important, 

indirect effects of roads on wildlife have also resulted in extremely serious and 

widespread environmental degradation worldwide (National Research Council, 1997).   

With increased emphases on environmental protection, and the fact that roads are 

usually designed and built by government agencies that must respond to public opinion, 

as well as state and federal laws such as the Endangered Species Act (ESA), 

environmental compliance has become an integral part of transportation development.   

Mitigating negative impacts of roads in all their various forms, while maintaining public 

safety, is a daunting challenge.  However, a growing awareness of the problem has 

coincided with increased action by multiple stakeholders.  Increasingly, engineers and 

planners are working with ecologists and conservationists to seek innovative solutions 

that minimize the impact of roads on the environment.  The need to work together has 

spawned a new discipline referred to as "road ecology," as evidenced by the publication 

of the influential book of the same name (Forman et al. 2003).    

With the emergence of road ecology as a scientific discipline, we now have a 

comprehensive framework within which to address the problem of wildlife mortality on 

roads, and we are finding ample room for collaboration.  Wildlife crossing structures 

(and associated fencing to funnel wildlife) are of critical importance in mitigating road 

mortality, because they have the potential to restore the former integrity of natural 

systems that have been damaged and fragmented by roads and their myriad of 

associated effects.  The approval of three crossing structures on State Route 77 (see 

funding proposal, Appendix A), in the heart of the Tortolita-Santa Catalina Linkage 

(Beier et al., 2008; see Appendix B), provides us with several unique opportunities to 

examine aspects of road ecology that have either not been examined in the past or 

require additional studies to better understand.   

Seizing on Unique Opportunities 

A critical feature of this project is the ability to conduct pre- and post-construction 

monitoring, which is ideal for evaluating the effectiveness of wildlife crossing structures 

(Hardy et al. 2003).  Because few national-level studies on mitigation efforts have 

incorporated pre- and post-construction monitoring, results of most studies regarding 

crossing structure effectiveness have been primarily observational (Clevenger and 

Waltho 2005).  Typically, most studies have focused on identifying road mortality “hot-
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spots” (cf., Langen et al. 2009), followed by a cursory assessment of how well the 

constructed passages were at reducing mortality.  However, the Arizona Department of 

Transportation (ADOT), working with the Arizona Game and Fish Department (AGFD), 

have set a nationally recognized standard by conducting pre- and post-construction 

monitoring of wildlife crossing structures on SR 260 and SR 93 in northern Arizona.  We 

will continue this high standard by obtaining preliminary data on the temporal and 

spatial activity and abundance of species in the road zone, quantifying patterns of road 

mortality, and identifying indirect effects of the road zone.   

If we are to maximize this opportunity to learn as much as possible about crossing 

structure effectiveness, it is essential that we conduct pre- and post-construction 

monitoring of a nearby, unmitigated control site.  Ideally, we would monitor multiple sites 

with crossing structures to examine variation in their effectiveness, but this is obviously 

not possible, as there are no comparable sites in the region.  Technically, this means 

that we only have a sample size of one, which does not provide us with statistically 

reliable results on which to base management decisions.  Therefore, it is critically 

important to simultaneously monitor a similar stretch of roadway that will not receive 

crossing structures.  This type of study design is referred to as Before-After-Control-

Impact (BACI), and it is the preferred method for monitoring large-scale environmental 

impacts that cannot be easily replicated, such as road construction projects.  For 

example, successful implementation of a BACI design to monitor effects of crossing 

structures on American black bears, led to the development of accurate criteria for 

assessing post-construction effectiveness of crossing structures (Van Manen et al. 

2001) 

Another critical aspect of this study is the opportunity to compare wildlife-engineered 

underpasses and overpasses in close proximity and located within the same habitat 

type.  We will compare wildlife usage of each type of passage on multiple ecological 

scales, and determine structural preferences of individual species, groups of species 

(e.g., mammals, reptiles), and functional species groups (i.e., predators, prey species).  

Having two different types of crossing structures in close proximity and in the same 

habitat type minimizes confounding variables that may obscure our evaluation of their 

effectiveness (Forman et al. 2003).   

Yet another unique feature of the SR 77 crossing structures is their placement in an arid 

desert environment.  The overwhelming majority of studies of wildlife passages have 

taken place in more northern, forested environments (e.g., Clevenger and Waltho 2000, 

Yanes et al. 1995, Van Manen et al 2001).  Although there have been studies 

conducted on the use of culverts by desert tortoises in the Mojave Desert (Boarman et 

al. 1997), we are aware of only one other wildlife-engineered passage constructed in 

desert habitat, but it has only been evaluated for big horn sheep and deer (S. 

Nordhaugen, pers. comm.).  Because of the unique location of the SR 77 crossing 
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structures, we have an unprecedented opportunity to examine their effects on a wide 

array of small-mammal, bird, amphibian and reptile species.  Several studies have 

examined the effects of wildlife passages on amphibians and reptiles (e.g., Yanes et al. 

1995, Foster and Humphrey 1995, Rodriguez et al. 1996); however, these studies took 

place primarily in areas lacking the diversity of these species groups found in the 

Sonoran Desert.  Because amphibians and reptiles comprised 37% of road-kills on this 

stretch of SR 77, as revealed in a 2004 AGFD survey (Ostergaard 2006), it is crucial 

that we examine mitigation effects of crossing structures on these somewhat neglected, 

yet vitally important, species.  This multi-species study will inform the efficacy of future 

design and construction of wildlife crossing structures in the Sonoran Desert.  

Measuring the Effectiveness of Wildlife Crossing Structures 

"Until now, the general idea of how well a crossing [structure] performs has not gone far beyond the 

simplest level of scrutiny - if animals use it, then it must be functional."  

                    - Clevenger, 2005 

We strongly caution against measuring the effectiveness of wildlife crossing structures 

by relying solely on a simple examination of road mortality patterns and total number of 

passages.  Although these are necessary first steps in understanding mitigation effects, 

the majority of monitoring programs for crossing structures over the past 20 years have 

been limited to these two relatively superficial criteria.  A higher level of complexity in 

study design is crucial if we are to increase our understanding of the role of wildlife-

engineered passages in the mitigation of road-zone effects (Van Der Ree et al. 2007).  

As stated in Road Ecology, "A major discrepancy exists between mitigation measures 

currently being employed and their apparent success in reducing wildlife-vehicle 

collisions.  More systematic monitoring and evaluation of these measures, and of how 

wildlife populations interact with the road system, would offer transportation planners 

and land managers a more informed means of predicting problems and devising 

preventative measures."  

Although reduction in road mortality may outwardly indicate crossing structure success, 

it ignores potential effects at the population level.  To elaborate, if road mortality for a 

particular species is 30% pre-construction, but only 60% of the population uses the 

crossing structure after construction, it may be more beneficial to accept 30% road 

mortality than 40% of a population who will not pass through the structure for whatever 

reason(s) (Schmidt and Zumbach 2008).  Without an understanding of how a population 

of animals uses the road zone pre- and post-mitigation, we cannot draw meaningful 

conclusions regarding the extent to which road mortality affects that population.  The 

same holds true when documenting the number of total passages through a structure.  

The number of observed crossings must be placed in the context of the abundance and 

distribution of species in the mitigation area for it to be an accurate estimation of 

effectiveness (Forman et al. 2003).  
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Wildlife species, from large to small and from amphibians to mammals, all use habitat 

differently.  As a consequence, no one type of crossing structure will be just right for all 

species.  Understanding how to design the most effective crossing structures requires a 

comprehensive approach that accounts for a variety of wildlife species (Forman et al. 

2003).  Obviously, we cannot monitor the responses of every species, so we must 

carefully choose the species we monitor to provide the most ecologically relevant 

information pertaining to crossing structure effectiveness.  This exercise has been 

completed, resulting in the designation of focal species that are particular to the 

Tortolita-Santa Catalina Linkage, (Beier et al. 2006).  

Bellis et al. (2007) conducted a review of 21 wildlife crossing structure monitoring 

projects and found that, on average, only four species were studied per project.  

Furthermore, several of those studies focused solely on one species. Because species 

do not function in isolation and are connected to other species on several spatial and 

temporal scales, our monitoring program will a take a multi-species community 

approach (Forman et al. 2003).  Beier et al. (2006) identified 21 focal species in the 

Tucson-Tortolita-Santa Catalina linkage that are of conservation concern.  These 

species represent the rich diversity of wildlife that occurs in this linkage.  Our monitoring 

program will include these 21 species to varying degrees, depending on factors such as 

relative abundance, tractability, potential vulnerability to roads, and their role in the 

ecosystem.  By studying populations of focal species as integral parts of the larger 

ecological community, we will be able to apply multiple levels of scrutiny to our 

assessment of the crossing structures that would be impossible studying a limited 

number of species or species groups.  Most wildlife-engineered structures are designed 

for a certain target species (e.g., elk, bighorn sheep), which may have cascading 

effects, both positive and negative, on non-target species.  If these structures are to 

increase habitat connectivity and enhance biological integrity, it is absolutely necessary 

to take a multi-species approach to determine their mitigation effects on target and non-

target species (Clevenger 2005). 

A crucial concept in assessing the effectiveness of crossing structures is recognizing 

that potential impacts of roads on wildlife species occur at individual, population, and 

community levels.  Furthermore, impacts occur at varying spatial and temporal scales, 

all of which require different approaches to understand and address (Clevenger 2005).  

For example, road mortality of certain lizard species may be relatively high, but because 

they reach greater relative abundance in the road zone, negative impacts at the 

population level may not occur.  On the other hand, the social system of some large 

mammals is such that a few individuals are responsible for the majority of reproduction, 

so that if only a small number of dominant males are killed on the road, then the health 

of the population may suffer.  In addition, tracking the movements of wide-ranging large 

mammals will allow us to assess the effectiveness of the crossing structures in 

maintaining or restoring habitat connectivity at the landscape scale (e.g., between 
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watersheds and mountain ranges).  In long-lived species (e.g., desert tortoises, state-

protected and petitioned for federal listing), older, larger adults reproduce more than 

smaller younger adults; therefore, if too many large adults are killed on the road then 

the population may decline, taking too long for younger animals to become 

reproductively mature to maintain a viable population.  

When examining patterns of wildlife road mortality, it is extremely important to consider 

both spatial and temporal variables.  Although AGFD identified this stretch of SR 77 as 

a “hot-spot” based on limited road kill surveys, they did not document important 

information regarding temporal variation in wildlife road mortality.  Several species that 

occur in this linkage exhibit seasonal increases in movement, including snakes and Gila 

monsters migrating to and from hibernacula (winter shelters) and anurans (frogs and 

toads) traveling to breeding areas and dispersing from natal pools.  Road mortality can 

have devastating effects on a population during seasonal migrations, especially those 

that are associated with breeding events.  Marchand and Litvaitis (2004) demonstrated 

that turtle populations in areas with high road density have skewed sex ratios and a 

higher proportion of adults, due to high mortality of females traveling to nesting sites.  

When comparing two frog species differing in mobility, Carr and Fahrig (2001) found 

that road density was more highly correlated with population decline of more mobile 

species, because they traveled longer distances to utilize a greater number of seasonal 

habitats.   

To further pinpoint the timing of road mortality, we will install specialized traffic counters 

that provide temporal data on traffic flow, which we will use in conjunction with 

radiotelemetry data to calculate probabilities of individuals being killed by vehicles.  We 

will then identify periods of time, or “hot moments,” for mortality probabilities (Beaudry et 

al. 2010).  We will support these findings with data from road mortality surveys.  Using 

this information, we will be able to provide recommendations that enhance mitigation 

effects of crossing structures, such as signage and seasonally reduced speed limits.  

We will also incorporate this information into our workshops, providing motorists and 

local residents with information on when to be particularly aware of wildlife crossing SR 

77.   

Many factors can influence the effectiveness of road crossing structures and 

compromise their role in increasing habitat connectivity within the Tortolita-Santa 

Catalina linkage.  Several authors have called for studies that more closely examine 

multiple factors and their implications for the success of wildlife crossing structures 

(Jackson 1999, Hardy et al. 2003, Forman et al. 2003).  Without a monitoring program 

that anticipates and documents potential problems, results will not allow for adequate 

evaluation of crossing structure success.  Because our study will examine multiple 

variables, we will be able to identify issues that are negatively impacting crossing 

structure effectiveness.  These data are extremely important, because of their 
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application to the success of future linear infrastructure (e.g., roads, canals, railways) 

mitigation efforts in the Sonoran Desert and elsewhere.  

In conclusion, it is imperative that mitigation effects are extensive and long lasting, 

considering the substantial monetary investment involved in building these crossing 

structures.  Without an intensive and far-reaching monitoring program, the return on this 

unprecedented investment will be disproportionately small.  This project will not only 

provide the practical information needed to inform current and future road mitigation 

efforts in the Sonoran Desert and beyond, it will address issues of road ecology that 

have been largely unstudied, but that are obviously critical to future success. 

The Tortolita-Santa Catalina Linkage 

The linkage between the Tortolita and Santa Catalina Mountains is one of two strands in 

an overall linkage system encompassing three mountain ranges, with the third range 

being the Tucson Mountains (Beier et al. 2006).  The importance of this wildlife linkage 

has been recognized for over two decades (Shaw et al. 1986), having been designated 

as one of only six "critical landscape connections" in the Sonoran Desert Conservation 

Plan (Pima County 2001), and identified as one of only 16 "high priority linkages" out of 

152 linkages identified statewide as a result of the Arizona Wildlife Linkages 

Assessment (Nordhaugen et al. 2006).  While planning for the 9,000-acre Arroyo 

Grande state trust land development project on the west side of SR 77, this one-

kilometer-wide linkage has been refined through collaboration between the Arizona 

State Land Department, Town of Oro Valley, Pima County and other surrounding land 

management entities.  The linkage has long been bisected by SR 77, currently a busy, 

four-lane commuter road, which has been identified as a wildlife-automobile collision 

(WAC) "hot spot," according to a survey conducted by AGFD (Ostergaard 2006), and 

from anecdotal data obtained from local residents by Sky Island Alliance, a non-

governmental organization concerned with wildlife connectivity in southern Arizona and 

northern Mexico (J. Przybyl, pers. comm.), and a supporter of this project.   

Although roads and other human activities in the linkage have probably already 

impacted wildlife populations to some extent, the southern strand of the Tortolita-Santa 

Catalina linkage, where the crossing structures will be built, is in reasonably good 

condition at present.  However, the linkage is faced with the threat of ever-encroaching 

urban sprawl from rapidly growing residential and commercial developments associated 

with the towns of Oro Valley and Catalina (Beier et al. 2006).  The linkage is further 

fragmented by a system of local roads.  Although the physical footprint of the road and 

highway network is relatively small, the ecological footprint extends much farther (Beier 

et al. 2006).  Thus, the state highway, local roads, and associated urbanizing areas 

create a substantial impediment to a variety of species, whose populations rely on this 

corridor for their sustainability.  Wide-ranging mammals, such as mountain lions and 

deer, require corridors connecting suitable habitat with adequate resources, such as 
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food and mates.  Animals that live within the corridor, so-called "corridor dwellers," 

include most small mammals, amphibians, and reptiles, which all depend on 

unobstructed linkages in order to maintain genetic diversity and population viability 

(Beier et al. 2006).     

State and federal species of special conservation concern occur in this linkage.  For 

example, the Gila monster is protected in every state in which the species occurs, and 

desert tortoises are protected throughout their range, and considered susceptible to 

habitat fragmentation (Beier et al. 2006).  Our monitoring program will address potential 

issues regarding these species, as well as other focal species identified in the Tucson-

Tortolita-Santa Catalina Linkage design (Beier et al. 2006).   

We will monitor wide-ranging focal species, such as mountain lions, bobcats and mule 

deer, using a variety of methods, including, but not limited to, track surveys, wildlife 

cameras and satellite telemetry.  These species require large tracts of connected 

landscapes in which to forage and breed, and to accommodate juvenile dispersal.  

Thus, in order for the SR 77 crossing structures to be successful for these species, they 

must increase habitat connectivity across the entire width of Oro Valley.  Pre- and post-

construction tracking of the same individuals of each species will enable us to determine 

if animals expand their habitat use to include areas on either side of the highway after 

the crossing structures are in place.  We will also use genetic analyses of scat obtained 

across the linkage to estimate the relative abundance of difficult-to-study species like 

mountain lions, and to determine if viable populations are being established as a result 

of gene flow across the linkage.  

Although a lot of attention has been placed on the use of crossing structures by large, 

highly mobile species, it is equally important to concentrate on corridor-dwelling species 

that may take several generations to "move" between wildlife blocks.  Animals such as 

Gila Monsters, desert tortoises, and tiger rattlesnakes (all focal species for this linkage) 

all fit into the corridor-dwelling category, because the length of the corridor is greater 

than individual home range sizes.  In addition, corridor dwellers are highly susceptible to 

WACs, and are affected both directly and indirectly by roads and fragmentation, causing 

even greater concern.  Therefore, we will monitor these species using hand-held 

radiotelemetry during all three phases of construction (pre-, during, and post-

construction) to determine their patterns of road and crossing structure use.  Road 

surveys will enable us to document patterns of road mortality for these and other reptile 

species.  We will analyze road mortality data in the context of abundance and 

distribution of affected species to obtain a complete picture of crossing structure 

effectiveness for these species.  In addition, we will perform genetic analysis of several 

reptile species in each phase of our monitoring program to identify changes in 

population structure indicative of potential changes in habitat connectivity brought on by 

the placement of crossing structures.  
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Beier et al. (2006) identified 21 focal species found in the Tortolita-Santa Catalina 

linkage that are sensitive to habitat loss and fragmentation.  At some level, we have 

considered all of these focal species in our monitoring program.  For example, we will 

intensively monitor some species using telemetry, fluorescent powder tracking, and 

distance sampling, because they are likely to be common in the linkage.  For other 

species, such as black bears, mountain lions, and badgers, we will rely primarily on 

documenting their presence or absence in the linkage, using techniques such as wildlife 

cameras, track plates, and scat analyses.  Due to costs involved with capturing these 

species for more intense monitoring, and the small sample sizes we would likely obtain, 

it is more cost effective to monitor these animals in an observational capacity.  In the 

table below, we list all focal species for this linkage, as well as the methods we will use 

to monitor them.  However, we stress that these are only the species identified by Beier 

et al. (2006); our monitoring program includes far more species, and also extends to the 

level of populations and communities.  For example, we will intensively monitor rodent 

and lizard communities, which are comprised of over a dozen species each, using mark 

recapture and PIT tagging. 

Table 1.  Focal species identified for the Tortolita-Santa Catalina Linkage and methods used to monitor 

their use of crossing structures on SR 77. 

Focal Species Methods 

Mountain Lion (Puma concolor) incidental observations, wildlife cameras, track 

plates/pads, genetic analysis of scat 

Bobcat (Lynx rufus) satellite telemetry, road surveys, wildlife cameras, 

genetic analysis of scat, track plates/pads 

Black Bear (Ursus americanus) incidental observations, wildlife cameras, genetic 

analysis of scat, tracks plates/pads 

Kit Fox (Vulpes macrotis) incidental observations, wildlife cameras, road surveys, 

track plates/pads, genetic analyses of scat 

 
Badger (Taxidea taxus) incidental observations, wildlife cameras, road surveys, 

track plates/pads, genetic analyses of scat 

Javelina (Tayassu tajacu) incidental observations, satellite telemetry, road 

surveys,  paint-marking, wildlife cameras, tracks 

Mule Deer (Odocoileus hemionus) incidental observation, satellite telemetry, paint-

marking, wildlife cameras, road surveys, track pads 

Bats (various species) incidental observations, road surveys, acoustic 

monitoring 

Gila Monster (Heloderma suspectum) incidental observations, radiotelemetry, PIT tagging, 

fluorescent powder tracking, road surveys 

Whiptail Lizards (Aspidoscelis spp.) visual encounter surveys, paint-marking, road surveys, 

PIT tagging, genetic analysis 

Tiger Rattlesnake (Crotalus tigris) radiotelemetry, PIT tagging, road surveys, visual 

encounter surveys, fluorescent powder tracking 
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Diamond-back Rattlesnake (Crotalus atrox) radiotelemetry, PIT tagging, road surveys, visual 

encounter surveys, fluorescent powder tracking  

Coachwhip (Masticophis flagellum) visual encounter surveys, road surveys, PIT tagging 

Gopher Snake (Pituophis catenifer) visual encounter surveys, road surveys, PIT tagging, 

fluorescent powder tracking 

Sonoran Desert Toad (Bufo alvarius) breeding site surveys, visual encounter surveys, 

acoustic monitoring, road surveys, powder tracking 

Lowland Leopard Frog (Rana yavapaiensis) breeding site surveys, visual encounter surveys, 

acoustic monitoring, road surveys 

Desert Tortoise (Gopherus agassizii) radiotelemetry, visual encounter surveys, road surveys, 

PIT tagging, fluorescent powder tracking 

Sonoran Mud Turtle (Kinosternon sonoriense) road surveys, incidental observations 

C.F. Pygmy-owl (Glaucidium brasilianum) variable point count surveys, acoustic monitoring 

 

Wildlife-Automobile Collisions (WACs) 

When evaluating the overall benefits of the SR 77 crossing structures, it is important to 

take into account their benefits to humans, in addition to wildlife.  We want to emphasize 

that the problem of wildlife mortality on roads goes far beyond threats to wildlife, 

resulting in the tragic loss of human lives due to WACs.  Animal-vehicle collisions are 

costly, both from a monetary and a safety perspective.  Deer-vehicle collisions alone are 

estimated to cause over $1 billion in property damage, 29,000 human injuries, and 211 

human fatalities annually in the US (Conover et al. 1995).  Huijser et al. (2009) found 

that costs associated with vehicle collisions involving ungulates (large hoofed animals 

like deer and elk) on ten road sections in the US and Canada ranged from $3,636 - 

$46,155 per kilometer per year, depending on the species involved.  Because of the 

substantial economic toll taken by WACs, and their potential to cause injuries and 

fatalities, mitigation efforts such as the SR 77 crossing structures can be highly 

beneficial to humans, as well as wildlife. 

In the discourse of the financial and physical toll WACs take on humans, collisions with 

small animals, such as rodents, reptiles, and birds, are often downplayed or ignored 

entirely.  While it is true that collisions with ungulates and other large mammals are the 

major source of injuries, deaths, and financial costs associated with WACs (Conover et 

al. 1995), small animals crossing roads can create dangerous, sometimes life-

threatening, situations.  Oftentimes, indirect collisions can occur when a vehicle 

swerves to miss (or purposely hit, cf., Langley 1989) an animal in the road and collides 

with another vehicle.  A review of news articles pertaining to automobile accidents 

involving reptiles found on the website of the Lake Jackson Ecopassage Alliance 

(www.lakejacksonturtles.org; date accessed, February 15, 2010) revealed multiple 
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instances of accidents that occurred involving turtles.  Many of these accidents were 

caused by motorists swerving to avoid turtles in the road.  In some cases, several cars 

were involved, causing severe injuries and fatalities.  In one case, a turtle was struck by 

a truck, which propelled the animal through the windshield of another vehicle.  The most 

tragic incidents involved the injury and deaths of people who stopped their vehicles to 

remove animals from the road.  In one particularly tragic accident, a six-year-old girl in 

Florida was struck and killed by an unsuspecting motorist when she ran onto the 

highway to help a turtle cross.  Obviously, these examples illustrate how mitigation 

efforts for both large and small wildlife species benefit humans.           

Although economic effects of WACs involving small animals (e.g., reptiles, small 

mammals, and non-game birds) are of less concern, it is critical that smaller species are 

considered for their ecological importance when evaluating the benefits of crossing 

structures and other mitigation efforts.  Because all species function as part of a larger 

ecosystem, a truly effective mitigation program will provide some benefit to the 

ecosystem as a whole.  Besides forming the prey base on which predators depend, high 

mortality of smaller species may ultimately lead to population declines that may 

eventually require listing under the ESA and subsequent costly regulatory compliance.  

Although WACs involving large animals are a primary driving force in most road 

mitigation efforts, we are encouraged by the fact that the RTA, the jurisdictions involved, 

our partners and supporters, local residents, and the general public, are concerned 

about WACs involving smaller species as well.  This type of far-sighted cooperation 

between transportation planners, engineers, the conservation community, and scientists 

will allow for the development and implementation of successful plans for the 

sustainability of Arizona’s wildlife, and the health and safety of our citizens. 

Characterizing Road Impacts on Wildlife  

We know that effects of roads on wildlife can be serious, and may result in population-

level impacts to a variety of wildlife species (Trombulak and Frissell 2000, Foreman et 

al. 2003).  In addition, road impacts extend well beyond the road itself into a so-called 

“road effect zone” that has been estimated to affect 15-22% of land area in the United 

States (Forman and Alexander 1998).  Roads also lead to habitat fragmentation (Fahrig 

and Merriam 1994), resulting in isolation of small, nonviable populations, genetic 

isolation effects (Hitchings and Beebee 1997) and even disruption of community 

structure (Kjoss and Litvaitis 2001).  Indirect impacts include actual road construction 

(Goodman et al. 1984), runoff and pollution (Mahaney 1994), and maintenance activities 

such as mowing (Seigel 1986).   

Knowledge of road effects on wildlife is strongly biased towards larger animals, even 

though smaller animals may be subject to equal or greater impacts (Forman et al. 

2003).  For example, much of the bias towards elk, bighorn sheep, and other ungulates, 

is due to the threat they pose to motorists, as explained above.  In addition, larger 
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animals generally move farther, increasing the likelihood that they will encounter roads.  

Carnivores, like mountain lions and bobcats, maintain large home ranges, and juveniles, 

in particular, may be forced to cross roads when dispersing over long distances to 

establish territories (Beier, 1995).  Small mammals, like rodents and rabbits, have 

smaller home ranges, but may need to cross roads to exploit local food resources, 

especially during periods of decreased productivity, such as drought or during winter. 

Some regions are characterized by greater relative abundance of certain kinds of 

wildlife species, as is the case with reptiles in arid landscapes.  For example, studies in 

the Sonoran Desert have shown that huge numbers of reptiles are killed on roads 

compared to other vertebrates (Kline and Swann 1998).  Rosen and Lowe (1994) 

documented large numbers of road-killed snakes in southern Arizona, and they 

estimated that approximately 4,000 snakes per year are killed on a 14-mile stretch of 

rural, two-lane highway.  This translates into untold millions of reptiles alone that die on 

Arizona roads every year.  

Because reptiles comprise a significant portion of Arizona’s total biological diversity, 

lizards and snakes are among the most important consumers and prey in Sonoran 

Desert ecosystems.  Snakes are, by far, the most abundant and diverse vertebrate 

predators in the Sonoran Desert.  Therefore, snakes play a key role in predator-prey 

interactions that regulate rodent and lizard populations.  Although poorly understood, 

significant road mortality of snakes is likely to have a profound effect on biodiversity 

through simplification of community structure.  Snakes may be the most sensitive group 

of animals to the impacts of road mortality for a variety of reasons.  Many species are 

not averse to crossing roads, and in fact, may be drawn to the warmth that road 

surfaces provide.  Many snake species overwinter in upland areas, and are forced to 

cross roads to reach summer activity ranges (e.g., Goode et al. 2009).  Furthermore, 

most snakes move relatively slowly, are long and difficult to avoid, and may actually be 

run over on purpose, adding to their vulnerability.  

Lizards and small mammals (e.g., rodents) are critical to ecosystem function, because 

they are prime consumers of insects and seeds, and they are prey for a variety of 

predators, (e.g., snakes, predatory birds, and medium-sized mammals).  In general, 

lizards and small mammals have relatively short life spans and high reproductive rates; 

therefore, they may be relatively insensitive to roadway mortality, because their 

populations can quickly recover.  However, certain species, such as horned lizards and 

spiny lizards, may be an exception, particularly when emerging to bask and drink on 

roadways after warm summer rains.  Some lizard and rodent species may actually 

increase in abundance near roads in response to a reduction in predators that either 

avoid the road zone or occur in lower numbers due to increased road mortality.  At first 

glance, an increase in lizards and rodents near roads may seem beneficial, but in 

reality, it may cause the road zone to become an “ecological trap” by attracting foraging 
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animals to prey-rich areas, where they are more likely to be killed by vehicles.  In 

addition, birds such as owls, which are low-flying and feed primarily on small mammals 

and lizards, could be similarly affected.  When roads become ecological traps, negative 

impacts on wildlife populations become greatly magnified. 

As one example, road-related reductions in desert tortoise abundance in Arizona have 

been measured to extend up to 4.6 km into wilderness areas, an order of magnitude 

beyond the home range radius and direct impact expected from road mortality 

(Boarman and Sazaki 2006).  A more recent study, at Organ Pipe Cactus National 

Monument, provided evidence that juvenile tortoises are attracted to areas where adults 

have been depleted in proximity to SR 85 (P. Rosen, pers. comm.).  It seems likely that 

road mortality has caused a population sink that is acting as an ecological trap for 

juvenile tortoises.  For long-lived animals, such as tortoises and many large, abundant, 

and ecologically important predatory snake species, road mortality may be a significant 

force at the population level.  In eastern Pima County, where we have clearly made it a 

goal to integrate biodiversity conservation into human-occupied landscapes, the density 

of the road network is likely to create profound impacts on biodiversity even when 

relatively intact habitats are otherwise protected.  As we enhance our transportation 

network, measuring road impacts, and our success at mitigation using road crossing 

structures, is central to protecting the region's outstanding biodiversity values, 

considered some of the highest in not only the US, but globally. 

Some species have certain behavioral characteristics that make them highly vulnerable 

to road impacts.  For example, seasonal migrations from breeding ponds to surrounding 

terrestrial habitats often bring adult amphibians (Clevenger et al. 2003) and aquatic 

turtles (Gibbs and Shriver 2002) into contact with roads.  Amphibians, in particular, are 

subject to road mortality, because the adult amphibian is the “survival stage” that 

permits species to persist in a highly variable environment (especially drought).  

Therefore, high road mortality can quickly eliminate populations.  In the Sonoran Desert, 

road mortality of toads can be massive, because multiple species form large breeding 

aggregations in pools that form in drainage ditches alongside roads (Kline and Swann 

1998).  In Europe, pioneering efforts to minimize road mortality of amphibians have 

been going on for decades.  So called "toad tunnels," placed strategically along roads 

that pass through major migration corridors, have been successful at reducing 

otherwise high rates of road mortality (reviewed in Jackson 1999). 

Birds are often overlooked when discussing effects of roads on wildlife, because it is 

assumed that they will simply fly over the roadway.  However, data indicate that birds 

are often among the greatest number of animals struck by vehicles, and their numbers 

are probably underestimated, because they are more likely to remain lodged in the front 

end of the vehicle when struck, and therefore not counted during surveys.  In addition, 

birds may be ideal for examining community-level effects of road mortality, because 
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they are relatively easy to survey and their abundance and distribution in the vicinity of 

roads may provide important information on the difficult-to-address issue of road zone 

effect.  In other words, if bird abundance decreases near roads, it may have a ripple 

effect in the food web.  In addition, birds are known to fly over overpass structures more 

than open highway, and some species of birds are attracted to crossing structures for 

nesting purposes.  And finally, predatory birds, such as hawks and owls may exploit 

increased numbers of prey species that use crossing structures, resulting in a "prey 

trap" effect. 

 

OBJECTIVES AND APPROACH 

"Underpasses and overpasses are used by almost all large mammal species of a region. Yet, little 
information exists on crossing rates relative to population sizes, movement rates away from roads, 
predation rates, home range locations, and so forth." 
        - Foreman and Alexander, 1998                        
 

Despite the wealth of information on negative impacts of roads on wildlife, we are still 

essentially ignorant about fundamental and key questions, especially in the arid 

Southwest:  (1) how severe are impacts relative to the abundance of wildlife in the areas 

through which roads pass (i.e., at the population level); (2) how do different species and 

species groups vary in susceptibility to roads at varying spatial and temporal scales; (3) 

how can we effectively mitigate the negative impacts of road using crossing structures; 

and (4) what are the underlying mechanisms responsible for the effectiveness of 

crossing structures and how can we incorporate them into future efforts?  If we do not 

tackle these questions, we are likely to spend a great deal of money by building 

crossing structures that are essentially feel-good measures.  More importantly, we risk 

losing the incredible diversity of wildlife that makes our deserts unique and which so 

greatly adds to our quality of life. 

In general, we do not anticipate the discovery of a "smoking gun" effect of crossing 

structure efficacy, but rather a combination of effects that interact in complex and 

varying ways.  Therefore, it is of critical importance to allow for decisions and 

recommendations to be made based on a weight-of-evidence approach.  To achieve the 

desired results, we have chosen methods that vary in scope and inform each other.   

We will obtain all necessary permits from ADOT and AGFD prior to commencing our 

field research. Specific objectives of this study, and our approach used to address them, 

are embedded in the following sections on various research methods.  

Road Surveys 

We will conduct several types of road surveys before, during and after construction to 

document temporal patterns of road use and mortality.  We will conduct driving surveys 



 20 

at dawn to document all incidents of road mortality from the previous night and to 

minimize biases associated with loss of carcasses to scavengers.  We will identify each 

animal found dead on the road (DOR) to species (unless damaged beyond recognition), 

record the exact location using a handheld GPS unit, and either mark or completely 

remove the carcass from the road.  We will take tissue samples for genetic analyses 

from all DOR specimens.  Although we can cover large portions of road relatively 

quickly, driving surveys are known to have a significant negative bias for amphibian 

road mortality (Langen et al. 2007), and many species (e.g., lizards, snakes, small 

mammals) are either too small, or too flattened to easily see while driving (Kline and 

Swann 1998).  Therefore, we will supplement our driving surveys with walking surveys 

to more intensively examine the road surface.  All of our activities will be timed to 

coincide with periods of low traffic volume, and we will coordinate with ADOT regarding 

timing of our activities, safety procedures, and permitting issues.  We will also 

coordinate our activities with local law enforcement officials. 

Many animals that are struck on the road do not die until they reach the right-of-way, 

and some animals are flung from the road on impact.  Therefore, it is critically important 

to survey the road right-of-way.  We will survey multiple transects along both sides of 

SR 77, from the pavement’s edge to the right-of-way fence to document all DOR 

animals not found during driving surveys.  To save time and money, these surveys will 

also function as visual encounter surveys for diurnal (day-active) lizards and snakes.   

We will conduct nightly “road cruising” surveys.  Road cruising is a common and 

effective technique for surveying wildlife, especially nocturnal (night-active) species that 

are often found alive on, or near to, the road.  Therefore, road cruising surveys will not 

only be important for documenting DOR wildlife, but will also be a major source of live 

animals, some of which we will capture (e.g., snakes) and mark for permanent 

identification (i.e., PIT tags), and some of which we will simply observe (e.g., many 

mammal species).  In addition, we will select some of the animals found crossing roads 

(e.g., Gila monsters, various snake species) for radio tracking or fluorescent powder 

tracking.  

We will conduct road cruising surveys at low speeds with two people per vehicle.  The 

driver will be responsible for documenting all animals found on the road, while the 

passenger will use a spotlight to survey animals observed beyond the roadside.  

Spotlighting has been used as a method for surveying nocturnal animals present in the 

vicinity of wildlife crossing structures (Abson and Lawrence 2003).  With the addition of 

spotlighting, road cruising surveys will serve to not only document individuals crossing 

the road, but animals approaching the road and moving within the road-zone as well. 

Radiotelemetry 
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We will use both satellite and hand-held radiotelemetry, allowing us to assess potential 

effects of roads on wildlife that go far beyond simple barrier effects caused by direct 

mortality due to WACs.  For example, roads can also act as barriers to gene flow 

between populations.  Riley et al. (2006) demonstrated a barrier to gene flow and 

dispersal between coyote and bobcat populations separated by Ventura Freeway in 

southern California.  Individuals of both species established home ranges that abutted 

the highway; consequently, these home ranges were smaller than those away from the 

road, and they shared more overlap with adjacent home ranges.  Although a moderate 

level of migration between populations was evident, individuals were unable to establish 

and defend new territories along the road due to the already high level of competition for 

resources in this area.  As a result, migrating individuals were often unable to 

reproduce, resulting in decreased genetic variation in populations separated by the 

highway.  This is an excellent example of how important it is to go beyond simple use of 

crossing structures to include more in depth analyses of wildlife responses.  If relying 

only on the fact that individual bobcats used the crossing structure to asses its 

effectiveness, we would fail to realize that lack of reproduction on the part of dispersing 

animals indicates that the crossing structures are not really effective at connecting 

populations from a genetic perspective. 

In a more familiar example, closer to home and involving reptiles, Goode et al. (2002) 

documented a similar effect in tiger rattlesnakes.  Radiotelemetry locations of over 20 

tiger rattlesnakes, spanning a five-year period, revealed "home range pile up" of snakes 

on one side of a busy commuter road that passes along the boundary of Saguaro 

National Park.  Not a single snake crossed the road, which acted as an impassable 

barrier for snakes living near the park boundary.  The consequences of this packing of 

individuals are not easily understood, but they likely result in deleterious genetic and 

demographic effects that are not conducive to long-term population viability. 

In this study, we will quantify home range characteristics (e.g., size and shape) and 

display them on high-resolution, georeferenced aerial imagery in a GIS format to 

determine if home range pile-up, or any other attenuation of movement, is occurring 

along SR 77.  We will continue to track radiotracked animals during and after 

construction to determine if crossing structures are effective at mitigating barrier effects 

of roads.  Along with abundance data from surveys, we will use radiotelemetry data to 

calculate crossing probabilities along SR 77 (Forman et al. 2003).  We can then analyze 

crossing data from automated PIT tag reading systems and road surveys within the 

appropriate context.  This is a good example of how important it is to examine multiple 

lines of evidence that inform each other when assessing crossing structure 

effectiveness. 

 

Satellite Telemetry  
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Satellite or Global Positioning System (GPS) telemetry is a valuable tool for 

documenting the movements of large, wide-ranging species.  Satellite telemetry 

systems provide copious amounts of continuous movement data amid even extreme 

environmental conditions, while greatly reducing the number of man-hours required in 

the field (Rodgers et al. 1996).  Satellite telemetry will allow us to address two critical 

questions:  1) how permeable are the crossing structures, and 2) do they restore wildlife 

connectivity at the landscape scale? 

Recently, satellite telemetry has been instrumental in monitoring large ungulate use of 

highways and wildlife underpasses in Arizona (McKinney and Smith 2007, Dodd et al. 

2007c, Gagnon et al. 2007).  Using data gathered from satellite telemetry, McKinney 

and Smith (2007) were able to identify spatial patterns in bighorn sheep movement 

relative to a key section of US 93.  Based on satellite telemetry data, the authors were 

able to make informed recommendations regarding placement of wildlife-engineered 

crossing structures on US 93.  Dodd et al. (2007) used GPS telemetry to assess 

permeability of SR 260 to elk through successive phases of reconstruction, which 

included widening the highway, integrating wildlife crossing structures, and 

implementing ungulate-proof fencing.  Gagnon et al. (2007) were able to determine how 

patterns in traffic flow affected elk crossing and distribution in the vicinity of SR 260; the 

authors found that although high traffic volumes greatly affected elk crossings, 

seasonality and proximity to quality habitat also strongly affected elk behavior.  We will 

use these innovative methods to assess habitat connectivity provided to large mammals 

as a result of crossing structures on SR 77.   

Several species of medium and large mammals are known to occur in the area where 

the crossing structures will be built, including white-tailed deer, mule deer, javelina, 

mountain lions, bobcats, coyotes, gray fox, kit fox, badgers, four skunk species, 

raccoons, ringtails, two species of rabbits and two species of hare.  In addition, 

dispersing coatis or bears may pass through the area (Hoffmeister, Koprowski, pers. 

obs., Goode, pers. obs.).  Many of the mammal species we will monitor (e.g., deer, 

javelina, rabbits) represent the most common species involved in WACs on this stretch 

of SR 77 (Ostergard 2006).  They were also considered to be among the most important 

species to assess when trying to restore the Tortolita-Santa Catalina linkage (Beier 

2006).  In addition, they provide us with a diversity of body sizes, behaviors and life 

histories for a more comprehensive assessment of crossing structure effectiveness. 

These mammals may also avoid roads or modify their behavior when approaching and 

crossing.  And, due to their considerable size and conspicuous habits, road crossing by 

medium and large mammals can result in avoidance behavior by drivers, potentially 

causing collisions that can prove both costly and dangerous.   

We will capture 15-20 deer, using net guns and/or clover traps.  Our sample of deer will 

likely include both white-tail deer and mule deer, as both species occur in the area.  
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Although white-tail deer are likely to be more common, mule deer are typically easier to 

capture.  Therefore, the exact number of each species will depend on trapping success.   

We will fit deer with Northstar RASSL Global Positioning System (GPS) Tracker Collars 

that permit real time downloads via the internet.  We will program each collar with a 

GeoFence alarm.  The GeoFence alarm sends an immediate email and text message 

when the collared individual crosses a pre-determined boundary, which we will define 

as SR 77.  This innovative feature allows a detailed accounting of road crossing and 

wildlife passage by collared individuals. 

We will capture 10-12 bobcats using large box traps, and fit them with GPS collars.  

Bobcats are an ideal species to include in the study, because they are relatively 

common in moderately urbanized areas, they are solitary throughout most of the year, 

which minimizes duplicative information obtained from tracking more social species, 

they can move long distances, especially as dispersing juveniles, and they are 

important predators in Sonoran Desert ecosystems. 

Hand-held Radiotelemetry 

Handheld radiotelemetry has become a common technique for tracking the movements 

of a wide array of wildlife species.  This method has enhanced the ability of biologists to 

locate animals, observe movements, examine habitat use, determine causes of 

mortality, and calculate home range sizes (Samuel and Fuller 1994).  Hand-held 

radiotelemetry has been especially useful for studying secretive species that are difficult 

to observe in the wild, and species that are too small to accommodate larger 

transmitters associated with satellite GPS radiotelemetry.  Although hand-held 

radiotelemetry seems like an obvious choice for monitoring responses of wildlife to 

roads and crossing structures, it has not been widely used (Clevenger 2005).  

Therefore, we will use hand-held radiotelemtery to monitor wildlife response to crossing 

structures for a variety of species, including tiger rattlesnakes, Gila monsters, and 

tortoises (we will choose suitable alternatives based on their relative abundance and 

distribution in the road zone). 

Depending on the species, we will either surgically implant radiotransmitters into the 

body cavity, or affix radiotransmitters to the body (Kenward 2001).  We will locate all 

individuals with handheld receivers and antennae at least twice per week.  We will track 

reptile species at least twice per week during the active season (April-October), and 

only occasionally during winter months when animals are inactive due to hibernation.  At 

each tracking location, we will record a suite of variables associated with habitat, 

behavior, and weather.  We will record the coordinates of each location with a handheld 

GPS, allowing for analyses of several space-use parameters, such as movement 

patterns and home range characteristics.  We will monitor movement patterns and 

habitat use throughout each phase of the monitoring program.  These data will be very 
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useful in our efforts at evaluating crossing structure effectiveness at mitigating potential 

barrier effects of SR77.   

Wildlife Camera Systems 

Wildlife camera systems (video and still photography) can be extremely useful for 

documenting mammal use of wildlife crossing structures (Gagnon et al. 2005, Dodd et 

al. 2007b).  Both of these studies examined large mammal use of underpasses along 

SR 260 in northern Arizona.  Using video surveillance systems, the authors were able to 

document behavioral responses to underpasses (e.g., incomplete crossing, hesitation, 

foraging).  With this information, the authors were able to identify factors, such as 

seasonality and structural design, which affected behavioral responses to, and use of, 

underpasses. 

To ensure complete coverage of wildlife passages, we will install quad-plex digital video 

surveillance systems to continually monitor mammal crossing and thoroughly document 

mammal use.  Video cameras will enable us to measure overall and species-specific 

usage rates.  Furthermore, continuous use of video will enable us to assess the entire 

suite of medium and large mammals, including relatively secretive and uncommon 

species.  This surveillance system will accurately and precisely record use of, and 

behavioral response to, crossing structures by wide-ranging species, such as mountain 

lions, deer, and javelina.  This will enable us to more accurately assess the efficacy of 

the structures in restoring the high priority linkage between the Santa Catalina and 

Tortolita Mountains.  These surveillance systems have the added benefit of 

documenting any human activity that may occur in the structures, which will provide us 

with an index of human disturbance that can potentially reduce use by wildlife of all 

kinds.   

We will place cameras at 100 m intervals alongside the roadway, and at 100 m intervals 

along game trails and washes leading to and from the roadway.  Once the crossing 

structures are installed, we will deploy a quad system to maximize documentation of all 

animals using the crossing structures.  Our camera placement system will allow us to 

detect animals that actually approach and/or cross the road or crossing structures, and 

it will enable us to document the total number of animals using the area, allowing us to 

determine relative use of crossing structures.  In addition, ADOT will install cattle guards 

(fitted with escape ramps for small species) at vehicular ingress/egress points along the 

roadway, in an attempt to prevent wildlife from accessing the road.  ADOT will also 

install four "jump outs" (breaks in the fencing) per crossing structure that allow animals 

to escape the roadway.  Our camera surveillance systems will allow us to monitor the 

presence of animals that inadvertently enter the roadway and whether or not they use 

“jump outs." 
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“Camera-trapping” using motion activated digital still cameras has been shown to be an 

effective method for assessing the relative abundance of mammals, because it allows 

for accurate species identification and is not limited by environmental conditions 

(Silveira et al. 2003).  Prior to, during, and after construction of crossing structures, we 

will use digital still cameras to assess the diversity and relative abundance of mammals 

within 0.5 km on each side of SR 77.  Once again, we will examine population-level 

effects by comparing "available" animals with the actual number of mammals that used 

the overpass and underpasses.  In this way, we will go beyond simple use of the 

structures, placing our results in the context of the number of animals with the potential 

to use the crossing structures.  

Automated PIT Tag Readers 

We will install custom-built, automated PIT tag reading systems at all three crossing 

structures to document use by a variety of species.  We will install these systems as 

soon as construction is completed, leaving them in place for the remainder of the 

monitoring program (this is the only technique that we are unable to use before and 

during construction).   

PIT tags (passive integrated transponder tags) are tiny microchips about the size of a 

grain of rice that contain a unique alphanumeric code.  PIT tags are typically inserted 

just under the skin of a variety of wildlife species to allow for permanent identification of 

individuals.  PIT tags are "activated" using a hand-held or automated reader or reading 

system that records the unique code.  This technology has been widely used in fish 

passage studies, but only rarely used in evaluating crossing structures of terrestrial 

wildlife.  Boarman et al. (1998) used PIT tag reading systems to successfully monitor 

desert tortoise use of multipurpose culverts in California, and Bellis et al. (2007), used 

them on snakes in Vermont.   

To date, PIT tag reading systems used to assess effectiveness of crossing structures 

have been used only on small structures, such as culverts, because the antennae are 

relatively small, circular, and require the animal to pass-through to be read accurately.  

This requires that PIT tagged animals be funneled through the antennae, which would 

obviously defeat the purpose of the crossing structures.  However, the cost of building 

antennae large enough to span the entire width of the SR 77 crossing structures would 

be over $100,000 per structure.  Fortunately, we have found a much cheaper and more 

effective solution that uses the half-duplex system (Oregon RFID, Inc.).  This system is 

perfect to assess crossing structure use, because it uses antennae made of common, 

commercially available material that is extremely inexpensive and can be easily 

configured to conform to the design and placement of the crossing structure.  The 

dramatically lower cost of this system will allow us to use multiple antennae that span 

the entire crossing structure, enabling us to obtain much more detailed information on 

the behavior of animals while in the passage, and whether or not the individual made a 
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complete passage through the structure.  Each system consists of one controller that 

can accommodate up to four antennae.  Another advantage of this system is that it 

requires minimal maintenance and can be properly secured from environmental wear 

and potential human-caused damage.  

Track Plates, Track Beds and Track Counts 

We will use a combination of track plates and track beds to assess crossing structure 

use by a suite of species.  Track plates and track beds are among the most common 

methods used to monitor crossing structure use, especially for large species, although 

they are limited in that they only provide an index of use, as opposed to direct 

quantification.  Although similar in function, track plates are usually smaller and are 

designed to yield precise imprints, whereas track beds are typically much longer and 

utilize sand or other substrates that only record identifiable tracks of larger animals with 

more characteristic prints. 

We will construct track plates that span each end of all three structures using methods 

modified from Zielinski and Kucera (1995).  We will use photocopy toner as a tracking 

substrate with contact paper placed on the distal end of the plate to permanently record 

tracks (Belant 2003).  This method will allow us to obtain clear tracks from small 

mammals, reptiles, and terrestrial birds to document their presence in each structure.   

We will also use a novel technique, using fluorescent powder, to obtain animal tracks.  

We will construct plates filled with fluorescent powder that can be laid on top of the 

toner plates.  Our experience with fluorescent powder tracking of Gila monsters has led 

us to discover several possible advantages over typical tracking substrates (e.g., soot, 

toner, sand).  Rather than just documenting the presence of an animal in the crossing 

structure, fluorescent powder will allow us to document the exact path of an individual 

through the structure.  For example, fluorescent powder tracks will allow us to determine 

if an animal moved through the entire passage, engaged in foraging behavior within the 

passage, or entered the passage and decided to turn around and leave.  This technique 

is particularly advantageous, because it enables us to document the exact path of 

species that are either too time-consuming, expensive, scarce, or otherwise problematic 

to capture and coat in powder (e.g., mountain lions, badgers, skunks).  This novel use 

of fluorescent powder tracking will dramatically lower the costs of the project, especially 

considering the relatively high costs of other techniques that either do not exist or do not 

yield such detailed information.     

Because we cannot install track plates until the crossing structures are completed, we 

will monitor pre-construction road crossing by a variety of animals using track beds 

placed parallel and adjacent to SR 77 (depending on construction activities, we may try 

to use track beds during construction as well).  We will position tracking beds to 

correspond to the eventual location of crossing structures.  We will construct each track 
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bed to be 100-m long, using sand as a tracking substrate.  We will deploy track beds 

one week per month, during which time we will record tracks twice daily, using a broom 

to smooth the sand in preparation for next-day sampling.   

To augment data from tracking plates and tracking beds, we will determine presence of 

target species by establishing survey track routes along trails and washes located 

throughout the Tortolita-Santa Catalina linkage.  We will survey these routes at least 

four times annually and synchronize our track counts with observations recorded by 

wildlife cameras.  Track surveys have proven to be a reliable method for detecting 

mountain lion presence in several studies (Smallwood and Fitzhugh 1993, 1995; 

Smallwood 1994; Beier and Cunningham 1996).  Although track surveys have provided 

statistically significant indications of decreases in track density, the number of surveys 

necessary to reliably detect small population fluctuations is cost- and time-prohibitive 

(Beier and Cunningham 1996).  Track surveys can, however, provide evidence of 

species presence, information regarding spatiotemporal associations among species, 

and dependable estimates of large population changes over the long term (Smallwood 

and Fitzhugh 1995; Beier and Cunningham 1996).  

Fluorescent Powder Tracking 

We will use fluorescent powder tracking to determine wildlife use of crossing structures.  

Fluorescent powder tracking is a useful technique for indirectly observing the fine scale 

movements of animals, especially secretive species, and it has been adapted for use 

with a number of species.  Leman and Freeman (1985) first described fluorescent 

powder tracking as a method to track individual movements of small mammals.  They 

dipped rodents in containers of fluorescent powder, and then released the animals at 

the point of capture.  After allowing the rodents to move about their environment, they 

followed the resulting trails with the aid of a portable UV light.  They were able to 

indirectly observe behaviors such as object manipulation, shelter usage, and foraging.  

Powder tracking, to which the technique is commonly referred, has since been adapted 

for use with lizards (Fellers and Drost 1989, Stark et al. 2000), tortoises (Blankenship et 

al. 1990), frogs (Birchfield and Deters 2005), toads (Eggert 2002), salamanders 

(Roberts and Leibgold 2008) and birds (Steketee and Robinson 2005). 

We will employ the fluorescent powder tracking techniques described above, as well as 

our own adaptations of the technique, to observe the behaviors of amphibians, reptiles 

and small mammals with regard to wildlife crossing structures.  Powder tracking has 

been used successfully in documenting wildlife use of crossing structures (McDonald 

and St. Clair 2004, Ree et al. 2007).  In this setting, powder tracking has the advantage 

of documenting wildlife use of crossing structures, as well as providing a detailed 

account of an individual animal’s path.  We will follow each individual’s track at night 

with a portable source of UV light and temporarily preserve the track with marking chalk 

that is easily visible in daylight.  We will record each track the following day with a 
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handheld GPS unit and download it into Garmin Mapsource software.  We will analyze 

the movement vectors that comprise each track using a suite of statistics referred to as 

"circular statistics" (Lehner 1996) to determine if there is a change in movement before, 

during, and after crossing through a structure.       

We have been developing the powder tracking technique over the past two years to 

track Gila Monsters in the Tortolita Mountains, at a nearby site that includes both private 

and state lands that are actually part of the Tortolita-Santa Catalina Linkage.  Gila 

monsters are perfectly suited for powder tracking, because they are secretive, relatively 

large, and they have large home ranges, often traveling long distances in single bouts of 

surface activity (Beck 2005).  Furthermore, they are both state-protected and 

considered a focal species for this particular linkage.  However, simply dusting a Gila 

monster with powder will not result in an adequate trail.  To ensure that enough powder 

is retained on the animal to create a highly visible trail, we will affix patches of tanned 

rabbit hide to the ventral surface of the body and tail of each Gila monster.  We will 

individually cut and fit fur patches to each animal to make certain that the patches do 

not interfere with locomotion.  We will dust the fur patches with fluorescent powder, 

release the animal, and follow the subsequent trail using powerful D-cell MagLites 

retrofitted with UV bulbs.  We have found this method to be very effective in 

documenting Gila monster movements, and we feel that is an ideal (and extremely cost-

effective) technique for assessing crossing structure effectiveness. 

Lizard species found in the area surrounding the crossing structures are smaller and 

less mobile than Gila monsters, so it will not be necessary to use a fur patch to create a 

visible trail.  Instead, we will place the lizard in a plastic bag of fluorescent powder and 

use our fingers to massage powder into the interstitial spaces between its scales 

(Fellers and Drost 1989).  We will grasp lizards by the head to prevent powder from 

getting in their eyes and nostrils.  We will then follow the resulting trails as described 

above. 

Powder tracking has proven to be a harmless and effective method for tracking 

amphibians as well (Rittenhouse e al. 2006).  We will use a soft-bristled paintbrush to 

apply powder to the hindquarters and undersides of all four legs of each frog or toad to 

be tracked (Eggert 2002, Birchfield and Deters 2005).   

We will powder track all desert tortoises captured in the vicinity of the structures using a 

technique modified from Blankenship et al. (1990).  We will create small pouches of fine 

nylon mesh filled with fluorescent powder.  We will tie each pouch closed with twine, 

and then attach the twine to the back edge of the carapace (shell) using an adhesive.  

We will use enough twine to allow the pouch to drag the ground as the animal moves 

about its environment.  We will ensure that the pouch and twine is fitted to each 

individual such that it does not interfere with locomotion.  As the pouch drags the 

ground, it will create a visible trail that we will follow using a portable UV light.  This 
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technique can produce trails that last for several days, depending on weather 

conditions, and on how often and far the tortoise moves (Blankenship et al. 1990). 

We are unaware of any documented techniques for using fluorescent powder to track 

snakes.  However, we will experiment with some methods of our own design.  First, we 

will mix fluorescent powder with water, creating a thick paste that will be applied to the 

ventral surface of the snake with a paintbrush.  As the snake moves along the ground, 

the powder paste will leave a trail.  We will also create a mixture of petroleum jelly and 

fluorescent powder that we will apply to the ventral surface of the snake with a 

paintbrush.  We will test the effectiveness of these methods and adjust them as 

necessary. 

We will powder track small mammals using the original method described by Leman 

and Freeman (1985).  We will place the animals in a plastic bag with a small amount of 

powder and gently shake the bag to coat the fur. 

Paint Marking 

Despite the advantages of fluorescent powder tracking, it is only appropriate for certain 

species and it is not practical to apply to every individual captured.  Therefore, we will 

incorporate paint marking as a technique for marking individuals that are too time-

consuming or difficult to capture.  Paint marking will also increase sample sizes by 

reducing the need to capture large numbers of animals.  Specifically, we will use paint 

sprayers, typically used to mark trees, to mark animals (primarily fast moving, difficult-

to-capture day-active lizard species) encountered while conducting roadside time-area 

constrained surveys.  Paint marking has been used successfully as a mark-recapture 

method to estimate population size of lizards (Heckel and Roughgarden 1979, Eaton et 

al. 2002).  During our surveys, we will use paint sprayers to batch mark (i.e., mark 

individuals with the same mark rather then a unique mark) reptiles on both sides of the 

road, using a different color for each side and for each sampling period.  We will record 

the number of individuals marked, as well as their location.  After a batch-marking 

session, we will repeat the survey and record the number of individuals that have 

crossed the road, as indicated by their paint marks.  We will then generate simple 

population estimates based on the ratio of marked and unmarked individuals that we 

recapture.  We will use a 1:1 mixture of non-toxic, biodegradable latex paint and water, 

which has proven safe and long lasting (up to two weeks, Heckel and Roughgarden 

1979).  Depending on encounter rates, we hope to use paint marking to survey and 

batch mark certain mammals as well, especially slower moving, less skittish species or 

species that allow close approach of a potential predator (e.g., skunks and rabbits).   

Because tree-marking sprayers are only accurate to four meters (Heckel and 

Roughgarden 1979), we will attempt to mark larger mammals (e.g., javelina, deer) using 

recreational paintball "guns."  Paintball guns have been used to safely and reliably mark 



 30 

elk (Skalski 2005, McCoy 2000), mountain goats (Pauley and Crenshaw 2006), and 

musk oxen (Jonkel et al. 1975).  They are currently being used to mark black bears in 

an on-going study in Arizona.  Because paintball guns can fire a paintball at high 

velocities, we will only use them on large mammals and never at close range.  We will 

use appropriate safety equipment to adequately protect field technicians.   

Visual Encounter Surveys 

A visual encounter survey (VES) is a relatively simple and effective technique for 

monitoring and estimating relative abundance of species within an area.  Typically, 

when conducting a VES, an observer walks through a specified habitat for a prescribed 

amount of time, documenting observations of target species (Crump and Scott 1994).  

We will conduct VESs for a number of target species, including lizards and breeding 

amphibians.  We will create one-hectare (100 x 100 m) survey plots at varying distances 

from SR 77 to examine how the highway and subsequent crossing structures affect 

species distribution in the area.  In order to have the greatest chance of observing target 

species, we will conduct surveys during peak activity periods of each species.  We will 

rely on our years of professional experience with these species to determine which 

microhabitats are surveyed (Crump and Scott 1994).  We will conduct VESs during 

each phase of our program to document shifts in distribution around SR 77 and any 

population-level mitigation effects the crossing structures may provide. 

Distance Sampling 

Distance sampling is comprised of several closely related methods that allow for the 

reliable estimation of population abundance and density (Buckland et al. 1993).  This 

technique has been successfully employed with a diverse array of wildlife species 

(Thomas et al. 2002).  We will utilize distance sampling before, during, and after 

construction of crossing structures to estimate population densities of several common, 

diurnally active lizard species, and desert tortoises.  It is imperative to reliably estimate 

population densities of focal species in the road effect zone, because reliably evaluating 

the overall success of crossing structures can only be done within this context. 

We will conduct distance sampling along randomly placed transects to estimate lizard 

population densities at varying distances from the crossing structures on both sides of 

SR 77.   We will traverse these transects on foot, recording exact distances to all lizards 

detected (Buckland et al. 1993).  Several studies have successfully utilized this method 

to estimate lizard populations in similar habitats (Rosen and Lowe 1996, Rosen 2000, 

Flesch 2009).  Distance sampling along line transects has also proven to be a useful 

method for estimating population densities of desert tortoises (Swann et al. 2002).  It is 

especially critical that we monitor the population of desert tortoises along SR 77 

throughout all phases of our monitoring program.  Desert tortoises require 

approximately 12-15 years to reach sexual maturity.  Therefore, desert tortoise 
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populations are highly vulnerable to both direct (e.g., road kill) and indirect effects (e.g., 

decreased habitat connectivity) of roads.   

Variable Point Counts 

Because birds can fly, they are often overlooked in studies of crossing structure 

mitigation (Forman et al. 2003).  However, roads can have both direct and indirect 

detrimental effects on bird populations.  Several studies have demonstrated that 

densities of breeding birds decrease with increasing proximity to roads (Reijnen et al 

1995, 1996; Kuitunen et al 1998).   Traffic noise has also been identified as a significant 

contributing factor in reduced population densities of some species.  Artificial night 

lighting, often associated with roads, can affect behaviors of nocturnal birds, such as 

nesting, migration, and foraging, by interfering with orientation and navigation 

mechanisms of nocturnal birds (Ogden 1996).  This phenomenon, referred to as "light 

entrapment," may cause birds to be more vulnerable to predation, road mortality, and 

even exhaustion (Longcore and Rich 2004).   

Bird mortality can also be the result of more direct causes.  Avian species that forage at 

the roadside are particularly vulnerable to road mortality (Clevenger et al. 2003), as are 

scavengers that typically feed on road kill (Jacobson 2005).  Other species that are 

vulnerable to road mortality include owls (due to their habit of swooping towards moving 

lights), low-flying birds, and ground-nesting birds (Hodson 1962).  In this particular study 

area, a variety of birds, including terrestrial species, such as quail and roadrunners, are 

known to suffer from road mortality (Ostergaard 2006, M. Goode, pers. obs.).   

Interestingly, various types of birds have been shown to preferentially use wildlife-

engineered crossing structures.  Foster and Humphrey (1995) documented several 

species of wading birds traveling through underpasses.  A study in Switzerland 

demonstrated that woodland birds flew over sections of road with an overpass 

significantly more than areas lacking an overpass (Keller and Pfister 1997).   

To assess bird abundance near the SR 77 crossing structures, we will perform variable 

point count surveys (Thomas et al. 2002) at multiple distances from each side of the 

road.  We will conduct these surveys before, during and after construction of crossing 

structures.  We will document crossing structure use by birds using primarily track 

plates and motion-sensitive cameras.  While conducting roadkill surveys, we will record 

avian mortality.  We will also record owl vocalizations using terrestrial acoustic 

monitoring equipment (for further details, see below under Amphibian Monitoring).  We 

feel that it is critical to monitor use of crossing structures by owls, because they are a 

diverse group of critically important predators in the Sonoran Desert, and due to their 

abundance and hunting prowess, they are among the most likely species to exploit 

increased use of crossing structures by a variety of potential prey species.   
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Funnel Trap Arrays and Cover Boards 

Relying solely on capturing animals incidentally or during road surveys will not provide 

us with adequate sample sizes for calculating abundance estimates and performing 

population level genetic analyses of amphibian and reptile species.  In addition, many 

species are fossorial (adapted to digging and life underground) and not commonly seen 

on the surface, making them difficult to hand capture.  Furthermore, several lizard (e.g., 

whiptails) and snake (e.g., coachwhips) species can easily evade capture by rapidly 

escaping into cover.  Therefore, we will need to use sampling methods that reliably yield 

high numbers of captured individuals.   

Using a combination of passive and active trapping methods has proven to be 

productive at increasing capture rates of amphibians and reptiles (Willson and Gibbons 

2010).  Passive traps are designed to contain an individual that enters the trap of its 

own accord until the trap is checked by an observer, while active traps attract and 

concentrate individuals to be captured by an observer (Willson and Gibbons 2010).  We 

will utilize both of these trapping methods to collect amphibians and reptiles (and a 

small number of incidental small mammals).   

Passive trapping typically consists of building and installing trap arrays that are in place 

for extended periods of time.  This process is laborious and expensive, especially when 

the goal is to deploy trap arrays in multiple locations throughout a field site for a 

relatively short period of time (Bellis et al. 2007).  However, cost- and labor-efficient 

portable trap arrays have been constructed and used successfully (Rice et al. 2006), 

and we have used these trap arrays successfully on a variety of projects.  Because our 

planned sampling areas will be in the midst of high human activity, we will construct 

portable trap arrays consisting of silt fencing supported by PVC pipes mounted on a 

wood plank (Rice et al. 2006).  We will place pre-constructed funnel traps at each end of 

the trap array.  We will place these funnel trap arrays at varying distances from each 

side of SR 77 for short sampling periods to reduce the chance of vandalism.  

We will actively trap animals using artificial cover objects.  Cover objects, such as tin  or 

asphalt roofing and wooden boards, create warm, moist microclimates that attract 

amphibians and reptiles (Willson and Gibbons 2010).  We will create transects of 

wooden cover boards at varying distances from SR 77.  Because of the high portability 

of funnel trap arrays and cover boards, we will be able to construct a small number of 

each that we will move from one sampling site to another, creating an efficient, cost 

effective system for trapping amphibians and reptiles within the entire monitoring area. 

Small-Mammal Trapping 

To assess responses of small mammals to the crossing structures, we will use 

collapsible Sherman live traps, which are effective, commonly used box-style treadle 

traps that are baited to capture primarily rodents, such as mice and rats (Schemnitz 
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1996).  We will establish 50-trap grids at varying distances from SR 77 to document 

diversity, distribution, and density of rodents (Adams and Geis 1983).  To account for 

seasonal fluctuations in rodent populations, we will conduct trapping during 10-day 

sampling periods in spring, summer and fall.  We will bait traps using a combination of 

oats and peanut butter, providing cotton batting to protect animals from temperature 

extremes.  Each day, we will open traps at dusk, check them before sunrise, and close 

them during the day to minimize trap mortality.   

We will use sophisticated, mark-recapture analytical tools (e.g., Program MARK, 

Program CAPTURE) to quantify characteristics (e.g., population size, survival, age 

structure) of rodent populations residing in the road zone (Oxley et al. 1974).  We will 

compare pre-, during, and post-construction measures to identify potential population- 

and community-level mitigation effects resulting from the crossing structures.  Because 

rodent populations comprise a critical portion of the prey base for a large number of 

predators that occur in the Tortolita-Santa Catalina linkage, it is crucial that we examine 

the effects of SR 77 and the crossing structures on this group.  In addition, 10-day 

trapping periods are much preferable to shorter-duration trapping periods, because they 

allow for a more complete capture-recapture matrix, resulting in more robust population 

estimates.  

Acoustic Monitoring 

Desert ecosystems, due to their lack of water, are not usually thought of as hot spots for 

amphibians.  However, certain amphibian groups, in particular toads, can be highly 

abundant in deserts, and the Sonoran Desert is no exception.  Several species of toads 

are found in the Tortolita-Santa Catalina linkage, and during the summer rainy season, 

when they become hyperactive, road mortality can skyrocket, making them an 

especially vulnerable group.  In addition, because the Tortolita-Santa Catalina linkage 

contains upper elevation reaches of the Santa Catalina Mountains, including drainages 

connected to permanent and near-permanent streams in Catalina State Park (e.g., 

Romero Creek), there is also a chance that lowland leopard frogs, a state-protected 

species, may be found in washes (Cañada del Oro and Big Wash) on either side of the 

crossing structures.  

To document potential changes in amphibian populations, we will deploy terrestrial 

acoustic monitoring devices at various sites during each phase of the study.  Acoustic 

monitoring can be used to estimate relative abundance of breeding males, as well as to 

obtain temporal data on breeding activities (Rand and Drewry 1994).  This technique 

has the added advantage of greatly reducing the number of man-hours required in the 

field to perform calling amphibian surveys (Constible 1999).  We will use Song Meter 

SM2 Terrestrial Monitoring Packages, with omni-directional microphones, to create 

stereo recordings of amphibian vocalizations that are saved to high-capacity memory 

cards.  Until recently, the use of acoustic recording devices has been extremely limited 
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due to a lack of software that can automatically recognize the vocalizations of individual 

species (Taylor et al. 1996, Constible 1999).  However, Song Meter equipment includes 

Song Scope Bioacoustics software that recognizes the vocalizations of individual 

species using digital processing algorithms, while separating them from background 

noise.   

We will deploy Song Meter acoustic devices on both sides of SR 77 at breeding pools 

that form during the monsoon season.  We will begin monitoring these pools pre-

construction, and continue monitoring them throughout each phase of our program.  We 

will estimate relative abundance of breeding males during each phase to document 

potential mitigation effects on amphibian population.  Because acoustic monitoring 

devices are capable of recording temporal patterns in breeding activity, we will compare 

these data with patterns of traffic flow and human activity along SR 77 to characterize 

potential anthropogenic effects on amphibian breeding activity. 

During the post-construction phase, we will expand the use of Song Meter acoustic 

devices to monitor breeding pools in the road zone during the monsoon season, 

relocating them back at the crossing structures for the remainder of the year.  Song 

Meter acoustic devices will also be useful in documenting the presence of avian 

predators, such as raptors and owls, near and within the structures.  This will assist us 

in determining if avian predators are taking advantage of the spatial predictability of prey 

species around the structures. 

Bird Breeding Surveys 

Measurements of nesting success provide information on trends in recruitment to avian 

populations, as well as data on habitat variables that affect breeding productivity (Martin 

and Geupel 1993).  Several factors along roads can negatively influence breeding in 

birds, such as acoustic interference from traffic noise (Parris and Schneider 2008) and 

artificial night lighting (Longcore and Rich 2004).  In addition, many birds nest in 

roadside habitat (natural or anthropogenic), which may lead to an increase in avian road 

mortality.  Therefore, it is crucial that we monitor breeding activity of birds in the vicinity 

of SR 77, especially since data on reproduction allows for direct assessment of 

population viability. 

We will monitor nesting activities using methods described by Martin and Geupel 

(1993).  We will conduct time-area constrained surveys for birds at varying distances 

from SR 77.  In each survey plot, we will survey for birds using binoculars to identify 

individuals carrying nesting materials or food for hatchlings.  We will document each 

observed nesting site using handheld GPS units.  We will pay particularly close 

attention to the behavior of each individual and the habitat in which the nesting behavior 

occurs.  Throughout each phase of our monitoring program, we will map all documented 

avian breeding sites in a GIS format, illustrating any spatial changes in breeding sites 
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that may occur due to the presence of the road, and eventually, construction of the 

crossing structures.  We will compare temporal changes in breeding activity to 

determine if they are correlated with temporal patterns in traffic flow (and noise), human 

activity, and predator activity. 

Amphibian Breeding Surveys 

Amphibians found in the Tortolita-Santa Catalina linkage are predominately “explosive 

breeders” (i.e., four toad species) that densely aggregate to mate and spawn within the 

span of a few days.  Amphibians are unique in that their breeding behavior is easily 

identified due to the aggregation of individuals in breeding choruses.  Although we will 

use terrestrial acoustic monitoring systems to record and analyze amphibian 

vocalizations, it would be impossible to place an acoustic monitor at every breeding site, 

as pools that form during the monsoon season are widely dispersed and subject to rapid 

drying.  Therefore, we will supplement acoustic monitoring with a variety of methods, as 

recommended by Constible (1999). 

During the monsoon season, when ephemeral pools form, we will detect all areas of 

amphibian breeding by visual encounter surveys (Crump and Scott 1994), either by 

presence of calling males or larvae (Scott and Woodward 1994).  We will measure 

physical characteristics of breeding sites and record their locations with handheld GPS 

units.  We will display (in a GIS format) breeding site locations of amphibians before, 

during, and after construction to determine if crossing structures have an impact on 

breeding amphibian populations. 

Toads are likely to breed in ephemeral pools that form in roadside habitats, such as 

drainage ditches (Andrews et al. 2008).  Initially, this may seem to be a positive effect of 

roads, but, if close proximity of breeding habitat to roads leads to higher amphibian road 

mortality, seemingly quality roadside breeding habitat may serve as an ecological trap.   

We will record the presence of roadside breeding amphibians during walking road 

transect surveys.  We will document amphibian road mortality resulting from roadside 

breeding and dispersal during road cruising surveys, paying close attention to temporal 

changes in amphibian mortality that coincide with amphibian larvae metamorphosis and 

dispersal from natal roadside pools or ditches. 

Monitoring Bats 

Bats are a unique part of any ecosystem, because, despite their relatively small size, 

they have life histories typical of much larger mammals and are capable of flight and 

echolocation (Altringham 2008).  Bat populations are susceptible to declines due to slow 

sexual maturation and low fecundity (ability to produce offspring) (Altringham 2008).  

Bats have been shown to exploit increased insect abundance along artificially lit roads 

(Blake et al. 1994), which may result in increased road mortality.  Bats are particularly 

vulnerable to road mortality as they forage along highways, often flying low to capture 
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insects (Altringham 2008).  The majority of bat species in the US are known to use 

highway structures as roosts (Keeley and Tuttle 1999).  The SR 77 crossing structures 

will undoubtedly have characteristics that make them attractive to bats; however, this 

may have negative consequences, such as increased road mortality resulting from 

proximity to the highway.       

Throughout all phases of our program, we will monitor bat populations along SR 77 

using ultrasonic monitoring systems.  As discussed above, we will use Song Meter SM2 

acoustic monitoring systems to record bird and frog vocalizations within and around the 

crossing structures.  These acoustic monitors have two channels, which allows for 

simultaneous recording and storage of acoustic and ultrasonic vocalizations.  Therefore, 

we will monitor bat vocalizations, while monitoring for birds and frogs.  We will monitor 

bats foraging around streetlights during road cruising surveys and while documenting 

any road mortality during walking transect surveys.  We will record all observations of 

bats roosting in and under crossing structures, as well as evidence of roosting, such as 

guano (bat droppings).  In addition, digital cameras will capture any instances of bats 

foraging within the structures. 

Genetic Analyses 

The use of cutting-edge genetic analyses to examine critical issues in wildlife 

conservation has risen sharply in recent years (DeYoung 2007; Geffen et al. 2007; 

Schwartz et al. 2007).  The emergence of road ecology as a discipline has largely 

coincided with this increased interest in genetic applications, leading to the development 

of a new field referred to as "molecular road ecology" (Balkenhol and Waits 2009). 

Because roads presumably act as strong barriers to gene flow, many of their potential 

effects on wildlife populations are likely to be best-addressed using genetic analyses 

(Simmons et al. 2009).   Barrier effects can ultimately reduce population sizes on one or 

both sides of the road, resulting in small, increasingly isolated habitat patches.  Smaller 

habitat patches, in combination with direct road mortality, can lead to increased 

extinction risk for wildlife populations (Jaeger 2004), as observed through increased 

genetic structure and decreased genetic diversity (Keyghobadi 2007; Lowe et al. 2004).  

The promising use of genetic techniques to address road effects on wildlife populations 

has been recognized by ecologists for years (Hardy et al. 2003, Clevenger 2005, 

Shepard et al. 2008). 

This study will provide groundbreaking information on potential genetic effects of wildlife 

crossing structures.  We predict that SR 77 is already a barrier to gene flow and that 

populations of animals living on either side of the road share less genetic material in 

common than would otherwise be expected in continuous habitat.  Because 

microsatellite DNA evolves extremely rapidly, species with short generation times are 

likely to exhibit changes in genetic structure within the span of the study (i.e., six years).  

Therefore, we hypothesize that changes in genetic structure of wildlife populations will 
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result due to increased gene sharing made possible by the crossing structures, thereby 

restoring former levels of genetic diversity.  Demonstrating the effects of wildlife 

crossing structures on population genetics of any species would provide us with 

evidence of crossing structures effectiveness that goes well beyond simple use.  It is 

entirely possible that animals could use crossing structures to move from one habitat 

block to another, but this does not ensure that they are successfully mating.  This was 

precisely the situation found in bobcats in southern California, where dispersing 

juveniles used crossing structures, but were unable to establish territories and find 

mates in adjoining habitats (Riley et al. 2006).  This study will be one of the first ever to 

examine whether or not a barrier to gene flow can be restored over such a short time 

span. 

We will obtain a variety of tissue types, depending on species, for use in genetic 

analyses.  We will use fresh tissues, such as scale clips, tail tips, mouth swabs, and 

blood samples, to obtain DNA for genetic analyses.  We will also employ non-invasive 

tissue sampling to minimize disturbance of animals, including hair and scat left behind 

by animals passing through crossing structures.  Non-invasive tissue samples can 

provide an effective means to study the genetics of species and populations as shown 

by previous studies (Taberlet et al. 1999; Waits and Paetkau 2005).  Scat, in particular, 

is easy to collect in the wild and can be acquired without disturbing study animals 

(Wasser 2004).   

We will collect tissues from all animals handled, even from species for which 

microsatellite DNA markers are presently unavailable, and for which we do not plan to 

develop novel microsatellite markers for this study.  Microsatellite markers are 

continually being developed by labs around the world, therefore, there is a good chance 

that markers for our target species will become available during the course of the study.  

Tissue samples are incredibly valuable for obtaining DNA and tissue collection is not 

harmful to the animal as long as the amount of tissue is small; therefore, if the animal is 

being handled anyway, it makes sense to collect a small amount of tissue from each 

individual.  We will store tissue samples in specialized -80º C freezers in the 

Conservation Genetics Laboratory at the University of Arizona for current and future 

use. 

The study team will collect mid- and large-size carnivore scat while conducting track 

surveys, when checking cameras, and opportunistically, using staff and volunteers.  We 

will perform DNA extraction on scat samples using the QIAamp DNA Stool Mini Kit 

(Qiagen, Valencia, CA).  We will perform Polymerase Chain Reaction (PCR) 

amplification on the extracted DNA for species identification using the cytochrome b 

mitochondrial DNA gene.  We will perform DNA extraction on all tissues using the 

QIAamp tissue kit (Qiagen, Valencia, CA).  
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To identify species from scat samples, we will sequence resultant cytochrome b PCR 

products using ABI Big Dye fluorescent DNA sequencing chemistry and an ABI 3100 

automated DNA sequencer (Applied Biosystems Inc., Foster City, CA).  We will edit and 

align forward and reverse sequences using the program SEQUENCHER (version 3.0, 

Gene Codes Corp., Ann Arbor, MI), and compare them to an existing database of 

vertebrate sequences to determine the species of origin for each sample.  By default, 

we will collect some scats from species other than our target species, due to similar scat 

morphologies. This step will exclude those samples from further analysis. 

For identification of all unique individuals, we will subject all tissue and scat samples, 

which are identified as coming from one of the target species, to microsatellite DNA 

analysis.  We will genotype each individual sample at ten microsatellite DNA loci to 

determine PCR fragment sizes, using an ABI 3100 automated DNA sequencer (Applied 

Biosystems Inc., Foster City, CA). We will collect and analyze data using the programs 

GENESCAN (version 1.2) and GENOTYPER (version 1.1, Applied Biosystems Inc., 

Foster City, CA).   

We will first use resultant microsatellite genotypes to determine if detectable population 

structure exists among samples using the programs STRUCTURE (Version 2.3.1; 

Hubisz et al. 2009) and GENELAND (Guillot and Santos 2005, 20009).  If structure is 

detected, then we will obtain estimates of gene flow (migration/dispersal) among 

populations using the program GENEPOP (Raymond and Rousset 1995).  In addition, 

we will obtain general estimates of genetic health of populations for each microsatellite 

locus such as heterozygosity, variance in allele frequency, and range in allele sizes 

using the program MICROSAT (Version 1.5d; Minch et al. 1995).  These metrics can 

give indications of historical population events such as population contractions versus 

long-term, large effective population sizes.  Scat analysis will involve fewer individuals 

after we reduce samples to those that work from target species and from unique 

individuals.  

Traffic Monitoring 

Traffic patterns are a critical variable when assessing effectiveness of wildlife crossing 

structures (Foreman et al. 2003).  To quantify traffic volume, we will use a Diamond 

Traffic Products inductive loop traffic counter placed at the midpoint of the stretch of SR 

77 that encompasses the crossing structures.  Inductive loop traffic counters have 

several advantages over roadside traffic counters, such as those made by Trafx.  

Inductive loop traffic counters use an individual sensor for each lane, which has the 

advantage of recording two or more vehicles traveling side-by-side.  Each sensor 

determines each vehicle’s speed and classification (i.e., car, light truck, semi-truck) and 

records them with an associated time stamp.  Therefore, we will be able to not only 

gather data on the number of vehicles traversing the road, but on temporal patterns of 

traffic flow as well. 
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We will use data obtained from traffic monitoring to analyze potential effects on wildlife 

response to the highway before, during and after construction of the crossing structures.  

Specifically, we will determine how distance from SR 77 varies with traffic volume by 

calculating the percentage of target animal relocations in distance intervals that extend 

perpendicular to the roadway (after Gagnon et al. 2007).  Distance intervals will vary 

depending on movement patterns of each species.  For example, distance intervals will 

be shorter for less mobile species (e.g., approximately 50 meter intervals out to 250 

meters from the road for rabbits), and longer for highly mobile species (e.g., 

approximately 100 meters out to 500 from the road for deer).  We will also assess 

whether or not traffic volume can predict the likelihood of road crossing or crossing 

structure passage by relating traffic volume to the frequency of road approaches by 

target species. 

We will also monitor traffic noise.  The amount of noise created by traffic, and other 

human activities, can have considerable effects on behavioral and social interactions of 

many species (Forman et al 2003).  The increased traffic flow and subsequent increase 

in traffic noise brought on by widening SR 77 to six lanes may cause animals to avoid 

the crossing structures, resulting in decreased effectiveness.  Clevenger and Waltho 

(2005) have shown that crossing structure use by deer was negatively correlated with 

traffic noise levels.  Avian communities are also particularly sensitive to noise levels 

associated with roads (Forman and Alexander 1998, Slabbekoorn and Peet 2003, 

Parris 2009).  Densities of breeding birds in the vicinity of roads are known to decline 

with increased stress from traffic noise (Reijnen et al. 1995, 1996; Kaseloo 2005).  

Interestingly, some species may compensate for the negative effects of road noise.  For 

example, some amphibian species are known to call at higher pitches in response to 

traffic noise (Parris et al. 2009), and birds are known to increase the amplitude of their 

calls near noisy roads (Brumm 2004). 

With the above in mind, we will deploy datalogging continuous sound level meters along 

the roadside pre-construction.  Post-construction, we will install the same sound level 

meters in the underpasses, as well as on either end of each under- and overpass to 

determine if sound levels are amplified within the structures.  We will be able to 

compare pre- and post-construction sound levels with activities patterns and behaviors 

of multiple species to determine if any species are altering their responses to elevated 

noise levels.  Combined with data from our traffic counters, we will identify temporal 

patterns in traffic noise load to determine if wildlife are subjected to acute noise 

disturbances from bursts of heavy traffic, or if continuous heavy traffic flow is causing a 

more chronic noise disturbance (Forman and Alexander 1998).  These data have the 

potential to inform further mitigation efforts, such as strategically placed sound walls.  
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Monitoring Environmental Variables 

For crossing structures to be effective, environmental variables (e.g., temperature, 

humidity) within the structures must not be drastically different than those found in 

natural surroundings.  This is especially true for amphibians and reptiles, because they 

are ectotherms (animals that maintain their body temperature by absorbing heat from 

their environment, unlike birds and mammals that generate their own internal body 

heat).  If crossing structures alter the thermal environment to the point of avoidance by 

amphibians and reptiles, then they will not be effective for these important organisms.  

Furthermore, we may fail to understand the underlying mechanism leading to 

avoidance, if we do not monitor the thermal environment in and around crossing 

structures.  Therefore, we will deploy miniaturized, automated dataloggers to record 

ambient and surface temperatures at regular intervals.  We will also monitor relative 

humidity in and around the crossing structures, because many desert animals depend 

on humid microhabitats to avoid desiccation, and therefore, may be drawn to crossing 

structures if they provide a moister environment.  

Light levels may have profound effects on wildlife use of crossing structures, especially 

light from artificial sources, such as streetlights.  Ambient light (or lack thereof) may alter 

the behavior of amphibians passing through crossing structures (Jackson 1996).  Small 

mammals have been shown to decrease foraging activity in areas that are brightly lit at 

night, just as they do on nights with bright moonlight (Beier 1996).  Using radiotelemetry 

data, Beier (1995) also demonstrated that mountain lions are hesitant to cross brightly lit 

highways at night, preferring to wait until dawn to see what habitat lies beyond the 

highway.   

To document potential effects of light on wildlife use of the crossing structures, we will 

install datalogging light meters in and adjacent to each structure.  In doing so, we will be 

able to quantify the amount of light within underpasses (which is important not only for 

animals, but also for growth of native vegetation) and compare it to the amount of 

natural ambient light in surrounding areas.  We will also be able to quantify artificial light 

levels, which is of critical importance, because all three crossing structures will be 

located in a moderately urbanized area, where both streetlights and lights from 

surrounding development are likely to be present.  

Monitoring Predators  

When implementing crossing structures to mitigate road-zone effects on wildlife, it is 

necessary to consider potential unintended consequences of the structures.  It has been 

hypothesized that, by funneling prey species into areas of high concentration, crossing 

structures provide predators with the advantage of being able to spatially predict prey 

locations, thereby creating a “prey-trap” (Hunt et al. 1987).  A recent review of the 

literature found that evidence for increased predation in crossing structures is largely 
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anecdotal and most likely represents opportunism rather than a pattern of recurring 

predation (Little et al. 2002).  For example, motion-sensing cameras installed in a 

wildlife underpass in Florida captured an image of a bobcat, which may have been 

foraging in the underpass, carrying a cotton rat in its mouth (Foster and Humphrey 

1995).  The same cameras also captured several images of barred owls apparently 

swooping down on prey.  Cain et al. (2003) demonstrated that bobcats used non-wildlife 

engineered culverts for resting, foraging and thermoregulation, in addition to road 

crossing.  Corvids (e.g., crows, ravens) and raptors are known to forage along highways 

to feed on carrion (Jacobson 2005).  If road mortality is reduced in the vicinity of the 

crossing structures, birds of prey could possibly focus their foraging efforts on the 

structures themselves due to an increased concentration of prey species using the 

crossing structures that used to be available as carrion.  Regarding predation by large 

carnivores, it has been suggested that differences in crossing structure use are 

indicative of predator avoidance by ungulates (hoofed animals) (Clevenger and Waltho 

2000).  Foster and Humphrey (1995) documented predator and prey species using the 

same passages, but they tended to use the passages at different times.   

Although the above examples are largely anecdotal, it is important to examine the 

effects of crossing structures on predator-prey relationships, because the establishment 

of “prey-traps” would be detrimental to the efficacy of the structures.  Therefore, we will 

document the presence of avian predators while conducting variable point count 

surveys before, during, and after construction.  Motion sensitive cameras installed in the 

structures will assist us in detecting avian predators, as well as large mammalian 

carnivores.  We will record owl and raptor vocalizations within and around the structures 

using terrestrial acoustic monitoring equipment.  We will also record all incidental 

observations of predators in the area, as well as evidence of predation (e.g., carrion).  

And finally, we will perform taped call-response surveys for owls (Gibbs and Melvin 

1993).  

Exotic and Invasive Plants 

Exotic plant species are often present in disturbed areas, especially along roadsides 

(Forman et al. 2003, Lake and Leishman 2004).  Roads themselves can act as corridors 

for exotic plant dispersal (Gelbard and Belnap 2003).  In the area where the crossing 

structures will be built, there is a suite of rapidly-increasing exotic grass species 

present, including buffelgrass, fountain grass, and Bermuda grass (M. Goode, pers. 

obs.).  The potential for exotic plants to flourish in the vicinity of the crossing structures 

is high, as many species favor recently disturbed habitats and are well suited for 

persistence in human-dominated environments.  Therefore, it is important to carefully 

monitor exotic plants, because their proliferation may be detrimental to the effectiveness 

of the crossing structures.  If exotic species outcompete native vegetation, they may 

result in less diverse plant communities, which in turn may have a negative effect on 
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some wildlife species.  For example, dense, exotic plant "monocultures" surrounding 

crossing structures have been shown to reduce passage of small mammals (Yanes et 

al. 1995).  A homogenizing effect from exotic plant stands could also drive away native 

herbivores from crossing structures due to a lack of a preferred food source (Forman et 

al. 2003).  Indeed, crossing structures may act as dispersal corridors for exotic plants.  

For example, Wilcox (1989) found that water flow through culverts along a highway 

corridor was partially responsible for the spread of non-native plant species.  Cattle, as 

well as native hoofed animals (ungulates), are capable of dispersing viable seeds of 

exotic plant species via their feces (Bartuszevige and Endress 2008).  If these animals 

feed on exotic grasses in the road-zone and crossing structures facilitate their 

movement through the linkage, then the potential for the spread of exotic species will 

increase.   

We will record the presence and extent of exotic plant species throughout each phase 

of our monitoring program.  Our roadside walking transects will provide us with the 

opportunity to document roadside vegetation composition and note the presence of any 

exotic species.  Pre- and post-construction surveys will also allow us to document any 

changes in the density and distribution of exotic plants, both along the roadside, in and 

around the crossing structures, and deeper into the road zone.  We will also educate 

people about the importance of cultivating native vegetation on their properties as part 

of our outreach program, and we will work with the appropriate transportation 

department(s) to minimize and manage invasive species.   Because buffelgrass is a 

state-identified noxious weed, and a threat to human safety due to its flammability, we 

will utilize the PAG buffelgrass report form when we observe buffelgrass along the 

roadway. 

Time Lag Effect 

Structural attributes of crossing structures have been shown to be a significant factor in 

wildlife use.  This is particularly true for newly constructed crossing structures, to which 

wildlife seem to take time to adapt.  Therefore, it is important to consider potential time 

lag effects when evaluating crossing structures effectiveness (Foreman et al. 2003).  

For example, Reed et al. (1975) found that deer were reluctant to enter newly 

constructed underpasses, possibly due to structural attributes.  Studies on both existing 

and newly built wildlife crossing structures in Canada’s Banff National Park also support 

the time lag theory (Clevenger and Waltho 2000, 2005).  Indeed, habituation to new 

structures may take several years (Clevenger and Waltho 2005, Dodd et al. 2007c) 

We will monitor responses of focal species to crossing structures throughout the study, 

allowing for examination of crossing structure use over time.  We will pay particular 

attention to methods that allow us to assess behaviors that seem to indicate that focal 

species are becoming less reluctant to use crossing structures.  For example, 

fluorescent powder tracking enables us to record actual movement path vectors of 
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animals approaching crossing structures, which in turn will enable us to document any 

instances of animals pausing at the entrance to, or turning away from, a crossing 

structure to take another path.  Using combined approaches, we will be able to 

accurately monitor changes in crossing structure use by individuals and populations, 

providing a robust means to test the time lag hypothesis. 

Fencing 

The use of wildlife fencing in road mitigation efforts can be beneficial or harmful, 

depending on its application.  Fencing, used solely as a mitigation effort to reduce 

mortality, has been successful at preventing animals from crossing roads, but it 

exacerbates barrier effects, such as reduced gene flow (Clevenger et al. 2001).  

Fencing, used in conjunction with crossing structures, can greatly improve passage 

rates of hoofed mammals (ungulates) by funneling animals into the structures (Jaeger 

and Fahrig 2004, Dodd et al. 2007).  However, high levels of road mortality can occur at 

fence ends, where animals cross into the right-of-way (Foster and Humphrey 1995).  

Ungulate mortality has also occurred when individuals attempting to jump over fences 

become entangled (Harrington and Conover 2006).  Even when used in conjunction 

with crossing structures, fencing may impede movement of within-linkage dwellers that 

have smaller home ranges than those of large carnivores and ungulates.  Fencing also 

requires regular maintenance, which can be time-consuming and costly. 

Ungulate-proof fencing will be an integral component of the SR 77 crossing structures 

(Nordhaugen, ADOT, pers. com.).  In addition to ungulate proof fencing, we will employ 

1/8” mesh hardware cloth for a minimum of two feet above ground level to avoid 

entanglement of amphibians and reptiles.  Therefore, we will closely monitor any 

impacts, positive or negative, that fencing has on the overall effectiveness of the 

crossing structures.  While conducting roadside time-area constrained transects, we will 

document any mortalities directly caused by fencing (i.e., entangled animals), while 

simultaneously monitoring damage to the fencing caused by wildlife or humans.  

Fencing will also provide us with the perfect opportunity to easily make use of temporary 

funnel traps along the fence to enhance post-construction sample sizes of certain 

species.  Taking advantage of fencing to capture animals will allow us to PIT tag more 

individuals, and provide us with additional animals to be outfitted with radiotransmitters.  

Trapping animals that are traveling along the fencing is also advantageous, because we 

can quantify the funneling effect of the fencing.   

Geographic Information Systems (GIS) Analysis 

Although the use of geographic information systems (GIS) in planning road zone 

mitigation efforts for wildlife has been under utilized, it has been extremely useful in 

identifying optimal travel corridors for wildlife (Clevenger et al. 2002, Beier et al. 2008).  

Using GIS, we will quantify the number of roads and trails within the Tortolita-Santa 
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Catalina linkage and identify features of the landscape (natural or anthropogenic), other 

than SR 77, that further fragment the linkage.  In addition, GIS imagery will allow us to 

identify other nearby areas impacted by human activity, including churches, schools, 

and housing developments, and areas commonly used for recreational purposes (e.g., 

neighborhood trails, major washes, Catalina State Park).  Using extremely high-

resolution (four inches per pixel), georeferenced aerial images obtained from PAGNET 

(Pima Area Government Network, Pima County), we will be able to perform spatial 

analyses that would otherwise not be possible.  For example, we will examine GIS 

imagery to identify areas of habitat resistance (Beier 2008), and perform computational 

analysis of habitat preference for multiple species.  We will follow the recommendations 

of, and consult with, the Beier lab at Northern Arizona University, and Dan Majka in the 

Tucson office of The Nature Conservancy to ensure that our results coincide with their 

commendable efforts in studying and designing the Tortolita-Santa Catalina linkage 

(Beier et al. 2006, 2008).  Both Paul Beier and Dan Majka have written letters 

supporting this project and have agreed to contribute their expertise when called upon.   

Handling Procedures and Permits 

The majority of our methods necessitate the handling of animals for capture and other 

procedures.  Therefore, it is imperative to minimize stress on our study subjects.  

Collectively, the principal investigators on this project have amassed literally thousands 

of hours handling the species involved (see Qualifications of Principal Investigators 

below).  We will rely on our years of professional animal handling experience to 

minimize the invasiveness of all procedures involved (e.g., trapping, PIT tagging, 

collecting tissue samples).   

We will also take into account seasonality when collecting and processing animals.  For 

example, in the summer months, we will check all traps at dawn to avoid exposing any 

captured individuals to extreme temperatures.  We will ensure that all captured 

individuals will be handled as little as possible and only in temperature-controlled 

settings.  In addition, we will return all individuals to their exact point of capture within 24 

hours.  We will use sterile instruments in all surgeries, as well as when PIT-tagging or 

collecting tissue samples from individuals.   We will train all personnel in capture and 

handling techniques that ensure their safety, as well as that of the animals.  In addition, 

we will submit all of our handling protocols to be approved by the University of Arizona 

Institutional Animal Care and Use Committee.  It is worth noting that we have already 

been approved for the majority of procedures used in this study.  This ensures that 

animals are being handled as humanely as possible, which we firmly believe is not only 

in the best interests of the project, but is the right thing to do from an ethical 

perspective. 

All of the principal investigators involved in this project currently have, or have had in 

the past, the permits required by AGFD to conduct research on all of the species in this 
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area, and for all of the methods proposed.  Throughout the duration of this monitoring 

program, we will continue to go through appropriate channels to obtain collecting 

permits, and we will constantly modify our methods to keep up with current best 

practices for handling of wildlife.  We will also obtain permits from ADOT to work within 

the right-of-way, and we will work closely with ADOT personnel to maximize safety. 

Human Dimensions 

Human activities in the vicinity of the crossing structures have great potential to 

influence their efficacy.  These activities are not limited to just traffic flow over and under 

the crossing structures, but include recreational activities that occur in the area, such as 

hiking, mountain biking, off-highway vehicle use, and horseback riding.  The crossing 

structures will be in close proximity to a state park and associated trails, buildings, and 

roads, as well as hiking trails established and maintained by an adjacent residential 

neighborhood.  While there is no question that human activity is prominent in this area, 

quantifying this activity is crucial in understanding how it affects wildlife usage of 

crossing structures.  Clevenger and Waltho (2000) studied factors influencing wildlife 

use of 12-year old crossing structures on multiple ecological scales.  They found that 

amount of human activity was a consistently significant factor affecting species 

passage.  In a subsequent study on newly constructed crossing structures in the same 

area, Clevenger and Waltho (2003) found that structural attributes most affected wildlife 

use of the structures, while human activities were of secondary importance.  These data 

suggest that, while wildlife may eventually become acclimated to less than optimal 

structural attributes, human activity will always be a factor affecting the efficacy of 

crossing structures. The same human avoidance behaviors that are necessary for the 

survival of many species may prevent them from using areas of otherwise high-quality 

habitat (Whittaker and Knight 1998).  Therefore, even the most well engineered 

crossing structures may not provide adequate mitigation of barrier effects of roads if 

human activity is not evaluated and managed. 

Above, we describe the importance of monitoring traffic on SR 77.  However, traffic flow 

is but one aspect of human activity that needs to be quantified in this area.  To this end, 

we will gather information from Catalina State Park on visitor frequency, once again 

identifying temporal patterns of human activity in this area.  We will also document any 

human activity we encounter in the course of our fieldwork, recording the type of 

activity, number of people, and approximate distance from crossing structures.  We will 

also record any human activity within the structures (e.g., vandalism, trash); this will be 

accomplished as a matter of course using the motion sensitive cameras mounted in the 

structures to document wildlife responses. 

Indirect effects of human activities can also have significant consequences for the 

effectiveness of crossing structures.  Pets, such as cats and dogs, have great potential 

to affect ecosystems by acting as subsidized predators on native species of small 
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mammals, birds, and reptiles.  Feral and domestic cats can be especially detrimental, 

as some individuals have been documented to kill up to 1,000 wild animals per year 

(Coleman et al. 1997).  This effect on native populations of reptiles, birds and mammals 

is magnified in fragmented areas, where there may be dozens of cats hunting in an area 

that only can support one or two pairs of native carnivores (e.g., coyotes, bobcats; 

Crooks and Soulé 1999).  Furthermore, domestic dogs and cats have been shown to 

use wildlife crossing structures, such as underpasses and culverts (Foster and 

Humphrey 1995, Ng and Dole 2004).  And, the presence of free-ranging pets may 

attract predators, such as coyotes and bobcats, thereby bringing them into contact with 

humans and the perils of a busy road.   

The loss of predators, such as coyotes, due to habitat fragmentation and competition 

from domestic species can also cause other mesopredators, such as raccoons and 

skunks, to reach unnaturally high densities (Crooks and Soulé 1999).  Because these 

species take advantage of human activity (e.g., by feeding from trash containers), they 

may become even more common, essentially outcompeting other native predators 

(Beier et al. 2006). 

Though it is illegal in the state of Arizona (with the exception of bird feeders), increased 

feeding of wildlife by humans is another persistent problem in urban areas.  We are 

concerned that humans feeding wildlife may lead to adverse effects on habitat 

connectivity afforded by crossing structures.  Wildlife can quickly become habituated, or 

even attracted, to human-dominated areas if food, water and/or shelter availability is 

high (Whittaker and Knight 1998).   A review and synthesis of the relevant literature by 

Boutin (1990) found that in most cases, where animals were supplemented with food, 

home range sizes decreased and became clustered around the food source.  This type 

of home range pile-up could intensify fragmentation caused by human-dominated 

landscapes by reducing dispersal of individuals and limiting gene flow between 

populations.  The availability of human-provided food sources can cause conflicts 

between people and animals that are attracted or habituated to the presence of 

humans. 

Because the SR 77 crossing structures will be located in a place where human activity 

is not limited to just the road, a well-informed and involved public is crucial to ensuring 

the long-term success of the structures.  In light of this, we will develop and implement a 

public outreach program to encourage stewardship of the Tortolita-Santa Catalina 

linkage.  The primary goal of our Linkage Stewardship Program will be to provide local 

residents and the general public with the information they need to coexist safely, 

responsibly and enjoyably with wildlife at the urban fringe.  We will hold periodic 

workshops where we will provide updates from our monitoring program and discuss 

topics of importance to the crossing structures and the entire linkage.  We will educate 

the public on issues, such as responsible pet ownership, wildlife feeding, and 
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appropriate trail use.  We will inform those involved about the diversity of species in the 

linkage, as well as debunk myths surrounding animals like rattlesnakes and Gila 

Monsters.  We will provide tips on how to safely make private lands more permeable to 

wildlife.  We will encourage public respect of public and private property.  We plan to 

consult and collaborate with urban wildlife specialists from AGFD Region 5 to make 

certain we create an environmental education program that makes a noticeable impact 

on public attitudes and perceptions.  We will also pursue the use of signage to heighten 

the awareness of the public to the importance of the crossing structures in maintaining 

the health of wildlife populations. 

In addition to our outreach program, we will develop a questionnaire to mail to 

homeowners in the vicinity, inquiring about their use of nearby trails (e.g., frequency, 

duration, type of activity).  This will also provide us with the opportunity to survey their 

attitudes about the crossing structure project and what criteria they use to assess the 

structures’ success.  As this is a taxpayer-funded project, it is vital for the development 

of future projects to evaluate the public’s opinion.  No matter how ecologically effective 

this project may be, public opinion will ultimately have the greatest influence on 

decisions regarding wildlife crossing structures in the future. 

And finally, a crucial component of our monitoring program is our commitment to 

fostering and maintaining an open dialogue with various stakeholders (e.g., government 

agencies, non-profit organizations, land and wildlife managers, institutions, developers) 

involved in the construction of the crossing structures, and the maintenance of the entire 

linkage.  From the outset, we will hold regularly scheduled meetings with stakeholders 

to present study results, explain methods and discuss outcomes.  By regularly 

presenting our data, and engaging in discussions with the local community, we will 

minimize potential disconnects between on-the-ground actions and intended results.  To 

facilitate a productive and open dialogue with stakeholders, the Pima County Office of 

Conservation Science and Environmental Policy has offered to provide the project with 

an extremely valuable service by acting as the liaison between scientists and 

stakeholders.  

 

PROJECT TIMELINE 

The project timeline is somewhat complicated, because the study is five years in length, 

divided into three phases, and involves a suite of wildlife species.  As a result, our 

activities vary from year to year and season to season depending on methods used, 

and seasonal variation in behavior and activity (detectability) of the various focal 

species and groups.  For example, we will not conduct amphibian and reptile sampling 

during winter months, because these species are quiescent; however, we will conduct 

mammal surveys, because most species remain active during the winter.  In contrast, 
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we will generally avoid mammal trapping during hot summer months when trapped 

animals can easily overheat, but reptiles reach their greatest activity levels during hot 

summer months, especially during the summer rainy period.  In addition, some species 

are strictly nocturnal while others are strictly diurnal.  Therefore, we will time our surveys 

to coincide with periods of greatest abundance, activities, and/or detectability for target 

species. 

      

We have also made every effort to choose methods that can be monitored before, 

during and after construction of the crossing structures.  And we have chosen methods 

that can be monitored at a nearby control site(s).  We may find it necessary to remove, 

relocate, or reduce monitoring of certain aspects of the project during construction 

depending on the intensity and location of disturbance caused by machinery and the 

overall construction process.  For example, camera monitoring of wildlife during the pre-

construction phase may be less intense, because the lack of crossing structures will 

limit the number and placement of cameras.  Methods, such as the PIT tag reading 

system and track beds that are located near or at the road edge, may need to be 

discontinued or relocated during construction. 

 

Phase I - Pre-Construction (January 2011-December 2012) 

Initially, we will spend most of our time setting up equipment, testing and perfecting 

methods, developing sampling protocols, and establishing data management protocols.  

We will also purchase equipment in preparation of the first full field season set to begin 

in the spring.  We will hold initial meetings and workshops with stakeholders and 

develop the Linkage Stewardship Program.  We will begin opportunistic trapping of focal 

species for radiotelemetry to ensure that we end up with adequate sample sizes that we 

can monitor for suitable time periods before construction of crossing structures.  We will 

begin conducting road kill surveys at the outset to obtain as much pre-construction data 

as possible.  Phase I tasks include: 

- order equipment 

- set up wildlife cameras, dataloggers, noise monitors and traffic counter 

- design sampling protocols, create datasheets and databases, prepare GIS platform 

- establish sampling sites and pilot test methods 

- develop genetic markers for focal species 

- conduct initial meetings with stakeholders 

- begin Linkage Stewardship Program 

- begin road mortality surveys (twice daily at night and in the morning)  

- trap and equip focal species for satellite and hand-held radiotelemetry (ongoing) 

- monitor cameras, dataloggers, noise monitors and traffic counter (ongoing) 

- monitor satellite telemetry data on bobcats, deer, and javelina (ongoing) 

- trap and equip focal species for satellite and hand-held radiotelemetry (ongoing) 

- radiotrack focal species with hand-held telemetry (2-3 times weekly) 
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- small-mammal trapping (10-day periods in April and September) 

- lizard distance sampling (10-day periods in April, July, September) 

- variable point counts and breeding birds surveys (5-day periods April-June) 

- call count monitoring for owls (3-night periods every month) 

- amphibian breeding surveys (opportunistic depending on rains, nightly when raining) 

- paint marking lizards (10-day periods in April, July, September) 

- fluorescent powder tracking (opportunistic for Gila monsters/selected lizards/rodents) 

- obtain tissue samples for genetic analyses (opportunistic and ongoing) 

- track beds and plates, roadside and adjacent arroyo locations, (one week/month) 

- convene linkage steward workshop and meet with agency personnel (1-2 times/year) 

- data compilation, database maintenance, and GIS analyses (ongoing) 

- submit interim progress report (December 2012) 

 

Phase II - Construction (January 2013-December 2013) 

We will adapt Phase II activities in response to construction.  We will strive to maintain 

pre- and post-construction monitoring levels to the extent possible, because we strongly 

believe that documenting wildlife response to construction is critical if we are to gain a 

thorough understanding of crossing structure effectiveness.  For example, we may 

conclude that decreased post-construction use of crossing structures is due to activce 

avoidance by wildlife, when in reality it is more accurately attributed to a decrease in 

animals using the surrounding area as a result of construction activities.  Phase II tasks 

include: 

- prepare for construction activities (removal and relocation of equipment as needed) 

- monitor cameras, dataloggers, noise monitors and traffic counter (ongoing) 

- monitor satellite telemetry data on bobcats, deer, and javelina (ongoing) 

- trap and equip focal species for satellite and hand-held radiotelemetry (ongoing) 

- radiotrack focal species with hand-held telemetry (2-3 times weekly) 

- small-mammal trapping (10-day periods in April and September) 

- lizard distance sampling (10-day periods in April, July, September) 

- variable point counts and breeding birds surveys (5-day periods April-June) 

- call count monitoring for owls (3-night periods every month) 

- amphibian breeding surveys (opportunistic depending on rains, nightly when raining) 

- paint marking lizards (10-day periods in April, July, September) 

- fluorescent powder tracking (opportunistic for Gila monsters/selected lizards/rodents) 

- obtain tissue samples for genetic analyses (opportunistic and ongoing) 

- track beds and plates, roadside and adjacent arroyo locations, (one week/month) 

- convene linkage steward workshop and meet with agency personnel (1-2 times/year) 

- data compilation, database maintenance, and GIS analyses (ongoing) 

- submit interim progress report (March 2014) 
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Phase III - Post-Construction (January 2014-December 2015) 

Phase III is the critical phase when wildlife are given the opportunity to use the crossing 

structures for the first time.  At the beginning of this phase, we will install automated PIT 

tag reading systems, and additional wildlife camera systems designed to monitor actual 

crossing structure use.  In general, we will greatly increase all other monitoring efforts 

that require surveillance of the actual crossing structures themselves (as we were 

obviously unable to do so before construction), such as bat monitoring, tracking plates 

located within crossing structures, and increased abundance of predators (e.g., owls 

and hawks) that take advantage of increased use of crossing structures by potential 

prey species.  There may be a time lag effect of unknown duration in crossing structure 

use; therefore it is critical to continue with monitoring for an extended period of time 

after construction.  In addition, we will disassemble equipment, analyze data and write 

the final report during the last 3-6 months of the project.  Phase III tasks include:  

- install atuomated PIT tag reading systems 

- install additional wildlife camera systems to monitor newly built crossing structures 

- bat monitoring (3-4 nights/month) 

- monitor cameras, dataloggers, noise monitors and traffic counter (ongoing) 

- monitor satellite telemetry data on bobcats, deer, and javelina (ongoing) 

- trap and equip focal species for satellite and hand-held radiotelemetry (ongoing) 

- radiotrack focal species with hand-held telemetry (2-3 times weekly) 

- small-mammal trapping (10-day periods in April and September) 

- lizard distance sampling (10-day periods in April, July, September) 

- variable point counts and breeding birds surveys (5-day periods April-June) 

- call count monitoring for owls (3-night periods every month) 

- amphibian breeding surveys (opportunistic depending on rains, nightly when raining) 

- paint marking lizards (10-day periods in April, July, September) 

- fluorescent powder tracking (opportunistic for Gila monsters/selected lizards/rodents) 

- obtain tissue samples for genetic analyses (opportunistic and ongoing) 

- track beds and plates, roadside and adjacent arroyo locations, (one week/month) 

- convene linkage steward workshop and meet with agency personnel (1-2 times/year) 

- data compilation, database maintenance, and GIS analyses (ongoing) 

- remove equipment and wrap up field work 

- compile and analyze data 

- conduct GIS analyses 

- final meetings with linkage stewards and agency personnel 

- provide copies of manuscripts, presentations, and outreach materials  

- public presentation of final results 

- submit final report (including detailed recommendations) 
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BUDGET NARRATIVE AND JUSTIFICATION 

 

Team Composition   

 

We will employ a team of wildlife professionals, graduate students, and undergraduate 

assistants and interns to conduct the work.  Principal investigators will provide primary 

supervision of the project in accordance with their taxonomic expertise and experience 

with methods involved.  M. Goode will be the lead supervisor in charge of day-to-day 

project activities, data management and analyses, and report and manuscript 

preparation, spending 75% of his total time on the project.  Goode has a faculty 

appointment, but is not supported by state funds, relying instead on grant funds brought 

into the UA through his research program.  J. Koprowski will design and oversee large-

mammal satellite telemetry and wildlife camera surveillance.  M. Culver will design and 

oversee all aspects of the genetics component, conducting the work in her 

conservations genetic lab at UA.  C. Conway, ornithologist with USGS Cooperative 

Research Unit and a UA faculty member, will design and oversee all avian monitoring. 

 

We will hire seasonal wildlife biologists to conduct day-to-day fieldwork.  Hiring seasonal 

employees will save substantial costs associated with employee-related expenses 

(ERE).  Normally, UA staff working six months or longer receive ERE totaling 42.6% of 

salary.  Therefore, we will hire staff for five-month periods, reducing ERE to 10.1%.  

Over the life of the project, this will result in savings of well over $100,000.  We will 

conduct a nationwide search for qualified wildlife biologists who will be chosen based on 

their training and experience.   

 

University Students and Cost Effectiveness  

 

We will hire experienced graduate students to conduct genetics and GIS analyses.  

These positions require more technical skills and knowledge that only advanced 

graduate students possess. This will again result in substantial savings, because we 

can fill these positions with highly qualified individuals at reduced student wages and 

ERE rates (currently 3.3% for students).   

 

We will utilize undergraduate federal work-study students to lower costs; 75% of work-

study student wages come from federal financial aid obtained by the students 

themselves.  Independent study students will be under the supervision of principal 

investigators and their projects will be designed directly around the objectives of the 

study.  Using student interns results in substantial savings, because they work for free.  

Independent study students are typically higher achieving students, highly motivated to 

perform, both academically and in the workplace, because they are earning credit and 

being graded.  In addition, independent study students have a vested interest in the 
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work, because it is often the only way to gain valuable experience needed to advance 

their careers.  We will also employ minority students whose wages are paid by the 

USGS Cooperative Research Unit's Minority Research Internship Program; these 

students will be selected by M. Culver and assist the graduate student conducting 

genetic analyses by maintaining tissue samples, extracting and amplifying DNA 

samples, and ordering equipment.  Again, student ERE rates are only 3.3%, resulting in 

substantial savings over the life of the project. 

 

Although undergraduate students can result in substantial savings, they often lack the 

experience needed to work unsupervised.  Therefore, all student workers will only 

perform duties under the supervision of principal investigators and wildlife professionals.  

We feel that the opportunity to educate future conservation professionals is a value 

added aspect of the project, and will be well received by the public.  In addition to in-

kind salary support of student workers mentioned above, we are also providing 

significant matching funds, including wages of state-supported university faculty and 

federally supported USGS scientists who also have faculty appointments in the School 

of Natural Resources and Environment.  Pay rates, employee-related expenses, and 

time commitments are included as parenthetical elements throughout. 

 

Travel 

 

We will contribute one vehicle from the USGS Cooperative Research Unit (Culver and 

Conway Labs) and one vehicle from UA (Koprowski Lab).  

 

Equipment and Supplies 

 

Satellite and Hand-Held Telemetry.  We will use satellite telemetry to track 

approximately 15-20 deer, and 10-12 bobcats, depending on trapping success.  If we 

are unable to capture adequate samples sizes of any of these focal species, we will 

select other species, such as badgers, javelina (both are focal species for this linkage) 

and/or coyotes (an important predator of focal species).  We will use remotely 

downloadable radio collars for some individuals to obtain real time data on movements, 

allowing for direct detection of behavior associated with proximity to the road and 

crossing strucutures.  We will also deploy GeoFence options, which transmit a signal 

when radio collared animals move across specified georeferenced barriers. 

 

We will use handheld radiotelemetry to track approximately 10 Gila monsters, 10 

tortoises, and 10 tiger rattlesnakes.  If capture rates are low for any of the focal species, 

we will find a suitable alternative (e.g., diamond-backed rattlesnakes, gopher snakes).  

Because transmitter battery life is limited, we have budgeted for refurbishments to 

enable us to track animals through all phases of the project. 
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Wildlife Camera Systems.  We will deploy four digital video cameras and 12 digital still 

cameras per structure.  We feel it is necessary to use a high number of cameras to 

maximize our ability to document use of, and response to, crossing structures by a wide 

variety of animals with considerable differences in body size, speed of locomotion, 

seasonal activity patterns, and detectability.  In addition, use of multiple cameras of 

different types will allow us to space cameras at varying distances away from crossing 

structures to document the "available" population of animals with the potential to use 

crossing structures.  Documenting crossing structure use will be far more meaningful if it 

is relative to the number of animals in the surrounding area. 

 

PIT-Tag Reading System.  After extensive research and discussions about the use of 

automated PIT tag reading systems and applications, we determined that the only 

feasible and affordable way to effectively use this technology is by utilizing so-called half 

duplex PIT tags.  Full-duplex systems would cost approximately $100,000 per structure, 

whereas the system we will employ, available only through Oregon RFID, is a fraction of 

the cost and is better suited to a terrestrial application.  In particular, antennae required 

to read half-duplex PIT-tags is a simple, commercially available wire, which can be up to 

190 feet long, deployed long distances from the reader and power source, and easily 

modified into an appropriate shape.  In addition, half-duplex PIT tags are less than half 

the price of full-duplex PIT tags.  On the downside, half-duplex PIT tags are slightly 

larger, but they are still small enough to inject into small lizard and mammal species. 

 

Track Beds and Plates.  We will use fine sand to construct roadside track beds, and we 

may also try fluorescent powder track beds if the technique works as well as we think it 

will.  We will lower costs substantially by constructing track plates ourselves, which will 

require mainly lumber and aluminum plates.  We plan to design track plates that can be 

used with multiple tracking substrates.  

 

Distance Sampling and Variable Point Counts.  We will purchase binoculars (unless 

provided by employee) suitable for conducting distance sampling of lizards and variable 

point counts (a form of distance sampling that utilizes distance categories).  We require 

specific binoculars that can focus close in, but still maintain good clarity for birds at long 

distances.  Two-way radios are required to communicate distances to birds with 

colleagues away from the sampling station in order to obtain data used to calculate 

detection probabilities.  Detection probabilities are critical to distance sampling, because 

they are used to refine estimates of density based on how difficult animals are to 

observe in the field. Only by incorporating detection probabilities into density, and 

hence, population estimates can we be reasonably sure that we have accounted for 

individuals who were present but not observed.  
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Paint Marking.  We will use spray guns for small animals, like diurnal lizards that are 

difficult to capture, because they move too fast.  We will use paint ball guns on larger 

animals, such as javelina. 

 

Fluorescent Powder Tracking.  We are purchasing a much larger quantity of relatively 

expensive fluorescent powder than what would normally be needed to track animal 

movements, because we will need it to set up track beds, which is a new technique that 

we are proposing to try based on our extensive experience using this method. 

 

Traffic Monitoring.  We have spent considerable time and effort reading the literature 

and talking to colleagues about what equipment to use to monitor environmental and 

traffic variables.  The justification for monitoring a suite of variables is to include them in 

a multivariate analysis to determine the effectiveness of crossing structures, and to 

point to reasons leading to any observed deficiencies that can be improved when 

building more structures in the future.  

 

Acoustic Monitoring.  To monitor owls, amphibians, and bats, we will use automatic 

sound monitoring devices to save money by eliminating the need for time-intensive and 

costly fieldwork.  Song Meter SM2 monitors are ideal for monitoring vocalizations of 

multiple species, because they can be programmed to simultaneously record different 

frequencies responding to unique individuals. 

 

Miscellaneous Equipment and Supplies.  We are requesting modest funds for 

miscellaneous supplies and materials to conduct workshops and carry out day-to-day 

fieldwork activities.  

 
 

QUALIFICATIONS OF PRINCIPAL INVESTIGATORS 
 
Matt Goode 
Matt is a Research Scientist in the Wildlife Conservation and Management Program, 
School of Natural Resources and Environment, University of Arizona.  Matt has 26 
years experience as a herpetologist, working primarily on ecology and conservation 
projects dealing with snakes and lizards.  Matt has overseen numerous projects, 
involving supervision of dozens of students and technicians, while working for a variety 
of agencies, including Arizona Game and Fish Department, University of Wyoming, and 
a variety of federal agencies.  Matt has extensive experience as a teacher, with an 
emphasis on science and environmental education curriculum development at the 
international level.  He oversees an active research program that includes studies on 
the effects of urbanization, fire, grazing, and habitat fragmentation on herpetofauna, 
including studies locally in the Tucson area, and elsewhere in Arizona and New Mexico, 
northern Mexico, the Caribbean, and India.  Matt's research has led to over 40 
publications. 
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Selected Recent Publications  
Baisare, D., Ramanuj, V., Shankar, P.G., Goode, M.J., and Whitaker, R.  (2010). 
Foraging behavior and diet of King Cobras (Ophiophagus hannah) in the wild.  
Amphibian and Reptile Conservation and Natural History, in press.  
 
Smith, J.J., Goode, M.J., and Amarello, A. (2009).  Individual-, population- and 
community-level effects of golf courses on herpetofauna.  In:  Urban Herpetology.  Eds., 
R. Jung and J. Mitchell.  Society for the Study of Amphibians and Reptiles. 
 
Goode, M.J., Smith J.J., and Amarello, A.  (2009).  Seasonal and annual variation in 
home range and movements of Tiger Rattlesnakes (Crotalus tigris) in the  Sonoran 
Desert of Arizona.  In:  Biology of the Rattlesnakes.  Eds., W.K. Hayes, K.R. Beaman, 
M.D. Cardwell, and S.P. Bush.  Loma Linda University Press, Loma Linda, CA. 
 
Goode, M.J., Howland, J.M., Sredl, M.J., and Horrace, W.C.  (2005).  Destructive 
collecting methods associated with decreased lizard abundance.  Biological 
Conservation, 125:47-54.  
 
Goode, M.J., Swann, D.E., and Schwalbe, C.R.  (2004).  Effects of destructive collecting 
practices on reptiles:  a field experiment.  Journal of Wildlife Management, 68:427-432.  
 
John Koprowski 
John Koprowski is Professor of Wildlife and Fisheries Science at the University of 
Arizona, where he serves as Director of the federally mandated Mt. Graham Red 
Squirrel Monitoring Program and teaches courses in mammal conservation and 
management.  He maintains an active research program in wildlife conservation that 
includes supervision of 4 full-time biologists and 10 graduate students in projects across 
the United States, as well as in Mexico, Peru, and the United Kingdom.  John has 27 
years of experience studying wildlife populations and habitat relationships in forest, 
grassland, and desert ecosystems including studies on bats, skunks, coati, coyotes, 
mountain lions, javelina, deer, squirrels, rabbits, prairie dogs, and numerous small 
mammals.  John has produced over 80 publications since 1986. 
 
Selected Recent Publications 
Sanderson, HR, JL Koprowski. (eds). (2009).  Last Refuge of the Mt. Graham Red 
Squirrel, Univ. of Arizona Press, 427 pp. 
 
Koprowski, JL, RJ Steidl. (2009). The dilemma of the small population:  potential 
consequences of the isolation of Mt. Graham red squirrels.  In: Sanderson, HR, 
Koprowski, JL. (eds).  Last Refuge of the Mt. Graham Red Squirrel, University of Arizona 
Press.   
 
Koprowski, JL.,R. Nandini. (2008). Global hotspots and knowledge gaps for tree and flying 
squirrels. Current Science 95: 851-856. 
 
Koprowski, JL. (2007). Reproductive strategies and alternative reproductive tactics of 
tree squirrels.  In: Wolff, J. Sherman, P (eds).  Rodent Societies.  University of Chicago. 
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Steele, MA, JL Koprowski. (2001). North American Tree Squirrels. Smithsonian 
Institution Press, 224 pp. 
 
 
Melanie Culver 
Melanie is Assistant Professor of Conservation Genetics at the University of Arizona 
and Assistant Leader of the USGS Cooperative Fish and Wildlife Research Unit.  She 
maintains an active research program and supervises 11 graduate students in projects 
that utilize genetic techniques to address questions of conservation and management 
concern across Arizona, Mexico, North America, and Africa.  Melanie supervises the 
Conservation Genetics Lab in the School of Natural Resources and Environment, and 
she teaches conservation genetics.  Melanie has 29 years of experience studying 
genetics, including population genetics projects focused on pumas, Andean mountain 
cats, black bears, fish eagles, bald eagles, mussels, squirrels, walleye, several lizards 
and snakes, several small mammals, Kanab amber snail, bobwhite, Apache trout, 
Mexican wolves, jaguar, bobcat, beavers, bats, skunk, and pronghorn.  Her research 
program has produced over 50 publications since 1989. 
 
Selected Recent Publications 
Munguia-Vega A, Rodriguez-Estrella R, Nachman MW, Shaw W, Culver M. (2009).  
Habitat loss and fragmentation in the Sonoran desert and its impact on the genetic 
structure and extinction risk of the Baja California endemic black-tailed  
brush lizard (Urosaurus nigricaudus). Sonoran Herpetologist 22:12-15. 
 
Johnson, J.A., Tingay, R.A., Culver, M., Hailer, F., Clarke, M.L., Mindell, D.P. (2009).  
Long-term survival despite low genetic variability in the critically endangered  
Madagascar fish-eagle. Molecular Ecology, 18:54-63. 
 
Munguia-Vega, A., Rodriguez-Estrella, R., Nachman, M., Culver, M. (2008).  
Polymorphic microsatellite loci for the sand pocket mouse, Chaetodipus  
arenarius, and endemics from the Baja California Peninsula. Molecular Ecology  
Resources, 9:305-307 
 
Culver,M., Hedrick,P.W., Murphy, K., O’Brien,S.J., Hornocker,M.G. 2008. Estimation of  
bottleneck size in Florida panthers. Animal Conservation, 11:104-110. 
 
Moncrief, N.D., R.A. Van Den Bussche, R.D. Dueser, N.E. Cockett, D. Loftis and M.  
Culver. 2008. Diagnostic genetic marker that differentiates eastern fox squirrels from 
eastern gray squirrels. Journal of Wildlife Management, 72(1):320-323. 
 
Courtney Conway 
Courtney is Assistant Unit Leader of the U.S. Geological Survey’s Arizona Cooperative 
Fish and Wildlife Research Unit, and Associate Professor of Wildlife and Fisheries 
Science at the University of Arizona.  He teaches courses in ecology and conservation 
and he maintains an active research program in avian conservation that includes 
supervision of 5 full-time biologists and 4 graduate students who conduct research on 
projects across the United States and Mexico.  Courtney has 25 years of experience 
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studying bird populations in forest, grassland, wetland, and desert ecosystems.  His 
research has led to over 50 publications since 1993. 
 
Selected Recent Publications 
Conway, C. J., C. P. Nadeau, and L. Piest.  (2010). Fire helps restore natural disturbance 
regime to benefit rare and endangered marsh birds endemic to Colorado River.  Ecological 
Applications, in press. 
 
Kirkpatrick, C., and C. J. Conway. (2010). Importance of montane riparian forest and 
influence of wildfire on nest-site selection of ground-nesting birds.  Journal of Wildlife 
Management 74(4), in press. 
 
Ogonowski, M. S., and C. J. Conway. (2009). Migratory decisions in birds:  extent of  
genetic versus environmental control.  Oecologia 161:199-207. 
 
Boyle, W. A., and C. J. Conway. (2007).  Why migrate?  A test of the evolutionary   
precursor hypothesis.  American Naturalist 169:344-359.  
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