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Summary 
 
This work is part of a broad effort by Pima County Regional Flood Control District (PCRFCD) 
to assess and mitigate the impacts of flood-control management projects on wildlife communities 
and their habitats, preserve wildlife by translocating individuals away from sites before 
construction activities, and augment the value of habitats and riparian areas for wildlife across 
the Tucson Basin. Efforts by PCRFCD have targeted herpetofauna and focused on establishing 
methods to mitigate ecological impacts, salvage and translocate vulnerable individuals away 
from construction sites, and generate inferences to help guide restoration and conservation in 
support of the Sonoran Desert Conservation Plan. This report summarizes efforts to extend lizard 
surveys and monitoring throughout the Tucson Basin into the 2020 field season and to apply data 
from 2010-2020 to understand spatial variation in populations and communities across multiple 
regions and sites to help guide efforts by PCRFCD. Additionally, we also evaluated and refined 
field methods and study designs to increase precision and best address broader project objectives. 
Data resources we provide will help establish baselines for future monitoring of flood-control 
projects and enable rigorous evaluations of impacts and population recovery in ways that guide 
conservation and management.  
 
To sample lizard communities, we surveyed transects that had been established across the 
Tucson Basin in prior years and at seven new sites along Pantano Wash. This effort expanded the 
spatial scope of monitoring into a third major watercourse or riverine region of the Tucson Basin 
to foster comparisons across the Santa Cruz River, Rillito Creek, Pantano Wash, and two regions 
in the urban core in Tucson that include smaller riparian areas such as Arroyo Chico. Efforts in 
2020 were also significant for understanding lizard populations and broader environmental 
contexts because it was an unusually dry and hot year. In 2020, we completed 177 surveys along 
84 transects that spanned 171.4 km of effort, and observed a total of 1,555 lizards of nine species 
along transects. We used modeling techniques to assess spatial variation in relative abundances 
(no./km) of the six most common species of lizards, all lizard individuals combined, and 
observed species richness across the Tucson Basin at two spatial scales; region and site. We used 
multivariate ordination techniques to assess spatiotemporal variation in community structure of 
all 12 species observed across time among the three major watercourse regions across the Tucson 
Basin and two urban core regions in Tucson based on data gathered over 11 years (2010-2020).  
 
Patterns of spatial variation in communities among the three major watercourses of Tucson 
offered important insights for management, conservation, and future efforts. We found that lizard 
abundances and observed species richness generally peaked in the Rillito Creek region due, in 
part, to high abundances of zebra-tailed lizard and desert spiny lizard and to occurrences of 
several species that are rare or not present elsewhere in the basin. Communities along Rillito 
Creek were also tightly clustered in a distinctive portion of community space and showed low 
temporal variation, suggesting a unique and stable species assemblage with high conservation 
value. Such patterns are likely linked to high levels of connectivity with adjacent wild areas, an 
abundance of preferred habitats, and high coverages of large riparian trees and woodlands 
supported by closer depths to groundwater. In contrast to Rillito, lizard abundances along the 



3 
 

Santa Cruz River seemed depressed despite moderate overall richness, and communities were 
fairly tightly clustered in the center of community space between Rillito Creek and Tucson urban 
core sites indicating low uniqueness. Such patterns along the Santa Cruz River could be due to 
overall drier floodplain conditions, degree of urban encroachment, higher abundances of 
predators, and more limited vegetation cover, which can reduce habitat area and quality and 
promote vulnerability to predation. Future restoration and local habitat management and 
enhancement along the Santa Cruz River, however, could augment habitat area and quality, and 
bolster population sizes and diversity along the Santa Cruz River. Finally, community structure 
along Pantano Wash in 2020 was most similar to that found along the Santa Cruz River overall 
indicating lower uniqueness and perhaps lower regional significance. 
 
Importantly, our results also indicate the significance of the Tucson urban core for supporting 
high abundances and richness of lizards. This included species such as tiger whiptail, desert-
spiny lizard, ornate tree lizard, and sometimes, regal horned lizard, which have high local 
abundances at some key sites that are important for conservation and management. Community 
structure in both urban core regions of Tucson spanned greater ranges and very different areas of 
community space than those along the three major watercourse regions we considered, indicating 
high uniqueness and conservation value of the Tucson urban core for lizards. High abundances 
and richness of lizard communities in such urban settings are likely driven by ecological 
subsidies and other resources linked to human environments, but sufficient habitat connectivity 
and quality will be needed to conserve them over the long term. Because the main source of 
inter-population connectivity for lizards in these regions are likely small watercourses and 
arroyos that traverse the valley floor in portions of the Tucson Basin, land managers have an 
important role in managing and conserving these populations.  
 
Information on spatiotemporal patterns in populations and communities will help efforts to 
manage and conserve urban lizards and the habitats they depend on. Understanding factors and 
processes responsible for these patterns, however, can best guide management, restoration, and 
conservation actions and should be a focus of future efforts. Future efforts in the Tucson Basin 
should also consider annual monitoring to enhance the value of datasets for evaluating impacts to 
communities, the precision of estimates, desired effect sizes for monitoring evaluations, and 
statistical power to detect trends in populations and community parameters to assure efforts are 
consistent with PCRFCD goals and priorities. 
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Introduction and Background   
The mission of Pima County Regional Flood Control District (PCRFCD) is to protect the health, 
safety, and welfare of Pima County residents by providing comprehensive flood protection 
programs and floodplain management services. These services emphasize fiscal responsibility, 
protection of natural resources, and a balanced multi-objective approach to managing regional 
watercourses, floodplains, and storm-water resources. In addition to meeting regulatory 
requirements, PCRFCD voluntary undertakes efforts in support of the biological and riparian 
goals of the Sonoran Desert Conservation Plan (Pima County 2020). These efforts focus on 
protecting riparian areas and mitigating impacts to wildlife and habitats. The broad biological 
goal of the Sonoran Desert Conservation Plan (SDCP) is to ensure the long-term survival of the 
full spectrum of plants and animals that are native to Pima County by maintaining and improving 
the ecosystem structures and functions necessary for their survival and persistence. PCRFCD 
best supports goals of the SDCP by undertaking ecosystem restoration projects and working to 
prevent loss of wildlife that are most vulnerable to construction disturbances.  
 
Reptiles and amphibians that inhabit floodplains and drainages in urban settings across the 
Tucson Basin are highly vulnerable to urban encroachment, construction disturbances, and 
actions needed to manage drainage channels and floodplains. Given such needs, over the past 15 
years PCRFCD has undertaken specific biological and riparian conservation efforts including: 1) 
experimentation and focused salvage and translocations efforts prior to and during construction 
disturbances for urban populations of lizards, snakes, and toads, and 2) incorporation, 
construction, and enhancement of important habitat features for these wildlife species, such as 
predator-resistant wildlife fencing, onsite and off-site lizard housing for post-construction 
release, construction of ephemeral breeding ponds, and installation of habitat resources such as 
rock and brush features (e.g., Rosen and McCabe 2012). These efforts are important for restoring 
habitats, mitigating impacts of development on urban and exurban wildlife populations, and 
establishing new populations to buffer impacts of flood-control projects across the Tucson Basin. 
Hence, work by PCRFCD and their collaborators provides broad benefits to conservation and 
enhancement of urban biodiversity, while simultaneously addressing critical needs to manage 
and mitigate risks from flood damage, enhance public safety, and protect property.  
 
Urban wildlife populations often depend on atypical habitats provided by open spaces including 
river parks, greenways, urban trails, and drainage ways, many of which have been developed and 
are now being managed by the Pima County government. Conserving urban wildlife populations 
requires maintaining and enhancing these habitats and the resources they provide while fostering 
connectivity among habitats to allow animal movement and dispersal. In urban contexts, 
maintaining sufficient functional connectivity among habitats is critical for fostering re-
colonization of vacant habitats by wildlife, especially when these habitats are limited to small 
isolated areas, which is typical in urban landscapes. Understanding if and how planned 
management and construction projects by PCRFCD and associated mitigation strategies 
influence wildlife communities requires baseline data, focused monitoring, and potentially 
ecological restoration to create, enhance, and connect habitats. When habitat connectivity is 
limited in ways that preclude movement and dispersal by animals, efforts to translocate 
ecologically sensitive populations back to formerly disturbed, recovered sites may also be 
needed.  
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Amphibians and reptiles are among the more sensitive wildlife communities in urban settings. 
Threats to herpetofauna include limited dispersal capabilities, high mortality risks from roads 
and non-native species (e.g., domestic cats), construction disturbances and sensitivity to 
chemical pollution. These risks are particularly noteworthy because herpetofauna are important 
ecosystem components that provide food for many other wildlife and top-down control of insect 
populations, and have aesthetic and cultural values to the public. Tucson and many other urban 
landscapes in the Sonoran Desert are unique in that they support high diversity and abundances 
of wildlife including a rich native herpetofaunal community. Given these threats and strong 
ecological connections to other taxa, such communities are good surrogates for understanding 
the status and condition of broader ecosystems and restoration success, and can be efficiently 
monitored in the field with simple observational techniques.  
 
Generally, the focus of this work was to extend monitoring of lizard communities across the 
Tucson Basin into 2020 and situate these new data within the context of data gathered annually 
across the Tucson Basin since 2010. We also compared communities along the two primary 
major watercourses regions of the basin, the Santa Cruz River and Rillito Creek where 
communities had been sampled annually over the decade with those along the Pantano Wash 
system, where we installed new transects to expand the spatial scope of monitoring and 
inference. With these more complete regional datasets, we then assessed spatial variation in 
populations and communities across the three major watercourse regions of Tucson and 
compared them with communities in the urban core of Tucson. Additionally, at a smaller site-
level scale we also identified areas with significant populations of lizards for managers 
endeavoring to conserve these populations. Finally, we assessed the implications of observed 
spatial patterns for future monitoring, pre-construction salvage and translocations efforts, and 
local and regional riverine and habitat management by PCRFCD. Most generally, goals of this 
work were to help guide riverine management within the greater Tucson metropolitan area in 
ways that are consistent with the SDCP and PCRFCD goals. 
 
 
Objectives 
 
Specific objectives of this project are organized into two main sets of objectives involving field 
and lab work, respectively. In the field, we endeavored to gather data on diurnal lizard 
communities across the Tucson Basin in summer and fall 2020 at times and under weather 
conditions suitable for all species present at sites. This work was focused along monitoring 
transects that had been established by Dr. Phil Rosen in prior years to mitigate and monitor 
impacts of PCRFDC management on communities and in other areas for comparison purposes. 
Data collection in 2020 also served to expand monitoring into an unusually dry and hot year, 
which should provide important context for understanding communities. Established transects 
covered areas across the two major watercourse regions of Tucson, Santa Cruz River and Rillito 
Creek, and areas in the urban core of Tucson. To this sample of monitoring transects, we 
established a set of new transects in the Pantano Wash system to expand the geographic focus of 
monitoring and add context for assessing regional patterns. Additionally, as in past years, we 
also continued to collect data on all observed lizard, mammal, and predator species including 
recording similar geo-referenced data on other special status species, including birds and plants, 
including non-native species. 
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For the detailed analysis, we constructed a detailed database incorporating all information 
gathered across the Tucson Basin over the past 10 years by Dr. Phil Rosen, then integrated 2020 
data from all areas including from new sites along Pantano Wash. We performed QA/QC 
procedures on the database to ensure quality and accuracy, and delivered a complete database 
from field electronic data to PCRFCD. Efforts focused on providing detailed study design 
support for monitoring, translocation, and salvage activities through coordination with project 
collaborators, and through review of past method with guidance and insights on methods, results, 
and ecology provided in collaboration with Dr. Phil Rosen. These efforts resulted in some small 
modifications to streamline efforts. Our main objectives with regard to inferences were to 
provide detailed estimates of lizard abundance and community structure within each of the three 
major riparian corridors across the Tucson Basin and for two sets of Urban Core sites and situate 
these comparisons in the context of data gathered across over a decade of effort. We then 
produced this detailed final report to communicate findings relevant to ongoing management and 
activities by PCRFCD. 
 
Shortly after we began field work for this project in 2020, we lost our mentor, friend, and co-
author Dr. Phil Rosen to cancer. While this sad loss limited our ability to coordinate and 
integrate some of Dr. Rosen’s valuable insights into this document, prior interactions and 
discussions with him helped to guide us. In Appendix A, we provide a short tribute to Phil and 
his remarkable legacy.     
 
 
Methods 
 
Design:  In 2020, we surveyed a large number of sites and transects that had been visited during 
past years across the Tucson Basin. These data expanded monitoring in riparian corridors and 
Urban Core sites across the basin across time and added important context given 2020 was a hot 
dry year. Abundances of lizards in the Sonoran Desert can fluctuate markedly from year to year 
in response to changes in rainfall and temperature (Flesch et al. 2017), so this new work provided 
important data by including estimates from 2020. This work was completed at 14 sites that 
included 54 transect locations across 11 habitat types (Table 1), which we surveyed a total of 95 
times between 2 Sept. and 16 Oct. 2020. We also established new transects at seven additional 
sites in the Pantano Wash region that included 31 survey transects across seven habitat types, 
which we surveyed a total of 82 times between 29 Aug. and 14 Oct, in coordination with others 
(Voirin et al. 2021). These transects were selected to increase the spatial scope of sampling 
across the Tucson Basin, help spatially link work from earlier years focused to the west with 
these new 2020 sites in the eastern Tucson Basin, and to help foster potential future comparisons 
linked to possible construction of additional flood-control infrastructure in the region. 
 
We collected data on all observed lizard species and expressed relative abundances as functions 
of effort in terms of both survey distance (no./km) and survey time (no./hour), with analyses 
presented here standardized by effort in survey distance. We installed transects in ways that 
matched past methods so that each individual transect was confined to a single habitat type  
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Table 1: Names and descriptions of 11 habitat types or environments where lizard surveys were performed in 
the Tucson Basin 2010-2020.  
Environment  Description 
Bosque Open canopy woodland of trees taller than head height. Often dominated by mesquite.  

Bosque Shaded Closed canopy woodland of trees taller than head height, tree canopy cover shades much of ground. Often 
dominated by mesquite.  

Core Open Space Open space within developed urban and sub-urban areas of Tucson dominated by native and/or non-native 
vegetation that provide lizard habitat  

Creosote Shrubland dominated by Larrea tridentata often on flat ground 

Degraded Open 
Space 

Open space within developed urban and sub-urban areas of Tucson with less vegetation and higher levels 
of bare ground and recent soil disturbance  

Major Arroyo Terrace 
Scrub 
 
Residential 
 

Desert-scrub often mixed with areas of open short-tree woodland on upper terraces associated with major 
arroyo corridors 
 
Decidedly urban habitats without large open expanses or a riprap component, such as alleys and 
neighborhoods 
 

Sandbed Open sandy streambeds and associated lower terraces along major arroyo corridors dominated by bare 
ground, and often riparian shrub species such as Hymenoclea monogyra and Baccharis sarothroides  

 
Upland Sonoran 
Desertscrub 
 
Urban Fringe Open 
Space 
 

 
Paloverde-mixed cactus type Arizona Uplands desertscrub typical of mid-elevations in the eastern Sonoran 
Desert  
 
Well-vegetated open space at the interface between urban or sub-urban Tucson and surrounding, native 
Sonoran desertscrub 
 

Urban Riprap Man-made areas of medium-sized to large rocks and boulders erected for bank and soil stabilization often 
along major arroyos and rivers  

 
 
(Table 1). Some transects done in past years traversed multiple habitat types, however, but this 
approach was stopped in 2020. Linking inferences to each specific environment can improve the 
precision of estimates by limiting variation due to habitat effects. When placing and surveying 
transects, we often used natural and man-made features such as arroyos and small paths to 
facilitate easy walking, enhance visibility, and augment detection probability. Most sites were 
diverse and contained multiple habitat types and sub-localities, and thus multiple transects. Some 
transects were established following initial surveys by using field notes, GPS tracks, and Google 
Earth imagery to split tracks and observation data among different habitat types and combine 
data for each habitat type, as was done in the past by Dr. Rosen.  
 
Transects ranged from 50 m to 3.7 km in length with a few short transects that covered 
significant but small but discrete patches of habitat such as bosque and riprap. These distances 
were short enough to allow surveys of multiple transects per morning but long enough to provide 
representative samples of lizard communities and generate data comparable to those gathered by 
PR during prior efforts. During these past efforts transects ranged from as short as 90 m in small 
patches of some localized habitat types to ~9 km in length. Transect lengths and arrangements 
were established to match local contexts. To ensure survey areas along transect that were placed 
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in past years matched the general routes and locations surveyed in the past, we plotted a large 
dataset of animal locations from past surveys into Google Earth, and focused 2020 effort in areas 
surveyed in prior years.     
 
Field Surveys: To match past methods, we used visual encounter surveys (VES) for lizards to 
sample communities across a variety of habitat types in the Tucson Basin between 29 Aug and 
16 Oct. 2020. These efforts represent a continuation of past survey work led by Dr. Rosen from 
2000 to 2019, but were timed such that effort was concentrated later in summer than was typical 
due to timing of contracting. We re-surveyed many sites established in the past, including several 
urban sites where lizards, mainly side-blotched, zebra-tailed, and regal horned lizards, were 
salvaged before construction activities and introduced or reintroduced to other sites (e.g., 22nd St. 
Drive-In, AC Reid), and also surveyed seven new sites along the Pantano Wash on the east side 
of Tucson. To facilitate comparisons, we emulated past methodologies to the extent possible. 
Because Dr. Rosen was not able to go to the field with us to demonstrate methods, we hired his 
former technician Cody Hurlock, who worked with Dr. Rosen over four field seasons (2014-
2017), to demonstrate and document past methods and survey strategies. All 2020 surveys were 
completed by three observers (JW, ADF, CH). 
 
We used a VES method similar to the generalized time-constrained search method used to 
monitor lizard communities in Organ Pipe Cactus National Monument (Rosen and Lowe 1996, 
Flesch et al. 2017). To survey lizards, we walked slowly and scanned the ground and various 
elevated substrates such as rocks and trees for lizards. We did not flip rocks, debris, or other 
potential cover so as to focus on active lizards only. We surveyed during cool and warm air 
temperatures from approximately 8 AM to 1 PM to ensure survey effort spanned periods of 
seasonal peak above-ground activity of each species. We generally focused on more shaded areas 
later in the day to match typical temperature-dependent changes in habitat use of diurnal lizards. 
Because of variability in the active periods of many focal species (e.g., side-blotched lizards [Uta 
stansburiana] tend to be active earlier than heliophilic whiptails [Aspidoscelis spp.] and zebra-
tailed lizards [Callisaurus draconoides]), we tried to survey the same transects at least twice in 
2020, once earlier and once later in the morning, whenever possible. During surveys, we 
recorded all lizards detected, and whenever possible, recorded the species and age class (e.g., 
juvenile, sub-adult, adult). We also recorded any potential avian, mammalian, and reptilian 
predators of lizards that we detected while surveying. To estimate transect lengths and effort we 
used hand-held Garmin GPS units to measure the length of survey tracks. In 2020, we also used 
hand-held Kestrel weather stations to record air temperature and relative humidity at the start and 
end of each survey; this equipment was only available during some surveys and hence local 
survey-specific weather data were not complete.   
  
Analyses:  We assessed spatial variation in relative abundance (no./km) and observed species 
richness across the Tucson Basin at two spatial scales, and used multivariate techniques to 
compare spatial variation in communities across each of the three major watercourse regions of 
Tucson with those in the urban core. This approach situated estimates from across the decade in 
the context of each major riparian corridor and Urban Core sites. We considered two scales of 
site classifications; region and site nested within regions (hereafter referred to region and site 
scales). The region level differentiated focal sites along the main-stem Santa Cruz River bottom, 
Rillito Creek, and Pantano from focal sites in the urban core of Tucson (hereafter “Intensive 
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Urban Core sites”) and from non-focal urban sites that were often around the fringes of Tucson 
(hereafter “Miscellaneous Urban Core sites”; Figure 1). Sites along the Pantano were mainly new 
2020 sites but included a few others (e.g., Pantano Parkway, Pantano Wash Gravel Pits, Pantano-
Broadway) established by Dr. Rosen in 2012. Sites originally classified as East, which were few 
in number, were reclassified into other regions due to sparse data and addition of Pantano as a 
new region. Eight observations from five sites in South Tucson were censored due to sparse data. 
Not all sites are hierarchically nested within regions. 
 
To assess spatial variation in relative abundance, we fit sets of linear mixed-effects models. 
These models fit observations of relative abundances (no./km) of various species of lizards, all 
individuals combined, and observed species richness from transect surveys as response variables, 
the two site classifications noted above as fixed explanatory factors, and year, season, and other 
potential covariates that may explain the observation process (see below) as additional fixed 
effects. Because observations spanned multiple years and seasons, we fit year and season as 
nominal covariates and reported least square means for the summer period. Because data from 
repeated surveys of the same transects are not independent, we fit transect identity as a random 
effect. All models were fit with the lme4 library in R (Pinheiro et al. 2012, Bates et al. 2015, R 
Core Team 2019).  
 
Life histories of each lizard species vary in ways that influence daily, seasonal, and annual 
activity patterns. Such differences are driven by variation in breeding phenology, temperature 
tolerance, and other traits (Pianka 1986, Pianka 1993). Tiger whiptail (Aspidoscelis tigris), desert 
spiny lizard (Sceloporus magister), and zebra-tailed lizard are most active in spring and summer 
but activity often peaks at different times of day. Regal horned lizard (Phrynosoma solare), in 
contrast, is most active in summer, and ornate tree lizard (Urosaurus ornatus) and especially 
side-blotched lizard are active during cooler temperatures often across the entire year (Flesch et 
al. 2017). Surveys along transects were completed just once per day and often repeated at 
different times of day in different seasons and years. Hence, survey effort varied in complex 
ways with regard to periods of peak daily, seasonal, and annual activity of each species. To 
adjust inferences for potential biases linked to these effects, we considered time-of-day (minutes 
after sunrise), time-of-year (Julian day), and season as covariates in models that included relative 
abundance as a response variable. Seasons were based on activity periods of each species vs. 
strict calendar seasons, and included spring (3/25-4/30), summer (5/1-10/16), fall (10/17-11/15), 
and winter (11/16-3/6). To select an optimal set of covariates for each species, we used stepwise 
procedures with mixed variable selection and the stepAIC function in the MASS library in R and 
Akaike’s information criterion (AIC) to rank models (Venables and Ripley 2002, R Core Team 
2019). Once a best approximating model of covariates was selected, we then fit each of the two 
site classification variables in different models for each species, and used these models for 
inference. Probability values for comparisons of means among sites were Tukey adjusted to 
adjust for multiple comparisons issues.  
 
To assess regional variation in community structure and structure, we performed non-metric 
multidimensional scaling (NMDS) on a Sørensen distance matrix of relative abundance data of 
all 12 species observed across time in up to six dimensions, and used stress values to select an 
optimal solution. NMDS is a robust unconstrained ordination technique that does not make  



 
Figure 1. Study sites where we surveyed lizards at both the region and site scales across the Tucson Basin in 2010-2020. Points are colored by region and 
labeled by site name, and only KERP is named among the many Miscellaneous Urban Core sites.  Symbols colors at the regional scale match those in Figure 
4. 



distributional assumptions about underlying distance matrices, summarizes data more effectively 
in fewer dimensions, and is useful for visualizing variation in communities across space and time 
(Ludwig and Reynolds 1988, Legendre and Legendre 1998). Relative abundances of each 
species were computed as means among all transects surveys in each region in each year, and 
only data from years with six or more transect surveys within a region were used to help assure 
representative samples. We considered regional data in each year separately given expectations 
of temporal variation in community structure, and so that estimates from summer 2020 for the 
Pantano region (which was only sampled in 2020) could be compared with those in the same and 
different years among regions. We included data from all seasons when computing relative 
abundances due to sparse data in some years, and also included nocturnal species. We 
implemented NMDS with PC-ORD (McCune & Mefford 2011).  
 
 
Results 
 
Effort and Observations: During the 2020 field season, we completed 177 surveys along 85 
transects that spanned 171.4 km of total survey effort. Observations totaled 1,555 lizards of nine 
species that we detected along survey transects. Most effort (46.3% of transects) was in the 
Pantano Upper region, with less effort along the Santa Cruz (23.7%), Rillito (16.4%), at 
Intensive Urban Core sites (12.4%) and especially at Miscellaneous Urban Core sites (1.1%).  
Effort in 2020 spanned 16 general sites, of which Pantano Upper (28.8%), Santa Cruz River 
South-Central (Paseo de las Iglesias; 19.8%) and Pantano Central (17.5%), Rillito Upper (6.8%), 
and Rillito Lower (6.8%) received the greatest effort. Within the new Pantano region in 2020, we 
completed 82 surveys along 31 transects that spanned 67.7 km of total survey effort. Transect 
observations totaled 353 lizards of seven species.  
 
We encountered few special status species during surveys. This was likely due to survey times 
being after periods when most bird species are active and breeding, and lack of aquatic surveys. 
Nonetheless we did detect two Priority Vulnerable Species listed by Pima County: The Rufous-
winged Sparrow (Peucaea carpalis) was fairly common along Rincon Creek at the intersection 
of East and South Old Spanish Trail, with approximately 3-4 individuals observed per hour in 
mesquite bosque in and above the creek bed. We also recorded lower numbers of Rufous-winged 
Sparrow along Pantano Wash near the terminus of Esmond Station Road and near Irvington 
Road. The Abert’s Towhee (Pipilo aberti) was observed several times in the dense bosque at the 
Rincon Creek site. None of these observations are surprising and these general localities are 
likely already known to County staff.  
 
Data Products: We constructed a detailed database that incorporated all information gathered 
during surveys from 2020 at sites across the Tucson Basin, and data from all Dr. Rosen’s past 
transect survey efforts between 2000 and 2019. This file contains records from 1,112 transect 
surveys over 21 years and was supplied to PCRFCD with this report. We performed quality 
assessment and quality control procedures on the database to ensure accuracy. To do so, we 
carefully evaluated each row of data and corrected data-entry errors, standardized the 
categorization schemes for habitat types and localities, and identified and addressed 
inconsistencies in sampling methods. We reviewed sampling designs and survey strategies 
before field work to help increase efficiency of sampling. We also delivered georeferenced 
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Google Earth files that resulted from field electronic data collection gathered with hand-held 
global position systems to PCRFCD. Additional data and supporting materials that we acquired 
from Dr. Rosen were also supplied to PCRFCD. 
 
Spatial Variation in Populations: Relative abundances of four of the six most frequently 
encountered species of lizards varied markedly (P ≤ 0.006 for F-test from ANOVA) among five 
regions of the Tucson Basin (Figure 2, left panel). The exceptions were ornate tree lizard that on 
average had similar relative abundances across space (P = 0.25), but was relatively abundant at 
Intensive Urban Core sites, and side-blotched lizard that also had similar relative abundances 
across the three major watercourse regions (P = 0.71) but was much less abundant at Intensive 
Urban Core sites (Figure 2 left). In contrast, at a finer site-specific scale, all species except side-
blotched lizard showed significant variation in relative abundances among study sites (P ≤ 0.006 
for F-test from ANOVA; Figure 2 right panel). In general, relative abundances of the six most 
frequently encountered species of lizards within the Pantano region were most statistically 
similar to those found in the Santa Cruz region (P ≥ 0.97 for t-test from linear contrasts), 
suggesting high degrees of likeness between communities. Among regions, relative abundances 
of tiger whiptail peaked at Intensive Urban Core sites, and this pattern was linked to especially 
high values at sites 20 30 Park (e.g.,. 20-30 Club Park), and lesser values at 22 Drive-In and AC 
Reid Park. Relative abundances of zebra-tailed lizard and desert spiny lizard peaked in the Rillito 
region, where they averaged 5.9 ± 1.4 and 2.8 ± 0.7 individuals/km greater than at Pantano, 
respectively. Among sites, the two broader Pantano sites supported moderate relative abundances 
of zebra-tailed lizard compared to elsewhere, and the Pantano Central site supported high relative 
abundances of side-blotched lizard (Figure 2). Also among sites, relative abundances of desert 
spiny lizard peaked at 20 30 Park but were much lower at other Intensive Urban Core sites, and 
similar at many Rillito sites.    
 
For all species and individuals combined, relative abundances peaked at Rillito due in part to 
much greater abundances of zebra-tailed lizard, but were similar among other regions (Figure 3, 
top left). At a finer site-specific scale, relative abundances of all species and individuals 
combined averaged 6.9 ± 3.2 individuals/km greater at Pantano Central than at Pantano Upper, 
suggesting some ecological differences that were likely linked to variation in side-blotched 
lizard. Mean values of observed species richness also peaked along Rillito (Figure 3 bottom), due 
in part to presence of rare species such as Clark’s spiny lizard (Sceloporus clarkii) and Sonoran 
spotted whiptail (Aspidoscelis sonorae), the majority of encounters of which were in the Rillito 
region. Relative to other areas, estimates of species richness were generally low in the Pantano 
region and hence at Pantano sites, but estimates were likely biased low given effort in the 
Pantano region was limited mainly to 2020. 
 
Spatiotemporal Variation in Communities: Analyses of community structure included data 
from 34 region years and 779 observations from surveys along transects. Non-metric 
multidimensional scaling (NMDS) produced a highly satisfactory projection of the Sørensen 
distance matrix into three-dimensional ordination space as indicated by low stress (0.064), and 
explained 90.5% of variation in the matrix (Figure 4). Increases along the first NMDS axis were 
most negatively associated with increasing relative abundances of tiger whiptail and regal horned 
lizard (Table 2). Increases along the second axis were most positively associated with increasing 
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Figure 2. Spatial variation in relative abundance (no./km) of the six most common species of lizards across the 
Tucson Basin at both the region (left) and site (right) scales in summer 2010-2020. Point estimates are least 
square means ±1 SE from linear mixed effects models with each spatial factor, year, and various observation 
covariates fit as fixed effects. Site order matches region order but not all sites are nested within regions. 
Estimates for Pantano are mainly from summer 2020 with data from other regions averaged across years. 
Symbols and colors were selected to show contrast among regions and sites. See Table 2 for common names. 
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Figure 3. Spatial variation in relative abundance (no./km) of all lizard species combined and of species richness 
observed during individual survey events across the Tucson Basin in both region (left) and site (right) scales in 
summer, 2010-2020. Point estimates are least square means ±1 SE from linear mixed effects models with each 
spatial factor, year, and various observation covariates fit as fixed effects. Site order matches region order 
although not all sites are hierarchically nested within regions. Estimates for Pantano are mainly from summer 
2020 with data from other regions averaged across all years. . Symbols and colors are formatted to show 
contrast among regions and sites. 
 
 
relative abundances of desert spiny lizard, zebra-tailed lizard, and ornate tree lizard. And, 
increases along the third axis were most positively associated with increasing relative 
abundances of side-blotched lizard and most negatively correlated with increasing relative 
abundances of tiger whiptail and ornate tree lizard. Importantly, NMDS indicated marked and 
ecologically coherent regional variation in lizard communities across the Tucson Basin. 
Communities in the Rillito region were tightly clustered in a relatively unique portion of 
ordination space linked to high relative abundances of zebra-tailed lizard and Clark’s spiny lizard 
and low temporal variation, but communities in 2020 were somewhat of an outlier (Figure 4). 
Communities in the Santa Cruz region were also fairly tightly clustered but often in the center of 
ordination space, intermediate between Rillito and Urban Core regions, with communities in 
2013 being somewhat of an outlier due to high relative abundance of side-blotched lizard. Urban 
Core sites were less tightly clustered and spanned a broader range of ordination space suggesting 
more varied community structure in space and time, which was linked in part to relatively high 
relative abundance of regal horned lizard. Notably, community structure at Pantano in 2020 was 
very similar to that at Santa Cruz and Rillito in 2020, and overall, most similar to that found at 
Santa Cruz. 
 



15 
 

 
  
Figure 4. Spatiotemporal variation in lizard communities among five regions of the Tucson Basin 2010-2020 
based on a three dimensional non-metric multidimensional scaling (NMDS) ordination of species relative 
abundances. Left panel shows spatiotemporal variation in average species relative abundances among five 
regions over 10 years, with 2-digit years labeled next to symbols (e.g. 2011=”11”). Right panel shows results for 
12 observed species labeled with codes of scientific names that are noted in Table 2. Results based on Sørensen 
distances; stress = 0.064; only years with 6 or more surveys in a region are included.  
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Table 2. Number of observation by region and species, and linear association (Pearson correlation coefficients; r) 
between the three ordination axes from non-metric multidimensional scaling (NMDS) and relative abundances 
of 12 species of lizards observed along transects across the Tucson Basin between 2010 and 2020. Values >0.45 
are bolded for emphasis. Values of 1.0 indicate perfect linear association. Species codes noted below are used in 
Figure 4, with this table serving as a legend. “SCR” notes Santa Cruz River, “Int. Urb.” are Intensive Urban Core 
sites and “Misc. Urb.” are Miscellaneous Urban Core sites.  

   No. of Observations    

 Code Scientific Name Common Name SC
R 

Ri
llit

o 

Pa
nta

no
 

Int
. U

rb
. 

Mi
sc

. U
rb

. 

r1 r2 r3 
ASSO Aspidoscelis sonorae Sonoran spotted whiptail 23 20 0 13 3 0.129 0.281 -0.125 

ASTI Aspidoscelis tigris tiger whiptail 557 680 48 2899 193 -0.708 0.464 -0.574 

CADR Callisaurus draconoides zebra-tailed lizard 483 2008 151 36 69 0.385 0.638 -0.059 

COVA Coleonyx variegatus western banded gecko 10 9   4 0.097 0.107 0.170 

DIDO Dipsosaurus dorsalis desert iguana 3     -0.099 0.014 0.028 

HESU Heloderma suspectum Gila monster   1   0.298 0.002 0.113 

HETU Hemidactylus turcicus Mediterranean house gecko 5 5  3 7 0.276 -0.012 -0.147 

PHSO Phrynosoma solare regal horned lizard 8 2 2 84 20 -0.515 -0.203 -0.287 

SCCL Sceloporus clarkii Clark’s spiny lizard 5 94   5 0.253 0.479 -0.097 

SCMA Sceloporus magister desert spiny lizard 225 518 56 688 52 0.080 0.750 -0.357 

UROR Urosaurus ornatus ornate tree lizard 321 255 35 741 153 0.022 0.529 -0.537 

UTST Uta stansburiana side-blotched lizards 739 360 38 173  0.334 0.308 0.716 

 
 
Discussion and Conclusions 
 
Monitoring, Design, and Methods:  We surveyed lizards across a large set of transects across 
five distinct regions of the Tucson Basin during late summer and early fall of 2020. Effort in 
2020 was somewhat greater than in any one prior year of sampling and included a broad range of 
new sites in the Pantano Wash system, which expanded the spatial frame of monitoring. Our 
design will foster monitoring and evaluation of future construction impacts, post-construction 
recovery, restoration success, and natural changes in lizard communities across time and space. 
By sampling a large range of sites including some that can serve as controls for comparison, our 
work can foster use of before-after/control-impact designs to compare communities at 
construction and control sites using data gathered both before and after disturbances. This 
approach was the same as that used to assess and monitor construction impacts and post-
construction changes in communities at Basins Arroyo Chico and Paseo de las Iglesias, which 
showed limited long-term impacts of construction but variable responses between sites and 
among species (Flesch and Rosen, unpublished manuscript). 
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During our work, we made a number of small changes to survey design and methods to improve 
inferences from future monitoring, but avoided major changes that could compromise data 
comparability. These included focused efforts to visit transects during peak times of above-
ground activity and visit the same transects at different times of morning to overlap these times 
for all species. We also attempted to limit the length of transects to increase replication and 
reduce the tendency for longer surveys overlapping broader ranges of temperatures and other 
weather conditions, which make adjustments for these effects more complex. In the past, 
transects of up to 9 km were surveyed, and time to complete those surveys could have been 
better spent obtaining more replication across space at times when conditions were similar. 
Additionally, we started the process of gathering data on air temperature and relative humidity at 
the start and stop of surveys with handheld weather meters. This procedure will allow the effects 
of these important covariates of lizard activity to be modeled more explicitly during future 
efforts. Currently, use of time-since-sunrise, season, and Julian day as covariates, which are 
correlated with temperature, has proven useful, but addition of survey-specific weather data 
offers a potential improvement especially as climate shifts in the future. Such changes in 
methods should improve the precision of estimates, ability of models to account for weather 
effects on activity, and ability to detect biologically significant changes in populations and 
communities over time and space.   
 
Data Resources:  Among our more important accomplishments, was synthesis and delivery of a 
detailed database that incorporates all survey information from across the Tucson Basin over the 
past 21 years. This product includes data from all visual encounter survey efforts from 2000 to 
2020, which resulted from major past efforts by Dr. Rosen and has been combined with new 
2020 data gathered here. The final database submitted to PCRFCD forms the basis of future 
monitoring and evaluation of changes in populations and communities due to flood-control 
projects and other factors. These data can be applied to understanding a range of questions linked 
to monitoring, restoration, conservation, and ecology of desert lizard communities. This final 
integrated data set includes information from 1,112 transect surveys. Importantly, even with a 
late start in summer 2020, we completed 171 transect surveys that accounts for 15.4% of all 
observations gathered since 2000. In fact, effort in 2020 was somewhat greater than effort in any 
other prior year but similar to that in 2017 and 2018 when 157 and 168 surveys were completed. 
In the future, these data should be combined with information from trapping efforts at the same 
areas and years, so that the relative efficacy of each method for monitoring can be assessed. It is 
possible that both methods capture the same underlying patterns in populations and communities, 
and that visual encounter surveys provide more efficient tools for monitoring diurnal lizards that 
are relatively common. Trapping, however, is likely to be more efficient for rare and nocturnal 
species, and should be useful for monitoring so long as sampling effort is sufficient to generate 
precise estimates.  
 
Spatial Variation in Populations and Communities: An important objective of this work was 
to provide detailed estimates of lizard abundances and community structure across space and to 
compare communities across the three major watercourses regions of Tucson with those in two 
regions in the urban core of Tucson. To this end, we assessed spatial variation in relative 
abundances of the six most common species of lizards and of all individuals combined, and 
species richness with use of linear mixed effects models. Additionally, we also performed a 
community-based analysis of spatiotemporal variation in community structure by using 
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multivariate ordination techniques and site-specific estimates of relative abundances of all twelve 
lizard species observed across the decade. Results of these analyses provide the first synthesis of 
spatial variation in lizard communities across the Tucson Basin of which we are aware. Such 
results are significant to evaluate the status and value of various regions and sites for lizard 
communities, to establish baselines for monitoring and understanding post-disturbance recovery 
of populations, and can help identify and focus important management, recovery, and 
conservation options available to PCRFCD.  In the future, these inferences can be bolstered and 
refined with the addition of more data and additional analyses tools.  
 
At the broadest scale, we found marked spatial variation in lizard populations and communities 
across the Tucson Basin, which highlighted the ecological status and value of various areas for 
wildlife. Importantly, our results show the significance of the Tucson urban core and various 
specific sites therein for lizards. Relative abundances of tiger whiptail, for example, were 
greatest at Intensive Urban Core sites such as 20 30 Park, and also high at 22 Drive-In, AC Reid, 
and others. These same urban sites and others also supported significant populations of desert-
spiny lizard, ornate tree lizard, and sometimes, regal horned lizard, which had higher relative 
abundances within the Tucson urban core than in any of the three watercourse regions. Similarly, 
abundances of all individuals combined, and in some cases, species richness, were also fairly 
high in the Tucson urban core. In contrast, relative abundances of side-blotched lizard and zebra-
tailed lizard were much lower and distributions much more restricted at sites in the urban core, 
which is likely why these species were the focus of past translocation efforts by Dr. Rosen and 
his collaborators (Rosen and McCabe 2012, Rosen, unpublished manuscript). However, 
individuals of these species at newly established translocation sites were not considered here, but 
can be during future efforts. Moreover, community structure within both regions of the Tucson 
urban core spanned greater ranges and very different areas of community space than other 
regions. Such patterns indicate broad differences between communities in major watercourse 
riverine regions and those along smaller washes and a range of other areas in the urban city. 
Whereas some of this variation was due to temporal changes in communities and differences in 
habitats, it suggests lizard communities at urban sites are regionally unique, significant, and 
hence important for conservation. However, because urban and other study sites we considered 
were not selected at random, our inferences pertain only to sampled sites rather than the entire 
Tucson Basin at large. Regardless, fairly high richness and abundances of lizards in urban 
settings is likely driven by a number of processes including presence of ecological subsidies 
from gardens, plantings, water sources, and other resources provided by humans. High levels of 
variation in richness, abundances, and community structure of lizards in these urban settings is 
likely driven by: 1) site-specific differences in habitat connectivity linked to dispersal along 
washes and greenways, 2) differences in habitat degradation linked to non-native predators such 
as cats and risks of road mortality, and 3) variation in vegetation, degree of urbanization, and 
levels of ecological subsidies. All of these factors can be measured in the future and incorporated 
into more explicit inferences to better guide management and mitigation efforts by PCRFCD. 
 
In addition to regions in the urban core of Tucson, we realized a broad range of important 
findings by comparing populations and communities among the three major watercourse regions 
of the Tucson Basin; the Santa Cruz River, Rillito Creek, and newly added Pantano Wash. 
Perhaps most significantly, we provide strong evidence of high relative abundances and a unique 
species assemblage along Rillito Creek, which suggests especially high conservation value. This 



19 
 

community included markedly higher abundances of zebra-tailed lizard, particularly along the 
lower and central Rillito, and of desert spiny lizard compared to other riverine regions. Species 
richness was also somewhat higher due to sizeable populations of species that are often rare 
elsewhere in the basin such as Clark’s spiny lizard and Sonoran spotted whiptail. Such patterns 
and the ecological value of lizard communities along Rillito Creek could be linked to: 1) high 
levels of connectivity with relatively undisturbed areas in the adjacent Santa Catalina and Rincon 
mountains and their outwash plains, 2) lower levels of disturbance to natural vegetation at large 
spatial scales, and 3) an abundance of sandy decomposed granitic substrates that are preferred by 
zebra-tailed lizard. Moreover, sizes of riparian trees and woodland coverage also seem greater at 
our sampling locations along Rillito Creek compared to those along the Santa Cruz River. Such 
wooded areas are important for scansorial species such as spiny and tree lizards, and also to 
terrestrial zebra-tailed lizards and whiptails that often forage at the periphery of thick vegetation 
that provides cover from predators. Prevalence of native woodlands along Rillito Creek is likely 
due to more limited historical impacts and much closer depths to groundwater than in other 
regions (City of Tucson 2018). Also linear stands of mesquite that were fostered by humans 
along trails and greenways at sites along lower Rillito Creek also provide valuable habitats and 
good examples of urban habitat restoration. Finally, higher elevation and rainfall in these more 
foothill environments along Rillito Creek likely promote food availability and other important 
resources. Again, more detailed understandings of processes that drive these patterns require 
explicit measurements of these and other factors, which can be pursued in the future. 
 
In the Santa Cruz region, estimates of relative abundances were generally low to moderate 
among species, and richness was moderate. Exceptions were side-blotched lizard and tree lizard, 
which had relative abundances similar to those found in other riverine regions, and sites along 
the lower Santa Cruz River at Camino del Cerro and Cortero Mesquite Bosque, which had higher 
richness and often relative abundances than those further upstream to the south. Overall, lizard 
abundance along the Santa Cruz River seemed fairly depressed. Such patterns may be driven by 
high abundances of lizard predators such as greater roadrunner (Geococcyx californianus) along 
the Santa Cruz River. During surveys in 2020, for example, we documented 0.60 greater 
roadrunners/km at sites along the Santa Cruz River, which was nearly 4-times greater than that at 
sites along Rillito Creek (0.16/km). Additionally, Dr. Rosen observed similar spatial differences 
in abundances of greater roadrunner in past years, and also noted more western diamondback 
rattlesnakes (Crotalus atrox), which regularly depredate lizards (Holycross and Mitchell 2020), 
along the Santa Cruz River than Rillito Creek. Greater impacts of predators on lizard populations 
along the Santa Cruz River could be magnified by more limited vegetation cover and hence safe 
sites, higher vegetation disturbance, and perhaps higher levels of human activity such as biking 
and dog walking. Additional more focused revegetation efforts linked to restoration activities 
along the Santa Cruz River, newly restored stream flows from reclaimed water, and additional 
applications of riprap, which provide important artificial habitats (Flesch and Rosen, unpublished 
manuscript), could enhance lizard populations and communities in the future. Local vegetation 
management such as tree and shrub pruning and planting, mulching, creation of drainage basins 
and small passive water-retention structures to promote tree growth, and other small-scale 
treatments like brush piles could also improve habitat conditions for some species of lizards 
along the Santa Cruz River in Tucson and elsewhere.      
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Communities along Pantano Wash in 2020 were most similar to those observed across time 
along the Santa Cruz River, and to a lesser extent Rillito Creek, but contrasted those in the two 
urban core regions of Tucson. This was especially the case when temporal effects were 
considered and only data from 2020 were used. Such similarities in 2020, however, could be an 
artifact of sampling times that were all in later summer and fall in 2020 and hence later on 
average than efforts from prior years. Nonetheless, these comparisons showed nearly identical 
values in community space among the three major watercourse regions and, especially between 
Pantano Wash and the Santa Cruz River in 2020. Although estimates of species richness were 
lower for Pantano than in other regions, estimates will increase with additional sampling effort in 
future years given effort was much lower and limited only to 2020 compared to efforts across as 
many as 10 years elsewhere. The presence of our first observation of Gila monster during 
Pantano surveys in 2020, also suggests richness estimates will increase with additional sampling 
effort. 
 
Future Efforts:  Data gathered and reported here are useful for understanding and monitoring 
the impacts of flood-control management and construction projects on lizard communities across 
the Tucson Basin in ways that leverage Dr. Rosen’s two decades of Tucson Basin field work. 
Information reported here also highlights significant regions, sites, and populations, and should 
help focus conservation and management efforts on the most important areas for lizards in the 
Tucson Basin. In the future, this work can be expanded from a purely regional or site perspective 
to include information on how population and community parameters vary across a range of 
habitat types and environments across the basin, how population sizes of each species have 
varied across time and space, and how past construction activities have influenced populations 
(Flesch and Rosen, unpublished manuscripts), which should help guide management. Data we 
report here can also be supplemented by more detailed narrative descriptions of communities and 
habitats at sites that Dr. Rosen produced in the form a gazetteer in 2019 and 2020 (Rosen, 
unpublished manuscript).  
 
To increase the efficiency and applicability of monitoring efforts, we recommend a range of 
future efforts. Given relatively high levels of temporal variation in lizard populations and 
communities (e.g., Flesch et al. 2017, Figure 3) that can confound inferences, we recommend 
continued monitoring at potential treatment and control sites in the future. Ideally, these efforts 
should be implemented to span both the spring and complete summer seasons when most species 
are at peak activity, so that estimates and survey timing are more comparable with past efforts. In 
2020, field efforts started in late August after a record hot and dry summer with poor monsoon 
activity. Hence, mortality or emigration events that occurred earlier in the warm season, low 
reproductive output or breeding activity, and other factors could have resulted in 2020 estimates 
being lower that they may have been otherwise. Future efforts linked to monitoring should also 
consider the precision of estimates, effect sizes desired for trend assessment, and statistical 
power to detect trends in populations to assure efforts are consistent with PCRFCD goals and 
priorities. Finally, future efforts should also evaluate detection rates from trapping efforts to 
assure they are useful for long-term monitoring. 

 
Inferences on community structure that we report may have been biased by a few factors but 
provide a satisfactory initial regional assessment across the decade that future work can improve 
upon. To maximize data use, we applied samples from all times of day and year when computing 



21 
 

relative abundances and the Sørensen distance matrix used by non-metric multidimensional 
scaling. Because activity of each species varies in complex ways across these temporal gradients, 
such estimates were likely biased by the timing of sampling. Second, data were limited in some 
years and sampling sometimes occurred at times that were not ideal for activity of some species, 
or at locations that were not broadly representative of regions they were imbedded in. Future 
efforts should attempt to compare inferences reported here with those based on ordination of 
relative abundance estimates that are adjusted for habitat and temporal effects. This is similar to 
the approach we used to evaluate variation in relative abundances of populations and of richness, 
with use of mixed effects models. Importantly, methods that allow more explicit adjustments for 
variation in detection probability will greatly improve future efforts. This can be implemented 
with more focused repeated daily sampling of the same transects and N-mixture models (see 
Flesch et al. 2017), and be implemented in ways that foster data comparability across time.  
 
Information on spatiotemporal patterns in populations and communities can aid efforts to 
manage and conserve lizards and the habitats they depend on, but developing efficient 
management recommendations often requires understanding the ecological processes that drive 
these patterns. Future efforts to understand lizard communities and guide management, 
restoration, and conservation should thus consider incorporating environmental data on levels of 
urbanization, land cover, critical resources such as vegetation cover, and landscape contexts 
linked to functional connectivity.  
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Appendix A:  A tribute to our mentor, friend, and co-author Dr. Philip Clark Rosen. 
 
In mid-September, shortly after we began 2020 field work for this project, we lost our dear friend 
and mentor Dr. Phil C. Rosen after his battle with cancer.  Words cannot describe how much we 
miss Phil and how much we learned from him, but this short tribute and the supporting elements 
below are intended to honor his memory and contribution to this report and the broader project. 
Starting in 1999 Phil began devoting his talents and passions for herpetofauna to describing 
lizard communities across the Tucson Basin in support of the goals of Pima County’s Sonoran 
Desert Conservation Plan (SDCP). This work and our much more limited roles in it would not 
have been possible without Phil’s remarkable contribution and knowledge, and his invitation to 
participate in this project. Phil’s past work supports the goals of the SDCP and PCRFCD’s 
efforts to manage, conserve, and restore herpetofaunal communities in the Tucson Basin.  These 
are the goals to which Phil devoted his passion and some of his life’s work over the last two 
decades. We thank you Phil for your inspiration, mentorship, friendship, and guidance over 
many years.       
 

 
 



https://tucson.com/lifestyles/announcements/obituaries/philip-rosen/article_bbc9489a-009b-11eb-
9e36-97b3af50f568.html

Philip Rosen

Sep 27, 2020

ROSEN, Philip Clark

February 25, 1955 - September 18, 2020

Phil, beloved husband, father, brother, friend and

herpetologist passed away on September 18, 2020 after

a brave battle with cancer, a scant 2 weeks after finding

his last diamondback rattler on the Loop near Mesquite

pond.

Phil was born in New York City to Donn and Carmela Rosen. As a child, he roamed

the halls of the American Natural History Museum, where his father served as

Director of Ichthyology. He had a childhood collection of some 33 salamander

species and loved hockey and basement ping pong with his brothers David and

James and fossil hunting with Mom. Phil graduated from NVRHS, Northern Valley

High School in Closter, NJ in 1974 and the University of Michigan, Ann Arbor in

1980 with his Bachelor of Science. He earned his Master of Science at Arizona State

University in Tempe in 1987 studying mud turtles under Jim Collins.

In 2000, Phil completed his doctorate in Ecology and Evolutionary Biology at the

University of Arizona in Tucson as Chuck Lowe's final PhD student. He researched

snake, lizard and turtle ecology at Organ Pipe National Monument in times of ever

increasing heat and drought. He thought at a landscape scale with his work on the

Sonoran Desert Conservation Plan a true Pima County gem that thrives to this day.
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His later research took him 4-wheeling the back roads of Mexico studying tortoises

and mud turtles.

As a father, Phil took great joy in taking our family camping to field sites like San

Bernardino National Wildlife Refuge. He delighted in filling Jasmine-Sander's

Christmas stocking with toy dinosaurs, rollerblading at full speed around Reid Park

and playing in ocean surf. Phil joined Jasmine and her college friends in exploring

the desert, art and punk music.

Phil's latest urban ecology work focused on rescue and relocation of lizards ahead of

the flood control bulldozer, his gentle handling of tiny lizards revealing his true

tenderness. Phil was generous and a life-long activist in the politics of peace. His

message to you is simple: VOTE!

Phil is predeceased by his parents Donn Eric Rosen and Carmela Berritto Rosen,

and daughter, Jasmine Sander Donn Rosen. He is survived by his wife, Julia C.

Rosen, brothers, David N. Rosen (Linda), and James A. Rosen (Mary) and their

children, Brandon, Ryan and Sophie, extended family, Debet Kuehner (David),

Clayton Burgett (Valerie) their children, Ava, Charlotte, Cruz and many friends.

On behalf of the Sonoran desert fauna: Frogs, toads, turtles, tortoises, snakes and

fish, thank you Dr. Rosen! We love you and we miss you beyond measure. Life

celebration yet to come. In lieu of flowers please consider the Philip C. Rosen

research fund, Tucson Herpetological Society.

Arrangements by EAST LAWN PALMS MORTUARY.
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