
Comparison of pitfall traps and belt transects to examine
lizard populations in different vegetative communities

Item Type text; Dissertation-Reproduction (electronic)

Authors Bounds, Dixie Louise, 1961-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:15:52

Link to Item http://hdl.handle.net/10150/282159

http://hdl.handle.net/10150/282159


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter fece, while others may be 

from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Afbor MI 48106-1346 USA 
313/761-4700 800/521-0600 





COMPARISON OF PITFALL TRAPS AND BELT TRANSECTS 

TO EXAMINE LIZARD POPULATIONS IN DIFFERENT 

VEGETATIVE COMMUNITIES 

by 

Dixie Louise Bounds 

A Dissertation Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN WILDLIFE AND FISHERIES SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1996 



DMI Number; 9713390 

UMI Microform 9713390 
Copyright 1997, by UMI Company. All rights reserved. 

This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



2 

THE UNIVERSITY OF ARIZONA ® 

GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

, , Dixie Louise Bounds 
read the dissertation prepared by 

, , Comparison of pitfall traps and belt transects to examine 
entitled 1 

lizard populations in different vegetative communities 

and recommend that it be accepted as fulfilling the dissertation 

Doctor of Philosophy 
requirement for the Degree of 

"Qa-te/J 

Q l  ̂  
Date 

D^te ̂  

\J '7 L 
Date ( 

Final approval and acceptance of this dissertation is contingent upon 

the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 

direction and recommend that it be accepted as fulfilling the dissertation 

requirement. 

Dissertation Director Da 

h'^L 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at the 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his or her judgement the proposed use of the 
material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author. 

SIGNED: 



4 

ACKNOWLEDGEMENTS 

This dissertation would not have been possible without 
the help, support, and encouragement of many dedicated 
people. I thank my major advisor, Dr. Cecil Schwalbe, for 
all of his support and guidance throughout this process. I 
thank Dr. O. Eugene Maughan for being a wonderful 
supervisor, mentor for the past 6 years, and committee 
member. I also thank committee members Drs. Stephen 
DeStefano, Bill Kuvlesky, and Bill Shaw for their 
constructive comments and sound advice. Dr. John Nickum 
introduced me to the Cooperative Research Units Program and 
Drs. Reid Goforth, Ted LaRoe, and O. Eugene Maughan gave me 
a once in a lifetime opportunity to work at the Arizona 
Cooperative Fish and Wildlife Research Unit while I pursued 
my degree; I will always be grateful to them for their help 
and for giving me such a wonderful learning experience. 

I thank the U.S. Fish and Wildlife Service for funding 
this project and the American Association of University 
Women for providing me with a Career Development Grant. I 
thank Buenos Aires National Wildlife Refuge and the Bureau 
of Land Management for allowing me to conduct my research on 
their lands. I thank Drs. Steve McLaughlin and Gordon 
Lehmann for advice on vegetation sampling, Dr. Pat Jones for 
statistical advice. Dr. John Wright for assistance in 
identifying whiptail species, and Phil Rosen for help in 
selecting study sites and in identifying whiptail lizards. 

I thank the Arizona Cooperative Fish and Wildlife 
Research Unit for providing me with incredible support from 
the Minority Training Program, with vehicles and all other 
logistical support. I thank Carol Yde and Sara Fritz for 
help with administrative matters. I thank Trevor Persons, 
Raul Vega, Mike Perkins, and Pam Landin for their help with 
data collection. I thank Connie Flores for her excellent 
help with manuscript preparation, David Kitcheyan for his 
help with graphics and slides, Gabe Paz, Bradley Clarkson, 
Raul Vega, Pauline Dodson, Felipe Espino, Tim Gatewood, 
Gilbert Gonzales, Nina King, Ramon Martin, for installing 
over 500 pitfall traps and Rena Borkhataria, Felipe Cano, 
Earl Chicharello, Rick Divalentino, and Anthony Galvan for 
removing the traps. I thank Susy Morales, Magdalena 
Rodriguez, and Jesse Palmer for help with literature 
collection and data analysis. I thank Selso Villegas for 
helping me with all aspects of this project and for being 
such a supportive and encouraging friend. I thank my mother 
and father and all of my family for their support and 
encouragement in helping me achieve my goals. 



5 

TABLE OF CONTENTS 

1. LIST OF FIGURES 8 

2. LIST OF TABLES 11 

3. ABSTRACT 13 

4. INTRODUCTION 15 

5. STUDY AREA 20 

6. METHODS 22 

a. Lizard belt transects 22 

b. Pitfall traps 25 

c. Mark-recapture analysis 27 

d. Comparison of belt transects and pitfall traps 27 

e. Species richness 29 

f. Comparative trap efficiency 29 

g. Vegetation cover 3 0 

h. Vegetation density 32 

i. Statistical analysis 32 

7. RESULTS 33 

a. Lizard belt transects 33 

b. Pitfall traps 35 

c. Mark-recapture analysis 3 6 

d. Comparison of belt transects and pitfall traps 36 

e. Activity patterns 3 8 

f. Mortality 39 

g. Cost comparisons 3 9 

h. Species richness 41 



6 

Table of Contents continued. 

i. Trap type 42 

j . Vegetation cover 43 

k. Vegetation density 43 

8. DISCUSSION 43 

a. Comparison of techniques within vegetative 
communities 43 

b. Diversity measurements 45 

c. Species richness 46 

d. Habitat relationships 48 

e. Vegetative density and visual observations. . 52 

f. Lizard belt transects 54 

g. Pitfall traps 59 

h. Mark-recapture analysis 6 2  

i. Relative cost of pitfall traps and visual 
transects 68 

j. Benefits associated with use of pitfall traps 69 

k. When to sample 70 

1. Long-term monitoring program 71 

9. MANAGEMENT RECOMMENDATIONS 73 

10. LIST OF FIGURES 78 

11. LIST OF TABLES 100 

12. APPENDIX A. Vegetation transects line intercept 
method 126 



7 

Table of Contents continued. 

13. APPENDIX B. Vegetation belt transects 165 

14. APPENDIX C. Acronyms used to describe lizard 
species 183 

15. LITERATURE CITED 185 



8 

LIST OF FIGURES 

FIGURE 1. Location of Buenos Aires National Wildlife 
Refuge (FWS) and Agua Blanco Ranch (BLM) . 78 

FIGURE 2. Location of study sites at Buenos Aires 
National Wildlife Refuge and Agua Blanco 
Ranch 79 

FIGURE 3. Lizard belt transects 80 

FIGURE 4. Pitfall trap grid using black and white 
19-1 plastic buckets 81 

FIGURE 5. Line-intercept method to sample vegetation 
(basal and crown cover) 82 

FIGURE 6. Perpendicular distances Holbrookia maculata 
were observed from lizard transects at 
Buenos Aires National Wildlife Refuge and 
Agua Blanco Ranch 83 

FIGURE 7. Perpendicular distances Uta stansburiana 
were observed from lizard transects at 
Buenos Aires National Wildlife Refuge and 
Agua Blanco Ranch 84 

FIGURE 8. Perpendicular distances Cnemidophorus 
tiaris were observed from lizard transects 
at Buenos Aires National Wildlife Refuge 
and Agua Blanco Ranch 85 

FIGURE 9. Perpendicular distances Cnemidophorus sonorae 
were observed from lizard transects at Buenos 
Aires National Wildlife Refuge and Agua 
Blanco Ranch 86 

FIGURE 10. Perpendicular distances Cnemidophorus uniparens 
were observed from lizard transects at Buenos 
Aires National Wildlife Refuge and Auga 
Blanco Ranch 87 

FIGURE 11. Perpendicular distances Sceloporus clarkii 
were observed from lizard transects at 
Buenos Aires National Wildlife Refuge and 
Agua Blanco Ranch 88 



9 

Table of Contents continued. 

FIGURE 12. Perpendicular distances Urosaurus omatus 
were observed from lizard transects at 
Buenos Aires National Wildlife Refuge and 
Agua Blanco Ranch 89 

FIGURE 13. Belt transect walk numbers (1,3-6) when the 
peak number of zebra-tailed lizards 
(Callisaurus draconoides) was obseirved in 
the desert scrub community 90 

FIGURE 14. Belt transect walk numbers (1-9) when the 
peak number of canyon spotted whiptails 
(Cnemidophorus sonorae) was observed in 
each of three vegetative communities ... 91 

FIGURE 15. Belt transect walk numbers (1-9) when the 
peak number of western whiptails 
(Cnemidophorus tiaris) was observed in 
each of three vegetative communities ... 92 

FIGURE 16. Belt transect walk numbers (1-8,10) when 
the peak number of desert grassland whip
tails (Cnemidophorus uniparens) was observed 
in each of two vegetative communities. . . 93 

FIGURE 17. Belt transect walk numbers (1-7) when the 
peak number of lesser earless lizards 
(Holbrookia maculata) was observed in each 
of three vegetative communities 94 

FIGURE 18. Belt transect walk numbers (1-7) when the 
peak number of dark spiny lizards 
(Sceloporus clarkii) was observed in the 
oak woodland community 95 

FIGURE 19. Belt transect walk numbers (2,4-5) when the 
peak number of mountain spiny lizards 
(Sceloporus iarrovii) was observed in the 
oak woodland community 96 

FIGURE 20. Belt transect walk numbers (2-7,9) when the 
peak number of desert spiny lizards 
(Sceloporus magister) was observed in each 
of three vegetative communities 97 



10 

Table of Contents continued. 

FIGURE 21. Belt transect walk numbers (1-7) when the 
peak number of tree lizards (Urosaurus 
ornatus) was obseirved in each of four 
vegetative communities 98 

FIGURE 22. Belt transect walk numbers (1-7) when the 
peak number of side-blotched lizards (Uta 
stansburiana) was observed in each of two 
vegetative communities 99 



11 

LIST OF TABLES 

TABLE 1. Elevation, slope, and aspect of study sites 
used to evaluate pitfall traps and lizard 
belt transects 100 

TABLE 2. Lizards caught in pitfall traps and obsez-ved 
along belt transects 101 

TABLE 3. Average perpendicular distance (ADP) lizards 
were observed from the midline of lizard 
belt transects 102 

TABLE 4. Weather data for peak values of lizards 
observed along belt transects 103 

TABLE 5. Estimates of the number of days transects 
should be run per vegetative community. . . 104 

TABLE 6. Lizard species captured in pitfall traps: 
black and white 19-1 plastic buckets .... 105 

TABLE 7. Lizards species (recaptures) caught in 
pitfall traps at study sites 106 

TABLE 8. Lizards species (recaptures) caught in 
pitfall traps at the trap type experimental 
study site 107 

TABLE 9. Estimates of the number of trap days needed 
to obtain sufficient recaptures to generate 
population estimates using Program JOLLY. . 108 

TABLE 10 . Lizards caught per grid day or observed per 
transect day at study sites 109 

TABLE 11. Lizards caught per area (1,000 m^) in pitfall 
traps and observed along transects Ill 

TABLE 12. Lizards caught in pitfall traps or observed 
along transects by month 112 

TABLE 13. Age categories of lizards caught in pitfall 
traps or observed on transects at study 
sites 113 

TABLE 14. Number of males, females, and gravid lizards 114 

TABLE 15. Non-lizard species captured in pitfall traps 115 



12 

Table of Contents continued. 

TABLE 16. Cost estimates to construct, install, and 
collect data using belt transects and pit
fall traps 117 

TABLE 17. Estimates of the cost per lizard captured in 
pitfall traps and obseirved along transects 
by vegetative community 119 

TABLE 18. Shannon-Weaver index for lizard species 
diversity 120 

TABLE 19. Lizard species captured in pitfall traps at 
the trap type experimental study site: white 
19-1 plastic buckets and number 10 cans . . 121 

TABLE 20. Percent crown and basal cover and litter 
using the line-intercept method 122 

TABLE 21. Densities of woody perennials in different 
vegetative communities using the belt 
transect method 124 



13 

ABSTRACT 

I used two sampling techniques, visual line transects 

and pitfall traps, to compare the numbers and species 

richness of lizards in four vegetative communities 

representative of the Sonoran Desert region: exotic 

grasslands, native grasslands, oak woodlands and 

desertscrub. I found similar numbers of lizards and species 

richness in three of the four communities, but I detected 

more lizards using transects than pitfall traps in the oak 

woodland community. On a per area basis, I detected 

significantly more lizards with transects than with pitfall 

traps in all four communities (P=0.018) . 

I compared capture success using three different 

pitfall traps. Overall, I found no differences between 

capture success in black and white plastic 19-1 buckets (Chi 

square=0.58, df=l, P>0.05) or between white buckets and 

number 10 cans stacked three deep (Chi square=0.60, df=l, 

P>0.05) . I did find that one species (Sceloporus maaister) 

was captured more often in black buckets than in white 

buckets (Chi square=5.33, df=l, P<0.05). 

Pitfall traps were significantly more expensive 

(P=0.02) than transects in terms of materials, installation 

and data collection. I did not obtain sufficient recaptures 

of any species in the pitfall traps to generate population 

or survivorship estimates using the programs RELEASE, SURGE, 
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or JOLLY. I calculated the effort necessary to obtain 

sufficient recaptures to make those estimates using pitfall 

traps. I also calculated the effort needed to obtain 

similar estimates using transects in each vegetative 

community. Recommendations for sampling days for the two 

methods varied considerably depending on the species and the 

vegetative community. If managers need mark-recapture data 

or detailed information on individual lizards, pitfall traps 

should be used. However, if managers do not need detailed 

information, I recommend using transects to sample lizard 

populations because they are less expensive, less time-

consuming, and provide similar information on the relative 

abundance and species richness of lizard populations. 



15 

INTRODUCTION 

Biologists estimate there are 6,778 species of 

reptiles, 4,334 species of amphibians (Cogger and Zwiefel 

1992), 24,618 species of fish (Nelson 1994), 9,702 species 

of birds (Monroe and Sibley 1993), and 4,629 species of 

mammals (Wilson and Reeder 1993). Of the 6,778 species of 

reptiles, 3,865 species are lizards (Cogger and Zwiefel 

1992). Lizards are an important component of many natural 

ecosystems (Zug 1993) and serve as food for many carnivorous 

snakes, mammals and birds (Bury and Raphael 1983). 

Despite their numbers and ecological importance, most 

ecologists have historically ignored lizards (Bury et al. 

198 0, Clawson et al. 1984, Baltosser and Best 1990, Morrison 

et al. 1995). State and Federal agencies have generally 

used their resources to monitor and manage economically 

important game species rather than nongame species such as 

lizards (Jones 1986). The funding that agencies have 

devoted to managing lizards was often used for threatened or 

endangered species (Bury et al. 1980) . More recently, 

lizards have assumed a more important role in determining 

how a particular area is to be managed (Baltosser and Best 

1990) . 

The Federal Land Policy and Management Act of 1976 

mandates that habitat requirements of nongame wildlife, 

including reptiles, must be considered in any management 
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action (Raphael and Rosenberg 1983). However, management 

agencies have seldom applied this act with any vigor 

relative to lizards (Clawson et al. 1984, Baltosser and Best 

1990) . Lizards often have very different habitat 

requirements than game species; therefore, ignoring the 

effects that management decisions have on lizards may have 

unexpected consequences for lizard populations (Jones 1986, 

Baltosser and Best 1990). Habitat improvements for game 

species often degrade lizard habitat by decreasing plant 

volume or cover (Bury et al. 1980) . Because lizards provide 

a source of food for many other species, management 

decisions that adversely impact lizard populations could 

have negative consequences for animals that prey on lizards. 

Despite the mandate for federal agencies to manage 

lizard populations, biologists may not have the knowledge 

required to accomplish that task. One problem is that 

traditional curricula in wildlife management have not 

included methods for managing and studying amphibians and 

reptiles (Jones 1986). Only very recently have standardized 

methods been presented for monitoring amphibian populations 

(Heyer et al. 1994). Therefore, biologists trained even a 

few years ago may not be familiar with the techniques needed 

to sample lizard species; particularly when dealing with a 

broad range of vegetative communities (Clawson et al. 1984) . 

To effectively manage lizard populations, managers need to 
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know how management practices impact lizard ecology (Bury et 

al. 1980, Clawson et al. 1984). The first step in 

understanding the effects of management on lizard species is 

to be able to monitor populations. Monitoring lizard 

populations requires an understanding of the constraints and 

costs (labor, time, and materials) of different sampling 

techniques. 

In comparison with other vertebrate classes such as 

birds, fish or mammals, there is little published 

information on how to monitor lizard populations, the cost 

of these methods, or their relative efficiency (Bury and 

Raphael 1983, Jones 1986, Baltosser and Best 1990). Methods 

used to monitor lizard populations range from mark-recapture 

population estimates using nooses (Jones 1986, Ellis-Quinn 

and Simon 1989), or a variety of pitfall traps (Tanner and 

Jorgensen 1963, Bury and Raphael 1983), funnel traps (Fitch 

1951, Vogt and Hine 1982), and drift fences (Bury and Corn 

1987), to simple visual encounter surveys from transects 

(Warren and Schwalbe 1985, Rosen and Lowe 1995). 

Pitfall traps are widely used to collect data on 

amphibians and reptiles and have been used extensively in 

lizard surveys and life history studies (Rogers 193 9, Banta 

1957, Whitaker 1967, Jones 1981, Campbell and Christman 

1982, Porzer 1982, Bury and Corn 1987) . Visual belt 

transects are similar to methods that have been used for 
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decades to study birds (Emlen 1971, Ralph and Scott 1981) 

but can also be used to study lizards (Lowe and Johnson 

1977, Eberhardt 1978a, Warren and Schwalbe 1985, Baltosser 

and Best 1990, Muth and Fisher 1991, Rosen and Lowe 1995) . 

Mark-recapture techniques using trapping are the most 

time consuming of the available techniques for monitoring 

lizard populations (Bury and Raphael 1983, Jones 1986, Com 

and Bury 1990) . However, they are designed to allow the 

collection of quantitative information on population 

structure (age, sex, and reproductive status). More 

importantly, they allow the development of population 

estimates which provide a quantitative baseline of lizard 

abundance. 

Visual transects are usually less labor intensive than 

mark-recapture studies. Transects have been used for birds 

and large mammals to generate density estimates or estimates 

of relative abundances among species, sites, or years 

(Robinette et al. 1974, Buckland et al. 1993). Transects 

would appear to be relatively quick to operate (compared to 

other methods) and inexpensive and as such should be of 

great potential use to resource managers. 

I compared results from pitfall trapping and visual 

transects relative to number of lizards and species 

composition in four vegetative communities with varying 

structure. Vegetative structure could potentially impact a 



19 

biologist's ability to observe lizards. Where there is high 

vertical plant structure, trapping lizards may give more 

reliable information than visual observation because of the 

potential visual interference caused by the structure of the 

vegetation. My hypotheses were: 1) in communities with high 

levels of ground cover, such as grasslands, pitfall traps 

would yield larger numbers of lizards and more species than 

transects; 2) in communities with low levels of ground 

cover, such as desertscrvib, visual transects and pitfall 

traps would yield similar numbers and species of lizards; 

and 3) weather conditions help determine when or if 

individual lizard species are active. Visual transects 

appear to be less expensive to construct, operate and 

maintain than pitfall trap grids; however, no real 

comparative cost data have been developed. Therefore, I 

compared the cost to construct and collect data using both 

techniques. The hypothesis was that visual transects would 

cost less than pitfall traps in terms of materials, labor, 

and time needed to collect data. The overall objective of 

my study was to develop baseline information (population 

estimates) with mark-recapture data from pitfall trap grids 

and use this information to evaluate the effectiveness of 

visual transects in reflecting the numbers and species 

richness of existing lizard populations. 
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STUDY AREA 

I conducted this study on Buenos Aires National 

Wildlife Refuge (BANWR) and on Agua Blanco Ranch (ABR). The 

BANWR is managed by the U.S. Fish and Wildlife Service and 

ABR is managed by the Bureau of Land Management (Fig. l). 

The BANWR is located 90 km southwest of Tucson, Arizona and 

encompasses 47,134 ha. The ABR is located 48 km west of 

Tucson and encompasses 3,165 ha. Most of BANWR is 

characterized as Sonoran savannah grassland (McLaughlin 

1992), but Brown Canyon is an oak woodland riparian area 

(Brown 1982). ABR is classified as creosotebush (Larrea 

tridentata) flats (Turner and Brown 1982) . 

In both BANWR and ABR, mean monthly temperatures reach 

maxima of 35° to 38° C in June and July and minima of 0° to 

2° C in December and January (Brown 1982, McLaughlin 1992) . 

Rainfall is biseasonal with a distinct summer peak (July and 

August) and a less marked winter peak (December to 

February). The driest months are May and June (Brown 1982, 

McLaughlin 1992). 

I compared numbers and species richness of lizards 

captured in pitfall traps and seen along belt transects at 

16 study sites in four different vegetative communities 

(four sites per community) that represented a diversity of 

vegetative cover based on visual assessments of the 

landscape (Fig. 2). The four vegetative communities were 
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the native grasslands dominated by native grama grasses 

(Bouteloua spp,), exotic grasslands dominated by Lehmann 

lovegrass (Eraarostis lehmanniana) , oak woodlands dominated 

by Arizona white oak (Ouercus arizonica) and Mexican blue 

oak (Ouercus oblonaifolia), and desertscrub sites dominated 

by creosotebush (Larrea trident at a) . I selected the native 

and exotic grassland sites by driving throughout BANWR and 

visually assessing the dominant grass species in different 

areas (Morrison et al. 1995). Subsequent quantitative 

analyses of grass composition at each site verified the 

visual assessments and classification of study sites. There 

were five exotic grass species at the grassland study sites: 

stink grass (Eraarostis cilianensis), weeping lovegrass (E. 

curvula), Lehmann lovegrass (E^ lehmanniana), feather finger 

grass (Chloris virgata), and Johnson grass (Sorghum 

halepense). 

The grassland and oak woodland communities were on 

BANWR and the desertscrub community was on ABR. The sites 

had an elevational range from 652 m (desertscrub) to 1,415 m 

(oak woodland) (Table 1). Each site was at least 0.5 km 

away from any other site to avoid sampling the same lizard 

populations more than once. 
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METHODS 

Lizard belt transects--I ran belt transects from 14 

April through 3 0 September 1995 using methodology suggested 

by Rosen and Lowe (1995). At least one site in each 

vegetative community was sampled once every 7 to 10 days. 

On average, each of the 16 study sites was sampled once 

every two weeks (about 13 times during the season). In 

March 1995, I established (with a compass) a single belt 

transect, 15 m off each pitfall trap grid, that ran in an 

east to west direction. I measured the slope of each 

transect using a clinometer to compare differences among the 

vegetative communities. In the desertscrub and two 

grassland communities the transects were 200-m long. In the 

oak woodland community transects were 100-m long because of 

the steep terrain and abrupt changes in vegetation along the 

canyon slopes. The area sampled by using the belt transect 

at each study site was approximately 3,000 m^, an area 

significantly greater than the home ranges of most diurnal 

lizard species (Milstead 1957a, Tinkle et al. 1962, 

Jorgensen and Tanner 1963, Ferner 1974, Ruby 1978, Rose 

1982). To allow the observer to orient himself/herself 

along the transect, I marked each transect with a metal 

fence post every 50 meters (0, 50, 100, 150, 200 m) in the 

grassland and desertscrub communities and every 20 meters 

(0, 20, 40, 60, 80, 100 m) in the oak woodland community. 
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The tops of the posts were painted neon orange to make them 

easily visible. 

I recorded the maximum number of individual lizards of 

each species seen on a series of walks along the same 

transect. I developed an index (peak value), which was the 

greatest number of lizards of each species observed during 

one of the multiple walks along the same transect during 

each day (Rosen and Lowe 1995). When I observed the same 

peak value for a single species on more than one walk, I 

recorded each peak, but used only one value to estimate the 

total number of each species for that day. This method 

minimized the chance of double-counting the same lizards; 

double-counting would violate the assumptions of population 

estimation (Eberhardt 1978a, Seber 1982, Buckland et al. 

1993) . 

Different lizard species might be expected to exhibit 

peaks at different times based on thermal preferences and 

diel rhythms. I developed an index to total lizard numbers 

(all species combined at a site) by adding the peak number 

for individual species for each day at each site. I 

compared the peak values of lizards (by species and 

vegetative community) observed during various walks of the 

transects. 

I began walking a belt transect approximately 3 0 

minutes after sunrise. I walked from east to west so the 
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sun was at my back and I could observe lizards as they 

emerged to bask in the sun. After completing each walk, I 

waited for approximately 3 0 minutes before repeating the 

walk along the transect. I completed an average of six 

walks along a single transect during the morning. The 

transect walks were usually conducted between 063 0 and 1100 

h each morning. 

Before beginning each walk, I recorded relative 

humidity at 1 cm above soil surface, cloud cover, wind 

speed, air temperature at 1.5 m above the ground, surface 

temperature, and whether it had rained in the last 24 hours. 

Humidity was recorded using a battery operated psychrometer 

(Belfort Psychro-dyne), Wind speed was estimated using the 

Beaufort scale (List 1971). 

During each walk I observed both sides of the transect 

and recorded all lizards. For each lizard observed, I 

recorded the species and the distance the lizard was from 

the origin and the midline (perpendicular distance) of the 

transect (Fig. 3). I also recorded (when possible) age-

class (adult, sub-adult, juvenile, or hatchling), sex, or 

reproductive status (gravid). 

Transects in the oak woodland community were half the 

length of transects in the other communities. Therefore, to 

facilitate comparisons I examined the rate of lizard 

species/individual accumulation for each 100-m segment in 
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the grassland and desertscrub communities and for each 50-m 

segment in the oak woodland community. 

I estimated the number of days transects should be rtin 

during a season for a long-term monitoring program. 

Buckland et al. (1993) recommended a minimum of 40 

observations per species during a season to make population 

estimates. I generated estimates based on the number of 

days transects would need to be conducted to achieve 50 

observations per species in each vegetative community using 

the data I collected. 

Pitfall traps--! operated pitfall traps from 14 April 

through 30 September 1995. At least one site in each 

vegetative community was sampled every 7-10 days. On 

average, each of the 16 study sites was sampled once every 

two weeks (about 13 times during the season). I used 19-1 

plastic buckets for the pitfall traps. Traps (24) were 

installed at intervals of 15 meters in a rectangular grid; 

four rows by six rows. The pitfall traps were installed in 

January and February 1995. Several weeks passed before data 

collection began. This delay between installation and data 

collection should allow animals to acclimate to the presence 

of the traps. The area within the pitfall trap grid at each 

study site was 5,400 m^, an area significantly greater than 

the home ranges of most diurnal lizard species (Milstead 

1957a, Tinkle et al. 1962 , Jorgensen and Tanner 1963, 
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Ferner 1974, Ruby 1978, Rose 1982). To compare the 

densities of lizards in each community, I also calculated 

the area sampled by the grids in each vegetative community 

based on the mean maximum distance moved as suggested by 

Wilson and Anderson (1985). 

Before installing the traps I drilled 10 small holes 

(1/16-in, 1.6-mm) in the bottom of each trap to allow for 

drainage. I placed a metal dome made from 0.25" (6.4-mm) 

hardware cloth in the bottom of each trap to permit smaller 

lizards to escape predation from other vertebrates. I 

installed all traps with the top of the bucket flush with 

the soil surface. When the traps were not active I covered 

them with a snug fitting plastic lid and a tan plywood 

square (40.64 by 40.64 cm; 16 by 16 in). When I opened the 

traps, I removed the plastic lids and propped the plywood 

square 3-5 cm directly above each trap. The plywood squares 

over the traps provided shade to reduce mortality due to 

heat and desiccation. 

I opened the traps between 1000 and 1200 h; it took 

from 30-60 minutes to open a trap grid. I left the traps 

open for 24-26 h. The number of total trap days was equal 

to the number of traps per site, multiplied by the number of 

sites, multiplied by the number of days traps were opened. 

I used the same methods to record weather for the pitfall 

traps as for the transects. Each trap was checked for 
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lizards and all vertebrate species captured were recorded. 

I recorded genus and species for each lizard and snout-to-

vent length (SVL) , tail length (TL) , weight, sex, and age. 

Each lizard was individually toe-clipped for sxibsequent 

identification; toe-clipping provides a permanent 

identification mark and does not increase mortality (Huey et 

al. 1990, Dodd 1993). I released each animal in an area 

adjacent to the trap where it was caught. 

Mark-recapture analysis--! analyzed the mark-recapture 

data using programs RELEASE, SURGE, and JOLLY (Burnham et 

al. 1987, Pollock et al. 1990, Lebreton et al. 1992). Where 

recapture data were not sufficient to make population 

estimates, I estimated the amount of effort that would be 

required to obtain sufficient numbers of recaptures to allow 

population estimates. This estimate should not be viewed as 

a rigorous evaluation of the effort required to obtain 

population estimates in all situations, but it is provided 

to give managers a guideline to use for planning purposes. 

Comparison of belt transects and pitfall traps--

I compared the numbers and species composition of 

lizards caught in pitfall traps and obseirved along belt 

transects. At each site, I ran the transect and activated 

the traps within a 24 h period to minimize any differences 

due to weather. I ran the transect during the morning with 

the traps closed. Immediately after running the transect, I 
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opened the traps. I returned the next day, checked the 

traps, and closed down the pitfall trap grid until the next 

scheduled visit. 

Three field assistants helped me collect data at the 

study sites. All observers completed 16 hours of training 

before collecting data in the field. If observers were 

uncertain about species identification, they were encouraged 

to photograph or bring in lizards to the University of 

Arizona for assistance. In addition, observers attended 2 

informal workshops on whiptail (Cnemidophorous) 

identification. 

I analyzed the number of lizards detected by each 

method per unit of effort and per unit of area. To estimate 

the area sampled by transects, I determined the average 

distance lizards were observed from the midline of the 

transect in each vegetative community as width and then 

multiplied that by the length of the transect. To estimate 

the area sampled by the pitfall trap grids, I calculated the 

mean maximum distance lizards moved in each vegetative 

community as suggested by Wilson and Anderson (1985) . 

I calculated the total cost for materials, 

installation, and data collection for pitfall traps and belt 

transects for each vegetative community and for all 16 study 

sites. These costs were based on operating each transect 

and trap grid for 13 days during this study. I also 
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estimated the cost per lizard using transects and pitfall 

traps in each vegetative commtmity. I estimated the costs 

of both methodologies using the guidelines suggested under 

management recommendations. 

Species richness--! compared the species composition, 

age, sex, and reproductive status of lizards caught in 

pitfall traps and observed from belt transects. I used the 

Shannon-Weaver index to compare species diversity for 

lizards caught in traps or observed from transects in each 

vegetative community (Shannon and Weaver 1949, Schemnitz 

1980) . 

Comparative trap efficiency--! compared the capture 

success of two different types of traps (number 10 cans and 

19-1 white plastic buckets) from 25 March through 1 October 

1994 and from 25 April through 23 September 1995 (site T) on 

BANWR (Fig. 2) . Lizards in the Sonoran Desert are generally 

surface active during this time (Lowe 1964, Stebbins 1985). 

! used two different types of traps: white 19-1 (5-gal) 

plastic buckets (35.5 cm deep x 30 cm OD) and three number 

10 coffee cans with the bottoms cut out of two and the three 

cans taped end to end with duct tape (48 cm deep x 15.5 cm 

OD) . 

The trap grid was six rows by six rows (36 traps). ! 

alternated white buckets and can traps; every odd numbered 
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trap was a can trap and every even numbered trap was a white 

bucket. 

At 16 other sites I compared the trap success of two 

different colors of traps (black and white) from 14 April 

through 30 September 1995. I alternated white and black 

traps 19-1 (5-gal) plastic buckets (35.5 cm deep x 30 cm OD) 

at four sites within each of the four vegetative 

communities. All odd numbered traps were black and all even 

numbered traps were white (Fig. 4). Black buckets do not 

reflect as much sunlight as white ones and reflectance may 

effect the number of lizards caught (Vance et al. 1965, 

Lohoefener and Wolfe 1984). 

These studies were conducted to determine the number of 

pitfall traps to use per grid and to determine differences 

in trap success between number 10 cans and white buckets and 

between white and black buckets. Both cans and buckets have 

been used to capture lizards (Bury and Raphael 1983, Jones 

1986), but there have been few attempts to evaluate relative 

efficiency. Efficiency is of critical importance for 

agencies who have limited funds and personnel to accomplish 

monitoring. 

Vegetation cover--Vegetation was sampled from 1-17 

October 1995 after the summer monsoons. The majority of 

summer annual plants were still blooming which permitted 

accurate species identification (McLaughlin 1992). I used 
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the line-intercept method (Bonham 1989) to estimate percent 

cover and species composition. I established a 200-m line 

transect at 15 study sites. At the remaining four sites 

(oak woodland community), I established 50-m line transects. 

The differences in length were necessary because in the oak 

woodland the plant communities changed abruptly 60-70 m up 

the canyon slopes. 

At each site I placed the line-intercept for vegetation 

15 m from the lizard belt transect or the pitfall trap grid. 

I measured basal (ground) and crown cover (50 cm) for all 

annual and perennial plants, and litter (rocks, dead wood, 

dead grass, fallen leaves) along the entire length of the 

line transect at all sites (Fig. 5). Crown cover was 

measured at 50 cm because the maximum crown of the grasses 

was at or near this height. I collected a sample of each 

plant that intercepted the line and identified it to species 

using the nomenclature suggested by Lehr (1978) . I summed 

all measurements for basal cover, crown cover, and litter 

for each plant species along each line transect and 

calculated percentages. I estimated the percent of native 

and exotic grasses in the grassland communities by summing 

the percentages for all grasses at each site. I estimated 

the percentage of "bare ground" by subtracting the sums of 

all basal measurements from the total length of the line 

transect. I defined "bare crown" as the percentage of the 
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transect at the 50 cm level that had 0 crovm coverage and 

estimated the amount of "bare crown" by subtracting the sum 

of all crown measurements from the total length of the 

transect. 

Vegetation density--! identified to species, took a 

sample, and counted each woody perennial plant within 2 m of 

the midline of the lizard belt transects at each site (200 

or 100 m). I computed the density of woody perennials/m^ at 

each site to: 1) compare the densities of woody perennials 

in each vegetative community with the numbers and species 

richness of lizards and 2) record baseline information for 

future monitoring studies. 

Using a meter stick, I measured the maximum height 

(tallest point) and width (widest point) of each plant. I 

calculated an average width and height for each species to: 

1) compare the average height and width of woody perennials 

in each vegetative community with the numbers or species 

richness of lizards and 2) provide baseline information for 

future monitoring programs. 

Statistical analysis--Vegetation. lizard belt transect, 

pitfall trap, and species diversity data were analyzed using 

analysis of variance (ANOVA) and the Tukey HSD procedure for 

pairwise comparisons. Significant effects were examined 

using contrasts whose significance levels were compared with 

a criterion probability adjusted according to the Bonferroni 
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procedure. Data that were not normally distributed were log 

transformed based on advice from two statistical 

specialists. The numbers of lizards caught in black and 

white buckets, and the numbers caught in can traps and white 

buckets were analyzed using the chi square statistical test 

for independence (Kuehl 1994). Means are presented ± 1 

standard error (SE) unless noted otherwise. 

RESULTS 

Lizard belt transects--! observed peak values of 200 

lizards in exotic grasslands, 176 in native grasslands, 97 

in desertscrub and 212 in oak woodlands. I observed an 

estimated 685 lizards representing 12 species from 16 

transects in all communities (Table 2). I recorded 78 

whiptail (Cnemidophorus) of unknown species and 44 lizards 

that I could not identify to genus. 

Lizards were recorded from 0 to 15 m of the midline of 

the belt transects. For lesser earless lizards (Holbrookia 

maculata) (Chi square=6.26, df=l, P<0.05) and side-blotched 

lizards (Uta stansburiana) (Chi square=9.00, df=l, P<0.05), 

most individuals were observed between 0-2 m from the 

midline of the transect with fewer observations at greater 

distances (Figs. 6,7). However, several other species, 

western whiptail (Cnemidophorus tiaris) (Chi square=3.97, 

df=l, P<0.05), Sonoran spotted whiptail sonorae) (Chi 
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square=15.36, df=l, P<0.05), and desert grassland whiptail 

(C. uniparens) (Chi square=31.41, df=l, P<0.05), were 

observed most commonly at distances greater than 2 m from 

the midline of the transect (Figs. 8-12). No pattern was 

detected in the distribution of the other species. 

There was no difference in the average perpendicular 

distance (APD) lizards were seen from the transect midline 

in the four vegetative communities. Numerically, the 

shortest APD (1.9 m) was in native grasslands and the 

longest (3.5 m) was in desertscrub sites (Table 3). 

I obseirved peak values for various lizard species on 

different walks of the lizard transects throughout the 

mornings (Figs. 13-22). The Cnemidophorus species tended to 

peak during walks 2-5 (about 0700-0900 h) , while Holbrookia 

maculata peaked at walks 3-5 (0800-0900 h). Sceloporus 

species did not exhibit a definite pattern. 

Lizards observed during peak walks of the transects 

occurred at air temperatures between 26 and 46° C (X = 31.2 

± 1.5 °C) and surface temperatures from 31 to 47° C (X=38.9 

± 1.4 °C) (Table 4). There was a significant difference 

among the species for air temperature during peak walks 

(P=0.001). Wind speeds during periods of peak observations 

were consistently on the lower end (1-3 or 4-7 mph) of the 

Beaufort wind scale. Relative humidity ranged from 17 

percent, when I saw the most zebra-tailed lizards 



35 

(Callisaurus draconoides), to 51 percent when I saw the most 

desert spiny lizards (Sceloijorus magister) ; there was a 

significant difference among species {P=0.007). Overall, 

peak values for lizards occurred when relative humidity 

averaged 39.6 ± 3.0 percent. Cloud cover ranged from 0 to 

100 percent and averaged 24.3 ± 7.3 percent during periods 

of peak observation. There had been no precipitation 

(rainfall) during the previous 24 h on 82 percent of the 

observation periods when peak values occurred. 

Based on the number of lizards observed along transects 

in each vegetative community, I estimated the number of days 

resource managers should run lizard belt transects to obtain 

50 observations per species (Table 5); 50 observations is 

approximately the minimum level needed to make population 

estimates (Buckland et al. 1993) . My estimates ranged from 

a low of 7 days for Cnemidophorus uniparens in the exotic 

grasslands to a high of 625 days for Phrvnosoma solare in 

the native grasslands and desertscrub. 

Pitfall traps--Overall there was no difference (323 

lizards in black buckets, 3 04 lizards in white buckets) in 

trap success due to trap color (Chi square=0.58, df=l, 

P>0.05) (Table 6). However, one species, the desert spiny 

lizard (Scelopoms magister) , was caught more often in black 

buckets than white (Chi square=5.33, df=l, P<0.05). 
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Mark-recapture analysis--! recaptured 83 lizards (7 

species) in pitfall traps in the four vegetative communities 

(Table 7) and 51 (3 species) during the comparison of trap 

type (Table 8). There was not a sufficient number of 

recaptures at any site to allow population estimates. 

Extrapolation of the effort that would be required to obtain 

population estimates varied from a low of 3,476 trap days to 

a high of 62,400 trap days; I expended 1,248 trap days at 

each site. Estimates of effort varied by species and 

vegetative community (Table 9). These estimates were 

intended to provide managers with a guideline to use for 

planning purposes. 

Comparison of belt transects and pitfall traps--There 

was a significant difference in the numbers of lizards 

caught or observed in the four communities (Chi 

square=35.23, df=3, P<0.001). I caught (N=185) and observed 

(N=200) the most lizards in the exotic grassland and the 

fewest lizards (caught N=107, obser-ved N=97) in the 

desertscrub community (Table 2). The ratio of the number of 

lizards caught or observed was similar within all vegetative 

communities except oak woodland (P<0.05) where I estimated 

more lizards from transects (N=212) than were caught in 

traps (N=90). In the three other vegetative communities, 

similar numbers of lizards were detected using transects and 

pitfall traps. 
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I found no significant difference (P=0.1286) among the 

numbers of lizards captured per grid day in the four 

vegetative communities. On average I caught the most 

lizards (four per grid day) in the two grassland 

communities. I caught the fewest lizards (two per grid day) 

at the oak woodland sites. I caught an average of 2.5 

lizards per grid day at the desertscrub sites. 

There were significant differences (P=0.0046) between 

the number of lizards observed per transect day in the 

different vegetative communities (Table 10) . I observed the 

most lizards in the oak woodland community (4.4 per day) and 

the fewest lizards in the desertscrub (1.9 per day) . I 

observed an average of 3.5-3.9 lizards per day in the exotic 

and native grassland sites. 

I detected significantly more {P=0.018) lizards per 

1,000 with transects than with pitfall traps (Table 11) . 

I estimated the area sampled by the lizard transects as the 

length of the transect multiplied by the average distance 

lizards were observed from the midline of the transect in 

each vegetative community; most lizards were observed 

between 0-7 m from the midline. The average area sampled by 

the lizard transects was 972 m' in the exotic grasslands, 

768 m^ in the native grasslands, 1,052 m^ in the oak 

woodlands, and 1,400 m' in the desertscrub. I estimated the 

area sampled by the pitfall trap grids by using the mean 
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maximum distance moved (Wilson and Anderson 1985) . For all 

lizard species combined, the average area sampled by the 

pitfall trap grids was 5,591 m^ in the exotic grasslands, 

6,310 m^ in the native grasslands, 6,601 m^ in the oak 

woodlands, and 4,978 m^ in the desertscirub. 

Activity patterns--Overall I caught and observed the 

most lizards during the month of June and the second most 

during July (Table 12) . The third most productive month for 

pitfall trapping was May, but for transects it was August. 

I caught or obser-ved the fewest lizards during September and 

April. Significantly more lizards were seen and captured in 

June than in any of the other months in the native grassland 

community (P=0.005) and in July in the oak woodlands 

(P=0.001). Within the exotic grassland (P=0.403) and 

desertscriib communities (P=0.065) there were no significant 

differences in monthly captures or observations. 

I trapped 409 and observed 323 adult lizards (Table 

13). I caught slightly more hatchlings (18) than I observed 

(12) . After subtracting the numbers of parthenogenic (all 

female) lizards, I observed an estimated 21 females and 12 

males on transects and captured 147 females and 118 males in 

pitfall traps. There was no significant difference between 

the numbers of males and females observed along transects 

(Chi square=2.45, df=l, P>0.05) or in pitfall traps (Chi 

square=3.17, df=l, P>0.05). I trapped 17 and observed 9 
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gravid females (Table 14). There was no difference in the 

number of gravid lizards caught or observed (Chi 

square=2.46, df=l, P>0.05). 

Mortality--Sixteen lizards died in the pitfall traps. 

Twenty-five percent of this mortality was attributed to 

predation by the southern grasshopper mouse (Onvchomys 

torridus), one of the 19 non-lizard species captured in 

pitfall traps (Table 15). 

Cost comparisons--Pitfall traps cost more than belt 

transects in terms of materials, installation and data 

collection. The total cost of materials for each transect 

was about $21 compared to $133 for one pitfall trap grid 

(Table 16). Total materials to sample the lizards in a 

vegetative community (four sites per community) cost $110 

for transects and $564 for pitfall traps; traps were 

significantly more expensive than transects (Chi 

square=324.2, df=l, P>0.05). For three of the vegetative 

communities, installation of a transect required 2 people 

for 1 hour ($12) whereas installation of a 24 trap pitfall 

grid required 4 people for an average of 4 hours ($96). To 

install transects at four sites within a vegetative 

community cost $48 and pitfall traps cost $384; traps were 

significantly more expensive than transects (Chi 

square=261.3, df=l, P<0.05). 
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There were also differences in the amount of labor 

necessary to collect data with the two methods. Transects 

were operated for a 4 h period by a hezpetologist ($36/day). 

Pitfall traps had to be opened 24 h before they were 

actually checked. Opening the traps took about 1 hour of 

labor. Checking the traps took a variable amount of time 

(average = 3.5 h) depending on how many vertebrates and 

invertebrates were found in the traps ($38/grid each day). 

To collect data for one season within a vegetative community 

cost $1,872 for transects compared to $1,976 for pitfall 

traps; traps were significantly more expensive than 

transects (Chi square=16.8, df=l, P<0.05). To sample one 

vegetative community for one season cost $2,030 for 

transects and $2,924 for pitfall traps in the grasslands or 

desertscrub. 

However, costs for installation and data collection in 

the oak woodlands were higher than in the other three 

vegetative communities because the terrain was rugged and 

difficult to work in. For example, installation of 

transects cost $144 and pitfall traps cost $1,53 6; and data 

collection cost $2,340 for transects and $2,964 for pitfall 

traps. To sample the oak woodland community cost an 

estimated $2,594 for transects and $5,064 for pitfall traps 

per season. 



41 

To install and operate transects at 16 study sites in 

four vegetative communities for 13 days cost $8,684 compared 

to $14,3 04 for pitfall traps. Pitfall traps were 

significantly more expensive than transects (Chi 

square=862.6, df=l, P<0.05). 

I found a significant difference (P=0.014) in the cost 

per lizard in comparing lizard belt transects and pitfall 

traps in the four vegetative communities (Table 17). The 

least expensive estimate per lizard was $10 using the 

transect method in the exotic grassland and the most 

expensive was $52 per lizard to use pitfall traps in the oak 

woodland. 

Transportation costs to and from the study sites varied 

depending on how far each site was from a starting point. 

For example, based on a mileage cost of 3 0 cents/mile, to 

travel to and from a site in the desertscrub community cost 

an average of $8/day, whereas the cost to the most distant 

site in the exotic grassland community was about $24/day. 

Transportation costs would be double for running pitfall 

traps because it requires one trip to open the traps and a 

second trip to determine the catch and close the traps. 

Species richness--! found no difference in the number 

of species trapped or observed in the four vegetative 

communities (Table 18). Four lizard species were trapped 

but were not observed: the western banded gecko (Coleonvx 
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varieqatus) at exotic 3, native 3, oak woodland 1, and 

desertscrub sites 1, 2, and 3; the desert iguana 

(Dipsosaurus dorsalis) at desertscrxib sites 2 and 3; the 

Gila monster (Heloderma suspectum) at desertscrub 1; and the 

mountain skink (Eumeces callicephalus) at oak woodland sites 

1 and 4. One species was observed but not trapped: the 

mountain spiny lizard (Sceloporus iarrovii) at oak woodland 

sites 2 and 4. 

Trap type--I captured 127 lizards (6 species) in white 

buckets and 115 lizards (8 species) in the can traps (Table 

19). There was no difference in trap success between white 

buckets and can traps (Chi square=0.60, df=l, P>0.05) for 

any of the species captured. 

We also caught venomous invertebrates such as the giant 

desert hairy scorpion (Hadrurus arizonensis), the black 

widow spider (Latrodectus mactans), and the brown spider 

(Loxosceles sp.) in the traps. These creatures, especially 

the small, dark spiders, were easier to locate inside the 

white traps than in the black traps. In addition, scorpions 

often burrowed down into soil that had blown into traps. 

Scorpions were easier to see under the soil in white traps 

than in black traps. The can traps were narrow and deep, 

and to retrieve an animal, I had to operate by feel. 

Operating by feel is dangerous in areas where venomous 

animals can be caught in traps. 
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Vegetation cover--There was a significant difference in 

basal cover (P=0.0004) and nearly significant differences 

{P=0.0745) in crown cover between the desertscinib sites and 

the three other vegetative commxinities (Tables A.1-A.17, 

Appendix A). The desertscrub sites had the least amount of 

both crown and basal cover (Table 20). The oak woodlands 

had the largest amount of crown cover and litter, while the 

exotic grasslands had the largest amount of basal cover. In 

the exotic grasslands, 71 ± 10.2 percent of all grass 

species were exotic. In the native grasslands, 89 ± 5.9 

percent of the grasses were native. 

Vegetation density--There was a significant difference 

(P=0.0333) in the densities of woody perennials among the 

vegetative communities (Tables B.1-B.17, Appendix B). The 

exotic grasslands had the lowest average density of woody 

perennials (0.02 ± 0.004 plants/m^), while the oak woodlands 

had the highest (0.09 ± 0.017 plants/m') (Table 21). The 

oak woodland sites also had the largest woody perennials 

(average width 260.1 ± 32.8 cm, P=0.0018 and average height 

318.4 ± 55.3 cm, P=0.0269). 

DISCUSSION 

Comparison of techniques within vegetative communities-

Some researchers have suggested that passive trapping 

techniques (such as pitfall traps) give more representative 
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estimates of numbers and species of lizards in some areas 

than visual censusing (Jones 1986). I had hypothesized that 

I would detect more lizards in densely vegetated areas using 

pitfall traps than using transects because of the 

possibility that the vegetation might interfere with visual 

observations. However, the number of lizards and species 

detected by pitfall traps and transects was similar within 

each vegetative community, except in oak woodlands where I 

detected greater numbers of lizards using transects than 

pitfall traps. One possible explanation for this difference 

in the detection rate of lizards in the oak woodlands is 

that this community had more structural diversity in three-

dimensional space (rocks and trees) than the other 

communities. The transect sampling method allowed me to 

observe lizards on trees and rocks above ground level and 

detect lizards that were arboreal or saxicolous, whereas 

pitfall traps allowed me to sample only ground-dwelling 

species. 

From my data, it appears that in the grassland and 

desertscrub communities, during this period of study, there 

would have been little loss of abundance information from 

using only visual transects. The reason why numbers and 

species of lizards detected by the two sampling techniques 

in these habitats was not significantly different may be 

related to the fact that both grasslands and the desertscrub 
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were two-dimensional communities, characterized by low 

vegetative structure and large areas of open ground. 

Pitfall traps sample in only two dimensions, whereas 

visual transects sample three. Therefore, in communities 

that lack a significant vertical component such as trees, 

cliff faces, etc., lizards are equally vulnerable to 

detection by visual observations from a transect or capture 

in pitfall traps. In contrast, in communities with 

significant vertical surfaces or structurally complex 

habitats, such as the oak woodlands, visual transects 

actually sampled more of the available habitat than pitfall 

traps and may provide more representative data than pitfall 

traps. Consequently, resource managers who do not require 

mark-recapture data or detailed information on individual 

lizards may choose to use visual transects rather than 

pitfall traps in these or similar communities. 

Diversity Measurements--Species diversity (the total 

number of species occurring in a vegetative community) has 

been used as a comparative community measurement (Pianka 

1966, Pielou 1975, Vitt et al. 1981, Jakle and Gatz 1985, 

Jones and Glinski 1985). Using the Shannon-Weaver index on 

the data from both sampling techniques, I found no 

difference in species diversity among the four vegetative 

communities. The absence of differences in species 

diversity using these two techniques in four communities 
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further supports my finding that transects and pitfall traps 

generally provide similar results. 

Species richness--The most abundant species found using 

both transects and pitfall traps in all vegetative 

communities were Cnemidophorus species. In both the exotic 

and native grassland communities, the desert grassland 

whiptail uniparens) was the most abundant. In the oak 

woodland community the Sonoran spotted whiptail (C^ sonorae) 

was the most abundant and in the desertscrub it was the 

western whiptail {C^ tiaris). Other authors have also found 

Cnemidophorus to be abundant in desert habitats. Jakle and 

Gat2 (1985) found that tiaris was the most abundant 

species in three desert communities {desert wash, desert 

upland and mesquite bosque). Morrison et al. (1995) found 

that Cnemidophorus species were abundant in grassy areas. 

Lowe (1964) stated that Cnemidophorus spp. are abundant in 

open grassy areas such as the exotic and native grasslands 

in my study. Whitford and Creusere (1977) found that 

Cnemidophorus tiaris was the most abundant species in three 

Chihuahuan Desert communities: bajada dominated by 

creosotebush; xeroriparian dominated by mesquite/tarbush; 

and playa dominated by mesquite. 

There could be several possible explanations as to why 

Cnemidophorus species are the most abundant in desert 

communities. First, Cnemi dop ho ru s species are widely 
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foraging generalist predators who will eat a wide variety of 

invertebrates; some whiptails prey on other lizard species 

as well (Stebbins 1985). Generalists can consume a variety 

of food items and tend to be more abundant than specialists 

who are limited in the types of foods they eat (Pianka 

1994). Second, the abundance of Cnemidophorus might somehow 

be related to flexible reproductive behaviors. For example, 

some Cnemidophorus species reproduce by parthenogenesis and 

are all female (unisexuals), other species reproduce 

sexually (bisexuals); in the evolution of Cnemidophorus 

there is evidence that some species groups have used both 

reproductive strategies (Wright and Vitt 1993). All-female 

species of Cnemidophorus may be considered to be generalists 

relative to their reproductive strategy. Unisexuals can be 

caused to reproduce by sexual stimulation from another 

female or, in the absence of other females, from no 

stimulation at all. If unisexuals increase the spectrum of 

the habitats that Cnemidophorus species complex can occupy, 

then the occurrence of unisexuals may be one explanation of 

high abundance of Cnemidophorus in my study areas. However, 

my data did not indicate that unisexuals could occupy any 

habitats that were not also occupied by bisexual species. 

In contrast, Schall (1977) found that unisexual 

Cnemidophorus species occupied a broader range of habitats 

in Texas than bisexual species did. 
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Another possibility is that the presence of all-female 

forms increases the probability of successful reproduction 

in the overall species complex. Such an explanation would 

require that unisexuals produced more or better adapted 

offspring. One condition under which unisexuals might 

produce more offspring than bisexual forms would be if, in a 

bisexual population, males and females came in contact so 

infrequently that a significant portion of the females were 

precluded from breeding during any given reproductive 

season. Such a condition might occur if 1) males were 

subjected to much higher mortality than females, resulting 

in a very low male-to-female ratio or 2) females had 

selectively higher mortality, yielding a low female-to-male 

ratio. Under these conditions, the ability to reproduce 

without males might result in greater fitness and lead to 

higher abundance. However, my data showed about an equal 

ratio of males-to-females and did not support the hypothesis 

that the breeding success of the all-female forms was 

responsible for overall abundance of Cnemidophorus. 

Habitat relationships--Attempts to correlate lizard 

species richness or abundances with different vegetative 

communities were complicated by the abilities of animals to 

live in more than one community. Species such as the tree 

lizard (Urosaurus ornatus) can be found from riparian scrub 

and desertscrub communities at sea level up into coniferous 
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forests (2770 m elevation). In contrast, specialists such 

as the desert iguana (Dipsosaurus dorsal is) , desert homed 

lizard (Phrvnosoma platvrhinos), and long-tailed brush 

lizard (Urosaurus graciosus) are restricted to desert biomes 

generally less than 1070 m in elevation (Lowe 1964, Stebbins 

1985) . 

My desertscrub sites were in the creosotebush-white 

bursage series in the Lower Colorado River Valley 

subdivision of the Sonoran Desert. This series is the 

driest of the six subdivisions currently recognized (Shreve 

1951, Turner and Brown 1982), Extreme aridity results in an 

open plant community containing few perennial species, 

reflecting the intense competition for water (Turner and 

Brown 1982) . In this study, desertscrub sites had the 

lowest basal and crown cover and vegetative diversity. 

These sites also had the fewest individual lizards captured 

or observed, but the most lizard species (10) of the four 

communities studied. The low numbers of lizards seen or 

captured probably reflects the low productivity of this 

biome and agrees with findings of Warren and Schwalbe (1985) 

that numbers of the same species of lizards observed in 

desertscriib were dramatically lower than those seen in 

riparian communities along the Colorado River in the Grand 

Canyon. 
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Lowe and Holm (1991) also reported high species 

richness in desertscriib communities. However, their data 

may not be strictly comparable to mine. Lowe and Holm 

(1991) pooled data from semidesert and California Valley 

grasslands to represent warm temperate grasslands (Brown 

1982) and data from Lower Colorado River Valley and Arizona 

Upland sxibdivisions of the Sonoran Desert to represent 

desertscrxib. Investigators comparing biota in different 

biomes often lump similar communities together; however I 

did not combine vegetative communities. 

Several investigators consider the Arizona Upland not 

as a desert in the strict sense, based on amount of rainfall 

and dominance by arborescent plant forms, but rather as a 

depauperate thornscrub (Turner and Brown 1982) . The Arizona 

Upland contains such a diversity and abundance of plants and 

animals that combining data from that biome with those from 

the Lower Colorado River Valley subdivision may create 

misimpressions. 

Some species sampled in the desertscrub sites were not 

found in the other vegetative communities; this resulted in 

a higher lizard species richness in the desertscrub 

community. This species richness results from the 

combination of species found in some of the other 

communities (e.g., Sceloporus maaister. Urosaums ornatus. 

Cnemidophorus tiaris) with a cadre of Southwestern desert 
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specialists that seldom occur in grassland biomes (e.g., 

Callisaums draconoides. Heloderma suspectum. Dipsosaurus 

dorsalis). 

In contrast to the desertscrub community, I caught the 

fewest lizard species in the oak woodland sites. Lowe and 

Holm (1991) and Lowe and Johnson (1976) also found the 

fewest lizards and fewest species in oak woodlands in 

Arizona. The oak woodland sites in my study had the highest 

average density, the largest average width and the tallest 

average height of woody perennials, yet supported the lowest 

numbers of lizard species. The canopy cover was dominated 

by large trees, but there was little cover near the ground. 

Perhaps the lizard species that were absent from the oak 

woodland sites may require cover close to the ground to 

allow them to escape, forage, and thermoregulate. Pianka 

(1966) has suggested that a low canopy may provide more 

escape cover and foraging opportunities for lizards than a 

high canopy. The limited horizontal plant structure in the 

oak woodland sites may account for the absence of several of 

the lizard species I found at vegetative communities at 

lower elevations. 

In terms of numbers of lizards, I detected the largest 

number of lizards in the exotic and native grasslands. The 

grassland communities had the most basal cover and provided 

both horizontal and vertical plant structures close to the 
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ground. Lowe and Johnson (1976) also found more lizards in 

desert grassland communities than in oak-juniper communities 

in Arizona. My results suggest that high numbers of lizards 

in the grassland communities may be related to the amount of 

horizontal and vertical plant structures near the ground. 

Other researchers have also suggested that basal cover is an 

important habitat characteristic for lizard populations 

(Degenhardt 1966, Pianka 1966, Lillywhite 1977). 

I also found no differences in lizard numbers in exotic 

and native grasslands. Some researchers have hypothesized 

that the transition from native grasslands to exotic 

grasslands would alter the numbers and species composition 

of lizards. However, I could not substantiate this 

hypothesis with my data. 

Vegetative density and visual observations--Eberhardt 

(1978a) suggested that visual census techniques for lizards 

might be less effective in areas with higher vegetative 

cover than in those with lower. I had reasoned that as the 

amount of vegetative cover increased it should progressively 

interfere with a researcher's ability to observe lizards. 

Progressive visual interference could result in an inverse 

relationship between the number of lizards observed along 

transects and the amount of vegetative cover. However, my 

hypothesis of such an inverse relationship was not borne out 

by the data. In fact, in areas with the lowest amount of 
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vegetative cover (desertscrxib) I observed the fewest numbers 

of lizards and in areas with the highest amount of cover 

(grasslands) I detected the most lizards. 

Despite my results, it seems logical to expect that the 

effectiveness of visual observation would be progressively 

impaired in areas with increasing amounts of vegetative 

cover. It is possible that in the arid areas I studied, the 

differences in vegetative density, although statistically 

significant, were not ecologically important enough to 

reveal such trends. If similar studies were conducted in 

more mesic environments with denser vegetation, differences 

in the detection rate of animals from a transect might be 

significant. 

It is also possible that in areas where dense clumps of 

vegetation were interspersed with bare ground (true of all 

my study areas) that moving lizards eventually entered a 

bare area and were detected. During my study, lizards were 

usually most active in seasons when the vegetation was often 

dry. An observer often heard the lizard moving through the 

dry vegetation and pinpointed its location, but identified 

it only when it entered a bare area. Hearing lizards move 

in the vegetation may have enhanced my ability to visually 

detect lizards during my study in 1994 and 1995; there was 

little rainfall during either year and vegetation was 

generally dry during the morning hours when transects were 
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conducted. Enhanced abilities to hear lizards in dry-

vegetation may have compensated for any reduction in visual 

abilities to see them. Future studies could attempt to 

quantify the significance of visual and auditory cues in 

detecting lizards by recording whether a lizard was first 

seen or heard along a transect. 

Lizard belt transects--In transect sampling theory, the 

probability of detecting an animal, given that it is at 

distance y from the transect, is called the detection 

function (Buckland et al. 1993) . A basic assumption of 

transect sampling theory is that the probability of seeing 

an animal directly on the transect is equal to 1 (Seber 

1982, Buckland et al. 1993). Some researchers believe that 

the angle of observation from transect to animal should be 

recorded because it may reduce bias associated with visual 

observation along transects (Webb 1942, Eberhardt 1968, 

Gates 1969). Other researchers argue that it does not 

reduce bias and have recommended recording the average 

perpendicular distance that the animal is from the transect 

(Anderson and Pospahala 1970, Robinette et al. 1974, 

Buckland et al. 1993). Rosen and Lowe (1995) recommended 

using the average perpendicular distance approach with 

modifications to simultaneously sample multiple lizard 

species who have different thermal preferences and who are 

active at different times throughout the morning (Pianka 
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1966, Whitford and Creusere 1977). I modified the Rosen and 

Lowe (1995) protocol to use a variable width transect 

instead of a pre-determined width (strip) transect (Hayne 

1949, Moore 1955). For strip transects, researchers set a 

predetermined width and any animals beyond that width are 

not counted. Variable width transects allow all animals 

observed along a transect to be counted. Several 

researchers have suggested that variable width transects 

provide more representative samples of animal populations 

and are less biased than strip transects (Anderson and 

Pospahala 1970, Eberhardt 1968, Eberhardt 1978a, Bumham et 

al. 1987, Buckland et al. 1993). 

Rosen and Lowe (1995) defined the procedure for 

determining peak numbers via a series of walks on the same 

transect. They suggested that this approach minimized the 

chance of counting the same individual more than once. 

Counting the same individual more than once biases numbers 

upward (Degenhardt 1966, Eberhardt 1978a, Vogt and Hine 

1982) and violates one of the key assumptions underlying the 

theory of line transect sampling (Seber 1982). However, the 

method of Rosen and Lowe (1995) could underestimate the 

actual total numbers of lizards because it includes in the 

index only the animals seen during the peak walk. If an 

observer failed to sight and record all lizards along a 

transect, perhaps because vegetation obscured the lizards. 
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an error could be introduced by using peak values to 

estimate the numbers of lizards. 

I also found that conducting belt transects in the oak 

woodland was more difficult than at the other three 

vegetative communities because of the slope (average 41°) of 

the lizard transects in the oak woodlands. On steep slopes 

it was challenging to observe lizards while trying to 

maintain one's balance and not slip, fall, or trip over 

rocks. Rough terrain, such as the oak woodland, does not 

lend itself to straight-line transects or to accurate 

measurements of perpendicular distances (Robinette et al. 

1974) . 

Another possible source of error on transects is that 

lizards often flee when they encounter an observer (Price 

1992, Paulissen 1994). If lizards leave the transect area 

as a result of being disturbed by the obseirver, subsequent 

counts underestimate actual numbers (Degenhardt 1966, 

Eberhardt 1978a, Buckland et al. 1993). 

Cnemidophorus species in this study were generally 

observed at least 2 m away from the midline of the belt 

transect. Rosen and Lowe (1995) detected the same pattern 

for Cnemidophorus at Organ Pipe Cactus National Monument. 

Cnemidophorus are active foragers, constantly moving in 

rapid, jerky motions (Milstead 1957a, Milstead 1957b, Fitch 

1958, Hirth 1963, Turner et al. 1969, Pianka 1970, Jones and 
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Glinski 1985). Schall (1977) found that Cnemidophomjs fled 

as he approached. Paulissen (1994) found that Cnemidophorus 

allowed a human "predator" to approach within less than 2.5 

m on average before fleeing, fled about 2 m before stopping, 

then allowed a human to make a final approach to within 

about 1.5 m before making a final escape. Price (1992) 

found an average flight distance of 2.2 m for Cnemidophorus 

when a human approached. Eberhardt (1978a) suggested that 

animals use a variety of auditoiry and visual cues to 

deteirmine when to flush, but the reason for this particular 

flight threshold is unclear. I often heard Cnemidophorus 

moving before I saw them. Since I detected few 

Cnemidophorus at less than 2 meters from the transect, the 

lizards were likely detecting my presence and moving to the 

threshold of their flushing distance before I observed them. 

If movement were the primary factor used by the observer to 

initially spot lizards, those species that fled, such as 

whiptails, would be more likely to be counted than those who 

did not flush. 

To address the potential bias, researchers need some 

estimate of the frequency with which lizards leave a 

transect because of disturbance caused by observers 

(Eberhardt 1978a). For larger lizard species, radio-

telemetry would be one way to obtain such estimates. 
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Holbrookia maculata and Uta stansburiana were usually-

seen on or within 2 m of the midline of the transects. 

These two species are sit and wait predators and move 

shorter distances than Cnemidophorus when disturbed (Pianka 

1966, Jorgensen and Tanner 1963, Tinkle 1967, Jones and 

Glinski 1985). Because an observer is less likely to notice 

them, lizards that do not flee when approached may be less 

likely to be counted on an observation transect than other 

species (such as Cnemidophorus) that either move more often 

while foraging or are easily disturbed. Therefore, if a 

species avoids predators via crypsis, data may be negatively 

biased. Conversely, if shape rather than movement is the 

key for an observer to recognize a lizard, the tendency to 

remain within the transect area may increase the probability 

of such lizards being counted. 

I believe that in the grassland communities, movement 

of the lizards was a more important factor in detection 

along transects than lizard shape. Most lizards were 

located on the ground surface; as the lizard moved, the 

vegetation moved and rustled, providing both visual and 

auditory cues for detection. Future studies might attempt 

to quantify the relative significance of visual and auditory 

cues for detecting lizards from transects by using 

artificial lizard decoys in a pre-determined area. Some 

decoys could be placed on logs or the ground and remain 
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stationary while other decoys could be remotely triggered to 

move. 

Walking transects in the morning hours (peak values 

occurred between 0700 and 093 0 h) may have biased my data 

against those species whose activity peaked later in the day 

(Creusere and Whitford 1977, Jones 1986). However, Creusere 

and Whitford (1977) found activity peaks for most species 

between 0700 and 1030 h whereas Jones and Glinski (1985) 

found peak lizard activity between 103 0 and 1200 h. These 

findings tend to suggest that my sampling protocol 

adequately sampled the periods of peak activity for most 

diurnal lizards. 

Rosen and Lowe (1995) recommend using numerous 

transects (15-19 transects) and running each transect just 

twice per season. This procedure would produce relative 

abundance indices for species at the various sites, but 

would not allow population density estimates. To estimate 

population densities requires at least 50 lizards observed 

per species (Buckland et al. 1993), which would necessitate 

running each transect at least 10 times per season, based 

upon my data. 

Pitfall traps--Previous researchers have suggested 

that traps might differ in effectiveness because of color or 

configuration. Collared lizards (Crotaphvtus collaris) 

exhibited a marked preference for black boxes over white 
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boxes in laboratory studies (Vance et al. 1965) . Black 

poly-vinyl chloride (PVC) pipe funnel traps caught more 

lizards than white ones, supposedly because black traps more 

closely simulated an earthen hole (Lohoefener and Wolfe 

1984). I hypothesized that black pitfall traps might 

capture more lizards than white pitfall traps. The white 

traps reflected more sunlight and did not provide as dark a 

shelter as black traps. However, with the exception of one 

species that was caught more often in black buckets 

(Sceloporus magister), my capture data suggest that lizards 

did not discriminate between the light and dark traps. This 

finding seems reasonable because lizards probably do not 

detect the presence of the trap, regardless of trap color, 

before they fall into it. 

Vogt and Hine (1982) found that 19-1 buckets caught 

more lizards than other types of pitfall traps. However, my 

results showed that the 19-1 plastic buckets (3 0 cm OD) and 

the number 10 can traps (15.5 cm OD) caught about the same 

number of lizards (127 versus 115, respectively). It was 

somewhat unexpected that both traps had equal success 

because the area of the can trap opening was about one-

fourth (26,7 percent) that of the bucket. However, I used 

the same size plywood covers for shade on both types of 

traps. The amount of shade provided by the covers may be 
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more important than size of the trap opening in determining 

capture numbers in these communities. 

Banta (1957) and Lillywhite (1977) both found that 

shaded pitfall traps captured more lizards than unshaded 

traps. They suggested that a lizard seeks shade or shelter 

under the plywood square before it falls into the trap. My 

results support this hypothesis. On some occasions, when I 

lifted the plywood square to check the traps I found lizards 

on the soil surface next to the trap. These lizards used 

the shade but avoided capture. 

I did find that buckets were easier to install and 

monitor than can traps. Can traps were deeper and narrower 

than buckets, so to install them I had to use post-hole 

diggers instead of shovels. On average, it took 5 to 10 

minutes longer to install a can trap than a bucket trap. 

Can traps also take an average of 2 minutes longer per trap 

to check than bucket traps because they must be emptied by 

feel. Operating by feel is dangerous in areas where 

venomous animals are caught in traps; being able to see 

venomous invertebrates in the traps is an important safety 

consideration. 

In addition, white buckets were easier and possibly 

safer to monitor than black buckets. Venomous invertebrates 

were easier to detect in white traps than black traps 

because the invertebrates were more difficult to see against 
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a black background. Because visibility was better in white 

buckets, it was also easier to make sure all invertebrates 

had been removed from white traps. It took approximately 60 

seconds less to check a white trap than a black trap because 

of the difficulty of seeing animals in black traps. We 

removed invertebrates every time we checked the traps to 

reduce the chance that the presence of invertebrates would 

act as a source of bait, thereby biasing our results (Fitch 

1951, Lohoefener and Wolfe 1984) . 

Mark-recapture analysis--One of my study objectives was 

to generate baseline population estimates using mark-

recapture data from pitfall traps and to subsequently 

compare those estimates with relative abundances observed 

along belt transects. I had reasoned that the type of 

pitfall traps that captured the greatest numbers of 

individuals and species of lizards could be used as a 

baseline for population estimates against which to evaluate 

the relative efficiency of visual transects. However, the 

pitfall traps did not provide a sufficient number of 

recaptures to allow population estimates. 

I found that at least 50 recaptures of each species 

would be required to make population estimates using the 

program JOLLY. Other researchers have also found that at 

least 50 recaptures were necessary to generate population 
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estimates using JOLLY (J. Hines, FWS, pers. comm., and G. 

Olsen, CO State Univ., pers. comm.). 

With my capture effort of 1,248 trap days per 

vegetative community, I did not recapture 50 individuals of 

any lizard species. Using the most abundant species, 

Cnemidophorus tiaris. it would have required approximately 

12,480 trap days to estimate the population in exotic 

grasslands, 5,200 trap days in native grasslands, or 10,400 

trap days in desertscrub. To achieve 12,400 trap days per 

vegetative community, I would have needed to increase the 

number of traps per site from 24 to 49 and increase the 

number of days traps were left open from 13 to 62. 

Estimates for the number of trap days for other species 

ranged from 3,468 for Holbrookia maculata in the exotic 

grasslands to 62,400 for Phrvnosoma solare in the 

desertscrub. Greater capture effort would be required to 

estimate populations of rarer species or those that become 

trap shy or show only sporadic activity. 

Other researchers have also had low capture success for 

lizards in other areas in Arizona. For example, Jakle and 

Gatz (1985) conducted a pitfall trap study in four riparian 

habitats and caught an average of 0.26 animals per trap day 

(104 captures/406 trap days) for all four habitats. In 

comparison, my capture rate was 0.13 animals per trap day 

for all communities combined. Low capture success may be 
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related to several factors. Traditionally, biologists 

believed that lizards were active whenever conditions were 

favorable (Rose 1981) and correlated lizard activity with 

weather variables (Hillman 1969, Pianka 1970, Schoener 1970, 

Tanner and Krogh 1974, Whitford and Creusere 1977). The 

primary factors thought to effect lizard activity were 

precipitation (humidity) and temperature (Tanner and 

Jorgensen 1963, Whitford and Creusere 1977, Gibbons and 

Semlitsch 1981, Vogt and Hine 1982). However age, species, 

competition, aestivation, season, and sex as well as 

precipitation and temperature are now known to affect lizard 

activity (Minnich and Shoemaker 1970, Schoener 1970, Porter 

et al. 1973, Rose 1981). 

Most lizard species studied are not active every day 

that weather conditions permit. For example. Tanner and 

Jorgensen (1963) concluded that adult Cnemidophorous tiaris 

and Uta stansburiana were not active every day at the Nevada 

Test Site. Pianka (1966) suggested that Cnemidophorus spp. 

might only emerge every other day. Adult Cnemidophorus 

tiaris in the Chihuahuan Desert were active only 2 days a 

week or less (Whitford and Creusere 1977, Creusere and 

Whitford 1977). Cnemidophorus sexlineatus in Wisconsin 

foraged for one to two days, then retreated underground for 

several days (Vogt and Hine 1982). Individual Sceloporus 

iarrovii were active an average of only 2.5 days per week 
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(Simon and Middendorf 1976) . Muth (1987) found that only 20 

percent of a known population of Uma inomata was active on 

any given day. 

Aestivation (spending part of the summer in torpor) is 

another factor that effects activity patterns of lizards 

and complicates efforts to estimate lizard numbers (Tanner 

and Jorgensen 1963, Whitford and Creusere 1977, and Creusere 

and Whitford 1977). Species may be active at different 

times during a season so it is difficult to monitor all 

species simultaneously; for example, during a drought, 

lizards may conserve energy and water by aestivating (Vogt 

and Hine 1982) . Nineteen ninety-five was a drought year 

(National Weather Service 1995) so the number of lizards 

detected by the two sampling techniques in this study may 

underestimate actual population numbers. 

For lizard species that are not active daily, are 

active for only a few hours a day, or aestivate during 

adverse conditions, inactivity may account for more than 90 

percent of the yearly time budget (Huey 1982). It is 

difficult to study animals when they are inactive; lizards 

must be active to be seen along a transect or captured in a 

pitfall trap. 

If a portion of the lizard populations in my study were 

inactive because of aestivation, thermoregulation, 

behavioral partitioning in the habitat (Pianka 1966), or 
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other adaptations to the 1995 drought, it would be difficult 

to estimate population size. Tanner and Jorgensen (1963) 

also found that reliable estimates of lizard populations 

were not possible when some animals were not active. 

In general, methods to estimate populations based on 

capture and recapture data require large samples, are 

expensive and require much logistical support (MacLeod and 

Lethiecq 1963, Eberhardt 1978b, Morrison et al. 1995). Most 

lizards are relatively short-lived (Zug 1993) and capture 

success is variable among species (Whitaker 1967, Jones and 

Glinski 1985, Jones 1986) . Lizards are also highly seasonal 

in their activity, occur in patchy distributions, partition 

environments and resources, are only periodically active and 

have specialized habitat requirements (Huey 1982). Because 

of these constraints, I and other researchers have found it 

difficult to obtain sufficient recaptures to estimate lizard 

populations in desert regions (Pianka 1966, Vogt and Hine 

1982, Bury and Raphael 1983). The difficulty of obtaining 

population estimates is especially important to monitoring 

efforts being undertaken by state or federal agencies. My 

capture effort may have equaled or surpassed the capture 

effort that most agencies could sustain, but it was still 

not sufficient to allow population estimates. 

Several researchers have suggested that ontogenetic 

shifts among adults and younger age classes modify activity 
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patterns and habitat use and possibly act to reduce 

competition for resources (Hirth 1963, Turner et al. 1969, 

Jenssen 1970, Laerm 1974, Heatwole 1977, Scott et al. 1976, 

Pounds and Jackson 1983, Stamps 1983, Adolph 1990) . Pianka 

(1966) found that lizards (both within and among species) in 

desert habitats divide resources in an area by using them at 

different times. Simon and Middendorf (1976) reported that 

Sceloporus iarrovii adults were active in the early morning, 

but that juveniles were not active until noon. Different 

age classes of Cnemidophorus tiaris used resources at 

different times of the day to minimize intraspecific 

competition in the Chihuahuan Desert (Whitford and Creusere 

1977, Creusere and Whitford 1977). Similar results were 

found for different ages of forest-dwelling lizards by 

Collette (1961) and Rand (1964). 

If this pattern of differential use by age class, is 

common in lizard species, my visual observations may have 

been biased toward adults; more adults than juveniles or 

hatchlings were observed. In addition, they might be even 

further biased because larger adults may be more likely than 

juveniles or hatchlings to be seen or heard. Despite this 

potential for bias there is no evidence of it in the data. 

Pitfall traps sample all sizes of lizards regardless of the 

periodicity of their activity. If there was a significant 

bias in the transect data caused by sampling in the morning. 
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the pitfall traps and transects should reflect differences 

in the lizard populations; none were noted. 

Previous researchers have also shown differential 

activity patterns between males and females. Rose (1981) 

determined that male Sceloporus viraatus were active from 29 

percent of the days (older males) to 97 percent (breeding 

males) , while females were active an average of 76 percent 

of the days. Such differential activity might lead to 

predominance of one sex or the other in samples. However, I 

found no differences in the numbers of males or females 

detected by either pitfall traps or transects (after 

subtracting the numbers of the parthenogenic female lizards 

from the data). In contrast, Whitford and Creusere (1977) 

and Creusere and Whitford (1977) found slightly more males 

than females in Chihuahuan Desert communities in a similar 

study. More extensive sampling would be required to 

determine if there are actual differences in the sex ratio 

of lizards in these two desert communities. 

Relative cost of pitfall traps and visual transects--

Several researchers have suggested that pitfall traps are 

more costly and logistically demanding than other techniques 

for sampling lizards (Bury and Raphael 1983, Jones 1986, 

Corn and Bury 1990, Morrison et al. 1995) . My results 

supported that hypothesis. 
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Pitfall traps cost $8,750 more per season, than belt 

transects for 16 study sites. Vogt and Hine (1982) 

estimated the costs of pitfall traps at eight sites (10 

traps per site) at $1,200. However, it is tinclear if this 

figure included data collection costs. In addition, the 

number of sampling days was not given. 

On a cost per lizard basis, pitfall traps cost 

significantly more than transects, especially in the oak 

woodland community. The oak woodland had more structural 

diversity in three-dimensional space (rocks and trees). I 

believe that in structurally diverse habitats, transects 

allow researchers to sample such diversity more adequately 

than pitfall traps, which tend to sample only those lizards 

that are active on the ground surface. Transects allow 

researchers to detect arboreal or saxicolous lizards on 

trees or rocks above the ground. 

Benefits associated with use of pitfall traps--Although 

they are more expensive, pitfall traps do provide 

information that transects do not. These data include mark-

recapture information for individual lizards, lizard weights 

and lengths, growth, movements, and home range estimates 

(e.g., Tinkle et al. 1962, Ruby 1978, Campbell and Christman 

1982, Rose 1982, Vogt and Hine 1982, Bury and Corn 1987). 

Pitfall traps also provide reliable information on sex, 

reproductive status and species identification. This 
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information was not always discemable along transects. For 

example, the sex of 90 percent of the non-parthenogenic 

lizards was not identifiable on my transects. Forty-four 

individual lizards seen on my transects could not be 

identified to genus and 78 (of 685) could not be identified 

to species. 

Four species caught in the pitfall traps were not 

observed on transects in my study. Jones and Glinski (1985) 

stated that pitfall traps effectively trap most lizards, 

including some species (such as skinks) that are 

inadequately sampled by line transects. My results also 

suggest that nocturnal, subterranean or species which select 

heavy cover may be inadequately sampled by transects. 

When to sample--My results suggest that the optimum 

months to sample lizard populations in the Sonoran Desert 

region are May-August. These results are supported by other 

researchers. For example, Vogt and Hine (1982) stated that 

the best estimates of the number of lizards in a habitat 

could be obtained in June and July. Allred et al. (1963) 

found that lizards were most active in April, May and June. 

Tinkle (1961) also found that the majority of lizards were 

active in April-June while Jones and Glinski (1985) found 

that lizard activity peaked in May and June. Lillywhite 

(1977) found that lizard activity peaked between 28 May and 

8 July in southern California chaparral communities. 
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I had hypothesized that different lizard species would 

become active at different times depending on temperature 

and this was supported by the data. I found that most sit 

and wait predators had peak activity patterns at lower air 

temperatures (25-32° C) than the widely foraging whiptails 

(33-45° C). In general, I found periods of peak activity 

for lizards at surface temperatures of 31 to 47°C. Other 

researchers have found similar results. Milstead (1957a) 

found that the normal activity range for lizards occurred 

when soil temperatures were between 30 and 50° C. 

Degenhardt (1966) found the greatest number of lizards were 

active between 35 and 45° C and Schall (1977) found lizards 

were active at an average substrate temperature of 36-38° C. 

Wind speed may also affect lizard activity. I found 

peak activity for most lizards occurred when winds were low 

(4-7 mph). Likewise, Schall (1977) found that whiptail 

lizards were less active during windy periods. 

Long-term monitoring program--Historical land-use 

practices could have affected the current distribution and 

abundance of lizard species at my study areas. All areas 

have been grazed by cattle in the past, sometimes at veiry 

high levels. In addition, these areas have historically 

been subjected to fire which has been suppressed during the 

last three decades. Although it is probable that these land 

use practices have modified the historical distribution or 
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species composition of lizards, there is insufficient data 

to determine whether or not such modifications have 

occurred. Since BANWR was established in 1985, cattle have 

been excluded from the refuge and the fire cycles have been 

allowed to return to a more historical pattern with 

implementation of the prescribed burn program. A long-term 

monitoring program will enable managers to determine the 

effects of these management options on lizard populations. 

Although many monitoring programs are established to 

manage threatened or endangered animals, rare species 

present unique challenges for monitoring and management and 

were not the focus of this project. To monitor rare 

species, special permits often must be obtained and sampling 

techniques must be tailored to the specific organisms and 

habitats; these techniques are often very time and labor 

intensive. The objective of this project was to develop a 

protocol to monitor multiple lizard populations over the 

long-term. 

Although several species of lizards were detected in 

each vegetative community, I found that only a few species 

were abundant enough to support a long-term monitoring 

effort. For example, in exotic and native grasslands, four 

species were found in sufficient numbers to monitor: Sonoran 

spotted whiptail (Cnemidophorus sonorae, western whiptail 

(C. tiaris), desert grassland whiptailuniparens), and 
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lesser earless lizard (Holbrookia maculata). In oak 

woodlands, the Sonoran spotted whiptail {C_^ sonorae) , Clark 

spiny lizard (Sceloporus clarkii) and tree lizard (Urosaurus 

ornatus) were sufficiently numerous, and in desertscrub, the 

side-blotched lizard (Uta stansburiana) and western whiptail 

(C. ticrris) . 

MANAGEMENT RECOMMENDATIONS 

1. Before selecting techniques for collecting data, 

managers must first determine their management objectives 

relative to monitoring and the level of information they 

need to meet those objectives. They must initially 

determine whether population estimates and other demographic 

data (using mark-recapture methods) will be required or 

whether trend data will be sufficient. 

2. Managers should consider these factors in selecting a 

technique to sample lizard populations: 

a. the best months to sample lizards are May-August. 

b. poor weather conditions may interfere with 

scheduled field days. To maximize the data collected per 

grid or transect day, I recommend that sampling be conducted 

when wind speeds are relatively low, between 1-12 miles per 

hour, humidity about 50 percent or less, air temperatures 

(at 1.5 m) between 25-45® C, and surface temperatures 

between 30-50° C. 
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c. pitfall traps require 2 field days for each sample 

because traps must be opened 24 hours prior to being checked 

whereas transects require just 1 day to collect data. 

d. pitfall traps can be easily tampered with and if 

left open they become death traps for many vertebrates and 

invertebrates. 

e. pitfall traps do allow researchers to collect 

detailed information (lengths, weight, sex, and reproductive 

status) on individual lizards and this information cannot be 

obtained solely from transect methods. 

f. transects are much less expensive than pitfall 

traps in teirms of materials, installation and data 

collection. 

g. adequate personnel, equipment, and travel funds 

must be available for a successful monitoring program. 

3 . If population estimates or data on individual lizards 

are required, then pitfall traps are probably the easiest 

way to obtain these data. 

a. I recommend using 49 traps/grid (7 rows by 7 rows) 

and four trap grids for each vegetative community to be 

monitored. 

b. Each trap grid should be spaced at least 0.5 km 

apart to avoid sampling the same lizard populations twice. 
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c. managers should expect to run the traps about 62 

days per season to obtain enough recaptures to generate 

population estimates. 

d. white 19-1 plastic buckets should be used for traps 

because they are easier to install and safer to monitor than 

black buckets or cans. 

e. managers should recognize that it will take one 

person half of a work day to check 49 pitfall traps in a 

grid. Travel time to and from each site must also be 

factored into the work day. 

f. traps should be run daily. Other biologists have 

run traps less frequently, 3 times a week or even weekly 

(Jakle and Gatz 1985, Jones and Glinski 1985) . However, 

trap mortality increases as trap visitation frequency 

decreases (P. Rosen and C. Schwalbe, pers. comm.), and 

"traplining" (predators eating prey caught in the traps) by 

large predators such as whipsnakes may go undetected for 

long periods of time and will negatively bias the trap data. 

4. If estimates of relative abundance or trend data are 

sufficient, I recommend using the transect protocol. 

a. four transects should be established in each 

vegetative community, at least 0.5 km apart. 

b. transects should be at least 100-m long and have a 

variable width (wherever a lizard is observed it is 

recorded). 



76 

c. transects should be marked with a post every 50 m 

to assist researchers in orienting themselves. 

d. before monitoring begins in each habitat, 

researchers should determine the diel patterns of peak 

lizard activity; transects should be walked multiple times 

during periods of peak lizard activity and peak values of 

the individuals of each species should be recorded. 

e. perpendicular distances should be recorded from the 

midline of the transect for all lizards observed along the 

transect. 

f. transects should be run at least 10 times per 

season to obtain accurate trend data; specific 

recommendations for individual species in the four 

vegetative communities are provided in Table 5. 

5. I estimated the cost to install and operate four 

transects (running each transect 10 times) in one vegetative 

community for one season at $1,677. In contrast, I 

estimated the cost to install and operate four pitfall trap 

grids (49 traps/grid with traps run 62 days) in one 

vegetative community at $22,048. Pitfall traps cost about 

13 times more than transects. 

6. I recommend using line-intercept and belt transect 

methods to quantify vegetative cover, species composition, 

and densities of woody perennials at study sites because 
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data can be collected quickly, accurately and relatively 

inexpensively (Bonham 1989). 

7. I recommend that agencies monitor fewer study sites 

than I did, but intensify sampling efforts at the sites they 

select for a long-term monitoring program. Using 16 study 

sites spread over a large area (97 km long and 32 km wide) 

did not allow the development of population estimates but 

did challenge coordination and personnel. 
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Fig. 1 . Location of Buenos Aires National Wildlife Refuge 
(FWS ) and Agua Blanco Ranch (BLM), Pima County, 
Arizona, 1995. 
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Fig. 2. Location of study sites used to estimate the 
numbers and species richness of lizards at Buenos 
Aires National Wildlife Refuge and Agua Blanco 
Ranch, Pima County, Arizona, 19S5. 
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Lizard belt transect used to observe lizards in 
four different vegetative communities at Buenos 
Aires National Wildlife Refuge and Agua Blanco 
Ranch, Pima County, Arizona, 1995. 
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Fig. 4. Arrangement of individual pitfall traps in a grid: 
alternating black and white 18.9-l (5- gal ) plastic 
buckets. 
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Fig. 5. The line-intercept method used to sample basal 
cover (ground level) and crown cover (50 em high), 
at Buenos Aires National Wildlife Refuge and Agua 
Blanco Ranch, Pima County, Arizona, 1995. 
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Fig. 10. Perpendicular distances Cnemidophorus unioarens 
were observed from lizard transects at Buenos Aires 
National Wildlife Refuge and Agua Blanco Ranch, 
Pima County, Arizona, 1995. 
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Fig. 11. Perpendicular distances Sceloporus clarkii were 
observed from lizard transects at Buenos Aires 
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Pima County, Arizona, 1995. 
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Fig. 13. Belt transect walk numbers (1,3-6) when the peak 
number of zebra-tailed lizards (Callisaurus 
draconoides) was observed in the desertscmb 
community. 
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Fig. 14. Belt transect walk numbers {1-9) when the peak 
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sonorae) was observed in each of three vegetative 
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Fig. 15. Belt transect walk numbers (1-9) when the peak 
number of western whiptails (Cnemidophorus tigris) 
was observed in each of three vegetative 
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Fig. 16. Belt transect walk numbers (1-8,10) when the peak 
number of desert grassland whiptails 
(Cnemidophorus uniparens) was observed in each of 
two vegetative communities. 
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Fig. 17. Belt transect walk numbers (1-7) when the peak 
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Fig. 18. Belt transect walk numbers (1-7) when the peak 
number of dark spiny lizards (Sceloporus clarkii) 
was observed in the oak woodland commiinity. 
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Fig. 19. Belt transect walk nun±)ers (2,4-5) when the peak 
number of mountain spiny lizards (Sceloporus 
iarrovii) was observed in the oak woodland 
commiinity. 
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Table 1. Study site descriptions for pitfall trap grids and 
lizard belt transects in different vegetative communities at 
BANWR and ABR, Pima County, Arizona, 1995. 

Study 
Site Elevation (m) Slope Aspect 

Exotic 1 1,053 to
 
o
 o West 

Exotic 2 1, 066 -0.5° West 

Exotic 3 1, 040 H
 

O
 o East 

Exotic 4 1, 061 3.0° East 

Native 1 1, 074 -0.9° East 

Native 2 1, 047 

o m 
CM 

East 

Native 3 1, 061 o
 

00
 o West 

Native 4 1,122 -1.3° East 

Oak 1 1,415 46.0° East 

Oak 2 1, 330 51.0° South 

Oak 3 1, 354 51.0° South 

Oak 4 1,391 16.0° East 

Desert 1 652 0.5° West 

Desert 2 663 0.5° East 

Desert 3 659 

O O 
O
 East 

Desert 4 655 

o in o
 East 

TRAP TYPE STUDY 

1, 016 1.5° East 
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Table 2. Lizards caught in pitfall traps and observed along 
belt transects at study sites in four vegetative communities 
at BANWR and ABR, Pima County, Arizona, 1995. Species 
acronyms are defined in Appendix C. P=Pitfall trap and 
T=Transect. Recaptures are not included in this table. 

Exotic Native Oak Desert 
Species PT PTPT^PT 

CADR - - - - - - 5 7 

CNSO 50 17 24 34 19 82 - -

CNTI 40 19 37 9 - - 39 63 

CNUN 51 89 61 60 - - - -

CNZZ^ - 40 - 35 - - 1 3 

COVA 3 - 2 - 3 - 7 -

DIDO - - - - - - 3 -

EUCA - - - - 3 - - -

GAWI - - - - - - 1 1 

HESU - - - - - - 1 -

HOMA 28 9 18 15 - - - 3 

PHSO 2 - 5 1 - - 5 -

SCCL - - 1 - 49 62 1 -

SCJA - - - - - 4 - -

SCMA 3 2 5 1 - - 4 3 

UROR 7 8 9 9 16 48 3 1 

UTST - - - 2 - - 37 14 

LIZARDS^ 1 16 - 10 - 16 - 2 

TOTAL 185 200 162 176 90 212 107 97 

^Estimates were doubled to make transect lengths comparable 
(see methods). 

^Cnemidophorus that could not be identified to species. 

^Lizards that could not be identified to genus. 
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Table 3. Average perpendicular distance (APD) for lizards 
that could be identified to species from the midline of the 
belt transects in four vegetative communities at BANWR and 
ABR, Pima County, Arizona, 1995. 

Study X Distance 
Site from Transect SE N 

(m) 

Exotic 2.43 0.15 144 

Native 1.92 0.12 131 

Oak 2.63 0.22 106 

Desert 3.50 0.32 92 
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Table 4. Mean weather data associated with the peak value 
for lizards observed along belt transects at study sites at 
BANWR and ABR, Pima County, Arizona, 1995. N= number of 
individuals. Species acronyms are defined in Appendix C. 

Lizard 
Species 

Air 
Temper
ature 
°C 

Surface 
Temper
ature 
°C 

Wind 
Speed 
mph 

Relative Cloud 
Humidity Cover 

CADR 
N=7 

36 . 0 47.0 4-7 17.0 10.0 

CNSO 
N=133 

29.1 33.2 4-7 48.1 36.3 

CNTI 
N=91 

45 .5 39.7 4-7 46.8 8.5 

CNUN 
N=149 

30 .0 40.5 4-7 42.5 10.2 

GAWI 
N=1 

36.2 46.1 1-3 35.0 10.0 

HOMA 
N=27 

29.0 39.0 4-7 36.3 4.8 

PHSO 
N=1 

32 . 0 46.7 4-7 16.0 0 . 0  

SCCL 
N=62 

26.3 38.0 1-3 43.0 16.0 

SCJA 
N=4 

32 . 8 30.8 4-7 39.0 100.0 

SCMA 
N=6 

2 6 . 0  34.4 4-7 51.0 30.0 

UROR 
N=66 

27.0 35.6 4-7 44.8 26.4 

UTST 
N=16 

2 6 . 0  30.9 1-3 47.2 27.0 
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Table 5. Estimates of the number of days transects need to 
be run to observe 50 lizards of each species in four 
vegetative communities at BANWR and ABR, Pima County, 
Arizona, 1995. Species acronyms are defined in Appendix C. 

Species Exotic Native Oak Desert 

CNSO 38 

CNTI 34 

CNUN 7 

HOMA 73 

PHSO 

SCCL 

UROR 81 

UTST 

19 8 -

73 - 10 

11 - -

44 - 217 

625 

11 

73 14 625 

333 - 46 
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Table 6. Number of lizards captured (including recaptures) 
in two different colors of pitfall traps at study sites at 
BANWR and ABR, Pima County, Arizona from April-September 
1995. Species acronyms are defined in Appendix C. Total 
trap days for each color trap=2,496. 

Species Black White Total 

CADR 3 2 5 

CNSO 55 49 104 

CNTI 72 67 139 

CNUN 61 63 124 

CNZZ 1 0 1 

COVA 8 7 15 

DIDO 2 1 3 

EUCA 1 2 3 

GAWI 0 1 1 

HESU 0 1 1 

HOMA 34 41 75 

PHSO 10 5 15 

SCCL 31 23 54 

SCMA 10 2 12 

UROR 18 17 35 

UTST 17 22 39 

LIZARD 0 1 1 

TOTAL 323 304 627 
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Table 7. Number of lizards captured in pitfall traps (trap 
days=4,992) at study sites at BANWR and ABR, Pima County, 
Arizona from April to September 1995. Species acronyms are 
defined in Appendix C. T=total captures, R=recaptures. 

Exotic Native Oak Desert 
Species TR TRTR TR 

CADR - - - - - - 5 0 

CNSO 56 6 25 1 23 4 - -

CNTI 45 5 49 12 - - 45 6 

CNUN 58 7 66 5 - - - -

CNZZ - - - - - - 1 0 

COVA 3 0 2 0 3 0 7 0 

DIDO - - - - - - 3 0 

EUCA - - - - 3 0 - -

GAWI - - - - - - 1 0 

HESU - - - - - - 1 0 

HOMA 46 18 29 11 - - - -

PHSO 2 0 7 2 - - 6 1 

SCCL - - 1 0 52 3 1 0 

SCMA 3 0 5 0 - - 4 0 

UROR 7 0 9 0 16 0 3 0 

UTST - - - - - - 39 2 

LIZARDS 1 0 - - - - - -

TOTAL 221 16 193 31 97 7 116 9 

TOTAL ALL SITES:627 LIZARDS INCLUDING 83 RECAPTURES 
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Table 8. Number of lizards captured in pitfall traps at the 
trap type study site during 1994 (36 traps x 16 days = 576 
trap days) and 1995 (36 traps x 13 days = 468 trap days). 
Both sites were on the BANWR, Pima County, Arizona. T=total 
captures, R=recaptures. Species acronyms are defined in 
Appendix C, 

Trap Experiment Trap Experiment 
1994 1995 

Species T R T R 

CNSO - - 2 0 

CNTI 51 7 112 21 

COVA 9 0 - -

GAWI 1 0 - -

HOiVIA 18 6 37 16 

PHSO 3 0 3 1 

SCMA 2 0 2 0 

UROR 2 0 2 0 

TOTAL 13 158 38 
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Table 9. Estimates of the number of trap days needed to 
obtain sufficient recapture data to generate population 
estimates using PROGRAM JOLLY for lizard species in 
vegetative communities at BANWR and ABR, Pima County, 
Arizona in 1995. 

Species Exotic Native Oak Desert 

CNSO 10,400 62,400 15, 600 -

CNTI 12,480 5,200 - 10,400 

CNUN 8, 914 12,480 - -

HOMA 3,467 5, 673 - -

PHSO - 31,200 - 62,400 

SCCL - - 20, 800 -

UTST - - - 31,200 
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Table 10. Lizards caught per grid day (24 traps/grid) or 
observed per transect day at study sites at BANWR and ABR, 
Pima County, Arizona, 1995. Recaptures are included. 
Estimates of numbers of lizards seen at oak sites were 
adjusted for the shorter transect lengths at those sites. 
Grid=grid day and Tran=transect day. Means with the same 
superscripts are significantly different (P<0,05). 

Study 
Site 

# Lizards 
Trapped 

Grid 
Days 

X/ 
Grid 

# Lizards 
Observed 

Transect 
Days 

X/ 
Tran 

Exotic 1 76 13 5.8 40 13 3.1 

Exotic 2 41 13 3.2 40 13 3.1 

Exotic 3 42 13 3.2 58 12 4.8 

Exotic 4 61 12 5.1 62 14 4.4 

Native 1 58 12 4.8 39 12 3.3 

Native 2 80 12 6.7 36 12 3.0 

Native 3 38 13 2.9 60 13 4.6 

Native 4 17 13 1.3 41 13 3.2 

Oak 1 27 12 2.2 50 12 4.2 

Oak 2 2 6  12 2.2 42 12 3.5 

Oak 3 27 12 2.2 52 12 4.3 

Oak 4 17 12 1.4 68 12 5.6 

Desert 1 23 12 1.9 24 14 1.7 

Desert 2 43 11 3.9 32 12 2.7 

Desert 3 17 12 1.4 21 12 1.8 

Desert 4 34 12 2.8 20 11 1.8 

X Exotic 4.3 3.9' 

SB 0.7 0.4 
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Table 10 continued. 

Study X/ X/ 
Site Grid Tran 

X Native 3.9 3.5 

SE 1.2 0.4 

X Oak 2.0 4.4® 

SE 0.2 0.4 

X Desert 2.5 1.9^ 

SE 0.5 0.2 
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Table 11. Lizards caught in pitfall trap grids and observed 
along lizard belt transects at study sites at BANWR and ABR, 
Pima County, Arizona, 1995. Recaptures are included. 
Estimates of numbers of lizards obser-ved along transects at 
oak sites were adjusted as described in Methods section. 

# Lizards # Lizards 
Study # Lizards Trapped/ # Lizards Observed/ 
Site Trapped 1,000 m^ Observed 1,000 m^ 

Exotic 1 76 14 40 41 

Exotic 2 41 7 40 41 

Exotic 3 42 8 58 59 

Exotic 4 61 11 62 64 

Native 1 58 9 39 51 

Native 2 80 13 36 47 

Native 3 38 6 60 78 

Native 4 17 3 41 53 

Oak 1 27 4 50 47 

Oak 2 26 4 42 39 

Oak 3 27 4 52 49 

Oak 4 17 2 68 64 

Desert 1 23 5 24 17 

Desert 2 43 9 32 23 

Desert 3 17 3 21 15 

Desert 4 34 7 20 14 
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Table 12. Numbers of lizards (by month) captured in pitfall 
traps or obseirved along transects in four vegetative 
communities at BANWR and ABR, Pima County, Arizona 1995. 
Species acronyms are defined in Appendix C. P=Pitfall traps 
and T=Transects. 

April May June July Aucrust September 
C o m m u n i t y  P T  P T P T P T P T  P T  

Exotic 3 2 30 24 90 69 56 49 38 50 4 6 

Native 10 3 42 19 56 55 52 46 26 43 7 10 

Oak 6 0 29 36 17 46 19 86 17 24 9 20 

Desert 6 8 11 14 33 20 23 12 14 24 29 19 

TOTAL 25 13 112 93 196 190 150 193 95 141 49 55 
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Table 13. Age/size class of lizards caught in pitfall traps 
or observed along transects at study sites at BANWR and ABR, 
Pima County, Arizona, 1995. Species acronyms are defined in 
Appendix C. P=Pitfall traps and T=Transects. Recaptures 
are not included. 

SPECIES ADULTS SUBADULTS JUVENILES HATCHLINGS 
P T P T P  T P T  

CADR 5 7 - - - - - -

CNSO 86 53 - 25 3 8 4 6 

CNTI 42 64 62 14 11 13 1 -

CNUN 101 96 1 25 10 26 - 2 

CNZZ - 5 - 3 - 3 1 2 

COVA 12 - - - 3 - - -

DIDO 2 - - - 1 - - -

EUCA 3 - - - - - - -

GAWI - - - - 1 - - 1 

HESU - - - - 1 - - -

HOMA 45 23 - 1 1 3 - -

PHSO 12 1 - - - - - -

SCCL 46 16 4 8 1 8 - -

SCJA - 1 - - - - - -

SCMA 7 5 1 - 1 - 3 1 

UROR 31 41 - 1 4 - - -

UTST 17 10 1 5 10 1 9 -

LIZARDS - 1 - - 1 3 - -

TOTAL 409 323 I s  82 is" IE  18 12  
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Table 14. Numbers of male and female (number gravid in 
parentheses) lizards caught in pitfall traps or observed 
along transects at study sites at BANWR and ABR, Pima 
County, Arizona, 1995. Species acronyms are defined in 
Appendix C. P=Pitfall traps and T=Transects. Recaptures 
are not included in this table. 

SPECIES MALES FEMALES 
P T P T 

CADR 1 - 1 -

CNSO - - 93 (1) 92 

CNTI 24 - 34 (1) -

CNUN - - 112 (3) 149 

COVA 9 - 4 (2) -

DIDO - - 3 -

EUCA 1 - - -

HOMA 42 2 32(8) 1(1) 

PHSO 4 - 9 -

SCCL 23 4 26 7 

SCMA 2 - 5 -

UROR 12 6 14 (2) 11 (8) 

UTST - - 19 2 

TOTAL 118 12 352 (17) 262 (9) 
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Table 15. Non-lizard species captured in 3 types of pitfall 
traps (black buckets, white buckets, and number 10 cans) at 
BANWR and ABR, Pima County, Arizona (April-September 1995). 
Numbers in parentheses=trap days. 

Species 

MAMMALS 

Spotted ground squirrel 
Citellus spilosoma 

Merriam kangaroo rat 
Dipodomvs merriami 

Desert shrew 
Notiosorex crawfordi 

Southern grasshopper mouse 
Onvchomvs torridus 

Mexican pocket gopher 
Pappoqeomvs castanops 

Silky pocket mouse 
Peroanathus flavus 

Desert pocket mouse 
Peroanathus penicillatus 

Cactus mouse 
Peromvscus eremicus 

Deer mouse 
Peromvscus maniculatus 

Fulvous harvest mouse 
Reithrodontomvs fulvescens 

Western harvest mouse 
Reithrodontomvs meaalotis 

Black White Can Total 
(2,496) (3,018) (522) 

0  1 0  1  

1 1 0  2  

12 0 3 

11 22 0 33 

0 2 0 2 

5 5 0 10 

13 14 0 27 

0 3 0 3 

1 0  0  1  

1 1 0  2  

1 1 0  2  
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Table 15 continued. 

Species Black White Can Total 
(2,496) (3,018) (522) 

AMPHIBIANS 

Sonoran Desert toad 10 0 1 
Bufo alvarius 

Great Plains toad 110 2 
Bu£o cocmatus 

Red-spotted toad 0 10 1 
Bufo punctatus 

Sonoran green toad 0 0 11 
Bufo retiformis 

Couch's spadefoot 5 8 10 23 
Scaphiopus couchii 

Southern spadefoot 110 2 
Scaphiopus multiplicatus 

SNAKES 

Western diamondback 10 0 1 
Crotalus atrox 

Mojave rattlesnake 0 0 11 
Crotalus scutulatus 

Night snake 12 0 3 
Hvpsialena torcmata 

Gopher snake 0 10 1 
Pituophis melanoleucus 

TOTAL ¥4 6? 12 122 
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Table 16, Cost estimates to construct, install, and collect 
data using visual transects and pitfall traps at four sites 
in desertscrub or grassland communities at BANWR and ABR, 
Pima County, Arizona, 1995. 

Transect Pitfall 

MATERIALS 

One-time purchases 
1 sledge hammer $10 
1 compass 45 $45 
1 meter tape 50 50 
1 shovel - 8 
1 breaking bar - 15 
1 staple gun - 10 

SUBTOTAL ONE-TIME PURCHASES 128  

1 transect 
5 fence posts 20 
1/3 can spray paint 1 

1 grid 
24 plastic buckets - 96 
24 plywood squares - 18 
24 nylon handles & 

staples - 5 
24 domes - 4 
1 gal paint - 10 

SUBTOTAL MATERIALS 21 133" 
X 4 STUDY SITES 84 532 
1/4 one-time purchases 26^ 32 

TOTAL MATERIALS 110 564 

INSTALLATION 
1 transect 

2 people X $6/h x Ih 12 
1 grid 

4 people X $6/h x 4h - 96 

SUBTOTAL INSTALLATION 12 96 
X 4 STUDY SITES 

TOTAL INSTALLATION 48 384 
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Table 16. continued 

Transect Pitfall 

DATA COLLECTION 
1 transect for 1 day 

1 person x $9/h x 4h 36 
1 grid for 1 day 

1 person x $6/h x Ih - 6 
1 person x $9/h x 3.5h - 32 

SUBTOTAL DATA COLLECTION 36 38 
1 site X 13 days 468 494 
4 study sites X 4 X 4 

TOTAL DATA COLLECTION 1,872 1, 976 

TOTAL ONE VEG. COMMUNITY $2,030 $2,924 
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Table 17. Estimates of cost per lizard captured in pitfall 
traps or observed along transects in four vegetative 
communities at BANWR and ABR, Pima County, Arizona, 1995. 

Transects Pitfall traps 
Cost/ Cost/ 
lizard lizard 

(Dollars) (Dollars) 

Exotic 10 14 

Native 12 16 

Oak 12 52 

Desert 21 26 
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Table 18. Shannon-Weaver (1949) diversity indices, 
S 

H'= -EPi(logioPi) f where S equals the number of lizard 
i=l 

species and Pi equals the proportion of the total number of 

individuals consisting of the ith species. 

Study Site H' 

Exotic 
Pitfall Traps 0.71 

Transects 0.53 

Native 
Pitfall Traps 0.74 

Transects 0.64 

Oak 
Pitfall Traps 0.52 

Transects 0.50 

Desert 
Pitfall Traps 0 .71 

Transects 0.46 
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Table 19. Lizard species captured in two types of pitfall 
traps: white buckets, and number 10 cans, at the trap type 
experiment site, BANWR, Pima County, Arizona, from April-
September 1994 and 1995. Species acronyms are defined in 
Appendix C. Trap days for each trap type=522. 

Species White Can Total 

CNSO 0 2 2 

CNTI 88 75 163 

COVA 2 7 9 

GAWI 0 1 1 

HOMA 33 22 55 

PHSO 2 4 6 

SCMA 1 1 2 

UROR 1 3 4 

TOTAL 127 115 242 
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Table 20. Percent crown and basal cover and litter using 
the line-intercept method at study sites in different 
vegetative communities on the BANWR and ABR, Pima County, 
Arizona, 1995. Crown cover + bare crown equal 100 percent 
of the total line; basal cover + bare ground + basal litter 
equal 100 percent of the total line. Means with the same 
superscript are significantly different (P<0.05). 

Study % Crown % Bare % Basal % Bare % Basal 
Site Cover Crown Cover Groxind Litter 

Exotic 1 16.5 83.5 17.9 61.9 20.2 

Exotic 2 16.3 83.7 14.1 82.9 3.0 

Exotic 3 79.5 20.5 20.2 78.2 1.6 

Exotic 4 41.5 58.5 24.0 75.9 0.1 

Native 1 50.8 49.2 20.6 73.6 5.8 

Native 2 5.0 95.0 11.6 84.0 4.4 

Native 3 40.2 59.8 13.8 80.4 5.8 

Native 4 76.8 23.2 17.8 80.9 1.3 

Oak 1 41.2 58.8 5.9 27.7 66.4 

Oak 2 73.8 26.2 21.8 57.3 20.9 

Oak 3 42.8 57.2 8.3 13.9 77.8 

Oak 4 63.0 37.0 11.0 29.4 59.6 

Desert 1 7.1 92.9 0.5 80.8 18.7 

Desert 2 21.7 78.3 0.0 99.2 0.8 

Desert 3 5.2 94.8 0.8 99.0 0.2 

Desert 4 0.6 99.4 0.0 98.1 1.9 



123 

Table 20 continued. 

Study % Crown % Bare % Basal % Bare % Basal 
Site Cover Crown Cover Ground Litter 

TRAP TYPE STDDY SITE 

5.2 94.8 20.4 79.5 0.1 

X/VEG. COMMUNITY 

X Exotic 38.4 61.6 19.1^ 74.7° 6.2^ 

SE 12.9 12.9 1.8 3.9 4.1 

X Native 43.2 56.8 16.0® 79.7® 4.3" 

SE 12.9 12.9 1.7 1.9 0.9 

X Oak 55.2 44.8 11.7^ 32.1°®^ 56.2°"^ 

SE 6.9 6.9 3.0 7.9 10.7 

X Desert 8.6 91.4 0.3^^ 94.3^ 5.4° 

SE 3.9 3.9 0.2 3.9 3.9 
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Table 21. Densities of woody perennials in different 
vegetative communities along belt transects located at the 
BANWR and ABR, Pima County, Arizona, 1995. Means with the 
same superscripts are significantly different (P<0.05). 

Study Total # Plants/ Average Average 
Site of Plants m^ Width (cm) Height (cm) 

Exotic 1 23 0 . 028 93 . 0 106.5 

Exotic 2 6 0 . 008 185 .0 118 .8 

Exotic 3 18 0 .022 163 .7 119 .9 

Exotic 4 16 0 . 020 136 .4 103 .2 

Native 1 6 0 . 007 122 .6 92 .4 

Native 2 9 0 .011 271 .5 167 .5 

Native 3 41 0 . 051 108 .6 90 . 0 

Native 4 58 0 . 072 118 .7 87.7 

Oak 1 15 0 .067 310 .2 389 .0 

Oak 2 29 0 . 577 181 .4 157 .5 

Oak 3 23 0 .080 210 .7 284 .4 

Oak 4 12 0 . 053 338 .1 447.0 

Desert 1 50 0 . 062 172 .9 164 .5 

Desert 2 100 0 .126 106 .0 103 .3 

Desert 3 68 0 . 086 73 .7 73 .2 

Desert 4 20 0 .025 122 .4 116 .5 



125 

Table 21 continued. 

Study Total # Plants/ Average Average 
Site of Plants Width (cm) Height (cm) 

TRAP TYPE STUDY SITE 

19 0.024 81.5 93.3 

X/VEG. COMMUNITY 

X Exotic 0.020^^ 115.9® 102.5^ 

SE 0.004 18.2 7.9 

X Native 0.036 156.2 109.6 

SE 0.016 33.4 16.7 

X Oak 0.087^ 260.1® 318.4^^ 

SE 0.017 32.8 55.3 

X Desert 0.075 118.8 111.1 

SE 0.021 17.9 17.2 



APPENDIX A 

VEGETATION TRANSECTS LINE-INTERCEPT METHOD 
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Table A.l. Species composition, basal and crown cover at 

exotic grassland 1, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Family Species 

Amaranthaceae 
Amaranthus sp. 

Asteraceae 
Ambrosia artemisiifolia 

Eriaeron sp. 

Gnaphalium leucocephalum 

Gutierrezia lucida 

Heterotheca subaxillaris 

Machaeranthera sp. 

M. tanacetifolia 

Chenopodiaceae 
Salsola kali 

Fabaceae 
Melilotus sp. 

Prosopis iuliflora 

Poaceae 
Aristida ternipes 

Bouteloua barbata 

Chloris virqinata 

Eraarostis curvula 

E. lehmanniana 

Total Basal 
Cover 

1.19 

0.45 

0.16 

0.20 

0 . 90 

0.04 

0 . 2 6  

4 . 92 

1.47 

0.10 

0.36 

0 . 73 

0.50 

3 . 02 

Total Crown 
Cover 

0 .38 

0  . 2 0  

0  . 2 0  

0 .47 

0  . 6 8  

1.85 

1.83 

0 .46 

0.90 

9 .34 
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Table A.l. continued. 

Family Species 

Poaceae 
Eriochloa acuminata 

Panicum hirticaule 

Setaria leucopila 

Sporobulus crvptandrus 

Polygonaceae 
Erioaonum wriahtii 

Solanaceae 
Solanum elaeacmifolium 

Zygophyllaceae 
Kallstroemia parviflora 

Dead grass 

Dead wood 

Total Basal 
Cover 

0 .04 

0 .42 

0 .11 

0 . OS 

2 .44 

0 .32 

0 . 2 8  

19.87 

0.30 

Total Crown 
Cover 

0 .10 

0.10 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

38.14 

61.86 
100.00 

16.51 

83 .49 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20, 000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A.2. Species composition, basal and crown cover at 

exotic grassland 2, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Asteraceae 
Ambrosia artemisiifolia 

Eriaeron diveraens 

E. eatoni 

Gnaphalium wriahtii 

Gutierrezia sarothrae 

Heterotheca arandiflora 

Isocoma tenuisecta 

Vicruiera multiflora 

Chenopodiaceae 
Monolepis nuttalliana 

Fabaceae 
Prosopis sp. 

Poaceae 
Aristida purpurea 

A. ternipes 

Bothriochloa barbinodis 

Bouteloua chondrosioides 

B. eriopoda 

B. gracilis 

B. hirsuta 

0 . 6 0  

0.18 

0.14 

0.10 

1.27 

0.24 

0.16 

0 . 0 8  

0.29 

0.10 

0.64 

0.18 

0.49 

0.40 

1.25 

1.74 

0.96 

0 .24 

0 .74 

0.54 

0.90 

1.22 

0.34 

0 . 0 6  
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Table A. 2. continued 

Total Basal Total Crovm 
Cover Cover 

Family Species 

Poaceae 
B. rothrockii 

Eraarostis intermedia 

E. lehmanniana 

Hilaria belanaeri 

Leptochloa dubia 

Polygalaceae 
Polvaala barbevana 

Dead grass 

Dead wood 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

1.27 

0 .44 

6.21 

0  . 0 2  

2.43 

0.35 

0.19 

17.03 

82.97 
100.00 

0.24 

1.04 

8 .14 

0 .14 

16.30 

83 .70 
100 . 00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20, 000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A.3. Species composition, basal and crown cover at 

exotic grassland 3, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Family Species 

Total Basal Total Crown 
Cover Cover 

Asteraceae 
Ambrosia artemisiifolia 0.02 0.67 

Baeria chrvsostoma 0.07 1.86 

Eriaeron sp. 0.05 0.80 

Gutierrezia lucida 0.75 11.56 

Isocoma tenuisecta 0.23 

Machaeranthera tanacetifolia 0.01 0.14 

Chenopodiaceae 
Salsola kali 0.06 1.58 

Euphorbiaceae 
Euphorbia florida 0.04 

Fabaceae 
Acacia farnesiana 3.19 

Poaceae 
Aristida ternipes 0.34 0.28 

Bouteloua chondrosioides 0.08 0.20 

B. gracilis 0.02 0.06 

Diaitaria californica 0.02 

Eraqrostis inteirmedia 2.54 9.15 

E. lehmanniana 16.20 49.54 

Lvcurus setosus 0,03 0.02 
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Table A.3. continued 

Family Species 

Polygonaceae 
Erioaonum maculatum 

Portulacaceae 
Talinum aurantiacum 

Dead grass 

Dead wood 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Basal Total Crown 
Cover Cover 

0.01 0,14 

0.01 

1.44 

0.18 

0.04 

21.84 

78.16 
100.00 

79 .49 

20 .51 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20, 000 cm) . 
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Table A. 4. Species composition, basal and crown cover at 

exotic grassland 4, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Family Species 

Total Basal Total Crown 
Cover Cover 

Amaranthaceae 
Amaranthus sp. 

Asteraceae 
Ambrosia artemisiifolia 

Baeria chrvsostoma 

Eriaeron sp. 

Gutierrezia lucida 

G. sarothrae 

Heterotheca subaxillaris 

Machaeranthera gracilis 

M. tanacetifolia 

Cruciferae 
Lepidium virainicum 

Fabaceae 
Calliandra schottii 

Prosopis iuliflora 

Rhynchosida physocalyx 

Nyctaginaceae 
Allionia incarnata 

Boerhaavia coccinea 

2 . 8 6  

0.25 

0 .15 

2.87 

0.10 

14.17 

0.04 

0 . 09 

6.24 

0.24 

0.37 

12 . 69 

0.38 

1. 96 

0 .14 

0 .16 

0 .42 

2 . 56 

0  .  08  

0  .  02  

0 . 05 
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Table A.4. continued 

Total Basal Total Crown 
Cover Cover 

Family Species ^ % 

Poaceae 
Andropoaon barbinodis 1.00 

Aristida longiseta 0.10 

Bothriochloa barbinodis 0.01 

Bouteloua aristidoides 0.06 

B. curtipendula 0.38 1.81 

B. eriopoda 0.15 1.48 

B. gracilis 0.57 

B. hirsuta 0.52 

B. rothrockii 0.87 

Diaitaria califomica 0.07 

Eragrostis intermedia 0.38 

E. lehmanniana 2.21 6.02 

Hilaria belangeri 0.10 

Panicum virgatum 0.41 

Sorghum halepense 0.04 

Sporobolus crvptandjTus 0.78 1.67 

Polygonaceae 
Eriogonum maculatum 0.61 

Portulacaceae 
Talinum aurantiacum 0.07 

Kallstroemia pairviflora 

Dead wood 0 . 0 6  
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Table A.4. continued 

Total Basal 
Cover 

Total Crown 
Cover 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

24 .10 

75.90 
100.00 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

41.54 

58.46 
100 . 00 

^Bare ground is computed by sxibtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20, 000 cm) . 
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Table A. 5. Species composition, basal and crown cover at 

native grassland 1, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Familv Species 

Total Basal Total Crown 
Cover Cover 

Asteraceae 
Gutierrezia lucida 

Isocoma tenuisecta 

Euphorbiaceae 
Euphorbia florida 

Fabaceae 
Calliandra eriophvlla 

Prosopis iuliflora 

Nyctaginaceae 
Allionia incarnata 

Poaceae 
Aristida purpurea 

A. ternipes 

Bouteloua curtipendula 

B. eriopoda 

B. hirsuta 

B. rothrockii 

Eraarostis lehmanniana 

Hilaria belanaeri 

Leptochloa dubia 

Sporobulus crvtandrus 

1.25 

1.45 

0 . 8 6  

0.11 

6.01 

0 .15 

0  . 6 6  

6.96 

0 .16 

0 .24 

0.32 

0 . 91 

0 . 04 

1.36 

11.33 

6.30 

0 . 0 8  

9.56 

0.46 

5.62 

0.87 

1.50 

9.09 

0.35 

0 .42 

1. 74 

0.51 

0.11 

2.33 
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Table A. 5. continued 

Family Species 

Total Basal Total Crown 
Cover Cover 

Polygalaceae 
Polvaala obscura 0.06 

Polygonaceae 
Erioaonum maculatum 0.14 0.44 

Portulacaceae 
Talinum aurantiacum 0.01 0.02 

Zygophyllaceae 
Kallstroemia parviflora 0.05 

Dead grass 5.48 0.29 

Rock 0.32 

TOTAL BASAL COVER 26.43 

TOTAL BARE GROUND^ 73 . 57 
TOTAL TRANSECT LENGTH 100.00 

TOTAL CROWN COVER 51.13 

TOTAL BARE CROWN^ 48.87 
TOTAL TRANSECT LENGTH 100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm) . 
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Table A.6. Species composition, basal and crown cover at 

native grassland 2, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Amaranthaceae 
Alternanthera repens 

Amaranthus palmeri 

Asteraceae 
Ambrosia artemisiifolia 

Eriaeron eatoni 

Gutierrezia sarothrae 

Machaeranthera gracilis 

Solidaao parrvi 

Chenopodiaceae 
Chenopodium dessicatum 

Salsola kali 

Convolvulaceae 
Evolvulus arizonicus 

Cruciferae 
Lepidium virainicum 

Cucurbitaceae 
Cucurbita diaitata 

Euphorbiaceae 
Euphorbia exstipulata 

Fabaceae 
Calliandra humilis 

0.56 

0 . 8 2  

0.10 

2 . 8 8  

0.10 

0.89 

0 .21 

0.32 

0 . 0 6  

0 . 0 2  

1.27 

0 . 0 2  

0 .05 

0 .04 

0 .19 

0 .78 

0  . 0 6  

0  . 0 8  

Prosopis sp. 0.93 
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Table A.6. continued 

Total Basal Total Crown 
Cover Cover 

Family Species 

Poaceae 
Aristida adscensionis 

A. lonaiseta 

A. ternipes 

Bothriochloa barbinodis 

Bouteloua barbata 

B. eriopoda 

B. repens 

B. rothrockii 

Cenchrus incertus 

Chloris virainata 

Diqitaria californica 

Eragrostis lehmanniana 

Sporobulus cirvptandrus 

Vulpia octoflora 

Polygonaceae 
Erioaonum wriahtii 

Rubiaceae 
Diodia teres 

Solanaceae 
Datura wriahtii 

Tontederiaceae 
Eurvstemon mexicanum 

Dead grass 

0.04 

0.05 

0.18 

0.41 

0.15 

0 .12 

0.07 

1.34 

0.10 

0 .44 

0 . 2 0  

0 . 04 

0 . 0 2  

0.95 

0 . 07 

0 .17 

3 .40 

0.05 

0.03 

1.02 

0.52 

0 . 6 8  

0.07 

0 .50 

0 .64 
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Table A.6. continued. 

Total Basal 
Cover 

Total Crown 
Cover 

Dead wood 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

1.00 

16.00 

84.00 
100.00 

5.64 

94 .36 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm). 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A.7. Species composition, basal and crown cover at 

native grassland 3, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Agavaceae 
Yucca elata 

Asteraceae 
Ambrosia artemisiifolia 

Aster sp. 

Gutierrezia lucida 

Heterotheca subaxillaris 

Isocoma tenuisecta 

Machaeranthera gracilis 

M. tanacetifolia 

Zinnia pumila 

Convolvulaceae 
Evolvulus sp. 

Euphorbiaceae 
Euphorbia florida 

Fabaceae 
Prosopis sp. 

Malvaceae 
Rhvnchosida physocalvx 

Poaceae 
Aristida purpurea 

A. ternipes 

Bothriochloa barbinodis 

0  . 8 0  

0.01 

0 .01 

0.71 

0.49 

0.10 

0.01 

0.01 

5 . 82 

0 .11 

0 . 04 

3 .15 

0.54 

0 .56 

8  . 0 6  

5.73 

0.53 

0.50 

0.50 

0.03 

0.16 

0.10 

1.65 

0.07 

5.52 

0.52 

0 . 0 6  
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Table A.7. continued 

Family Species 

Poaceae 
Bouteloua curtipendula 

B. eriopoda 

B. hirsuta 

B• repens 

B. rothrockii 

Eraarostis cilianensis 

E. intermedia 

Hilaria belanaeri 

Leptochloa dubia 

Sorghum halepense 

Sporobulus crvptandirus 

Polygonaceae 
Erioaonum maculatum 

E. wriahtii 

Dead grass 

Dead wood 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Basal 
Cover 
% 

0 .50 

2.72 

0.31 

0.05 

0.09 

1.79 

0.04 

0 .10 

0.15 

4 .10 

1.22 

0 .42 

19.60 

80 .40 

Total Crown 
Cover 
% 

1.61 

6.71 

0.85 

0 .34 

0 .12 

0 . 0 2  

0 .71 

0  . 8 0  

0  . 2 2  

0 .32 

0 . 6 8  

0 .10 

100 .00 

40.16 

59.84 
100 . 00 
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Table A.7. continued. 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm). 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A. 8. Species composition, basal and crown cover at 

native grassland 4, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Amaranthaceae 
Altemanthera repens 0 .14 

Gomphrena caespitosa 0.16 

Asteraceae 
Ambrosia confertiflora 0.01 0.08 

Eriaeron divergens 0.10 0.31 

Gnaphalium wriahtii 0.06 

Gutierrezia sarothrae 0.81 10.39 

Machaeranthera tanacetifolia 0.50 1.40 

Viouiera annua 0.01 0.52 

Cactaceae 
Qpuntia phaecantha 0.03 

Chenopodiaceae 
Chenopodium leptophvllum 0.01 0.10 

Convolvulaceae 
Evolvulus arizonicus 0.12 0.27 

Euphorbiaceae 
Acalvpha neomexicana 0.04 0.17 

Euphorbia exstipulata 0.08 

Fabaceae 
Calliandra eriophvlla 2.10 15.60 

Krameria parvifolia 0.38 1.29 

Mimosa dvsacarpa 0.32 6.43 
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Table A. 8. continued 

Family Species 

Fabaceae 
Prosopis velutina 

Poaceae 
Aristida ternipes 

Bothriochloa barbinodis 

Bouteloua chondrosioides 

B• curtipendula 

B. hirsuta 

B. rothrockii 

Brachiaria arizonica 

Diaitaria californica 

Eraarostis intermedia 

E. lehmanniana 

Heteropoaon contortus 

Leptochloa dubia 

Setaria macrostachva 

Polemoniaceae 
Allophvllum gilioides 

Polygonaceae 
Erioaonum fasciculatum 

Portulacaceae 
Talinum aurantiacum 

Rubiaceae 
Diodia teres 

Dead grass 

Total Basal 
Cover 

0 . 0 2  

0 .48 

5 .76 

0  . 6 6  

4.53 

0.81 

0.37 

0 . 0 8  

0 .19 

0.16 

0  . 0 6  

0 .01 

0 . 0 8  

0 .72 

Total Crown 
Cover 
% 

0 . 6 8  

1.20 

2.81 

11.90 

1.50 

14.97 

0.03 

0.02 

0.37 

3 .24 

1.20 

0.76 

0.74 

0 .42 

0 . 0 2  

0  .  0 8  
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Table A. 8. continued 

Total Basal 
Cover 

Total Crown 
Cover 

Dead wood 

Rock 

0 .24 

0 .34 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN ̂ 
TOTAL TRANSECT LENGTH 

19.05 

80 .95 
100 .00 

76.83 

23 .17 
100 . 00 

^Bare ground is computed by sxibtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm) . 
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Table A.9. Species composition, basal and crown cover at 

oak woodland 1, Buenos Aires National Wildlife Refuge, Pima 

County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Acanthaceae 
Tetramerium hervosum 0.09 

Amaranthaceae 
Mirabilis lonaiflora 0 .18 

Asclepiadaceae 
Asclepias subverticillata 2.63 

Asteraceae 
Bidens leptocephala 1.42 

Convza canadensis 0.18 0.36 

Vicruiera lonaifolia 3.97 

V. multiflora 0.90 

Cactaceae 
Qpuntia acanthocarpa 0.67 

Stachvs cholla 0.05 

Convolvulaceae 
Ipomoea coccinea 0.38 

Cyperaceae 
Cvperus wrightii 0.25 

Euphorbiaceae 
Jatropha macrorhiza 1.10 

Fabaceae 
Amorpha fruticosa 0.38 

Rhvnchosia texana 0.41 1.47 

Fagaceae 
Ouercus arizonica 0.23 
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Table A.9. continued 

Family Species 

0. oblonaifolia 

Labiatae 
Aaastache wrightii 

Poaceae 
Bouteloua curtipendula 

Diaitaria californica 

Eraarostis intermedia 

Leptochloa dubia 

Muhlenberaia torrevi 

Orvzopsis hvmenoides 

Polygonaceae 
Erioaonum wrightii 

Rubiaceae 
Bouvardia ternifolia 

Galium tinctorium 

Dead Wood 

Leaf litter 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Basal 
Cover 
% 

0.90 

0.27 

0.38 

0.72 

0.05 

0.38 

0.14 

0.52 

0.43 

53.38 

12 . 63 

72 .35 

27.64 

Total Crown 
Cover 

0 .58 

0 .38 

1.35 

0 .50 

4 . 87 

1.40 

0 .25 

1.10 

0 . 83 

17.81 

100.00 

41.19 

58.81 
100.00 
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Table A.9. continued 

^Bare ground is computed by siibtracting total basal cover 
from the total length of the transect (5560 cm) . 

2 Bare crown is computed by sxibtracting total crown cover 
from the total length of the transect (5560 cm) . 
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Table A.10. Species composition, basal and crown cover 

at oak woodland 2, Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Agavaceae 
Agave schottii 1.55 

Amaranthaceae 
Amaranthus sp. 0.09 

Asteraceae 
Bidens leptocephala 1.73 

Brickellia betonicaefolia 1.49 1.92 

B. sp. 0.88 7.97 

Eriaeron neomexicanus 0.27 2.08 

Gnaphalium wriahtii 0.20 

Guardiola platvphvlla 1.70 

Vicruiera annua 5 .13 

Cactaceae 
Qpuntia sp. 0.36 

Chenopodiaceae 
Chenopodium palmeri 0.45 

Cruciferae 
Streptanthella lonairostris 1.13 

Cyperaceae 
Cvperus prinalei 1.40 

Euphorbiaceae 
Euphorbia hirta 0.07 
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Table A. 10. continued 

Family Species 

Fabaceae 
Desmodium batocaulon 

Mimosa biuncifera 

Prosopis velutina 

Labiatae 
Salvia arizonica 

Nyctaginaceae 
Boerhaavia coccinea 

Oleaceae 
Forestiera neomexicana 

Poaceae 
Bouteloua curtipendula 

Elvmus elvmoides 

Eraarostis intermedia 

Leptochloa dubia 

Muhlenberqia microspearma 

Rubiaceae 
Bouvardia temifolia 

Solonaceae 
Datura wriahtii 

Leaf litter 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

Total Basal 
Cover 
% 

12 .21 

2 .75 

0  . 2 2  

0.13 

0.90 

1.40 

0.92 

0.16 

0.14 

15.81 

5.09 

42 . 73 

57.27 

Total Crown 
Cover 
% 

0 .50 

10 .13 

1.54 

0 . 95 

0 .32 

0 . 77 

9 .84 

0 .52 

10 .40 

9 .28 

0 .34 

3 .31 

0.49 

100.00 
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Table A.10. continued 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Crown 
Cover 
% 

73 .81 

26.19 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (5560 cm) . 

^Bare crown is computed by s\ibtracting total crown cover 
from the total length of the transect (5560 cm) . 
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Table A. 11. Species composition, basal and crown cover at 

oak woodland 3, Buenos Aires National Wildlife Refuge, Pima 

County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Agavaceae 
Nolina microcaroa 2.16 

Anacardiaceae 
Rhus trilobata 0.58 2.68 

Asteraceae 
Brickellia betonicaefolia 0.40 1.51 

B. brachvphvlla 1.08 3.84 

Eriqeron neomexicanus 0.16 1.15 

Gnaphalium wrightii 0.32 0.83 

Solidaao sparsiflora 0.61 

Vicruiera deltoidea 2.00 

Cupressaceae 
Juniperus deppeana 1.19 

sp. 0.20 

Euphorbiaceae 
Acalvpha sp. 0.54 

Fabaceae 
Acacia ancmstissima 0.67 

Calliandra sp. 1.24 

Coursetia carribaea 0.94 

Dalea emorvi 0.31 0.88 

Desmodium batocaulon 1.15 0.32 
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Table A. 11. continued 

Family Species 

Fagaceae 
Ouercus arizonica 

O. oblonqifolia 

Labiatae 
Aqastache sp. 

Salvia arizonica 

Poaceae 
Bouteloua curtipendula 

Eraarostis intermedia 

Muhlenberaia emerslevi 

Polypodiaceae 
Notholaena sp. 

Rubiaceae 
Bouvardia ternifolia 

Dead Wood 

Leaf Litter 

Rock 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Basal 
Cover 
% 

0 .25 

0.97 

0 . 2 0  

0.18 

0.72 

0.16 

1.10 

0.76 

5.72 

62  .  08  

9.96 

86.10 

Total Crown 
Cover 
% 

1.37 

0.36 

0 .23 

1.58 

9 .49 

2.36 

6.04 

0.31 

0.31 

0 .23 

13 . 90 
100.00 

43 . 04 

56.96 
100.00 

^Bare ground is computed by svibtracting total basal cover 
from the total length of the transect (5,560 cm) . 
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Table A.11. continued 

^Bare crown is computed by sxibtracting total crown cover 
from the total length of the transect (5,560 cm). 
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Table A.12. Species composition, basal and crown cover at 

oak woodland 4, Buenos Aires National Wildlife Refuge, Pima 

County, Arizona, 1995. 

Total Basal Total Crown 
Cover Cover 

Family Species 

Acanthaceae 
Dvschoriste decumbens 

Asclepiadaceae 
Asclepias linaria 

Asteraceae 
Baccharis sarothroides 

Bidens sp. 

Brickellia amplexicaulis 

B. coulteri 

B. sp. 

Convza canadensis 

Viouiera deltoidea 

Bignoniaceae 
Tecoma stans 

Cyperaceae 
Cvperus prinalei 

Fabaceae 
Amorpha californica 

Coursetia carribaea 

Ervthrina flabelliforrnis 

Prosopis pubescens 

Rhvnchosia edulis 

0 . 2 2  

0.40 

0.99 

0.36 

0.99 

0.54 

3 .26 

1.53 

0 .50 

1.22 

4 . 74 

2.34 

0 . 72 

5.97 

1.62 

0  .  2 2  

3 .42 

1.44 

3 . 78 
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Table A.12. continued 

Family Species 

Fagaceae 
Ouercus oblonaifolia 

Malvaceae 
Anoda abutiloides 

Poaceae 
Bothriochloa barbinodis 

Bouteloua curtipendula 

Eraarostis cilianensis 

E• intermedia 

Diaitaria californica 

Leptochloa dubia 

Ranunculaceae 
Clematis licatsticifolia 

Rhamnaceae 
Rhamus betulaefolia 

Rubiaceae 
Bouvardia ternifolia 

Galium microphvllum 

Leaf litter 

Rock 

Wood 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

Total Basal 
Cover 
% 

0 .18 

1.78 

2 . 05 

0.41 

1. 99 

1.40 

0.27 

40.38 

18.27 

0. 90 

70.59 

29.41 

Total Crown 
Cover 
% 

0.97 

0.36 

3 .15 

0 .32 

0.32 

6.54 

1.46 

2 .70 

15 .39 

100.00 
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Table A.12. continued. 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

Total Crown 
Cover 
% 

63 .04 

36.96 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (5,560 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (5,560 cm). 
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Table A. 13. Species composition, basal and crovm cover at 

desertscrnb 1, Agua Blanco Ranch, Pima County, Arizona, 

1995. 

Family Species 

Asteraceae 
Isocoma tenuisecta 

Total Basal 
Cover 

0 .33 

Total Crown 
Cover 

Fabaceae 
Acacia farnesiana 

Zygophyllaceae 
Larrea tridentata 

Dead grass 

0.14 

18.73 

2.69 

4.39 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

19.20 

8 0 . 8 0  
100.00 

7.08 

TOTAL BARE CROWN^ 92.92 
TOTAL TRANSECT LENGTH 100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm) . 
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Table A. 14. Species composition, basal and crown cover at 

desertscrxib 2, Agua Blanco Ranch, Pima County, Arizona, 

1995 

Family Species 

Zygophyllaceae 
Larrea tridentata 

Total Basal 
Cover 

Total Crown 
Cover 

21.70 

Dead grass 0.77 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

0.77 

99.23 
100.00 

21.70 

78 .30 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm). 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A.15. Species composition, basal and crown cover at 

desertscrub 3, Agua Blanco Ranch, Pima County, Arizona, 

1995 . 

Family Species 

Asteraceae 
Isocoma tenuisecta 

Zygophyllaceae 
Larrea tridentata 

Dead grass 

Dead wood 

Rock 

Total Basal 
Cover 

0.75 

0.09 

0 . 0 2  

0  . 0 6  

Total Crown 
Cover 

5 .21 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

0.92 

99 • 08 
100.00 

5.21 

94.79 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm). 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A,16. Species composition, basal and crown cover at 

desertscmb 4, Agua Blanco Ranch, Pima County, Arizona, 

1995. 

Family Species 

Zygophyllaceae 
Larrea tridentata 

Cow dung 

Dead grass 

Dead wood 

Total Basal Total Crown 
Cover Cover 

0.07 

1.56 

0.30 

0.61 

0.11 

0.04 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

1.93 

98.07 
100.00 

0.76 

99 .24 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm) . 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 
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Table A. 17. Species composition, basal and crovm cover at 

the trap type study , Buenos Aires National Wildlife Refuge, 

Pima County, Arizona, 1995. 

Family Species 

Acanthaceae 
Carlowriahtia arizonica 

Asteraceae 
Aster parvulus 

Eriqeron divergens 

Gutierrezia sarothrae 

Caryophyllaceae 
Drvmaria spercruloides 

Euphorbiaceae 
Acalvpha neomexicana 

Euphorbia exstipulata 

Fabaceae 
Calliandra eriophvlla 

Poaceae 
Aristida ternipes 

Bothriochola barbinodis 

Bouteloua barbata 

Chioris virainata 

Eraarostis cilianensis 

E. intermedia 

E. lehmanniana 

Total Basal Total Crown 
Cover Cover 

0.04 

0  . 0 6  

0 .77 

5.26 

10.58 

0 .50 

0.58 

0 . 2 0  

0.10 

0 . 0 2  

0 . 2 0  

0.16 

0 .21 

1.58 

0 . 0 6  

0 .23 

0  . 2 8  

0 .56 

3 .18 



164 

Table A. 17. continued 

Family Species 

Poaceae 
Heteropoaon contortus 

Panicum hirticaule 

Rock 

Total Basal Total Crown 
Cover Cover 
^ k 

0.91 

0 .18 

0 .10 

TOTAL BASAL COVER 

TOTAL BARE GROUND^ 
TOTAL TRANSECT LENGTH 

TOTAL CROWN COVER 

TOTAL BARE CROWN^ 
TOTAL TRANSECT LENGTH 

20 .54 

79 .46 
100.00 

5.22 

94.78 
100.00 

^Bare ground is computed by subtracting total basal cover 
from the total length of the transect (20,000 cm). 

^Bare crown is computed by subtracting total crown cover 
from the total length of the transect (20,000 cm). 



APPENDIX B 

WOODY PERENNIAL PLANTS ALONG BELT TRANSECTS 
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Table B.l. Average width, height, total number and 

densities of woody perennials at exotic grassland 1, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants 

Asteraceae 
Gnaphalium 

leucocephalum 15-0 54.0 1 0.001 

Gutierrezia 
lucida 25.0 64.0 1 0.001 

Fabaceae 
Prosopis 

-iuliflora 238.8 201.5 21 0.026 

TOTAL 23 0  . 0 2 8  
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Table B.2. Average width, height, total number and 

densities of woody perennials at exotic grassland 2, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants m' 

Fabaceae 
Prosopis 
velutina 185.0 188.8 6 0.008 

TOTAL 6 0  .  008  
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Table B.3. Average width, height, total number and 

densities of woody perennials at exotic grassland 3, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants mf. 

Asteraceae 
Baccharis 
sarathroides 277.0 211.0 1 0.001 

Cactaceae 
Ferocactus 
wislizenii 53.0 46.0 1 0.001 

Fabaceae 
Prosopjs 

iuliflora 161.1 102.6 16 0.020 

TOTAL 18 0.022 
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Table B.4. Average width, height, total number and 

densities of woody perennials at exotic grassland 4, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants m 2 

Cactaceae 
Opuntia 

acanthocarpa 85.5 110.5 2 0.002 

0. S P .  94.0 75.0 1 0.001 

Fabaceae 
Acacia 
greggii 156.0 58.0 1 0.001 

Prosopis 
iuliflora 210.1 169.5 12 0.015 

TOTAL 16 0 . 0 2 0  
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Table B.5. Average width, height, total number and 

densities of woody perennials at native grassland 1, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
width Height Total Plants/ 

Family Species (cm) (cm) plants ml 

Cactaceae 
Ferocactus 

wislizenii 50.0 48.0 I 0.001 

Qpuntia S P .  29.7 27.3 3 0.004 

Fabaceae 
Prosopis 

iuliflora 288.0 202.0 2 0.002 

TOTAL 6 0.007 
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Table B.6. Average width, height, total number and 

densities of woody perennials at native grassland 2, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants m' 

Fabaceae 
Prosopis 

iuliflora 406.9 261.6 7 0.009 

Solanaceae 
Datura 
stramonium 13 6.0 73.5 2 0.002 

TOTAL 9 0 .011 
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Table B.7. Average width, height, total number and 

densities of woody perennials at native grassland 3, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Familv Species (cm) (cm) plants mi 

Agavaceae 
Yucca 

elata 89.3 70.2 32 0.040 

Cactaceae 
Qpuntia 

acanthocarpa 43.5 57.5 2 0.002 

Fabaceae 
Prosopis 

-iuliflora 192.9 142.4 7 0.009 

TOTAL 41 0.051 
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Table B.8. Average width, height, total number and 

densities of woody perennials at native grassland 4, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Familv Species (cm) (cm) plants m 2 

Cactaceae 
Qpuntia 
acanthocarpa 115.0 109.0 1 0.001 

0. chlorotica 137.0 68.0 1 0.001 

Fabaceae 
Mimosa 

biuncifera 116.9 91.7 49 0.061 

Prosopis 
iuliflora 106.1 82.2 7 0.009 

TOTAL 58 0.072 
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Table B.9. Average width, height, total number and 

densities of woody perennials at oak woodland 1, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants mi 

Cactaceae 
Qpuntia 

acanthocarpa 106.3 119.0 4 0.018 

Fabaceae 
Mimosa 

biuncifera 183.5 176.9 8 0.036 

Fagaceae 
Ouercus 

oblonaifolia 900.0 1225.0 2 0.009 

Oleaceae 
Fraxinus 

velutina 51.0 35.0 1 0.004 

TOTAL 15 0 . 067 
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Table B.IO. Average width, height, total number and 

densities of woody perennials at oak woodland 2, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants ml 

Agavaceae 
Agave 

palmeri 45.0 60.0 1 0.004 

Cactaceae 
Qpuntia 

acanthocarpa 37.0 70.0 1 0.004 

Fabaceae 
Acacia 

ancms t i s s ima 68.0 44.5 2 0.009 

A. S P .  64.0 43.0 1 0.004 

Mimosa 
biuncifera 77.3 74.5 16 0.522 

Prosopis 
alandulosa 109.7 148.2 6 0.026 

Fagaceae 
Ouercus 

arizonica 600.0 400.0 1 0.004 

oblonaifolia 450.0 420.0 1 0.004 

TOTAL 29 0.577 
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Table B.ll. Average width, height, total number and 

densities of woody perennials at oak woodland 3, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants ml 

Cactaceae 
Qpuntia sp. 2.0 8.0 1 0.004 

Cupressaceae 
Juniperus 

deppeana 92.0 132.0 1 0.004 

J. S P .  66.0 70.7 3 0.013 

Fabaceae 
Acacia 
greaaii 37.0 40.0 1 0.004 

Fagaceae 
Ouercus 

arizonica 275.8 341.0 5 0.002 

oblonaifolia 561.1 580.5 9 0.040 

0. arizonica x 
oblonqifolia 500.0 600.0 1 0.004 

Pinaceae 
Pinus 

discolor 151.5 503.0 2 0.009 

TOTAL 23 0 . 0 8 0  
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Table B.12. Average width, height, total number and 

densities of woody perennials at oak woodland 4, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

Family Species 

Fabaceae 
Ervthrina 

flabelliformis 

Prosopis 
glandulosa 

Fagaceae 
Ouercus 

oblonaifolia 

Rhamnaceae 
Rhamnus 

betulaefolia 

X 
Width 
(cm) 

90.0 

97.5 

1033 .3 

131.7 

Height Total Plants/ 
(cm) plants rni 

8 0 . 0  

97.5 

1500.0 

110.0 

0 .009 

0.013 

0 . 018 

0 . 013 

TOTAL 12 0 .053 
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Table B.13. Average width, height, total number and 

densities of woody perennials at desertscrub 1, Bureau of 

Land Management area, Robles Junction, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants mi 

Fabaceae 
Acacia 
fame si ana 187.2 170.8 25 0.031 

Zygophyl laceae 
Larrea 

tridentata 158.6 158.3 25 0.031 

TOTAL 50 0 . 0 6 2  
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Table B.14. Average width, height, total number and 

densities of woody perennials at desertscrub 2, Bureau of 

Land Management area, Robles Junction, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants mf. 

Asteraceae 
Ambrosia 

deltoidea 52.0 52.3 6 0.008 

Fabaceae 
Prosopis 

alandulosa 89.0 99.3 3 0.004 

Zygophyllaceae 
Larrea 

tridentata 177.0 158.3 91 0.114 

TOTAL 100 0.126 
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Table B.15. Average width, height, total number and 

densities of woody perennials at desertscrub 3, Bureau of 

Land Management area, Robles Junction, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants ml 

Asteraceae 
Ambrosia 

deltoidea 85.0 50.8 4 0.005 

Isocoma 
coronooifolia 33.3 26.3 11 0.014 

Cactaceae 
Qpuntia sp. 13.0 40.0 1 0.001 

Peniocerus 
greaaii 1.0 30.0 1 0.001 

Fabaceae 
Prosopis 

velutina 122.5 128.0 2 0.002 

Zygophyllaceae 
Larrea 
tridentata 187.7 164.1 49 0,061 

TOTAL 68 0  .  0 8 6  
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Table B.16. Average width, height, total number and 

densities of woody perennials at desertscrub 4, Bureau of 

Land Management area, Robles Junction, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants m' 

Zygophyllaceae 
Larrea 
tridentata 122.4 116.5 20 0.025 

TOTAL 20 0.025 
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Table B.17. Average width, height, total number and 

densities of woody perennials at the trap type study, Buenos 

Aires National Wildlife Refuge, Sasabe, Arizona, 1995. 

X X 
Width Height Total Plants/ 

Family Species (cm) (cm) plants m 

Asteraceae 
Baccharis 

sarathroides 40.0 85.0 1 0.001 

Fabaceae 
Acacia 

areaaii 70.0 80.1 7 0.009 

Prosopis 
iuliflora 134.5 115.0 11 0.014 

2 

TOTAL 19 0.024 
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APPENDIX C 

Lizard species captured in pitfall traps or observed along 

lizard belt transects at Buenos Aires National Wildlife 

Refuge (FWS) and Agua Blanco Ranch (BLM). 

Species 

Zebra-tailed lizard 
Callisaurus draconoides 

Canyon spotted whiptail 
Cnemidophorus burti 

Sonoran spotted whiptail 
Cnemidophorus sonorae 

Western whiptail 
Cnemidophoirus tiaris 

Desert grassland whiptail 
Cnemidophorus uniparens 

Unknown whiptail species 
Cnemidophorus unknown species 

Western banded gecko 
Coleonvx varieaatus 

Desert iguana 
Dipsosaurus dorsalis 

Mountain skink 
Eumeces callicephalus 

Long-nosed leopard lizard 
Gambelia wislizenii 

Arizona alligator lizard 
Gerrhonotus kinaii 

Acronym 

CADR 

CNBU 

CNSO 

CNTI 

CNUN 

CNZZ 

COVA 

DIDO 

EUCA 

GAWI 

GEKI 



Appendix C continued. 

Gila monster 
Heloderma suspectum 

Lesser earless lizard 
Holbrookia maculata 

Regal horned lizard 
Phrvnosoma solare 

Clark spiny lizard 
Sceloporus clarkii 

Mountain spiny lizard 
Sceloporus iarrovii 

Desert spiny lizard 
Sceloporus magister 

Eastern fence lizard 
Sceloporus undulatus 

Tree lizard 
Urosaurus ornatus 

Side-blotched lizard 
Uta stansburiana 

Lizard 
Unknown genus or species 
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HESU 

HOMA 

PHSO 

SCCL 

SCJA 

SCMA 

SCUN 

UROR 

UTST 

LIZARD 
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