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ABSTRACT 

During winter 1996-1997 and summer 1997,1 studied bird assemblages along a 

vegetation gradient in desert grasslands of southeast Arizona and southwest New Mexico. 

A gradient of increasing woody cover and decreasing grass cover best described the 

variance in vegetation characteristics among sites. At larger scales of observation, I 

found woody plant characteristics had a large effect on the presence and distribution of 

individual species and assemblages. At finer scales of analysis, I found a greater 

proportion of relationships between birds and particular plant species. Bird species 

richness was positively related to shrub species richness during winter. I observed 

greater between season shifts in bird species richness among sites with >l .0% woody 

cover. Total bird abundance varied little between seasons except at sites with <1.0% 

woody cover. Woody plant levels below 10% and 20% are likely to increase populations 

of plains and semidesert grassland bird communities respectively. 
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INTRODUCTION 

Grassland associated bird species have declined more than any other group of 

birds in the United States (Sauer et al. 1995). Efforts to monitor and conserve grassland 

bird communities are in progress but focus primarily in plains grasslands of the midwest. 

Less attention has been focused on bird communities associated with desert grasslands of 

the southwestern United States (Sauer et al. 1997). 

Bird species experiencing rangewide population declines in grasslands include 

grasshopper sparrows (Ammodramus savannarum). Cassin's sparrows (Aimophila 

Cassinii), Baird's sparrows (Ammodramus Bairdii). chestnut-collared longspurs 

(Calcarius ornatus), and scaled quail (Callitjepla squamata) (Brown and Davis 1994, 

Rising 1996, Sauer et al. 1997). These species inhabit grasslands of the midwest as well 

as desert grasslands of the southwest. Thus, alteration of habitats in desert grasslands 

may contribute to rangewide population declines of some grassland birds. 

In southeastern Arizona, woody plant encroachment and subsequent decline of 

native grass species is a major factor affecting the shift from grass dominance to shrub 

and tree dominance in desert grasslands (Burgess 1995). This shift has reduced available 

habitat for sensitive grassland bird species and may be contributing to overall declines in 

their population numbers (Bock and Webb 1984, Bock and Bock 1988). Sensitive 

grassland birds exhibit the strongest negative response (via population numbers and/or 

reproductive output) to alteration of desert grassland plant communities, especially 

increases in woody plant cover. Because landscape disturbance can have an effect on 

some bird species inhabiting desert grasslands (Bock and Bock 1988, 1992, 1997), it is 
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likely that some desert grassland bird populations have declined or are in decline. 

Currently, there are no programs adequately monitoring population trends of bird species 

and assemblages inhabiting desert grasslands. 

Bird species characteristic of desert grasslands that are known to be sensitive to 

the presence of woody cover in southeastern Arizona include chestnut-collared longspurs, 

grasshopper sparrows, Baird's sparrows, and homed larks (Eremophila alpestris) (Bock 

and Webb 1984, Bock and Bock 1988, Rising 1996). Black-throated sparrows 

(Amphispiza bilineata) and scaled quail are also characteristic of desert grasslands (Bock 

and Bock 1988, Parmenter and Van Devender 1995) but prefer desert grasslands 

intermi.xed with woody cover. Thus, several birds are associated with desert grasslands 

but each species, or group of species, inhabits areas with particular levels of grass and 

woody plant cover. 

Desert grasslands do not conform to the concepts of grassland associated with the 

prairies and plains of the Midwest (Burgess 1995). In Arizona, desert grasslands 

encompass vegetation types with little or no woody cover at higher elevations (desert 

plains grasslands) to grasslands intermixed with shrubs and trees (e.g., semidesert/ 

savarma grasslands). Over the last century, desert grasslands have experienced a 

continual shift from grasslands with little or no woody cover to shrub and tree dominated 

landscapes (Hastings and Turner 1965, Bahre 1995). These changes have been attributed 

to the separate and interactive effects of livestock grazing, fire suppression, and climate 

changes (Bahre 1991, Idso 1992, McPherson 1995, Bock and Bock 1997). As a result of 
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these plant community disturbances, several bird species sensitive to increases in woody 

plant levels are likely experiencing population declines. 

Restoration 

Traditionally, watershed and forage production for livestock were the primary 

goals of restoration in desert grasslands (Roundy and Biedenbender 1995). Today, goals 

of restoration also include increasing or maintaining endangered species populations, 

restoring native plant diversity to favor specific wildlife species, or restoring the natural 

variety of species assemblages once present (West 1993, Roundy and Biendenbender 

1995). Before attempts are made to alter desert grassland plant communities to a level 

that supports a composition and densitv of organisms characteristic of desert grasslands, 

information on individual species habitat requirements at varying spatial and temporal 

scales should be attained. Although researchers have provided information on the 

tolerance of bird species to varying levels of landscape disturbance in desert grasslands 

(e.g. grazed vs. non-grazed, fire, exotic vs. native grasses; Bock and Bock 1992, 1988), 

information is lacking in several areas. For example, information regarding seasonal 

changes in habitat selection by birds in desert grasslands is absent. Some birds may 

respond to seasonal changes by using different areas within desert grasslands. Thus, 

studies of species and communities during the summer and winter seasons are needed to 

monitor population trends and assess changing habitat needs for a species or community 

of concern. Additionally, studies of bird conmiunities in desert grasslands of the 

extreme southeastern portion of Arizona and southwestern portion of New Mexico are 

non-existent. This region encompasses a wide range of desert grassland communities and 



provides an excellent opportunity to study the distribution of birds along a gradient of 

grassland conditions. 

Study objectives 

The focus of my study is to examine how bird species and assemblages distribute 

themselves seasonally across a vegetation gradient in desert grasslands of southeast 

Arizona and southwest New Mexico. My vegetation gradient represents a range from 

native grass stands to areas with a mixtiire of grass and woody plants in desert grasslands 

of southeast Arizona and southwest New Mexico. Gradients are a useful abstraction for 

explaining the distributions of single species or communities in space or time (Ter Braak 

and Prentice 1988). 

My specific study questions were: 

1) What characteristics of the vegetation are related to the distribution and abundance of 

particular bird species and assemblages? 

2) Where, along a gradient of decreasing woody cover and increasing grass cover, do 

shifts in bird assemblages occur? 

3) How do characteristics of the bird community along a vegetation gradient differ 

between summer and winter seasons? 
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STUDY AREA 

This study was conducted in desert grasslands of the San Simon and San 

Bernardino Valleys of Cochise County, Arizona and the Animas Valley of Hidalgo 

County, New Mexico. The North American desert grassland reaches its northern limit in 

Arizona, New Mexico, and Texas, but the majority of its 500,000 km" extends 1,500 km 

to the south through 13 Mexican states (Schmutz et al. 1991). 

Vegetation structure of the valleys ranges from grassland with no woody cover to 

areas where woody plants such as mesquite (Prosopsis spp.) dominate the vegetation. 

The region is characterized by gently to strongly sloping, dissected old alluvial fans and 

nearly level, broad valley floors. These valleys lie within the Madrean Archipelago 

region, also known as the Sky Islands (Brown and Davis 1994). Elevations within these 

valleys range from 1,350 to 1,434 m. 

Precipitation ranges from 20.32 to 40.64 cm annually. There is a substantial 

amount of year-to-year variation in precipitation of desert grasslands (Hidy and Klieforth 

1990). Most of the precipitation is distributed from late July to mid-August (Van 

Devender 1995). Summer precipitation comes from the Gulf of Mexico in the form of 

convective thunderstorms. Winter precipitation comes from the Pacific Ocean in the 

form of frontal systems from December to February. 

Average annual temperature ranges from 14.5 to 16.T'C. Desert grasslands 

commonly experience 75 freezing nights each winter and 20 summer days hotter than 

40°C (Van Devender 1995). Variation in temperature among sites was largely dependent 

upon elevation. 



METHODS 

During August 1996,1 placed 28, 1-km transects across a range of vegetation 

types selected to represent the diversity of desert grassland conditions within my study 

area. Twenty-two transects were placed in Cochise County, Arizona and 6 in Hidalgo 

County, New Mexico (Appendix A). Each transect represented a study site. Percent 

woody cover relative to grass cover and presence of native grass species were variables 

used to visually assess grassland condition. Based upon these criteria I selected 

6 sites with <1.0% woody cover that contained a mixture of native grass species, 

7 sites with varying levels of woody cover (0-8%) but dominated (>50%) by one grass 

species, 7 sites with woody plant levels between 5 and 10% and exhibiting a diversity of 

native grass and woody plant species, and 8 sites with woody plant levels >10% but 

supporting grass cover at levels >20%. 

All transects were placed > 500-m apart to avoid interdependence of samples. 

Transects were also placed > 200-m from riparian corridors to avoid misinterpretation of 

bird community-vegetation relationships. 1 attempted to position each transect in 

generally uniform areas to permit bird-vegetation associations in the larger area 

surrounding the transect. 

After the winter sampling period, 2 study sites were unexpectedly burned. I 

replaced these 2 sites prior to the summer sampling penod. These sites were not included 

in my between season comparisons of bird assemblages. 



Bird Surveys 

Bird surveys were conducted from November to February 1996-1997, and May to 

August 1997. These sampling periods represented wintering and summer breeding 

seasons, respectively. Surveys were conducted using the variable-width strip-transect 

method (Emlen 1971). Each transect was visited 4 to 5 times within each season. 

Surveys were conducted between 0700 and 1200 during winter and between 0430 and 

0700 during summer. Walking at rate of approximately 0. lO-km/6 minutes, I surveyed 

two transects each morning. I recorded birds identified by sight and sound. During 

summer, I chose not to exclude individuals identified by sight because exclusion would 

likely bias my results towards those species whose peaks of breeding behavior (e.g., 

visual displays, singing) occurred within our sampling period. Flying birds were not 

recorded unless they showed clear evidence of using the area (e.g., aerial foraging for 

insects). Data for each species at each transect were pooled and divided by the number of 

surveys to calculate an index of mean bird abundance (Swengel 1996). At each transect 

and during each season I also measured overall species richness (BSR) and total bird 

abundance (TEA). 

During May to August 1997,1 recorded breeding behavior and searched for nests 

to identify breeding bird species at each study site. I recorded a species as breeding if I 

observed nest building, nests with eggs, nestlings, or fledglings unable to fly and still 

under parental care. 

Bird species names follow Rising (1996) and Ehrlich et al. (1988). 



16 

Vegetation Characteristics 

During the Autumn 1996,1 sampled vegetation attributes at all study sites. At 

each study site I sampled vegetation from 400 points. These points were distributed 

evenly among 10 randomly placed 40-m transects perpendicular to each of the 1-km 

survey transects. Vegetation measurements were taken at 1-m intervals along each 40-m 

transect. Using the line-intercept method (Bonham 1989:108), I recorded the presence 

and height class where vegetation and other objects (i.e., cobble, litter) intercepted a 

vertical line projecting upwards and perpendicular to points along transects. 

Percent cover by class was measured as the total number of points where I 

intercepted a particular cover class divided by the total number of points on a 40-m 

transect (n=40). I measured percent cover of bare ground (BG), litter (LI), pebble (<5-

cm) (PE), cobble (>5-cm) (CO), grass (GR), forbs (FO), shrubs (SH), trees (TR), woody 

plants (shrubs and trees combined) (WO). Vegetation height was measured at 0.5-m 

intervals for woody plant cover and at 15-cm intervals for herbaceous vegetation. 

Average frequency of occurrence of each height class was used to determine woody plant 

(VHDW) and grass (VHDG) vertical height diversity using the equation taken from 

Shannon and Weaver (1949; 17); 

H = - S pi log Pi 

where H refers to height diversity and pi refers to the proportion of each height class 

within a sample. This equation was also used to calculate grass species diversity (GSD). 
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Grasses and woody plants were identified to species when encountered. Grass 

(GSR), shrub (SSR), and tree (TSR) sp)ecies richness at each site was measured as the 

total number of species encountered for a plant class at each site (n=28). 

Mean percent cover by class and mean vertical height diversity at each study site 

were calculated as the value obtained for each 40-m transect divided by the total number 

of transects sampled (n=10). Thus, I obtained a measure of horizontal structure (% cover 

by class), vertical structure (height diversity by plant class), and plant species 

composition at each study site. 

In May of 1997,1 randomly selected 30% of the 28 original transects. I measured 

vegetation characteristics at these sites and compared my results to data collected during 

the winter season. My goal was to determine if significant differences in vegetation 

characteristics existed between seasons and if re-sampling was necessary at all study 

sites. 

Plant species names follow Chase (1971), Stubbendieck et al. (1994), and 

McClaren and Van Devender (1995). 

iVIultivariate analysis of vegetation characteristics 

Data obtained from the summer and winter seasons were analyzed separately to 

detect differences in habitat preferences of individual bird species and community 

characteristics between seasons. 

The values available for statistical analysis were estimates of vegetation 

characteristics measured at each site (n=28) and during each season. For each variable at 

all sites I calculated the mean and standard deviation. Prior to linear multivariate 
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analysis, I examined the distribution of each variable. Distributions that did not meet the 

assumptions associated with the use of linear models were normalized with logarithmic 

(In) (proportions) and square root (sqrt) transformations. I chose a multivariate approach 

to describe my study sites because I had a large matrix of data describing characteristics 

of the vegetation within my study area. 

To describe the variability in vegetation characteristics among sites I used 

principal components analysis (PCA). Principal components analysis is an ordination 

procedure that constructs axes, also known as factors or components, that are linear 

combinations of the original variables (Wijngaarden et al. 1995). The final result of PCA 

ordination is a sequence of axes. The first axis usually explains the most of the 

variability among samples and decreases with each subsequent axis produced. The 

parameter indicating the goodness-of-fit of each of the axes is the eigenvalue and 

represents the variance in the data set accounted for by each axis. Typically, the first 

three eigenvalues account for 40 to 90% of the total variance (Wijngaarden et al. 1995). 

Model fitness was based upon the Kaisen-Olkin measure of sampling adequacy, 

Bartlett's test of sphericity, and percentage of residuals >0.05 in the reproduced 

correlation matrix. Because the goal of PCA was to identify axes that are biologically 

meaningful, I subjected each axes to an orthogonal varimax rotation (Wiens and 

Rotenberry 1981). Varimax rotation attempts to increase meaningful interpretation 

through transformation of the original factor matrix. 

My ultimate goal was to reveal any important axes (eigenvalues > 1) that are 

biologically relevant to the environmental gradients in the study region. Each axis 
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produced by PCA may represent independent patterns of variation in the environment to 

which the bird community may be responsive. 

Bird-habitat relationships 

Calculations of the minimum, maximum, average and standard deviation were 

carried out on estimates of bird species abundance, total bird abundance, and bird species 

richness for each site (n=28). Mean abundance was based upon 4 to 5 surveys at each 

site and for both seasons. These values were used to determine species-habitat 

associations through Spearman's rank correlations with vegetation characteristics. Only 

species recorded at >25% of the sites were used in subsequent analyses. 

Using Spearman's rank correlation analysis, I also examined correlations between 

bird species and environmental axes produced by PCA. Correlation coefficients between 

bird species and principal component axes were plotted in two-dimensional space. My 

goal was to identify groups of species (clusters) who were associated similarly to PCA 

axes. Clusters consisted of species that were more closely related to each other than all 

other species within the range of PCA axes I examined. This analysis may reveal how 

suites of species are related similarly in a multidimensional environmental space. 

I used multiple regression to examine the effect of vegetation variables on total 

bird species richness and total bird abundance. I used the stepwise procedure (Sokal and 

Rohlf 1995) to select independent, non-correlated variables that would constitute my 

models. The default probability value (F-test) for entering variables into an equation was 

set at P < 0.001. The default probability value for removing variables from an equation 

was set at P < 0.01. I used R", the coefficient of determination, as a measure of the 



goodness of fit of my linear models. Prior to analysis, bird community variables not 

meeting assumptions of homoscedasticity and normality associated with the use of linear 

models were square root transformed. 

I primarily used graphical techniques to examine patterns of between season 

changes in bird species richness and total bird abundance across sites and between 

seasons. To determine if a relationship exists between bird species richness and total bird 

abundance, I plotted total bird abundance against bird sp)ecies richness. 
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RESULTS 

Significant between season differences in vegetation characteristics existed at 

those study sites where moderate grazing had occurred (n=8). Because these differences 

may effect relative abundance of bird species during the summer breeding season, I re-

sampled vegetation at those sites. 

Vegetation Characteristics 

Grass accounted for >40% of total cover at >75% of my study sites and exhibited 

the highest range in values. Grass cover ranged from 21.0 to 68.8% (X= 49.3) during 

winter and 13.25 to 68.8% (X = 44.3) during summer (Table 2). I identified 33 grass 

species, 11 shrub spiecies, 6 tree species, and 2 cactus species among all sites (Tables 3, 

4). Six grass species occurred >50% of my study sites. Snakeweed (Gutierrezia 

sarothrae) and mesquite were the most common shrub and tree species, respectively, in 

my study area (Table 4). 

Shrub species richness (SSR) ranged from 0 to 9 during both seasons. Woody 

cover (WO) ranged from 0 to 15.5 % during winter and from 0 to 31.4 % during summer. 

Differences between these ranges arose from the replacement of 2 sites after the winter 

season. These 2 sites had higher levels of woody plant cover in relation to the other 26 

study sites. 

Eight sites had <1% woody cover. These sites fXDSsessed similar structural 

characteristics but they differed in plant species composition. Each site differed in the 

most commonly encountered grass species. These species were grama grasses 



(Bouteloua spp.), tobosa (Hilaria mutica). or Lehmann's lovegrass (Eragrostis 

lehmatiniana). 

Site ordination 

I chose to examine only those axes with eigenvalues > 0.80. Eigenvalues < 0.80 

explained <10% of the total variance in vegetation characteristics among sites. The first 

three axes of PCA explained 81.8% (winter) and 81.9% (summer) of the variance in 

vegetation characteristics among sites (Tables 5,6). The first PCA axis accounted for a 

large majority of the variance in both seasons (winter = 44.3%, summer = 49.1%). 1 

interpreted the first axis as a gradient of increasing woody plant cover and shrub species 

richness, and decreasing grass cover. 

The interpretation of the second and third axes differed between seasons. I 

interpreted the second axis of the winter model as a gradient of increasing vertical height 

diversity of woody plants and the third axis as a gradient of decreasing grass species 

richness and increasing vertical height diversity of grass (Table 5). I interpreted the 

second axis of the summer model as a gradient of increasing grass species richness and 

the third axis as a gradient of increasing vertical height diversity of grass (Table 6). 

Results of PCA for both seasons showed an inverse relationship between the level of 

cobble and grass species richness. It was visually apparent in the field that those sites 

with higher amounts of volcanic rocks > 5-cm diameter tended to harbor fewer grass 

species. Tobosa grass was the most common grass species I encountered at these sites. 
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Bird Species-Vegetation Relationships 

I detected 49 bird species during November to February 1996-1997 and May to 

August 1997 (Table 7). Of these species, 22 (44.9%) were migrants. 

Winter 

1 detected 33 bird species during winter (Table 7). Of these, 13 (39.4%) are 

known to be wintering migrants. Sparrow species made up 53.8% (7/13) of the migrant 

species pool. At >25% of my study sites 1 detected >5 sparrow species (X = 3.4, range = 

0-10). Grasshopper sparrows, eastern meadowlarks (Stumella magna), homed larks, and 

vesper sparrows (Pooecetes gramineus) were the most widely occurring species across 

study sites (Table 7). Only species detected at >20% (14 spp.) of my sites were used in 

subsequent analyses (Naranjo and Raitt 1993). 

I detected chestnut-collared longspurs and homed larks only at sites with <l 1% 

woody cover (Table 8). These two species were detected most frequently at sites with no 

woody cover. I detected eastern meadowlarks at all sites. I detected black-throated 

sparrows. Brewer's sparrows, and savannah sparrows only at sites with >6.0% woody 

plant cover (Table 8). 

1 found 81 significant correlations between bird species and vegetation variables 

(Table 9). All species exhibited >1 significant correlation with a vegetation variable 

except for grasshopper sparrows. Their widespread occurrence and evenness of relative 

abundance across sites may explain why no significant correlations were detected. All 

species except for scaled quail were significantly correlated to woody associated cover 

variables (WO, SH, TR, SSR, TSR, VHDW) (Table 9). Grass cover (GR) was 



significantly related to only 2 species, chestnut-collared longspurs (0.53, P<0.01) and 

mourning doves (Zenaida macroura) (-0.56, P<0.01) (Table 9). It is not surprising that 

chestnut collared longspurs were related to grass cover because they commonly occurred 

in large flocks (commonly > 100 individuals) and may require an abundant food source 

(e.g., grass seeds). 

Thirty-two correlations (39.5%) involved specific plant species. No one grass or 

woody species dominated the set of bird-plant species relationships. Of the 32 plant 

species associations, 8 (25%) were represented by specific grass species. Despite the low 

number of correlations between birds and grass species, six grass and seven bird species 

were represented. These results suggest some birds may select areas with an abundance 

of one particular grass species. 

To remove the effect of non-woody sites on our previous relationships, I 

conducted an additional Spearman's rank correlation analysis using only those sites with 

>1.0% woody cover (n=20). As expected, no significant correlations were found 

between chestnut-collared longspurs and vegetation variables (Table 10). Chestnut-

collared longspurs are highly related to 'typical' grassland habitats (Rising 1996) and did 

not occur in flocks at sites with >4.0% woody cover. Bird-plant species relationships 

comprised 54.2% of the total set of significant associations as compared to 39.5% in the 

previous analysis. Shrub species richness and the presence of particular shrubs again 

showed a strong association with some bird species (Table 10). Unlike the previous 

analysis, grasshopper sparrows were significantly correlated with two vegetation 
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variables; purple threeawn (Aristida purpurea) and plains lovegrass (Eragrostis 

intermedia). 

Summer 

I detected 36 bird species during summer. Of these species, 11 (30.6%) are 

known to be summer migrants to the region (Table 7). Eastern meadowlarks, lark 

buntings (Calamospiza melanocorvs). scaled quail, black-throated sparrows, and 

mourning doves were the most commonly occurring species among study sites (Table 7). 

Only species detected at > 20% (17 spp.) of my sites were used in subsequent analyses 

(Naranjo and Raitt 1993). 

Examination of bird species presence in relation to percent woody cover showed 

homed larks and grasshopper sparrows were restricted to those sites with < 11.0% woody 

cover (Table 11) and reached their highest frequencies at sites with no woody cover. 

Eastern meadowlarks were detected at all levels of woody cover within the range I 

measured. Of the 16 species I included in my analyses, 8 occurred only at woody cover 

levels > 4.0% (Table 11). 

I found 109 significant correlations between birds and vegetation variables (Table 

12). All species exhibited >1 significant association with a vegetation variable except for 

loggerhead shrikes. I found a significant correlation between loggerhead shrikes and bird 

species richness (0.51, P < 0.01). This is not surprising because this species preys upon 

small vertebrates, including birds (Ehrlich et al. 1988). All species except loggerhead 

shrikes displayed a strong relationship with woody associated variables. Woody cover 

(WO), vertical height diversity of woody plants (VHDW), shrub cover (SH), and shrub 
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species richness (SSR) constituted the strongest and most frequently associated variables 

with bird species (Table 12). I found 29 (26.9%) significant correlations between 

particular birds and plant species. Notably, mesquite was positively correlated with those 

species that nest in trees. 

Breeding was observed for 19 bird species during the summer sampling period. 

All species included in my analyses were confirmed breeding except for Botteri's sparrow 

and ash-throated flycatchers (Mviarchus cinerascens) (Table 11). Those species not 

included in my analyses but confirmed as breeding included lark sparrows (Chondestes 

grammacus). rufous-crowned sparrows (Aimophila ruficeps). and verdins (Auriparus 

flaviceps). Black-throated sparrows were confirmed as breeding across the widest range 

of woody cover levels (Table 11). Homed larks exhibited the narrowest range of 

breeding areas relative to woody cover (Table 11). 

Between season comparisons 

Among resident species, scaled quail, grasshopper sparrows, and gambel's quail 

(Callipepla gambelii) showed the largest between season shift in the number of sites they 

occupied (Table 13). During summer, both gambel's and scaled quail were detected at a 

greater number of sites. These sites represented a wider range of vegetation 

characteristics. The difference in distribution for quail species between seasons may 

either be a fimction of a difference in habitat preference between seasons or my inability 

to detect these species equally well between seasons. Grasshopper sparrows were 

detected at 25 of my 28 study sites during winter (Table 13). During the summer 

breeding season, grasshopper sparrows were detected at 14 of my 28 study sites. Of 
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these 14 sites, 12 exhibited < 5.0% woody plant cover. Because grasshopper sparrows 

are highly vocal during the breeding season, I am confident that I detected this species at 

all sites it occurred. The remaining year-round residents, such as black-throated 

sparrows, exhibited similar distributions between seasons. 

Bird Assemblages 

Bird species-PCA axes relationships 

The first PC A axis of both seasons separated out those bird species that are most 

sensitive to increases in woody cover (Figures 1, 2). These species were chestnut-

collared longspurs and homed larks during winter and grasshopper sparrows, eastern 

meadowlarks, and homed larks during summer. 

Species richness 

Spearman's rank correlation analysis revealed several significant relationships 

between bird species richness (BSR) and vegetation during both seasons (Table 14). 

Among the total set of variables measured, woody cover (WO) and shrub species richness 

(SSR) exhibited the strongest correlations (Table 14). Notably, BSR exhibited no 

significant correlation with grass species richness or diversity. I detected 13 sparrow 

species during winter. Sparrow richness ranged fi-om 0 to 10 (X = 3.4, SD = 2.6) across 

all sites. Because of the strong sparrow presence during winter I examined sparrow 

species richness in relation to measured vegetation characteristics. Spearman's rank 

correlation analysis revealed several significant relationships including shrub species 

richness (0.76, P < 0.001), woody cover (0.75, P < 0.001), mesquite (0.61, P < 0.001), 
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opuntia (0.55, P < 0.01), snakeweed (0.53, P< 0.01), plains bristlegrass (setaria 

macrostachva) (0.50, P < 0.01), and grass species diversity (0.44, P < 0.01). 

Examination of bird species richness showed variability across sites and between 

seasons (Figure 4). Half of my study sites (13/26) supported a similar number of bird 

species in the summer and winter seasons. Three sites exhibited no difference in BSR 

between seasons. In most cases, bird species richness was greater in the summer season 

(Figure 4). Among sites with < 4.0% woody cover, bird species richness was low and 

varied little between seasons (sites 7,8, 13-17, 19,20) (Figure 4). 

Stepwise multiple regression of structural and compositional vegetation variables 

on winter species richness (WNSR) resulted in a model with one variable: shrub species 

richness (R" = 0.57, P < 0.001) (Figure 5). The same analysis repeated upon summer 

species richness (SMSR) resulted in a model with one variable: woody plant cover (WO) 

(R" = 0.75, P < 0.001) (Figure 6). 1 conducted an additional regression analysis of 

vegetation variables on bird species richness excluding sites with < 1.0% woody cover 

(n=20). This analysis removes the influence of pure grassland sites and focuses on the 

BSR-vegetation relationship where woody cover is present. Stepwise multiple regression 

analysis at this level produced a winter season model with two variables: SSR (bi =2.51, 

P < 0.001), mesquite (MES) (b: = 4.81, P < 0.003) (R" = 0.72, P < 0.001). Collinearity 

was not evident between mesquite cover and shrub species richness (0.35, P > 0.10). The 

same analysis for the summer data produced a model with one independent variable: 

woody cover (WO) (R" = 0.65, P < 0.001). 
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Total bird abundance 

Examination of total bird abundance showed little variation among sites during 

summer (Figure 7). This pattern was reflected by the scarcity of significant associations 

between total bird abundance and vegetation characteristics (Table 14). Between season 

differences in total bird abundance were influenced primarily by winter values (Figure 7). 

During winter, I observed larger values of total bird abundance among those sites with 

little or no woody cover (Figure 4: sites 13-16, 19, and 20). The inverse association 

between tree cover (TR) and vertical height diversity of woody plants with total bird 

abundance reflected the influence of those sites. Study sites with < 1 % woody cover 

supported >100 individuals on average. Chestnut-collared longspurs and homed larks, 

both of which formed large foraging flocks during winter, were the most common bird 

species present. 

Bird species richness versus total bird abundance 

The pattern that emerged from winter data show bird species richness (BSR) first 

increases, then decreases, as total bird abundance (TEA) increases (Figure 8). High 

levels of TBA and low BSR were represented by sites (n = 7) with high grass cover (GR) 

(X = 62.43, SD = 6.59), low woody plant cover (WO) (X = 0.17, SD = 0.26), and low 

shrub species richness (SSR) (X = 0.33, SD = 0.82). Bird species richness varied 

considerably among sites at intermediate levels of TBA (Figure 8). Examination of these 

sites revealed SSR (X = 4.36, SD = 3.17), WO (X = 9.16, SD = 3.95), and the coefficient 

of variation among sites in shrub cover (CV = 61.2) was considerably greater than at sites 



with lower levels of BSR and TBA (CV = 1.42). Sites exhibiting low levels of TBA also 

exhibited, on average, low BSR (Figure 8) (n = 8). 



DISCUSSION 

Results of my study, along with earlier work in desert grasslands of Arizona and 

New Mexico (Maurer 1985, Bock and Webb 1984, Bock et al. 1984, Naranjo and Raitt 

1993), show that woody plant cover strongly influences the presence and relative 

abundance of particular bird species. I revealed several significant associations between 

bird species and woody plant related variables across my gradient of decreasing woody 

cover and increasing grass cover. 

The range of vegetation types influenced characteristics of the bird assemblages 

present during my study. The most obvious characteristics of the bird assemblages I 

revealed were the rarity of species associated with high levels of woody cover such as 

verdins and black-tailed gnatcatchers (Polioptila melanura) (Ehrlich et al. 1988). Other 

characteristics include the presence of sensitive grassland birds such as grasshopper 

sparrows and a relatively rich array of wintering migrant sparrow species. 

Bird-Habitat Relationships in Winter and Summer Seasons 

Grasshopper sparrows, horned larks, and chestnut-collared longspurs 

Among resident bird sp)ecies, grasshopper sparrows exhibited the largest shift in 

between-season distribution along the gradient of increasing woody cover and decreasing 

grass cover. Grasshopper sparrows are considered highly sensitive to invasion of woody 

plant cover in grasslands (Wiens 1969, Whitmore 1981, Bock and Bock 1992). The 

reduction in distribution during summer, coupled with a significant increase in the 

number of vegetation relationships suggest habitat sensitivity in this species may apply 
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primarily during the breeding season where suitable nest sites and other breeding related 

vegetation variables are a prerequisite to reproductive success. Although studies have 

been conducted during both seasons in desert grasslands of southeast Arizona (Bock and 

Bock 1988), no direct between season comparisons of habitat selection were made for 

this species. Long-term and ongoing research in the Animas Valley of New Mexico 

suggests that grasshopper sparrows may migrate locally during winter (S. O. Williams, 

New Mexico Dep. Game and Fish, pers. commun.). The results of my study concur with 

research findings in New Mexico. In both cases a low number of grasshopper sparrows 

are observed during winter relative to the summer breeding season in plains grasslands. 

Thus, grasshopper sparrows may select a limited range of environments during the 

summer breeding season but inhabit a variety of vegetation types to inhabit during winter. 

During the breeding season, grasshopper sparrows occupy vegetation types 

ranging from pure native grasslands to grasslands intermixed with shrubs in the 

southwest (Vickery 1994). No study to date has provided knowledge of the reproductive 

success of this species among the range of vegetation types they occupy in desert 

grasslands of the southwest. Although my data indicate preference by grasshopper 

sparrows for plains grasslands during the summer breeding season, other measures such 

as nesting success are needed to assess habitat quality (Vickery et al. 1992). 

Other species responding negatively to small increases in woody cover included 

chesmut-collared longspurs and homed larks. These species occurred only at sites with 

<11% woody cover and reached their highest frequencies at sites with < 4% woody 

cover. Chestnut-collared longspurs breed at more northern latitudes and winter in the 
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southern United States and northern Mexico (Rising 1996). Homed larks are year-round 

residents of Arizona and New Mexico and are a common occupant of open vegetation 

types across North America (Season 1995). 

Homed lark numbers have remained relatively stable in the southwest compared 

to the rest of the United States (Beason 1995). 1 observed high numbers of homed larks 

during winter at 5 study sites (5 survey average >30 individuals). All of these sites could 

be classified as desert plains grassland. Although southern subspecies of homed lark are 

resident (Beason 1995), northern subspecies are completely migratory (Beason 1995). 1 

detected 25% more homed lark individuals during winter. Higher detection rates may be 

a function of individuals migrating to the region from the north during winter. 

Chestnut-collared longspurs, like homed larks, showed intolerance for the 

presence of woody plants. 1 observed no chestnut-collared longspurs at sites with >1.0% 

woody plant cover but were most abundant at sites with <4.0%. Although chestnut-

collared longspurs are tvpically found in small flocks during the winter (Rising 1996), 1 

observed flocks of >50 individuals. This species has experienced a substantial decrease 

in abundance in recent times, presumably as a consequence of the destruction of prairie 

habitat on their breeding grounds (Rising 1996). My results show that at least some areas 

of southeast Arizona still provide adequate wintering grounds for this species. Thus, 

protection and restoration of desert grasslands may be an integral part of a recovery plan 

for chestnut-collared longspurs. 

Grasshopper sparrows, homed larks, and chestnut-collared longspurs all showed 

sensitivitv" to the level of woody plant cover but only chestnut-collared longspurs were 
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associated with the level of grass cover during winter. In view of the large flocks of 

chestnut-collared longspurs I observed it seems likely that only sites with a large source 

of seeds could support their numbers. Six of my study sites where large flocks of 

chestnut-collared longspurs occurred could be characterized as plains grassland. Desert 

plains grassland occurs at higher elevations and generally receives higher amounts of 

precipitation relative to other desert grassland types. These characteristics likely lead to 

higher levels of grass and seed production which, in turn, appear to support larger 

numbers of birds. 

Winter sparrow species richness 

Results of my winter surveys showed many of my sites supported a rich array of 

sparrow species. Sparrows have similar physical attributes such as body size and conical 

bills to shell seeds, an important component of their diet during winter (Rising 1996). 

Sparrow species also exhibited similar behavioral characteristics, especially during 

winter, such as formation of flocks, foraging on the ground, and feeding on seeds. While 

these similarities may suggest different sparrows may operate as competitors, several 

sparrow species coexisted at several study sites. The factors that allow several sparrow 

species to coexist have been a focus of past research (Dunning and Brown 1982, Pulliam 

1986, Lima and Valone 1991). Two dominant theories have been proposed. First, the 

abundance of wintering sparrows is influenced by seed production. During periods of 

food shortage, each sparrow species occupies a narrower range of habitat conditions 

where it it is able to obtain sufficient resources to survive (Pulliam 1986). During periods 

of food abundance, sparrows are found in a wider variety of habitats and appear to 
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specialize on particular types of seeds. Thus, more sparrow species may coexist during 

periods of food abundance than during periods of food shortage. 

Southeastern Arizona and southwestern New Mexico represent the northern 

extent of the wintering range for many of the migrant sparrow species I detected- Thus, 

during fjeriods of food abundance, it is more energetically economical for these species to 

stay put than to expend the energy to migrate further south (Pulliam 1986). During 

periods of food shortage, it may be more economical for particular species to migrate 

further south where they can specialize on a particular range of environmental conditions 

which would then lower the propensit>' for competitive interactions. 

The second theory suggests predation may strongly influence the coexistence of 

sparrow species (Lima and Valone 1991). Many bird species are known to escape 

predators by fleeing into woody cover (Lima and Valone 1991). During winter, some 

t\pes of desert grasslands (i.e.. semidesert) have the potential to provide food (grass seed) 

and cover for many bird species, especially sparrows. For example, several sparrow 

species coexist m desen grasslands intermixed with woody cover during winter. The 

abiht\ of several sparrow species to coexist in desert grasslands may be related to 

adaptions by individual species. An example being the method of predator avoidance 

expressed through the foraging distance from cover Pulliam and Mills (1977) studied 

the use of space by wintenng sparrows in southeast Arizona and found that each sparrow 

species tended to be most common at a particular distance from cover Thus, 

microhabuat use as measured by foraging distance likely plays a role in the coexistence 

ot sparrow species in desen grasslands during winter. Results of my studv also suggest 



microhabitat use, expressed by the species of woody plant used for cover, effects the 

ability of sparrow species to coexist. 

Whether food limitation or predator avoidance act as the primary factor regulating 

winter assemblages of sparrow species is still a subject of debate. My results suggest that 

both processes may be in effect. Sparrow species richness was positively associated with 

woody cover, shrub species richness, and grass species diversity. At finer scales of 

resolution, several sparrows were also related to particular grass and woody plant species. 

Thus, sites with at least some woody plant cover, a greater variety of shrub species, and a 

diversity of native grass species may support a greater variety of sparrow species. 

Woody plants provided a form of protection from predators, increased shrub species 

richness may have provided microhabitats to which individual species responded to, and 

grass species diversity provided the opportunity for individual species to specialize on 

those seeds which are a preferred food source. 

Winter range maps of sparrow species shows the southern portion of the United 

States supports the greatest variety of sparrow species relative to the rest of the country. 

My study, along with others conducted in southern Arizona grasslands (Bock and Bock 

1988, Bock and Bock 1992, Bock 1987, Bock et al. 1984, Lima and Valone 1991, 

Pulliam 1982) confirms that several sparrow species form unique wintering communities 

in desert grasslands of Arizona and New Mexico. These are unique assemblages of 

similar species and should be recognized as a community deserving continued study and 

conservation. 



Grass cover as a habitat component 

During winter, the amount of grass cover did not appear, for a majority of the 

birds species I detected, to serve as an important variable influencmg presence and 

relative abundance. During summer, the level of grass cover was significantly associated 

to several bird species included in our analyses. Because grass seed plays less of a role in 

bird diets during the breeding season (Gill 1994), the associations I revealed between 

birds and grass cover are more likely a function of structure than food. For example, 

homed larks and grasshopper sparrows are species who build their nests on the ground 

and use grass as form of nest cover and protection from predators. These species were 

positively associated with grass cover. Understanding the negative relationship between 

particular bird species and grass cover is not as simple to explain. Woody plant cover 

showed a strong inverse relationship with grass cover. During summer, bird species who 

selected areas with woody plants present often showed an inverse relationship with grass 

cover. Whether grass cover is directly related to habitat quality or is just a product of the 

relation between woody plants and grass is difficult to discern. For example, ash-

throated flycatchers nest in trees such as mesquite (Ehrlich et al., 1988). Thus, they are 

likely to be positively related to woody cover variables. The negative relationship this 

species showed with grass cover may only appear because of the strong inverse 

relationship between woody plants and grass cover. In other cases, species may actually 

avoid areas with higher levels of grass cover irrespective of the level of woody cover. 

For example, black-throated sparrows may perceive higher levels of grass cover as an 

impediment to detecting predators or keeping an eye on young fledglings on the ground. 
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Studies of reproductive success and levels of predation among areas with similar levels of 

woody cover but harboring different levels of grass cover may be able to determine how 

important or detrimental varying levels of grass cover are to particular bird species. 

On a large scale, woody plant levels appear to play a large role in determining species 

presence and abundance in desert grasslands. On a smaller scale, varying levels of grass 

cover within areas harboring particular levels of woody plants may also affect 

reproductive success of particular bird species. 

Structure versus flonstics 

Horizontal and vertical vegetation structure in the form of shrub and tree cover 

appears to play an important role in formation of bird assemblages in desert grasslands 

across my study region. Considering the entire vegetation gradient I examined, most 

bird-vegetation associations were represented by structural variables. However, when 

sites were separated out based upon levels of woody plant cover and reanalyzed, more 

than half of the bird-vegetation associations were between birds and specific plant 

species. Thus, at a larger scale, study sites with little or no woody cover figured 

prominently in the bird-vegetation relationships. This pattern has appeared before in 

previous studies that looked at bird diversities along vegetation gradients (Estades 1997), 

and is likely a product of larger scales obscuring relationships that exist between birds 

and individual plant species. Scale is related to the range of vegetation types observed. 

For example, my analysis of bird-vegetation relationships across our entire gradient of 

desert grasslands represents a large scale approach. Division of my gradient into sections 

based upon the level of woody cover represents a finer scale of analysis. Estades (1997), 



used the same interpretation of scale in a study of bird-habitat relationships along a 

vegetation gradient in Chile. He examined bird-vegetation associations across a 

vegetation gradient and also conducted analyses on subsets of his sites based upon woody 

plant characteristics. His results, like the present study, showed that analyses conducted 

at finer scales revealed a larger proportion of bird-plant species associations than at larger 

scales. Thus, interpretation of results should be made in view of the scale at which a 

study is conducted. 

Behavioral studies provide an example of how finer scale relationships between 

particular bird species and plant species can be examined. For example, I may wish to 

know how shrub species richness plays an important role in sparrow species coexistence 

during winter. Observing the types of shrubs used by particular bird species within a set 

of sites where sparrows coexist and shrub species composition and richness varies would 

likely provide insightful information. Some birds may exhibit a narrow set of shrub 

species it will use as cover while other species may appear as generalists and chose from 

a wide variety of shrub species. Ultimately, thoughtful questions and appropriate study 

designs are needed to answer questions of bird habitat relationships. Again, recognition 

of the scale of observation and understanding the opportunities and limitations of that 

scale are a prerequisite to developing and answering questions. 



Bird Community Characteristics 

Uncommon bird species 

Woody plant levels beyond the range I measured likely support bird assemblages 

typical of Sonoran Desert scrub and other vegetation associations where woody cover 

such as mesquite forms dense stands. Because >80% of my sites had woody cover levels 

< 15%, species associated with higher levels of woody cover such as verdins, black-tailed 

gnatcatchers, and pyrrhuloxia (Cardinalis sinuatus) were rare. Although the geographic 

range of these species overlaps my study area, the range of vegetation types I measured 

clearly does not provide adequate habitat for these bird species. In other cases, rarity of a 

bird species appears to be related to the pxjsition of my study area in relation to the 

geographic range in which a species is known to occur. Both field sparrows (Spizelle 

pusilla) and rufous-winged sparrows (Aimophila carpalis) were rarely detected. The 

geographic range of these two species does not include my study region although the 

eastern extent of rufous-winged sparrows is close (Rising 1996). 

Baird's sparrows were rarely detected and Sprague's pipit (Anthus rubescens) was 

not detected at all during my study although these species are considered typical of 

grassland habitats. Both of these species winter in grasslands of the southwest and are 

experiencing rangewide declines in population numbers due to habitat loss (Sauer et al. 

1995, Rising 1996). Loss of habitat has been attributed to overgrazing and agriculture. 

Scietific attention has focused primarily on the breeding range of these species although 

loss of wintering habitat may also play a role in population declines. The scarcity of 

these two species during winter at sites that appeared to provide adequate habitat are 
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further indications that these species are declining. Baird's sparrows and Sprague's pipit 

are solitary and secretive, especially on their wintering grounds (Sauer et al. 1995, Rising 

1996). Thus, it is difficult to detect individuals and monitor winter populations. Other 

techniques besides line or point surveys are likely more appropriate to determine whether 

these species are present in a particular area. For example, the use of mist nets along 

with flushing techniques may provide a more adequate assessment of the presence and 

population status of these species. 

Shifts in species assemblages 

Within the range of vegetation types I measured, the most noticeable shift in bird 

species composition occurred when woody cover reached levels between 4 and 8%. 

Woody cover levels below 8% typically supported fewer species and were represented 

primarily by grasshopper sparrows, homed larks, chestnut-collared longspurs, and eastern 

meadowlarks. These four species represent a bird assemblage characteristic of desert 

plains grasslands. Once woody plant levels reach levels > 8% grasshopper sparrows, 

homed larks, and chestnut-collared longspurs became rare and a variety of other species 

became common. Woody plant levels alone did not separate out other noticeable bird 

species assemblages. Principal components analysis was then helpful in discerning if 

other groups of bird species may respond similarly to a combination of vegetation 

characteristics. 

Species associations with the second and third PCA axes of the winter model 

represented how species respond to vertical structure of the vegetation. During winter, 

scaled quail, grasshopper sparrows, eastern meadowlarks. Brewer's sparrows, and 
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savanna sparrows all responded similarly to lower levels of woody plant and herbaceous 

vertical structure. All of these species are associated with open, grassy areas except for 

Brewer's sparrows. During winter. Brewer's sparrows are documented to occur in a 

variety of vegetation types (Rising 1996, Swanson 1996, Ehrlich et al. 1988). Thus, this 

group of birds may represent a 'semidesert grassland' bird assemblage that forms during 

winter. Semidesert grasslands typically contain shrub species and low growing tree 

species such as mesquite at low densities. Mourning doves, cactus wrens, black-throated 

sparrows, and vesper sparrows also formed a small cluster of species during winter. 

These species were similarly associated to higher levels of woody plant vertical structure 

and cover. During summer, a similar cluster of species appeared that included mourning 

doves, cactus wrens, black-throated sparrows, and scaled quail. These species were 

commonly observed together and formed a recognizable assemblage of species. These 

species may represent a bird assemblage characteristic of areas where woody plants are 

present but are composed of taller tree species such as mesquite and acacia. 

Although my study clearly revealed the plains grassland bird assemblage, it also 

identified two other possible bird assemblages. These less clearly defined assemblages 

may, in reality, represent groups of species who respond similarly to vegetation 

characteristics and are natural components of desert grasslands. These assemblages may 

also represent a succession of shifts in the bird conmiunity influenced by the presence 

and structure of woody plant species and driven by natural and human caused 

disturbances to the landscape. 
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Species richness within and among seasons 

My results show the mechanisms acting upon bird species richness during winter 

are likely different from mechanisms acting during summer. For example, the variety of 

shrubs used in predator avoidance may be more important during winter while the form 

of woody cover for nest placement may be more important during summer. Also, the 

amount and type of resources required by individuals is likely different between seasons. 

During winter, the demand for food is focused only on the individual while during 

summer, the demand for food may increase to include feeding young as well. 

Despite different mechanisms, woody cover appears to play a pivotal role m 

affecting bird species richness in desert grasslands. During winter, complexity of woody 

cover rather than just presence appears to have more of an influence on bird species 

richness within areas containing woody plants. During summer, the level of woody cover 

alone was the most dominant factor affecting bird species richness. MacArthur and 

MacArthur (1961) formalized the relationship between the diversity of bird species and 

the complexity of vegetation, finding that the number of bird species in an area varies in 

direct proportion to the number of layers of vegetation. Complexity in this study refers to 

vertical height diversity (MacArthur and MacArthur 1961) and the variety of woody 

plants such as shrubs. 

Plant communities within my study region varied in the types and amount of 

resources present. Similarly, the total bird community of desert grasslands consists of 

several species, each of which differs in the type and range of resources it can use. For 

example, the plant community of desert plains grasslands are characteristically simple in 
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vegetation structure and composition. Thus, it is likely that this type of plant community 

is incapable of supporting a large variety of bird species. My study supported this notion. 

Bird species characteristic of desert plains grasslands likely have adaptations (i.e., 

predator avoidance, nest concealment) that allow them to obtain and use the energy 

available in the environment. As the vegetation community becomes more complex, so 

does the variety of species it can support. For example, study sites that supported a 

variety of grass species intermixed with a variety of shrub species (semidesert grasslands) 

always supported higher bird species richness than plains grassland sites. Notably, these 

sites did not support species typically found in plains grasslands. 

Past studies have suggested there could be several processes that affect species 

richness (Wright et al. 1993). Besides vegetation complexity, energy related factors such 

as precipitation and temperature also show significant relationships with species richness 

(Pianka 1967, Abramsky and Rosenzweig 1984). Thus, additional insight on the 

mechanisms affecting species richness in desert grasslands, especially semidesert 

grasslands, may be gained by collecting data such as precipitation and temperature. Sites 

characteristic of semidesert grasslands in this study supported varying numbers of bird 

species. Although woody plant complexity explained a considerable amount of the 

variation in species richness it was not able to explain most of the variation. Other 

variables, such as precipitation and temperature may have provided more insight. 

Total bird abundance 

During winter, total bird abundance was highest on study areas characteristic of 

desert plains grasslands. Plains grasslands typically occur at higher elevations and 
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experience cooler winter temperatures and higher levels of precipitation than other desert 

grassland types (i.e., semidesert grasslands). Thus, there is the potential for higher levels 

of primary productivity in the from of grass. Although 1 did not measure precipitation, 

study sites fitting the vegetation and elevation characteristics of plains grassland had the 

highest levels of grass cover in my study. Thus, I assume plains grassland sites provided 

an abundant source of seed. These sites exhibited the largest concentrations of 

individuals among sites and typically supported only 3 species. These species were 

grasshopper sparrows, homed larks, and chestnut-collared longspurs. Sites exhibiting the 

lowest levels of bird abundance also harbored fewer species. 

Although 1 studied a range of desert grassland plant communities, most sites were 

able to support a similar number of individuals, especially during summer. Thus, few 

correlates were found between total bird abundance and vegetation characteristics I 

measured. Only when 1 examined total bird abundance in relation to bird species 

richness among sites did I find an interesting curvilinear relationship. 

Species richness versus total abundance 

The relationship of productivity and species diversity on a regional scale exhibits 

a curvilinear pattern; as productivity rises, first diversity increases, then it declines 

(Rosenzweig and Abramsky 1993). This pattern has emerged in plant and animal 

systems (Owen 1988, Abramsky and Rosenzweig 1984). Productivity is the rate of 

energy flow through an ecosystem and has often been represented by some index rather 

than measured directly (Rosenzweig and Abramsky 1993). Using total bird abundance as 

a surrogate for productivity, 1 revealed a similar pattern during winter. As total bird 
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abundance increased, first bird species richness increased, then it declined. On average, 

study sites with the highest levels of grass cover also harbored the greatest number of 

individuals. The production of grass is related to the amount of precipitation and 

precipitation is often used to represent productivity (Rosenzweig and Abramsky 1993). 

Thus, the observed relationship between total bird abundance and grass level may 

validate the use of total bird abundance as an index of productivity. 

Species richness was greatest at intermediate levels of total bird abundance 

(TBA). Vegetation characteristics of sites with intermediate levels of TBA exhibited 

greater shrub species richness and variability in shrub cover. Fewer bird species were 

observed at high and low TBA. Vegetation characteristics that appeared to explain low 

species richness at these sites were the level of grass cover, shrub species richness, and 

the level of woody cover. Thus, a combination of vegetation complexity and the 

availability of adequate food in the form of grass seed likely produced the pattem I 

observed during winter. 
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MANAGEMENT IMPLICATIONS 

Historic and present invasion of desert grassland plant communities by exotic 

grasses and woody plant species in addition to landscape fragmentation constitute serious 

threats to the variety of plants and wildlife that inhabits these landscapes. The ability to 

restore plant and animal communities characteristic of desert grasslands depends on 

factors such as site potential, management practices, and economics (Roundy and 

Biedenbender 1995). Seeding of native grass species and introduction of fire to remove 

woody cover are examples of the management practices used to restore desert grasslands 

(Roundy and Biendenbender 1995, McPherson 1995). Today, restoration goals in desert 

grasslands include increasing or maintaining wildlife populations, watershed protection, 

and production of forage for livestock. If one of the goals of restoration is to increase 

populations of sensitive grassland bird species and communities, efforts are needed to 

protect and enlarge those areas still harboring plant communities characteristic of desert 

grasslands. As a first step, a program should at least be developed to monitor population 

trends of sensitive grassland birds. Such a program will allow an assessment of whether 

efforts to restore and protect desert grasslands have made an impact on the bird 

commimity. 

Monitoring sensitive desert grassland birds 

Desert grasslands of the San Bernardino and San Simon Valleys of Arizona and 

the Animas Valley of New Mexico have experienced a continual shift from open 

grassland to shrubland. Based upon historical records of changes in landscape 

conditions, it is evident that much of the damage caused by livestock grazing in this 
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region occurred at the turn of the century (Bahre 1991). Despite these landscape changes 

and continued use of the land for livestock grazing, small to large tracts of relatively 

intact desert grassland still remain in the region and support a variety of grassland 

associated bird species. 

Grasshopper sparrows, homed larks, and chestnut-collared longspurs inhabit 

desert grasslands within my study region. Each of these species appears to respond 

negatively to invasion of woody plants in desert grasslands. As woody cover increases, 

the abundance of sensitive grassland birds decreases. Because grasshopper sparrows and 

chestnut-collared longspurs show a decreasing trend in population numbers throughout 

the United States (Sauer et al. 1997), establishment of a monitoring program to assess 

population trends in desert grasslands of Arizona is warranted. Sensitive desert grassland 

bird species such as grasshopper sparrows within my study region likely contribute to the 

entire population of this species in desert grasslands as a whole. The extent of their 

contribution is unknown but may be substantial. If a program to monitor sensitive 

grassland birds is established in desert grasslands of Arizona and New Mexico, desert 

grasslands of our study region should be included. 

Currently, the North American Breeding Bird Survey (BBS) is the only source of 

long term population trends of desert grassland birds. Breeding Bird Survey routes are 

randomly located through each state to sample vegetation types that are representative of 

an entire region. Because desert grasslands are scattered throughout the southwest and 

the random nature of survey routes, the BBS has not adequately sampled from desert 

grasslands. An example is the grasshopper sparrow. From 1986 tc 1996, the BBS trend 



estimate was based upon only two transects where this species was detected. The BBS 

clearly states it's drawbacks with regard to methodology but it is clear that other 

monitoring efforts are needed to adequately assess trends in desert grassland bird 

populations. 

Using my study region as an example, I provide the framework for a program to 

monitor populations of desert grassland birds. As a precursor to developing a monitoring 

program, I suggest the use of extensive, preliminary surveys to establish a baseline of 

species presence and an estimate of population variance within a region. Based upon 

data from my study I calculated the suggested number of transects to adequately monitor 

trends of desert grassland bird populations within my study region. I used the following 

equation; 

n = (sV 5^) * (t a,v +1 p,v) (Zar 1996:107-110), 

where 5 = the detectable population change we wish to observe, n = the minimum sample 

size required to detect 5, s' = an estimate of population variance for the region, a = the 

probability of committing a Type I error = 0.05, and P = the probability of committing a 

Type II error = 0.10. The minimum sample size n represents the number of transects 

needed to detecting a specified change (5) in abundance of sensitive desert grassland bird 

species. 

Based upon this analysis, I recommend that a minimum of 6, 1-km survey 

transects should be established within my study region to begin long-term monitoring of 

desert grassland bird populations. I used data on bird species who decrease in response to 

increases in woody plant cover and are of concern to management agencies (e.g.. 



grasshopper sparrows) to determine monitoring guidelines. If 6 transects are established 

in this region to monitor populations of desert grassland birds I could expect an 11.0% 

change (= 2-tailed test) in the abundance of chestnut-collared longspurs during winter 

with power of 90% and alpha of 0.05, or a 6.5% change (= 2-tailed test) in the abundance 

of homed larks with power of 90% and alpha of 0.05, or a 6.0% change (= 2-tailed test) 

in the abundance of grasshopper sparrows with power of 90% and alpha of 0.05. 

Transects should be located in grasslands with woody plant cover <10%. My 

results show that grasshopper sparrows inhabit only those vegetation associations with 

<10% woody plant cover during summer. Chestnut-collared longspurs during winter and 

homed larks during both seasons showed a similar pattern of distribution with respect to 

woody plant cover. If management resources permit, these transects should be surveyed 

in winter and summer. Bird surveys and vegetation sampling could follow the methods 

presented in this study. 

Habitat restoration 

Habitat for grasshopper sparrows, homed larks, and chestnut-collared longspurs 

were highly associated with woody plant levels and grass cover. Based upon my results, 

reduction of woody plant levels below 10% could provide additional habitat and likely 

enhance populations of these species. Seeding of native grass species may also enhance 

habitat quality. Homed larks and grasshopper sparrows were observed breeding 

wherever woody plant levels were <10% except at those sites dominated by Lehmann's 

lovegrass. Previous research in desert grasslands has also confirmed the effect exotic 

grass appears to have on bird communities in desert grasslands (Bock and Bock 1988). 
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Beyond the effect of exotic grasses we know little about the characteristics of desert 

grassland vegetation that enhance reproductive success in homed larks and grasshopper 

sparrows. Baseline reproductive data on these species is lacking for populations in desert 

grasslands. These type of data are essential to identify habitat components that enhance 

reproductive success of sensitive bird species in desert grasslands. Thus, I recommend 

research be initiated to identify' specific habitat elements that promote reproductive 

success in sensitive grassland birds. Research should include study areas in the San 

Rafael and Sonoita grasslands, and the San Simon, San Bernardino, Sulphur Springs, and 

Altar Valleys. All of these regions contain vegetation associations that are likely to 

support the presence of sensitive grassland birds such as grasshopper sparrows. 

Desert grasslands also include bird species that are less sensitive to increases in 

woody cover and appear to prefer areas with at least some woody plant cover. 

Grasslands v^ath small amounts of woody plant cover are often referred to as semiarid 

grasslands. In areas with >4% woody plant cover I observed a rich array of bird species, 

especially during the winter season. Among the vegetation characteristics I measured, 

shrub species richness appeared to play a large role in species richness. Although grass 

species richness was not associated with bird species richness, we revealed associations 

with particular grass species. These grass species included: blue grama (Bouteloua 

gracilis), alkali sacaton (Sporobolus airoides). purple threeawn (Aristida purpurea). 

tobosa (Hilaria mutica). plains bristlegrass (Setana macrostachva). plains lovegrass 

(Eragrostis intermedia), and stinkgrass (Eragrostis cilianensis). All of these species are 

characteristic of native plant communities in desert grasslands except for Eragrostis 



cilianensis. Thus, I recommend the inclusion of the above mentioned grass species when 

re-vegetation efforts are undertaken. These grass species are likely to provide resources 

for both birds as well as excellent forage for cattle (Jordan 1980). 

Semidesert grassland bird communities 

Semidesert grasslands are grasslands intermixed with small shrubs, trees, and 

cacti. Semidesert grasslands were represented within the range of vegetation types we 

measured. Bird species commonly occurring in these areas included year-round residents 

such as scaled quail, rufous-crowned sparrows (Aimophila ruficeps), Cassin's sparrows 

(Aimophila Cassinii), black-throated sparrows, eastern meadowlarks, and loggerhead 

shrikes. 1 also detected several migrant species such as vesper sparrows (Pooecetes 

gramineus). white-crowned sparrows (Zonotrichia leucophrvs). and Brewer's sparrows 

(Spizella Brewen). All of the above mentioned species are known to occur in semidesert 

grasslands (Rising 1996, Ehrlich et al. 1988). Breeding bird survey (BBS) results for 

Arizona show a declining trend in populations of scaled quail, rufous-crowned sparrows, 

Cassin's sparrows, black-throated sparrows, and loggerhead shrikes within the last 

decade. Although grasshopper sparrows are a species of concern in Arizona, birds of 

semidesert grasslands should also be considered when grassland restoration programs are 

developed. 

Specific recommendations include: 

1) Site potential. Focus restoration of grasslands in those areas where woody cover can 

be reduced to levels below 20% without an enormous amount of resources and 

money. Woody plant levels below 20% would encompass semidesert and desert 



53 

plains grassland bird communities. Areas where woody plant levels are >50%, 

include large mature trees (>2.0-m), and contain low levels of grass cover, a 

tremendous amount of effort is needed to restore desert grassland plant communities. 

In areas with > 20% woody plant levels we would expect that bird species 

characteristic of Sonoran and Chihuahuan desert scrub, such as verdins and 

gnatcatchers, to be more prevalent and the abundance and richness of semidesert 

grassland birds to be reduced. 

If the management goal is to increase the prevalence and success of particular 

bird species such as grasshopper sparrows, Baird's sparrows, and other birds who are 

negatively associated with woody plant cover, my results suggest reducing woody 

plant levels below 10%. If the management goal is to increase bird species richness 

and prevalence of species associated with grasslands intermixed with woody plants 

(semidesert grassland), my results suggest keeping woody plant levels between 8 and 

20%. This range of woody plant levels appears to support a wide variety of bird 

species associated with semidesert grasslands, especially during winter. 

2) Plant species richness. Little is known about habitat characteristics of birds within 

semidesert grasslands. Our results show that a diversity of shrub species at least 

enhances overall bird species richness. Thus, vegetation characteristics used to 

determine site potential for restoration should include natural diversity of native grass 

species and shrub species diversity. Bird species inhabiting semidesert grasslands 

likely perceive shrub species differently with respect to use in predator avoidance and 

as nesting substrates. 
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Grazing, 

Over the past century, cattle ranching has been the primary use of lands within my 

study region. Today, cattle ranching is still the primary land use. Except for the San 

Bernardino National Wildlife Refuge, all of my study sites occurred on lands which are 

currently grazed. The intensity of grazing pressure, patchiness of precipitation, elevation, 

and soil characteristics have all played a role shaping the desert grassland plant 

communities that currently exist in the region. Of course, cattle grazing has received 

most of the attention. It appears that resistance to disturbances such as grazing is highly 

dependent upon intensity of land use over time and the physical characteristics of the 

land. For example, some areas have been grazed for over a century but still support 

native grass and wildlife species typical of desert grasslands and have not been invaded 

by woody plants. Other areas with a long history of grazing have been transformed 

through time from grasslands with no woody cover to almost pure stands of mesquite and 

acacia (Hastings and Turner 1965). My results show that cattle grasnng within some 

areas of my study region can coexist with a variety of native grass and bird species 

typical of desert grasslands. Whether this relationship can persist into the future is 

unknown but appears dependent upon changing climate, intensity of land use, and the 

ability of land managers to manage and understand the dynamics of plant and wildlife 

populations. In addition to gathering information on abundance and distribution, study of 

relative reproductive success of particular wildlife species within areas that are grazed are 

needed. Presently, researchers have only compared presence and abundance of bird 

species on grazed and non-grazed landscapes. These type of data will greatly enhance 
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the ability of resource agencies and land managers to make informed decisions relative to 

restoration and management of public lands. 
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Table 1. Mean vegetation characteristics of 28 desert grassland sites in southeastern 
Arizona and southwestern New Mexico, winter 1996-1997 and summer 1997. 

Winter Summer 

X SD Ranee X SD Range 

Horizontal cover (%) 

BG 17.3 6.4 8.2-28.8 15.5 6.1 5.5-26.0 

LI 14.8 5.7 4.0-26.3 17.8 7.0 4.0-40.0 

PE 6.8 4.5 1.0-16.3 10.2 9.2 1.0-33.5 

CO 2.0 1.9 0.0-7.3 1.9 1.9 0.0-7.3 

GR 49.3 12.3 21.0-68.8 44.3 15.4 13.25-68.8 

FO 2.8 J.J 0.0-11.5 4.6 7.6 0.0-32.8 

SH 2.9 3.5 0.0-12.5 3.0 3.2 0.0-10.0 

TR 3.5 3,8 0.0-14.0 3.4 5.4 0.0-23.3 

WO 6.4 5.3 0.0-15.5 6.3 6,9 0.0-31.4 

Vertical cover 

VHDG 0.88 0,26 0,04-1.20 0.78 0.29 0.04-1.20 

VHDW 0.13 0,21 0.0-0.71 0.17 0..26 0.0-1.00 

Plant species nchness 

GSR 8.8 4,3 3.0-17.0 8.4 3.5 2.0-14,0 

GSD 0.73 0,38 0.02-1.36 0.71 0.39 0,02-1.51 

SSR 2.2 2.7 0.0-9.0 2.4 2.5 0.0-9.0 

TSR 1.2 0.8 0,0-3.0 1.1 0.9 0.0-3.0 

BG = bare ground, LI = litter. PE = pebble. CO = cobble. GR = grass, FO = forb, SH = shrub, TR 
= tree. WO = woody plants (shrubs and trees). \ HDG = grass vertical height diversity, VHDW = 
woody plant vertical height diversity. GSR = grass species richness, GSD = grass species 
diversitv', SSR = shrub species richness. TSR = tree species richness. 



Table 2 (irass species occurring in ihe San Bernardino and San Sii 

Valley of southwest New Mexico 

Scienlific name 

l.eplocliloa tliil'onnis (l.am.) lieauv 

Hiiiiria muljca (Buck! ) Iknth. 

Bonteloua curtincndula (Mich\) TOIT. 

Aristida adscensioiiis i. 

Bouteloua eriopoda (Ton.) I'orr. 

Bouteloua uraciiisdi. B. K.) Lay. 

Panicuin obtusiim M. B. K, 

Andropom)!! saccliaroidcs I .ay. 

Aristida divarcala llumlv and Bonpl. ex Willd. 

Aristida puipurca Niilt. var longisela Vasey 

F.raurostis ieiuuanniana Nees. 

Bouteloua barbata l.ag. 

Eraurostis intennedia llitchc. 

Chloris virpata Swanz. 

Hordeum pusillum Null. 

Setaria macrostaclwa H B. K 

Tridenspulchellus(Il.B.K.) Hitche. 

Bouteloua arislidoides (II.B.K.) 

i^eptocliloa dubia (H. B. K ) Nees. 

Mulilenhcruia luivardii 

SporolK)lus airoidcs (Ton.) Torr 

Common name 

Red spranjilelop 

Tobosa 

Sideoats yrama 

Si.\-\vecks three-awn 

Black grama 

Blue grama 

Vine mesc|uile 

Silver beardgrass 

Poverty three-awn 

Purple threeawn 

l.ehmann's lovegrass 

Six-weeks grama 

Plains lovegrass 

I'ealher fingergiass 

l ittle barley 

Plains hristlegrass 

Fluffgrass 

Needle granut 

Green sprangletop 

Alkali sacaton 

Valleys of southeast Arizona and the Animas 

No. sites where species occurred Life span 

(n 28). 

24 annual 

20 perennial 

17 perennial 

16 annual 

16 perennial 

16 perennial 

15 perennial 

11 perennial 

9 pereiniial 

perennial 

0 perennial 

7 annual 

7 perennial 

6 annual 

6 antnial 

5 perennial 

5 perennial 

4 annual 

4 perennial 

4 •' 

4 perennial 



Table 2. Continued. 
Scicnlillc name Conunon name No. sites where speeies 

oceurred (n - 28). 

[.lie 

span 

Miihlenber^ia icpens (Presl) llilchc. ('recpiny inuhly ? perennial 

1 richachnc calii'oiiiicn (Bcntli.) Chase Collonlop } perennial 

liraurostis cilianensis (All U ulali Stinkjivass f annual 

Lvcunis setosus (ll.li.K.) 2 ') 

Panicuni capillaie 1 . Wilchgiass 2 perennial 

Sporobolus crvptandrus (Ton ) A CIrav. Sand dropsced 2 perennial 

Cvnodon dactvlon (l„) I'crs Bennuda grass 1 perennial 

Eiaurostis curvula vai conf'ctia (Schiad.) Necs. Wecpiin-'. lo\eyrass 1 perennial 

Eranrostis pcctinaceae \ai pectinaceae (Michx ) Nees. 1 

Milaria Belanjicri (Steud.) Nash Curly nicsquitc 1 perennial 

Muhlenbci^iia arenicola Duckl. 1 ' )  

Muhienbeifiia poileii Scribn. (iush nnihly 1 perennial 

KJ% 
00 
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Table 3. Woody plant species occumng in desert grasslands of Cochise Count\ , Arizona 
and Hidalgo Count\', New Mexico; 1996-1997. 
Scientific name Common name No. sites where 

species occurred 
(n = 28). 

Shrubs, sub-shrubs', and succulents 

Gutierrezia sarothrae Snakeweed 17 

Opuntia spp. Cholla, prickly pear 6 

Ephedra trifurca Mormon tea 5 

Chr\'sothamnus nauseosus Rabbitbrush 4 

Flourensia cemua 

Zinnia grandiflora 

Larrea tridentata 

Rhus aromatica 

Calliandra eribphvlla 

Parthenium incanum 

Atriplex canescens 

Nolina microcarpa 

Tarbush 3 

Plains zinnia 2 

Creosote bush 2 

Fragrant sumac 2 

Fairy duster 2 

Mariola 2 

Fourwing saltbush 2 

Beargrass 2 

Trees and succulents 

Prosopsis spp. 

Acacia constncta 

Yucca elata 

A gave spp. 

Fouquieria splendens 

Honey, velvet mesquite 

Whitethorn acacia 

Soaptree yucca 

Agave 

Ocotillo 

17 

9 

' Subshrubs arc uoodv or partl> \sood> plants 5()-cm tall (Burgess I99.'<:32) 
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Table 4. Principle components analysis based on variation of 
vegetation characteristics at desert grassland sites (n = 28); winter 
1996-1997. Only factor loadings >0.5 are shown. 

Axis I II III 

Eigenvalue 3.54 1.95 1.05 

%a"(cum. d") 44.3(44.3) 24.4(68.6) 13.1(81.8) 

Cobble 0.60 

Grass - 0.80 

Shrub 0.93 

Woody plants (shrubs 0.74 
and trees) 

Vertical height diversity- 0.78 
Grass 

Vertical height diversity- 0.95 
Woody plants 

Shrub species richness 0,88 

Grass species richness -0.73 

Table 5. Principle components analysis based on variation of vegetation 
characteristics at desert grassland sites (n = 28); summer 1997. Only 
factor loadings >0.5 are shown. 

Axis I II III 

Eigenvalue 3.92 1.76 0.87 

<'oa-(cum. a-) 49.1(49.1) 22.0(71,1) 10,8(81.9) 

Cobble -0.60 

Grass -0.73 

Shrub 0.91 

Woody plants (shrubs and 0.94 
Trees) 

Vertical height diversity- 0.90 
Grass 

Vertical height diversit\'- 0.71 
Woody plants 

Shrub species richness 0.92 

Grass species richness 0.93 



Table 6. Scientific name, distribution, and rrequency range of birds detected during 4 to 5 surveys in desert grasslands 
of southeast Arizona and southwest New Mexico; November to I'ebruary 1996-1997, May to August 1997. 
Species Winter Summer 

No sites Range No. sites Range 

Grasshopper sparrow (Atnmodramus 25 0 2-1.6 14 0 3-17.0 
savannarum)" 

E-astern meadowlark (Sturtiella mauna)" 22 0.2-2,8 28 1.0-12.5 

Vesper sparrow (Pooecetes uramineus)'' 20 0.2-46 0 

Horned lark (Eremoohila alnestris)" 18 0,4-85.4 15 1 0-37.2 

Chestnut-collared lo^^spur (Calcarius ornatus)"' 14 0,2-198.4 

Mourninu dove (Zenaida macroura)" 14 0.2-17.8 17 0.2-8.8 

Cactus wren (Camovlorhvnchus brunneicapillus)" 12 0.2-1.0 16 0.5-7.2 

Black-throated sparrow (Amphispiza bilieataV' 11 1.0-35,6 17 0 7-26.8 

Louuerhead shrike (Lanius ludovicianus)" 11 0.2-0.8 16 0.2-3.0 

Brewer's sparrow (Spizella breweri)'' 7 1,2-20.4 

Chippinu sparrow (Spizella passerina)'' 7 0,4-11 2 

Savannah sparrow (Passerculus sandwichensis)'' 7 0.2-2.3 

Sav's phoebe (Savornis savaf 7 0.2-0.6 

Scaled auail (Callioeola sauamata)" 6 3.0-13.0 19 0.2-3.7 

White-crowned sparrow (Zonotrichia leucophrvs)'" 5 0.8-10.0 

Black-tailed pnatcatcher (Polioptila melanura)" 5 0.2-0.8 4 0.2-0.5 

* Year-round resident 
'' Winter migrant 



Table 6 Continued 
Species 

No. sites 

Baird's sparrow (Aminodrainus bairdii)'' 4 

Rufous-crowned sparrow (Aimophila ruficeps)" 3 

Cassin\s sparrow (Aimophih] cassinii)'' 3 

Mountain bluebird (Sialia currucoides)'' 3 

I louse finch (Carpodacus inexicanus)" 2 

Northern flicker (Colaptes auratus)" 2 

Field sparrow (SpizcHa pusilla)'' 2 

American pipit (Anthus rubescens)'' 2 

Killdeer (Charadrius vociferus)" 2 

Curve-billed thrasher (Toxostoma curvirostre)" 2 

American goldfinch (Carduelis tristis)'' I 

Gambel's quail (Callipepla uambelii)" 1 

Rufous-winged sparrow (Aimophila carpalis)" I 

Northern mockingbird (Mimus polv^lottos)'' I 

Rock wren (Salpinctes obsoletus)" I 

Verdin (Auriparus flaviceps)" I 

Lark sparrow (Chondestes uraminacus)'' 1 

° Year-round resident. 

Winter migrant. 

Winter Summer 

Range No, sites Range 

0.2-0,8 

0.2-1.4 2 2.0-5.3 

0.2-0.8 13 1 0-24 0 

0.2-0,4 

12-4 8 

0.8-1,4 

0,6-0,6 

0.2-0.2 

0,2-0,4 5 0.2-0.5 

0,2 

2,6 

1.0 11 0 2-0,4 

0,2 3 0,2 

0.2 14 0,2-4,0 

0.2 1 0 2 

0.6 2 0.2-0.5 

0.4 4 0.7-1.5 



Table 6. Continued 
Species Winter Summer 

No. sites Range No. sites Range 

Lark bunting (Calamospi/.a mehiiiocwys)' 19 1()-2I21) 

Kinfibird spp. (Tvrannus)'' 14 0,2-2.7 

Blue urosbeak (Guiraca caerulea)'' 13 0 2-6 5 

Canyon towhee (Pipilo fuscus)" 10 0 2-3,5 

Ash-throated flycatcher (Myiarchus cinerascens)'" 8 02-1,2 

Botteri's sparrow (Aimophila hotterii)'' 7 02-1,2 

Northern cardinal (Cardinalis cardinalis)' 5 0 2-1.0 

Brown-headed cowbird (Molothrus alej)' 3 0 5-12 

Bell's vireo (Vjreo lidljU )' 3 0 3-2 2 

Pyrruloxia (Cardijiahs siruiaUis)' 3 0 3-12 

Greater roadrunner ((Jeococcyx calil'ornianus)' 3 0 2-0 5 

Oriole spp. (Icterus)'' 2 0.5-0,7 

Empidonax spp, (Empidonax)'' 2 02-0,3 

Lucy's warbler (Verniiyora luciae)'' 1 0 5 

Common vellowthroat (Geothlvpis trichas)' 1 0 2 

Great blue heron (Ardea herodias)" 1 0,2 

Brown-crested flycatcher (Myiarchus tyrannulus)'' 1 0 2 

° ^'ear-round resident. 
'' Summer migrant. 
' l.ate summer (August) migrant. 

0\ 



Table 7. Bird species occurrence ni relalion to the amount of woody cover present in desert grasslands of 
southeast Arizona and southwest New Mexict). winter l^^^('v|9^7 

Percent woody covcr 

Bird >0 2 0 40 60 X 0 10 0 120 14.0 15 0 
specics 

CCLO" 

IIOI.A 

GRSP 

BAMH 

VRSP 

WCSP 

CUSP 

MOIX) 

LOSll 

SAPII 

CAWR 

BTSP 

BRSP 

SASP 

'CCl-O = chcslniil-colliircd longspiir. HOLA = horned lark. GRSP - grasshopper sparrow. EAME -• cas(cm mcadowlnrk, 
VESP = \cspcr sparrow. WCSP ~ whiie-crowncd sparrow. CUSP -• chipping sparrow. MC)DO - mourning do\c, I.OSH - loggerhead shrike. 
SAPH = sn>'s phoebe. CAWR - caciiis wren. BTSP • black-lhroaled sparrow. URSP = Brewer's sparrow, SASP ~ savannah sparrow 
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Table 8. Spearman rank correlations between mean bird frequencies and vegetation 
characteristics in desert grasslands of southeast Arizona and southwest New Mexico: 
winter 1996-1997 (n = 28). 
Vanable CCLO'' HOLA EAME \'ESP BTSP BRSP SASP 
Percent cover 
LI-" 0.59** -0.59** 
PE 0.50* 
GR 0.53* 
FO -0.54* 
SH -0.52* -0.57* 0.53* 0.68** 0.57* 0.57* 0.53* 
TR -0.74** -0.81** 0.60** 0.59** 
WO -0.72** -0.83** 0.72»* 0.74** 0.49* 
Vertical 
VHDG -0.57* 
VHDW -0.69** -0.7!** 0.51* 0.54* 
Grass species 
GSD 0.51* 
Blue grama 0.52* 0.52* 
Plains 0.48* 0.84** 

bristlegrass 
Fluffgrass 0.51* 
Alkali sacaton 0.50* 
Stinkgrass 0.52* 
Woods plants 
SSR -0.54* -0.65** 0.75** 0.67** 0.74** 
TSR -0.71** -0.75** 0.67** 0.67** 
Mesquite -0.58* 0.52* 0.53* 
Acacia -0.50* 
Snakeweed 0.50* 
Opuntia 0.56* 0.66** 0.74** 
Creosote 0.51* 0.52* 
Zinnia 0.59* 
Rhus spp. 0.51* 0.52* 
Flourensia 0.61** 0.65** 
Chn,'sothamnus 0.51 * 
'LI = litter. PE = pebble. GR = grass. FO = forb. SH = shrub. TR = tree. WO = woody. VHDG = vertical height divcrsit> of 
crass. VHDW = vcnical height diversity ofuood> plants. GSD = grass spccies diversity. SSR = shrub spccies nchness. TSR = 
tree species nchness 'CCLO = chestnut-collared longspur. HOLA = homed lark. EAME = eastern meadow lark. VESP = 
vesper spaaow. BTSP = black-throatcd sparrow. BRSP = Brewer's sparrow. SASP = savannah sparrow 
* P<(i.()l. •• P<(i ()(il 
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Table 8. Continued. 
Bird species 

Vanable Type SCQlFToSH SAPH MODO CAWR CHSP 

Percent co\ er 
BG" 0.53* 
PE 0.55* 
CO 0.57* 
GR -0.56* 
SH 0.57* 
TR 0.58* 0.56* 
WO 048* 0.72** 0.48* 

Vertical 
VHDW 0.67** 

Grass species 
Red Sprangletop 0 50* 

Woody plants 
SSR 0.60** 
TSR 0.58* 
Mesquite 0.71** 
Snakeweed 0.51* 
Opuntia 0.68** 
Creosote 0.50* 
Zinnia 0.52* 
Rhus spp. 0.50* 
Flourensia 0.59** 
Chr\'sothamnus 0.52* 
•'BG = bare ground. PE = pebble. CO = cobblc. GR = grass. SH = shrub. TR = tree. WO = wood>. VHDW = wood> 
plant \ertical height dncrsm. SSR = shnib species nchness. TSR = tree species nchncss 
'^SCQL' = sealed quail. LOSH = loggerhead shnkc. SAPH = sa\ s phocbc. MODO = mourning do\e. CAWR = 
cactus wTcn 
• P< 0 (II. •• P < 0 (M)l 
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Table 9. Spearman rank correlations between bird sp)ecies and \ egetation 
characteristics at sites with woody cover >1.0% (n =^0): winter 1996-1997. 

Bird species 

Variable Type 
Percent cover 
Forbs 
Trees 
Woody plants 

(shrubs and trees) 

HOLA" EAME VESP BTSP BRSP SASP 

-0.67* 
-0.58* 
-0.59* 

-0.62* 

0.65' 

Grass species 
Plains bristlesrass 0.82 ** 

Woody plant species 
Shrub species richness 0.65* 
Tree species nchness 0.65* 
Opuntia 0.59* 
Zinnia 
Flourensia _ _0-64* 

= homed lark. E.AJvtE = casiem mcadosslark. VESP = \cspcr sparrow, BTSP = biack-throatcd sparrow. BRSP = 
Brewer s sparrow. S.^SP = sa\annah sparrow 
• p < (I (II. P < (I ()(i| 

0.82** 

0.71** 
0.61* 
0.64* 

Table 9. Continued. 

Variable Type 
Percent co\er 
Woody plants 
Grass species 
Blue grama 
Purple threeawTi 
Plains lovegrass 
Woody plant species 
SSR 
Mesquite 
Opuntia 
Chrvsothamnus 

Bird species 

CHSP' SAPH GRSP MODO CAWR 

0.62 

0.62* 

0.72 **  

0.61* 

0.65* 

-0.65' 

0.57* 

0.67' 

0.57* 

0.61* 

•"CHSP = chipping sparrow. S.\PH = sa> "s phocbe. GRSP = grasshopper sparrow. MODO = mourning dove. 
CAWR = cactus wren 
• P<{).()I. **P<() (KJI 



Table 10. Bird species occurrence in relation lo the amount of woody cover present in desert grasslands ofsoutheast Arizona 
and southwest New Mexico; summer 1997. 

Percent woody cover 
Bird 
species 

0 2,0 40 60 8.0 10 0 12.0 14.0 15.0 

HOLA 
GRSP 
EAMIi 
BTSP 
SCQU 
CAWR 
NOMO 
CANT 
LOSH 
CASP 
MODO 
BI.GR 
KING 
GAQU 
BOSP 
ATFL 

_4 + 

*** 

* • 

* *  

* *** * ***  A A ** * 

* * 

* * * * *  * * 

*• • 

* * • 

*l,evel of woody plant cover where breeding behavior was observed 
•"HOLA ~ horned lark. GRSP = grasshopper sparrow, I-AMI- = eastern njeadowlark. HTSP - black-lhroaied sparrow, SCQU = scale quail, CAWR 
cactus wren, NOMO - northern mockingbird, CANT ^ canyon towhee, l.OSH = loggerhead shrike, CASP ^ Cassin's sparrow, MOIK) - mourning 
dove, BLGR blue grosbeak, KING - kingbird spp , GAQU = gambel's ijuaii, BOSP = Botteri's sparrow, Al i'l. - ash-throated flycatcher 

ON 00 
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Table 11 Spearman rank correlations between mean bird abundance and vegetation 
characteristics in desert grasslands of southeast Arizona and southwest New Mexico: 
summer 1997. 

Bird species 

HOLA" BTSP EAME GRSP CAS> MODO SCQU CAWR 
Variable Type 
Structural 
BG" 0.53* 
PE 0.50* -0.51* 0.52* 0.67** 
CO 0.54* 0.62** 
GR 0.72** -0.64** 0.70** -0.53* -0.66** .,63** 
SH -0.72** 0.66** -0.50* -0.66** 0.59** 0.58** 0.63** .55* 
TR -0.60** 0.54* -0.56* 0.50* 52* 
WO -0.81** 0.76** -0.58* -0.73** 0.67** 0.68** 0.60** .56* 
VHDG 0.60** 0.49* 
VHDW -0.83** 0.82** -0.54* -0.79** .56* 0.58* .78** 
Grass species 
BOGR 0.48* 0.49* -0.64* 
SPAI .60* 
ARPU 0.54* 
Woodv plants 
SSR -0.90** 0.83** -0.57* -0.78** 0.58* 0.70* .74** 
TSR -0.61** 0.53* -0.58* 0.51* .51* 
Yucca -0.67* -0.84** 
Snakeweed -0.54* 0.55* 
Mesquite -0.53* -0.64** -0.53* 0.62** 
Opuntia -0.51* 0.50* -0.48* 0.50* 
Acacia 0.53* 0.54* 
Chrvsothamnus 0.51* -0.49* 
'BG = bare ground. PE = pebble. CO = cobblc. GR = grass. SH = shrub. TR = tree. WO = woody plants. V'HDG = grass 
scrtical height divcrsus. VHDW = woody plant vertical height diversity. BOGR = blue grama. SPAI = alkali sacaton. ARPU 
= purple thrceawn. SSR = shrub species nchness. TSR = tree species richness 
HOL.A = homed lark. BTSP = black-ihroaicd sparrow. E.AME = eastern meadow lark. GRSP = grasshopper sparrow. C.\SP = 

Cassin's sparrow. .MODO = mounung do\e. SCQL' = scaled quail. C.AWR = cactus wren 
* P < (I 01 
•• P < (1001 
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Table 1 1 .  Continued. 
Bird species 

KING" G.AOU ATFL CANT L.\BL- NOMO BLGR BOSP 

Variable Tvpe 
Structural 
PE" 0.62** 0.52* 

GR -0.49* -0.48* 

SH 0.68»* 0.49* 0.57* 

TR 0.48» 0.53* 0.50* 0.73** 

WO 0,66** 0.59** 0.54* 0.77** 

VHDW 0.51* 0.76** 

Grass species 
HIMU 0.51* 

TRPU 0.51* 

SEMA 0.52* 

Woody plants 
SSR 0.63** 0.48* 0.51* 0.57* 0.66** 

TSR 0.55* 

Mesquite 0.62** 0.54* 0.58* 

Acacia 0.52* 0.49* 

Flourensia 0.50* 

'PE = pebble. GR = grass. SH = shrub. TR = tree. WO = woody plants (shrubs and trees). VHDW = woody plant \cnical 
height diversity. HIMU = tobosa. TRPL' = fluffgrass. SEMA = plains bnstJegrass. SSR = shrub species nchncss. TSR = tree 
species nchness 
"KING = kingbird spp . C.\NT = can>on lowhcc. GAOL' = gambcl's quail. ATFL = ash-ihroaicd (lycaichcr. L.A.BL' = lark 
bunting. NOMO = northern mockingbird. BLGR = blue grosbeak. BOSP = Botieri'' sparron 
• P < (M)l 
• »P < 0 001 
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Table 12. Between season changes in the number of sites resident bird species were 
detected (n = 28). 

No. sites species detected 

Species 

Scaled quail 

Grasshopper sparrow 

Gambel's quail 

Eastern meadovvlark 

Black-throated sparrow 

Loggerhead shrike 

Cactus wren 

Mourning dove 

Winter 

6 

25 

1 

12 

14 

Summer 

19 

14 

1 1  

28 

17 

16 

16 

17 

Between season 
chanize 

-II 

-10 

-6 

~6 

+5 

-4 
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Table 13. Relationships between bird assemblages and vegetation characteristics 
dunng 4 to 5 surveys in desert grasslands of southeast Arizona and southwest New 
Mexico; 1996-1997. 

Species Richness Total bird frequency 

WNSR SMSR WNPR SMPR 

Honzontal Cover (%) 

Litter 

Pebble 

Cobble 

Grass 

Shrub 

Tree 

Woody plants (shrubs and 
trees) 
Vertical height diversit>' 

Grass 

Woody plants 

Grass species 

Blue grama 

Wood\' plants 

Shrub species richness 

Tree species richness 

Snakeweed 

Mesquite 

Opuntia 

Yucca 

0.59** 

-0.63** 

0.71** 

0.61** 

0.74** 

0.53** 

-0.54* 

0.74** 

0.62** 

0.54* 

0.69** 

0.50* 

0.58* 

-0.64** 

0.70** 

0.72** 

0.77** 

0.66 **  

0.70** 

0.63** 

0.58* 

-0.58^ 

-0.65** 

-0.49* 

-0.48* 

* p < 0 01 

• •  P  < 0 0 0 1  
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Figure 1. Spearman rank correlation coefficients between bird species richness and 
principal component a.xes I and 11: winter 1996-1997. 
•'BTSP=black-lhroatcd sparrow. MODO=moumingdove. CAWR=cactus wren. VESP=^espcr sparrow. 
LOSH=loggcrhcad shrike. S.'\PH=Sa>'s phocbe. CHSP=chippmg sparrow. BRSP=Brcwcr's sparrow. SASP=savannah 
sparrow. E.AME=casicm mcadowlark. SCOU=scalcd quail. GRSP=grasshoppcr sparrow. CCLO=chcslnut-collarcd 
longspur. HOLA=honicd lark. 
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Figure 2. Spearman rank correlation coefficients between bird species and principal 
component axes I and II; summer 1997. 
''HOL.-\=homcd lark. GRSP=grasshoppcr sparrow. EAME=homcd lark. BTSP=black-throaicd sparrow. 
CASP=Cassin's sparrow. .VIODO=mouming dove. SCQU=scalcd quail. C.AWR=cacius wren. NOMO=northeni 
mockingbird. BLGR=bluc grosbeak. KING=kingbird spp.. LOSH= loggerhead shrike. C.'\NT=can\on towhcc. 
G.-\Ol-=uambcrs quail. BOSP=boucn's sparro\\. .\TFL=ash-ihroaied flycaichcr 
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Figure 3. Total number of bird species detected in the winter (o) and summer (^) seasons 
at study sites 3 to 28 (n=26) in the San Bernardino and San Simon Valleys, Arizona and 
the Animas Valley. New Mexico; 1996-1997. 
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Figure 4. Relationship between winter bird species richness (wnsr) and shrub species 
richness (ssrw) (n =- 28) (R' = 0.57, P<0.001); winter 1996-1997. Both variables have 
been square-root transformed. 
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Figure 5. Relationship between the natural log (In) of summer bird species nchness 
(smsr) and the natural log of woodv cover (wos) (n = 28) (R* = 0.75. P<0.001): summer 
1997. 
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Figure 6. Relationship between total bird abundance in the winter and summer seasons at 
study sites (n = 26) in the San Bernardino and San Simon Valleys, Arizona and the 
Animas Valley, New Mexico; 1996-1997. Total bird abundance for each site is based 
upon a 4 to 5 survey average. 
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Figure 7. The relationship between bird species richness (BSR) and total bird abundance 
in desert grasslands of southeast Arizona and southwest New Mexico: winter 1996-1997 
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APPENDICES 

Appendix A. Transect locations: valley. County. State, and township & range. 

Transect Valley County, State Township & Range 
No. 
la' San Bernardino Valley Cochise, AZ T. 24 S.. R. 30 E., Sec. 11 
Ib- San Bernardino Valley Cochise. AZ T. 23 S.. R. 31 E.. Sec. 34 
2a' San Bernardino Valley Cochise, AZ T. 24 S.. R. 30 E., Sec. 16 
2b- San Bernardino Valley Cochise, AZ T, 24 S.. R. 31 E.. Sec. 4 
n J San Bernardino Valley Cochise, AZ T. 24 S., R. 29 E.. Sec. 14 
4 San Bernardino Valley Cochise, AZ T. 24 S.. R. 29 E.. Sec. 15 
5 Animas Valley Hidalgo, NM T. 31 S.. R. 20 W. . Sec . 13 
6 Animas Valley Hidalgo. NM T. 31 S.. R. 20 W. . Sec . 18 
7 San Simon Valley Cochise, AZ T. 20 S., R. 30 E.. Sec. 26 
8 San Simon Valley Cochise. AZ T. 20 S.. R. 20 E.. Sec. 27 
9 San Simon Valle\ Cochise. AZ T. 20 S., R. 30 E.. Sec. 1 

10 San Simon Valley Cochise. AZ T. 20 S., R. 30 E.. Sec. 35 
11 San Simon Valley Cochise, AZ T. 20 S.. R. 29 E.. Sec. 9 
12 San Simon Valley Cochise. AZ T. 21 S.. R. 29 E.. Sec. 21 
13 Animas Valley Hidalgo. NM T. 32 S., R. 20 W. , Sec . jj 

14 Animas Valley Hidalgo, NM T. 32 S.. R. 20 W. , Sec . 4 
15 Animas Valley Hidalgo. NM T. 32 S.. R. 19 W. . Sec . 10 
16 Animas Valley Hidalgo, NM T. 32 S.. R. 19 W. . Sec . 15 
17 San Simon Valley Cochise. AZ T. 20 S.. R. 30 E.. Sec. 8 
18 San Simon Valley Cochise, AZ T. 20 S.. R. 30 E.. Sec. 14 
19 San Simon Valley Cochise. AZ T. 20 S.. R. 31 E.. Sec. 25 
20 San Simon Valley Cochise, AZ T. 20 S,. R. 31 E.. Sec. 36 
21 San Bernardino Valley Cochise. AZ T. 21 S., R. 31 E.. Sec. 18 

San Bernardino Valley Cochise, AZ T. 22 S.. R. 31 E.. Sec. 19 
23 San Bernardino Valley Cochise, AZ T. 21 S.. R. 30 E.. Sec. 21 
24 San Bernardino Valley Cochise, AZ T. 21 S.. R. 31 E.. Sec. 22 
25 San Bernardino Valley Cochise, AZ T. 24 S,, R. 30 E.. Sec. 8 
26 San Bernardino Valley Cochise, AZ T. 24 S., R. 30 E.. Sec. 6 
27 San Bernardino Valley Cochise, AZ T. 24 S.. R. 30 E., Sec. 10 
28 San Bernardino Vallev Cochise. AZ T. 24 S.. R. 30 E.. Sec. 17 

'winter 1996-1997,'summer 1997 
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