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ABSTRACT 

Masked bobwhites used sites with more structural diversity than what was 

available on the Buenos Aires National Wildlife Refuge during 1994-96. Selected habitat 

variables that adequately predicted habitat use by masked bobwhites included percent 

herbaceous canopy cover, structure at 15 cm and 2 m, forb richness, and season. 

Masked bobwhite used more structural diversity than Gambel's and scaled quail. 

Gambel's quail had broader habitat tolerances than either masked bobwhite or scaled quail. 

Selected habitat variables that revealed differences among masked bobwhites, Gambel's 

quail, and scaled quail included percent woody canopy cover, structure at 15 cm, forb 

richness, and season. 

A historic perspective revealed that masked bobwhites used sacaton grasses that 

grew along the floodplains as important escape cover. I believe that we need to restore 

the integrity of the grassland ecosystems including the floodplain if we are to recover 

masked bobwhite quail. 
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CHAPTER 1 - HABITAT USE BY ENDANGERED MASKED BOBWHITES ON THE BUENOS 

AIRES NATIONAL WILDLIFE REFUGE, ARIZONA 

INTRODUCTION 

The masked bobwhite (Coiini/s virginianus ridgwayi) is related to bobwhite quail 

in the eastern and mid-western United States, but more closely resembles bobwhite forms 

of southern Mexico (Aldrich 1946). Masked bob whites were first reported by European 

settlers in southern Arizona and Sonora, Mexico in 1864 (Coues 1903:6). The subspecies 

was a permanent resident from southeastern and south-central Arizona south to southern 

Sonora. By the mid-1880s, masked bobwhite populations declined sharply, probably 

because of overgrazing and several years of severe drought. By the turn of the century, 

masked bobwhites were extirpated from Arizona (U. S. Fish and Wildlife Service 1995). 

Ligon (1952) reported that masked bobwhites were "fairly" numerous locally as 

late as 1937 in central and southern Sonora, where habitat destruction was not as severe 

as Arizona. After the 1930s, habitat degradation from overgrazing became more 

widespread in Mexico. The subspecies was first listed as endangered under the 

Endangered Species Conservation Act of 1969, which was superseded by the Endangered 

Species Act of 1973 (U. S. Fish and Wildlife Service 1995). 

A reintroduction program was initiated in the United States during the 1940s and 

1950s. Wild masked bobwhites from Sonora and some propagated stock (about 200 

birds) were released in eastern Arizona and western New Mexico, where native 

populations had never been known to occur (Tomlinson and Brown 1970). Range 
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conditions were considered unsuitable for reintroductions to historic habitat in southern 

Arizona (Tomlinson 1972). These early attempts to establish a wild population were 

unsuccessful. 

By the early 1950s, masked bobwhite populations in Sonora declined dramatically 

and ornithologists feared that the bird might already be extinct (Ligon 1952). In 1964, a 

population of masked bobwhites was rediscovered on a ranch in central Sonora (Gallizioli 

et al. 1967). Renewed interest resulted in attempts to reestablish populations of the 

species in their historic range in southern Arizona. A captive propagation program for 

masked bobwhites was therefore initiated, and in 1968 and 1970, 57 wild birds were 

collected in Sonora and sent to the Patuxent Wildlife Research Center for breeding stock 

(Tomlinson 1972). 

Identifying suitable habitat for releases of captive-reared stock was critical. In 

1969, the U. S. Fish and Wildlife Service (USFWS), in cooperation with the Arizona 

Game and Fish Department, began a search for suitable release sites within historic range 

in Arizona. In 1970, 4 experimental release sites were selected in the Altar Valley. 

However, habitat conditions for most sites were not adequate because elevations were too 

high and grazing continued to occur (U. S. Fish and Wildlife Service 1995). Results from 

experimental releases indicated that the birds preferred the floodplains of riparian habitats. 

Therefore, the 465-ha Buenos Aires Ranch, located along the Altar Wash, was leased by 

the USFWS to provide for bobwhite habitat studies from 1978 to 1981. 

Captive birds that were released onto the Buenos Aires study site were prepared 
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for survival in the wild by use of foster parent Texas bobwhites (Colimis virginianus 

texanus) (Brown 1989). This may have contributed to a brief population increase in 1979. 

Thereafter, uncontrolled grazing on release site pastures, combined with summer drought, 

resulted in sharply reduced population levels (Brown 1989). 

Because a protected area was critical for reestablishment of a masked bobwhite 

population in Arizona, the USFWS purchased the Buenos Aires Ranch and established the 

Buenos Aires National Wildlife Refuge (BANWR) in 1985 (Brown 1989). From 1985 to 

the present, >20,000 masked bobwhites have been released on BANWR (U. S. Fish and 

Wildlife Service 1995). The primary goal of the captive release program was to establish 

a self-sustaining population and ultimately remove the masked bobwhite fi'om the 

endangered species list. Survival of released chicks has been low and recovery of the 

population has been slow. 

Historic Habitat Conditions 

Brown (1982) suggested that grasslands of the Altar Valley were similar to the 

Sonoran savanna grassland communities of the plains of Sonora, Mexico, but this was 

before overgrazing by livestock and invasion of mesquite {Prosopis veliitina) and exotic 

grasses such as Lehmann lovegrass {Eragrostis lehmanniana) and Johnson grass 

{Sorghum halepense). Historical records describe masked bobwhites as occupants of 

grassy plains and foothills of Sonora, and early references and recent observations in 

Sonora indicate that dense stands of perennial grasses were an important habitat 

component (Gallizioli et al. 1967). Other accounts describe masked bobwhites as 
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inhabiting mesquite-grassland habitat at elevations of approximately 250-1,200 m above 

sea level (Tomlinson 1972). Quantitative data on habitat use by masked bobwhites is 

however, scarce (U. S. Fish and Wildlife Service 1995). 

Some earlier studies have described habitat features that may be essential to the 

survival and successful reproduction of masked bobwhites. These features include areas 

with a high diversity of grasses and forbs and the following minimum amounts of standing 

biomass and canopy cover: a standing grass crop of 397 kg/ha with 12-15% grass canopy 

cover, a standing forb crop of 265 kg/ha with 10-15% forb cover, and 15-30% overstory 

cover of shrubs or brush (Goodwin 1982). Johnson and Stephen (1980) believed that 

habitat conditions for masked bobwhites in Arizona and Sonora have been degraded and 

may not currently support a self-sustaining population. Others theorize that masked 

bobwhites were never as abundant as other endemic species of quail, nor were they as 

widely distributed because of their restricted habitat requirements (Ligon 1952, Tomlinson 

1972). 

Current Status and Conditions 

The masked bobwhite is currently restricted geographically to 2 sites. One 

population occurs in southeastern Arizona on the Buenos Aires National Wildlife Refuge, 

approximately 97 km (60 miles) south of Tucson, and the other occurs on privately-owned 

ranches in Sonora, Mexico, approximately 137 km (85 miles) south of Nogales. 

Current estimates of numbers of masked bobwhite on BANWR range from 500 to 

800 individuals. This existing population on the Refuge does not represent birds that 
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originally inhabited Arizona. Rather, these birds were produced by the captive population, 

formerly housed at the Patuxent Wildlife Research Center and now on BANWR near the 

town of Arivaca, and are descendants of the Mexican population. The BANWR 

population was established through chick releases, and aided by habitat improvement 

practices such as, livestock exclusion, and prescribed burning. Though some success has 

been achieved at restoring a wildlife population on the Refuge, restoration efforts have 

been disappointing as a self-sustaining population has not yet been realized. Additional 

data and measures are clearly needed if a viable population is to be established in Arizona. 

The largest population of masked bobwhites occurs on Rancho El Carrizo in 

Sonora, Mexico. A recent census (1994) indicated that about 1,000 birds currently exist 

on this land in Mexico. This population appears to be in better demographic condition 

than the population on BANWTl because it has apparently increased slightly despite recent 

years of drought. 

Despite the presence of a self-sustainable population of masked bobwhites in 

Sonora and persistent restoration efforts in Arizona, the status of wild populations of 

masked bobwhites remains tenuous. Extended drought, a severe outbreak of disease, or 

other natural catastrophe could result in extirpation of either population. It is therefore 

imperative that management be implemented as soon as possible to circumvent the demise 

of this species. In order to implement effective management strategies, questions 

regarding masked bobwhite life history, ecology, and habitat use must be answered. 

Specifically, information concerning basic habitat requirements and the demographics 
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associated with specific habitat conditions represent immediate needs. If the essential 

habitat requirements of masked bobwhite populations can be identified clearly, 

management and ultimate recovery of the species in Arizona and Sonora would be greatly 

facilitated. 

Therefore, the specific objectives of this research were to (1) quantify habitat 

components used by masked bobwhites during 2 biologically relevant seasons (pair 

formation/breeding season and covey season) and (2) compare bobwhite habitat use with 

available habitat on the Buenos Aires Refuge. This information could then be used as a 

aid to managers for improving and managing cover and other aspects of bobwhite habitat 

to improve the distribution, survival, and reproduction of masked bobwhites on the 

Refiige. My general hypotheses of interest were; 

HQ: masked bobwhites use selected vegetative components of the grassland 

community in equal proportions to their availability on the Buenos Aires 

Reflige. 

at least some of these habitat components were used in higher or lower 

proportions than their availability on the Refuge. 

All other research and statistical hypotheses were subsets of this general paired null and 

alternative hypotheses. Components used in higher proportions to their availability were 

considered to be preferred by masked bobwhites, while those components used in equal or 

lower proportions to their availability were considered to be not preferred or avoided, 

respectively. 
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STUDY AREA 

Location and Physical Description 

This study took place on the Buenos Aires National Wildlife Refuge in 

southeastern Arizona (Fig. 1). The Refuge is managed by the U. S. Fish and Wildlife 

Service and encompasses about 48,000 ha. It is located 97 km southwest of Tucson and 

lies mostly within the Altar Valley east of the Baboquivari Mountains. 

Elevations on the Refuge range from 925 to 1,400 m and topography is comprised 

mainly of rolling hills, one major drainage system consisting of a primary wash, and 

numerous secondary washes. Climate is characterized by low precipitation, low humidity, 

and high summer temperatures. Mean annual temperature is 15 C, with temperatures 

ranging from a low of -II C in winter to 41 C in summer. Annual precipitation averages 

40 cm and falls in a bimodel pattern on an annual basis: about 40% occurs as summer 

rains during July and August, with the remaining occurring as rain and occasionally snow 

during the winter months (U. S. Fish and Wildlife Service 1995). 

Vegetation 

Vegetation on BANWR is predominately semidesert grassland with remnants of 

Sonora savannah grassland (Brown et al. 1979). European settlement of the region has 

created a mixture of native and exotic plant species throughout much of southern Arizona 

(McClaran and Van Devender 1995). Dominant native grasses include dropseeds 

(Sporoboliis spp.), grammas {Bouteloiia spp.), threeawns {Aristida spp.), Arizona 

cottontop {Digilaria californica), plains lovegrass {Eragrostis intermedia), and wild 
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buckwheats {Eriogomim spp.) (McLaughlin 1990, U. S. Fish and Wildlife Service 1995). 

The deeper soils of wash basins are characterized by a mixture of Johnson grass, sacaton 

{Sporobolus spp.), and Russian thistle (Sallsola kali). The foothills and higher elevations 

at the east and west boundaries are dominated by rocky outcrops and a mixture of half-

shrubs such as snakeweed {Guitierrezia sarothrae) and burroweed {Isocoma tenuisecta), 

grasses, prickly pear and cholla cacti {Opuntia spp.), and ocotillo {Fouquieria splendens) 

(McLaughlin 1990). 

Mclaughlin (1990) explains that among the exotic grass species, Lehmann 

lovegrass is prevalent on most upland areas and Johnson grass dominates many of the 

floodplains along major washes. Native grasses are most prevalent along the eastern edge 

of the Refijge in areas of higher elevations, steeper slopes, and variable soils where 

grasslands are less disturbed and more diverse (McLaughlin 1990). These areas are 

dominated by native perennial grasses and have not been invaded extensively by woody 

plants (McLaughlin 1990). On much of the Refuge, lack of natural wildfires has increased 

the distribution and density of mesquite trees and other woody growth, and scattered to 

dense stands of mesquite are present throughout BANWR. 

METHODS 

Use-availability Framework 

Adequate quantities of resources, such as cover, water, and food, are necessary to 

sustain wildlife populations. Determining which resources are selected by a species more 

often than other resources is important for answering fijndamental questions about the 
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ecology and management of that species. This is especially true for endangered species, 

such as the masked bobwhite, where habitat availability and management practices are 

critical elements of the recovery process. 

Use vs availability frameworks have been used by biologists to examine how 

wildlife species use or select from a variety of habitat and/or food resources (Neu et al. 

1974, Marcum and Loftsgaarden 1980, Byers et al. 1984). Manly et al. (1995) reviewed 

the literature on resource selection and then summarized and unified the methodology for 

use-availability studies. They state that it is often assumed that a species will select 

resources that are best able to satisfy its requirements, and that high quality resources will 

be selected more than low quality ones. The availability of various resources is not 

generally uniform, and use may change as availability changes. Therefore, used resources 

should be compared to available (or unused) resources in order to reach valid conclusions 

regarding resource selection (Manly et al. 1995:1). 

I applied these principles to my study of habitat use by masked bobwhites on 

BANWR. I measured habitat as a series of vegetative and non-vegetative characteristics, 

and defined habitat "use" as those areas of the Refuge where I found masked bobwhites. 

"Available" habitat was defined by a collection of points distributed at random throughout 

the Refiige. 1 collected the same data and made the same measurements on vegetative and 

non-vegetative variables at both quail (used habitat) and random (available habitat) points. 

When habitat was used by masked bobwhites disproportionately to its availability on 

BANWR, I concluded that bobwhites were selecting for those habitat characteristics 
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(Manly et al. 1995). 

Identifying Quail and Random Points 

Locating quail.—MiLskQd bobwhites are difficult to locate because of their elusive 

nature, and low population densities. I, therefore, used several methods to obtain habitat 

use data, including radio telemetry associated with releases of captive-reared birds and 

capture of free-ranging birds, use of trained bird dogs, random line transects, taped call 

playbacks to elicit breeding and assembly calls, and chance encounters. 

Refuge staff released captive-reared masked bobwhites on the Refuge during our 

study (Fig. 1), and funnel traps were used to capture quail during the latter part of covey 

season (Oct-Mar), when birds could be lured into baited traps. At least 1 quail in each 

group released was fitted with a radio transmitter, which was equipped with a mortality 

sensor. Signals on newly released birds were monitored for the first 3 consecutive days 

after release, but these individuals were not approached (flushed) unless a mortality signal 

was detected. After the third day, radioed birds were located at least once a week during 

one randomly selected time period: morning (sunrise - 0930 hrs), midday (0931 - 1730), 

or evening (1731 - sunset). Once I located a signal, I approached until the radioed bird or 

the group was flushed. The point of flush for an individual or the center of the group was 

then used as my center plot for the habitat plots. Telemetry continued as long as a signal 

was transmitted (up to 6 months), until the bird died, or until the radio signal was lost. 

I used trained bird dogs to assist in locating and flushing groups of masked 

bobwhites during the covey season. During this time of year, quail are present in larger 
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groups and thus leave stronger scents for the dogs to track and locate, and temperatures 

are cooler and scenting conditions better, increasing the stamina and efficiency of the 

dogs. During most of the pair formation/breeding season, temperatures are often much 

higher and the dogs are more susceptible to heat exhaustion, more at risk to bites from 

venomous reptiles, less likely to detect quail because of poor scenting conditions, and 

more likely to cause disturbance to breeding pairs if quail are located. During most of the 

study, I used 2 dogs (a setter and a pointer), but at other times I had access to and used 

several other breeds of dogs. Bird dogs worked in areas where masked bobwhites were 

released prior to the covey season, where quail were seen or heard, and in randomly 

chosen areas. 

I also located quail by walking line transects located at random throughout the 

Refuge. For each transect, I randomly chose an area from our study area grid map in a 

manner similar to that used for locating random points for habitat analysis (see below). 

Once I determined the accessibility to the selected area, I chose a random distance and 

direction (which was usually limited in choice) with which to drive into the area. This 

procedure helped me to randomly select a starting point to begin the transect. I then 

chose a random compass bearing to determine the transect direction, and began walking 

for 20 minutes. At 5 minute intervals, I stopped and walked in a circle about the line for 

3-5 minutes; this was done because masked bobwhite often hold tight and do not flush 

readily. If no birds were flushed, I continued with this procedure until the line was 

completed. I then moved 75-100 m to the right or left and continued on a line transect for 
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20 minutes in the opposite direction. 

I used taped masiced bobwhite breeding and covey calls, played through a portable 

megaphone, to induce responses from quail during pair formation and covey seasons, 

respectively. This method was used only to identify the presence of masiced bobwhites. 

When bobwhites were located, I revisited the area with dogs or by walking transects to 

look for quail. If birds were located on these subsequent visits, I then identified points for 

data collection. 

I defined chance encounters as opportunistic observations of masked bobwhites on 

the Refiige by project or Refijge personnel. These locations were then used to collect 

habitat data. Chance encounters included observations of birds feeding, dusting, loafing, 

roosting, singing, or drinking on the Refijge. I also included observations of quail sign, 

such as feathers and feces, for identifying points for habitat analysis. 

To avoid the problem of pseudoreplication (Hurlbert 1984), I measured only one 

point from areas where I located coveys or groups of quail. The center point for my 

vegetation sampling plot was placed at the approximate center of the covey or group of 

quail. 

Locating random points.—I divided a map of BANWR into 191 grids, based on 

square mile sections that fell partially or entirely within the Refijge boundary. I used a 

random numbers table to generate a series of 3-digit numbers; these numbers identified the 

grids where I would locate my random points for determining habitat availability on the 

Refuge. Once a grid was selected, a random driving distance and direction from the grid 
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boundary into the grid was chosen; in this way, I entered the grid in a random fashion. 

From this point, a random direction and distance were again chosen so that I could locate 

a random point that would serve as the center of my plot for determining habitat 

availability. 

Vegetation Sampling 

Both quail and random points were treated in a similar fashion, and I measured the 

same vegetation and habitat variables in the same way at both sets of points. Vegetative 

data included the structure and species composition of forbs, grasses, subshrubs, shrubs, 

and trees. Specific variables included forb and grass species richness, herbaceous biomass, 

percent bare ground, and percent forb, grass, subshrub, shrub, and tree cover. 

I used a 20 X 50 cm frame (Daubenmire 1959) to estimate percent herbaceous 

cover, biomass of herbaceous plants, percent bare ground, and grass and forb richness. 

The Daubenmire frame was placed at the center point and 1 m from the center point in 4 

cardinal directions (N, E, S, W), for a total of 5 frames. I determined biomass from oven-

dried weights of grasses and forbs, and converted this to kg/ha. 

I used a 2-m Robel pole (Robel et al. 1970) to measure vertical structure of 

vegetation around quail and random points. The pole was divided into 4 height classes 

(<0.15, 0.15-0.5, 0.5-1.0, and 1.0-2.0 m). I estimated vertical structure by the percentage 

of vegetation covering or obstructing each of the 4 height classes on the pole when viewed 

from 1 m out in 8 directions (N, NE, E, SE, S, SW, W, NW). 

I measured shrub canopy cover (woody cover) with Canfield's (1941) line 
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intercept method. Lines 8 m long radiated out from the center point in 8 directions. 

Woody cover was estimated as the percentage of line covered by woody canopies. I 

estimated woody stem density by counting the number of woody stems >1 m tall in a 16-m 

diameter circle centered on the sampling point. Frequency of woody plant species was 

determined with the point-quarter method (Cottam and Curtis 1956), where I identified 

the shrub and tree species closest to the central sampling point in each of four quarters 

(NE, SE, SW, NW). 

Data Analyses 

Univariate.—Hdhitzt variables were first plotted and checked visually for 

normality. Because most variables were positively skewed (due to many low or zero 

values), I attempted to log-transform the data. The resulting transformations did not 

normalize the data and thus I used a nonparametric procedure (Kruskal-Wallis test) to test 

for differences between quail and random points (Daniel 1978, SAS 1985). 

I considered differences at a = 0.10 (i.e., P < 0.10) to be indicative of significant 

differences between quail and random points. I believe that significance levels <0.10 are 

indicative of real biological difference, especially in view of the tremendous variation that 

can occur in habitat studies in general (Morrison et al. 1992), and particularly with some 

vegetative variables. By choosing 0.10 vs 0.05, I decreased the probability of a Type II 

error (accepting a false null hypothesis) but increased the probability of a Type I error 

(rejecting a true null hypothesis). In order to provide management suggestions with the 

anticipated small sample size, I deemed this compromise between Type I and II errors to 
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be justified (Ockenfels and Brooks 1994). For purposes of interpretation, I state that 

differences in the range of 0.06-0.10 are suggestive of real biological difference, and those 

in the range of <0.05 represent strong inference of a difference 

Multivariate .—I used backward elimination, forward inclusion, and stepwise 

selection methods of stepwise logistic regression to model relationships between use by 

masked bobwhite quail and several independent variables. My dependent variable was 

dichotomous (i.e., habitat used by masked bobwhite quail vs. random sites). I used a 

significant criterion of 0.10 because more restrictive levels may fail to identify potentially 

important explanatory variables (Costanza and Afifi 1979). Nonsignificant terms were 

dropped in a stepwise fashion based on maximum-likelihood statistics. 

RESULTS 

Quail and Random Points 

I collected data on the structure and composition of vegetation around 155 masked 

bobwhite points (used habitat) and 202 random points (available habitat) (Table 1). These 

points were distributed among 2 biologically relevant seasons: covey season took place 

during October-March and the pair formation/breeding (breeding) season took place 

during April-September. Data collection took place during the covey season 1994-95, 

breeding season 1995, covey season 1995-96, and breeding season 1996. 

I examined the habitat data collected around quail points for between-year 

differences for the covey season and the breeding season. I found significant differences 

for 8 of 14 variables during the covey season (Wilcoxon range of test statistics, / = 3.71, 
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106 df| P < 0.001 to / = -1.68, 95 df P = 0.097), but no differences for any of the 14 

variables for the breeding season (Wilcoxon range of test statistics, t = 1.46, 21 df, P = 

0.159 to / = 0.17, 6 df, /* = 0.871). The latter was probably due to the low number of 

quail points for breeding season 1996 (« < 6 points). Low sample sizes for this year were 

due to the dry conditions and poor scenting conditions for the dogs, and the fact that no 

captive-reared quail were released by Reflige staff during this time. Because of the 

differences in habitat variables and climatic conditions, I conducted the analyses separately 

for the 2 years. 

Vegetative Structure 

Covey seasons —VoT both covey seasons (1994-95 and 1995-96), masked 

bobwhites used habitats with more vertical structure, i.e., taller vegetation . All 4 height 

class variables measured with the Robel pole were greater for quail points than random 

points, and all 4 height class variables were highly significant (x" > 7.52, 1 df, P < 0.006). 

Sites used by masked bobwhites also had greater vegetation biomass than random points 

in both years (x^ = 3.78, 1 df, P s 0.05). 

During 1994-95, bobwhite sites also showed lower herbaceous cover and bare 

ground and higher woody stem density than random points (Table 2). These differences 

were not seen in 1995-96 (Table 3). 

No differences were detected between quail and random points for woody cover 

(canopy cover), numbers of grasses, and grass and forb richness during the covey seasons 

of 1994-95 or 1995-96 (Tables 2, 3). 
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Breeding seasons.—A. similar trend for vertical structure was seen during the covey 

seasons of 1995 and 1996. In 1995, all 4 height class variables were greater around quail 

points than random points (x" > 5.49, I df, P < 0.02) (Table 4). In 1996, the last 3 height 

categories (structure at 50 cm, 1 and 2 m) were greater at quail points than random points 

(X" ^ 3.13, 1 df, P < 0.08). The trend of greater vegetative height around quail points 

than random points was similar between 1995 and 1996 (Table 5). 

Sites used by masked bobwhites during the pair formation/breeding season also 

had more woody canopy cover than random points in both years (x" ̂  9.21, 1 df, P = 

0.002). During 1996, bobwhite sites had higher numbers of forbs than random points (x^ 

= 3.57, I df, P = 0.06), but this difference was not detected in 1995 (Tables 4, 5). 

No differences were detected between quail and random points for herbaceous 

cover, percent bare ground, woody stem density, numbers of grasses, grass and forb 

species richness, and biomass during the pair formation/breeding seasons of 1995 or 1996 

(Tables 4, 5). 

Multivariate Habitat Analyses 

For the logistic regression model, I combined all data sets (covey seasons 1994-95 

and 1995-96; pair formation/breeding seasons 1995 and 1996) into 1 data set to improve 

sample size for the multivariate analysis (139 quail points and 174 random points). I 

added 2 new independent variables (year and season) and removed 4 independent variables 

(number of grasses and forbs, biomass, and aspect) because of many missing values in the 

data set for these 4 variables. 



26 

The subset of independent variables selected from each of the stepwise logistic 

regression methods were very similar. However, I selected backward elimination because 

t h e  p r o b a b i l i t y  a s s o c i a t e d  w i t h  t h e  r e s i d u a l  v a l u e  w a s  g r e a t e s t  ( b a c k w a r d  e l i m i n a t i o n  P  

= 0.37, forward selection P = 0.31, stepwise selection P = 0.30). Menard (1995) also 

explained that the backward elimination method was more likely to uncover relationships 

missed by the forward and stepwise selection procedures. Backward elimination selected 

a subset of 5 independent variables: percent herbaceous cover, vegetative height at 15 cm 

and 2 m, forb richness, and season. All of the independent variables selected in the model 

had highly significant effects on quail use (P < 0.03) (Table 6). 

Odds Ratios.—Odds ratios represent how much more likely it is for a site to be 

used by masked bobwhite for each I unit increase in a specific independent variable 

(Menard 1995). An odds ratio >1 indicates that the odds for habitat use to occur 

increases when the independent variable increases, while odds <l decrease the odds for 

habitat use to occur when the independent variable increases. For example, an increase in 

forb diversity, while all other variables remain constant, would increase the chances of 

quail use 23% (the odds of habitat use are multiplied by 1.23) (Table 7). A 1% increase in 

the amount of obstruction for both vegetative height categories at l5-cm and 2-m 

intervals would increase the odds of quail use 3.0%. Conversely, an increase of 1% 

herbaceous cover would decrease the likelihood of quail use 0.026% (1 - 0.974). I did not 

interpret the variable season as a condition of habitat use based on an odds ratio, although 

it was selected in the model. 
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Vegetative Composition 

Lehmann lovegrass was the dominant grass species at both quail and random 

points during 3 seasons (Tables 8-10). During covey season 1995-96, the frequency of 

occurrence of Lehmann lovegrass was significantly higher at masked bobwhite points than 

random points (P < 0.01) (Table 11). Snakeweed and mesquite were the dominant shrub 

and tree species, respectively, around quail use points and throughout the Refuge (Table 

12, 13). The total amount of half-shrubs and tree species was significantly greater at quail 

points during pair formation breeding season 1995 (Table 14,15). 

There were no differences in the total amount of native grass species between quail 

and random points (Table 16). However, the grasses sixweeks fescue (Vulpia octoflora) 

and threeawn {Aristida spp.) were much more common around random points than quail 

points. 

Vegetative Characteristics and Quail Survival at Release Sites 

Captive-bred masked bobwhite adults and young were released on several sites on 

BANWR during 1995-96 (Fig. 1). Vegetation was measured at 4 of these sites during 

breeding season 1995 (Table 17) and 6 sites during covey season 1995-96 (Table 18). In 

each table, the sample size (//) represents the number of times we located quail or a covey 

of quail, usually through use of radio telemetry, on or near that site. 

During the covey season, most of the release sites appeared to have adequate 

cover, based on amount of vertical structure or mean visual obstruction as measured by 

the Robel pole method. The amount of structural cover was comparable, although 
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somewhat lower (especially in the higher height categories) to what I measured around 

quail points during covey seasons in 1994-95 and 1995-96 (Tables 2, 3). My sample of 

vegetation points at release sites was much smaller during the breeding season 1995, but 

the Axivaca site appeared to have the best cover available of all the release sites (Table 

17). 

I collected information on the fates of 32 masked bobwhites that carried radio 

transmitters; i.e., I recovered the carcasses or radios or lost the signals and could not 

relocate the birds after searching in the field (Table 19). Of these 32 individuals, 38% 

(12) died of apparent starvation, complications with release, unknown causes, or other 

non-predator sources of mortality, 31% (10) were killed by raptors, and 22% (7) were 

attributed to lost radio signals (this latter group could contain some survivors). Mean 

number of days that I recorded an active signal from quail with radios was highest at 

Arivaca and lowest at Compartidero release sites (Table 19). 

DISCUSSION 

Habitat Use by Masked Bobwhites 

Masked bobwhites selected sites with greater vegetative structural diversity than 

what was available throughout the Buenos Aires National Wildlife Refuge. This was most 

evident when I compared the variables vegetation structure and percent bare ground 

between quail points and random points. 

Vegetation structure can be thought of as the mean visual obstruction around a 

point, which provides cover from terrestrial and avian predators and helps to create 
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microclimatic conditions, such as decrease ground temperatures and increased humidity, 

that are favorable to quail in hot and arid areas. The mean visual obstruction for the 4 

vegetation height classes showed similar patterns among the 4 seasons (covey seasons in 

1994-95 and 1995-96, and breeding seasons in 1995 and 1996). In all 4 seasons, the 

higher height classes (1- and 2-m) were significantly greater around quail points than 

random points. The lower height classes (15 and 50 cm) were greater in all seasons 

except breeding season 1996; this lack of significance could have been due to a smaller 

sample of both quail and random points during this season (see Table 5). 

Masked bobwhites also used sites that had lower percentages of bare ground, and 

thus were less patchy, than random points during covey season 1994-95. Although there 

was a consistent trend of less bare ground between quail and random points during other 

seasons, these differences were not statistically different. Precipitation levels during the 

first winter of study (i.e., covey season 1994-95) were high; this would have stimulated 

more plant growth (esp. among forbs and grasses), and quail may have had more 

opportunity to use sites with higher percentages of vegetative cover and less bare ground 

than during the remaining 3 seasons, when conditions were much drier. The amount and 

distribution of annual rainfall is undoubtedly extremely important to habitat conditions, 

and thus to the survival and persistence of quail (Guthery 1986). Densities of masked 

bobwhites in Sonora have been much greater after years of moderate to heavy rainfall (G. 

Camou, pers. comm.) 

Woody cover (i.e., stems/ha within 8 m of the sampling point) was also important 
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to masked bobwhites during the breeding seasons, but apparently not during the covey 

season. This growth form may have provided calling perches for male bobwhites. Also, 

the dry vegetation that accumulated around low growing half-shrubs and tree species, 

may have provided an additional level of security from predators during the early part of 

the breeding season when herbaceous cover was sparse (i.e. during drought years, or dry 

conditions before summer rains). 

Vegetative Composition 

Masked bobwhites showed disproportionate use of areas with higher composition 

of exotic than native grasses on BANWR, particularly during covey seasons. This may 

indicate that the amount of native grasses available to the masked bobwhite were 

insufficient, and/or the structure of native grasses no longer provided adequate cover for 

masked bobwhite quail. Exotic grasses such as Lehmann lovegrass provided denser stands 

of cover, and thus more protection when quail were in large groups, and more favorable 

microclimate conditions (e.g., warmer microsites during the colder months) during a time 

of year when ambient temperatures are low and peak raptor migration occurs. 

Vegetative structure is certainly of great importance to quail for protection from 

both predation and unfavorable climatic conditions such as heat and aridity. However, this 

does not preclude the importance of specific plant species, such as certain native forbs and 

grasses, that may provide critical food sources for masked bobwhite adults and young. 

Masked bobwhites evolved in the native arid grasslands of southern Arizona and Sonora, 

Mexico, and native species of forbs and grasses are likely very important to their survival 
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and reproductive success, and thus to self-sustaining populations. 

Habitat at Release Sites 

It appears as though the amount of cover and the presence of avian predators at 

release sites could influence the early success of survival. The highest incidence of 

mortality usually occurred immediately after birds were released into an area. The 

radioed-collard birds survived longer in areas that provided adequate cover with the least 

amount of predator mortality. Adequate cover is undoubtedly important to newly released 

captive-bred quail. Although the data we collected at release sites was probably 

inadequate to examine quantitative aspects of vegetation structure in a rigorous manner, it 

appears that areas close to release sites that offer sufficient protective cover for newly 

released quail could improve chances for survival and thus establishment of a self-

sustaining population on the Refuge. 

MANAGEMENT RECOMMENDATIONS 

Adequate cover, provided by proper vegetative structure, is a critical factor in the 

recovery and establishment of a masked bobwhite population on the Buenos Aires 

National Wildlife Refuge. We recommend that managers attempt to create the structural 

components that appear to be most used by quail through directed management activities 

on specific areas of the Refuge. 

Further analysis of the vegetation at bobwhite release sites would prove usefixl for 

improving the chances of survival and successflil reestablishment for masked bobwhites on 

the Refuge. Areas that show the most favorable conditions, based on higher mean days of 
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survival for radioed birds and lower mortality due to raptor predation, should be made 

priority release sites. Information on habitat characteristics in this and other reports could 

be used to evaluate potential release sites. Sites that do not provide adequate cover 

should not be used for releases. 

A program of habitat monitoring for masked bobwhites could be initiated on a 

site-specific basis. For example, the reestablishment of vegetation after burning and other 

management techniques could be monitored, on both spatial and temporal scales, so that 

we may learn more about when sites become suitable as habitat. This information could 

then be applied in a retrospective fashion on sites where, for example, there is 

documentation of bum history. Sites that provide adequate cover based on some of the 

key vegetative characteristics outlined in this report could be monitored for quail use and 

evaluated as potential release sites. The information in this report should be viewed as a 

general guideline. Vegetative cover on BANWR, as in many areas, is extremely variable, 

and it is doubtful that we captured the fijll range of site characteristics that are beneficial 

(or not beneficial) to masked bobwhites. 
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Table 1. Numbers of masked bobvvhite and random points, by season and year, on the Buenos Aires National 

Wildlife Refuge, soulheastem Arizona. Covey seasons ran from October to March and pair formation/breeding 

(breeding) seasons ran from April to September. Data collection took place during the covey season 1994-95, 

breeding season 1995, covey season 1995-96, and breeding season 1996. Composition and structure of 

vegetation were measured at quail (use) and random (available) points and compared under a use-availability 

framework. 

Biological season and year 

Point Covey 1994-95 Breeding 1995 Covey 1995-96 Breeding 1996 

Quail 61 33 55 6 

Random 64 88 34 16 
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Table 2. Means and standard errors for vegetation structure variables collected at quail and random points on 

the Buenos Aires National Wildlife Refuge m southeastern Arizona for covey season 1994-1995. 

Masked bobwhite Random 

Variable X SE n X SE n P 

% herbaceous cover 32.39 2.55 61 42.43 3.31 64 0.059 

% bare ground 11.30 1.04 61 15.65 1.59 64 0.062 

% woody cover 12.38 1.60 61 11.11 1.59 64 0.118 

Slruclure 15 cm 62.74 3.16 61 48.55 3.73 64 0.006 

Structure 50 cm 33 59 3 16 61 23 32 2.86 64 0.005 

Structure 1 m 11 26 2 21 61 5 55 1.64 48 0.091 

Structure 2 m 7.55 1 69 61 2.80 1.59 64 <0.001 

Woody stem density 47 10 10.62 59 22.48 3.23 64 0.013 

No. grasses 1.47 0.11 57 1.75 0.16 32 0.147 

No. forbs 3.58 0.31 57 4.97 0.40 32 0.019 

Grass richness 1.08 0.07 61 1.20 0.05 64 0.134 

Forb richness 2.48 0.23 61 2.16 0.24 64 0.200 

Biomass 883.6 153.1 15 570.3 87.9 41 0.052 

Slope i.53 0.56 59 2.10 0.27 63 <0.001 
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Table 3. Means and standard errors for vegetation structure variables collected at quail and random points on 

the Buenos Aires National Wildlife Refuge in southeastern Arizona for covey season 1995-1996. 

Masked bobwhite Random 

Variable X SE /) X SE n P 

% herbaceous cover 20.85 1.80 55 19.48 1.47 34 0.993 

% bare ground 9.15 1.05 55 10.58 1.41 34 0.317 

% woody cover 19.03 2.40 53 14.60 1.77 35 0.553 

Structure 15 cm 57.59 2.67 55 40.00 4.58 35 <0.001 

Structure 50 cm 34.27 2.27 55 18.93 3.14 35 <0.001 

Structure 1 m 19.13 1.95 55 8.64 2.11 35 <0.001 

Structure 2 m 15.84 2.19 55 5.06 1.57 35 <0.001 

Woody stem density 52.16 15.86 53 27.20 4.62 35 0.139 

No. grasses 1.79 0.16 53 1.88 0.17 34 0.610 

No. forbs 2.32 0 18 44 2.97 0.29 30 0.057 

Grass richness 1.05 0 08 55 1.13 0.09 34 0.491 

Forb richness 1.11 0.09 55 1.22 0.14 34 0.656 

Biomass 1672.3 233.1 37 754.0 183.9 15 0.005 

Slope 1.66 0.35 53 3.11 0.82 35 0.071 



36 

Table 4. Means and standard errors for vegetation structure vanables collected at quail and random points on 

the Buenos Aires National Wildlife Refiige in southeastern Arizona for breeding season 1995. 

Masked bobwhite Random 

Variable X SE n X SE n P 

% herbaceous cover 18.18 2.00 33 17.21 1.32 86 0.650 

% bare ground 8.93 1.11 31 13.90 1.99 84 0.684 

% woody cover 24.48 3.28 32 14.06 1.74 86 0.002 

Structure 15 cm 52.48 3.37 33 39.81 3.03 89 0.006 

Structure 50 cm 29.86 3.10 33 18.82 2.00 89 <0.001 

Structure 1 m 18.13 3.35 33 8.59 1.37 89 0.007 

Structure 2 m 16.49 3.43 33 7.93 1.55 89 0.020 

Woody stem density 40.43 5.87 30 44.00 4.06 88 0.785 

No. grasses 1.58 0.16 33 1.31 0.09 85 0.152 

No. forbs 3.30 0.32 33 2.89 0.16 85 0.370 

Grass richness 0.82 009 33 0.95 0.07 87 0.358 

Forb richness 1.79 0.18 33 1.87 0.13 86 0.773 

Biomass 1362 5 193.91 21 1578.4 192.91 64 0.972 

Slope 1.26 0.32 31 0.82 0.29 85 0.001 
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Table 5. Means and standard errors tor vegetation structure variables collected at quail and random points on 

the Buenos Aires National Wildlife Refiige in southeastern Arizona for breeding season 1996. 

Masked bobwhite Random 

Variable X SE n X SE n P 

% herbaceous cover 15.24 7.45 5 35.07 16.68 3 0.180 

% bare ground 19.20 8.14 6 15.86 4.89 16 0.555 

% woody cover 18.17 2.81 6 6.99 1.15 16 0.002 

Structure 15 cm 46.63 11.41 6 45.34 10.20 16 0.768 

Structure 50 cm 37.42 9.59 6 20.66 6.07 16 0.077 

Structure 1 m 25.90 10 96 6 4.06 1.46 16 0.012 

Structure 2 m 20.19 8 14 6 1.34 0.45 16 0.066 

Woody stem densit\' 21.16 6.31 6 40.99 11.54 16 0.259 

No. grasses 1.00 0.37 6 1.69 0.24 16 0.175 

No. forbs 3.80 1.50 5 0.43 0.20 7 0.059 

Grass richness 0.76 0.33 6 1.09 0.09 16 0.226 

Forb richness 1.26 0.54 6 0.80 0.20 16 0.526 

Biomass 1120.0 410.00 2 1416.0 288.46 13 0.734 

Slope 3.00 1.26 5 5.00 0.80 15 0.102 
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Table 6. Five-variable logistic regression model, with interactions, that best discriminated between masked 

bobwhite quail and random sites on the Buenos Aires National Wildlife Refuge in southeastern Arizona. 

Variable Parameter estimate" SE" x"' P-value"" 

Intercept -1.23 

% herbaceous cover -0.03 

Structure 15 cm 0.03 

Structure 2 m 0.03 

Forb richness 0.02 

Season -1.34 

0.40 9.43 0.002 

0.01 11.56 <0.001 

0.01 26.11 <0.001 

0.01 9.36 0.002 

0.09 5.09 0.024 

0.30 20.03 <0.001 

'Parameter estimates and standard errors based on the model with all 5 variables included. 

''X^ and P-values based on Wald test. 
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Table 7. Odds ratio for the 5-vanable logistic regression model for habitat variables collected from masked 

bobvvhite and random sites on the Buenos Aires national Wildlife Refiige in southeastern Arizona. For 

continuous variables, the odds ratio reflects the change in odds for a 1 unit increase in the variable. For 

categorical variables, the odds ratio reflects that the condition is true. 

Condition Odds Ratio 

Percent herbaceous cos'er 0.974 

Vegetative structure (height) 15 cm 1.030 

Vegetative structure (height) 2 m 1.031 

Forb diversity 1.227 

Season (covey and pair formation/breeding) 0.261 
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Table 8. Frequency (% of total) of grass species identified around quail and random points during covey 

season 1995-96 on the Buenos Aires National Wildlife Retlige in southeastern Arizona. 

Species Quail Random 

Eragrostis intennedia 8.7 0.4 

Cynodon dactylon 6.3 0 

Eragrostis lehmanniana 59.4 36.4 

Aristida spp. 3.8 7.3 

Setaria leucopila 3.7 0 

Leptochola dubia 3.5 0 

Digitaria californica 2.7 2.5 

Vulpia ocioflora 2.6 20.4 

Unknown spp. 2.5 0 

Bouteloua spp. 2.4 1,5 

Chloris virgala 1.6 0 

Eragrostis spp. 0.6 0 

Bouteloua gracilis 06 0 

Bothriochola barbinodis 0.5 0 

unknown native grass 0.5 0 

Hilaria spp. 0.4 15.4 

Bromus spp. 0.1 0 

Bouteloua hirsuta 0 5.6 

Bouteloua chondrosoides 0 4.0 

Bouteloua curtipendula 0 3.5 

Sorghum halepense 0 3.1 
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Table 9. Frequency (% of total) of grass species identified around quail and random points during breeding 

season 1995 on the Buenos Aires National Wildlife Refuge m southeastern Arizona. 

Species Quail Random 

Eragrostis lehmatwiana 31.9 33.7 

Vulpia octoflora 19.9 36.5 

Bouteloua gracilis 6.9 0 

Bouteloua spp. 6.4 12.5 

Eragrostis intemiedia 5.9 0 

Setaria leucopila 5.0 0 

Bronius spp. 4.6 4.2 

Digitaria califoniica 4.5 3.3 

Aristida spp. 3.8 0 

Bothriochola barbinodis 2.8 0.8 

unknown native grass 2.3 4.2 

Aristida purpurea 1.8 0 

Eragrostis spp. 1.2 0.4 

Chloris virgata 0.9 0 

unknown 0 9 4.4 

Bouteloua chondrosoides 06 0 

Bouteloua repens 0.4 0 
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Table 10. Frequency (% of total) of grass species identified around quail and random points during breeding 

season 1996 on the Buenos Aires National Wildlife Refiige in southeastern Arizona. 

Species Quail Random 

Eragrostis lehmamiiana 36.2 40.0 

unknown native grass 23.1 0 

Bouieloua spp. 23.1 3.4 

Setaria leucopila 7.7 0 

unknovra 2.3 0 

Aristida spp. 0 21.0 

Digitaria califomica 0 13.3 

Bolhriochola barbinodis 0 10.0 

Eragrostis spp. 0 9.0 

Panicum obtusum 0 3.3 
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Table 11. Means and standard errors for Lehmann lovegrass collected at quail and random points on the 

Buenos Aires National Wildlife Retlige in southeastern Arizona for covey season 1995- 96 and pair formation 

breeding season 1995. 

Masked bobwhite Random 

Season x SE /i x SE n t P 

Covey 1995-96 0.45 0.06 50 0.21 0.06 29 -3.01 0.004 

Breeding 1995 0.21 0 05 31 0.19 0.04 89 -0.11 0.910 
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Table 12. Frequency (% of total) of shrub species identified around quail and random points during 3 seasons 

on the Buenos Aires National Wildlife Retlige in southeastern Arizona, 1995-96. 

Species Quail Random 

Covey season 1995 

Gutien-ezia sarotbrae 

Haplopapptts tenuisectus 

87.8 

12.2 

68.2 

31.8 

Breeding season 1995 

Gutierrezia sarothrae 

Haplopappus tenuisectus 

Baccharis sarothroides 

85.3 
I I . O  
0 

77.5 
21.3 
1.3 

Breeding season 1996 

Gutierrezia sarothrae 
Haplopappus tenuisectus 
Salsola pestifer 

80.0 

0 
20.0 

79.2 
4.2 
16.7 
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Table 13. Frequency (% of total) of tree species identified around quail and random points during 3 seasons on 

the Buenos Aires National Wildlife Refiige in southeastern Arizona, 1995-96. 

Species Quail Random 

Covey season 1995 

Prosopis juUflora 90 9 91.0 
Acacia greggi 4.4 0 
Gutierrezia sarothrae 1.7 0 
Rhamnacea spp. 1.0 0 
Yucca elaia 0.6 0 
Ziziphus obtusifolia 0.5 0 
Pinus ponderosa 0.5 0 
Mimosa biuncifera 0.5 0 
Cercidium spp. 0 9.0 

Breeding season 1995 

Prosopis juliflora 96.0 95.5 
Acacia greggi 3.3 2.2 
Rhamnacea spp. 0 7 0 

Cercidium spp. 0 2.3 

Breeding season 1996 

Prosopis juliflora 84 .3 96.0 
Quercus arizonica 9.6 0 
Celds laegigata 3.2 0 
Acacia greggi 2.9 0 
Cercidium spp. 0 4.0 
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Table 14. Means and standard errors for all half-shrub species, of which about 85% of all observations were 

snakeweed, on the Buenos Aires National Wildlife Refuge in southeastern Arizona for covey season 1995-96 

and pair formation/ breeding season 1995. 

Masked bobwhite Random 

Season x SE ii x SE n i P 

Covey 1995-96 0.63 0 07 49 0.74 0.08 29 -1.24 0.220 

Breeding 1995 0.82 0.07 31 0.66 0.05 89 2.10 0.040 
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Table 15. Means and standard errors for all tree species, of which about 95% of all observations were 

mesquite, collected at quail and random points on the Buenos Aires National Wildlife Refuge in southeastern 

Arizona for covey season 1995-96 and pair formation/ breeding season 1995. 

Masked bobwhite Random 

Season x SE « x SE n t P 

Covey 1995-96 0.99 <0.01 49 0.97 0.01 29 0.97 0.340 

Breeding 1995 1.00 <0.01 3! 0.99 <0.01 89 1.97 0.050 
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Table 16. Means and standard errors for all native grass species collected at quail and random 

points on the Buenos Aires National Wildlife Retlige in southeastern Arizona for covey season 

1995- 96, and pair formation breeding season 1995. 

Masked bobwhite Random 

Season x SE n x SE. n i P 

Covey 1995-% 0.19 0 04 50 0.28 0.07 29 1.25 0.220 

Breeding 1995 0.35 0.07 3! 0.24 0.03 89 1.48 0.150 



Table 17. Vegetative characteristic of sites where captive-raised masked bobwhites were released on the 

Buenos Aires National Wildlife Refijge in southeastern Arizona during breeding season 1995. 

Release area 

Secundino Axivaca Triangle Compartidero 
( n = l )  ( « = 1 0 )  ( m  =  8 )  ( w = l )  

Variable X SE X SE X SE X SE 

Herbaceous cover 3.8 NA 16 3 2.7 7.6 7.0 33.4 NA 

Bare ground 3.6 NA 10 8 2.2 13.7 9.3 6.4 NA 

Woody cover 40.0 NA 30.5 5 6 13.8 1 3 . 8  1 . 3  NA 

Structure 15 cm 38.8 NA 56.0 4.8 29.4 20.6 67.5 NA 

Structure 50 cm 33.8 NA 3 4 . 1  6.2 15.0 8.7 1 1 . 1  NA 

Structure 1 m 1 7 . 5  NA 22.4 5 9 32.7 3 1 . 7  0.4 NA 

Structure 2 m 49.4 NA 1 6 6  3.9 36.9 36.9 0 NA 

Woody stem density 3.0 NA 6.3 1 . 2  5.0 5.0 2.0 NA 

No. grasses 0 NA 1.0 0.2 I . O  NA 1.0 NA 

No. forbs 2.2 NA 1 . 2  0.2 1 . 6  0.0 1 . 6  NA 

Native spp. 0 NA 45.8 10.2 50.0 50.0 99.0 NA 

Non-native spp. 0 NA 24.2 9.7 0 NA 1 . 0  NA 

Shrub distance 0 NA 2 . 1  0.6 1 1 . 0  NA 0 NA 

Tree distance 7 3 NA 6.6 0.7 25.5 14.7 67.5 NA 
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Table 18. Vegetative characteristic of sites where caplive-raised masked bobwhites were released on the 

Buenos Aires National Wildlife Reftige in southeastern Arizona dunng covey season 1995-1996. 

Release area 

Sccundino Anvaca Round Hill Round Hill Triangle Compartidcro 
(/i = ll) (/» = 21) W(/j=l) E(n = 2) ("^8) (_n = 5) 

Variable X SE SE - SE X SE X SE X SE 

Herbaceous covcr 24.7 2.6 21.4 2.7 12.0 NA 34.8 9.2 26.0 7.5 9.5 0.9 

Bare ground 9.9 1.8 7.6 1.6 0.6 NA 5.2 0.2 9.3 2.7 11.8 3.7 

Woody cover 3.8 0.9 6.3 0.9 3.0 NA 1.0 1.0 4.3 1.9 35.8 21.0 

Structure 15 cm 69.5 5.7 58.3 3.7 61.3 NA 60.0 20.0 59.5 8.3 49.6 7.9 

Structure 50 cm 36.1 6.4 34.5 2.8 21.3 NA 18.2 9.9 14.3 7.8 43.6 6.0 

Structure 1 m 17.4 4.1 18.0 2.4 1 1.9 NA 5.2 2.9 17.0 7.4 41.9 3.7 

Structure 2 m 10.2 3.5 16.6 2.7 1 1.9 NA 8.1 8.1 14.4 7.6 30.8 8.6 

Woody stem 
densit\' 

3.8 0.9 6.3 0.9 3.0 NA 1.0 1.0 4.3 1.9 35.8 21.0 

No. grasses 1.4 0.1 I . I  0 1 0.2 NA 17 0.5 1.3 0.2 0.2 0.1 

No. forbs 1.2 0.2 11 0 2 l.U NA 1.2 0.2 0.9 0.3 1.5 0.2 

Native spp. 18.6 5.4 24.2 7 0 0 NA 100.0 NA 18.1 8.5 24.0 9.8 

Non-native spp. 70.6 8.5 60.6 8.5 0 NA 0 NA 57.6 14.8 0 NA 

Shrub distance 5.0 1.0 2.5 0.6 0 NA 0 NA 17.2 5.1 0 NA 

Tree distance 8.5 1.2 4.0 0.8 5.6 NA 15.1 0.4 15.7 6.1 3.9 1.6 
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Table 19. Mean number of days between release and mortality or signal loss and fates of 

captive-reared masked bobwhites fitted with radio telemetry transmitters and released at 5 

sites on the Buenos Aires National Wildlife Refuge in southeastern Arizona, 1995 and 

1996. 

Mortality/lost signal 

Site No. birds x days SE Miscellan. Raptor Lost signal 

Secundino 3 24.3 10.7 I 1 I 

Arivaca 9 27.0 11.5 3 2 4 

Round Hill 8 8.2 2.2 4 3 1 

Triangle 2 26.0 23.0 0 1 I 

Compartidero 7 4.2 1.1 4 3 0 
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Fig. 1. Location of the Buenos Aires National Wildlife Refuge in southeastern Arizona, 

including Refuge boundary, major roads, and release sites for captive-reared masked 

bobwhites. 
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CHAPTER 2. VEGETATIVE STRUCTURE USED BY SYMPATRIC QUAIL 

SPECIES ON THE BUENOS AIRES NATIONAL WILDLIFE REFUGE IN 

SOUTHEASTERN ARIZONA 

INTRODUCTION 

The masked bobwhite {Colhnis virginianus ridgwayi) is one of 4 species of quail 

found historically in southern Arizona. Unlike other quail species, masked bobwhite 

occupied a small area in southern Arizona, with their remaining range extending south into 

northern and central Sonera, Mexico. By the turn of the 20th century, masked bobwhite 

were extirpated from Arizona, probably due to alterations of their habitat by overgrazing, 

in combination with periods of severe drought years (Brown 1900, Hastings and Turner 

1965). Masked bobwhite were first listed as endangered under the Endangered Species 

Conservation Act of 1969, which was superseded by the Endangered Species Act of 1973 

(U.S. Fish and Wildlife Service 1995). 

The Buenos Aires National Wildlife Refuge was established in 1985 to provide 

habitat for masked bobwhite (U.S. Fish and Wildlife Service 1995). The Refuge is the 

largest tract of protected semidesert grassland in southeastern Arizona. However, 

widespread alterations have changed most southwestern grassland communities. The 

most obvious change was large-scale shift in flora from grasslands to shrub lands. 

Mesquite trees (Prosopis velutina.), once restricted to the drainage areas, increased in 

density throughout the rangelands. Changes in habitat also favored the expansion of 

exotic plant species, such as Lehmann lovegrass (Eragrostis lehntanniand) on most 
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upland areas and Johnson grass (Sorgham halepense) in floodplains along major washes 

(McLaughlin 1990). Furthermore, the density and structure of native perennial grasses 

were reduced and in some cases grass species were extirpated in southeastern Arizona 

(Simms 1989). 

Habitat alteration and degradation on the Refuge may have affected masked 

bobwhite recovery, and also the distribution and density of scaled quail (Callipepla 

squamatd), Gambel's quail {Callipepla gamheli), and Meams' quail {Crytonyx 

monteziimae). The distribution of these species overlapped partly with the historic range 

of masked bobwhite. The masked bobwhite, scaled, and Meams' quail are dependent on 

native grasses for escape cover, roosting sites, and other life history requirements (Brown 

1989). Gambel's quail are better adapted to brushy areas of thorn shrub and desert 

riparian cover types (Gullion 1960). This may be one reason why Gambel's quail currently 

outnumber other quail species on the Refuge, 

We know little about how sympatric species of quail use and partition resources. 

My objectives were to (1) identify and describe the structure of the vegetation in areas 

used by masked bobwhite, scaled quail, and Gambel's quail, (2) compare use of vegetative 

structure by quail to what was available on the Refuge during 2 biological relevant seasons 

(covey and pair formation/breeding season), and (3) identify habitat components that were 

most important in predicting use by each species of quail. 

STUDY AREA 

The Buenos Aries National Wildlife Refuge encompasses about 48,000 ha in 
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southeastern Arizona (Fig. 1). It is located 97 km southwest of Tucson and lies mostly 

within the Altar Valley east of the Baboquivari Mountains. Elevations on the Refuge 

range from 925 to 1,400 m and topography is comprised mainly of rolling hills, 1 major 

wash (Brawley Wash), and many smaller washes. Climate is characterized by low 

precipitation, low humidity, and high summer temperatures. Mean annual temperature is 

15 C, with temperatures ranging from -11 C in winter to 41 C in summer. Annual 

precipitation averages 40 cm and falls in a bimodal pattern on a annual basis: about 40% 

occurs as summer rains during July and August, with the remaining occurring as rain and 

occasionally snow during winter months (U.S. Fish and Wildlife Service 1995). 

Vegetation on the Refiage is predominately semidesert grassland with remnants of 

Sonera savannah grassland (Brown et al. 1979). European settlement of the region has 

created a mixture of native and exotic plant species throughout much of southern Arizona 

(McClaran and Van Devender 1995). Dominant native grasses include dropseeds 

{Sporoboliis spp.), grammas {Bouteloua spp.), threeawns (Arisiida spp.), Arizona 

cottontop (Digitaria califoniica), plains lovegrass (Eragrostis intermedia), and wild 

buckwheats (Eriogommi spp.) (McLaughlin 1990, U.S. Fish and Wildlife Service 1995). 

The deeper soils of wash basins are characterized by a mixture of Johnson grass, sacaton 

{Sporobolus spp.), and Russian thistle (Salsola kali). The foothills and higher elevations 

at the east and west boundaries are dominated by rocky outcrops and a mixture of half-

shrubs such as snakeweed {Gutierrezia sarothrae) and burroweed {Haplopappids 

temdseciiis), grasses, prickly pear and cholla cacti (JDpuntia spp.), and ocotillo 
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{Fouquieria splendens) (McLaughlin 1990). 

Among exotic grass species, Lehmann lovegrass is prevalent on most upland areas 

and Johnson grass dominates many of the floodplains along washes (McLaughlin 1990). 

Native grasses are most prevalent along the eastern edge of the Refuge in areas of higher 

elevations, steeper slopes, and variable soils where grasslands are less disturbed and more 

diverse. These areas are dominated by native perennial grasses and have not been invaded 

extensively by woody plants (McLaughlin 1990). On much of the Refiige, lack of natural 

wildfires has increased the distribution and density of mesquite trees and other woody 

growth, and scattered to dense stands of mesquite are common. 

METHODS 

Use-availability Framework 

It is important to know the types and quantities of resources that are necessary to 

sustain wildlife population, especially endangered species such as the masked bobwhite. A 

use versus availability framework has been used by biologists to examine how wildlife 

species use or select among a variety of habitat and/or food resources (Neu et al. 1974, 

Marcum and Loftsgaarden 1980, Byers et al. 1984, Manly et al. 1995). I applied these 

principles to my study of habitat use by three species of quail on the Buenos Aries 

National Wildlife Reftige. I measured habitat as a series of vegetative and non-vegetative 

characteristics, and defined habitat "use" as those areas of the Refiige where I found 

masked bobwhite, scaled quail, and Gambel's quail. "Available" habitat was defined by a 

collection of points distributed at random throughout the Refuge. I collected the same 
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data and made the same measurements on vegetative and non-vegetative variables at both 

quail (used habitat) and random (available habitat) points. When habitat was used by 

masked bobwhite, Gambel's quail, and scaled quail disproportionately to its availability on 

the Reflige, I concluded that these species were selecting for those characteristics. 

I also compared quail use of the vegetative and non-vegetative variables among the 

3 species of quail. If habitat variables were used disproportionally between masked 

bobwhite and one of the other quail species, I concluded that there may be evidence of 

resource partitioning among quail species. 

Identifying Quail and Random Points 

Locating ^//a/7.—Masked bobwhites are more difficult to locate than Gambel's or 

scaled quail because of their elusive nature, reluctance to flush, and low population 

densities. I, therefore, used several methods to obtain habitat use data, including radio 

telemetry associated with releases of captive-reared birds, use of trained bird dogs, 

random line transects, taped call playbacks to elicit breeding and assembly calls, and 

chance encounters. 1 also used trained bird dogs, random line transects, and chance 

encounters to locate Gambel's and scaled quail. 

Refijge staff released captive-reared masked bobwhites onto the Refuge during my 

study and funnel traps were used to capture quail during the latter part of the covey 

season when birds could be lured into baited traps. At least 1 quail in each group of 

released of captured bobwhites was fitted with a radio transmitter, which was equipped 

with a mortality sensor. Signals on newly released birds were monitored for the first 3 
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consecutive days post release, but these individuals were not approached (flushed) unless 

a mortality signal was detected. After the third day, radioed birds were located at least 

once a week during one randomly selected time period: morning (sunrise-0930 hrs), 

midday (0931 - 1730), or evening (1731 - sunset). Once I located a signal, I approached 

until the radioed bird or the group was flushed. The point of flush for an individual or the 

center of the group was then used as the center for the habitat plots. Telemetry continued 

as long as a signal was transmitted (up to 6 months), until the bird died, or until the radio 

signal was lost. 

I used trained bird dogs to assist in locating and flushing groups of masked 

bobwhite, Gambel's, and scaled quail during the covey season. During this time of year, 

quail species are present in larger groups and thus leave stronger scents for the dogs to 

track and locate, and temperatures are cooler and scenting conditions better, increasing 

the stamina and efficiency of the dogs. During most of the pair formation/breeding 

season, temperatures are often much higher and the dogs are more susceptible to heat 

exhaustion, more at risk to bites from venomous reptiles, less likely to detect quail because 

of poor scenting conditions, and more likely to cause disturbance to breeding pairs if quail 

are located. During most of the study, 1 used 2 dogs (a setter and a pointer), but at other 

times I had access to and used several other breeds of dogs. Bird dogs worked in areas 

where masked bobwhites were released prior to the covey season, where quail species 

were seen or heard, and in randomly chosen areas. 

I also located all 3 quail species by walking line transects located at random 
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throughout the Refuge. For each transect, I randomly chose an area from our study area 

grid map in a manner similar to that used for locating random points for habitat analysis. 

Once I determined the accessibility to the selected area, I chose a random distance and 

direction (which was usually limited in choice) with which to drive into the area. This 

procedure helped me to randomly select a starting point to begin the transect. I then 

chose a random compass bearing to determine the direction of the transect, and began 

walking for 20 minutes. At 5 minute intervals, I stopped and walked in a circle about the 

line for 3-5 minutes; this was done because masked bobwhite often do not flush readily 

until approached closely. Gambel's and scaled quail will flush more readily. If no birds 

were flushed, I continued with this procedure until the line was completed. I than moved 

75-100 m to the right or left and continued on a line transect for 20 minutes in the 

opposite direction. 

I used taped masked bobwhite breeding and covey calls, played through a portable 

megaphone, to induce responses from quail during the pair formation and covey seasons, 

respectively. This method was used only to identify the presence of masked bobwhites. 

When bobwhites were located, I revisited the area with dogs or by walking transects to 

look for quail. If birds were located on these subsequent visits, I then identified points for 

habitat data collection. 

I defined chance encounters as opportunistic observations of quail on the Refuge 

by project or Refuge personnel. These locations were then used to collect habitat data. 

Chance encounters included observations of birds feeding, dusting, loafing, roosting, 
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singing, or drinking on the Refuge. I also included observations of quail sign, such as 

feathers and feces, for identifying points for habitat analysis. 

To avoid problems of pseudoreplication (Hurlbert 1984), I measured only one 

point from areas where I located coveys or groups of quail. The center point for my 

vegetation sampling plot was placed at the approximate center of the covey or group. 

Locating random points —I divided a map ofBANWR into 191 grids, based on 

square mile sections that fell partially or entirely within the Refuge boundary. I used a 

random numbers table to generate a series of 3-digit numbers; these numbers identified the 

grids where I would locate my random points for determining habitat availability on the 

Refuge. Once a grid was selected, a random driving distance and directions from the grid 

boundary into the grid were chosen; in this way, I entered the grid in a random fashion. 

From this point, a random direction and distance were again chosen so that I could locate 

a point that would serve as the center of my random plot for determining habitat 

availability. 

Vegetation Sampling 

Both quail and random points were treated in a similar fashion, and I measured the 

same vegetation and habitat variables in the same way at both sets of points. Vegetative 

data included forb and grass richness, herbaceous biomass, percent bare ground, and 

percent forb, grass, subshrub, shrub, and tree cover. 

I used a 20 X 50 cm frame (Daubenmire 1959) to estimate percent herbaceous 

cover, biomass of herbaceous plants, percent bare ground, and grass and forb richness. 
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The Daubenmire frame was placed at the center point and 1 m from the center point in 4 

cardinal directions (N, E, S, W), for a total of 5 frames. I determined biomass from oven-

dried weights of grasses and forbs, and converted this to kg/ha. 

I used a 2-m Robel pole (Robel et al. 1970) to measure vertical structure of 

vegetation around quail and random points. The pole was divided into 4 height classes 

(<0.15, 0.15-0.5, 0.5-1.0, and 1.0-2.0 m). I estimated vertical structure by the percentage 

of vegetation covering or obstructing each of the 4 height classes on the pole when viewed 

from 1 m out in 8 directions (N, NE, E, SE, S, SW, W, NW). 

I measured shrub canopy cover (woody cover) with Canfield's (1941) line intercept 

method. Lines 8 m long radiated out from the center point in 8 directions. Woody cover 

was estimated as the percentage of the line covered by woody canopies. I estimated 

woody stem density by counting the number of woody stems >1 m tall in a 16-m diameter 

circle centered on the sampling point. 

Data Analyses 

Univariate.—Y{ab\i?LX. variables were first plotted and checked visually for 

normality. Because most variables were positively skewed (due to many low or zero 

values), I attempted to log-transform the data. The resulting transformations did not 

normalize the data and thus I used a nonparametric test (Kruskal-Wallis) to test for 

differences between quail and random points. 

I considered differences at a = 0.10 to be indicative of significant differences 

between quail and random points and among quail species. I believe that significance 



62 

levels <0.10 are indicative of real biological difference, especially in view of the 

tremendous variation that can occur in habitat studies in general (Morrison et al. 1992), 

and particularly with some vegetative variables. By choosing 0.10 vs. 0.05,1 decreased 

the probability of a Type II error (accepting a false null hypothesis) but increased the 

probability of a Type I error (rejecting a true null hypothesis). In order to provide 

management suggestions with anticipated small sample size, I deemed this compromise 

between Type I and Type II errors to be justified (Ockenfels and Brooks 1994). For 

purposes of interpretation, I state that differences in the range of 0.06-0.10 are suggestive 

of real biological difference, and those in the range of <0.05 represent strong inference of 

a difference. 

Multivariate.--\ used a preliminary stepwise selection method to produce a subset 

of quantitative variables (independent variables) that revealed differences in habitat use 

among masked bobwhite, scaled quail, and Gambel's quail. The arcsine of the square root 

was used for all proportional data (e.g., percent herbaceous cover). The subset of habitat 

variables selected from the stepwise selection method was used in a discriminant function 

procedure which created a new variable (a discriminant variable). The discriminant 

variables classified observations into groups based on discriminant mean scores that 

differed maximally among groups. I conducted 2 discriminant function procedures. The 

first analysis was used to discriminate differences among masked bobwhite, scaled quail, 

Gambel's quail, and random observations. In my second analysis, I used a second set of 

discriminant variables to classify groups among the 3 species of quail only. 
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In both analyses, the assignment of observations were compared between the 

observed (i.e., classification by point: bobwhite, Gambel's, random, and scaled) and 

predicted groups (specified proportions of observations within each group) to determine 

the accuracy of the classification method for each of the analyses. A significance criterion 

of 0.10 was used because more restrictive levels may fail to identify potentially important 

variables (Costanza and Afifi 1979). 1 combined all data sets (covey season 1995-1996 

and pair formation^reeding seasons 1995 and 1996) into 1 data set to improve sample 

size for the multivariate analysis. I added 2 new independent variables (year and season), 

and removed 3 independent variables (number of grasses and forbs, and biomass) because 

of many missing values in the data set. 

RESULTS 

Quail and Random Points 

I collected data on the structure and composition of vegetation around 94 masked 

bobwhite, 80 Gambel's quail, 46 scaled quail, and 135 random points. These points were 

distributed among 2 biological relevant seasons: covey season October-March 1995-96 

and pair formation^reeding (breeding) seasons during April-September 1995 and 1996. 

Habitat Use by Masked Bobwhites 

Covey season.—^ox covey season 1995-96, masked bobwhites used habitats with 

more well-developed vertical structure, i.e, taller vegetation. Vegetative cover at all 4 

height classes were greater at quail points than random points (x" = 11.12, 1 df, P < 

0.001). Sites used by masked bobwhites also had greater vegetation biomass than random 
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points (x' = 8.05, 1 df, P = 0.005) (Table 20). The degree of slope, however, was 

significantly lower at quail points than random points (x^ = 3.27, 1 df, P = 0.07). 

No differences were detected between quail and random points for percent 

herbaceous and woody canopy cover, percent bare ground, density of woody plants, 

number of grasses, and grass and forb richness during the covey season (Table 20). 

Breeding seasons.—In 1995, all 4 height class variables were greater around quail 

points than random points (x* = 5.49, 1 df, P < 0.02) (Table 21). In 1996, the tallest 3 

height categories (structure at 50 cm, 1 m, 2 m) were greater at quail points than random 

points (x" = 3.13, Idf, P < 0.08) (Table 21). 

Sites used by masked bobwhites during the pair formation/breeding season also 

had more woody canopy cover than random points in both years (x" = 9.21, Idf, Z' = 

0.002) (Table 21, 22). During 1996, bobwhite sites also had higher numbers of forbs than 

random points (x" = 3.57, 1 df, P = 0.06), but this difference was not detected in 1995 

(Tables 21, 22). 

No differences were detected between quail and random points for percent 

herbaceous, canopy cover, or bare ground; numbers of grasses; grass or forb richness; 

density of woody plants; and biomass during the pair formation/breeding seasons of 1995 

or 1996 (Tables 21, 22). 

Habitat Use by Gambel's Quail 

Covey —Gambel's quail used sites that had taller vegetation on lower 

slopes. Vegetation height for the I and 2 m height class categories, measured along a 
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Robel pole, was higher around Gambel's quail points than at random points (x* = 6.42, I 

df, P < 0.01) (Table 20). Gambel's quail were also found in areas with significantly less 

degree of slope than random sites (x" = 9.07, 1 df, P < 0.01). Herbaceous cover (canopy 

cover) was greater around random sites than quail sites ( X" ~ 11-62, 1 df, P < 0.001). 

Number of forbs and diversity of grasses were also less at quail points than random points 

(X^ = 4.39, 1 df, P = 0.04 and x" = 5.67, 1 df, P = 0.02, respectively) (Table 20). 

No differences were detected between quail and random points for bare ground, 

woody canopy cover, vegetative structure at 15 and 50 cm, wood density, number of 

grasses, forb richness, and biomass. 

Breeding seasons.—Gdimb^l's quail use of woody structure varied between 

breeding seasons. During breeding season 1995, Gambel's quail used sites with 

significantly less woody density than random sites (x' = 8.01, 1 df, P = 0.005) (Table 21). 

Whereas during breeding season 1996, quail selected areas with higher woody canopy 

cover than random sites (x' = 4.86, 1 df, P = 0.03) (Table 22). Also during breeding 

season 1996, Gambel's quail used sites that had taller vegetative structure: vegetative 

cover at 1- and 2-m height class categories were greater at quail sites compared to random 

sites (x" = 10.68, 1 df, P < 0.001) (Table 22). However, herbaceous canopy cover and 

number of forbs were lower at quail sites than random sites (x" = 2.92, 1 df, P = 0.09 and 

X^ = 7.26, 1 df, P = 0.007, respectively) (Table 22). 

No differences were detected between quail and random points for percent bare 

ground, vegetative structure at 15 and 50 cm, number of grasses, and grass and forb 
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richness. 

Habitat Use by Scaled Quail 

Covey season.Scaled quail used sites with less herbaceous canopy cover, 

whereas mean percent herbaceous canopy cover was greater around random points than 

quail points (x" = 9.26, 1 df, P = 0.002) (Table 20). They also used sites that had less 

woody canopy cover and fewer number of forbs than random sites (x* = -5.40, 1 df, P = 

0.02) (Table 20). Vegetative structure at 50 cm was significantly greater at quail points 

than random points (x" = 3.35, 1 df, P = 0.07), but not at 15 cm, I m, or 2 m (Table 20). 

No differences were detected between quail and random points for percent bare 

ground, woody stem density, number of grasses, grass and forb richness, biomass, and 

slope. 

Breeding seasons -Scaled quail used sites that had greater vertical vegetative 

structure during both breeding seasons: at 50 cm, 1 m, and 2 m height class categories 

d u r i n g  1 9 9 5  ( x "  =  4 . 0 1 ,  1  d f ,  P  <  0 . 0 5 )  a n d  a t  1  a n d  2  m  d u r i n g  1 9 9 6  ( x ^  =  2 . 8 2 ,  1  d f , P <  

0.09) (Table 22). 

The number and diversity of forb species were greater at scaled quail sites than 

random sites (x" = 5.07, 1 df, P = 0.02 and x" = 3.35, 1 df, P = 0.07, respectively), during 

the breeding season 1995 (Table 22). Woody stem density and grass diversity were higher 

at random points than quail points (x" = 3.39, I df, F = 0.07 and X' = 9.65, I df, P = 

0.002, respectively) during breeding season 1996 (Table 22). 

No differences were detected between quail and random points for percent 
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herbaceous canopy cover, percent bare ground, percent woody canopy cover, vegetative 

structure at 15 cm, number of grasses, biomass, and slope. 

Multivariate Analysis 

First model selection of independent variables.—In our first classification model 

(masked bobwhite, Gambel's quail, scaled quail, and random points), 5 independent 

variables were selected from the preliminary stepwise procedure. These 5 independent 

variables used for the discriminant function analysis included percent herbaceous and 

woody cover, vegetative height at I m, forb richness, and season (Table 23). The set of 

variables included in the model all had significant effects on quail habitat use (P < 0.08), 

and 4 of 5 variables were highly significant (P < 0.05). 

Discriminant analysis procedure (1st Model) .—T\vt discriminant function analysis 

accurately distinguished 42% of observations in the total model (Table 24). The scaled 

quail sites were the highest correctly classified group. Scaled quail sites were classified 

correctly as scaled quail observations 69% of the time, and misclassified as masked 

bobwhite observations 16%. Sites used by masked bobwhite quail were correctly 

classified as bobwhite observations 53% of the time, but 19% of the predicted masked 

bobwhite groups were misclassified as scaled quail observations. Random observations 

were correctly classified 35%, and misclassified as masked bobwhite observations 30% of 

the time. Gambel's quail had the most misclassified observations: sites used by Gambel's 

quail were more often misclassified as random observations (30%) than classified correctly 

as Gambel's observations (21%). 
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Second model selection of independent variables.—ThQ stepwise selection 

procedure selected 4 independent variables for the second discriminant model (masked 

bobwhite, Gambel's, and scaled quail, without random points). The subset of quantitative 

variables included woody cover, vegetative height at 15 cm, forb richness, and season 

(Table 25). All independent variables selected in the model had highly significant effects 

on quail habitat use (P < 0.02). 

Discriminant analysis procedure (2nd Model) .--The second discriminant analysis 

procedure correctly classified 54% of the total model (Table 26). The highest percentage 

of accurate classifications among the quail groups were the masked bobwhite 

observations. The predicted masked bobwhite groups were correctly classified 64% of the 

time as a masked bobwhite quail observation, and 19% of the time as scaled quail 

observations. Sites used by scaled quail were correctly classified 63% of the time as a 

scaled quail observation, while 22% of the time scaled quail sites were misclassified as 

Gambel's quail observations. Gambel's quail had the lowest correctly classified groups; 

Gambel's quail sites were correctly classified as a Gambel's observations 34%, and 

misclassified as a scaled quail observation 39% of the time (Table 26). 

DISCUSSION 

Historical events such as overgrazing and reduction in fire frequency helped to 

facilitate changes in physiognomic structure and species composition of grassland 

ecosystems in southeastern Arizona (McClaran and Van Devender 1995). These historical 

events changed environmental complexity, and probably the relative abundance and 
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composition of quail species on the refuge. The vegetative changes (i.e., increased 

mesquite) of southeastern Arizona rangelands may have favored Gambei's quail and 

resulted in range expansion. Griner et al.(1942) believed that mesquite cover type and 

river bottoms support the heaviest densities of Gambei's quail. 

Block and Brennan (1993) explained that the environment that controls the 

diversity of species may be in part due to 2 important factors; vegetative structure and 

floristic composition. I wanted to identify the most important variables that would best 

distinguish the segregation of habitat among masked bob white, Gambei's quail, and scaled 

quail. The predictions of habitat occupancy for masked bobwhite and scaled quail 

indicated that these 2 species are more restricted in their selection of cover than Gambei's 

quail. However, there was some evidence of interspecific overiap of habitat among the 3 

species of quail. 

Brown (1885) observed that "Gambei's quail were found in rough canyon-like 

country, scaled quail in wide grassy plains, and masked bobwhites on mesas and in the 

plains, but not in the canyons." Brown (1989) reported that Gambei's and masked 

bobwhite quail have different habitat requirements and therefore, habitat partitioning 

occurs between these two species. Goodwin and Hungerford (1977) conducted a study of 

habitat use by Gambei's quail, scaled quail, and released masked bobwhites in the Altar 

Valley during 1975 and 1976. Study results indicated that Gambei's quail were found in 

dense shrub types below 1,800 m. They preferred the overstory cover of mesquite, 

hackberry {Celtis spp.), wolfberry (Lycium fremontii), and catclaw {Acacia greggii) with 
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an understory of snakeweed {Gutierrezia sarothrae) and burroweed {Aplopappiis 

temiisectiis). 

In my study, Gambel's quail used sites that had less herbaceous cover, number of 

forbs and diversity of grasses. Gambel's quail were poorly segregated by cover, and 

habitat occupancy for Gambel's quail was more often predicted as random and scaled quail 

observations than Gambel's quail observations. These higher percentages of 

misclassifications indicate that Gambel's quail have broader habitat tolerances than masked 

bobwhite and scaled quail. Gambel's quail used sites that had less herbaceous cover, 

number of forbs and diversity of grasses. 

Scaled quail are essentially a grassland species, and were found at the most 

northern limits of masked bobwhite quail habitat where semidesert grassland replaced 

Sonoran savanna grassland in the Altar and Santa Cruz Valleys (Brown 1989). Scaled 

quail were found on open plains, rolling hills, and low ridges, and mesas at elevation 

ranging between 1,000 and 1,400 m (Brown 1989). They used sites that contained ^50% 

ground cover with low-growing grasses, forbs and shrubs (Goodwin and Hungerford 

1977), and scaled quail avoided taller vegetative structure and dense woody thickets 

(Brown 1989). 

I observed this for scaled quail on the Buenos Aires National Wildlife Refuge: 

scaled quail appeared to select more open sites, with shorter herbaceous and grass cover 

and fewer trees and other woody species. There was, however, some overlap of cover 

used by scaled quail with both masked bobwhites and Gambel's quail. Scaled quail 
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displayed the least amount of overlap with random points of any of the 3 species of quail, 

indicating that their use of cover was perhaps more restricted on the Refuge than either 

masked bobwhite or Gambel's quail. 

Masked bobwhite inhabited the open savanna grasslands at elevations ranging from 

300 - 1,800 m. These areas contained dense herbaceous cover with deep grasses and 

weeds, and a variety of forb and grass species (Goodwin and Hungerford 1977). Coarse 

bunch grasses (Sporobolus spp.) provided cover whereas species of grama {Boiiteloiia 

spp.) and three-awns {Aristida spp.) provided both food and cover (Tomlinson 1972, 

Johnsgard 1973). Goodwin and Hungerford (1977) also observed that masked bobwhite 

habitat use was intermediate between Gambel's and scaled quail habitat from October 

through June. This intermediate cover type is found between the open habitat selected by 

scaled quail and the more dense shrub and woody vegetation in Gambel's quail habitat. 

Masked bobwhite moved into Gambel's habitat when their preferred habitat features were 

limited (Goodwin and Hungerford 1977). These intermediate conditions described by 

Goodwin and Hungerford were similar to the conditions I observed on the Buenos Aires 

National Wildlife Refuge. Habitat preferences for masked bobwhite quail on the Buenos 

Aires National Wildlife Refuge were more specific than Gambel's quail but less so than 

scaled quail, indicating that they may be using more vegetative diversity than the latter 

species. 

Masked bobwhites used structural vegetative components that overlapped with the 

lower vegetative height categories used by scaled quail (15 cm and 50 cm) and the higher 
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vegetative heiglit class categories used by Gambel's quail (1 and 2 m). Their use of woody 

canopy cover during the breeding season was also more prevalent than the other quail 

species. The woody vegetative type is believed to be more indicative of vegetation used 

by Gambel's quail. This may indicate that masked bobwhite respond to more structural 

diversity than either Gambel's or scaled quail. 

Herbaceous canopy cover was also selected as an important variable in 

discriminating among quail species and random points. There appeared to be less overlap 

of herbaceous cover among the 3 species of quail on the Refuge during the covey season. 

Herbaceous canopy cover was probably more important to masked bobwhite quail during 

the covey season than Gambel's and scaled quail. Masked bobwhite were using 

herbaceous canopy cover in proportion to its availability on the refuge during the covey 

season, whereas Gambel's and scaled quail seem to use less herbaceous cover than 

available during this time. 

Conversely, during the breeding seasons, all 3 quail species used herbaceous cover 

in proportion to its availability. Herbaceous canopy cover is critical for quail in a hot 

desert environment. Cover helps to provide shade for the quail during the hotter months 

and would also protect them from predators, especially during the nesting season. 

Therefore, all 3 quail species may be competing for herbaceous canopy cover during the 

breeding seasons, and this is probably less likely to occur during the covey season. 

Forb richness was also an important habit variable in discriminating among quail 

species and random points. However, there was no clear pattern of use among quail 
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species. During the covey season all 3 quail species used the diversity of forb species in 

proportion to their availability. During the breeding seasons, however, scaled quail 

selected more or less forb diversity, depending on the breeding season, than what was 

available at random points. Masked bobwhites and Gambel's quail, however, used forb 

diversity in available proportion during both breeding seasons. 

MANAGEMENT RECOMMENDATIONS 

Johnson and Mayeux (1992) explained that "vegetation forms the matrix of 

terrestrial ecosystems". Block and Brennan (1993) believed that even the most subtle 

changes in vegetative structure and composition and community organization can render 

an area unsuitable for a population in terms of survival or reproduction. This could be the 

case for masked bobwhite quail. Consequently, changes in the structure and composition 

of vegetative cover and increased Gambel's quail populations may limit resources (i.e., 

cover, food) for masked bobwhite and scaled quail. These limited resources may have 

forced these species to use less preferred habitat or caused increased overlap of cover use 

among quail species. From a management perspective, the species with the most or 

restricted habitat (i.e., masked bobwhite and scaled quail) are those which require special 

attention. The Refuge actively manages for masked bobwhites, but fijrther studies and 

management applications should be considered for scaled quail as well. 
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Table 20. Comparison ofhabitat vanables used by 3 species ot" quail and available habitat (random points) on 

the Buenos Aires National Wildlife Refuge in souiheaslem Arizona during covey season 1995-1996. A 

Kruskal-wallis test was used to test for differences between quail and random points. Univariate x^-tests were 

used to indicate those various habitat components in which the means differed significantly from those same 

variables at random points. Only significant x'-values are shown (P < 0.10). 

Species 

Variable/Statistic Masked bobwhite Gambel's Scaled 

% herbaceous cover -11.62* -9.26' 

% bare ground 

% woody cover -5.21' 

Structure 15 cm 11.60' 

Structure 50 cm 17.06' 3.35 

Structure 1 m 14.29' 6.42' 

Structure 2 m 11.12' 9.24* 

Woody stem density 

No. grasses 

No. forbs -3.62 -4.39* -5.10* 

Grass richness -5.67' 

Forb richness 

Biomass 8.05' 

Slope -3.27 -9.07' 

' indicates significant at Z's 0.05 
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Table 21. Comparison of habitat vanables used by 3 species of quail and available habitat (random points) on 

the Buenos Aires National Wildlife Refuge in southeastern Arizona during breeding season 1995. A Kruskal-

wallis test was used to lest for differences between quail and random points. Univariate x*-tests were used to 

indicate those various habitat components in which the means differed signiflcandy from those same variables 

at random points. Only significant X'-values are shown (P < 0.10). 

Species 

Variable/Statistic Masked bobwhite Gambel's Scaled 

% herbaceotts cover 

% bare ground 

% woody cover 9 21' 

Structure 15 cm 7 56'' 

Structure 50 cm I 1 73' 7.43* 

Structure 1 m 7.35* 7.67* 

Structure 2 m 5 49' 4.01' 

Woody stem density- -8.0P 

No. grasses 

No. Ibrbs 5.07* 

Grass richness 

Forb richness 3.35 

Biomass 

Slope 10.53" 5.09* 

" indicates significant at P s 0.05 
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Table 22. Comparison of variables used by 3 species of quail and available habitat (random points) on the 

Buenos Aires National Wildlife Refuge in southeastern Arizona during breeding season 1996. A Kruskal-

wallis test was used to test for differences between quail and random points. Univariate x'-tests were used to 

indicate those various habitat components in which the means differed significantly from those same variables 

at random points. Only significant x*-values are shown (P < 0.10). 

Species 

Variable/Statistic Masked bobwhito Gambel's Scaled 

% herbaceous cover 

% bare ground 

% woody cover 

Structure 15 cm 

Structure 50 cm 

Structure I m 

Structure 2 m 

Woody stem density 

No. grasses 

No. forbs 

Grass richness 

Forb richness 

Biomass 

Slope 

10.06' 

3.13 

6.32' 

7.50' 

3.57 

-2.92 

4.86' 

11.28* 

10.68* 

-7.26* 

2.82 

4.63* 

-3.39 

-9.65' 

• indicates significant at P s 0.05 
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Table 23. Stepwise discriminant model ot'5-habital variables that best discriminated among masked bobwhite, 

Gambel's quail, scaled quail, and random points on the Buenos A res National Wildlife Refuge in southeastern 

Arizona. 

Variable Total STD R-Squared Pr>F 

% herbaceous cover 

% woody cover 

Structure at 1 m 

Forb richness 

Season 

0.17 

0.20 

0 22 

1.06 

0.48 

0.03 

0.03 

0.12 

0.04 

0.10 

2.37 

2.80 

9.93 

3.01 

9.50 

0.071 

0.041 

<0.001 

0.031 

<0.001 
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Table 24. Discriminant analysis classification summary of the number of observations and percentages 

classified into masked bobwhite, Gambel's quail, scaled quail, and random points collected on the Buenos 

Aires National Wildlife Refuge in southeastern Arizona. The first number in each box represents the number 

of correctly classified observations; the second number is the percentage of correctly classified observations. 

firom Point BOBWHITE GAMBEL'S RANDOM SCALED TOTAL 

BOBWHITE 43 9 14 15 18.52 81 
S3.Ck$ 1111 17.28 100.00 

GAMBEL'S 12 12 17 15 56 
2143 2I.« 30 36 26.79 100.00 

RANDOM 25 14 29 ^ 15 83 
30.12 16.87 34.94 ..... 18.07 100.00 

SCALED 5 4 1 22 • 32 
15.63 12 50 3.13 6«.75 100.00 

TOTAL 85 39 61 67 252 
PERCENT 33.73 15.48 24.21 34.80 100.00 
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Table 25. Stepwise discriminant model ot"4-habitat variables that best discriminated among masked bobwhite, 

Gambel's quail, and scaled quail observations on the Buenos Aires National Wildlife Refuge in southeastern 

Arizona. 

Variable Total STD R-Squared F Pr>F 

% woody cover 0.20 0.06 6.59 <0.002 

Structure 15 cm 0.25 0.08 8.77 <0.001 

Forb richness 1.10 0.04 4.04 0.019 

Season 0.48 0.17 19.32 <0.001 
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Table 26. Discriminant analysis classification summary' of the number of observations and percentages 

classified into masked bobwhite, Gambel's quail, scaled quail, and random points collected on the Buenos 

Aires National Wildlife Refuge in southeastern Arizona. The first number in each box represents the number 

of correctly classified observations; the second number is the percentage of correctly classified observations. 

from Point BOBWHITE GAMBEL'S SCALED TOTAL 

BOBWHITE 55 15 16 86 
63.95 17.44 18.60 100.00 

GAMBEL'S 18 23 . 26 67 
26.87 34.33 38 81 100.00 

SCALED 6 9 26~ ~ 41 
14.63 21.95 ^41 100.00 

TOTAL 79 47 68 194 
PERCENT 40.72 24.23 35.05 100.00 



81 

CHAPTER 3 - THE ROLE OF HISTOEUCAL PERSPECTIVES IN THE 

RESTORATION OF ECOSYSTEMS AND RECOVERY OF ENDANGERED 

SPECIES 

INTRODUCTION 

It is estimated that thousands of species disappear every year because of habitat 

destruction (Pianka 1994). If resource managers can understand the relationships between 

these species and their habitat in a given area, region, or continent, they might be able to 

restore habitats and recover populations. In order to restore habitat, however, managers 

need to know more than just the habitat requirements of a single species. They need to 

understand how the systems function in which these species live. Udo de Hayes and Klijn 

(1994) describe a concept called "ecodiversity," which considers mutual relationships 

between abiotic and biotic components of the entire physical environment, including 

humans and the activities that influence the environment. This is similar to the concept of 

ecosystem management. One definition of ecosystem management is a concept that 

requires us to understand ecological, economic, social, and managerial principles in 

managing biological and physical systems to protect long-term ecosystem integrity, natural 

diversity, and productivity of the landscape (U.S. Bureau of Land Management 1994). 

This inclusive style of management must consider larger scales in both time and space, 

patch size and dynamics, climatic events, ecological relationships, and evolutionary 

history. 
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The movement toward this style of natural resource management developed for 

two reasons: primarily to recognize and deal with entire systems of interacting 

populations in complex and dynamic physical environments, and secondarily because the 

traditional approach of resource management has not always been successful (Bumside 

and Rasmussen 1997). Traditional approaches focuses on site-specific or species-specific 

management. Inclusive management is more difficult because it requires the management 

of entire systems, including the complexities of these systems. A historic perspective to 

ecosystem management can help resource managers bridge the gap between traditional 

and ecosystem management. Operationally, we define historical perspective to be a 

perspective based on a compilation of information from reports and published documents 

of past and present conditions. 

In this paper we use a historic perspective to evaluate changes in the semiarid 

grasslands in southern Arizona over the last hundred or so years. During the late 19th and 

early part of the 20th century, semiarid grasslands of the Southwest were severely 

modified by climatic changes and human enterprises, such as livestock grazing (Hastings 

and Turner 1965). The most obvious change was a large scale shift of flora from 

grasslands to shrublands. Other damage included loss of top soil, rangeland and 

watershed erosion, and the endangerment and/or displacement of wildlife species. 

Masked Bob white: a case history 

Masked bobwhite quail {Colhms virghuanus ridgewayh) were severely impacted by 

the habitat changes (overgrazing, drought, and climatic changes) that occurred in the 
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Southwest around the turn of the century. The masked bobwhite is one of four species of 

quail native to Arizona, all of which have probably been impacted by habitat changes. 

However, unlike other quail species, masked bobwhite occupied a limited distribution and 

depended on dense herbaceous habitat (Brown 1885). 

Masked bobwhites inhabited the broad river valleys and floodplains of Sonora, 

Mexico and extreme south-central Arizona. These areas were between 150 and 1,200 m 

in elevation and contained deep soils that were once covered with lush, highly diverse 

herbaceous vegetation interspersed with a few shrubs and small trees (Brown 1885, Ligon 

1952, U. S. Fish and Wildlife Service 1995). Masked bobwhite used sacaton grass 

(Sporoboliis wrightii), a coarse bunch grass which dominated the floodplains, as escape 

cover (Stephens 1885, Allen 1886). These fertile riparian rangelands were extremely 

susceptible to the heavy grazing by livestock (U. S. Fish and Wildlife Service 1995). 

In Arizona, masked bobwhite quail were found historically in the Altar, Santa 

Cruz, and San Pedro Valleys (Brown 1904). In 1885, Manuel King, pioneer rancher, 

stated that "sacaton and [other grass species] covered the entire Altar Valley from the 

slopes of the Baboquivaris to Cerro Colorado and Sierrita Mountains." At that time, there 

were only a few trees in the Altar Valley, but it was common to see haystacks of native 

grasses in the fall and winter that had been harvested by farmers and ranchers (Brown 

1989). Wild hay harvesting was an important economic activity (Bahre 1995). 

The Santa Cruz and San Pedro valleys were also covered with grasses, shrubs, and 

riparian vegetation (Tellman et al. 1997). Thornber (1910), an early botanist, described 
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the tall sacaton grasses as the predominant vegetation on the floodplains. These riparian 

rangelands were often fringed with thickets of catclaw {Acacia greggii), and screwbean 

mesquite (Prosopispitbesce/is), and other species of mesquite {Prosopis spp.). 

Cottonwoods {Populnsfremontii) and willows (Sa/ix spp.) grew only in most moist areas. 

Tellman et al. (1997) explained that these sacaton meadows were a different type of 

riparian area then the typical riparian zones with cottonwoods, willows, walnuts (Juglans 

major), and shrubs that we see today. These riparian rangelands of sacaton and tall bunch 

grasses disappeared before the middle of the 20"* century (Elmore and Beschta 1987). 

By the turn of the century masked bobwhites had been extirpated fi-om Arizona. 

They were listed as endangered under the Endangered Species Act of 1973 (U.S. Fish and 

Wildlife Service 1995). There were several early unsuccessful attempts to reintroduce 

masked bobwhites into southern Arizona. In 1985, the Buenos Aires National Wildlife 

Refuge was established to preserve habitat and restore populations of masked bobwhites 

in the United States (U.S. Fish and Wildlife Service 1995). 

Although, the Buenos Aires Refuge is the largest tract of native desert grassland 

under protected status in southern Arizona (McLaughlin 1990), the majority of the 

grassland on the Refuge had been modified by the invasion of shrub species and exotic 

plants (McLaughlin 1990, 1992). This long term habitat degradation on the Refuge has 

affected the ability of the management agency to recover masked bobwhite populations. 

These changes made the Refuge very different habitat than it had been at the turn of the 

century when masked bobwhite were more abundant then today (Allen 1886, Brown 
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1904). Changes have also affected the abundance and distribution of other wildlife species 

that historically inhabited the grasslands of southeastern Arizona, such as prairie dogs 

{Cynomys spp.), Sonoran pronghom {Antilocapra americand), and Baird's sparrow 

{Ammodramtis bairdii). 

Recovering the endangered masked bobwhite and restoring the function of these 

desert grasslands will require a return to at least some of the conditions that existed before 

the turn of the century. Restoring native plant diversity will "favor specific wildlife species 

[i.e. masked bobwhites], increase wildlife diversity in general, or increase biodiversity" 

(Roundy and Biedenbender 1995:294). In order to accomplish this goal we need to look 

at this grassland from a historic perspective. This approach includes an evaluation of past 

and present conditions of the following: evolution of semiarid grasslands, semiarid 

grasslands before and after the 190Gs, climate, watersheds, wildlife species that have been 

displaced or become endangered, and the management of ultimate and proximate 

problems. 

A HISTORICAL PERSPECTIVE 

What are the semiarid grasslands? 

Semiarid grassland is a perennial grass-scrub dominated landscape. These 

grasslands grow in basins and valleys surrounded by low hills and mountain ranges in 

southwestern North America (Schmutz et al. 1992, Brown 1994). Semiarid grasslands 

encompass about 500,000 km* in North .'America (Lauenroth 1979), with elevations 

ranging from 1,000 to 1,750 m in the United States and up to 2,500 m in Mexico 
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(Schmutz et al. 1992). Their most northern limits lie primarily in Arizona, New Mexico, 

and Texas, while the majority of this grassland extends far into Mexico (McClaran 1995). 

Desert grasslands were never extensive (Brown 1994) and may be a subclimax community 

maintained by fire (Humprey 1952). They are also the driest of all North American 

grasslands (Humphrey 1958, Schmutz et al. 1992). McClaran (1995) explains that "there 

is remarkable climatic, geologic, edaphic, and biotic diversity across these grasslands, but 

there is a consistent theme of dry, hot, sunny climates with short, unimposing vegetation 

consisting of grasses, forbs, shrubs, small trees, and succulents." 

Evolution of Semiarid Grasslands 

According to Van Devender (1995), grassland communities were present for the 

last 10 percent of the 2.4 million years of the Pleistocene. During the Pleistocene, climates 

fluctuated fi"om severe cold periods (glacial) to warm periods (interglacial) (Shotton 

1975). Plant macro-fossils uncovered from ancient packrat middens indicated that 

woodland communities dominated the Sonoran Desert 22,000 to 11,000 years ago during 

the late Wisconsin glacial period (Van Devender and Spaulding 1979). Climatic 

conditions shifted several times before stabilizing to a more modem environment. The 

stabilized conditions included very warm summers, strong summer monsoons and frequent 

freezes. 

The modern environment favored the desert grasslands. Junipers {Jimiperus spp.) 

and oaks {Onercus spp.) disappeared from the desert lowlands about 8,000 years ago, and 

the recent grasslands developed (Van Devender and Spaulding 1979). This period marked 
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the beginning of the middle Holocene (present interglacia! period). The fossil record 

indicates that desert grasslands were most widespread and more mesic than today (Van 

Devender 1995). During the 5,000 years of the middle Holocene, these recent grasslands 

reached their greatest extent: from west-central and southeastern Arizona, thru southern 

New Mexico, and extending into western Texas of the United States and throughout much 

of northern Mexico (Schmutz et al. 1992). 

PRE-1900s ERA 

The Role of Fire in the Desert Grasslands 

Historically, fire has been an essential environmental factor in determining the plant 

composition of the semi-arid grasslands (Hastings and Turner 1965, Bahre 1991, 

Humphrey 1952). However, we know very little about the history of fire frequency in the 

desert grasslands before the twentieth century because of lack of evidence such as 

fire-scared trees (Wright and Bailey 1982). Fire frequencies based on indirect evidence 

suggest that fires may have occurred at least every 10 years (McPherson 1995). 

McPherson (1995) explains that fires were probably frequent enough to prevent 

widespread shrub recruitment, because shrubs were inconspicuous in the desert grasslands 

before the late 1800s. 

Fire is necessary in maintaining most grasslands (McPherson 1995). When shrubs 

and trees survive, they shade out grasses. Fire restricts woody plant establishment and 

survival by interacting with other factors including climate, topography, soil, insects, 

rodents, lagomorphs, and herbaceous plants (Wright and Bailey 1982, Grover and Musick 
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1990). The frequent fires of the southwest generally started from dry lighting strikes 

during the early monsoon season. They often burned until rains put them out, sometimes 

weeks later (Dimmitt and Asplund 1993). 

Climate and its Effects on Vegetation 

Arizona was in a period called the "little ice age" that began in the 1500s and 

ended in the 1850s, when desert grasslands reached their greatest extent (Hadley et al. 

1991). During this time climatic conditions were less variable than they are now, with 

cooler and drier than average winters and wetter than average summers (Hadley et al. 

1991, Tellman et al. 1997). These cooler conditions during both summers and winters 

resulted in more soil moisture for plants and allowed less evaporation. Most plants were 

able to utilize the available water, which remained in the soil later into the warmer springs 

(Hadley et al. 1991). 

The climatic conditions before 1900 favored summer perennials and restrained the 

expansion and abundance of shrubs, winter annuals, and ephemerals. Weather conditions 

changed during the final years of the nineteenth century, as summers and winters gradually 

became drier. These conditions eventually depressed the vigor of summer perennials 

which favored the expansion of shrub species (Hadley et al 1991). 

Cattle on the Range 

Desert grasslands covered about 45% of southeastern Arizona (Brown and Lowe 

1980). Cattle ranchers were attracted to the perennial grasses that dominated these 

rangelands (Hadley et al. 1991). The Spanish explorers came to the Sonoran desert in the 
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mid 1500s, followed by the Spanish Missionaries. Padre Kino, a Jesuit missionary, came 

to the Sonoran Desert in 1691. He established a chain of missions, and introduced old 

world crops, horses, sheep, and cattle to the Sobaipuri and other Pima inhabitants (Bahre 

1995, Robinett 1990). Ranching became wide spread under his direction. Jesuits at 

Mission San Xavier del Bac provided the impetus for stock raising among the upper Pima 

tribes (Morrisey 1950). 

In 1821, Spain ceded Arizona to Mexico. Before that time, Mexican ranchers ran 

up to 150,000 head of cattle in southeastern Arizona. Subsequent to 1821, Mexican 

ranchers still ran cattle in southeastern Arizona, but their activities often brought them in 

conflict with the Apaches. The ranching industry was virtually non-existent in Arizona 

between 1827 and 1851 because Apache raids made it difficult for Mexican ranchers to 

remain in Arizona (Morrisey 1950, Bahre 1995). In 1846, most Mexican Ranchers were 

driven south of Apache land. The Apache raids forced the ranchers to abandon their 

haciendas and livestock. The abandoned cattle thrived and became wild (Morrisey 1950). 

Estimates based on circumstantial evidence suggest that there may have been 100,000 wild 

cattle roaming the rangelands of southeastern Arizona during the 1840s and early 1850s 

(Christiansen 1988). These wild cattle were viewed as game and hunted by the O'odhams 

and Apaches, Mexican War soldiers, Forty-Niners, and Anglo emigrants (Christiansen 

1988, Robinett 1990). There were no more wild cattle left in southeastern Arizona after 

1854 (Christiansen 1988). The desert grasslands, however, remained open and free of 

brush into the 1860s (Bahre 1995). 
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The United States took jurisdiction over Arizona at the end of the Mexican war in 

1848. However, the Apache wars did not end until 1886, with Geronimo's surrender 

(Alcock 1993, Bahre 1995). After the deportation of the Apaches to Florida in 1872 and 

the Civil War, there was a tremendous resurgence of the livestock industry in Arizona. 

Settlement by Anglo-Americans increased during the 1870s and early 1880s, partly 

because of the completion of Southern Pacific Railroad in 1881 (Bahre 1995). For the 

ranching industry, the railroad promised easy access to eastern markets from Tucson or El 

Paso. In response to these favorable business conditions, cattlemen increased the number 

of cattle on Arizona ranges: numbers increased from 5,000 head in 1870 to more than 

1,500,000 head by 1891 (Alcock 1993). 

From 1891 through 1893, a severe drought caused the demise of hundreds of 

thousands of cattle across Arizona ranges (Alcock 1993). Annual rainfall was consistently 

at least two inches less than average (Tellman et al. 1997). One observer remarked that, 

"he reckoned you could make your way across Arizona, and always be wathin a stone's 

throw of a dead steer" (Alcock 1993:109). Cattle denuded the Arizona rangelands and 

left them susceptible to erosion (Alcock 1993, Bahre 1995, and Tellman et al. 1997). 

Arizona Rivers and Water Use 

Historians made inferences about the past conditions of western rangeland stream 

systems from diaries of early emigrants and travelers, archaeological remains, and other 

information (Tellman et al. 1997). Diaries recorded between 1812-1880 revealed that 

western rangelands contained dense stands of willows and cottonwoods interspersed with 
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wide wet meadows (Elmore and Beschta 1987, Tellman et al. 1997). In southeastern 

Arizona, rivers and streams intersected the rangelands and in some parts, where water did 

not flow freely, areas contained galleria forests (cottonwood and willow trees) and 

marshes (cienagas) (Bahre 1995). The bones of large fish found along some rivers, which 

are now dry, indicate that these rivers once flowed deeply (Tellman et al. 1997). 

Arizona's rivers are strongly influenced by variable patterns of rainfall (Tellman et 

al. 1997). These climatic factors cause periodic flooding and drought. The flooding and 

drought affected human settlement from prehistoric times to present (Tellman et al. 1997). 

However, the type and extent of the effect has depended on the culture of the people and 

how they used the land. 

The "mountain men" where the earliest Anglo-Americans in Arizona (Tellman et 

al. 1997). They came to trap beaver (Castor canadensis) primarily to supply fur for hat 

fashions in the 1820s. The beaver population was reduced severely in the 1820s, but hat 

fashions soon changed from fur to silk. By the 1860s the beaver population had 

recovered. However, by the late 1800s beavers were extirpated from Arizona rivers 

because of other activities such as overgrazing, urbanization, and water diversion. Elmore 

and Beschta (1987) explained that these activities were the first major anthropogenic 

influences that affected the "composition, structure and flinction of many western stream 

systems." 

Beaver were a keystone species in many riparian ecosystems. Historically, they 

lived throughout Arizona in major water drainages, including many of the mountain ranges 
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and perennial water ways in the state. Their activities influenced stream hydrology, 

temperatures, and nutrient cycles. Beaver dams provided habitats for aquatic organisms 

and facilitated in vegetation dispersal, dynamics, and structure of riparian zones (Elmore 

and Beschta 1987). Beaver ponds raised the water tables and increased the width of the 

riparian strip (Tellman et al. 1997). During periods of low rainfall, water seeped from the 

banks and maintained flow in the river (Tellman et al. 1997). 

As Anglo-American settlement increased in Arizona in the late 1800s, the need for 

water for domestic livestock, agriculture, and mining also increased. These increased 

demands resulted in the diversion of available water away from the rivers. As the supply 

of surface water became undependable farmers and ranchers began to pump ground water. 

By 1884, almost every bit of permanent water had been preempted (Morrisey 1950). 

Before the arrival of the Anglo-Americans in 1820, the early Arizona occupants 

used water only for domestic livestock and agriculture. These uses may have impacted 

water resources and the habitat surrounding them. Cattle trampled the vegetation around 

the water holes and irrigation canals drained the rivers. However, these impacts were 

minimal in comparison to the severity of the impacts that occurred during the later 1800s. 

Brawley Wash, Santa Cruz River, and San Pedro River 

The Brawley Wash is located in Altar Valley in Pima County, Arizona, 

approximately 30 km west of Tucson. The Brawely flows from its origin near the United 

States-Mexico border, north through the Buenos Aires National Wildlife Refuge, through 
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the northern Altar Valley, and then through Avra Valley, empting into the Santa Cruz 

River near the town of Marana. 

There were no perennial streams or creeks in the Altar Valley. However, there 

were some perennial headwater streams in the mountains. These include Arivaca Creek 

and San Luis Canyon. Brawley Wash, where it traverses the Alter Valley, was an 

intermittent wash that flowed only after rainfall events on the watershed (U. S. Soil 

Conservation Service 1992). Before 1900, the floodplain associated with Brawley Wash 

was covered with grass and there was no evidence of gullying or headcutting (U. S. Soil 

Conservation Service 1992) During flood events, water flowed out and over the Altar 

Valley floodplain. The flood waters must have moved slowly and penetrated deeply; 

Rancher John King's grandfather said he could walk a horse ahead of any flood in the 

valley (U. S. Soil Conservation Service 1992); such is not the case today. 

Conversely, the Santa Cruz River was once perennial from its headwaters in the 

San Rafael Valley through Mexico and north to about Tubac; encompassing a watershed 

of about 21,000 km*. Within this area there were a number of tributary streams with 

perennial sections. The Santa Cruz valley had been described as a fertile grassland where 

agricultural had been practiced for thousands of years. Some farming communities were 

established as early as 600 BC (Tellman et al. 1997). When the Spanish Missionaries first 

arrived in Arizona, they settled and colonized the Santa Cruz Valley. Available water 

allowed the Santa Cruz Valley to support a diversity of wildlife including fish, turtles, 

beaver, muskrat {Ondatra zibethicus), black and grizzly bears {Urst/s spp.), wolves {Canis 
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lupus baileyi.), coyotes(Can/i' latrans), mountain lions {Felis concolor), bobcats (FeJis 

rufiis), deer {Odocoileus spp.), and pronghom (Bahre 1995). 

The San Pedro River begins in Mexico and flows north to the Gila River in 

Arizona. The watershed is almost 12,000 km" in extent. Its two main tributaries include 

the Babocomari River and Aravaipa Creek. The river was mostly free-flowing with 

marshes and fertile riparian aieas. Historically, these waters supported about 13 species of 

native fish, including the Colorado squawfish {Ptychocheilus Indus), which reached 

lengths of 3-5 feet (Tellman et al. 1997). This area also supported a great diversity of 

wildlife species much like the Santa Cruz valley. As early as 500 A.D., inhabitants hunted 

the wildlife and used the water to irrigate crops. The San Pedro River was also used as a 

major transportation route by Indians, Spaniards, Mexicans, and Anglo-American travelers 

(Tellman et al. 1997). 

Summary of the Pre-1900 Era 

Between the years of 1870 and eariy 1900s (the period of settlement by Anglo-

Americans) the desert grasslands in southern Arizona were severely impacted by the 

combined effects of excessive overgrazing, cultivation, periodic long droughts and climatic 

changes. These impacts decreased the composition, density, and structure of herbaceous 

plants, increased exotic and woody plant species, and altered major stream and river 

systems. What were once fertile lush grasslands became rangelands with reduced 

productivity for both wildlife or domestic livestock. 
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Not only was the cattle industry strongly impacted by these changes, there were 

many ualdlife species that also depended on water and herbaceous cover in a harsh desert 

environment. For example, all four quail species endemic to southeastern Arizona were 

severely impacted. In the late 1800s, the Tucson Gun Club introduced a bill into the 

territorial legislation to help protect declining quail populations (Brown 1900). By this 

time, however, it was too late to save masked bobwhites in Arizona because unlike the 

other quail species, masked bobwhite populations never recovered. By the turn of the 

century, the masked bobwhite quail disappeared from southeastern Arizona. 

POST-1900S ERA 

The Role of Fire in the Desert Grasslands 

During the early 1900s, the United States Department of Agriculture Forest 

Service ordered fire suppression in all forest reserves throughout the U. S., including 

southeastern Arizona. These early efforts were designed to help conserve range and forest 

resources. However, these actions actually helped facilitate changes in grassland 

communities by allowing invasion of small trees, shrubs and cacti (Humphrey 1958, 

Archer 1989, Brown 1994). Suppression of fire continued as a management practice until 

the 1970s. 

Prescribed burning was introduced in the 1970s and 1980s and became an 

important management tool. Resource managers now use fire to improve wildlife habitat 

by managing the undesirable shrubs in southwestern deserts (Wright 1974). Fire has been 

used to improve habitat for a variety of wildlife species (Komarek 1963, Miller 1963). 
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Burning creates lieterogeneity in landscapes, which can increase species diversity (Payne 

et al. 1996). Furthermore, use of fire increases the availability of nutrients for plants and 

stimulates nitrogen cycles (Payne et al. 1996). 

However, fire has not killed the larger diameter trees that have accumulated over 

the last several decades in Arizona. Velvet mesquite >1.5 cm in diameter is relatively 

tolerant of fire (Wright et al. 1976). Today, grass fires alone are not able to reverse the 

long term establishment of woody vegetation (McPherson 1995). 

Climate and its Effects on Vegetation 

After the turn of the century, "little ice age" conditions were diminishing and no 

longer favored the perennial grasses (Hadley et al. 1991). Winters became wetter and 

warmer, and these conditions favored germination and establishment of shrubs, cacti and 

agaves, and winter annuals, and caused European exotics to thrive. From 1930 to the end 

of 1960, both winters and summers were drier than average. In addition, a severe drought 

occurred in 1934, which increased the expansion of shrubs and succulents. From the 

1970s to the present, recent global warming may also be favoring shrub invasion (Hadley 

et al. 1991, Archer 1994). 

Warm season grasses grew during the summer rains. However, summer rains 

diminished and conditions became drier than average; this increased grass mortality and 

resulted in decreased seed production and seedling establishment. Increased grass 

mortality created unoccupied gaps, which were exploited by woody plant invaders 

(Grover and Musick 1990). By 1941, temperatures cooled and the summer rains 
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diminished even more. Summer perennials had no "weather advantage" to allow them to 

recover (Hadley et al. 1991) . 

O'Conner (1991) studied perennial grasslands in southern Africa. The structure 

and climate of these grasslands were similar to savannas worldwide, including those on the 

North American prairies. O'Conner (1991) found that perennial grasslands in arid regions 

were more vulnerable when exposed to extensive grazing and drought conditions than 

grasslands in more mesic environments. He concluded that the perennial grasslands in 

drier regions were more prone to extinction on a "landscape and regional scale" because 

droughts in drier regions are longer and more frequent than in moister areas (O'Conner 

1991). 

Cattle on the Range 

Several good years of rain followed the long drought years of the late 1800s. 

These wet conditions stimulated some herbaceous growth which helped to stabilize the 

cattle industry by 1903. However, the direct and indirect effects of previous overgrazed 

conditions had grossly deteriorated the landscape; these deteriorated conditions generated 

a great deal of concern for the resources. These concerns were of two principal sorts: 

"woody plant invasions and the change in composition and density of non-woody species" 

(Humphrey 1958). Concern for grassland resources prompted regulation of cattle grazing 

on Forest Service land in the early 1900s. However, overgrazing and overstocking of 

cattle continued on other public lands until 1934, when the Taylor Grazing Act was 

enacted (Bahre 1995). 
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Today, the numbers of cattle in the state are only a fraction of the numbers that 

were grazing on Arizona ranges before the turn of the century. However, even after 

regulation of the cattle industry, native grass populations never fully recovered. Fire 

suppression, introduction of exotic species, and continuous grazing precluded recovery of 

the grassland. The exotic grasses that were planted in the late 1800s to help stabilize 

erosion and provide feed for livestock have expanded their ranges during the twentieth 

century because native grasses that were preferred by cattle have been eliminated or 

suppressed. Some exotic plants became naturalized and started to outcompete the native 

plant species. Lehmann lovegrass {Eragrostis lehmanniana), brought to Arizona from 

southern Africa in 1932, was one of these hardy invaders. It has spread successfully into 

areas creating "monocultures of areas planted to lovegrass" (Bahre 1995). 

Arizona Rivers and Water Use 

Cattle grazing, logging, road building, urbanization, dam construction, and the 

introduction of exotic plants had a profound effect on the riverine-riparian ecosystems of 

the Southwest. According to Doppelt et al. (1993) the "riverine-riparian ecosystem is 

nested within the watershed ecosystem and includes the processes and elements that 

interact in the riparian and flowing water areas throughout the entire system; generally 

including the 100-year floodplain." 

By the turn of the century, vegetation was sparse and no longer intercepted 

summer rains. These conditions caused arroyo cutting and stream entrenching along most 

major streams and rivers in Arizona (Bahre 1991). This process resulted in lower water 
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tables and summer flows (Doppelt et al. 1993). The San Pedro, Santa Cruz, and San 

Simon Rivers were once mostly perennial. Today, however, these rivers are generally dry 

and contain water only after heavy rains. Brawley Wash, which once overflowed the 

floodplain, no longer floods its banks due to erosion in the stream channels (U. S. Soil 

Conservation Service 1992). Changes in the watershed drastically changed the ecology of 

the whole region (Tomlinson and Brown 1970). Reduced cover and arroyo cutting 

attributed in large part to increased water runoff and soil erosion and reduced infiltration 

capacity (Gomitz and NASA 1985) 

Plants of the semi-arid grasslands evolved with periodic droughts, which normally 

stressed them during dry years. When dry conditions occurred, plants depended on the 

healthy stream and river systems that provided moist soil conditions to sustain them during 

the dry seasons. During wet periods, water accumulated in the stream channels and 

elevated water tables. High water tables provided water to the root zones of plants on 

former terraces and floodplains (Elmore and Beschta 1987). However, when drought 

conditions were combined with lack of soil moisture resulting from changes in soil and 

stream hydrology, it made plants more vulnerable to drought conditions. Whereas in the 

past plants subjected to periodic drought were able to survive these conditions (Gomitz 

and NASA 1985), now they could not. The cumulative effect of these changes over long 

periods of time was desertification. This phenomenon "is more likely the consequence of 

altered soil hydrology than of diminished precipitation, on the scale of a century or less" 

(Gomitz and NASA 1985:309). 
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DISCUSSION 

I used a historic perspective to analyze the past and present conditions of the 

semi-arid grasslands. The purpose of this analysis was to identify the different factors that 

changed the ecology of semi-arid grasslands in southeastern Arizona, and to determine 

how these changes affected the vegetative cover that provided habitat for masked 

bobwhite quail. Temple (1977) explained that there are two factors that cause species 

endangerment; factors that reduce survivorship and fecundity in the population. One 

reason for suppression of survivorship and fecundity is reduction of suitable habitat. 

In this analysis, I determined that thick dense bunchgrass cover associated with the 

floodplains was probably a critical component of masked bobwhite habitat. Sacaton 

grasses were important escape cover for masked bobwhites in the late 1800s, when this 

type of vegetation occurred along most floodplains. Floodplains are defined "as any flat 

or nearly flat lowland that borders a stream and is covered by its waters at flood stage" 

(Helm 1985). However, current streams have eroded to a stage were floodplains are no 

longer ecologically functional. These landscapes, and their associated flow regimes, used 

to contain biotic communities of plant and animal species that were not found on adjacent, 

drier uplands. I believe the vegetative types and microclimates found in these biotic 

communities were generally important for the survival of masked bobwhites in harsh 

desert environments. I believe that these factors become even more critical during 

periodic droughts, when these riparian areas might have acted as "refiigia" for quail and 

other wildlife during times of high environmental stress. Today, the vegetative community 
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associated with the floodpiain no longer exists along Brawley Wash. Some of the 

floodplain areas are being invaded by the exotic Johnson grass species, while other areas 

contain vegetation characteristic of drier landscapes. 

How to manage for species endangerment? 

Temple (1977) believes that the most successful approach for managing 

endangered species in general is to manage for both the proximate and ultimate causes, 

and to manage for only one cause (proximate or ultimate) would be "insufficient." Temple 

(1977) defines ultimate causes as the initial causes which gave rise to the species 

endangerment. Scott et al. (1994) explain that the ultimate causes responsible for species 

endangerment are most often the result of "extraordinary changes in the environment." 

Proximate causes, on the other hand, are identified as a symptomatic response to the initial 

causes (Temple 1977). The management of endangered species is a difficult task because 

of the urgency required to restore populations, such those of masked bobwhites, that have 

declined almost to extinction. It becomes even more difficult to manage for masked 

bobwhites because there is so little information available on the ecological requirements of 

this species. In order to recover endangered populations, we must focus on the 

proximate causes in order to treat "life-threatening symptoms" (Zimmerman 1975, Scott et 

al. 1994). However, this strategy is only a temporary solution to the immediate problems, 

and will never solve the underlying problems. The ultimate problems are usually the most 

complex and difficult to manage, but their solutions are crucial to recovering endangered 

species. Therefore, managers must give special attention to ultimate causes; otherwise, 
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the management used to recover the species will have to be applied continually. Continual 

management on a short-term basis will prevent these species from becoming a self 

sustaining population (Temple 1977). 

Bobwhite quail in general use more than one vegetative type to satisfy their habitat 

needs. The minimum habitat requirements of the bobwhite quail (Colim/s virginiamis) 

from the western, eastern, northern, southern, and central portions of their range were 

crop fields, brushy cover, and grasslands (Casey 1966). Robinson (1957) analyzed the use 

of covey "headquarters" (available dense vegetation during a critical season) and found 

that bobwhites were intolerant of strong light intensity which restricted their daily 

movements during the hottest times of day. Therefore, these quail species needed 

adequate cover to provide protection from intense sunlight. 

Unfortunately, there is very little known about habitat requirements and life history 

of the masked bobwhite. However, I believe that cover is a critical component of masked 

bobwhite quail habitat because of its importance to other quail species. Historically, 

masked bobwhites occupied semiarid desert grasslands where they used thick perennial 

bunch grasses that once dominated the floodplains. These habitat requirements are slightly 

different than the vegetative habitats selected by other bobwhite sub-species throughout 

North America. However, 1 do not know how different these requirements are from those 

of other quail, nor do I know how critical these riparian bands of vegetation may have 

been to masked bobwhite. The vegetative types and microclimates associated with 

riparian floodplains that existed historically in desert grasslands have never been 
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considered as masked bobwhite quail habitat because these conditions no longer exist. 

Therefore, habitat studies based on current conditions may be limited in their ability to 

define suitable habitat for masked bobwhite quail. Recent studies are based on habitat 

used by captive-reared and released birds on Buenos Aires National Wildlife Refuge and 

wild birds on large ranches in Sonora, Mexico. According to historic documentation, 

habitat conditions have grossly changed in both southeastern Arizona and Sonora, 

Mexico. Therefore, I need to be cautious when using these data to define habitat 

requirements for masked bobwhites, because vegetative types that are preferred may no 

longer be available. 

Several management techniques have been used to recover masked bobwhite quail 

in Arizona. The captive breeding program has established a quail stock for reintroduction 

into southeastern Arizona. Prescribed bums, removing cattle, reseeding native grasses, 

mechanical discing and half cutting have been used to improve habitat (Kuvlesky et al. 

1997). It is too early to tell if these techniques have improved masked bobwhite quail 

habitat. However, they are currently being used to restore a limited variety of vegetative 

types and they address the more proximate causes of extirpation of masked bobwhite. 

They do not address the need to restore riparian vegetative communities that have 

disappeared because the hydraulic and regenerative cycles within the entire system have 

been disrupted (Dopplet et al. 1993). Floods created an entirely different vegetative 

community and microclimate on the floodplain than exist today. These areas probably 

provided critical habitat for masked bobwhite quail and other wildlife species. 
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Some management techniques currently used for masked bobwhite quail have also 

been used to successfully manage bobwhite quail and their habitats throughout North 

America (Stoddard 1931). However, unlike the masked bobwhite, these bobwhite sub

species are not endangered and they are not known to depend on vegetative communities 

that are associated with floodplains. Thus, habitat restoration for masked bobwhites will 

likely require different considerations than those required for other bobwhite species. 

Perhaps we need to think about the feasibility of restoring the ecological function of the 

stream channels so that they favor the development of floodplain vegetative communities 

like those that historically existed in the semiarid desert grassland ecosystems. 

For such an approach to be successful, federal and private landowners must 

include the protection and restoration of riparian and floodplain areas in conservation 

plans. Conservation efforts that do not include these watershed properties in their 

management plans may run the risk of "being counterproductive and ineffective" (Doppelt 

et al. 1993). Eliminating the degradation of the riverine-riparian systems might go further 

toward the recovery of masked bobwhite than the current management practices. I believe 

that we need to restore the integrity of the grassland ecosystems including the floodplain if 

we are to recover masked bobwhite populations. 
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