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ABSTRACT 

The environments in which avian species exist fluctuate widely 

in space and time. In the grasslands of southeastern Arizona, there 

are annual cycles of rainfall which distribute rainfall unevenly 

throughout the year. Two peaks of rainfall usually occur, one in 

December and January, and a second in July and August. The temporal 

pattern and magnitude of rainfall can vary from year to year. There 

are also significant patterns of rainfall variation across the land

scape, both long and short term. The end result of this variation is 

that the environment in which birds in southeastern Arizona breed 

varies on a number of spatial and temporal scales. 

Several sites on the Santa Rita Experimental Range and the 

Research Ranch were censused during the summers of 1982 and 1983 to 

study the response of the avian community to heterogeneity in their 

environment. In the Santa Rita Experimental Range, two habitat types 

were studied: mesquite savannah and grassland. Assuming no temporal 

dynamics in community structure, mesquite habitats appeared to have 

higher total densities than grasslands in 1982 and 1983. However, 

this was true only during April-June. In July and August densities 

appeared to be higher in the grassland habitats. Patterns of species 

richness and eveness also appeared to be different when temporal 

dynamics were considered than when they were ignored. The timing of 

individual species appears to be responsible for the differences in 

xi 



community structure obtained by the two methods, and this suggests 

that the assumption of no temporal dynamics in community structure 

during the season is invalid. 

xii 

The densities of eight species of emberizids were correlated 

to characteristics of the vegetation on the Research Ranch and Santa 

Rita sites. One group of species appeared to be associated with open 

grassland habitats, while a second group appeared to be associated 

with mesquite habitats. There were a large number of nonlinear rela

tionships of species with certain habitat measurements. While the 

associations of birds with habitat features were statistically signif

icant, the causal relationships between habitat variables and avian 

densities were not elucidated by the correlations. 



CHAPTER 1 

INTRODUCTION 

As a result of increasing public interest in nongame wildlife 

(Payne and DeGraaf 1975, Ke11ert 1980) emphasis has begun to be 

placed on management of habitats to encourage, preserve, or attract 

nongame bird communities (Smith 1975, DeGraaf 1978, DeGraaf and Evans 

1979). The basic axiom of nongame bird management in terrestrial 

con~unities has been that if the proper habitat features are provided 

for a set of species, sustainable populations of desirable species 

can be maintained (Verner 1975). Though this idea is conceptually 

simple, its application in the real world can be complicated by 

several factors. First, there is a difficulty in specifying exactly 

which habitat features are important to species. Second, different 

species often are associated with different habitat factors, and 

changes in the habitat may affect different species in different ways. 

Finally, nongame bird communities live in complex environments which 

fluctuate widely in space and time, hence, efforts aimed at providing 

adequate habitat at a given point in space and time might be 

inappropriate or inadequate elsewhere. 

In the following pages I will examine the dynamic nature of 

a nongame bird community in time as related to changes in habitat 

productivity and examine closely the variation in space of a subset 

of that community. The complexity of the interactions of species with 

1 
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their environment should underscore the need for more thorough under

standing of not only which birds are found in a given habitat, but 

when and where in that habitat they are found. This in turn should 

reflect the fact that management of nongame birds to preserve 

communities in space and time will require the enumeration of the 

habitat requirements of each individual species. 

Some researchers feel that "communities" of birds don't really 

exist as discrete, repeatable units in space or time (e.g. Wiens 1980), 

but rather that the collection of species in a given habitat is com

posed of those species whose ecological attributes allow them to exist 

in that habitat, and hence since no two habitats will combine the 

exact same set of environmental factors, no two bird communities will 

be identical. This hypothesis of avian community structure is derived 

from the "individualistic" hypothesis of community structure first 

proposed by Gleason (see Whittaker 1975). If bird communities are 

structured in an individualistic manner, then persons and agencies 

responsible for their management should develop management strategies 

that take into account the inherent complexity of the dynamic assem

blage of species represented by the avifauna of a given area. 

In Chapter 2 I examine evidence from the literature which 

suggests that avian environments are complex on a variety of spatial 

and temporal scales, and that this complexity leads to an assemblage 

of species that are only loosely adapted to one another and hence tend 

to vary independently in abundance in space and time. After detailing 

the methods used in investigating community dynamics of a southeastern 
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Arizona avifauna in Chapter 3, I report on aspects of the temporal 

dynamics of that avifauna in Chapter 4. I present evidence that 

suggests that these temporal dynamics in community structure are the 

result of individual species reacting to environmental change in an 

independent manner. In Chapter 5, variation in abundance of several 

species is related to variation in structural features of the habitat. 

Though a number of significant correlations are evident from the 

analysis, I suggest that the correlations contain little information 

of use in developing management guidelines because of the lack of 

demographic data to support them. If avian populations exist in 

environments that are complex, then many significant correlations 

between habitat features and abundance might result from complex 

patterns of environmental covariation that have little to do with 

population dynamics. I further suggest a series of hypotheses which 

might lead to testable predictions on an ~ priori basis regarding how 

features of the habitat determine the population dynamics of a species 

in space and time. 



CHAPTER 2 

THE NATURE OF ENVIRONHENTAL HETEROGENEITY 

To understand why bird communities are structured in an 

individualistic manner, it is important to understand how the 

environment in which birds exist varies in space and time, and how 

bird species respond to that variation. lihile intuitively most 

ecologists have an idea of what they mean by environment, a precise 

definition will be used here. For the purposes of the ensuing 

discussion, I shall define the environment of a population of a 

given species as all factors operating at a given point in space and 

time which modify the inherent rate and extent of growth attainable 

by that population. This concept of environment corresponds to the 

term ecotope suggested by some authors (lihittaker 1975, Carey 1981). 

Ecotope is used to describe the response of a species to the set of 

conditions it is exposed to; hence the environment is the context in 

which the ecotope of a population occurs. A variety of factors 

comprise the environment of an avifauna, including such things as 

vegetation structure, food resources, and other species (Cody 1974). 

The Nature of Environmental Heterogeneity 

Environmental heterogeneity can be thought of as a two

dimensional, multilevel phenomenon. The two dimensions are space and 

time, while the levels, or scales, at which environmental heterogeneity 
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exists can be defined relative to the organism being considered 

(Allen and Starr 1982). The following discussion examines a few 

examples of environmental heterogeneity and its relationship to avian 

populations. 

The Spatial Dimension 

For birds, a convenient reference level for examining environ

mental heterogeneity in the spatial dimension is the territory of a 

breeding pair. Many nongame birds are territorial during the breeding 

season and some remain in territories during both the breeding and 

nonbreeding seasons. 

Little work has been done to describe the spatial variation 

within individual territories. Holmes and Robinson (1981) found that 

different tree species in a deciduous forest had different distribu

tions of insect prey. The birds they studied concentrated their 

foraging on those tree species which had the greatest densities of 

insects. Hence, a territory in such a habitat may have a non-uniform 

spatial distribution of prey. For many small terrestrial birds, a 

territory must provide both food and appropriate structures for 

reproductive activities (nest sites, singing posts, etc.). Often 

places in which nests can be built or singing and territory defense can 

occur are inappropriate for foraging or other activities, especially 

for species with high rates of nest predation. Hence, territorities 

may be structurally or functionally divided into foraging and nesting 

areas (e.g. Welsh 1975). A territory may be structurally homogeneous, 

yet food resources (e.g. insects, seeds) may show clumped dispersions. 
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Differences in the spatial distribution of insects are implied by the 

foraging behavior of some flycatching species in deciduous forests. 

Such species often live in structurally complex forests, but regularly 

concentrate their foraging activities underneath the densest part of 

the canopy (Williamson 1971, Via 1979, Maurer and Whitmore 1981). Some 

species' territories overlap or extend into different habitat types. 

Wilson (1978) found that female Red-winged Blackbirds (AegZaius 

pheoniceus) foraged in marshes, where insects were larger, during the 

breeding season, as opposed to adjacent fields where insects were 

smaller. 

Within a given habitat type, territories of individual pairs of 

the same species may exist in different spatial surroundings. This is 

to be expected, especially in breeding areas located along some type 

of environmental gradient. Smith (1977) noted that Tufted Titmouse 

(Parus bicoZor) singing males were found in both mesic and xeric 

portions of the deciduous forest he studied. Often the quality or 

suitability of resources varies between territories, with dominant or 

early arriving individuals obtaining the best territories (Morse 1980). 

Wittenberger (1980) found that male territories of Bobolinks (DoZi

chonyx oryzivorous) varied in suitability, \"hich in this instance was 

defined as insect densities. Polygynous male territories tended to 

have higher insect densities than monogamous male territories. Similar 

patterns were noticed for Dickcissels (Spiza americana) by Harmeson 

(1974) and for Lark Buntings <CaZamospiza meZanoaorys) by Pleszczynska 

(1978). Wiens (1973) found a great deal of variation between 



individual territories of Grasshopper (Ammodramus savannarum) and 

Savannah (PassercuZus sandwichensis) Sparrows breeding in Wisconsin. 

7 

Species will often establish territories in more than one 

habitat type, and thus another level of spatial heterogeneity a species 

can be exposed to is that of differing habitats. Rufous-sided Towhees 

(PipiZo erythroptlmZmus) breed in a variety of habitats. Greenlaw 

(1978) found that both insect densities and clutch sizes were higher 

for Rufous-sided Towhees breeding in mesic oak woodlands when compared 

to drier pine barrens. Black-throated Green Warblers (Dendroica virens) 

and Blackburian Warblers (D. fusca) breed in coniferous forests 

(Rabenold 1978, Sabo 1980) an,d deciduous forests (Holmes et al. 1979) 

in New England. These species also occur together in deciduous forests 

in West Virginia (Maurer et al. 1981) and North Carolina (Kendeigh and 

Fawver 1981). 

A final scale at which spatial heterogeneity of resources can 

be encountered by a species is geographical. Collins (1983) found 

that the structural features of the habitats that Black-throated Green 

Warblers chose for breeding were often quite different in different 

parts of its summer range. This sort of variation is particularly 

important when considering the population dynamics of small passerines 

which migrate (Fretwell 1972). Such species are often exposed to a 

wide range of spatial resources during migration and on their wintering 

grounds. Parnell (1969) found that migrating wood warblers in the 

southeastern United States often foraged in habitats atypical of their 

breeding habitats. Black-throated Green Warblers and other wood 



warblers have been found in very different habitats in Panama (Post 

1978, Rabenold 1980) and Colombia (Chipley 1976) than the habitats 

they breed in in eastern North America. 

The Temporal Dimension 

At any given location occupied by an avifauna, resources may 

vary widely with time, both on cyclic and random bases. As with the 

spatial dimension, there are several scales at which one might con

sider temporal heterogeneity. Resources often show marked patterns 

of variation within a given day. Holmes et ale (1978) demonstrated 

that the density of flying insects increased in abundance during the 

middle portion of the day in lower canopy strata in an eastern 

deciduous forest. American Redstarts (Setophaga puticiZZa) foraging 

8 

in the forest studied demonstrated marked changes in foraging during 

the midday hours by flycatching lower in the canopy more often than at 

other times. Davies (1977) noticed a similar pattern of variation in 

insect abundance in a garden area near Oxford, England, where Spotted 

Flycatchers (Muscicapa striata) nested. The peak in prey abundance 

occurred in the early afternoon and corresponded to the highest fre

quency of feeding visits by adults to their nests. In a study of two 

thrush species (Turdus spp.), Greenwood and Harvey (1978) found that the 

birds changed their search patterns during the day coincident with 

changes in the dispersion of prey species. 

Often the density of resources varies between successive days. 

In the studies of Davies (1977) and Greenwood and Harvey (1978) cited 

above, insects appeared to be considerably less abundant on days that 



were overcast or rainy. Prey capture success by Spotted Flycatchers 

dropped significantly on such days (Davies 1977). 

9 

Resources often change dramatically in the course of a single 

breeding season. lfuitmore (1979) measured several habitat variables 

on territories of three sparrows breeding in West Virginia. He found 

that the structural characteristics associated with species when 

territories were established were often very different than those 

associated with the species during the peak of the breeding season (see 

also Wiens 1973). In a comprehensive study of a bird-insect system in 

a coniferous forest in the Netherlands, Tinbergen (1960) found consid

erable variation within breeding seasons of the densities and species 

composition of the prey species available to several species of tits 

(Parus spp.). Prey species emerged at different times resulting in a 

continual turnover in prey species during the season. 

An important aspect of seasonal variation in resources is the 

differences between seasons. Resources fluctuate so much between 

seasons that avifaunal species composition usually changes radically 

due to migration. Species which remain near their breeding grounds 

during winter are faced with the problem of exploiting widely different 

distributions of food items. Newton (1967), studying severr' species 

of finches in Great Britain, found a great deal of variation between 

seasons in the type of foods taken by the finches. Generally, 

seasonal variation in the diets of these finches reflected the seasonal 

abundance of the foods in the habitats the species were found in. 
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The seasonal cycles which govern the availability of resources 

for passerines tend to vary from year to year. The timing and 

intensity of resource availability may be very different in different 

years. Rotenberry and Wiens (1980) studied habitat structure and 

breeding bird densities in shrubsteppe vegetation in western North 

America. They found that structural features of the habitat associated 

with grasses fluctuated widely in response to rainfall, while shrubs 

showed little year to year variation. Different sets of bird species 

associated with grasses and shrubs showed different patterns of 

changes in population densities, with species associated with grass 

habitats fluctuating more between years than species typical of shrubs. 

Perrins (1965) found that peak abundances of winter moth larvae varied 

widely: from as early as May 14 in some years to as late as June 9. 

In the deciduous woodland he studied, breeding effort of Great Tits 

(P. major) roughly corresponded to peak larvae densities. Ewald and 

Rohwer (1982) found that they could experimentally stimulate early 

breeding in Red-winged Blackbirds by enriching the populations' food 

supply. Such a trait would imply that the birds were adapted to 

respond to environmental cues which would be more indicative of 

favorable conditions for reproduction than more predictable cyclic 

changes in the environment (e.g. photoperiod). This in turn implies 

that the species was adapted to "anticipate" seasonal cycles of varying 

length and timing. 

Resources may change over much longer periods of time, with 

one type of habitat being slowly replaced with another. In 
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southeastern Arizona, for example, many semi-desert grasslands have 

been invaded by mesquite trees (Prosopis juZifZora). This has lead to 

a deterioration of range grasses (Martin 1975). Succes~ion also can 

radically alter vegetation and distribution of resources available to 

birds. Such changes on a relatively slow scale in the environment will 

be responsible for long-term trends in avian abundances. 

The Complexity of the Phenomenon 

In the preceding discussion the various levels and dimensions 

at which environmental heterogeneity occurs were considered separately. 

This gives a very simplified impression of the real nature of the 

variation experienced by an organism or population of organisms in 

their environment. In reality, both the spatial and temporal dimen

sions interact at all levels to form an inconceivably complex 

environment within which populations are existing, interacting, and 

reproducing. This complexity and heterogeneity is surely not perceived 

by individual organisms, and the organism may only be capable of 

reacting to complex environments at a rather imprecise level. Hence, 

population responses on both ecological and evolutionary time scales 

may be very difficult to predict or understand. The type of interac

tions between temporal and spatial heterogeneity that occur in natural 

systems is illustrated by the studies of Rotenberry and Wiens (1980) 

and Smith (1982). In shrubsteppe habitats, species of grasses respond 

more to changes in rainfall pattern than do shrub species. In several 

years of avian census and habitat data, Rotenberry and Wiens (1980) 

found that bird species associated with grasses fluctuated more between 



years than those associated with shrubs. Smith (1982) studied a 

montane sere in the mountains of Utah and Idaho, ~nd found that avi-

fauna in different stages of succession responded differently to 

fluctuations in resources resulting from a severe drought. 

Some Ecological and Evolutionary Consequences 
of Environmental Heterogeneity 

12 

In the previous section evidence was presented suggesting that 

passerine avifauna in terrestrial communities exist in environments 

which fluctuate widely in space and time. The consequences of this 

environmental variability may be felt by a population immediately, in 

an ecological context, and environmental variation may also have long 

range consequences for the evolution of the species. Population 

responses to environmental variation on an ecological scale will 

consist of changes in population density due to variations in repro-

duction, mortality, and migration. Population responses on an 

evolutionary scale consist of changes in phenotypes over time. Both 

types of responses are related since an ecological response must occur 

in the phenotypic context acquired through evolutionary events, and 

because changes in phenotype ratios are governed by differential 

mortality and reproduction. 

We first consider evolutionary consequences of variation in 

the environment. It is through the medium of the environment that 

phenotypes are chosen by natural selection (i.e., certain phenotypes 

have higher probabilities of contributing genes to the next generation). 

Darlington (1980) used the analogy of selection as a force which pushes 
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the average phenotype in a population in some direction. His analogy 

can be further extended by considering the following argument. A 

phenotype has many characteristics that can be operated upon by 

natural selection. We can visualize a phenotype as representing a 

point in a p-dimensional space, where each dimension represents a 

characteristic on which selection can operate (e.g. Lewontin 1979). If 

a population has nindividuals, then the population can be character

ized by the centroid of the n individual points and by the degree of 

spread of the points. Selection may work to either displace the 

centroid or to affect the degree of spread in the population. We 

consider here only how selection might operate on the population 

centroid. 

For simplicity, consider a two-dimensional phenotype space; the 

extension to p-dimensions is straightforward. In Fig. 1, a typical 

two-dimensional phenotype space is shown, along with vectors repre

senting the displacement of the population centroid due to selection. 

The vector Sl represents some selective pressure applied to point 0 

over some specified time unit; the vector S2 represents the pressure of 

another selection pressure over the same time unit. Often, selection 

is the result of several selection pressures. For example, if the two 

characters being considered were wing length and tail length, several 

environmental characte~istics, such as temperature and prey density, 

might operate simultaneously as selection pressures on wing and tail 

length. 



Fig. 1. The Action of Selection in a Two Dimensional 
Phenotypic Space. 

A. Response of the population centroid in a two 
dimensional phenotype space to selection 
pressures which act on only one character. 

B. Phenotypic response of character 1 to selection 
pressures which act on two characters simul
taneously. 

C. Phenotypic response of two characters to non
orthogonal selection vectors over four successive 
time periods. 
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In Fig. 1, several possible combinations of two selective 

pressures are considered. Consider the selection vectors Sl and S2 

in Fig. 1A. In the case illustrated, the magnitude of change in 

character 1 is equal to the magnitude of the selective force Sl 

applied to the population centroid, and the magnitude of change in 

character 2 is equal to the magnitude of the selective force S2 
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applied to it. The phenotypic response, R, reflects this. Such a 

response to selective forces Sl and S2 might be considered optimal in 

the sense that the new position of the centroid corresponds to the dis

placement of the two characters that one would expect by considering 

the effects of the vectors Sl and S2 individually. There are two 

reasons why the phenotypic response is optimal in the sense just 

described: (i) the vectors Sl and S2 are orthogonal, i.e., the selec

tion pressures operate independently of each other, and (ii) each 

selection vector affects only one phenotypic character. 

Conditions (i) and (ii) pose a rather restrictive situation. 

Usually the environmental source of selection pressure will operate 

on more than one phenotypic character, hence the selection vectors will 

not be perpendicular to the character axes. In Fig. 1B, the selection 

pressures Sl and S2 are orthogonal to (independent of) each other, but 

both operate on the two characters s~ultaneous1y. Notice now that 

the optimal response to a single selection vector is not achieved 

since opposing pressure from the other vector modifies the ability of 

the net response vector, R, to respond. lience, the actual phenotypic 

response of the joint action of two selection vectors operating 
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simultaneously on the two characters might be very different from the 

expected response obtained by considering each selection vector alone. 

In general, selection pressures probably don't operate indepen-

dently. Over successive time units of equal length, the intensity and 

direction of a selective pressure may vary. In Fig. Ie, a trajectory 

taken by a population centroid over four time units is shown, where 

the vectors operate simultaneously on both characters, are not 

independent, and vary between periods of equal time. The final loca-

tion of the centroid (P) is very different than the one which would 

have been specified had the selection vectors V. been the only vectors 
1 

considered (or measured). 

The above analogy, for the sake of simplicity, considered only 

two selective pressures operating in two phenotypic dimensions. The 

generalization to p phenotypic dimensions and q selective forces could 

only reinforce the conclusion drawn from the simple argument. To 

restate the conclusion in general terms: the actual phenotypic 

response of the population centroid in a p-dimensional phenotypic 

space to the joint action of q selection vectors might be very 

different from the response that might be expected by considering 

any subset of the selection pressures. One of the major implications 

of this conclusion is that adaptations related to population growth 

parameters in a species may not be fine-tuned to environments. 

Mathematical optimums, if they exist, might be difficult or impossible 

for the population to achieve, and phenotypic responses may not even 

be in the direction specified by the optimal solution (Wien3 1976). 
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Several ecological consequences may follow from the fact that 

environments are heterogeneous in space and time. Fretwell (1972) 

suggested that environmental variation might be incorporated into 

simple population models by making parameters governing population 

growth functions of time. The immediate consequence of this approach 

is that the equilibrium points towards which the population grows 

change with time. Fretwell (1972) envisioned regular, cyclic changes 

in equilibria, but the principle of movi~g equilibrium points can be 

extended to stochastic, non-cyclic changes in the environment. At 

certain points in time, populations might exist at densities where 

they may be insensitive to changes in equilibrium points (Fretwell 

1972, Wiens 1976, 1977). Using much more sophisticated systems models, 

Peterman et ale (1979) incorporated the idea of moving equilibria into 

their analysis of two natural population systems and suggested that 

understanding of such complex systems was facilitated when the dynamic 

properties of system equilibria were considered. From the above 

discussion it may be concluded that communities are structured in an 

individualistic manner because the complex changes \vhich environments 

undergo in space a~d time are reacted to in different ways by different 

species. Each species' response to a set of environmental conditions 

is constrained by the set of adaptations that species has, and since 

species each have different adaptations, different reactions to the 

environment result. 
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Implications 

A major thrust of nongame bird management has been to deter

mine the nature of avian community responses to changes introduced 

through alterations in the habitat due to land management practices or 

natural factors such as succession. In almost every study, different 

stages of habitat alteration (e.g. Beissinger and Osborne 1982, Blake 

1982, Johnson and Landers 1982, ~laurer et al. 1981, Stauffer and Best 

1980, Hebb et al. 1977) or different stages of vegetation development 

(e.g. Beedy 1981, Emmerich and Vohs 1982, Kendeigh and Fawver 1981, 

Smith and MacMahon 1981, Stiles 1980, Tomoff 1974) were censused and 

differences in censuses were discussed in terms of changes or differ

ences in the habitat. The major differences between study areas for 

many such studies are thought to be due to the management practice or 

ecological process of interest, such as logging or succession. An 

implicit assumption of such approaches is that the study areas being 

compared were exactly the same before the management practice or 

ecological process was applied, or at least that differences between 

the areas before "treatments" were applied were smaller than differ

ences due to "treatments." While sometimes this assumption may be 

valid (e.g. when comparing a mature forest to an old field), it may 

often be invalid, especially when subtle habitat differences result 

from the management practice or ecological process being studied. A 

further assumption implicit in these approaches is that density is an 

adequate measure of the quality of the habitat for each species. Van 

Horne (1983) contends that this assumption may not be met for many 
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populations, and suggests that avian productivity is a better measure 

of habitat quality, or at least that correlations between habitats and 

densities be supported with data on population productivity as often 

as possible. I will return to this point again in Chapter 5 and 

suggest the types of demographic data that might be most appropriate 

for examining productivity of avian populations. 

The philosophy of habitat manage~ent for nongame birds rests on 

the premise that each species in the habitat of concern is associated 

with certain habitat variables for which some quantitative measures 

can be obtained (Rotenberry 1981). Through the use of a variety of 

statistical procedures (notably discriminant analysis), these quanti

tative measures are thought to be able to produce predictive models of 

the types of habitat features a bird species will be associated with. 

By interfacing habitat association models with models which simulate 

changes in the habitat, avian population responses to land management 

practices can be simulated (Shugart 1981, Smith et a1. 1981a,b). Such 

models treat avian habitat occupancy as a static process; the next 

generation of such models should treat avian habitat associations as 

dynamic processes in space and time. 

The failures of habitat association models at predicting the 

types of habitat features important to a species for a given point in 

space and time from data taken elsewhere in space and time, may be 

just as important, or more so, than the successes (Rice et a1. 1981). 

Species may persist in a habitat despite changes in measured llabitat 

variables, or species might be lost or have reduced population 
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densities in spite of little or no indication of unfavorable changes 

in the habitat. Such observations can assist researchers and managers 

in several ways: first, by suggesting possible habitat variables 

which may be important, but were not measured; second, by identifying 

species which might be sensitive to changes in conditions extraneous 

to the system or community being studied; and third, by identifying 

key elements of the community most sensitive to environmental varia

tions and least predictable in terms of habitat features. 

Realistic approaches to nongame bird management in terrestrial 

communities should take into account the dynamic nature of these 

systems in both space and time. Management objectives which attempt 

to achieve static states may be incompatible with long-term goals of 

maintaining and preserving avifaunal diversity. A better approach to 

nongame bird management might be the approach suggested by Holling 

(1978), where habitat manipulations can be viewed as experiments of 

sorts, or at least as opportunities to learn more about the system. 

Systems modelling of avian population growth (e.g. Maurer 1983) may 

provide an important tool for the study of avian population responses 

to environmental variations. 

Objectives of the Present Study 

From the preceding discussion, it might be expected that an 

avifaunal assemblage will change in a complex fashion from one point 

in time to the next, and that these complex changes in time will be 

different in different spatial surroundings. Managers are often 

interested in assessing differences among spatially distinct 



communities, each of which has been subjected to some management 

practice. Relatively simple measures describing the attributes of 
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the communities are calculated at each site. These measures are then 

compared and the effects of management practices are discussed in terms 

of differences in the community measures among sites. In Chapter 4, 

two bird communities were studied on the Santa Rita Experimental Range, 

each of which existed in a habitat that received one of two management 

practices. Several measures of community structure were calculated 

assuming that spatial variation among communities was independent of 

temporal variation within the communities. The measures of comnunity 

structure were also calculated at different points in time within the 

breeding season to examine seasonal dynamics in community structure. 

The objective of the study described in Chapter 4 was to dete~ine 

whether conclusions regarding the communities based on the results of 

the entire census period were consistent across time or whether differ

ences in avian responses to the two management practices were dynamic 

during the breeding season. 

Managers often try to describe the habitat features associated 

with individual species, with the goal of determining the effects of 

changing features of the habitat on densities of bird species. The 

most commonly employed techniques for describing these associations 

assume linear responses of avian population to complex changes in 

their environments. In Chapter 5, the results of a study on avian 

populations in southeastern Arizona grassland habitats in the Santa 

Rita Experimental Range and the Research Ranch are presented which 
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suggest that there were a great many significant relationships among 

avian densities and characteristics of the vegetation in the habitats 

in the study. The objectives of the study were to show that nonlinear 

relationships between avian population densities and habitat features 

were common, and to suggest ways of relating avian population dynamics 

to complex differences in habitats. I do not suggest that new statis

tical techniques are needed, but instead suggest that emphasis be 

redirected to include study of the demographic processes that deter

mine avian densities. 



CHAPTER 3 

STUDY AREAS M~D METHODS 

Study Areas 

The studies described in Chapters 4 and 5 were conducted in 

the mesquite grassland habitats of two ranches in southeastern 

Arizona. The Santa Rita Experimental Range is located 48 km south 

of Tucson, Arizona, and is maintained by the USDA Forest Service as 

a research facility on semidesert grasslands in relation to livestock 

production. The Research Ranch lies east of the Santa Rita Mountains 

on the transition zone between the Sonoita Plains and Huachuca Noun

tains, about 117 km southeast of Tucson. In 1982 six pastures on the 

Santa Rita Range were chosen on which to conduct avian censuses. In 

1983, these same six pastures were censused, and an additional six 

were censused on the Research Ranch. 

Santa Rita Study Sites 

The six study sites in the Santa Rita Experimental Range were 

located in the mesquite grassland habitats at elevations of around 

lOOOm. Three pastures had mesquite trees removed in an attempt to 

stimulate grass production, while on two others, no mesquite control 

measures had been attempted. On one pasture, partial mesquite control 

in the form of herbicides had been attempted. These last three 

habitats appeared to create a savannah-like structure with widely 
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spaced trees separated by grasses and low shrubs. The six pastures 

also vary with respect to grazing intensity (Table 1). One pasture 

has been fenced off to prevent grazing, three are on 3-year rotation 

grazing schedules, and two are grazed year round. 

Research Ranch Study Sites 

24 

Of the six sites chosen at the Research Ranch, four sites were 

located on mesas in the northeastern' corner of the ranch where the 

only extensive mesquite grassland habitats of the ranch are found. Two 

additional transects were located in large washes or canyons just below 

the mesas. In these two study sites, mesquite trees were visibly less 

dense than on the mesas. Cattle grazing has been prevented on the 

Research Ranch since 1967 (Bahre 1977), and no additional grazing or 

habitat management measures have been applied to the study sites chosen 

for the present study since then. The Research Ranch habitats were 

intermediate in appearance between a grassland and an open savannah. 

Rainfall Patterns 

Rainfall varies considerably during the year in the grassland 

habitats in southeastern Arizona. While the general pattern of 

seasonal rainfall is similar for spatially distinct points, there does 

not appear to be an interaction between monthly rainfall and spatial 

location. 

To analyze rainfall patterns I obtained a number of sets of 

rainfall data. Sellers and Hill (1974) reported monthly rainfall data 

for Elgin, Arizona near the Research Ranch from 1932 to 1969. I 



TABLE 1 

Study Areas Used in Assessing Habitat Associations of Breeding Birds in the Santa 
Rita Experimental Range and the Research Ranch. Data on pastures in 

the Santa Rita Range from S.c. Martin (pers. comm.). 

Habitat type Pasture Size Grazing 
Average grazing 

Mesquite 
or location number (ha) treatment intensity treatment (lows/ha/yr) 

Santa Rita 

grassland 302 60 none 0 removal 
grassland 6A 1422 3 yr. rotation .0424 removal 
grassland 1 305 3 yr. rotation .0590 removal 
savannah 9 346 year long .0578 partial killing 
savannah 21 310 3 year rotation .0581 none 
savannah 10 264 year long .0759 none 

Research Ranch (all grasslands or open savannahs) 

mesa top NMI none none 
mesa top NN2 none none 
wash NM3 none none 
wash EMI none none 
mesa top EM2N none none 
mesa top EM2S none none 

N 
Ln 
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obtained monthly rainfall records for four rain gauges located near my 

study sites in the Santa Rita Experimental Range over the same time 

period from S.C. Martin (pers. comm.). These data were analyzed using 

repeated measures analysis of variance. The data were treated as 

coming from a randomized blocks design, with location as the factor 

and years as blocks. This assumes that there is no interaction between 

years and locations. Months were treated as the within-subject factor. 

Correlations among months were found to be nonzero using Bartlett's 

test of sphericity (X
2 

= 209.5, df = 55, P < .01), hence a multivariate 

approach was taken (~lorrison 1976:170-179). Two hypotheses concerning 

locations were tested. The first was that Elgin rainfall patterns 

were different from those at the four Santa Rita sites. The second 

was that the Santa Rita sites were different among themselves. Both 

of these hypotheses were tested using contrasts on the 5 level factor, 

"locations," where the first four levels (Robinson, Parker, Ruelas, 

Box) referred to the four Santa Rita gauges, and the fifth level 

(Elgin) referred to the Elgin rain gauge. The 12 months of a given 

year were used as a vector of observations from that year, and each 

year was considered an independent replication. The fact that years 

may not be independent tends to make hypothesis tests too liberal, 

so significance assessed at the .05 level may be somewhat higher. 

However, overall tests of hypotheses tended to have low P values 

«.001), so the patterns exhibited in the analyses appear to be 

real ones. The two hypotheses above could be considered both as a 

univariate hypothesis (location main effect), where the univariate 
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test compared annual rainfall over all months and as a multivariate 

test of interaction between location and months. To interpret the 

results of the multivariate tests, multiple comparisons were calculated 

to test for differences between Elgin and the four Santa Rita sites and 

to test for differences among the Santa Rita sites. The method 

described by }lorrison (1976:197-204) was used. This method consists 

of a union intersection approach to multiple comparisons based on 

Roy's greatest characteristic root criteria. 

There were significant differences in annual rainfall both 

between the four Santa Rita rain gauges and Elgin, and among the four 

Santa Rita locations (Table 2). The patterns of monthly rainfall also 

were different for both contrasts (Table 2). Elgin tended to have 

significantly less rainfall during late fall to early spring (Fig. 2, 

Table 3) than Santa Rita. The patterns of rainfall among the Santa 

Rita sites tended to change fron month to month. While the Robinson 

rain gauge tended to receive the most rainfall and the Box rain gauge 

the least, differences between these and the other two locations 

changed a great deal. Differences in rainfall at the four Santa Rita 

locations generally were significant during months of high rainfall 

(January, February, July) and tended to be significant less often 

during months of low rainfall (Fig. 2, Table 3). These tests suggest 

that over a long perioJ of years, rainfall in the grassland and 

mesquite habitats I studied tended to vary both between the Research 

Ranch and Santa Rita, and was dispersed unevenly within the Santa Rita 

sites. 



TABLE 2 

Results of a ~lultivariate Analysis of Variance to Test for Differences 
Between Elgin and Santa Rita Rainfall 

Hypothesis tests 

Univariate F tests (df
l

, df
2

) 

Annual rainfall 

Multivariate tests (Wilk's 
likelihood ratio) 

Month x location interaction 

*p < .01 

Elgin vs. 
Santa Rita 

17.5(1,148)* 

.647* 
(s=l, m=4.5, n=68) 

Contrast 

Among Santa 
Rita sites 

22.9(3,148)* 

.619* 
(s=3, m=3.5, n=68) 

N 
CXl 
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January 
February 
Harch 
April 
Hay 
June 
July 
August 
September 
October 
November 
December 

TABLE 3 

Results of Hultiple Comparisons of Rainfall Data. The first column is 
comparison of average Santa Rita rainfall vs. Elgin rainfall. 

Second column gives the order of decreasing rainfall of 
the Santa Rita sites. P = .05 in the tests described. 

Elgin-Santa Rita Comparison 
(area with highest rainfall) 

Santa Rita 
Santa Rita 
Santa Rita 
Santa Rita 

NS* 
Elgin 

NS 
Santa Rita 

NS 
Santa Rita 
Santa Rita 
Santa Rita 

Comparisons within Santa Rita sites 
(ordered sites with same 

number not different) 

1. Robinson, Parker 2. Ruelas 3. Box 
1. Robinson 2. Parker 3. Ruelas 4. Box 
1. Robinson, Parker 2. Ruelas, Box 
1. Robinson 2. Parker 3. Box, Ruelas 
1. Robinson 2. Ruelas, Parker, Box 
1. Robinson 2. Parker 3. Ruelas 4. Box 
1. Robinson 2. Ruelas 3. Parker 4. Box 
1. Robinson 2. Parker 3. Ruelas, Box 
1. Robinson, Parker 2. Ruelas 3. Box 
1. Parker 2. Robinson, Ruelas 3. Box 
1. Robinson, Ruelas, Parker 2. Box 
1. Robinson 2. Parker 3. Ruelas, Box 

*Santa Rita average rainfall not significantly different from Elgin rainfall. 

Vol 
o 
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To further examine the possibility that rainfall falls 

unevenly across the landscape during a period of time, in 1982 I 

placed four plastic rain gauges on the Santa Rita Range on or near 

some of the sites where bird censuses were conducted. I visited each 

rain gauge once a week starting in the first week of July and recorded 

the amount of rainfall that had accumulated during that week. Since 

sample sizes were relatively small, no attempt was made to analyze 

these data statistically, and they are presented here for comparison 

with the larger data set, and to suggest how rainfall might vary 

spatially on a short time scale. 

The four rain gauges varied in not only the total rainfall 

recorded, but also in the timing and intensity of rainfall. The first 

week of July was very wet and all rain gauges recorded a large amount 

of rainfall (3.5-5.l em). During the later weeks of July and in 

August there were fewer large-intensity storms, and the rain gauges 

recorded varying amounts of weekly rainfall (Fig. 3). For example, 

for the first week of August, two rain gauges recorded no rainfall 

that week, one gauge recorded .5 em and one recorded over 1 em of 

rainfall. These data suggest that while occasionally large storms 

may distribute rainfall relatively evenly during the summer, often 

rainfall may be very localized and uneven in intensity from week to 

week. 

Methods 

Avian censuses were conducted using a variable width strip 

transect method (Burnhan et ale 1980). Censuses were conducted 
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beginning in April and ending in August in both 1982 and 1983 in the 

Santa Rita Experimental Range. Censuses in the Research Ranch were 

conducted during July and August. Transect lengths ranged from around 

580 to 760 m (Table 4). Transect length depended on the amount of vis-

ually homogeneous habitat available in a given pasture. Censuses on 

the Santa Rita sites were conducted about every other week before Jul~ 

and after July were conducted weekly. Censuses at the Research Ranch 

were conducted weekly. Censuses were conducted between sunrise until 

about 2 hours after sunrise. Usually two to three censuses were con-

ducted on a given morning. A census consisted of identifying every 

singing male encountered. The observer walked a permanent transect 

marked with flagging, and for each sighting measured the distance from 

the observer with a rangefinder and the angle with respect to the 

transect with a hand-held compass. 

Density estimates obtained from line transect data are most 

reliable when based on perpendicular distances of individual sightings 

from the transect line (Hayes and Buckland 1983). Based on a mathe-

matical model of the relationship between densities and perpendicular 

sighting distances from a randomly placed line transect, Burnham and 

Anderson (1976) suggested the following density estimate (n): 

D = nf(O) 
2L 

where n is the number of individuals observed, £(0) is the estimate 

of the probability density function of perpendicular distance 

sightings evaluated at zero distance, and L is the length of the line 

transect. I obtained an estimate of f(O) using a Fourier series 



TABLE 4 

Transects Used in Avian Censuses in the Santa Rita Experimental 
Range and the Research Ranch 

Transect Number of times visited 
Transect length (m) 1982 1983 

Santa Rita 

Pasture 9 609.60 10 8 
Pasture 21 762.00 9 8 
Pasture 10 584.64 8 7 
Pasture 1 762.00 11 9 
Pasture 302 670.56 10 9 
Pasture 6A 762.00 11 9 

Research Ranch 

NN1 579.12 4 
NN2 701. 04 4 
NN3 701. 04 4 
EH1 762.00 4 
EM2N 584.64 4 
EN25 731. 52 4 
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estimator (Burnham et ale 1981). Data from all censuses for a given 

species were combined to obtain adequate sample sizes especially for 

some of the less common species. The Fourier series estimator appears 

to be robust to this kind of pooling (Burnham et al. 1980, 1981). The 

TRANSECT program discussed by Burnham et al. (1980) was used to calcu

late perpendicular distances and estimates of f(O) for each species. 

Estimates of f(O) used in this study are given in Appendix 2 along 

with sample sizes and variances. 

The densities of birds on the Santa Rita study sites analyzed 

in Chapter 4 were calculated as follm·1s. Censuses conducted within 

about 2 weeks of each other, but on different transects in the same 

habitat type, were combined to obtain one large transect. The pooled 

number of individuals in each of these combined transects were 

recorded (Tables A4.I-A4.4). For species which were so rare as to 

provide an inadequate number of sightings with which to calculate an 

estimate of f(O) (see discussion above), density was calculated as the 

number of sightings divided by the area of a rectangle whose length 

was the sum of the transect lengths and whose width was 243.84 m 

(800 ft). This width was used because 400 ft was the maximum distance 

I felt I could effectively search on either side of a given transect 

line. The estimate was transformed to numbers/IOO ha. For these 

densities of rare species, it was assumed that they could be modelled 

as a Poisson random variable, and hence an estimator of the standard 

error was obtained as the square root of the density. For species 

with sample sizes adequate to estimate f(O), equation (1) was used to 
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calculate the density, where n was the pooled number of individuals 

seen on the combined transect and L was the sum of the transect 

lengths. Densities were transformed into numbers/IOO ha. Burnham 

et al. (1981) suggested the following as an estimate of the variance 

of D when it is calculated as in equation (1): 

(2) 

n was assumed to be a Poisson random variable, so the first term in 

the bracketed expression reduced to lIn. Densities and their 

standard errors for each species in each weekly interval for mesquite 

and grassland habitats in 1982 and 1983 are given in Tables A3.1 - A3.4. 

Since the objective of the study done in Chapter 4 was to 

analyze the dynamic response of the avian communities on the Santa 

Rita study sites to a temporally changing environment, it was neces-

sary to analyze changes in the structure and composition of the bird 

communities throughout the breeding season. Three parameters 

(described below) were used to assess community structure during any 

given interval of weeks. Week intervals were defined according to 

the scheduling of censuses of each individual pasture. For a given 

set of censuses in a given habitat type the "time" of the combined 

censuses was defined as the midpoint of the weeks covered by all 

three censuses. On three occasions, censuses for only two study 

areas of a given habitat type vlere obtained during an interval of 

weeks. Representative samples for all three areas were necessary to 
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insure a sample large enough to include rare species. The presence 

or absence of rare species is very important in the rarefaction 

analyses discussed below. To make sure every interval of weeks had 

samples from all three pastures of a given habitat type, on the three 

occasions referred to above, the census of the pasture not included 

in that interval that was closest in time to the others \.as used as 

the third sample. In all three cases where a census was used in two 

consecutive week intervals, that census was conducted on a date in 

between the two census periods. For example, during weeks 9-11 of 

1982 (May 30-June 12), pastures 9 and 21 were censused during week 

9, pasture 10 was censused during week 10, and pastures 9 and 21 were 

censused again during week 11. The census for pasture 10 was used to 

calculate community structure parameters for both the week intervals 

of 9-10 and 10-11. While this has the effect of increasing auto

correlation among time periods, it was felt that obtaining adequate 

community samples was more important. This only happened once within 

a given breeding season for a given habitat type. 

The three community structure parameters examined in Chapter 

4 were the total density of all species in a given habitat type, and 

two measures of community diversity based on a rarefaction analysis 

(James and Rathbun 1981). The first measure of diversity was the 

expected number of species for a random sample of 15 individuals, 

which can be viewed as a standardized measure of species richness. 

An index of eveness based on the average height of the rarefaction 

curve in relation to its maximum and minimum heights (Siegel and 



German 1982) was also calculated. This index is 0 when eveness is 

minimum (e.g. 1 species with many individuals and many species with 

1 individual) and is 1 for maximum eveness (all species have the 
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same number of individuals). The three measures of community struc

ture were calculated for each week interval during the breeding 

seasons of 1982 and 1983 for each habitat type. They were also 

calculated by obtaining a combined sample for the entire breeding 

season using the maximum number of individuals seen for a given 

species over the entire breeding season. This corresponds to the 

type of sample that an ornithologist might obtain by ignoring differ

ential timing by individual species. 

Trends in community structure parameters from the week 

interval data were estimated using cubic splines. A spline is a 

piecewise polynomial, where discontinuities in the overall function 

and/or its derivatives occur at points called knots. A knot can be 

thought of as a point in the process being studied where the process 

undergoes some sort of fundamental change which sets events occurring 

before the knot apart from those occurring after the knot. In this 

respect, a natural knot exists during the breeding season at Santa 

Rita. The beginning of the summer rains in July results in over 90% 

of the perennial and annual grass growth that occurs during the year 

(Martin 1975), hence a whole new resource is created during July and 

August. This new resource base should have an impact on the structure 

of the avian community that would be different than that of resources 

available before the summer rains. In both 1982 and 1983, the week 
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of the first summer rainfall was used as the knot in fitting cubic 

splines to the data. The specific spline function fitted to the 

data was 

Y = BO + BIX + B X2 + B X3 + B (X - k) 3 
2 3 4 + 

where Y was one of the three community structure parameters described 

above, X was week of the breeding season, (X - k)'; = 0 if (X - k) < 0, 

or (X - k)3 if X - k > 0, and k was the week of first rainfall in July. 

This function was found to give an adequate fit to the data without 

overfitting when compared to models with more teros. Splines in which 

the knot is assumed to be fixed can be fit using conventional least 

squares regression programs (Smith 1979). Standard techniques for 

calculation of standard errors in linear regression analysis (Neter 

and \vasserman 1974) vlere used when comparing differences between 

spline functions for different habitat types in the same year at 

given points of time during the breeding season. 

Changing patterns of community composition were analyzed by 

constructing box plots (Tukey 1977) of breeding dates of each species 

for which adequate sample sizes were obtained. This gave a little 

more information about the timing patterns of individual species than 

did the week interval data. Since the number of week intervals in 

which a species was observed was often much smaller than the total 

number of week intervals, the curve fitting techniques discussed in 

the previous paragraph could not be used to estimate the timing 

patterns of individual species. 



In Chapter 5, the objective of the study was to relate the 

densities of individual species to variation in the characteristics 

of the vegetation. A subset of the total community which bred 

roughly at the same time and was thought to use vegetation in a 

similar manner was selected for detailed analysis. That subset con

sisted of a group of eight emberizid finches: Blue Grosbeak, Brown 

Towhee, Botteri's Sparrow, Cassin's Sparrow, Rufous-winged Sparrow, 

Rufous-crowned Sparrow, Bla~k-throated Sparrow, and Grasshopper 

Sparrow (scientific names given in Appendix 1). Each of these species 

were found actively breeding during July and August on at least one 

of the study sites at Santa Rita or the Research Ranch. Several of 

these species also showed breeding activity earlier in the season. 
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It was necessary to use a different method of calculating 

densities than the one described above because an estimate of the 

maximum number of breeding pairs was desired. Instead of assuming a 

Poisson distribution and using the maximum number of individuals seen, 

the procedure described below allowed the use of a statistical model 

which I felt better described the sampling process. In addition, the 

model below allowed qualitative checks on its assumptions, whereas 

the Poisson doesn't allow asslli~ptions to at least be qualitatively 

assessed. Use of the model described below, however, was inconsistent 

with the objectives of Chapter 4, given the nature of the data 

available, hence it was only used in Chapter 5. Standard errors for 

the estimates of densities using the method below were compared with 



the Poisson model for some estimates. Generally, the Poisson 

standard errors were smaller. 

Densities of the eight species studied in Chapter 5 were 

calculated on each of the Santa Rita sites in 1982 and 1983 sepa

rately, and on the six Research Ranch sites in 1983. I used all 

data from all censuses in a given study site for which the following 

assumptions appeared to be met: (i) the number of singing males 

remained constant; and (ii) the probability of seeing an individual 

was constant. The apparent validity of these two assumptions was 

assessed by looking at the data and determining for which adjacent 

censuses the number of individuals recorded was similar. This was 

usually quite obvi~us. For example, on Santa Rita pasture 1 in 1982, 

a series of five censuses had 1, 7, 9, 10, and 10 Cassin's Sparrows. 

Obviously, only the last four censuses had a reasonably probability 

41 

of meeting assumptions (i) and (ii). An additional aid used in 

evaluating the validity of the two assumptions was examination of the 

behavior of the estimator presented below. If the values used in its 

calculation were too different, the estimator gave a very unreasonable 

value. The value of the estimator should be not too much greater than 

the maximum number of individuals seen in a given census. For the 

Cassin's Sparrow data above, when the last four censuses were used, 

the estimator below gave a realistic value of 10.8, while if all five 

censuses were used, the estimate was an unreasonable "-13.6. 

Based on the two assumptions discussed in the previous para

graph, the number of singing males of a species (n) can be modelled 
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as a binomial distribution. Each census was viewed as an independent 

random sample (with replacement) from a binomial distribution with 

parameters p (probability of an individual occurring in a census) and 

n (the total number of individuals). More than one census is needed 

to estimate n in this manner (Bishop et ale 1975:438). Let x. be 
1. 

the number of individuals appearing in the ith census, and let there 

be k> I" censuses. Using the method of moments, and estimator of n 

is 

-n = 

and p can be estimated as 

(Ex.) 2 
1. 

(Ex.)2 + kEx. - kEx.2 
1. 1. 1. 

Ex. = 1. 

kn 
Using the delta method (Bishop et ale 1975), an estimate of the 

variance of n is 

(1 - p) 
-3 
P 

[":( 1 

(3) 

(4) 

(5) 

The estimate of the number of singing males, n, was substituted into 

equation (1) to give a density estimate, which was converted to 

number of males/IOO ha. Standard errors for these density estimates 

were calculated using equations (2) and (5). Two species, Rufous-

winged Sparrows and Rufous-crowned Sparrows, were too rare to use the 

above procedure. For these species, the maximum number of individuals 

seen was used as an estimate of n. This number was converted to a 

density in the same manner as counts of other rare species as 
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discussed above. Standard errors were calculated assuming each 

density estimate was a Poisson random variable. 

Vegetation structure and composition of each study site in 

Santa Rita was sampled in 1982 and 1983, and Research Ranch sites were 

sampled in 1983. Structural characteristics of the vegetation are 

thought to provide necessary resources for species to promote suc-

cessful breeding. Both structural properties and species composition 

of the vegetation will determine the types and abundances of insect 

prey used by breeding individuals, and may also provide seeds, buds, 

etc., which may be used as food. Vegetation structure also provides 

nesting substrates, cover, and singing perches which are all necessary 

for breeding. Most of the eight species studied in Chapter 5 build 

nests either directly on the ground, or in shrubs and low trees near 

the ground. Hence ground cover and shrub density were thought to be 

important variables. Ground cover was measured by randomly locating 

2 50 .5m quadrats on the transects where censuses were conducted. 

Percent cover of litter, herbaceous vegetation, grass and bare ground 

was assessed visually. To assist in making these estimates, the 

quadrat was marked around its edges so that eight equal sized squares 

could be formed by the eye. Each square covered 12.5% of the quadrat, 

and by assessing the pattern of coverage in each individual square, 

an estimate of the total cover was made. In addition, the number of 

different grass and herbaceous species were counted within the 

quadrat. The most prominent tree in all the study sites was mesquite 

(scientific names of plants given in Appendix 1). A number of species 



of half shrubs (woody plants <.5 m tall) were also common. The 

densities of mesquite trees and half shrubs were calculated by 

measuring the distance from each randomly placed quadrat to the 

nearest mesquite tree and nearest half shrub. Using the method of 

Patil et al. (1982) the 50 distances for a given study site were 

ordered and the density calculated as 

D = 
(k-l) 

nX[k] 

2/3 where k = n ,[k] is the greatest integer less than or equal to k, 

n is the number of distances and X is 1T times the squared distance. 

The variance of this estimator is 

n 

52 
2/3 
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In this way density estimates and standard errors were calculated for 

both mesquites and half shrubs. Coefficients of variation for these 

estimates were around 27%. 

The species composition of grasses was also sampled using the 

randomly located quadrats. The presence or absence of each of 11 

grasses (listed in Appendix 1) were recorded in each quadrat. This 

gave a relative frequency of occurrence of each grass species. A 

number of other grasses were recorded, but were of such low frequency 

so as to be relatively unimportant. It was assumed that these rare 

grass species had little influence on the birds. 

The six Santa Rita sites were sampled in 1982 and 1983, and 

the Research Ranch \vas sampled in 1983. This gave 18 points with 
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which to assess bird-vegetation correlations. These 18 points were 

treated as independent, random samples in the following analyses; 

however, it must be realized that this assumption is probably not 

entirely justified since observations from the same site in different 

years will possibly be correlated, and observations from nearby sites 

in the same year may be spatially autocorrelated. Hence I am dealing 

with a complex, yet unknown correlation among observations. The 

major impact of this assumption on the ensuing analyses is that 

variance estimates will be biased, producing underestimates of the 

true variance associated" with the estimators used (e.g. Johnson 1971). 

This in turn may lead to overly optimistic tests of statistical 

hypotheses. However, parameter estimates should generally be 

unbiased, hence it is felt that estimation procedures used 'viII be 

adequate. I can only suggest that hypothesis tests be viewed with 

caution, and I have tried to be careful about ho,v much importance I 

have attached to them. Despite these statistical problems, I feel 

that the patterns elucidated by the analyses described below are 

biologically reasonable. Since I am searching for hypotheses rather 

than testing them, it is probably reasonable to use the procedures 

as data analytic tools rather than devices to assign statistical sig

nificance to the observed patterns. 

All habitat variables were correlated using Pearson's 

correlation coefficients with densities of Cassin's Sparrows, 

Botteri's Sparrows, Rufous-winged Sparrows, Rufous-crowned Sparrows, 

Grasshopper Sparrows, Black-throated Sparrows, Brown Towhees, and 



46 

Blue Grosbeaks. Patterns were quite similar when Kendall's tau or 

Spearman's correlation were used, so the Pearson's coefficients are 

reported. Avian densities were also correlated among themselves. 

Relationships among habitat variables and avian densities were further 

analyzed using canonical correlation analysis (Mardia et a1. 1979). 

Canonical correlation takes linear combinations of the variables in 

one set of variables that explain the most amount of variation in 

that set and correlates the~ with the linear combinations of 

variables explaining the most amount of variation in a second set of 

variables. Thus, trends in covariation within two sets of variables 

are related (correlated) with each other. Due to the restrictions in 

my sample sizes I divided the habitat variables into a set of struc

tural variables (% cover of litter, herbaceous vegetation, grass and 

bare ground, average number of grass species, density of mesquite and 

half shrubs) and a set of grass species composition variables. Each 

of these sets of habitat variables was entered into a canonical 

correlation analysis with bird species densities. 

Because at least some species were thought to respond in a 

nonlinear fashion to changes in vegetation structure and composition, 

polynomial regressions using orthogonal polynomials were performed 

using habitat variables as independent variables and bird densities 

as dependent variables. Polynomials up to a third order were fit 

using this technique. Two variables particularly stood out in the 

polynomial analysis: density of mesquite trees and density of half 



shrubs. These two variables were used to fit quadratic response 

surfaces to the densities of five of the eight bird species. 
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CHAPTER 4 

TEMPORAL VARIATION IN AVIAN COMMUNITY STRUCTURE DURING THE BREEDING 
SEASON IN SEMI-DESERT GRASSLANDS IN SOUTHEASTERN ARIZONA 

As discussed previously, some ecologists have viewed cornmuni-

ties, or assemblages of taxonomically or ecologically similar species 

as discrete, repeatable units in space and time. Others simply view 

communities as a collection of species that happen to be together on 

a study site. Because most study sites of ecologists are relatively 

small compared to the range of a species, many ecologists favor the 

second concept, 1. e., that communities are "individualistically" 

assembled. 

~lany studies of avian communities~ however, have treated the 

collection of bird species in a given area as a discrete unit. This 

approach is especially prominent when researchers compare spatially 

distinct communities. For example, studies of avian succession tend 

to sample study areas in different stages of vegetation development 

and then discuss differences between avian communities in terms of 

differences between study areas thought to be attributable to succes-

sion (e.g. Stiles 1980, May 1982). 

Few studies have considered temporal patterns of avian 

community structure within a breeding season. If the patterns of 

abundance of species are relatively independent of each other, as 

implied by the individualistic hypothesis of community structure, then 
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one would expect that species' appearances and disappearances from a 

community may not be well coordinated. Different species might be 

expected to breed at different times and in response to different 

factors. One might also expect to see the breeding cycles of species 

vary in different ways from year to year. Spatially distinct study 

sites may show different patterns of temporal variation in the abun

dance of constituent species, hence the temporal component of 

community structure may reveal important aspects of spatial variation 

in ecological conditions (Rotenberry and Wiens 1980). 

To examine the magnitude and importance of temporal variation 

in breeding bird community structure, I examined the censuses con

ducted on the six Santa Rita study sites in 1982 and 1983. As 

described in Chapter 3, I calculated several community structure 

parameters (species richness, total densities, eveness) both for all 

censuses conducted over the entire breeding period, and for subsets 

of censuses within a given breeding season. 

Total Densities 

When censuses were combined over the entire breeding season 

for both 1982 and 1983, total densities for mesquite habitats 

appeared to be higher than grasslands (Table 5). However, in both 

years, when two standard error bounds around the estimates were 

generated, there was considerable overlap, suggesting that at the 

level of precision represented by the estimates, the differences 

between habitats were well within the bounds that could have been 

generated by sampling error. 



Table 5 

Connnunity Parameters for Hesquite Savannah and Grassland Habitats 
in the Santa Rita Experimental Range, 1982-83, Obtained 

by Assuming no Temporal Dynamics of Individual 
Species. Standard errors in parentheses. 

Habitat Total density in Expected species 

type pairs/lOa ha richness for Eveness 
sample of 15 pairs 

1982 

Hesquite 204.60 (24.98) 8.11 (1.27) .567 

Grassland 188.81 (21.59) 9.21 (1. 38) .622 

1983 

Hesquite 245.87 (27.18) 8.67 (1. 33) .711 

Grassland 217.82 (23.42) 7.47 (1. 31) .579 

50 



51 

A different pattern was observed when the trends in densities 

across the season were examined using cubic splines. In 1982, 

mesquite habitats had higher densities than grassland sites in April 

to June (Fig. 4). These differences were greater than two standard 

error bounds (Table 6), which implies that the differences between the 

two habitats were greater than those generated by sampling variation. 

In August the densities in the two habitats converged, with grassland 

habitats maintaining densities slightly higher than mesquite habitats. 

The difference between the two habitats at that time was less than 

two standard error bounds. The situation in 1983 was similar. Again, 

mesquite densities were much higher than grasslands during the early 

part of the season, but converged as the season progressed (Fig. 4, 

Table 6). 

Species Richness 

In 1982, when all censuses were combined, grassland sites 

tended to have more species on them than the mesquite sites (Table 

5), though the difference was small enough to have been generated by 

sampling variation. The trends in richness as estimated by splines 

indicated relatively poor fit to the data (Fig. 5); however, the 

pattern suggested by the splines was that richness was initially 

higher in the grassland sites and from then the two habitats con

verged with richness dropping in the grassland habitats and steadily 

increasing in the mesquite habitats (Fig. 5, Table 6). 

The pattern in 1983 was different. When all censuses were 

combined, mesquite habitats appeared to have higher richness, though 
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TABLE 6 

Predicted Values at Different Weeks for Three Community Structure Parameters 
in Two Habitat Types on the Santa Rita Experimental Range Based 

on Trends Estimated by Cubic Splines 

Hesquite Grassland 
Week--Honth 

Predicted Value SE Predicted Value SE 

1982--Tota1 Density 

Week 2--April 89.7 8.7 51. 7 8.3 
Week 10--June 128.9 8.8 51.8 6.2 
Week 17--August 101. 7 9.9 106.9 5.0 

1983--Tota1 Density 

Week 2--April 104.9 13.7 70.5 6.0 
Week 10--June 142.6 13.8 62.8 9.3 
Week 18--August 117.1 12.1 134.5 5.1 

1982--Richness 

Week 4--May 5.5 0.7 8.4 1.2 
Week 10--June 6.3 0.6 7.7 0.8 
Week 17--August 7.1 1.1 7.3 0.8 

1983--Richness 

\-Jeek 4--May 6.9 0.2 6.2 0.8 
Week 10--June 7.9 0.2 7.7 0.8 
Week 17--August 7.6 0.2 5.2 0.4 

\J1 
w 



TABLE 6, Continued 

Mesquite 
Heek--Month 

Predicted Value SE 

1982--Eveness 

Heek 5--Hay 0.65 0.04 
Week 9--Hay 0.70 0.03 
Vleek 17--August 0.82 0.08 

1983--Eveness 

Week 5--May 0.58 0.04 
\.Jeek 9--June 0.62 0.02 
Heek 17--August 0.69 0.07 

Grassland 

Predicted Value 

0.64 
0.66 
0.58 

0.71 
0.63 
0.51 

SE 

0.09 
0.06 
0.06 

0.11 
0.14 
0.09 

VI 
~ 
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Fig. 5. Estimated Trends in Expected Species Richness Over 
the Breeding Seasons of 1982 and 1983 for Two Habitat 
Types in the Santa Rita Experimental Range. Triangles 
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again the difference was well within two standard errors (Table 5). 

The spline estimates, however, suggested that initially richness was 

higher in the mesquite areas, but converged in the middle of the 

season, then diverged again by August (Fig. 5, Table 6) with grass

lands again having lO\Oler richness. The difference in August was 

greater than could be accounted for by two standard error bounds 

around the predicted richness values (Table 6). 

Eveness 
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Grassland habitats appeared to have slightly higher values for 

the Seigel-German eveness index than the mesquite habitats when all 

censuses \vere combined within each habitat type in 1982 (Table 5). 

While no standard error estimates could be obtained for these 

measures, sampling variation may be comparable to that for density 

and richness. The estimated trends however suggested that eveness 

in the two habitats was very similar and that in August eveness in 

the habitats diverged sharply. At that time eveness in mesquite 

habitats rose while eveness in the grasslands dropped (Fig. 6, Table 

6). The spline gave a relatively poor fit to the grassland eveness 

values, which suggested that eveness tended to vary widely from 

census to census. 

In 1983, the combined censuses suggested that eveness was 

lower in the grassland habitats (Table 5). The trends however 

suggested that a dynamic situation existed. The eveness in mesquite 

habitats generally increased as the season progressed, while grass

lands had high eveness early in the season and lower eveness later 
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in the season (Fig. 6, Table 6). Again, the trend accounted for a 

relatively small amount of the seasonal variation in grassland 

eveness values (Fig. 6), suggesting that a high amount of variability 

existed in eveness during the season in those habitats. 

Between Year Comparisons 

As with the patterns within a given season, the differences 

in avian community structure between years suggested by the combined 

censuses were usually different from the patterns suggested when 

trends were examined. The exception was total density. It appeared 

that density in 1983 for both hatitat types was higher than in 1982. 

The trends also suggested this, with the estimated trends being very 

similar in appearance in both years but deflected upwards in 1983 

(Fig. 4). 

Richness in 1982 was lower than in 1983 for mesquite habitats, 

but was higher for grassland habitats (Table 5). This pattern was 

only partially suggested by the trend estimates (Fig. 5). Richness 

was lower in 1982 than in 1983 for mesquite habitats only during the 

early part of the breeding season; richness was similar both years in 

August (Table 6). In grassland habitats, richness was greater in 1982 

during April and August, but was nearly equal during June in both 

years (Table 6). 

The combined censuses suggested that eveness was lower in 1982 

than in 1983 for mesquite habitats (Table 5). However, the estimated 

trends for both years suggested that for nearly the entire breeding 

in 1982 eveness was higher than in 1983 for the mesquite areas (Fig. 6, 
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Table 6). Grassland habitats, on the other hand, seemed to have 

similar trends in both years with eveness highest early in the season, 

and dropping as the season progressed. 

Magnitude of Combined Estimates 
Versus Estimated Trends 

Some rather striking differences existed between the magnitude 

of combined estimates of community structure, and those obtained from 

the estimated trends. Total densities derived from combining censuses 

were usually much higher than estimates based on the trends (Tables 5, 

6), suggesting that when the timing patterns of individual species 

were ignored, densities of the total avian community were overesti-

mated. Species richness was also overestimated when censuses were 

combined (Tables 5,6). These overestimates were obtained for both 

habitat types in both years. 

Timing and Densities of Individual Species 

Some of the patterns discussed above result from the timing of 

breeding activity of individual species. The species in this study 

did not maintain uniform densities across the breeding season, but 

instead appeared to vary in density from one group of censuses to the 

next. Many species were found only during part of the breeding 

season. The following discussion is an attempt to outline the 

general features of this complex, dynamic phenomena for the two 

habitats studied. While the data are not precise enough to make 

detailed and accurate statements, the general features of this process 

of species turnover during the season appears to illuminate some major 



differences that appear to exist in the ecological conditions of the 

two habitat types. 
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The estimated trends in total density for mesquite habitats 

suggested that a peak in the density occurred during June. Four 

species seemed to account for the major portion of that density. They 

were Verdins, Black-throated Sparrows, Lucy's Warblers, and Brown 

Towhees (Tables A3.l, A3.2). Of these species, Verdins, Black

throated Sparrows, and Brown Towhees appeared to be active during 

most of the season. Lucy's Warblers appeared to increase in density 

until June, and left before the summer rains started (in 1983, how

ever, a single male was observed singing on one study area in mid 

July). From the densities calculated for these species (Table A3.l, 

A3.2) and from the dates of singing activity (Figs. 7,8), it appears 

that the loss of Lucy's Warblers from the mesquite habitats in Santa 

Rita is at least partially responsible for the drop in total density 

seen during July. 

In the grassland habitats during both years, total densities 

were relatively low until the rains began in July, after which densi

ties were substantially increased. This increase appeared to be due 

to the influx of a single species during July and August. While 

Cassin's Sparrows are present and singing during April in south

western Arizona (~10nson and Phillips 1981), they apparently leave 

southeastern Arizona grasslands and return later with the onset of the 

summer rains (C.E. Bock, pers. comm.). A similar pattern was observed 

at Santa Rita (Figs. 9,10). Cassin's Sparrows reached their highest 
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Mesquite 1982 

Botterj's Sparrow 
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Blue Grosbeak 
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Fig. 7. Box Plots of Singing Dates of Several Bird Species' 
in Mesquite Savannah Habitats During the Breeding 
Season, 1982. 
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Mesquite 1983 
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Fig. 8. Box Plots of Singing Dates of Several Bird Species 
in Mesquite Savannah Habitats During the Breeding 
Season, 1983. 
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Grassland 1982 

Northern Mockingbird 

Western Kingbird 

-------E=~~=3- Blue Grosbeak 
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Brown Towhee 
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August 
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Fig. 9. Box Plots of Singing Dates of Several Bird Species 
in Grassland Habitats During the Breeding Season, 
1982. 
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Grassland 1983 

Northern Mockingbird 
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Blue Grosbeak 

Brown Towhee 

Block - throated Sparrow 
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Fig. 10. Box Plots of Singing Dates of Several Bird Species 
in Grassland Habitats During the Breeding Season, 
1983. 
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densities, however, during July and August of both years (Tables A3.3, 

A3.4). In 1982, this species accounted for nearly 34% of the total 

density during July and August, while in 1983 it accounted for over 

50% of the density. 

Discussion 

The practice of combining censuses to estimate avian community 

structure during periods of time when that structure is undergoing 

change can give a distorted picture of the actual structure of that 

community. In the present study, both patterns between community 

types (i.e. grassland vs. mesquite), and year to year variation were 

misrepresented by the estimates obtained from an analysis which 

ignored temporal variation in the timing patterns of individual 

species. If management of the bird communities were the objective of 

a study which was conducted in these habitats assuming no temporal 

dynamics in community structure, the resulting recommendations may be 

misleading and invalid. In studies conducted with the goal of 

elucidating underlying processes which may account for the observed 

patterns, the misspecification of the patterns may lead to erroneous 

or invalid conclusions regarding the ecological process being studied. 

Wiens (1981) has made a similar point in relation to single samples 

from a dynamically changing community. 

While the patterns documented in this chapter may be exag

gerated in the system I studied on the Santa Rita Experimental Range, 

they have been documented in other communities. Sow1s (1955) found 

that five species of dabbling ducks breeding on the Delta Marsh in 



Manitoba arrived at different times and nested at different times 

throughout the season. In communities of birds in montane habitats 

in Colorado, Winternitz (1976) found a great deal of temporal varia

tion throughout the breeding season (~lay to August) by individual 

species. In an analysis of duck communities in subarctic habitats, 

Toft et al. (1982) found that important components of the ecological 

interactions among the species they studied were related to the 

temporal variation of brood appearances. 

An interesting pattern was evident when the trends in diver

sity and density were considered over the entire season. Generally, 

when the total density in a given habitat type during a given year 

reached its peak, both eveness and species richness were near their 

lowest points. What this implies is that at the height of the 
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breeding season, the community is dominated by a few' very corrrrnon 

species which apparently exert a short-term, intense influence on 

community structure. The timing of such species corresponds to periods 

of productivity following rainfall peaks (e.g. April to June in 

mesquite habitats; July and August in grassland habitats). These 

characteristics of the Santa Rita avifauna do not fit well into 

Hanski's (1982) core-satellite species dichotomy. In Santa Rita, for 

a given habitat type, a species that might be considered a core 

species at one point in the breeding season might be viewed as a 

satellite species at another point, even if its density had not 

materially changed. In Santa Rita, perceived core-satellite species 

patterns may be artifacts of the seasonal dynamics of individual 



species reacting to changes in their environments independently of 

each other. 

Most studies in avian communities have ignored or downp1ayed 

the importance of temporal variation of community structure during 
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the season. As seen in this study, the procedure of combining 

censuses together over the entire season may give a distorted picture 

of the nature of spatial variation in community structure. This is 

to be expected if communities are individualistically assembled. If 

species in a community are only loosely and imprecisely coadapted, 

then different species reacting in different ways to seasonal changes 

in environmental conditions will lead to patterns only fully under

stood by examining individual components of the community. Such 

complexity in the manner in which individual species react to each 

other and their environments underlies the failure of paradigms which 

rely on relatively simple, single process explanations to adequately 

represent the dynamic nature of communities (Wiens 1977) and to 

provide a rigorous framework upon which to build reliable theories of 

biotic diversity (Brown 1981). The future of avian ecology as a pre

dictive science relies on the documentation of complex patterns such 

as those described in this chapter and the ability of avian ecologists 

to generate general, process oriented models to account for the 

inherent complexity of avian population systems. 



CHAPTER 5 

PATTERNS OF ABUNDANCE IN A GUILD OF GRASSLAND EMBERIZID FINCHES 
IN RELATION TO VEGETATION STRUCTURE AND COMPOSITION 

Bird populations are rarely distributed evenly across a 1and-

scape, but tend to be clumped in pockets of favorable habitat where 

they reach their highest densities. Nearby habitats of similar 

vegetative composition and structure may support lower populations, 

and as habitats become less similar to the most favorable habitats, 

population densities become lower (see Bro~m, in press). Maurer and 

Brown (in review) suggest that a great number of habitat variables 

interact to influence the rate of population processes such as 

reproduction, dispersal, and death to produce a pattern such as that 

described above. The result of such a process is that relationships 

among habitat variables measured across spatially varying habitats 

and avian population densities may be nonlinear. This is not to say 

that use of linear statistics to examine these relationships will not 

produce meaningful results, but it does suggest that nonlinear re1a-

tionships be routinely searched for (e.g. Meents et a1. 1983). 

In the following chapter I search for relationships among a 

series of habitat variables and population densities of eight emberi-

zid finches inhabiting the grassland and mesquite savannah habitats 

I have described earlier. I do not present the results of these 

analyses as proof that avian densities are directly affected by the 
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variables I measured; rather, I present them as hypotheses that should 

require further, more detailed analysis to reject. I suspect that 

some of the relationships that emerge from my analyses are purely 

correlational in nature; hence, I caution the use of these relation

ships as management guidelines. To say that a certain bird species 

is more common in habitats in which certain plant species or vegeta

tion characteristics are common or uncommon does not provide any 

basis for assigning a causal relationship among the variables. The 

value in doing studies such as the one described in this chapter 

should be in generating hypotheses regarding underlying processes of 

the bird density-vegetation correlations. Testing such hypotheses 

requires more detailed demographic data. 

Results 

The densities of the eight bird species varied considerably 

from study area to study area (Table 7). Cassin's Sparrows were 

widely distributed among the sites, but tended to reach their highest 

densi~ies on the Research Ranch sites. Botteri's Sparrows also were 

widespread in their distribution among study sites, but tended to be 

found at lower densities than Cassin's Sparrows. Both Rufous-winged 

and Rufous-crowned Sparrows were rare, appearing in only a few study 

areas. Densities of these two species were quite low. Grasshopper 

Sparrows were present on only one study site at Santa Rita, and there 

they were present at low densities. However, they were ubiquitous 

at the Research Ranch and tended to achieve relatively high densities 

there, second only to Cassin's Sparrows. Black-throated Sparrows, 
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TABLE 7 

Densities of Eight Species of Emberizid Finches Inhabiting Grassland 
and Mesquite Savannah Habitats in the Santa Rita Experimental 

Range and the Research Ranch 

(:lIs"ln'" lIott('ri's Rufous-winger! Rllfous-crowned Grasshopper Black-throated Brown 
Spsnllw Sparrnw Spurruw Sp.arrow Sparrow Sparrow Towhee 

Sants Rits 1982 

23.3 (]J.5) 12.0 (2.8) 13.5 (3.7) 0 0 34.9 (5.9) 31.1 (5.6) 
0 8.5 (8.6) 0 7.0 (2.6) 0 60.7 (7.7) 32.4 (5.1) 

12.4 (R.8) 39.2 (16.1,) 0 0 0 46.7 (6.8) 24.9 (5.0) 
24.9 (10.3) 25.2 (8.2) 0 0 0 46.6 (6.8) 33.2 (5.8) 
:;3.2 (20.0) 4',.6 (2.8) 0 6.1 (2.5) 0 21.2 (4.6) 18.9 (4.3) 
67.1 (15.") 23.9 0.11) 0 0 6.0 (2.(,) 21.9 (5.3) Ih.6 (4.1) 

SilntR Rita 1983 

63.4 (JR. 7) 18.7 (J.O) 20.2 (4.5) 0 0 53.2 (7.8) 20.1 (4.6) 
24.3 (J4.J) 0 0 14.0 (3.1) 0 48.5 (7.0) 21.6 (4.6) 
)').9 (8.4) 12.6 (J.l) 0 0 0 1,5.6 (6.5) 24.9 (5.0) 
80.8 (33.3) 32.7 (15.0) 5.4 (2.3) 0 0 27.9 (5.3) U.S (6.4) 
(.0.5 (6.8) 29.7 (15.1) 0 II 0 42.3 (6.5) IB.9 (4.3) 
89.0 (14.7) 33.1 (l •• 0) 0 0 ]J.B (3.1) IB.6 (' •• 3) 8.3 (2.9) 

UeseRrch Ranch 1983 

122.6 (32.5) 25.8 (111.8) 0 0 46.5 (19.3) 0 0 
120. (, (l8.7) 1.1 (2.7) 0 0 50.9 (16.2) () 0 
64.9 (24.1) 39.4 (9.0) 0 0 7.5 (2.7) 10.1 (3.2) 9.0 (3.0) 
49.1 (14.1) 31.1 (7.0) 0 5.4 (2.3) 20.7 (4.5) 0 0 
96.1 (3.4) 0 0 0 44.9 (6.7) 0 0 
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Brmvn Towhees, and Blue Grosbeaks generally were distributed in a 

similar manner. All three species were ubiquitous at Santa Rita in 

both years. Usually Black-throated Sparrows were the most common of 

the three, and Blue Grosbeaks were least common. Only one study site 

at the Research Ranch contained all three of these species. Blue 

Grosbeaks were found at Iml7 densities on two other Research Ranch 

sites. 

Densities of Cassin 1 s Sparrows and Grasshopper Sparrows were 

highly correlated (Table 8). This possibly is due to the fact that 

both of these species were very common on Research Ranch sites. Both 

of these species were negatively correlated with Black-throated 

Sparrows, Brown Tml7hees, and Blue Grosbeaks. These last three species 

were correlated positively among themselves. The two uncommon species, 

Rufous-winged and Rufou~-crowned Sparrows, had only weak correlations 

with other species; this is presumably because of their rareness. 

Botteri's Sparrow, which was ubiquitous, however, also had no sig

nificant correlations with other species. These results suggest that 

there are two groups of birds in this guild that respond to environ

mental variation in a similar manner within each r;roup, and that the 

two groups respond in nearly an opposite manner to the environment. 

The first group consists of Cassin's and Grasshopper Sparrows,and the 

second group is comprised of Black-throated Sparrows, Brown Towhees, 

and Blue Grosbeaks. 

The idea that the two groups described above respond to 

environmental variation in a similar fashion is further substantiated 



TABLE 8 

Correlation Hatrix of Species Densities 

BOTS RWSP RCSP GHSP 

Cassin's Sparrow (CASS) .031 -.111 -.423 .833 
Botteri's Sparrow (BOTS) -.141 -.237 -.177 
Rufous-winged Sparrow (RHSP) -.192 -.257 
Rufous-crowned Sparrow (RCSP) -.240 
Grasshopper Sparrow (GnSP) 
Black-throated Sparrow (BTSP) 
Brown Towhee (BRTW) 
Blue Grosbeak (BLGB) 

BTSP BRTW 

-.796 -.707 
-.173 -.006 

.317 .319 

.257 .113 
-.777 -.777 

.822 

BLGB 

-.648 
-.113 

.223 

.292 
-.476 

.777 

.535 
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by the results of a simple correlational analysis (Table 9) and by 

canonical correlation analysis of structural habitat variables and 

bird densities and of grass species composition and bird densities. 

Both Cassin's and Grasshopper Sparrows were negatively correlated with 

density of mesquite trees (Table 9) and with the relative frequencies 

of BouteZoua rothrockii and Eragrostis Zehmanniana (common names given 

in appendix). These same two sparrows were positively associated with 

several grass species. Generally, the variables for which Cassin's 

and Grasshopper Sparrows had high correlations were also highly cor

related, but with opposite signs, with the densities of Black-throated 

Sparrows, Bro\VTI Towhees, and Blue Grosbeaks. Botteri's, Rufous-winged, 

and Rufous-crowned Sparrows had only a few weak correlations with the 

habitat variables. 

The patterns just described were also evident in the canonical 

correlation analyses. In the analysis of structural habitat variables 

the correlation between the first canonical variables was quite high 

(Table 10). The first canonical variable of the structural habitat 

variables was positively associated with the density of mesquite trees 

and the % cover of bare ground. The first canonical variable of the 

bird densities was positively correlated with Black-throated Sparrows, 

Brown Towhees and Blue Grosbeaks, and negatively correlated with the 

densities of Cassin's, Botteri's and Grasshopper Sparrows. The second 

canonical variable of each variable set suggested that Cassin's and 

Grasshopper Sparrows \vere associated with grass cover and diversity 

and that Black-throated Sparrows, Brown Towhees, and Blue Grosbeaks 
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TABLE 9 

Linear Correlations Between Vegetation Measure
ments and Bird Densities 

::pec1es 
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TABLE 10 

Canonical Correlation Analysis of Structural Habitat 
Variables and Bird Species Densities 

Variables 

% litter 
% herbaceous 
% grass 
% bareground 
#grass species -1 
Density mesquite (ha ) 
Density shrubs (m-2) 

Cassin's Sparrow 
Botteri's Sparrow 
Rufous-winged Sparrow 
Rufous-crowned Sparrow 
Grasshopper Sparrow 
Black-throated Sparrow 
Brown Towhee 
Blue Grosbeak 

Eigenvalue 
Canonical correlation 

Variable Loadings 

Canonical variable 1 

Vegetation 

-.326 
-.175 
-.181 

.511 
-.085 

.793 
-.214 

Avian Densities 

-.553 
-.515 

.136 

.399 
-.469 

.743 

.788 

.431 

.996 

.998 

Canonical variable 2 

-.546 
.312 
.453 
.160 
.406 

-.544 
-.258 

.601 
-.134 
-.346 

.005 

.562 
-.619 
-.314 
-.806 

.969 

.984 
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were associated with high densities of mesquite trees and high litter 

cover. 

In the canonical correlation analysis of avian densities with 

grass species composition, loadings of bird species on the first 

canonical variable were very similar to those in the canonical 

correlation analysis of bird densities with structural habitat 

variables. Cassin's and Grasshopper Sparrows loaded together on the 

positive side, while Black-throated Sparrows, Brown Towhees, and Blue 

Grosbeaks were all negatively associated with the first canonical 

variable (Table 11). Two grass species were negatively associated 

with this variable, B. rothroakii and E. Zehmanniana. Both of these 

grasses tend to be found in dry, poor rangelands (Humphrey 1970). 

Four grass species, typical of open grasslands on ranges in good 

condition, were positively associated with the first canonical 

variable. Loadings on the second canonical variable in this analysis 

did not show any clear patterns. 

Polynomial regressions of each habitat variable with avian 

population densities indicated that nonlinear relationships between 

habitat features and avian populations were common. Out of 46 

significant relationships, 22 included a quadratic or cubic term 

(Table 12). Two variables consistently had nonlinear terms: density 

of mesquite trees and density of shrubs. Because of the consistent 

nonlinearity between the densities of all species except Rufous

winged, Rufous-crowned, and Botteri's Sparrows with these two 

variables, quadratic response surfaces of avian densities were fit 
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TABLE 11 

Canonical Correlation Analysis of Grass Species Composition 
and Bird Species Densities 

Variable loadinBs 
Variable 

Canonical variable 1 Canonical variable 2 

Grass species (reI. freq.) 

T. californica 
B. rothrockii 
B. chondrosioides 
B. fi liforrnis 
B. eriopoda 
B. gracilis 
Aristida spp. 
E. Zehrnanniana 
E. intermedia 

Cassin's Sparrow 
Botteri's Sparrow 
Rufous-winged Sparrow 
Rufous-crowned Sparrow 
Grasshopper Sparrow 
Black-throated Sparrow 
Brown Towhee 
Blue Grosbeak 

Eigenvalue 
Canonical correlation 

-.330 
-.549 

.876 
-.208 
-.423 

.769 

.755 
-.550 

.710 

Avian densities 

.836 
-.134 
-.360 
-.360 

.903 
-.721 
-.660 
-.677 

.995 

.997 

.397 
-.226 
-.318 

.737 

.498 
-.486 
-.154 

.168 
-.401 

-.067 
.418 

-.233 
-.252 
-.345 

.336 

.481 
-.040 

.949 

.974 
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TABLE 12 

Polynomial Regressions of Bird Densities 
on Habitat Variables 

Species 

Cassin's Botteri's Rufous- Rufous- Grass-
winged crowned hopper Sparrow Sparrow Sparrow Sparrow Sparrow 

L+ C+ 
L+.I1-,C+ 

C-
L- L+.Q+ .L-.Q+ 

Q-,C+ Q-.C+ 

L- L+.C- L+.Q+.C-

L+ 1.+ 

L-
1.+ L+ 
L+ 1.+ 

Q- L-
L+ L+,Q-

Black- Brown throated Towhee Sparrow 

L+.Q-.C+ 

L+.Q- L+.Q-
L-.Q+.C- C-

L+ 
L+ 

L- L-

L+.Q- L+.Q-
L- L-

L+ L+.Q-

Blue 
Grosbeak 

L+.Q-.C+ 

L+ 
L-.Q+.C-

L+ 
C-
1.-

L-

L+ 

" CO 
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to these two variables for all bird species except the three just 

mentioned. 

The response surface analysis suggested that Cassin's Sparrows 

generally achieved their highest densities at shrub densities of about 

-2 1.5 m (Fig. 11). The magnitude of Cassin's Sparrows densities was 

inversely related to mesquite density, and this inverse relationship 

was much stronger at high shrub densities. Grasshopper Sparrow den-

sities demonstrated a similar response to shrub densities (Fig. 12), 

with the exception that the density maximum in response to shrub 

density shifted to lower shrub densities as mesquite density increased. 

Black-throated Sparrows and Brown Towhees showed almost the exact 

opposite type of response to shrub and mesquite densities as compared 

to Cassin's and Grasshopper Sparrows. Black-throated Sparrows 

. achieved higher densities with increasing mesquite density and at 

either low or high shrub densities (Fig. 13). Bro~m Towhee densities 

generally increased smoothly with increasing shrub density, and 

increased with increasing mesquite density up to a point at which they 

began to decrease (Fig. 14). Blue Grosbeaks showed a rather flat 

response to shrub densities, but a strong increase in response to 

mesquite (Fig. 15). 

Discussion 

The population densities of each of the eight species con-

sidered in this chapter were statistically related to variation in 

a number of habitat features. These relationships are purely corre1a-

tional in nature, that is, variation in the habitat features doesn't 
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necessarily cause the observed variation in avian densities. These 

patterns, however, should be explainable on the basis of some 

process, and that process is probably not accurately represented by 

the relatively simple measurements of the habitats that I took. It 

is the objective of this final section to suggest some hypotheses 

about the process that has generated these observed patterns and to 

suggest how some of these hypotheses might be tested. The hypotheses 

I will examine will be applicable to any of the species in this 

study. I believe that it is crucial for the intelligent management 

of nongame birds as resources that such hypotheses be tested, because 

the ~!ocesses that directly affect avian population growth are not 

well understood. Intensive studies of local populations to elucidate 

these processes have been recently advocated by several authors 

(Pielou 1981, Simberloff 1982, Karr 1983, Wiens 1983). 
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Van Horne (1983) has recently suggested that the density of a 

species may not be a good indicator of how favorable a habitat is for 

a species. She suggested that a number of factors might produce a 

situation where habitats with high densities of individuals might have 

lower reproduction and higher mortality than habitats with lower den

sities. She felt that patchy habitats in seasonal areas where 

ecological conditions are relatively unpredictable should increase 

the likelihood that density and net reproductive rates are not posi

tively correlated. The grassland habitats in southeastern Arizona 

appear to meet these criteria. The avian species in this study are 

territorial, which Van Horne (1983) contends predisposes them to 
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maintain relatively constant densities in the most favorable habitats, 

while producing an "overflow" of individuals that might fill areas of 

poorer quality with more individuals and hence higher densities. 

While the importance of Van Horne's (1983) ideas cannot be directly 

evaluated for the grassland birds I studied based on my data, she 

does bring up a crucial point. In order to accurately assess the sig

nificance of the density of a species in a series of habitats it is 

necessary to obtain data on the demography of the populations in each 

habitat. 

To assess the demographic significance of a series of habitats 

to a species, one might generate a series of hypotheses regarding 

specific demographic characteristics of populations living in areas 

of differing population intensity. These hypotheses might be organ

ized as an hierarchical series of decisions. I present such a series 

of hypotheses in the following discussion; however, it should be 

noted that the hierarchy is not strictly linear since if a given 

hypothesis is shown to be true, the alternative hypotheses are not 

necessarily falsified. For example, hypothesis 2.1 (H2.l below) 

states that "Reproductive success is lower [in areas of low density] 

because clutch size is lower." If this hypothesis is true, it is also 

possible that H3.2 is also true, Le., reproductive success might also 

be due to high nestling or egg mortality. However, if H2.l is falsi

fied then all hypotheses following from it are by implication also 

false. Each series of decisions is eventually terminated by a 

statement, which in itself could probably generate a whole series 
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of new hypotheses. The decisions are presented in the format of a 

taxonomic key, and for clarity I present a schematic of the re1ation-

ships among hypotheses in Fig. 16. 

First order hypotheses: 

H1.0 Fewer individua1~ are found in areas of low 
population density because per capita repro
ductive success is lower there. 

True 
False • 

Second order hypotheses: 

H2.1 
H2.2 

H2.1 Reproductive success is lower because clutch 
size is lower. 

True 
False • 

H3.l 
H3.2 

H2.2 Fe\oJer individuals are found in areas of low 
population density because there are fewer 
nest sites. 

True 
False 

Third order hypotheses: 

Statement 3.1 (S3.l) 
H3.3 

H3.l Clutch size is lower due to lack of quality 
food. 

True 
False • 

S4.l 
H4.l 

H3.2 Reproductive success is lower due to low 
fledging rate. 

True 
False • 

H4.2 
H4.3 

H3.3 There are fewer singing perches in areas of 
low population density. 

True ••••• 
False • 

S4.2 
H4.4 
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Fig. 16. Schematic Pattern of the Relationships among 
Hypotheses Relating to the Pattern that a Bird 
Species has Lower Population Densities in One Area 
as Opposed to Another Area. Decisions to the left 
are I: true ," decisions to the right are "false." 
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Fourth order hypotheses: 

H4.l Clutch size is lower due to low food availability. 

True 
False • 

. . . . . . . . 88.1 
85.4 

H4.2 Low fledging rate is due to predation. 

True 
False 

85.2 
H5.2 

H4.3 Reproduction success is lower due to poor 
survival of fledglings. 

True 
False 

H5.l 
85.1 

H4.4 Food resources for adults are lower in areas 
of low population density. 

True • • • • 
False • • • • • • 

Fifth order hypotheses: 

S4.l 
85.3 

H5.l Poor fledgling survival is due to predation. 

True 
False 

86.1 
H6.l 

H5.2 Low fledging rate is due to desertion of 
nest. 

True 
False • 

Sixth order hypotheses: 

86.2 
H6.2 

H6.l Poor fledgling survival is due to poor food 
quality. 

True 
False •• 

S7.l 
H7.1 

H6.2 High nest mortality is due to poor quality food. 

True 
False • 

87.2 
H7.3 
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Seventh order hypotheses: 

H7.1 Poor fledgling survival is due to low food 
availability. 

Statements: 

True • • • • • • • •• S8.1 
False • • • • • • • •• S8.2 

S3.1 Identify habitat features which influence nest 
site selection. 

S4.1 Identify nutritional needs of adults. 

S4.2 Identify habitat features which influence song 
perch selection. 

S5.1 Look f.or other factors which influence repro
ductive success. 

S5.2 Identify habitat features v7hich influence 
predation on nests. 

S5.3 Look for other habitat features that might 
result in lower population densities (e.g. 
environmental fluctuations). 

S5.4 Look for other factors influencing clutch size. 

S6.1 Identify habitat features which influence preda
tion on fledglings. 

S6.2 Identify habitat features influencing desertion 
behavior. 

S7.1 Identify fledgling nutritional needs. 

S7.2 Identify nestling nutritional needs. 

S7.3 Look for other factors influencing fledging 
rate. 

S8.l Identify habitat features \-7hich influence food 
availability. 

S8.2 Look for other factors influencing fledgling 
survival. 
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The preceding series of hypotheses provides a logical frame

work which could underlie efforts to collect data in areas in which 

environmental variation has lead to differences in the densities of 

a given bird species between those areas. One way to attack this set 

vf hypotheses would be to locate nests of a species in areas of high 

and low density. Assuming initially that Hl.D was true, if clutch 

sizes were identical in the two areas (within the limits of statis

tical variability), then H2.l would be rejected. Rate of fledging 

could then be compared between areas to evaluate H3.2, and so forth. 

If none of the measurable parameters related to reproductive success 

were found to be different between areas one would be at S5.l. From 

this point one could tentatively conclude that Hl.D was false and 

proceed to test H2.2 and subsequent hypotheses. Even if Hl.D was 

accepted the series of hypotheses emanating from H2.2 would not 

necessarily be falsified and eventually they would also need to be 

tested. Returning to Van Horne's (1983) arguments, one might find 

that there are higher mortality rates or lower reproductive rates (or 

both) in habitats with high densities. If this were the case, then 

in the following series of decisions one would end at S5.3, and this 

could be taken as evidence for the importance of Van Horne's (1983) 

suggestions. 

Once the relationships between demographic parameters and 

population densities are identified, then it will be possible to 

begin to relate variation in the characteristics of the habitats to 

variation in density in a meaningful way. In fact, it may be better, 
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as Van Horne (1983) suggests, to attempt to correlate differences in 

habitat features with differences in productivity. 
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A number of authors have obtained detailed data on demography 

of avian populations in different areas. In a study of Great Tits, 

van Ba1en (1973) found that individuals breeding in pine woodlands 

tended to have smaller clutches, fledged fewer numbers per brood, and 

had smaller nestlings with lower growth rates than individuals br~ed

ing in oak woods. Densities were about ten ti~es higher in the oaks. 

The amount of food in terms of insect biomass was apparently lower 

in the pines. Petrinovich and Patterson (1982, 1983) found that 

distinct differences between two study areas in northern California 

existed in demographic parameters related to populations of White

crowned Sparrows (Zonotl~iehiQ Zeucophrys). 

In southeastern Arizona, Russell eta1. (1973) demonstrated 

differences in clutch size and fledging success of Brown Towhees, 

Black-throated Sparrows, and Rufous-winged Sparrows in two grassland 

study sites. One site was located on the Santa Rita Experimental 

Range, at a lower elevation than the pastures used in the present 

study, and was similar to the mesquite savannah habitats described in 

Chapter 3. Their second site was a palo verde (Cercidium spp.) and 

saguaro (Cereus sp.) dominated area (Silverbe11 site). They found 

that both Brown Towhees and Rufous-winged Sparrows,on the average, 

had higher clutch sizes and higher fledging rates on the Santa Rita 

sites than on the Si1verbe1l sites. Black-throated Sparrows, on the 

other hand, had lower clutch sizes and fledging rates on the Santa 
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Rita site (Table 13). Both Black-throated Sparrows and Rufous-winged 

Sparrows had much higher densities in habitats where their expecta

tions of reproductive success were higher, while this was not true for 

Brown Towhees (Table 13). For the two sparrow species, both H2.1 and 

H3.2 are apparently true, which suggests that data Which would be 

important to understand the demographics of these two species would 

be data on the types of abundance of food available to the species 

and the intensity of nest predation. Abundance of food has been 

related to clutch size in Rufous-winged Towhees (Greenlaw 1978) and 

the use of methods similar to his may help elucidate some of the rela

tionships between habitat characteristics and demographic parameters 

of the species breeding in the grasslands of southeastern Arizona. 



Site 

TABLE 13 

Clutch Size, Number of Fledglings, and Population Densities for Three Species 
of Emberizid Finches in Two Habitat Types in Southeas·tern Arizona. 

(From Russell et al. 1973) 

Average Average Average 
Density clutch size number fledged (pairs/IOO ha) 

Brown Towhee 

Silverbell 1.30 0.20 12.5 
Santa Rita 3.00 0.75 11.0 

Black-throated Sparrow 

Silverbell 1. 70 1.30 40.0 
Santa Rita 0.27 0 18.0 

Rufous-winged Sparrow 

Silver bell 1.0 1.,,0 10.0 
Santa Rita 5.8 2.0 36.5 

\0 
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APPENDIX 1 

SCIENTIFIC NAMES OF THE BIRDS AND PLANTS FOUND IN THE SANTA RITA 
EXPERIMENTAL RANGE AND THE RESEARCH RANCH THAT ARE 

MENTIONED IN THE TEXT (CHAPTERS 4 AND 5)* 

PLANTS 

Common Name 

Mesquite 
Panic grasses 
Arizona cottongrass 
Rothrock grama 
Sideoats grama 
Sprucetop grama 
Slender grama 
Black grama 
Blue grama 
Three awns 
Lehmann lovegrass 
Plains lovegrass 

BIRDS 

Vermilion Flycatcher (VMFL) 
Ash-throated Flycatcher (ATFL) 
Western Kingbird (WKGB) 
Verdin (VRDN) 
Cactus Wren (CTWR) 

Black-tailed Gnatcatcher (BTGN) 
Northern Mockingbird (MCKB) 
Curve-billed Thrasher (CVBT) 
Bendire's Thrasher (BNDT) 
Loggerhead Shrike (LGHD) 
Bell's Vireo (BLSV) 
Lucy's Warbler (LCWB) 
Pyrrhxloxia (PYRR) 

Scientific Name 

Prosopis spp. 
Panicwn spp. 
Trichachne caZifornica (Benth.) 
BouteZoua rothrockii Vasey 
B. curtipenduZa (Michx.) 
B. chondrosioides (B.B.K.) 
B. fiZifo~is (Fourn.) 
B. eriopoda Torr. 
B. graciZis (H.B.K.) 
Aristida spp. 
Eragrostis Zehmanniana Nees 
E. intermedia Hitchc. 

PyrocephaZus rubinus (Boddaert) 
Myiarchus cinerascens (Lawrence) 
Tyrannus verticaZis Say 
Auriparus fZaviceps (Sundevall) 
CampyZorhynchus brunneicapiZlus 

(Lafresnaye) 
PoZioptiZa meZm~ura Lawrence 
Mimus poZygZottos (Linnaeus) 
Toxostoma curvirostre (Swainson) 
T. bendirei (Coues) 
Lanius Zudovicianus Linnaeus 
Vireo beZZii Audubon 
Vermivora Zuciae (Cooper) 
CardinaZus sinuatus Bonaparte 

* Plant names follow Humphrey (1970) and Hartin (1975). Bird 
names follow American Ornithologists Union (1983). Abbreviations of 
bird species are those used in the rest of the Appendices. 
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BIRDS (continued) 

Blue Grosbeak (BLGB) 
Brown Towhee (BRTW) 
Botteri's Sparrow (BOTS) 
Cassin's Sparrow (CASS) 
Rufous-winged Sparrow (RWSP) 
Rufous-crowned Sparrow (RCSP) 
Black-throated Sparrow (BTSP) 
Grasshopper Sparrow (GHSP) 
Eastern Meadowlark (}IDLK) 

Guiraca caeruZea (Linnaeus) 
PipiZo fUscus Swainson 
AimophiZa botterii (Sclater) 
A. cassinii (Woodhouse) 
A. carpaZis (Coues) 
A. ruficeps (Cassin) 
Amphispiza biZineata (Cassin) 
Ammodramus savannarum (Gmelin) 
SturneZZa magna (Linnaeus) 

96 



APPENDIX 2 

ESTIMATES OF f(O) BASED ON A FOURIER SERIES ESTIMATOR 
FOR SEVERAL SPECIES OF BIRDS ON THE SANTA RITA 

EXPERIMENTAL RANGE AND THE RESEARCH RANCH 

Species n f(O) var[f(O)] 

Western Kingbird 23 .0105 2. S x 10 -6 

Northern Mockingbird 42 .00S4 o -7 
Verdin 107 .0126 5.3 x 10_6 Bell's Vireo 52 .0070 1. 0 x 10_6 Lucy's Warbler 124 .OOSO 1.4 x 10_6 Brown Towhee 127 .0173 7.3 x 10_7 Cassin's Sparrow 546 .0095 3.2 x 10_

6 Botteri's Sparrow lS7 .0100 1.0 x 10_S 
Black-throated Sparrow 203 .0142 7.7 x 10_6 Grasshopper Sparrow 105 .0105 3.1 x 10_6 Blue Grosbeak 64 .0074 3.S x 10_6 Eastern Neadow1ark 60 .0063 3.2 x 10 
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~pecies Mllx. 
0-1 

VHFI. 2.14 
(1. 46) 

ATFI. 
12.81 4.27 
(3.58) (2.07) 

WKGB 

MCKB 2.19 
(2.19) 

CVBT 2.14 
(1.46) 

BNIlT 

APPENDIX 3 

DENSITIES OF BIRD SPECIES IN THE SANTA RITA 
EXPERIMENTAL RANGE, 1982 AND 1983 

TABLE A3.l 

Densities of Species of Birds Observed in Mesquite 
Savannah Habitats, April-August 1982, in the 

Santa Rita Experimental Range 

Week Interval 

2-4 5-6 9-10 10-11 14 

2.14 
(1.46) 

6.41 6.41 6.41 12.81 4.27 
(2.53) (2.53) (2.53) (3.58) (2.07) 

2.19 2.19 
(2.19) (2.19) 

15 

2.14 
(1.46) 

16 

8.54 
(2.92) 

2.14 
(1.46) 

17 

\0 
00 



TABLE A3.I, Continued 

Week Interval 
Species Max. 

0-1 2-4 5-6 9-10 10-11 14 15 16 17 

J.GIID 

CTWR 

BTGN 2.14 2.14 
(1.46) (1.46) 

VRON 39.49 26.33 19.74 32.91 36.20 26.33 23.04 39.49 13.17 16,1,6 
(11. 63) (9.43) (8.14) (10.58) (11.11) (9.43) (8.81) (11.63) (3.34) (7.',2) 

BLSV 7.27 5.45 5.45 5.45 5.45 7.27 7.27 
(3.78) (3.24) (3.24) (3.24) (3.24) (3.78) (3.78) 

LCWD 35.25 10.37 24.88 22.81 35.25 26.96 
(10.01) (4.88) (8.07) (7.66) (10.01) (8.47) 

PYRR 2.14 2.14 2.14 2.14 2.14 
(1.46) (1.46) (1.46) (1.46) (1.46) 

BRTW 22.52 18.02 13.51 22.52 18.02 13.51 9.01 9.01 18.02 13.51 
(10.67) (9.44) (8.06) (10.67) (9.44) (8.06) (6.52) (6.52) (9.44) (8.06) 

RCSP 2.14 2.14 
(1.46) (1.46) 

RWSP 2.14 2.14 2.J4 
(1.46) (1.46) (1.46) 

\0 
\0 



TABLE A3.1, Continued 

Week Interval 
Species MAX. 

0-1 2-4 5-6 9-10 10-11 

CASS 4.93 2.47 
(3.50) (2.47) 

BaTS 20.74 2.59 
(7.63) (2.61) 

81'SI' 36.95 25.B6 11.08 36.95 25.B6 22.17 
(11.71) (6.82) (6.40) (11.71) (6.82) (9.06) 

GIISI' 

BWn 
9.61 3.84 9.61 

(4.99) (2.90) (4.99) 

MDLK 

Wi 204.60 86.99 80.2B 125.93 133.17 123.71 

SE 24.98 15.96 15.87 20.79 25.10 19.16 

14 15 

2.59 .7.7B 
(2.61) (4.56) 

36.95 25.86 
(11.71) (6.B2) 

9.61 1.92 
(4.99) (1.99) 

93.06 91.65 

17.55 16.18 

16 

20.74 
(7.63) 

18.47 
(B.27) 

7.69 
(4.35) 

100.32 

16.58 

17 

4.93 
(3.50) 

10.37 
(5.29) 

36.95 
(11. 71) 

5.76 
(3.66) 

97.36 

18.09 

..... 
o 
o 



SpecieR Hax. 

VHFI. 4.27 
(2.07) 

ATFL 6.41 
(2.53) 

WKGB 

HCKB 4.38 
(3.09) 

evBT 

BNUT 

LGIID 

CTWR 2.14 
(1.46) 

TABLE A3.2 

Densities of Species of Birds Observed in Mesquite 
Savannah Habitats, April-August 1983, in the 

Santa Rita, Experimental Range 

Week Interval 

1-2 4-5 6-7 0-9 9-10 

2.14 2.14 4.27 2.14 
(1.46) (1.46) (2.07) (1.46) 

15 

4.27 6.41 2.14 4.27 4.27 4.27 
(2.07) (2.53) (1.46) (2.07) (2.07) (2.07) 

2.19 4.38 4.38 
(2.19) (3.09) (3.09) 

2.14 2.14 
(1.46) (1.46) 

17 19 

2.14 
(1.46) 

I-' 
0 
I-' 



TABLE A3.2, Continued 

Week Interval 
Species llax. 

1-2 4-5 6-7 R-9 9-10 15 17 19 

BTGN 2.14 2.14 2.14 
(1.46) (1.46) (1.46) 

VRIJN 29.62 13.17 29.62 9.87 9.87 13.17 23.04 19.74 13.17 
(10.02) (3.34) (10.02) (5.73) (5.73) (3.34) (8.81) (8.14) (3.34) 

BJ.SV 9.08 5.45 5.45 5.45 5.45 7.27 5.45 9.08 9.08 
(4.27) (3.24) (3.24) (3.24) (3.24) (3.78) (3.24) (4.27) (4.27) 

LCWll 39.40 18.66 14.52 31.11 39.40 37.33 2.07 
(10.75) (6.80) (5.89) (9.25) (10.75) (10.38) (2.10) 

I'YRR 6.41 2.14 6.41 4.27 2.14 2.14 2. !I. 2.14 2.14 
(2.53) (1.46) (2.53) (2.07) (1.46) (1. 46) (1.46) (1.46) (1.46) 

BRTW 27.03 9.01 4.50 27.03 13.51 9.01 9.01 22.52 27.03 
(11. 82) (6.52) (4.56) (11.82) (8.06) (6.52) (6.52) (10.67) (11.82) 

RCSP 4.27 2.14 4.27 4.27 4.27 2.14 
(2.07) (1.46) (2.07) (2.07) (2.07) (1.46) 

RWSP 6.1.1 4.27 2.14 4.27 2.14 6.41 4.27 2.14 . 4.27 
(2.53) (2.07) 0.46) (2.07) (1.46) (2.53) (1.46) (1.46) (2.07) 

CASS J/ •• $2 2.47 3.27 17.26 34.52 32.06 
(9.45) (2.47) (2.47) (6.60) (9.45) (9.09) 

..... 
0 
N 



Species ~llIx. 

1-2 4-5 

BOTS 10.37 
(5.29) 

nTSP 44.34 44.34 25.86 
(12.83) (12.83) (6.82) 

GIISl' 

D1.GB 
13.45 
(6.21) 

HDI.K 1.63 
(1.69) 

EO
i 

245.87 108.06 99.52 

SE 27.18 17 .21 15.36 

TABLE A3.2, Continued 

Week Interval 

6-7 8-9 9-10 

5.19 5.19 
(3.70) (3.70) 

40.64 36.95 33.25 
(12.28) (1l.7l) (11.10) 

1.92 11.53 13.45 
(1.96) (5.61) (6.21) 

1.63 
(1. 69) 

136.22 145.00 139.23 

21.32 20.87 19.19 

15 17 

7.78 5.19 
(4.56) (3.70) 

29.56 22.17 
(10.47) (9.06) 

5.76 7.69 
(3.66) (4.35) 

112.75 131.60 

18.25 20.32 

19 

10.37 
(5.29) 

11.08 
(6.40) 

5.76 
(3.66) 

119.24 

18.57 

..... 
o 
w 



Sl'rdpB Max. 

VtlFI. I.R7 
(1.37) 

"TFI. 
3.74 

(1.91) 

WKr:n 9.58 
(5.03) 

tlCKn 9.59 
(4.29) 

CVlIT 3.74 
(1.93) 

nNUT 1.87 
(1.37) 

Will' 
7.1,7 

(7..73) 

CTWR 
9.3/, 

(3.0(,) 

TABLE A3.3 

Densities of Species of Birds Observed in Grassland 
Habitats, April-August 1982, in the Santa 

Rita Experimental Range 

wp"k Jl1tprvnl 

1-2 4-5 6-9 10 10-11 15 16 

1.87 3.74 3.74 3.74 3.74 
(1.37) (1.9:1) (1. 93) (1. 93) (1.93) 

2.39 2.39 2.39 1,.79 4.79 2.39 9.58 
(2.42) (2.42) (2.42) (3.47) (3.47) (2.42) (5.03) 

5.75 9.59 5.75 
(3.32) (4.29) (3.32) 

1.87 1.87 .3.74 
(1.37) (1.37) (1.93) 

1.87 1.87 1.R7 
(1.37) (1.37) (1.31) 

3.74 1.87 7.47. 3.74 1.87 5.61 5.61 
(1. 93) (1.37) (2.73) (1. 93) (1.37) (2.37) (2.37) 

17 ]8 19 

1.87 
(1.37) 

I.R7 
(1.31) 

4.79 
(3.47) 

1.87 
(l.37) 

1.87 
(t.37) 

1.87 7.1,7 
(1.37) (2.73) 

3.74 3.74 9.34 
(1.93) (1.93) (3.06) 

..... 
0 .,. 



------.--------

SIIl'l"lcH Max. 
1-2 4-5 6-9 

-------------
JlTl;N 

VUIlII 

81.SV 

U;WII 
3.63 1.81 1.111 3.63 

(2.62) (1.83) (l.83) (2.62) 

rvKII 
1.87 

(1.37) 

DRTW 23.65 11.82 11.82 11.82 
(10.34) (7.07) (7.07) (7.07) 

Rr.sl' 
1.87 

0.37) 

RWS\' 1.87 1.87 
(1.37) (1.37) 

CAS:; 
43.15 10.1? 6.47 
(9.'J9) (4.87) (3.76) 

TABLE A3.3, Continued 

Week lnt"rvol 

111 10-11 15 16 

1.87 
(1.37) 

3.94 1.94 19.71 11.82 
(J.99) (J.99) (9.34) (7.07) 

1.87 
(1.37) 

2.16 15.10 
(2.16) (5.78) 

17 18 

3.94 23.65 
(3.99) (10.34) 

1.87 
(1.37) 

43.15 36.68 
(9.99) (9.16) 

19 

1.87 
(1.37) 

15.77 
(8.21) 

1.87 
(1.37) 

34.52 
(8.87) 

I-' 
o 
VI 



TABLE A3.3, Continued 

Week Intervnl 
SI't'd"H tlnx. -----

\-2 4-5 6-9 10 10-11 15 
---------

8((1'S 22.69 15.88 6.81 2.27 18.15 
(7.53) (6.21) 0.99) (2.28) (6.68) 

DTSI' 
25.86 9.70 6.47 12.93 9.70 19.40 19.40 
(9.16) (5.60) (4.57) (6.47) (5.60) (7.93) (7.93) 

GIIS!' 2.39 2.39 2.3'1 
(2.43) (2.43) (2.43) 

BI,G8 5.04 1.68 1.68 
(3.20) (1.74) (1.74) 

H!lI.K 9.39 7.67 7.67 1.92 9.59 9.59 7.67 
(4.29) (3.84) 0.84) (1.92) (4.29) (4.29) 0.84) 

till 188.81 50.31 50.38 69.31 51.61 45.60 84.25 

S~: 21.59 11.77 11.47 11.28 10.82 10.96 15.37 

16 17 

9.07 22.69 
(4.63) (7.53) 

19.40 25.86 
(7.93) (9.16) 

2.39 2.39 
(2.43) (2.43) 

3.36 
(2.54) 

3.8', 7.67 
(2.71) (3.84) 

88.03 116.54 

14.94 17.06 

18 

20./,2 
(7.11) 

12.93 
(6.47) 

2.39 
(2.43) 

7.67 
(3.84) 

113.09 

17.70 

19 

22.69 
(7.53) 

9.70 
(5.60) 

2.39 
(2.43) 

!o.1I4 
(3.20) 

3.84 
(2. H) 

121.16 

11.10 

....... 
o 
0\ 



SPl'C ll~s Max. 
1 

VHFJ. 

ATFI. 
1.R7 

0.37) 

HK(:1l 
4.79 

(3.47) 

NCKII 
21.10 
(6.36) 

CVIIT 
3.74 

0.93) 

IINIlT 

!.ralll 
1.87 

(1.37) 

c'fIm 13.08 3.14 
0.62) (1.93 ) 

TABLE A3.4 

Densities of Species of Birds Observed in Grassland 
Habitats, April-August 1983, in the Santa 

Rita Experimental Range 

Ileek Interval 

2-4 5-7 9 15 16 

1.117 1.87 
(1.37) (1.37) 

4.79 2.39 2.39 
(3.47) (2.42) (2.42) 

1.92 9.59 21.10 1.92 1.92 
(1.92) (4.29) (6.36) (I. 92) (1. 92) 

3.74 
(1.93) 

1.87 
{I. 37) 

1.87 ] .87 5.61 7.47 1.87 
(1.37) (1. 37) (2.37) (2.73) (1.37) 

17 18 19 

1.87 
(1.37) 

2.39 
(2.42) 

1.87 1.87 
(1.37) (1.37) 

]3.011 9.34 7.47 
(3.62) (3.06) (2.73) I-' 

0 

'" 



TABLE A3.4, Continued 

Week Interval 
Spccles ~t.I". 

2-4 5-7 9 15 16 17 18 19 
.. ---- -----

IITGN 

Vlllltl 

m.sv 

Lei-III 
1.RI 1.81 1.R] 

(1.83) (J.ID) (1. 83) 

PHil 
1.87 1.87 

(I. ]7) (1.37) 

IIlnH 
2"1.65 15.77 7.88 11.82 11.82 15.77 15.77 11.82 23.65 23.65 

(111."11,) (8.21) (5.71) (7.07) (7.07) (8.23) (8.23) (7.07) (10.34) (10.34) 

lIe;p 

RHSI' 
I. 87 1.87 

(I. )7) (1.37) 

CASS 71.20 19. 1,2 43.15 10.79 2.16 36.68 53.94 71.20 60.41 60.41 
(11.10) (6.'i8) (9.99) (4.87) (2.16) (9.16) (11.26) (13.10) (11.97) . (11.97) 

f-' 
0 
(X) 



TABLE A3.4, Continued 

Week Interval 
Species Max. 

1 2-4 5-7 9 15 
---. 

BOTS 
31.76 9.07 6.81 15.88 
(9.07) (4.63) (3.99) (6.21) 

BTSI' 
]9.40 12.93 19.40 6.47 12.93 9.70 
(7.93) (6.47) (7.93) (4.57) (6.47) (5.60) 

GIISI' 
4.79 4.79 

(3. 1,8) (3.48) 

}lLGII 5.04 3.36 1.68 
(3.20) (2.54) (1.74) 

tllll.K 
9.98 1.92 9.98 3.84 1.92 3.84 

(4.72) 0.92) (i,.72) (2.71) (1. 92) (2.71) 

Wi 2l7.R2 55.59 87.94 63.03 69.91 103.04 

SE 21.42 12.79 15.06 12.95 13.34 15.65 

--------

16 17 

31.76 11.34 
(9.07) (5.20) 

6.47 6.47 
(4.57) (4.57) 

5.04 
(3.20) 

3.84 
(2.71) 

117.86 128.40 

17.69 17.16 

J8 

18.15 
(6.68) 

12.93 
(6.47) 

3.36 
(2.54) 

3.84 
(2.71) 

134.07 

19.12 

19 

23.9.'; 
(7.94) 

0.47 
(4.57) 

3.36 
(2.54) 

1.92 
(1.92) 

131.97 

J8.85 

I-' 
o 
\0 



APPENDIX 4 

SAMPLE SIZES OF BIRD SPECIES IN THE SANTA RITA 
EXPERIMENTAL RANGE, 1982 AND 1983 

TABLE A4.1 

Sample Sizes of Species for Mesquite Savannah Habitats in 
1982, Santa Rita Experimental Range 

Week Interval 
Species Max. 

0-1 2-4 5-6 9-10 10-11 14 15 16 17 

VMFL 1 1 

ATFL 6 2 3 3 3 6 2 1 4 

WKGB 

MCKB 1 1 1 

CVBT 1 1 

BNDT 

LGHD 

CTWR 

BTGN 1 1 

VRDN 12 8 6 10 11 8 7 12 4 5 

BLSV 4 3 3 3 3 4 4 

LCWB 17 5 12 11 17 13 I--' 
I--' 
0 



Species Hax. 
0-1 2-4 

PYRR 1 1 

BRTW 5 4 3 

RCSP 1 

RWSP 1 

CASS 2 1 

BOTS 8 

BTSP 10 7 3 

GHSP 

BLGB 5 

MDLK 

No. spp. 16 6 7 

No. Ind. 76 27 29 

TABLE A4.1, Continued. 

Week Interval 

5-6 9-10 10-11 

1 1 

5 4 3 

1 

1 

10 7 6 

2 5 

7 8 10 

41 48 47 

14 15 

1 

2 2 

1 3 

10 7 

5 1 

8 7 

31 29 

16 

4 

1 

8 

5 

4 

10 

36 

17 

3 

1 

2 

4 

10 

3 

8 

32 

..... ..... 

..... 



TABLE A4.2 

Sample Sizes of Species for Hesquite Savannah Habitats 
in 1983, Santa Rita Experimental Range 

Week Interval 
Species Max. 

1-2 4-5 6-7 8-9 9-10 15 17 19 

VMFL 2 1 1 2 1 

ATFL 3 2 3 1 2 2 2 1 

WKGB 

MCKB 2 1 2 2 

CVBT 

BNDT 

LGHD 

CTWR 1 1 1 

BTGN 1 1 1 

VRDN 9 4 9 3 3 4 7 6 4 

BLSV 5 3 3 3 3 4 3 5 5 

LC\\fB 19 9 7 15 19 18 1 

PYRR 3 1 3 2 1 1 1 1 1 

BRTW 6 2 1 6 3 2 2 5 6 

RCSP 2 1 2 2 2 1 

I-' 
I-' 
N 



Species Max. 
1-2 4-5 

RWSP 3 2 1 

CASS 14 1 1 

BOTS 4 

BTSP 12 12 7 

GHSP 

BLGB 7 

MDLK 1 

No. spp. 17 11 10 

No. indo 94 3~ 36 

TABLE A4.2, Continued 

Week Interval 

6-7 8-9 9-10 

2 1 3 

2 2 

11 10 9 

1 6 7 

1 

12 14 13 

48 57 56 

15 17 

2 1 

7 14 

3 2 

8 6 

3 4 

12 11 

40 47 

19 

2 

13 

4 

3 

3 

11 

43 

,..... 
,..... 
LV 



TABLE A4.3 

Sample Sizes of Species for Grassland Habitats 
in 1982, Santa Rita Experimental Range 

Week Interval 
Species Hax. 

1-2 4-5 6-9 10 10-11 15 16 17 18 19 

VMFL 1 1 

ATFL 2 1 2 2 2 2 1 

WKGB 4 1 1 1 2 2 1 4 2 

MCKB 5 3 5 3 

CVBT 2 1 1 2 1 

BNDT 1 1 

LGHD 4 1 1 1 1 4 

CTWR 5 2 1 4 2 1 3 3 2 2 5 

BTGN 1 1 

VRDN 

BLSV 

LCWB 2 1 1 2 

PYRR 1 1 

BRTW 6 3 3 3 1 1 5 3 1 6 4 

RCSP 1 1 1 1 

RWSP 1 1 
I-" 
I-" 
~ 



Species Max. 
1-2 4-5 6-9 

CASS 20 5 3 

BDTS 10 7 

BTSP 8 3 2 4 

GHSP 1 1 1 

BLGB 3 

MDLK 5 4 4 1 

No. spp. 20 8 11 10 

No. indo 83 20 21 29 

TABLE A4.3, Continued 

Week Interval 

10 10-11 15 

1 

3 1 8 

3 6 6 

1 1 

5 5 4 

10 7 11 

23 18 33 

16 17 

7 20 

4 10 

6 8 

1 1 

2 

2 4 

12 10 

36 50 

18 

17 

9 

4 

1 

4 

10 

46 

19 

16 

10 

3 

1 

3 

2 

13 

53 

I-" 
I-" 
VI 



Species Hax. 
1 

VHFL 

ATFL 1 

WKGB 2 

MCKB 11 

CVBT 2 

BNDT 

LGHD 1 

CTWR 7 2 

BTGN 

VRDN 

BLSV 

LCWB 1 1 

PYRR 1 

BRTW 6 4 

RCSP 

TABLE A4.4 

Sample Sizes of Species for Grassland Habitats 
in 1983, Santa Rita Experimental Range 

Week Interval 

2-4 5-7 9 15 16 

1 1 

2 1 1 

1 5 11 1 1 

2 

1 

1 1 3 4 1 

1 

2 3 3 4 4 

17 18 19 

1 

1 

1 1 

7 5 4 

1 

3 6 6 

I-' 
I-' 
0\ 



Species Max. 
1 2-4 

RWSP 1 

CASS 33 9 20 

BOTS 14 

BTSP 6 4 6 

GHSP 2 

BLGB 3 

MDLK 7 1 7 

No. spp. 16 6 7 

No. indo 98 21 39 

TABLE A4.4, Continued 

Week Interval 

5-7 9 15 16 

5 1 17 25 

4 3 7 14 

2 4 3 2 

2 

2 1 

2 1 2 

9 10 9 9 

26 30 40 50 

17 18 

33 28 

5 8 

2 4 

3 2 

2 2 

10 8 

58 56 

19 

1 

28 

11 

2 

2 

1 

9 

56 

~ 
~ 
....... 
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