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Abstract: Tbe relative importance of cottonwood-willow riparian corridors and isolated oases to land blrds 
migrating acro,'s southeastern Arizona was evaluated dUringfour spring migratiortS, 1989 to 1994, based on 
patterns ofspecies richness, relative abundance, denSity, and body condition ofbirds. We surveyed birds irl 13 
study sites ranging in size and connectivity from small isolated patches to extensive riparian for'est, sampled 
vegetation and Insects, and captured birds in mismets. The continuous band of riparian vegetation along the 
San Pedro River does not appear to be functioning as a corridor for many migrating species, although It may 
for a few, namely Yellow·breasted Chals (lcteria virens), Summer Tanagers (Piranga robrJ.), and Northern 
Rough·winged Swallows (SteJdigopteryx serripennis), which account for fewer than 10% of the individuals mi· 
grating through the area. Small, isolated oases hosted more avian species than the corridor sites, and the rela­
tive ahundances of most migrating birds did not differ between sites relative to slze-eormeetivlty. There were 
few differences In hetween-year variability in the relative abundances of migrating birds hetween corridor 
and oasis sites. Betweerl-year variability decreased with overall abundance of speCies and was greater for spe­
cies with breeding ratl!<es that centered north of50oN kltitude. Body condition Of birds did not differ relative 
lO the size-eonnectivity of the capture site, but indiViduals ofspectes with more northerly breeding ranges had 
more body fat than species that breed nearby. Peak migration densities ofseveral bird species far exceeded 
breeding densities reported for the San Pedro River, suggesting that large components of these species were en 
route migraTlts. Peak densft{es of Yellow Warblers (Dendroica petechia) reached 48.0 blrds/ha, of Wilson's 
Warblers (Wilsonia pusilla) 33.7 birds/ha, and of Yellow-rumped Warblers (D. coronata) 30.1 birds/ha. Rlpar­
larl vegetation is {{mited in extent in the vicinity of our study sites, covering less than I% of the landscape We 
conclude that all riparian patches in southeastern Arizona are important as stopover sites to en route mi­
grants regardless of (heir size and degree of isolation or connectivity. In light ofpotential habitat limitation, 
the protection of both smali, disjunct riparian patches and extensive riverine tracts In western landscapes is 
imperative. 

Uso Comparativo de Corredores Riparios y Oasis por Aves Migratorias en el Sureste. de Arizona 

Resumen: Se evalu6 la importancla relativa de los corredores riparios de sauces y los oasis aislados para las 
aves que migran a traves del sureste de A.rizona durante cuatro migraciones de primavera, de 1989 a 1994, 
en base a patrones de riqueza de especles, abundancia relativa, densidades y condtcl6n corporal de l.as aves. 
Estudiamos aves en Jj silios variando en tamano y conectivldad desde parches pequeflos aislados hasta 
bosques rlparios extensos. Muestreamos la vegetaci6n e insectos y capturamos aves con redes. Las bandas 
conlinuas de vegetacl6n riparia a 10 largo del 1'10 San Pedro no aparenta furleionar como un corredor para 
muchas de las aves mi~ratorlas, aunque podria serlo para algunas tales como: Ictena virens, Piranga ruhra y 
Steldigopteryx serripennis, las cuales corresponen a menos de un 10% de los indlvlduos migrando a traves del 
area. los oasis pequeifos aislados hospedaron mas espectes de aves que los sirios de corredor y las abundan­
cias relativas de la mayoria de las especles mlgrando no fue diferente entre sitios en relaci6n con ellamailo 
de Ea conectlvidad. Existieron poem diferenctas en variabilidad de la abundancia relattva entre aflos entre 
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los corredores y los sltios can oasis. La van'abilidad entre ai/os dfsminuy6 en gener(J.1 con l.a abundancia de 
espedes y fue mayor para especies can rangos reproductivos centrados al norte de los 50° l.atttud norte. La 
condici6n corporal de ias aves no difirt6 en reiaci6n can el tamaflo de la conect/lildad del sflio de captura, 
pero los indivlduos de especies can rangos de reproducc/on mas bacia el norte /uvieron mas grasa corporal 
que las especies que se reproducen en las cercanias. Las densidacks pica de migraci6n de varias de /.as espe­
ctes de aves excedio par nlucbo las densidades reproductivas reportadas pa'ra e/ rio San Pedro, sugiriendo 
que los componentes grandes de estas especies ftuHon migrantes en Tuta. Las densidacks pico de Dendroica 
petechia alcanz6 {as 48.0 aves/ha, Wilsonia pusilla 33. 7 aves/I}a yD. coronata 30.1 aves/ha. La vege/aci6n ri­
paria esta limitada en extensi6n en las areas vednus at sit/a de estudlo, cubriendo menos de 1% del paisaje. 
Concluimos que todos los parc1}e~ ripan'OS en el sureste de Arizona son importantes como sttios de reposo 
para migrantes en ruta independientemente ,lei tamar7.o y el grado de afslamiento a conect/v/dad. En liista de 
la potenciallimitante del babitat, es imperante la protecc/6n tanto ck parches pequeflos disjuntos como de 
areas riverinw; extenms en los pafsajes del oeste. 

Introduction 

Research underlying conservation strategies for Neotro­
pical migrants has concentrated largely on events on 
breeding and wintcring grounds (Gradwohl & Green­
berg 1989) and has generally ignored events dUring the 
migratory period (Moore et al. 1992). Tremendous en­
ergy demands are associated with long-distance migra­
tion, however, and many birds cannot successfully com­
plete their journeys without replenishing fat reserves en 
route (Moore & Kerlinger 1987; Moore et al. 1992). Mi­
grating birds therefore depend on SUitable stopover 
sites, often riparian and other wetland habitats, and 
must find reSOurces within spatially heterogeneous and 
temporally dynamic landscapes (Skagen & Knopf 1993, 
1994). 

Most eYaluations of the influences of landscape pat­
tern on habitat seJeclion in birds apply to both breeding 
and wintering areas (Morse 1985; Brown & Dinsmore 
1986; Askins et al. 1992; Freemark & Collins 1992; Rob· 
inson 1992). The theoretical basis for landscape-level de­
cisions by migrating birds is now emerging (Hutto 
1985a; Moore et al. 1992), yet little empirical evidence 
exists. Hutto (1985a) suggests that long-distance en 
route migrants may base their selection of stopover sites 
on factors extrinsic to rather than intrinsic to the sites, 
including meteorological conditions, physiological con­
dition, and landscape-level attributes of the available 
stopover sites such as patch size and shape, degree of 
isolation or contagion a.nd connectivity, pateh orienta­
tion, and interception probabilities (Hutto 1985a; Gutz­
wiJler & Anderson 1992). The relative importance of 
these attributes may differ between species, depending 
on migration distance and proximity to destinations. 

In western North America insectivorous landbirds mi­
grating in spring prefer riparian habitats for refueling 
Oohnson et al. 1977; Stevens et al. 1977; Emmerich & 
Vohs 1982; D. Krueper, personal communication), prob­
ably because food and cover are more abundant and pre­
dictable there than in other vegetation types in spring. 

Continuous extensive bands of riparian vegetation may 
aUract more en route migrants than smaller, isolated 
patches Simply because the larger patches are easier to 
find (Simberloff & Cox 1987). If extensive corridors are 
easier to fmd, abundances of en route migranls in con­
tinuous riparian forests may be greater and more consis­
tent between years than abundances in smaller riparian 
patches. On the other hand, small, isolated oases may fa­
cilitate migration by proViding a "stepping stone" (Mac­
Arthur & Wilson 1967: 123) arrangement of stopover ar­
eas. Small oases in the Sahara desert regularly attract 
transient passerines for resting and refueling (Bairlein 
1988, 1992; Biebach 1990). 

We monitored the use of several riparian areas in 
southeastern Arizona by Nemropical migrant landbirds, 
short-distance migrants, and reSidents, and we examined 
the relative importance of corridors and isolated oases 
to migrating birds. We evaluated the following attributes 
of the bird communities: species richness, relative abun­
dances, variability of abundances. and body condition of 
migrants. Specifically, we predicted that, if extensive 
corridors attracted more migrating birds than oases, we 
would detect one or more of the following patterns. 
Corridor sites would (1) host a greater number of avian 
species, (2) have greater abundances of migrating birds, 
(3) exhibit less year-to-year variability in bird abun­
dances, or (4) prOVide more resources, reflected in 
greater hiomass of insects or better body condition of 
birds. For a delineated region, we also determined the 
total area of cottonwood-willow riparian vegetation 
available to migrating birds in oases and in continuous 
riverine corridors. 

Study Area and Methods 

Site Descriptions 

During spring migration (early April-mid-May) in 1989, 
1991, 1993. and 1994, we conducted weekly bird sur· 
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veys in 13 riparian sites in southeastern Arizona (Fig. I). 
The riparian areas were dominaled by Fremom conon· 
wood (Populus fremonttt) and Gooding willow (Salix 
gooddingii), each surrounded by dry grasslands, shrub 
lands, or oak woodlands. The 13 sites, under federal and 
private ownership (including Bureau of Land Manage­
mem, The Nature Conservancy, and private individuals), 
ranged from samples of the continuously vegetated cor­
ridor of the San Pedro River to small, isolated oases (fig. 
1). The sites ranged in elevation from 900 to 1600 m and 
in latitude from 31 ° 30' N to 32°20' N. Sites at Muleshoe 
Ranch (MULR, MULB) and near Cascabel (CASN, CASS) 
were surveyed only in the springs of 1989 and 1991. 

The study sites were selected because they repre­
sented the largest remaining riparian areas in the region, 
as determined from aerial photos and an overview flight 

/ 
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Figure 1. Location of 13 bird survey sites in southeast­
ern Arizona. EC, Empire Cienega Ranch; BAB, Baboco­
marl Ranch; CAlv, Canelo Hills etenega; CZZ, Circle-Z 
Ranch; PAT. Patagonia-Sonoita Creek Preseroe; MUIR, 
Double-R Canyon/Muleshoe Ranch; MULB, Bass Can­
yon/Muleshoe Rancb; CASN, Cascabel North; CASS, 
Cascabel South,' SDD, 51. David's Ditch; BOQ, Boquillas 
Rancb; SPN, San Pedro House North; SPS, San Pedro 
House Soutb. Size-connectivity groups are described as 
oasis sites (small, <4 X 100 km, and relatively iso­
lated), intermediate sites (larger habitatpatches, 4-12 
km), and corridor sites (part of extensive, linear 
forest). 
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in 1989. The San Pedro River sites were selected based 
on latitude (to match the latitude of oases) and accessi­
bility (influenced by land ownership and occurrence of 
roads). Even though some sites were on the same water 
course, we considered sites to be independent if they 
were separated by 500 m. 

Precipitation patterns varied among the years of our 
study. Monthly precipitation from January through April 
was below average during 2 years of our study, 1989 
(40% of an 8S-year average) and 1994 (24% of average). 
In contrast, monthly precipitation was above average 
dUring January and February in 1991 (127%) and 1993 
(217%) and below average dUring March and April of the 
same years (70% and 45% of average, respectively). 
Flooding of the San Pedro River resulted from heavy 
rainfall in January of 1993, when precipitation totaled 
270% of the monthly average. Data for weather stations 
at Sierrd Vista and Canelo, Arizona, were provided by 
the Western Regional Climate Center, the National 
Weather Service, and the National Oceanic and Atmo­
spheric Administration. 

We grouped the 13 survey sites into three categories 
based on both relative size and connectivity (SC) with 
similar habitat types. Because riparian woodlands in this 
srudy area were linear and narrow (generally 50-200 m 
wide), it was difficult [Q separate the effects of the size 
of riparian forest patches and connectivity to other habi­
tat patches. Oasis sites (SC I: EC, BAB, CAN) were small 
(limired to the area surveyed, <4 km linear extent) and 
relatively isolated (>8 km) from similar coaonwood-wil· 
low riparian habitats; they ranged in area from 40 to 100 
ha. Intermediate sites (SC2: CZZ, PAT, MULR, MULB) 
were located within larger habitat patches (4- 12 km lin­
ear extent), ranging in area from 120 to 180 ha. San Pedro 
River sires (SC3: CASN, CASS, SDD, BOQ, SPN, SPS) were 
part of an extensive linear forest exceeding 2000 ha and 
were contiguous with similar riparian vegetation. 

Some habitat altributes-elevation, latitude, vegetarion 
structure, size-<:onnectivity-were correlated among sites. 
But replicates in the sense of classical experimentation 
are rarely, if ever, possible in landscape or regional stud­
ies (Hargrove & Pickering 1992). An ideal experimental 
design for this study would have allowed the separation 
of the effects of patch size, connectivity, elevation, lati­
rude, and vegetation structure on bird abundances. In 
southeastern Arizona, however, most of the isolated sites 
were higher in elevation, smaller in extent, and lower in 
shrub volume than the more connected rivenne sites. 
Alternative sites did not exist in this region at the scale 
of this project. 

Bird Surveys 

Birds were surveyed weekly at each sire for 6 weeks C3 
April-14 May) in 1989, 1993, and 1994 and for 4 week~ 

(20 April-9 May) in 1991. Two or three observers rotated 
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between sites [0 reduce ob~erver bias. Using a standard 
point-count method (Reynolds et aL 1980; Bibby et al. 
1992), we recorded all birds heard and seen during 7 
minutes at each of 20 points within each study site and 
specified the distance (0-10,10-25,25-50,50-75,75­
100 m) to each bird. To maximize the area sampled at 
each site, we placed points approximately 100 m apart. 
All surveys were begun within 20 minutes of sunrise and 
were concluded in 4 hours. 

To facilitate data analyses, all bird species were 
grouped into three functional guilds (fable 1) Using in­
formation from several references, we categorized bird 
species by migration pattern, latitudinal ranges, macro­
habitat, and foraging microhabitat (National Geographic 
Society 1981,1987; American Ornithologists' Union 1983; 
Davis & Russell 1984; Hayman et al. 1986; Banks et a1. 
1987; Ehrlich et aL 1988; DeGraaf et al. 1991). Migration 
categories based on distance traveled range from nonmi­
gratory residents (category 1) to species that occur in 
southeast Arizona only during migration (category 5). 

We also distinguished species that breed and ""inter in 
southeastern Arizona but also migrate to mOre northero 
or southern lat.itudes (category 2) from species that are 
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present only dUring migration and the breeding season 
(category 3) and species that oecur only during winter 
and migration (category 4). Macrohabitat guilds separate 
species that are usually or often associated with riparian 
areas from those that occur primarily in more upland 
habitatS. Foraging microhabitat guilds primarily distin­
gUish species that forage in different vegetation layers, 
When searching for patterns relative to size-connectiv­
ity, we grouped species according to these functional 
guilds and also evaluated the data on the basis of individ­
ual species, 

Vegetation Sampling 

We recorded broad habitat features for general classiJl­
cation of sites and more detailed vegetation characteris­
tics at survey points. Broad habitat features included 
width of the riparian forest, canopy height, and shrub 
and tree species comprising more than 10% cover. We 
estimated relative foliage density for each site in 1993 
using a modified version of the MacArthur board tech­
nique (MacArthur & MacArthur 1961). In four quadrants 
(northeast, souIheast, souIhwest, northwest; determined 

Table 1. Functional guilds of birds recorded dUring spring migration in southeastern Arizona, 1989-1994,4 

Present in 
sou.theastern Number of 

Arizona!) Descriptton species 

Migration category 
1 

2 

3 

4 

5 

6 
~1acrohabitat guild 

1
 
2
 

3 

Foraging microhabitat guild 
o 
1 
2 
3 
4 
5 
6 
7 
8 

9 

W,M,B
 

W,M,B
 

M, B
 

W,M 

M 

Resident, primarily non-migr.ltory although altitudinal 38 
movements may occur 

Winters in SE Arizona, migrates through SE Arizona, breeds 50 
in SE Arizona 

Winters south of SE Arizona, migrates through SE Arizona, 48 
breeds in and notth of SE Arizona 

Winters in and south of SE Arizona, migrates through SE 29 
Arizona, breeds north of SE Arizona 

Winters south of SE Arizona, migrates through SE Arizona, 15 
breeds north of SE Arizona 

Vagrant in SE Arizona 6 

Especially or generally near wacer 35 
Riparian Or water mentioned in habitat aecounts 67 
Woodlands, chaparral-scrub, grasslands, savannah, desert; 84 

no mention of water in habitat accounts 

Terrestrial generalist 25 
Aerial insectivore, sweeper 7 
Aerial insectivore, sallying and hawking 23 
Middle and upper canopy; foliage gleancr 27 
Lower canopy and shrub layer; foliage gleancr 21 
Forb layer, ground anti liuer; gleaner 47 
Trunk insectivore, trunk and br.lrlehes; gleaner 8 
Forest generalist 9 
Shoreline gleaner, prober 5 
Aquatic bird 14 

"Plma/onal guilds are based on In/ormation from rbe Nationat Geograpblc Society (1981, 1987); the Amet'lcan Ornithologists' Union (1983), 
Daoi.' <md Ru.'"ell (1984), Hayman et al (1986); Banks et at (1987); Ehrlich el at (1988); anct DeGraa/et al. (1991). 
•Birds are present during winter (W), .,pring or/ail migration (M), anct breectitlg season (B). 
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with a compass) around each stake, the distance to lhe 
nearest vegetation (Including stems, trunks, and dead 
vegetation) that would obscu re one-half of an 8,5 x 11­
inch (22 X 28 cm) board was estimated at each of the 
following heights: 0.25, 0.5, 1, 2, 5, 10, 15, 20, 25. 30, 
35, and 40 m. A maximum of 960 estimates was made at 
each site. We truncated horizontal measurements at 100 
m. Clinometers were used [Q detennine height catego· 
ries, Because the foliage in the lowest layers at some 
sites was scoured by floods in 1993, measurements were 
taken again in 1994 at 0.25,0.5, I, and 2 m. 

We calculated an index of foliage density-the amount 
of leaf surface area per cubic unit of space-using the fol­
lowing formula: foliage density := ln2/distance. We 
grouped height intervals into three vegetation layers: 
groun<.llayer, 0.25 an<.l 0.5 m; shrub layer, 1 and 2 m; and 
canopy, 5, 10, 15, 20, 25, 30, 35, and 40 m; we com­
puted the foliage density for these three layers as the av­
erage of the foliage densities for each height in the layer. 
Foliage density profJ1es were used in conjunction with 
estimates of riparian coverage in subsequent analyses. 

Because vegetation within sites was patchy and un­
even in coverage and extent, we developed a general in­
dex of riparian vegetation coverage. At each stake ob­
servers sketched the location and extent of riparian 
vegetation, upland vegetation, and river channel on a cir­

cular template with radius intervals of 25, 50, and 100 m. 
A dot-grid overlay was used to determine the areal ex­
tent of channel and riparian vegetation within 50 m. Yal­
ues were converte<.l to percentages and averaged to 
yield the percentage of riparian cover for each site. 

Foliage volume indices were calculated as the sum of 
the products of foliage density, the percentage of ripar­
ian cover, and the vertical distance berween height in­
tervals within each vegetation layer Indices for ground 
and shrub layers were based on average foliage densities 
for 1993 and 1994, which represented years of both 
above and below average preCipitation from January 
through April 

Jnsecl Sampling 

We developed an index of insect biomass in 1989 and 
1991 by sampling aerial insects at four sites, EC, PAT, 
SDD, and SPS. We collected aerial insects using sticky 
board traps (12 X 20-cm squares coated with Tangle­
foot™). Traps consisted of four sticky boards attached 
to a wooden lathe and surrounded by plastic mesh (3 

cm), which allowed the passage of insects but not birds. 
At four ran<.lomly chosen stakes at each of the four sites, 
Iraps were suspended from branches within the vegeta­
tion :It two heights, low (2-4 m) and high (6-8 m). 
Traps were placed immediately after the weekly bird 
surveys were ftnished and were removed and replaced 1 
week later following the subsequent survey. Traps were 
disassembled, and sticky boards were frozen in plastic 
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wrap. We identified all iIl5ects to order, measure<.l 
lengths, and applied the foUowing standard formula to es­
timate an index of biomass of aerial invertebrates for each 
site: M = 0.0305 [2.62, where M equals biomass (mg) and 
L equals length in millimeters (Rogers et al. 1976). 

Assessment of Body Condition and Data Analyses 

In the spring of 1989, we captured birds with mist nets at 
SPS, SDD, CAN, and PAT, follOWing the animal care guide­
lines of the American Ornithologists' Union (988). Mea­
surements and attributes recorded immediately for each 
bird included body mass (0.1 g. Pesola scales), length of 
unflattened wing chord, retrix length, age, and sex. We 
also scored the amount of visible fat in the furcular and 
abdominal regions on a scale of 0 (no fat) to 6 (very 
obese), after Helms and Drury (1960). 

Analyses of variance and multivariate analysis of vari­
ance (MANOYA) were used in detecting patterns of spe­
cies richness by functional guilds and size-connectivity. 
We used several measures of relative abundance, de­
fined as the number of birds within 50 m. to examine 
distribution panerns of functional guilds and individual 
species by size-connectivity. We minimized <.Iouble 
counting of individuals by restricting our data to sight­
ings within 50 m. Our relative abundance measures in­
cluded the maximum number of each species per guild 
per site each year and during 1993 and 1994 combined, 
and the total relative abundance (Le., the sum of individ­
uals sighted dUring an surveys) of each guild per site 
each year and dUring 1993 and 1994 combined. We 
used Kruskal-Wallis nonparametric analyses of variance 
and nonparametric multiple contrast tests (Zar 1984) to 
detennine patterns of distribution relative to size-con­
nectivity. We conducted separate analyses for the 29 
most abundant species that together comprised 80% of 
all sightings and for an additional 15 species, so 80% of 
all guilds were represented. Because we conducted four 
surveys in 1991 and six in the other 3 years, we multi­
plied total relative abundance by 1.5 for 1991 data [0 al­
low for between-year comparisons. Total relative abun­
dances were also adjusted if necessary to account for 
missing data (6% of scheduled surveys were missed be­
cause of logistical difficulties). Statistical analyses (para­
metric and nonparametric analysis of variance, analyses 
of covariance [ANCOYAsJ, multiple regressions, Tukey 
pairwise comparisons, t tests. chi-square analyses, log­
likelihood ratio tests) were conducted using SYSTAT 
5.0. Findings with p values of 0.10 and greater are re­
ported as nonsignificant. 

Two indices of between-year variability were cal<:u­
lated as the coefficient of variation (SD/mean) of total 
relative abundance, hereafter referred to as CY(abun­
dance). and the coefficient of variation of maximum 
counts, hereafter CY(maximum), at each of nine sites 
surveyed across the 4 years of the study. We used 
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Kruskal-Waflis nonparametric analyses of variance and 
nonparametric multiple contrast tests (Zar 1984) to de­
termine patterns of variability relative to size-conneCtiv­
ity. Median CV(abundance) and median CV(maximum) 
across all sites for each species were used in additional 
analyses. 

Density estimates were obtained with Program 
DISTANCE (Buekland et al. 1993; Laake et a!. 1993). Be­
cause of potential differences in detection in different 
habitats, detection curves were calculated for individual 
sites; data were truncated at 75 m. In distance sampling, 
double counting does not bias estimates as long as the 
observations are independent. Maximum densities were 
calculated for specific days at some sites by means of 
site-specific detection curves calculated across all days. 
Model selection followed appropriate gUidelines (Buck­
land et a!. 1993; Laake et al. 1993). 

Detcrmination of the Extent of Riparian Vegctation 

We determined the total amount of coHonwood-wlllow 
and mb<ed broadleaf habitats available 1O migrants within 
a delineated land area (= 10,000 km2

) extending from 
the Mexican border to the northern boundary of Co­
cbise County, Arizona (31°18' 1O 32°26'N) along a band 
extending 40 km on either side of the western boundary 
of Cochise County (110°00' to 110°50' W). We used the 
Arizona Statewide Riparian Mapping and Inventory data­
base, created by the Arizona Game and Fish Department 
and based on Landsat images, which defines the locat.ion 
and extent of several vegetation types within pennanent 
riparian areas throughout Arizona. We also used two re­
lated databases, one with coverages of the intennittent 
stretches of the San Pedro River and another including 
polygon-specific vegetation data collected dUring ground­
truthing. 

Using ARC/INFO (Environmental Systems Research In­
stitute 1995), we determined the areal extent of the 
cover types "cottonwood-willow" and "mixed broad­
leaf," the vegetation types in which bird surveys were 
conducted, from both the permanent and intermittent 
riparian coverages. From the polygon-specific vegeta­
tion data, we estimated that 12.2% of the area of salt ce­
dar (Tamarisk spp.) stands was composed of colton­
woods and willows. We therefore included 12.2% of the 
areal extent of salt cedar in our calculations of available 
habitat because cottonwoods and willows were often 
subdominant within stands of salt cedar. 

Results 

Vegetation Profiles 

The canopy vegetation of all sites was dominated by Fre­
mont cottonwood and Gooding willow, except for the 
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Muleshoe Ranch sites where Arizona sycamore (Plata­
nus wrightf/) was abundanL Velvet ash (Fraxinus penn­
sylvanica) , Arizona black walnut (juglam major), 
nelleaf hackberry (Celtis retfculata), alligatorbark juni­
per (juniperus deppeana), and oaks (Quercus spp.) 
also occurred at several sites. Lower canopy and under­
story plants included honey mesquite (Prosopis glandu­
losa), sail cedar, graythom (Zizyphus obtusijolia) , el­

derberry (Sambucus mexicana), and seepwillow 
(Baccharis spp.). 

In general, small, isolated sites had smaller indices of 
foliage volume than other sites for all vegetation layers 
(Fig. 2). This was due to differences in foliage densities 
and smaller percentages of riparian cover in the small, 
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Figure 2. Indices offOliage volume for ground layer 
(heights 0.25 and 0.5 m), shrub layer (heights 1 and 2 
m), and canopy (heights 5-40 m) at 13 sites grouped 
by size-connectivity (1, small isolated; 2, intermediate; 
and 3, large connected). Index is the sum Of the prod­
ucts offoliage density at each height interval within 
the vegetation layer, the average percentage of ripar­
ian cover oJ50-m radius circles, and the vertical dis­
tance from the height interval immediately below. In­
dicesfor canopy are based on data from 1993 andfor 
ground and shrub layers on average foliage densities 
for 1993 and 1994. 
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isolated sites relative to other sites. Foliage volumes of 
all layers were negativcIy correlated wlth elevation (r = 
-0.630, df = 12, P < 0.02 for ground layer; r = -0.829, 
df = 12, P < 0.001 for shrub layer; r =: -0.486, df = 12, 
P < 0.10 for canopy). Latitude and elevation were nega­
tively correlated (r = -0.585, df = 12. P < 0.05); the 
northern sites on the San Pedro River, CASN and CASS, 
were at the lowest elevations. 

Species Richness 

Migrant and resident birds of 186 species were recorded 
cluring 230 surveys in four spring field seasons; total 
sightings approximated 85,500 birds, primarily passe­
rines. The numbers of species recorded at the 13 sites 
during 1993 and 1994 were signifkantly correlated with 
size-connectivity of the sites (F = 7.787, clf = 1.11. P = 
0.018; Fig. 3). The isolated oases sites hosted more spe­
cies (101-109) than corridor sites (84-102), with more 
species in migration categories 2, 4, and 5 (F = 9.064, 
df = I.ll,p = 0.012, F = 4.680, df = l.ll,p = 0.053; 
and F = 4.423, df =1.11, P = 0.059, respectively; Fig. 
3). The 10 speeies that occurred only in oases during 
1993 and 1994 were rarely sighted, however, averaging 
only 1.1 (:t: 1.34 SD) sightings per year. More species oc­
curred at higher e!evaLions (F = 11.269, df = 1.11, P = 
0.006) and at lower latitudes (F = 5.544, df = 1.11, P = 
0.038). 

Oases had more species of ground·foraging birds than 
intermediate sites and corridor sites (Table 2), but there 
were no differences between oases and corridor sites in 
numbers of shrub- and canopy-foraging birds. Intermedi­
ate sites hosted more shrub-foraging birds than did oases 
and corridor sites (Table 2). There were no signiflcant 
relationships between numbers of species and foliage 
volume for three foraging microhabitat guilds (ground-, 
shrub-, and canopy-foraging birds; Table 2). 

Patterns of Relative Abundance 

During 1993 and 1994, the 15 most abundant species 
composed 60.2% of all bird sightings (42,206 total sight­
ings within 50 m) and 54.7% of the maximum numbers 
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Figure 3. The numbers ofbird species relative to the 
size-connectivity groups (defined in Fig. 2 legend) and 
migration categories (defined in Table 1) at 13 survey 
sites dUring the springs of 1993 and 1994 (p = 0.284 
and p = 0·350 for mtgraUon categories 1 and 3, re­
spectively). 

for all species (9706 individuals). Species in migration 
categories 3 and 2 were the most numerous (Tablc 3), 
whereas species in migration categories 4 and 5 ac­
counted for fewer than 10% of all sightings and for 15% 
of the maximum numbers. Total abundances of all birds 
within 50 m at all sites dUring the study and percentage 
of representation by species are available from S. K. S. 

Some patterns of distribution relative to size-connec­
tivity were evident for migration category and macro­
habitat guild. For the five migration categories, the sums 
of the maximum counts of all birds during the springs of 
1993 and 1994 were greater in corridor sites than in oa­
ses, but only for migration category 3 (N = 7.775, df = 

2, P = 0.02; Fig. 4). The largest numbers of birds in mi· 
gration categories 4 and 5 occurred at two of the iso­
Jated oases (EC and BAB). 

We examined distribution patterns of 29 species that 
colleetively comprised 80% of all sightings (hereafter 
abundant species) in 1993 and 1994 and of an additional 
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TallIe 2. Relationship belWeen numbers of bird species. size-conn«t1vity, and foliage volume of 13 survey sites in southeastern Arizona during 
spring migration of 1993 and 1994. 

5fze-eonneetivify ~ Foliage volume 

Foraging microbabitat Relationsblp' F (p)b 

Ground and forb layer 4.772 (0.039) 1> 2 = 3 1.195 (0.303) 
Shrub and lower eanop)' layer 7.&59 (0.011) 2>1=3 0475 (0 508) 
Middle and upper canopy 2 763 (0.116) 1=2=3 1.063 (0.330) 

"Size-connectivtty groups are de{lned as 1: oasis sites. smaU «4 km by 100 m) an.d relatively isolated; 2' Intermediate sites located in larger
 
hahitat patr:lJes (4-12 km), 3:pc".t o{extellstve [mear {oresl.
 
"From J1luUtple regression analyses: dJ = 2,10. .
 
'RelafiotJsblp o{the number oj species in three size-conrJecrivity gmups,Jrom Tukey pairwise comparison tests.
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Table 3. Patterns of bird species abwuJance relative to size-<oIUJectivil)' based on maximwn cOWlIs of individual species during four spring 
migt"dtions, 1989-1994. 

pb
Pet'cenlage of 

Migration category and species ~ migration category 1989 1991 1993 1994 

dAbert'~ Towheec. 21.5 <0.001 <0.001 <0.005 <0.005 
dGila Woodpeckerc
. 20.0 os ns ns ns 

House Finchc•d,. 13.1 ns ns ns ns 
Bushtitc.d.• 6.9 ns ns ns ns 
ladder·baCked Woodpeckerd 55 ns ns ns os 
Bridled Titmoused 4.8 «0005) «0.005) ns ns 
Northern C;lrdinald,. 4.7 ns <0.10 <0.01 ns 
European Starlingd,. 4.7 ns ns ns ns 
"White·breasted Nuthatch 4.5 ns «0.001) ns nsf 
Gambers Quail 2.8 <0.001 <0.001 nsf nsf 

2 
Bewick's Wren"d 18.3 <0.001 ns llS ns 
YeLiow-rumped Warblerc.d.• 9.9 ns ns llS ns 
Song Sparrow"·d.• 8.5 ns <0.001 ns ns 

deCommon Yellowthroatc. . 8.4 ns ns os ns 
VermHlion Flycatcherc

,il 7.3 ns ns <0.001 <0.05 
Mourning Dove"d.• 72 ns ns ns ns 
Lesser Goldfinch"" 7.0 ns ns ns ns 
White-winged Dove"'" 6.0 ns ns ns ns 
Hrown-headed Cowbird",d.e 4.0 ns ns ns ns 
Ruby-crowned Kinglel c.d. 3.6 ns ns ns ns 
Black PllOebec 2.9 ns ns ns ns 
lincoln's Sparrow"" 2.8 llS ns ns «0.005) 
Northern Flicker 2.4 ns (0.001) ns (0.001) 

3 
Yellow Warbler c,,,•• 35.5 ns <0.10 ns llS 

Lucy's \Varbler"d 13.3 ns ns <0.001 <0.005 
Summer Ta.nagerc,d 8.2 <0.001 <0.001 <0.001 <0.001 
Yellow.breasted ChatC,d,. 5.1 <0.001 <0,001 <0.001 <0.001 
Cassin's Kingbirdc,,, 4.4 «0.05) OS ns ns 
Bell's Vireo,·d 4.2 <0.001 ns <0.001 <0,001 
Bullock's Oriole"J,· 4.1 ns ns <0.005 <0005 
Hooded Oriolc"" 3,9 ns ns ns ns 
Black-chinned Hummingbird,·d.• 3.2 ns ns ns ns 
Ash-throated Flycatcher'" 2.8 <0.001 ns ns <0001 
Brown-<:resred Flycatcher 2,4 <0.001 <0.001 <0.05 <0.05 
Northern Rough·winged Swallow"" 2.0 <0.001 ns <0.001 <0.05 
Black.headed Grosheak 1.7 ns ns ns ns 
Western Kinghird 1.4 ns «0.001) llS «0 001) 

4 
Chipping Sparrow",d,e 41.2 ns ns ns ns 
W'h.ile-<:rowned Sparrow"" 10.4 ns ns ns ns 
Cedar Waxwing"" 9.8 ns ns ns ns 
Green-tailed Towhee" 9.4 ns ns ns ns 
PlIle Siskin",· 9.1 n5 ns (<(),005) ns 

5 
Wilson's Warbler"·d.' 83.2 ns ns «0.001) ns 
lazuli Hunting 3.9 ns ns «0.001) ns 

"Calegory 1 had 16.0% oj atl sighlmgs and 14.9% oj maximum numbers; categ01Y 2, 33.9% and 32 8%, respectively; calegory 3,41-3% and 
36.8%, respectiuely; category 4,4.6% and 7.9%. respective(y, calegory 5,4.]% and 7.6%, respectively.
 
"The p values arejrum multiple comparisun lestsjullowing Krusk(.I-W(.lIis nonparametric analyses oj variance (ns, P > 0.10). The p vaJues
 
withoul parentheses in<licare Ibal mOre birds occurred in corridor sites; p values in parentheses Indicate Ihar more bil-ds occurred ar oases Ihan
 
al corri<lor sItes
 
'One oj Ibe most abundant species, comprising 80% oj all slgbtlngs.
 
"One oj the mosl abundant species, comprising 80% oj Ihe migration calegory.
 
• Rreeding ranges exlend nurth uj 50'N ialilude.
 
f No diffeJ·etu:es in bird abundances between comdors and oases, but abundances at intermediate siles differ'from corridor and o(/$/s siles
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E All Birds- MJgrill:lo ... Cn&gory 1 MlgrOlltlon CaIU90l'Y 2 3). Macrohabitat guild 1 was comprised of nearly 75% 
Wilson's Warblers (Wi/sonia pusilla), Abert's Towhees, 
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Figure 4. The maximum number of bi1"Cis rec01'ded 
I.DUhin 50 m during all surveys, springs of 1993 and 
1994, by mtgration categ01)' an.d size-connectivlly 
gmup. See Table 1for definitions of migration catego­
ries. The p ,;alues are for all species combined in the 

1"espective migration. categories (p = 0.575, 0·389, 
0.202, and 0.149for migration categories 1, 2, 4, and 

5, ,-espectively). 

15 species, so that 80% of each functional guild was rep­
resented. Maximum counts of 12 (41%) of the 29 abun­
dant species were higher in corridor than oasis sites in at 
least 1 year and were consistently so for 3-4 years for 
five (17%) of these species (Table 3). Abundant species 
in migration category 3 were more likely associated with 
corridor sites than abundant species in migration catego­
ries 1 and 2 (G = 3.771, df = 1,p = 0.052). Eight 03%) 
of 11 abundant species in migration category 3 were as­
sociated with corridor rather than oasis sites in at least 
one year (Table 3); whereas only 4 (25%) of 16 abundant 
species in migration categories 1 and 2 and none of the 
6 abundant species in migration categories 4 and 5 were 
associated with corridor rather than oasis sites (Tahle 3). 
Of the five abundant species associated with corridor 
sites for 3-4 years, four were in migration category 3 
(Summer Tanager [Plranga rubra], Yellow-breasted 
Chat [Icteria virens], Bell's Vireo [Vireo belli!], and 
Brown-eresred Flycatcher [Myiarchus tyrannuJusj), and 
one (Abert's Towhee IPIPi/O aberti)) was in migration 
category l (Table 3). Another species in migration cate­
gory 3, the Northern Rough-Winged Swallow (Steldigop. 
te1Yx serripennis), also preferred riverine sites dUring 3 
years. 

Species in macrohabitat guilds 1 and 2 (generally or 
sometimes associated with riparian areas) were mOre 
Likely to prefer the river sites than species in macrohabitat 
guild 3 (G = 6.863, df = 1, P = 0.009). Four (24%) of 17 
species in macrohabitat guilds 1 and 2-Aberr's Towhee, 
Summer Tanager, Yellow·breasted Chat, and Bell's Vireo­
were associated with corridor sites for 3-4 years (Table 
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Song Sparrows (Melospiza melodia) , and Common Yel­
lowthroats (Geotblyp'is tricbas) , based on relative abun­
dance within 50 m in 1993 and 1994, and more than half 
of maerohabitat guild 2 was Yellow Warblers (Dendro­
lea petecht'a), Bewick's Wrens (Thryomanes bewickit), 
Lucy's Warblers (Vermivora [uciae), and Summer Tana­
gers. None of the 14 species in macrohabitat guild 3, in­
cluding Yellow-rumped Warblers (D. coronata), Mourn­
ing Doves (Zenaida macroura), Lesser Goldfinches 
(Carduelis psaltria), House Finches (Carpodacus mexi­
canus), and Chipping Sparrows (Spizetla pa.:,se1·ina), 

were associated with corridor sites in even 1 year. 
The breeding ranges of several species in migration cat­

egories 2 and 3 extend north of 500 N latitude (Table 3), 
suggesting that some individuals are migrating through 
rather than breeding in the area. We estimated the pro­
portion of seven abundant species in these [WO migra­
tion categories thac are en route migrants by comparing 
peak migration densities (using the highest counts at a 
given site on a given day) with peak breeding densities 
along the San Pedro River (Krueper 1992) We also cal­
culated the peak densiry of the most abundant through­
migrant, Wilson's Warbler. Peak migration densities of 
Yellow Warblers reached as high as 48.0 birds/ha, of 
Wilson's Warblers as high as 33.7 birds/ha, and of Yel­
low-rumped Warblers as high as 30 I birds/ha (Table 4). 
Based on these comparisons, it seems likely that nearly 
90% of the peak populations of Yellow Warblers and 
Bullock's Orioles (Icterus bullock)), 79% of Song Spar­
rows, and 65% of YellOW-breasted Chats are en route mi­
grants (Table 4). Fewer Common Yellowthroats and 
Summer Tanagers were likely en route migrants because 
their peak migration densities were more similar to 
breeding densities. Presnmably, all Yellow-mmped War­
blers were migrating through because they do not breed 
in the riparian areas even though they breed in southeast 
Arizona (D_ Krueper, personal communication). All Wil· 
son's Warblers are en route migrants here. Peak migra­
tion densilies of Yellow Warblers were lower at the 
more southern San Pedro River sites (12.4 birdslha at 
SDD and 14.2 birds/ha at SPN) than at the more north­
ern river sites (Table 4). 

Variability in Abundances and Body Condilion 

Patterns of variabiliry in abundance were evaluated at 
the original nine sites for 33 species representing the 7 
most abundant species in five migrdtion categories for 
which there were adequate data (Table 3; additional spe­
cies in migration categories 4 and 5 included Ham­
mond's Flycatcher [Empidonax hammondii] , Orange­
crowned Warbler [V celata], Townsend's Warbler [D. 
toumsendH], Nashville Warbler [V ruficapilla], and 
Hermit Warbler [D, occidentalis]) , For each species, us­
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Table 4. Peall densities (blrdslha) of eight bird species in which all or some individuals are en route migrants. 

Peak density (birds/baf 
San. Pedro River 

Estimated 
percen.telge 

Species Site emd daleu Density 95%CI CV (%)" N(detectf breeding density! en route 

Wilson's Warbler BAB, 6 May 94 33.5 250-44.8 14.4 476 0 100 
SPN,3 May 94 33.7 245-46.3 15.5 428 

Yellow Warbler CASS, 21 ApIil 94 48.0 37.2-62.0 12.8 428 5.7 88 
CASN, 7 April 94 42.4 33.6-53.5 11.7 609 

Yellow-rumped Warbler SPS. 3 May 94 301 18.1-50.0 25.5 282 0 100 
Song Sparrow PAT, 2 May 94 71 5.1-9.9 16.9 429 1.5 79 
Common Yellowthroat SPN, 26 April 94 4.2 33-54 12.5 440 3.7 12 
Yellow-breasted Chat CASS, 7 May 94 8.0 62-10.2 12.2 262 2.8 65 
Bullock's Oriole SPS, 3 May 94 7.9 51-12.2 21.4 220 0.9 89 
Summer Tanager SOD, 8 May 93 5.3 3.6-7.7 18.9 456 4.2 21 

"nased on the b'ghest COU12/ dllring one survey aurrng Ihe enlb'e study; two values are 8iuen Jar tbe most abundant species 
b See Fig. ] J01' site mdes. 
'Calculated using prog"am .:tlstance (Buckulnd et al. 1993). 
d Coefficient OJ varlatio 11 expressed as a percenlage. 
'N (aetecE)' the .·ample over wblch aeteCfion curves were aeveloped equals all sigbtings oJ a given spedes at a gtven site in the 4-year perloa 
Minimum sample sizes oj 60-80 are recommended Jar calculation oj cletection curves (Bu<:klan.:t el ai. 1993). 
f Esrtmates oJ maximum breeding clens/liesJrom tbe San Pedro River (Krueper 1992). 

ing nonparamelric analyses of variance, we determined 
if total relalive abundances and yearly maximum abun­
dances for each site were more variable between years 
at rhe oases sites than in conidor or intermediate sites. 
PaHems of variability re11ected by CV(abW1dance) and 
CV(maximum) were similar. Twenty·eight (85%) of the 
33 species did not differ in variabilicy between sites (p 

values ranged from 0.105 to 0.868). Our data suggest 
that five species (15%) were more variable in oases. The 
CV(abundance) and CV(maximum) were greater in oa­
ses than along the river for Yellow-breasted Chats (p = 
0.082 andp "" 0.064, respectively), Song Span-ows (p = 

0.066 and p = 0.067), Cedar WaXWings (Bombycilla 
cedrorum; p == 0.061 and p == 0.046), and Bridled Tit­
mice (Parus wollweberi;p = 0.066 andp == 0.067). 

The CV(abundance) but not CV(maxirnum) was 
greater in oases than corridor siles for Abert's Towhees 
(p "" 0.047 and p == 0.112, respectively). Between-year 
variability of both total abundance and maximum counts 
was greater in species that breed farther north and that 
were less abundant. Median CV(abundance) and median 
CV(111aximum) were both significantly negatively con-e­
latcd with the latitude of the estimated centcr of the 
breeding range (partial t '=' 2.607, df == 2.30, P == 0.014; 
partial t == 2.832, df = 2.30, P == 0.008; Fig. 5) and 
In(median abundance) (partial t =7.910, df = 2.30, P < 
0.0001; partial t == 6.037, df == 2.30,p < 0.0001; Fig. 5). 

We captured 263 individuals of 36 species betwecn 1 
April and 2 May 1989. Nearly half (49%) of lhese cap­
tures were of five speCies, Wilson's Warblers, Bewick's 
Wrens, Abert's Towhees, Yellow-rumped Warblers, and 
Lincoln's Span'ows (M. Uncolnif). Fat scores of aU indi­
viduals averaged 1.04 (=1.30 SD) and ranged from 0 to 
5. There were no differences in body condition (re­
11ecled by fat scores) attributable to size·connectivity of 

the capture site (p = 0.244) or to dale of capture (p = 
0.141). The disUlnce that birds had yet to travel (ex­
pressed relatively as the latimde of the center of the spe­
cies' breeding range) significantly influenced body con­
dition of birds (partial t = 7.453, df = 2.260, P < 0.001); 
individuals of species that breed the farthest north (cen· 
ter of breeding range >45°N; Wilson's Warblers, Yellow­
rumped Warblers, Lincoln's Sparrows, White-crowned 
Sparrows [Zonotrichia leucophrys], Orange-crowned 
Warblers; n = 103) carried more fat than more southerly 
breeding individuals (Bewick's Wrens, Abert's Towhees, 
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Figure 5. Relationships among between-year variabit­
tty (median CV(abundance)), median abundance 
(log-transformed) for 4 years at ntne original sites, 
and the latitude of the center of the breeding range for 
33 species. The patterns are similar for CV(abun­
dance) based on maximum counts rather than totai 
relative abundances. 
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Yellow-breasted Chats, Lucy's Warblers, Song Sparrows, 
Chipping Sparrows, Common YellO\Vlhroats, Green­
tailed Towhees [P. chlorurus], Yellow Warblers; n = 
167). Time of day also significantly influenced fat levels 
(partial t = 3.987, ill = 2.260, P < 0.001); birds cap­
tured in the afternoon and evening had higher fat scores 
than birds captured in the morning. 

Insect Biomass and Extent of Riparian Vegetation 

The biomass of aerial insects at the four sites was signifi­
cantly greater in 1989 than in 1991 (average biomass 
654. '; glsite ::+::: 144.25 SE and 206.7 glsite ::+::: 40.09 SHor 
1989 and 1991, respectively; p = 0.001; Kruskal-WaHis 
test), primarily because of greater average insect lengths 
rather than greater numbers of insects. Although EC and 
PAT occasionally had greater biomass of insects, differ­
ences in biomass between sites were not statistically sig­
nificam in either 1989 or 1991. There were no relation· 
ships between aerial insect biomass and indices of 
foliage volume in seven of eight samples, and in one 
sample in 1989 insect biomass was negatively correlated 
with foliage volume, primarily because of large Diptera 
occurring in the grazed oasis (EC). 

The four prominent vegetation types in these riparian 
areas-cottonwood-willow, mixed broadleaf, tamarisk, 
and mesquite-together totaled aboUt 8100 ha, or ap­
proximately 0.8% of the area of the IO,OOG-km2 region 
that corresponds with our study sites. Riparian cotton­
wood-willow and mixed broadleaf habitats alone totaled 
3272 ha or about 0.3% of the land area. Approximately 
68% of the cottonwood·willow habitat was located 
along the San Pedro River and 32% in isolated oases and 
sites of intermediate size and connectivity. Along the San 
Pedro River, the southern half had 88.8% of the 2053 ha 
of cottonwood·willow stands witllin our delineated re­
gion, whereas the northern half contained 83.7% of 1359 
ha of tamarisk stands. North of the Cascabel sites and be­
yond our delineated region, cottonwood-willow was rela­
tively sparse along the San Pedro River, covering only 82 
ha in the 60 km of river between the Cascabel sites and 
Dudleyville. Between Dudleyville and the coniluence of 
the San Pedro River with the Gila River there were only 
11] ha of cottonwood-willow in about 15 krn of river. 

Discussion 

Importance of Continnous Tracts of 
Riparian Vegetation and Oases 

We tested four predictions related to the hypothesis that 
extensive river corridors are more important than 
smaller, isolated patches to en route migrants. We found 
little support for this hypothesis for most birds migrat­
ing across southeastern Arizona. First, the corridor sites 
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did not host more species than oases; rather, the species 
richness of migrants tended to be greater in oases than 
in corridor sites. Second, abundant species in migration 
categories 4 and 5, such as Chipping Sparrows, White­
crowned Sparrows, and Wilson's Warblers, showed no 
preference for corridor sites; instead, three species in 
these migration categories were associated with oases in 
1 of 4 years. Other abundant migrants, such as Yellow 
Warblers (89"10 estimated migrants) and YeUow-rumped 
Warblers, used riparian sites regardless of size·connectiv­
ity. But three migration category 3 species with large 
components of migrants-YeUow-breasted Chats (65% es­
timated migrants), Swruner Tanagers (21 % estimated mi­
grants), and Northern Rough-Winged Swallows (breedlllg 
range extends north of 50°N) were consistently associ­
ated with corridor sites. Migrants of these three species 
probably account for fewer than 10% of the individuals 
migrating through rhe area. 

Third, few differences in between-year variability of 
abundances of migrating birds were apparent among 
corridor and oasis sites. Both measures of between-year 
variability were greater in oases than corridor sites for 
four of the 33 species evaluated; three of these species 
had migrating as well as breeding components-Yellow­
breasted Chats, Song Sparrows (79% estimated migrants) 
and Cedar Waxwings (breeding range extends north of 
50°N). Variability is more closely tied to rarity of a spe­
cies than to isolation of a site. Species that primarily 
breed far nonh of the study area were less abundant and 
more variable than species that breed closer to the study 
area. 

There were no suggestions of differences in general 
resource abundance, as reflected in aerial insect bio­
mass, between conidor and oasis sites. We acknowl­
edge, however, that the abundanees of foliage and bark 
insects, which are primary food sources of insectivorous 
songbirds, were not measured in thiS study Finally, 
there were no differences in the body condition of birds 
eaptured along the San Pedro River, an oasis, and an in­
tennediale site. We believed that the body condltion 
methodology was powerful enough to deteet differ­
ences if they existed because we were able to find pat­
terns in body condition relative to migration distanee 
and time of day. 

Our study does not indicate that riparian Sites along 
the San Pedro River are preferred over isolated oases by 
most migrating birds. Most long-distance migrants travel 
at night and follow paths that are st1'Ongly influenced by 
variable wind patterns. The use of the oases and tIlter· 
mediate sites as well as the river corridor by many mi­
grating birds is consistent with the passage of migran[s 
in broad fronts rather than along north·soUlh corridors. 
The spatial arrangement of habitat patches and other 
landscape-level feaLUres may not be of major imponance 
to birds that travel long distances (Fahrig & Paloheimo 
1988). Similarly, transient passerines use oases in the Sa­
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hara as "stepping stones" as they cross the desert (Bair­
lein 1988, 1992; Biebach 1990). 

Oasis sites were higher in elevation and had less vege­
tation than riparian sites. In spile of these confounding 
factors, the patterns of species presence and abundance 
relative to size-connectivicy were clear. More species oc­
curred in oases even though shrub and canopy foliagc 
volumes were smaller there, and the abundance of most 
migrating species did not differ between sites regardless 
of differences in foliage volumc. 

Exceptions to the Pattern 

Although the continuous band of riparian vegetation 
along the San Pedro did nor appear to function as a mi­
gration conduit for most species, it may for a few­
namely Yellow-breasted Chats, Summer Tanagers, and 
Northern Rough-winged SwaJlows. Evidence is inconsis­
tent for Song Sparrows-more variable in oases bur more 
abundant in corridor sites in only 1 year-and weakly sug­
gestive for Bullock's Orioles (89% estimated migrants)­
more abundant in conidor sites for 2 years. It is possible 
that breeding birds prefer the river sitcs with greater folio 
age volumes, whereas migrating birds disperse among the 
different sites irrespective of size-eonnectivicy and vegeta­
tion strucrure. Our study did not permit us to detect pat­
terns for en roure migrants in these species separately 
from the breeding components of the populations. Stud· 
ies that incorporate radio telemetry to detemline the resi· 
dency periods of individual bird~, thereby separating mi­
gnmt from breeding components, would be useful in 
answering tills question. 

High Densities of Migrating Birds 

The estimated densities of some species far exceed the 
breeding and migration denSities reported elsewhere. 
The peak densities of Yellow Warblers (48.0 birdslha) 
were much greater than reported breeding densities in 
somhwestern riparian areas (San Pedro River, Arizona, 
peak of 5.7 birdslha [Krueper 1992]; Rio Grande River, 
New Mexico, 3.3 birdslha [Stahlecker et al. 1989J and 
0.6 birds/ha [V. C. Hink & R. D. Ohman, unpublished 
manuSCriptJ; and at 2500 m in Colorado. 2.5 birdslha 
[Knopf et at 1988]), verifying that these stopover sites 
prOVide habitat for a great numher of northbol.Uld mi· 
grants. Peak densities of Yellow Warblers, Wilson's War­
blers (33.7 birdslha), and Yellow·rumped Warblers 
(30.1 birdslha) in this study also surpass estimates of 
densities during spring and fall migration along the Rio 
Grande (Yellow Warblers, <0.5 birdslha in spring; Wil· 
son's Wal'blers, 1.3 birds/ha in spring and 2.5 birdslha in 
fall; Yellow-rumped Warblers, 5.1 birdslha in spring and 
22.1 birdslha in fall; V. C. Hink and R. D. Ohman, un· 
published manuscript) and in a variery of habitats in the 
Chiricahua MOuntains of southeastern Arizona (Yellow 

Warblers, 0.36 birdslha in fall; Wilson's Warblers, 0.5 
birdslha in spring and 2.0 birdslha in fall; Yellow­
rumped Warblers, 3.0 birds/ha in spring and 1.1 birds/ 
ha in fall; Hurto 1985b). 

The stopover sites that host these great denSities of 
spring migrants in somheastern Arizona may be limited. 
Less than I% of the land arca within the designated 
10,000 km2 is primarily cottonwood·willow vegetation, 
of willch one-third is in oases and intermediate sites, All 
of the sites we surveyed may have been important to mi· 
grating birds, because suitable stopover habitat here is 
limited. We acknowledge that the patterns detected 
hcre may not hold in regions with more extensive Cot­
tonwood-willow riparian vegetation or fewer en route 
migrants. 

Implications for Conservation and Management 

We proposc that all riparian ar~s in southeast Arizona, 
regardless of size·connectivicy and vegetation structure, 
are important to en route migranls. In southeastern Ari· 
zona, riparian habitats make up a small fraction of the 
desert landscapc. Here, all suitable stopover sites are im­
portant, regardless of the degree of isolation or connec­
tivity. Traditional insights from habitat fragmentation 
studies defend the imponance of large, continuous habi· 
tat patches but not of small, isolated patches. These in­
sights are based on landscapes in which vast expanses of 
contiguous habitat have been fragmented by human in· 
fluence. Our study presents an example of a system in 
which these traditional insights may not apply. Riparian 
vegetation in the southwestern United States is naturally 
disjunct compared with that of eastern deciduous for­
ests, although habitat loss has unquestionably occurred 
(Minckley & Brown 1982). The riverine vegetation rep­
resents a small proportion of the landscape and is con· 
nected only along narrow ribbon-like bands; desert oa­
ses are often isolated from similar vegetation patches. 
Migrating birds in need of refueling resources are oppor· 
twlistic, finding and using small, disjunct patches as well 
as larger more continuous patches. 

Evidence of such high densities and limited habitat 
availability during migration accenruates the interdepen­
dence of geographic and political regions in proViding 
resource requiremems for birds throughout their life cy. 
c1es. ;v1any western North American migrants pass 
through or over Arizona. Arizona prOVides a critical link 
between breeding and wintering habitats of species that 
are highly dependent on the presence and condition of 
stopover sites along their migration routes. Riparian hab­
itats in the southwestern United States have undergone 
extensive deterioration (Minckley & Brown 1982), inva· 
sions by exotic plants (Davis 1977; Ohmart & Anderson 
1982), and alterations in hydrology and salinity that fur· 
ther threaten cottonwood-willow associations (Busch & 

Smith 1995). Further elimination or degradation of ripar. 
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ian stopover sites could adversely afJect the breeding 
success of northern bird populations. In light of poten­
tial habitat limitation during migration and the specific 
resulfS of this study, the protection of both small, dis­
junct riparian patches and extensive riverine tracts in 
western landscapes is imperative. 
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