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ABSTRACT.—We studied habitat use for foraging by Swainson’s Hawks (Buteo swainsoni) within a complex
agricultural crop matrix in California’s Central Valley to ascertain if vineyards were used for foraging.
Central Valley vineyard agriculture has increased recently, especially in areas supporting the highest re-
gional numbers of Swainson’s Hawks. There is concern that increased vineyard coverage may reduce the
amount of foraging habitat available for Swainson’s Hawks, because vineyards have been considered poor
foraging habitat for this species, due to the height and density of the vines. In 2002 and 2003, we conducted
road surveys to record observations of foraging Swainson’s Hawks in relation to agricultural habitats. Using
chi-square tests and 95% CIs, we assessed habitat selection for foraging Swainson’s Hawks and determined
whether habitat use varied throughout the breeding season. Swainson’s Hawks used 10 unique habitat types
for foraging during the breeding season. Swainson’s Hawks used vineyards less than expected and irrigated
hay and dryland grain habitats more than expected, with some variation in habitat use as the season
progressed. The variety of habitats that Swainson’s Hawks used for foraging in our study area suggests that
maintenance of large heterogeneous areas of agricultural habitats that include crops such as alfalfa, as well
as large tracts of grazed grasslands, should be one of the priorities for conservation of this species in this
region.

KEY WORDS: Swainson’s Hawk; Buteo swainsoni; agriculture; foraging; habitat selection; vineyards.

FORRAJEO POR PARTE DE BUTEO SWAINSONI EN UN PAISAJE DOMINADO POR VIÑEDOS

RESUMEN.—Estudiamos el uso del hábitat para alimentación por parte de Buteo swainsoni dentro de una
matriz compleja de cultivos agrı́colas en el valle central de California, para determinar si los viñedos son
utilizados por esta especie para forrajear. La agricultura de viñedos en este valle se ha incrementado
recientemente, especialmente en áreas que sustentan las mayores cantidades de individuos de esta especie
a nivel regional. Existe preocupación en cuanto a que el incremento en la cobertura de viñedos podrı́a
reducir la cantidad de hábitat que B. swainsoni tiene disponible para forrajear, pues los viñedos se han
considerado un ambiente de alimentación pobre para esta especie debido a la altura y la densidad de las
viñas. En 2002 y 2003, realizamos censos desde carreteras para registrar observaciones de forrajeo por parte
de individuos de esta especie en relación con ambientes agrı́colas. Usando pruebas de chi-cuadrado e
intervalos de confianza del 95%, evaluamos la selección de hábitat para forrajeo, y determinamos si el uso
del hábitat variaba a través de la época reproductiva. Las aves utilizaron 10 tipos de hábitat únicos para
forrajear durante la época reproductiva. Éstas utilizaron los viñedos menos de lo esperado, y ambientes de
heno irrigados y áreas de cultivos de granos no irrigados más de lo esperado, con algo de variación en el uso
de hábitat a medida que pasó la temporada. La variedad de hábitats que B. swainsoni utilizó para el forrajeo
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en nuestra área de estudio sugiere que el mantenimiento de áreas grandes y heterogéneas de ambientes
agrı́colas, incluyendo cultivos como alfalfa y áreas amplias de pastizales ramoneados, deberı́a ser una
prioridad para la conservación de esta especie en esta región.

[Traducción del equipo editorial]

Prey availability, combined with prey abundance,
determines which areas are used by raptors for for-
aging (Baker and Brooks 1981, Bechard 1982, Pres-
ton 1990). An important factor affecting prey avail-
ability is vegetative structure (Craighead and
Craighead 1956, Bechard 1982, Janes 1985). For ex-
ample, plants that offer cover for prey may be too
tall or too dense for raptors to hunt successfully,
and thus might be avoided by foraging raptors. In
agricultural areas, where a variety of vegetative struc-
tures may exist, foraging raptors might be expected
to congregate in areas that offer a combination of
prey abundance and availability, to maximize energy
gain per unit hunting effort (MacArthur and Pianka
1966).

In the Central Valley of California, Swainson’s
Hawks foraged more often in agricultural areas that
support irrigated hay crops (e.g., alfalfa), as well as
dryland pastures, grassy ruderal lots, and some irri-
gated crops due to a higher relative abundance of
prey and better accessibility (Bloom 1980, Estep
1989, Babcock 1995, Smallwood 1995). Vineyards
are considered to be unsuitable foraging habitat
for Swainson’s Hawks because of low prey density
and inaccessible vegetative structure (Estep 1989,
Smallwood 1995). Replacing more open agricultur-
al lands with vineyards may remove Swainson’s
Hawk foraging habitat from the Central Valley be-
cause vineyards typically represent long-term plant-
ings covering large areas.

The recent increase in vineyard acreage in the
Central Valley may negatively impact Swainson’s
Hawks (Estep 1989). For example, between 1987
and 2002, there was a substantial increase in the
amount of land planted as vineyards in areas that
support the highest numbers of Swainson’s Hawk
breeding pairs in California (Bureau of the Census
1989, National Agricultural Statistics Service 2004,
Anderson et al. 2007). During this period, increases
in the vineyard area of 509%, 595% and 53% were
recorded in Sacramento, Yolo, and San Joaquin
counties, respectively. These increases reflect an ad-
dition of .21 700 ha of vineyards within these three
counties. Over the same time period (1987–2002),
vineyard area also increased substantially in Colusa
(163%), Solano (65%), and Merced (69%) coun-
ties, all of which support substantial populations

of Swainson’s Hawks (Anderson et al. 2007). Al-
though vineyards have been considered unsuitable
foraging habitat for Swainson’s Hawks (Estep 1989,
Smallwood 1995), to our knowledge no studies have
described or quantified Swainson’s Hawk foraging
in vineyards relative to other habitats. We here re-
port habitat use by foraging Swainson’s Hawks in a
vineyard-dominated landscape during the 2002 and
2003 breeding seasons.

METHODS

Study Area. The study area was in northern San
Joaquin County, California, near the Sacramento
River delta (Fig. 1), including the watershed of the
lower Mokelumne River, which originates in the Si-
erra Nevada range and flows into the delta. The
elevation ranged from 1 m above sea level (ASL)
in the west to 115 m ASL in the Sierra foothills in
the east. Dominant native tree species included val-
ley oak (Quercus lobata), blue oak (Q. douglasii), Fre-
mont cottonwood (Populus fremontii), and live oak
(Q. wislizenii).

Habitat Mapping. We used the California Wild-
life-Habitat Relationships system (CWHR) to classify
13 of the 15 native and agricultural habitats that
occurred in the surveyed area (Mayer and Lauden-
slayer 1988). We also defined two additional habitat
types to classify agricultural lands not described by
the CWHR (Reeves and Smith 2004): ag-urban (ru-
ral residences and adjacent ruderal lots, farm oper-
ations, roads, and corridors between agricultural
fields) and idle farmland (all agricultural fields un-
used during a growing season).

We measured habitat availability, quantified as a
proportion of total surveyed area, using ArcView 3.2
GIS softwareH (ESRI 1999). We pooled data for
both years in our analyses. Habitat layers were based
on digitized 1996 California Department of Water
Resources aerial photos and land-use maps.

Surveys. We used the strip transect road survey
method for surveying all hawk species encountered
(Fuller and Mosher 1987, Bibby et al. 1992). All
observations of Swainson’s Hawks within a 600-m
wide strip (300 m on each side of the road) were
recorded during surveys, but only foraging use was
considered for data analysis (Kimsey and Conley
1988, Millsap and LeFranc 1988). In late April
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2002 and mid-March 2003, we began systematic
road surveys on three established routes. We con-
ducted 65 surveys on two of the driving routes and
64 surveys on the third route. The total length of
the three transects was 135 km and we surveyed
8725 km during the two study seasons. Our surveys
required 192 hr and each survey included an area of
8985 ha.

We selected the route sequence and direction of
the initial survey randomly each year. Subsequent
surveys were completed in numeric order to assure
that each route would be driven at different times
and directions throughout the season. All routes
were driven twice per week by the same observer
(CAS) during good weather (excluding days of
steady rain, sustained winds over 32 kph, or temper-
atures over 38uC) between 0630 H and 1530 H at an
average speed of 55 km/h (35 mph). When a rap-
tor was spotted, the observer stopped the vehicle
briefly and recorded the raptor species, its distance
from the road, activity, the estimated height above
ground, vehicle odometer reading, habitat associa-
tion, land use, and notes on farming practices.
Notes included plant height categories for alfalfa
fields after they had been mowed. We categorized
raptor activities as follows: foraging, perching on
objects, flying, agonistic behavior, breeding behav-
ior, present at nest, and perching on the ground.

Swainson’s Hawks are considered to be primarily
aerial hunters (Janes 1985) and we considered them
to be foraging if we observed them coursing, cir-
cling, kiting, or hovering #100 m above a field
(Janes 1985, Estep 1989). We used 9 3 25 binocu-
lars to identify hawks from a distance.

Habitat Analysis. We developed Geographic In-
formation System (GIS) themes in Arcview from
digitized maps and verified theme accuracy on the
ground each year. The minimum mapping unit was
1 hectare. The individual habitat proportions were
calculated for the 600-m-wide strips surrounding the
survey routes. We accounted for differences in total
coverage of individual routes (Haney and Solow
1992). For some fields that underwent crop rota-
tions, habitat categories changed in midseason
(e.g., dryland grain fields harvested and replaced
with irrigated field crops). To satisfy the assumption
that habitat availability is constant throughout the
study (Manly et al. 2002), we made adjustments in
the final proportion of these habitats by tallying the
areas of all fields that changed crops midseason,
dividing the values in half, and assigning those val-
ues to each habitat.

Data Analysis. We quantified foraging counts as
discrete field observations, rather than tallies of
hawks observed, to avoid violating the assumption
of independence of resource selection (Manly et al.

Figure 1. The lower Mokelumne River watershed (inset) in the northeastern corner of San Joaquin County (gray area),
California, U.S.A. In the inset are the three routes (dashed lines) that were surveyed for Swainson’s Hawks.
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2002); therefore, clusters of foraging hawks in a line
of sight were counted as one observation. We eval-
uated trends in foraging habitat use throughout
each season to determine the habitat use over time.
In 2002, surveys were conducted from May through
August. In 2003, surveys spanned the entire Swain-
son’s Hawk breeding season from mid-March
through August.

Hypothesis testing for selection of foraging habi-
tat consisted of a multinomial chi-square test for
goodness of fit, followed by calculation of 95% con-
fidence intervals (Neu et al. 1974, Haney and Solow
1992). Significance levels were set at a # 0.05. Se-
lective habitat use is defined as any habitat used
disproportionately, relative to its availability (Manly
et al. 2002). Our null hypothesis stated that Swain-
son’s Hawks used each habitat for foraging in pro-
portion to habitat availability (occurrence) in the
surveyed area. Foraging observation counts of
Swainson’s Hawks, pooled from both seasons, were
used in the chi-square tests.

In order to determine which individual habitats
were used more or less than expected, 95% CIs were
calculated using the formula:

Pi { Z a=2kð Þ HPi 1 { Pið Þ=n ƒ Pi

ƒ Piz Z a=2kð Þ HPi 1 { Pið Þ=n

presented by Haney and Solow (1992), where ‘‘Pi’’
is the proportion of the ith resource, ‘‘Z’’ is the
upper standard normal table value corresponding
to a probability tail area of a/2k (2-tailed a 5

0.05), ‘‘k’’ represents the number of habitat catego-
ries, and ‘‘n’’ is the total number of observations.
These ranges were compared with expected propor-
tion values. If the expected value fell either above or
below the 95% C.I., then a significant difference was
recorded for that category.

To test whether differences in habitat use re-
mained consistent throughout the breeding season,
we divided observation counts into time blocks of
equivalent surveys. Time segments in 2002 were di-
vided into blocks of five surveys each between early
May and mid-August. In 2003, the time segments
were divided into blocks of six surveys each between
mid-March and late August. We measured confi-
dence intervals for individual time blocks per year
and for the entire survey period per year. Analysis
was only performed on habitat or time block cate-
gories that satisfied the assumptions for sample size
as described by Haney and Solow (1992). Habitat

categories which contained an insufficient number
of observations were pooled together into one cat-
egory for the purpose of analysis. We also recorded
the foraging effort of Swainson’s Hawks in alfalfa
crops from the time of mowing through increasing
plant heights.

RESULTS

The five most dominant habitat types in the sur-
vey area were vineyards (41%), annual grasslands
(16%), ag-urban (11%), blue oak woodlands
(6%), and irrigated pasture (5%). Both trellised
and free-standing vineyard types were present
throughout the study area, but most of the vine-
yards were trellised. The use of plant cover between
rows of vines was commonly practiced in the study
area, but the relative frequency of this practice was
not quantified. Other habitats in the study area in-
cluded deciduous orchard, dryland grain, irrigated
hay, irrigated field crops, idle farmland, valley-foot-
hill riparian, and urban. Three habitats (valley oak
woodland, freshwater emergent wetland, and lacus-
trine) each represented ,1% of the surveyed area.
The largest concentration of vineyards was located
to the west and north of the city of Lodi, and east
along the Mokelumne River, where viticulture has
been practiced for the past 100 yr.

We made 1331 hawk observations in 2002 and
2003 on the three survey routes. Of these, we ob-
served 578 Swainson’s Hawks (43.4% of all hawk
species) including 266 foraging observations (46%
of all Swainson’s Hawk observations). Swainson’s
Hawks were observed foraging in 10 of the 15 avail-
able habitats (Table 1). The highest percentage of
all foraging observations (26.3%) was associated
with irrigated hay (Table 1). These observations
were unique in that a number of observations in
the irrigated hay included groups of hawks rather
than a single hawk, especially during or immediately
after mowing of the crop. No foraging observations
were associated with deciduous orchard, valley oak
woodland, valley-foothill riparian, fresh emergent
wetland, or lacustrine habitats. Of all foraging ob-
servations, 40.2% were made in agricultural habitat
types that were often used by local dairy operations
in San Joaquin County.

Habitat Selection. Results of the multinomial chi-
square goodness of fit test (Table 1) did not sup-
port the null hypothesis that habitats were being
used for foraging in proportion to their availability
(P , 0.0001). Irrigated hay accounted for the larg-
est contribution (88.3%) of the overall chi-square.
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Ninety-five percent CIs, calculated for habitat use
proportions of pooled data of both years, showed
lower foraging use of vineyard habitats than expect-
ed, and higher use of irrigated hay habitat and dry-
land grain (Table 2). For 2002, similar results were
found for both vineyard and irrigated hay use. For
2003, results were similar to 2002; however, dryland
grain also was used for foraging more than was ex-
pected.

Analysis of time blocks in both years showed that
habitat foraging use varied throughout the season.
The 2002 season was problematic due to low sample
sizes for certain habitats (,4 observations per hab-
itat in each time block); however, a few results were
notable. The period from June to early July showed
no difference between expected and observed use
of vineyards. In 2003, the period of mid-March to
early May showed no difference in foraging use of
vineyards, while later time periods showed a lower
use. The pattern of use in irrigated hay in 2003 was
consistent throughout the season until late July and
early August when no difference was found. In 2003,
no difference between observed and expected use
for dryland grain was found in mid-March to early
May, but use was higher than expected in mid- to
late May. No difference in use of annual grassland
was found in any time segment in either year.

Agricultural Habitat Use. Six of the ten habitats
used (annual grassland, ag-urban, idle farmland, ir-
rigated pasture, blue oak woodland, and urban)

consisted of short vegetation (grasses or pasture);
these habitats composed 43.6% of the foraging ob-
servations. Two of the habitats consisted of short
vegetation and crops (irrigated hay and dryland
grain) that were harvested at least once during the
season; these habitats made up 34.6% of all foraging
observations.

Observations in irrigated hay habitat (N 5 70)
comprised 79% in alfalfa, 14% in ryegrass hay,
and 7% clover. Numbers of Swainson’s Hawk obser-
vations increased after mowing of alfalfa crops and
decreased as the crop grew higher (Fig. 2). Nearly
half (46%) of the observations in alfalfa were
made immediately after the fields were mowed
while the crop was shortest. We also observed Swain-
son’s Hawks following tractors during disking or
mowing in vineyards, dryland grain, and in road
medians.

In ag-urban habitat, 41.4% of the foraging obser-
vations were along roadsides or other grassy corri-
dors. In irrigated pastures, five of the eight observa-
tions (62.5%) were in shorter grasses (0–15 cm in
height). For idle farmland, 78.6% of the observa-
tions were in disked and bare fields and 21.4% were
in fields that had a cover of weeds. In annual grass-
land, 87.2% of foraging observations were over graz-
ing land and the remainder was over large ruderal
lots. We noted a peak in the number of observations
of Swainson’s Hawks foraging in alfalfa fields follow-
ing mowing (Fig. 2).

Table 1. Results of multinomial chi-square analysis, testing the hypothesis that habitats are used by Swainson’s Hawks in
proportion to their availability. Observations pooled from two seasons, 2002 and 2003, San Joaquin County, California.
All unused habitats (deciduous orchard, valley-foothill riparian, valley oak woodland, freshwater emergent wetland, and
lacustrine) were here combined into one category (unused habitats).

HABITAT NAME

AVAILABLE

HABITAT (%)
OBSERVED USE OF

HABITAT (FREQUENCY)
EXPECTED USE OF

HABITAT (FREQUENCY)
CHI-SQUARE

CONTRIBUTION

Annual grassland 16.20% 46 43.09 0.2
Ag-urban 10.90% 29 28.99 0
Blue oak woodland 6.00% 5 15.96 7.53
Dryland grain 3.30% 22 8.78 19.92
Idle farmland 2.60% 16 6.92 11.93
Irrigated field crops 1.70% 3 4.52 0.51
Irrigated hay 2.20% 70 5.85 703.17
Irrigated pasture 4.80% 12 12.77 0.05
Urban 2.10% 8 5.59 1.04
Vineyard 40.80% 55 108.5 26.4
Unused habitats 9.40% 0 25 25

TOTAL 100% 266 266 795.75a

a P , 0.0001.
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DISCUSSION

In general, Swainson’s Hawks in the study area
demonstrated similar partialities for foraging habi-
tat as in other Central Valley studies (Estep 1989,
Babcock 1995, Smallwood 1995); Swainson’s Hawks
used irrigated hay (alfalfa) and dryland grain more
than expected and vineyards less than expected. We
hypothesize that the relatively high frequency of
foraging in vineyards by Swainson’s Hawks may be
a reflection of the high local nesting density of
Swainson’s Hawks in a study area where dominant
land use is viticulture. Being an opportunistic spe-
cies (England et al. 1997), Swainson’s Hawks may be
expected to utilize sub-optimal foraging habitats
based on availability and proximity to established
nest sites (Newton 1979, Manly et al. 2002).

Our results support Janes’s (1985) model that in-
dicated that vegetative structure, including plant
height, density, and cover can alter foraging behavior
of aerial hunters including the Swainson’s Hawk. We
hypothesize that the higher frequency of hawks for-
aging in alfalfa after mowing was most likely due to
temporal increases in prey availability and also may
explain Swainson’s Hawks’ apparent preference for
hay crops in the Central Valley over their more tradi-
tional preference of grassland habitats (Estep 1989,
England et al. 1997). Further, although annual grass-
land ranked third in absolute number of foraging
observations, it was not used more than expected,
given its availability. It is notable that the majority of
observations in annual grassland habitat were in

grazed parcels. Though the difference in grass height
and density between grazed grassland and unman-
aged grassy fields was not measured in the study area,
grazed grassland was observably shorter in height and
less dense in cover.

The variety of habitats that Swainson’s Hawks
used for foraging in our study area suggests that
maintenance of large heterogeneous areas of agri-
cultural habitats that include crops such as alfalfa, as
well as large tracts of grazed grasslands, should be
one of the priorities for conservation of this species
in this region. Further, we suggest that large, con-
tiguous areas of vineyards are likely unsuitable for
foraging by Swainson’s Hawks at a population level.
A land-use model created by Hilty et al. (2006) pre-
dicted that the probability of native mammalian
predator occurrence in large blocks of vineyards
decreased, but increased as the vineyard blocks be-
came more isolated. Thus, we recommend some
agricultural practices including the maintenance
of between-row cover crops, midseason vine-trim-
ming, and the establishment of buffer areas of na-
tive grasses and shrubs between fields in areas with
larger tracts of vineyards. These measures are cur-
rently being practiced by grape growers in our study
area in the lower Mokelumne River watershed, and
may increase prey accessibility for raptors (K. Reeves
unpubl. data). In addition to planting cover crops
in vineyards, we recommend maintaining such
crops for multiple years, as gopher (Thomomys sp.)
density in vineyards increases with cover crop per-

Figure 2. Foraging effort of Swainson’s Hawks in alfalfa crops from the time of mowing through increasing plant
heights, San Joaquin County, California, for 2002 and 2003 seasons.
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sistence (Smallwood 1996). Additionally, selection
of cover plant types should optimize both prey cover
and accessibility. By boosting prey populations, viti-
culturists may help offset possible decrease in forag-
ing habitat for Swainson’s Hawks created by large-
scale vineyard development.
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