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THE INFLUENCE OF WEATHER ON GOLDEN EAGLE MIGRATION
IN NORTHWESTERN MONTANA

Richard E. Yates, B. Riley McClelland,^ Patricia T McClelland, ^ Carl H. Key,^ and
Robert E. Bennetts^

National Park Service, Glacier National Park, West Glacier, MT 59936 U.S.A.

Abstract.—^We analyzed the influence of 17 weather factors on migrating Golden Eagles {Aquila chrysaetos)

near the Continental Divide in Glacier National Park, Montana, U.S.A. Local weather measurements were

recorded at automated stations on the flanks of two peaks within the migration path. During a total of 506

hr of observation, the yearly number of Golden Eagles in autumn counts (199T-96) averaged 1973; spring

counts (1995 and 1996) averaged 605 eagles. Mean passage rates (eagles/hr) were 16.5 in autumn and 8.2

in spring. Maximum rates were 137 in autumn and 67 in spring. Using generalized linear modeling, we

tested for the effects of weather factors on the number of eagles counted. In the autumn model, the number
of eagles increased with increasing air temperature, rising barometric pressure, decreasing relative humidity,

and interactions among those factors. In the spring model, the number of eagles increased with increasing

wind speed, barometric pressure, and the interaction between these factors. Our data suggest that a complex

interaction among weather factors influenced the number of eagles passing on a given day. We hypothesize

that in complex landscapes with high topographic relief, such as Glacier National Park, numerous weather

factors produce different daily combinations to which migrating eagles respond opportunistically.

Key Words: Golden Eagle, Aquila chrysaetos; migration', weather, Montana; Glacier National Park; modeling.

La influencia del tiempo en la migracion del noroeste de Montana

Resumen.—^Analizamos la influencia de 17 factores del tiempo en la migracion de Aquila chrysaetos cerca de

la division continental en el Parque Nacional de Glacier, Montana U.S.A Las mediciones locales fueron

registradas en las estaciones automaticas de los flancos de dos picos dentro de la ruta migratoria. Durante

un total de 506 horas de observacion, el numero de aguilas doradas en conteos de otono (1994—96) pro-

medio 1973; los conteos de primavera (1995-96) promediaron 605 aguilas. La tasa promedio de migracion

(aguilas/hora) fue de 16.5 en otono y 8.2 en primavera. las tasas maximas fueron de 137 en otono y 67 en

primavera. Mediante la utilizacion de un modelo linear generalizado, probamos los efectos del tiempo en el

numero de aguilas contadas. En el modelo de otono, el numero de aguilas aumento con el incremento de

la temperatura del aire, el aumento de la presion barometrica y la disminucion de la humedad relativa y las

interacciones entre estos factores. En el modelo de primavera, el numero de aguilas incremento con el

aumento de velocidad del viento, la presion barometrica y la interaccion entre estos dos factores. Nuestros

datos sugieren que la compleja interaccion entre los factores del tiempo influenciaron el numero de aguilas

pasando en un dia dado. Formulamos una hipotesis la cual se basa en que en paisajes complejos con

topografia marcada, como en el Parque Nacional de Glacier, numerosos factores climaticos pueden producir

diferentes combinaciones a los cuales las aguilas responden en forma oportunista.

[Traduccion de Cesar Marquez]

^ Present address: P.O. Box 366, West Glacier, MT 59936 U.S.A.

^ Present address: U.S. Geological Survey, Northern Rocky Mountain Science Center, Glacier Field Station, West

Glacier, MT 59936 U.S.A.

^ Present address: Florida and Caribbean Science Center, 7920 NW 7U‘ Street, Gainesville, FL 32653 U.S.A.

81



82 Yates et al. VoL. 35, No. 2

The influence of weather on bird migration has

been reviewed by Alerstam (1978), Richardson

(1978, 1990), and others. During migration, the

number of raptors moving on a given day may be

influenced by barometric pressure (Kerlinger

1989), thermal updrafts (Gerrard and Gerrard

1982), wind speed and direction (Mueller and Ber-

ger 1967a, Titus and Mosher 1982, Kerlinger 1989,

Liechti and Bruderer 1998), and frontal passage

(Millsap and Zook 1983, Allen et al. 1996). Hein-

tzelman (1975), Kerlinger (1989) and Spaar

(1997) discussed weather variables related to mi-

grating hawks, but in western North America few

studies have provided empirical support for hy-

potheses concerning the influence of weather on
raptor migration.

Although other studies have described raptor

migration and weather influences, weather obser-

vations generally have not been made within the

actual migration corridor. Additionally, few studies

have examined weather and migration within com-

plex mountainous terrain. In the Rocky Mountains

north of Glacier National Park (GNP), in Alberta,

Canada, Sherrington (1992) reported several thou-

sand migrating eagles in autumn and spring. Large

numbers of migrating eagles also have been re-

ported by Omland and Hoffman (1996) in south-

western Montana. Although Golden Eagles (Aquila

chrysaetos) were recorded in the GNP area in au-

tumn as early as the mid-1880s (Grinnell 1888),

their major migration route in GNP was not de-

tected until 1987.

Farmer and Wiens (1998:405) recently suggest-

ed; “The landscape and the physical environment

shape migration schedules and influence one’s

ability to interpret patterns . . . Modeling these fac-

tors may lead to new insights about migration ad-

aptations in heterogeneous environments.” The
installation of high elevation weather stations for

climate change studies in GNP afforded the op-

portunity to examine relationships between weath-

er variables and eagle migration counts over a 3-yr

period. In this paper, we report numbers of mi-

grating Golden Eagles within a narrow corridor in

northwestern Montana and describe patterns of

migration. We evaluated the influence of 17 weath-

er variables on numbers of eagles counted in au-

tumn and spring, seeking the simplest model that

would provide the greatest interpretive value.

Study Area

We conducted our study in GNP, northwestern Mon-
tana (approximately 48°30'N, 114°00'W). The northern

boundary of GNP is coincident with the southern bound-
aries of Alberta and British Columbia, Canada. GNP is

bisected from north to south by the Continental Divide,

from which m^or spur ridges extend east and west to or

beyond the GNP border (Fig. 1). Elevations range from
948-3190 m. The climate is transitional between north-

ern Pacific coastal and continental regimes. The Pacific

influence is characterized by maximum cloudiness and
precipitation in late autumn through winter (Finklin

1986). Annual precipitation averages 76 cm at West Gla-

cier and more than 250 cm along the Continental Divide.

Prevailing wind generally is from the west or southwest

throughout the year. Cold fronts approach predominant-
ly from the Pacific Northwest, but occasional Arctic cold

fronts influence GNP during autumn and spring migra-

tion. Mean daily minimum and maximum temperatures

at West Glacier during October (peak autumn migration)

are — 0.3°C and 11.8°C; during March (peak spring mi-

gration), they are — 4.4°C and 6.2°C (Western Regional

Climate Center, Reno, Nevada, TD-3200 Data Base).

Methods

Field Procedures. During autumn, migrating eagles

traveling south along the Livingston Range cross the

McDonald Valley from Stanton Mountain to Mount
Brown (Fig. 1) (first reported by E. Caton, October 1987,

pers. comm.). Some eagles that follow the Continental

Divide south also converge at Mount Brown. The same
routes are used in reverse by eagles migrating northward
in the spring. We counted migrating eagles within this

path of convergence and passage during autumns 1994—

96 and springs 1995 and 1996. Our observation site (976

m) was near the base of Mount Brown (peak height 2610
m) and near the head of Lake McDonald, about 9 km
west of the Continental Divide (Fig. 1). All counts were
made from this location because it was easily accessible

and it provided an unobstructed view of the migration

corridor. Observation locations nearer to the eagles, on
the slopes of Mount Brown, required a day-long hike and
reduced the field of view, leaving many eagles undetect-

ed. Such observations were made occasionally to check
observer reliability, but they were not included in our
analyses. Observers used lOX binoculars and 15-60X
spotting scopes to identify eagles passing Mount Brown.
Most observations (>90%) were made by the same seven

individuals, each of whom had more than five years ex-

perience in GNP eagle research.

Incidental to our focus on Golden Eagles, we tallied

all other raptors observed. Most Golden Eagles were eas-

ily distinguished from less frequent Bald Eagles {Haltaee-

tus leucocephalus) (5.6%) by plumage and morphology
(Wheeler and Clark 1995). However, if specific identifi-

cation between Bald and Golden Eagles was problematic,

we tallied eagles without assigning species. These uniden-

tified eagles (12%) were not included in our analyses;

thus, our counts probably are underestimates of the ac-

tual number of Golden Eagles. We also could not always

be confident of accurately separating subadult and adult

Golden Eagles under some lighting conditions. The var-

iable amount of white plumage that characterizes Golden
Eagle age classes through 4 yr (Wheeler and Clark 1995)

could result in some misidentifications at our observation

distance. Therefore, our analyses involving age classes in-
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Figure 1. Study area within Glacier National Park, Montana U.S.A., showing Golden Eagle migration routes (arrows),

observer counting point, and weather station locations.

eluded only those eagles that were reliably identified as

adults or immatures.

To minimize variation of temporal patterns, observa-

tions were restricted to 1000-1700 H (Mountain Stan-

dard Time). Counts were made during days and hours

when precipitation and clouds did not completely ob-

scure visibility. As a result, some days were not repre-

sented by count data, and the number of observation

hours per day varied.

Weather Data. During 1994—96, weather data were con-

tinuously recorded at two automated Omnidata® mete-

orological stations within the eagle migration corridor

(Fig. 1). These stations had been established and main-

tained by the GNP Global Change Research Program
since 1993 (White et al. 1998) and measured variables

were applicable to modeling eagle migration. Both
weather stations were equipped with EasyLogger® 900
series data recording systems powered by solar-charged,

12-volt batteries. At both stations, meteorological vari-

ables (Table 1) were measured at approximately 3 m
above the ground. Data loggers operated on a 1-min sam-

pling interval, with maxima and means recorded for each

hour. The Mount Brown weather station was 2276 m, 334
m below the mountain’s summit and relatively unob-
structed by topography or trees. Weather data from this

station were used in our analyses of autumn periods only.

No spring data were available from Mount Brown be-

cause snow accumulations exceeding 3 m inactivated the

solar panel. We used spring weather data from the other

station (1735 m), on a west-facing ridge 627 m below the
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Table 1. Source of weather variables included in analy-

ses of influences on eagle migration in Glacier National

Park, Montana.

Factor Description Data Source

Mean hourly maximum wind RM-Young ES-050*^

speed (m/s)^

Vector mean wind speed (m/s)*^ RM-Young ES-050*’

Vector mean wind direction (co- RM-Young ES-050*’

sine°)^

Mean air temperature (°C)^ Viasala ES-120^

Maximum air temperature (°C) Viasala ES-120*’

Minimum air temperature (°C) Viasala ES-120*’

Relative humidity (%) Viasala ES^120’^

Soil temperature (°C) Omnidata ES-060-

SW*^

Solar radiation (Langleys/min) Li-Cor ES-23Qb

Barometric pressure at Kalispell, NCDC"
Montana (millibars, daily

mean)

Barometric pressure at Calgary, NCDC^
Alberta, Canada (millibars,

daily mean)

Change in barometric pressure NCDC-^

from previous day at Kalispell,

Montana

Barometric pressure from previ- NCDC"
ous day at Kalispell, Montana

Barometric pressure from previ- NCDC-^

ous day at Calgary, Alberta,

Canada

Barometric pressure from two NCDC'^

days prior at Kalispell, Mon-
tana

Barometric pressure from two NCDC'^

days prior at Calgary, Alberta,

Canada

Frontal System (day of passage)'* Natl. Weather Serv.

“ Averaged over each 7-hr period of eagle observation.

Instrument located on site, at Mount Brown and Stanton Moun-

tain.

National Climate Data Center (http://www.ncdc.noaa.gov/

onlineprod/tfsod/climvis/main.html)

.

Each day was assigned to one of four classes: (1) day before

liontal passage, (2) day of, (3) day after, or (4) not associated

with a cold front passage.

summit of Stanton Mountain. This site had some obstruc-

tion of north and east winds, but it accumulated less snow
and the station continued to operate through spring.

Hours between 1000-1700 were aggregated to provide

maximum and mean values per daily observation period.

On-site weather stations were not equipped with ba-

rometers; therefore, we obtained barometric pressure

records from the nearest National Weather Service sta-

tion at Kalispell, Montana (50 km SW of the study site),

and the Environment Canada station at Calgary, Alberta,

Canada (260 km to the north). In autumn models, we
included Calgary’s barometric pressure, recorded one
and two days before count days at GNP, because weather
conditions to the north along the migration route could

influence the number of eagles migrating south through

GNP. Eagles would have passed the Calgary vicinity one
or two days before passing through GNP in the autumn
(McClelland et al. 1994). We obtained the dates of cold

front passage at GNP from maps in the National Weather
Service archives.

Statistical Modeling. We tested for the effects of weath-

er on the number of eagles counted within a generalized

linear modeling framework. We initially considered

counts of eagles as a Poisson random variable. However,

preliminary results showed a moderate degree of over-

dispersion with respect to the Poisson assumption, a com-
mon outcome for biological count data. Therefore, we
treated counts as an overdispersed Poisson variable, gen-

erally regarded as appropriate for analysis of such data

in the presence of overdispersion (McCullagh and Neld-

er 1989, Higgle et al. 1994). We used the PSCALE option

of PROG GENMOD (SAS Inst. 1997) to provide the ap-

propriate variance inflation for overdispersion under a

quasi-likelihood testing framework.

To account for observation effort, the log of the num-
ber of hours of observation was treated as an offset

(McCullagh and Nelder 1989, Agresti 1990), such that

the number of eagles counted on a given day was mod-
eled per hour of effort (i.e., eagles/hr of observation).

Our model selection was a combination of the ap-

proach suggested by Hosmer and Lemeshow (1989) and
interactive approaches suggested by Henderson and Vel-

leman (1981) and Aitkin and Francis (1982). We began
by exploring individual main effects of each explanatory

variable. We tested main effects using a likelihood-ratio

test. At this preliminary stage of the analysis, we used a

liberal rejection criteria (a = 0.30) because some effects

that are important as interactions can be obscured as

main effects (Hosmer and Lemeshow 1989). Where
terms were different measures of the same effect, and/
or highly correlated (e.g., average and maximum tem-

perature), we retained the more significant term in fur-

ther models. However, we periodically substituted the

alternative form to verify that we had chosen the best

representation of the effect. We then used a combination
of AIC and likelihood-ratio tests to determine the most
parsimonious model based on combinations of effects,

including interactions among variables, as indicated from
preliminary univariate analyses. The general form of the

final model was:

\o^{E/hr) = + PiAi . . . +

where, E/hris the number of eagles per hour of obser-

vation, Pq is the intercept, and ... -I- PtA. are the

main effects plus any interaction effects.

Results

We counted 7131 migrating Golden Eagles in

506 hr of observation during three autumns and

two springs (Table 2). The seasonal distribution of

our sampling effort varied (Table 3). We also re-

corded 427 Bald Eagles, 1065 eagles unidentified
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Table 2. Golden Eagle migration counts for the Mount Brown corridor in Glacier National Park, Montana, 1994—

96.

Year Season

Total
No. Eagles

Total hr

Observation

Overall

Eagles/hr

1994 Autumn 1941 81.1 23.9

1995 Autumn 1730 117.9 14.7

1996 Autumn 2249 158.9 14.2

1995 Spring 507 66.4 7.6

1996 Spring 704 81.9 8.6

to species, 422 accipiters, 201 buteos, and 23 fal-

cons. Compared with spring. Golden Eagle migra-

tions in autumn had higher numbers, longer

durations, and more pronounced seasonal dis-

tributions (Fig. 2). The number of eagles in au-

tumn counts averaged about three times more
than in spring counts (1973 and 605 eagles, re-

spectively). Average passage rates (eagles/hr) were

16.5 in autumn and 8.2 in spring. Maximum pas-

sage rates occurred in early October (high of 137

eagles/hr on 6 October 1994) and the second to

third weeks of March (high of 67 eagles/hr on 17

March 1995). The proportion of immature eagles

illustrated no apparent trend during autumn, but

increased as migration progressed in the spring

(Fig. 3).

Our models for both spring and autumn sug-

gested seasonal variation in the number of eagles

counted, but neither model supported the inclu-

sion of a year effect. The most parsimonious model
for autumn indicated eagle numbers were influ-

enced (increased) most by rising barometric pres-

sure (at Kalispell, Montana), rising air tempera-

ture, decreasing relative humidity, and several

interactions among these variables (Table 4). The
final spring model (Table 5) supported inclusion

of wind speed (increasing), barometric pressure

(rising)
,
and interaction between these two factors.

Discussion

Migration Patterns. Although we recorded 12

species of raptors, the GNP migration corridor was

primarily a Golden Eagle route. Eagles constituted

92% of all raptors counted and 76% were con-

firmed as Golden Eagles. Other raptor species may
use this general route in greater numbers earlier

or later during the season, and over a wider pas-

sageway. For example, peak autumn migrations of

Bald Eagles through GNP usually occur in Novem-
ber (McClelland et al. 1982, 1994). Compared to

Golden Eagles, Bald Eagles are more apt to follow

water courses such as the North Fork of the Flat-

head River, about 20 km west of the route we de-

scribe in this paper (pers. observ.). However, a full

evaluation of other species was beyond the scope

of our study.

Although Golden Eagles may use the same gen-

eral path for spring and autumn migration (Bro-

deur et al. 1996), habitat selection for foraging can

influence routes and rates of raptor migration

(Niles et al. 1996). The strong disparity between

our peak eagle counts in spring and autumn may
result in part from different route selections. In

northwestern Montana, many eagles use a spring

route along the East Front of the Rocky Mountains

rather than the heavily used autumn route at

Mount Brown. Along the East Front, ground squir-

rels {Spermophilus richardsonii) provide an abundant

food source (McClelland et al. 1994) during March
and April. In autumn, however, the squirrels are

hibernating and advantages of the eastern route

diminish. The increasing proportion of immature

eagles we recorded as spring migration progressed

was consistent with the pattern reported for mi-

grating Bald Eagles in the GNP area by McClelland

et al. (1994). Adult raptors are under pressure to

establish a nesting territory early, whereas imma-

tures may benefit from a later arrival on the sum-

mering grounds (Newton 1979:191).

Influences of Weather on Migration. Among mi-

grating bird species, there are substantial differ-

ences in response to weather (Richardson 1990).

Titus and Mosher (1982), in the central Appala-

chians of Maryland, and Hall et al. (1992), in coast-

al northern California, found that different raptor

species were influenced by different weather fac-

tors. The factors involved depend on which of the

two main flight styles are used in migration: soar-

ing/gliding and flapping/gliding (Spaar 1997). Ea-
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Figure 2. Average passage rates (Golden Eagles/hr), by

date, in autumn (1994-96) and spring (1995 and 1996)

migrations at Glacier National Park, Montana U.S.A.

gles primarily depend on the former style, which

is facilitated by lifting winds. During the day, air

near south- or west-facing mountain slopes warms
more rapidly than air away from the slopes, pro-

ducing a “mountain wind” [sometimes used inter-

changeably with “thermal”] that streams toward

and up the mountain slopes (Petterssen 1958:165).

Such winds are strongest when the air is clear, hot,

and dry, and where exposed slopes are inclined

toward the sun (Smith et al. 1990). Mountain

winds produce the lift needed by eagles to gain

sufficient altitude to glide between peaks. In au-

tumn, we often saw eagles soar on mountain winds

over Stanton Mountain, then glide to join eagles

kettling above Mount Brown’s slopes.

Agostini’s (1992:95) description of migrating

Honey Buzzards’ {Pernis apivorus) attraction to

thermals at the Straits of Messina, Italy, aptly de-

picted the same pattern we observed for Golden
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Figure 3. Average proportions of immature Golden Ea-

gles by date, in autumn (1994—96) and spring (1995 and

1996) migrations at Glacier National Park, Montana
U.S.A.

Eagles: “lone individuals and flocks were seen join-

ing other birds of the same species in thermals.

This was done from remarkable distances . . . [and]

seems to confirm that flock location can provide a

clue for the location of the thermal currents (Ker-

linger 1989). On some occasions, groups split and
used different thermals.” In GNP, besides moun-
tain winds and localized thermals, eagles used oro-

graphic deflection to achieve altitudes that allowed

gliding with minimum flapping. When weather

conditions required continuous flapping flight, ea-

gles usually descended to cliff or tree perches.

In addition to daily and seasonal effects, our se-

lected model for autumn included the main effects

of average air temperature, barometric pressure,

relative humidity, and interaction among these. Air

temperature and barometric pressure were both

positively associated with the number of eagles,

whereas relative humidity was negatively associated.

The interactions with relative humidity were likely

influenced by several eagle responses. When the

air is cool and moist (high relative humidity)
, ther-

mals do not develop strongly and opportunities for

eagle flight are more limited. On some occasions,

high humidity was associated with precipitation. In

cases when precipitation obscured our visibility, the

effect was not simply a visibility bias. We observed

birds taking shelter at the onset of heavy rain or

snow, regardless of other favorable conditions

(e.g., wind). Although the interactions with relative

humidity were readily apparent, the nature of the

interactions between air temperature and baro-

metric pressure were less clear, even when ex-

plored using various multi-way graphical plots. This

was probably because the effects of selected weath-

er variables were confounded by other subde vari-

ables and seasonal effects. In GNP, wind speed and

Table 4, Analysis of variance table of likelihood-ratio tests for weather factor and interaction effects on number of

eagles counted during autumns 1994—96.

Weather Factor or Interaction df P

Julian day 25.34 1 <0.001

Julian day2^ 25.15 1 <0.001

Mean air temperature 9.97 1 0.002

Relative humidity 8.28 1 0.004

Barometric pressure (Kalispell, Montana) 7.02 1 0.008

Mean air temperature X Barometric pressure 9.72 1 0.002

Relative humidity X Barometric pressure 8.19 1 0.004

Mean air temperature X Relative humidity 7.66 1 0.006

“Julian day^ constitutes a quadratic seasonal effect.
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Table 5. Analysis of variance table of likelihood-ratio tests for weather factor and interaction effects on number of

eagles counted during springs 1995 and 1996.

Weather Factor or Interaction df P

Julian day 4.3 1 0.038

Vector mean wind speed 4.66 1 0.031

Barometric pressure (Kalispell, Montana) 6.47 1 0.011

Vector mean wind speed X Barometric pressure 4.71 1 0.03

direction may have been more important in spring

migration than in autumn, as indicated by our

models, due to generally greater atmospheric tur-

bulence in spring (Gerrard and Bortolotti 1988).

Additionally, mountain winds may be more impor-

tant than indicated by onr models; such winds have

a strong vertical component that may not be suit-

ably recorded by standard anemometers designed

to measure horizontal winds.

Based on our data, we hypothesize that the more
complex interactions among weather variables in

GNP (compared with many other studies) derive

from the relatively high topographic complexity in

this area. Several variables may influence migration

at any given time. Consistent with our hypothesis,

Spaar and Bruderer (1996) found that Steppe Ea-

gles {Aquila nipalensis) adjusted their flight tactics

to existing wind and thermal conditions. Regions

with less complex landscapes and fewer interac-

tions between terrain and weather may provide

fewer opportunities for favorable winds and lift to

develop. In those areas, migrating eagles must rely

on fewer atmospheric variables for favorable flight

conditions.

In contrast to our results, some studies have as-

sociated high counts of migrating raptors with a

single weather factor. In the Great Basin, Millsap

and Zook (1983) found that high counts of mi-

grating Sharp-shinned Hawks (Accipiter striatus) co-

incided with the passage of frontal systems. Mueller

and Berger (1967a) found that numbers of mi-

grating Sharp-shinned Hawks on the western shore

of Lake Michigan were strongly influenced by west-

erly winds. In the Bridger Range of southwestern

Montana, Omland and Hoffman (1996) suggested

that peak numbers of migrating Golden Eagles

were correlated with barometric pressure.

It is tempting to assume that further data explo-

ration would yield insights into the complex inter-

actions we found. However, we believe that the na-

ture of this complexity represents a biological

reality. At GNP, where the topography and weather

are both complex and strongly interactive, eagles

use the combination of factors which produce fa-

vorable conditions for migration at any given time.

On days of high temperature they may use ther-

mals. On windy days they may use orographic de-

flection, even if prevailing winds are not in a fa-

vorable direction. On days preceding autumn cold

fronts, they make use of prevailing northerly winds.

All of these effects are superimposed on a seasonal

pattern that partially reflects conditions to the

north (autumn) or south (spring) of GNP.

Analysis of weather influences on eagle passage

rates at a specific location is complicated by the

long distances and time periods involved in Gold-

en Eagle migration (Britten et al. 1995). Nine ju-

venile Golden Eagles equipped with satellite trans-

mitters in Denali National Park, Alaska (63°00'N,

152°00'W), since 1990, have passed through our

study area during autumn migrations (C.L. Mc-

Intyre pers. comm.). It took these eagles 3-4 weeks

to reach GNP (2700 km) before continuing to win-

tering areas as far south as New Mexico. During

migration, eagles may be delayed by inclement

weather far “upstream” from GNP. Consequently,

on some days when weather conditions at GNP
were otherwise conducive to high passage rates,

there may have been few eagles in the vicinity due

to unfavorable weather previously encountered.

Thus, understanding geographically localized

events in Golden Eagle migration requires a con-

tinental perspective.

In summary, the high western flanks along

GNP’s Livingston Range form an advantageous

route for migrating eagles, a “leading line” (Muell-

er and Berger 1967b, Allen et al. 1996). In this

complex topography, mountain winds, thermals,

orographic deflection, prevailing winds, and re-

sulting combinations and interactions create a va-

riety of favorable conditions for eagle migration.
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FORAGING HABITATS OF STELLER’S SEA-EAGLES DURING THE
WINTERING SEASON IN HOKKAIDO, JAPAN

Saiko ShIRAEjI

Graduate School ofEnvironmental Earth Science, Hokkaido University, Sapporo 060 0810Japan

Abstract,

—

Steller’s Sea-Eagles (Haliaeetus pelagicus) winter mostly in Hokkaido, Japan. To clarify the tem-

poral changes in foraging habitats used by the eagles throughout the wintering season, and factors affecting

their choices of foraging habitats, I surveyed numbers of wintering eagles at 7l sites classified into five

foraging habitat types (river basins, river estuaries, lakes or inland bays, coasts, and refuse dumps) from

November to April 1991-92, and temporal changes in the food resource abundance at the mayor feeding

sites. Most eagles were observed in river basins during November and December and the number of eagles

fluctuated with temporal changes in the number of salmon carcasses in the Syokotsu River. The eagles

appeared to move among rivers according to the abundance of available salmon. In mid-February and

early March, the eagles were observed in various habitats but not at river basins. The distribution of eagles

was affected by fishery activities on coasts, in lakes, and on inland bays during these periods. Estuaries,

lakes, and inland bays maintained open water areas in the ice and appeared to be important feeding sites

throughout the winter. On Furen Lake, the numbers of eagles did not fluctuate with temporal changes

in the amount of food fisheries discarded. It was possible that eagles stayed at Furen Lake even when the

abundance of available small fish did not meet their food requirements and indicate that there not cur-

rently sufficient, suitable natural foraging habitats on the wintering grounds in Hokkaido during severe

winters to maintain the current population of Steller’s Sea-Eagles.

Key Words: Steller’s Sea-Eagle, Haliaeetus pelagicus; foraging habitat, winter, fishery, Hokkaido.

Habitos de forrajeo de Haliaeetus pelagicus durante la estacion de invierno en Hokkaido, Japon

Resumen.—Haliaeetus pelagicus pasa la mayoria del invierno en Hokkaido, Japon. Para clarificar los cambios

temporales en los habitos de forr^eo utilizados por las aguilas a traves de la estacion invernal y los factores

que afectan la seleccion de los mismos, investigue un numero de aguilas en 71 sitios clasificados, en cinco

tipos de habitats de forrajeo (cuencas de rios, estuarios, lagos, bahias internas, costas y vertederos de

desechos) desde Noviembre hasta Abril 1991-92 y los cambios temporales en la abundancia de comida

de los principales sitios de alimentacion. La mayoria de las aguilas fueron observadas en los valles de los

rios durante Noviembre y Diciembre, el numero de aguilas fluctuo con cambios temporales en el numero
de restos de salmon en el rio Syokotsu. Las aguilas aparentemente se movilizaron entre los rios de acuerdo

a la disponibilidad del salmon. A mediados de Febrero y principios de Marzo las aguilas fueron observadas

en varios habitats distintos a los valles de los rios. La distribucion de las aguilas fue afectada por las

actividades pesqueras en las costas, en lagos y en las bahias internas durante estos periodos. Los estuarios,

lagos y bahias internas mantuvieron areas abiertas de agua en el hielo, fueron sitios importantes de ali-

mentacion durante el invierno. En el lago Furen, los numeros de aguilas no fluctuaron con los cambios

temporales en la cantidad de comida que las pesqueras descartadas. Es posible que las aguilas se estuvieron

en el lago Furen a pesar que la abundancia de pequenos peces no cumplia con los requerimientos

alimenticios como tampoco de que habia suficiente habitat apropiado para forr^eo en Hokkaido durante

los fuertes inviernos como para mantener la poblacion de Haliaeetus pelagicus.

[Traduccion de Cesar Marquez]

The total number of Steller’s Sea-Eagles {Hal-

iaeetus pelagicus) in the world is estimated at 7500

^ Present address: Biology Department, Abiko Research

Laboratory, Central Research Institute of Electric Power

Industry, 1646 Abiko, Abiko-shi, Chiba-ken 270-1194, Ja-

pan.

with the number of adults estimated at 5600 (del

Hoyo et al. 1994). Because of the small population

size, this eagle is listed as a vulnerable species

(lUCN 1996).

Steller’s Sea-Eagles breed in the Lower Amur
River, and in coastal regions along the western Be-

ring Sea, Kamchatka Peninsula, Okhotsk Sea, and

91
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northern Sakhalin Island in northeastern Russia

(Lobkov and Neufeldt 1986) . After breeding, some
eagles migrate southward for winter (Lobkov and
Neufeldt 1986). Wintering areas outside breeding

areas include the South Primorski region, the Kuril

Islands, Sakhalin Island, and the island of Hokkai-

do, Japan (del Hoyo et al. 1994). There were 2200

Steller’s Sea-Eagles wintering on Hokkaido in 1985

(Nakagawa et al. 1987), indicating that Hokkaido

is an important wintering area.

Eagles begin migration to Hokkaido by way of

the Soya Cape, the northernmost tip of Hokkaido,

in late October and depart Hokkaido in early

March (Ito 1991). The distribution of wintering

Steller’s Sea-Eagles in Hokkaido in late November
is determined by the abundance of chum salmon

{Oncorhynchus keta) in rivers (Ueta et al. 1999). In

February, most eagles have been recorded on the

Rausu coast in Nemuro Strait and in lakes and in-

land bays in the eastern and northern parts of

Hokkaido (Working Group for White-tailed Eagles

and Steller’s Sea-Eagles 1996). Along the Rausu

coast, they gather to eat walleye pollock ( Theragra

chalcogramma) that have fallen out of gill nets dur-

ing fishery activities and small fish discarded from

ice fisheries (nets under the ice) on frozen lakes

and inland bays. This suggests that, in Hokkaido,

salmon are the major food resource during the

early wintering period, and subsequently fish de-

rived from fishery activities become an important

food source.

It is important for the conservation of the win-

tering population of Steller’s Sea-Eagle to clarify

the status of foraging habitats. There have been no
reports on the use of foraging habitats throughout

the wintering season. Therefore, the objectives of

this study were to clarify the temporal changes in

foraging habitats used by Steller’s Sea-Eagles

throughout the wintering season and to examine

the factors affecting the use of foraging habitats.

Study Area and Methods

Steller’s Sea-Eagles were censused from November
1991-April 1992 at 71 fixed sites established in the north-

ern and eastern parts of Hokkaido (Fig. 1). Selection of

these sites was based on the views they provided and ac-

cessibility of the observation points. The sites were clas-

sified into five foraging habitat types: river estuaries {N
= 21, 0-500 m from the river mouth), river basins {N =
9, upper part of the estuary), coast (JV = 19), lakes or

inland bays {N = 19), and refuse dumps including gar-

bage dumps {N = 3). The census was divided into six

periods: 4-10 November in the eastern part and 27-30
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Figure 1. Map of study area and 71 census sites indicat-

ed by each foraging habitat type in northern and eastern

parts of Hokkaido, Japan.

November in the northern part, 11-18 December, 12-19

February, 28 February-9 March, 25-28 March and 1-2

April, and 9-16 April. I counted eagles from each site as

far as I could see from sunrise to 1500 H when weather
did not interfere with observations.

White-tailed Eagles {H. aUncilla) cilso winter with Stell-

er’s Sea-Eagles in Hokkaido, so I recorded eagles as one
of three types: Steller’s Sea-Eagles, White-tailed Eagles,

and unidentified sea eagles. For the purpose of analyses,

unidentified eagles at each site were split into Steller’s

Sea-Eagles and White-tailed Eagles in proportion to the

number of identified birds of each species. At lake and
inland bay sites, I estimated the percentage of the area

surveyed that was frozen.

The number of Steller’s Sea-Eagles observed on the

coastal sites of Rausu (Fig. 1 ) , and other coastal sites dur-

ing mid-February and early March in 1992 was compared
by a Mann-Whitney Gtest. In some lakes and inland bays,

commercial fisheries were operational concurrent with

the presence of wintering Steller’s Sea-Eagles. To com-
pare eagle use at sites used for commercial fisheries ver-

sus nonfishery sites from mid-February to early April in

1992, tests for differences between areas were made with

Mann-Whitney Gtests.

I counted eagles and salmon carcasses nearly once a

week from November to early December, 1994 along the

Syokotsu River (main stream and a tributary), which
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Figure 2. Fluctuation in the number of Steller’s Sea-Ea-

gles counted at 71 sites in the eastern and northern parts

of Hokkaido, November 1991-April 1992.

empties into the Sea of Okhotsk in northeastern Hok-
kaido (Fig. 1). Eagles were counted from the mouth to

a point 17 km upstream. Salmon carcasses, primarily

chum salmon ( Oncorhynchus keta) , were counted on shal-

lows and sand banks at eight fixed 500-m-long zones by

walking along the river. The relationship between the

number of salmon carcasses and occurrence of eagles was
examined by a Kendall rank-order correlation test.

At Furen Lake, one of the major wintering places for

eagles, in eastern Hokkaido (Fig. 1), the ice fishery usu-

ally starts in late December after freeze-up, and ceases

around the beginning of April when the ice begins to

melt. I counted Steller’s Sea-Eagles, White-tailed Eagles,

and unidentified eagles on the western part of Furen
Lake during the winters of 1994-95 and 1997. Most of

the small fish from the ice fishery operations were
dumped directly onto the ice. To estimate the total mass
of small fish discarded in this area, 1 measured the weight

of all the fish that were caught with a fishing net and
dumped on the ice from 15-20 nets in each survey pe-

riod. 1 also counted the nets within the censused area.

These surveys were conducted six times from late Decem-
ber to early March in 1994-95, and three times from late

January to late February in 1997. The total mass of small

fish per week was calculated as: (mean weight of fish in

a net per day) X (total number of nets in the surveyed

area) X (number of days of fishery conducted in a week)

.

The relationship between the temporal change in the to-

tal mass of small fish and the number of eagles observed

was examined by a Kendall rank-order correlation test.

Results

In the surveyed area, there was a minimum of

56 Steller’s Sea-Eagles during each observation pe-

riod, with numbers peaking in mid-February at 405

eagles (Fig. 2). During the surveyed periods, the

use of foraging habitat types by eagles changed

(Fig. 3). However, within a habitat type, many ea-

gles gathered at some sites, while no eagles were

observed at other sites. This indicated that the

preference of eagles for a feeding site could not

always be explained by habitat type alone.

In the first two periods, November and mid-De-

cember, nearly all eagles were observed in river ba-

sins. On the Syokotsu River, there was a significant

correlation between the number of salmon car-

casses and the number of Steller’s Sea-Eagles from

10 November-8 December (Kendall rank-order

correlation test, t = 0.90, P = 0.028) (Fig. 4) . Be-

cause few eagles were observed in other habitats

during these periods, the eagles appeared to stay

at, or leave rivers depending on the abundance of

salmon carcasses. After the mid-December period,

eagles disappeared from river basins and were ob-

served in various other habitats (Fig. 3). During

mid-February and early March, many eagles were

observed at sites along the Rausu coast. In early

March, eagles were found at significantly higher

densities along the Rausu coast than at other sites

on the coast (Mann-Whitney Latest, Z = — 2.15, P
= 0.032), but no significant difference was found

between these sites in mid-February (Z — —1.24, P
= 0-22). Steller’s Sea-Eagles were observed at re-

fuse dumps from mid-February to mid-April eating

garbage (Fig. 3). In particular, many eagles were

observed at one refuse dump during mid-February

and early March.

Eagles were observed in lakes, inland bays, and
river estuaries throughout the census period (Fig.

3). In mid-February, when ice fisheries were pres-

ent on lakes and inland bays that were nearly fro-

zen over, eagles gathered more at fishery sites and
they fed upon small fish, such as Myoxocephalus stel-

leri, Pholidapus dybowskii, and Pleuronectes pinnifasaa-

tus that had been discarded by fishermen {Z —
— 2.32, P — 0.020) (Fig. 5). After mid-February, the

surfaces of lakes and inland bays gradually melted

and subsequently the activities of the ice fisheries

decreased. At these sites where there were open
water areas in the ice, I sometimes observed eagles

trying to catch fish while perching on the ice

around open water. In early March at about 70%
of the study sites, water surfaces were incompletely

covered by ice while, at other sites, they were com-

pletely covered with ice. During this period, there

were no differences in the number of eagles be-

tween the fishery and nonfishery sites (Z = —1.30,

P = 0.19) (Fig. 5). In late March, water surfaces

were partially covered with ice at all but one of the

sites and eagles gathered more at nonfishery sites

than at fishery sites (Z = —2.02, P = 0.043) (Fig.
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1991-April 1992. Boxes cover the middle 50% of the data

and center lines indicate medians. Tops of boxes indicate

number of eagles/km^ within 75% of the data and bot-

5). In mid-April, one site was about 40% covered

with ice, while other sites did not have ice. There

was no difference in the number of eagles between

the fishery and nonfishery sites, although most ea-

gles were counted at the sites with partial ice cover

(Z= — 1.12, P = 0.27) (Fig. 5). Thus, these results

indicated that frozen lakes and inland bays which

are partly thawed could be good feeding sites un-

der natural conditions for eagles. Similarly, as

many estuaries had an open area throughout the

winter, eagles could capture prey.

There were no significant relationships between

the mass of discarded fish and the number of ea-

gles in 1994—95 (Kendall rank-order correlation

test, T = 0.20, P = 0.57) or in 1997 (t = —0.33, P
= 0.60) (Fig. 6). There were two possible expla-

nations for this result. There was enough small fish

for the eagles throughout the wintering period on

Furen Lake or the eagles stayed at Furen Lake even

when food was scarce. To evaluate these two expla-

nations, I calculated the food requirement of ea-

gles (including White-tailed Eagles) eating small

fish on this lake as follows: the mass of small fish

per eagle was lowest in late February 1995, when
330 Steller’s Sea-Eagles and White-tailed Eagles

were recorded in total. Average daily food con-

sumption by White-tailed Eagles has been estimat-

ed to be 514 g (male = 456 g, female — 571 g;

Love 1979) . If an eagle ate 514 g of fish/d at Furen

Lake, 330 eagles would have eaten 1187 kg/wk,

which was less than the total mass of discarded fish

(2161 kg/wk) in late February 1995. However,

competitors for fish included gulls, Larus schistisa-

gus, L. argentatus, L. glaucescens, and L. hyperboreus,

which were the largest consumers of discarded fish

on Furen Lake (Lobkov unpubl. data), as well as

Black Kite (Milvus migrans) and crows {Corvus ma-

crorhynchos and C. corone). These competitors usu-

ally approached and ate discarded fish sooner than

sea eagles, and the eagles fed on the rest. There-

fore, it was possible that there was an insufficient

amount of small fish for the eagles in late February

and the second explanation applied.

<-

toms indicate number of Steller’s Sea-Eagles/km^ within

25% of the data. Whiskers indicate the range of 90% of

the data. Open circles represent outlying numbers. N =

number of census sites. Sample size at the refuse dump
was not enough to make a box plot.
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Discussion

The movements and distribution of Bald Eagles

(Haliaeetus leucocephalus) are influenced by food

availability during winter (Southern 1964, Steen-
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1985, Isaacs and Anthony 1987). My study and the
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study of Ueta et al. (1999) have shown that Steller’s

Sea-Eagles move among river basins according to

changes in the abundance of salmon carcasses.

Some Steller’s Sea-Eagles tracked by satellite

moved from their breeding areas in northern Sa-

khalin, the nearby continental seaboards, and the

Amur River to Hokkaido via the Soya Cape during

late fall (Ueta et al. 2000, McGrady unpubl. data).

After a short stay in Hokkaido, these eagles mi-

grated to the Kuril Islands (Fig. 1), where numer-
ous salmon were available, and returned to Hok-
kaido in January and February (Ueta et al. 2000,

McGrady unpubl. data) . Their return was likely re-

lated to the number of available salmon which de-

creased in the Kuril Islands. This finding suggests

that, across the wintering range, movements of

Steller’s Sea-Eagle are affected by the distribution

of salmon during the early wintering season.
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The number of Steller’s Sea-Eagles fluctuated in

response to the abundance of salmon carcasses in

the river basin. Meanwhile, the number of eagles

did not correlate with the mass of small fish in Fu-

ren Lake. The availability for Bald Eagles is often

highly variable in time and space, resulting in fre-

quent movements in search of food (Stalmaster

and Gessaman 1984), while more available prey

probably allows eagles to stay in some areas rather

than move to others (Isaacs et al. 1996). In addi-

tion, Bald Eagles are able to withstand long periods

of food deprivation (Stalmaster and Gessaman

1984). Because Steller’s Sea-Eagles remained in Fu-

ren Lake in spite of apparent food shortages, I con-

cluded that the food shortage was tolerable for

them and that staying at Furen Lake was more ad-

vantageous than moving to another foraging hab-

itat. It may be that the eagles did not have other

feeding places with better food availability.

Recently, Steller’s Sea-Eagles have begun to ap-

pear in mountainous areas to feed on deer ( Cervus

nippon) carrion abandoned by hunters (Kurosawa

1998). Since the mid-1990s, with the decrease in

the commercial catch of walleye pollock along the

Rausu coast, Steller’s Sea-Eagles have tended to dis-

perse from the Rausu region (Working Group for

White-tailed Eagles and Steller’s Sea-Eagles 1996).

Concurrently, because the number of deer has

greatly increased and more deer have been hunted

in order to lessen agriculture damage, more deer

carrion are being made available to eagles (Kuro-

sawa 2000). Thus, Steller’s Sea-Eagles may begin to

gather in mountain areas which have become
more profitable foraging habitats than fisheries in

recent years. Eagles have tended to change their

feeding areas in recent years among areas where

human activities supply food during severe winter

seasons. This fact suggests that suitable, natural for-

aging areas during severe winter are insufficient to

maintain the current population of Steller’s Sea-

Eagles.

In addition, these anthropogenic food sources

may not be ideal for maintaining populations due,

not only to their lack of stability but also for their

potential for containing pollutants. Whole and par-

tial carcasses of deer shot by hunters are left in the

field (Kim et al. 1999, Iwata et al. 2000), and lead

fragments embedded in tissue are often ingested

by eagles during and after the hunting season (Iwa-

ta et al. 2000) . Forty six eagles were found to have

died from lead poisoning during 1997-99 (Kuro-

sawa 2000). No regulation on the use of lead bul-

lets has been introduced by the Japanese govern-

ment. If the use of lead shot is not restricted, lead

poisoning might cause a decline in the population

(Kim et al. 1999, Iwata et al. 2000, Ueta and Mas-

terov 2000). The Environmental Agency of Japan

announced the banning of lead bullet use in Hok-

kaido beginning in the fall of 2000.

In this study, lakes, inland bays, and river estu-

aries with areas of open water could be feeding

places under natural conditions during severe win-

ters. Kuril Lake in south Kamchatka, Russia, is one

of the largest wintering areas for Steller’s Sea-Ea-

gles, and they stay to feed on salmon from October

to March (Ladigin et al. 1991). A similar situation

occurs in Hokkaido, where some eagles overwinter

at a few rivers by feeding on salmon carcasses that

remained from fall salmon runs (Shiraki 1996).

Thus, salmon could be one of the important food

resources for eagles late in the fall season. How-
ever, in many rivers in Hokkaido, most of the salm-

on are captured in the lower part of rivers during

the fall season to collect eggs for artificial propa-

gation (Shiraki 1996), Therefore, during severe

winters, salmon carcasses available to eagles are

very scarce in most of the rivers. In addition, eagles

require shallows and sand banks for feeding, and
suitable forest areas for perch sites and shelter.

Most rivers in Hokkaido are unsuitable habitats for

eagles owing to alternations of river walls and river

beds, and the cutting of riverside forests (Shiraki

1996). Steller’s Sea-Eagles’ winter movements are

associated with the fluctuation of food resources

over the wintering range. Therefore, it is desirable

to conserve wintering habitats not just in Hokkai-

do, but over the entire wintering range of the spe-

cies.
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FIDELITY TO TERRITORY, NEST SITE AND MATE, SURVIVORSHIP,
AND REPRODUCTION OF TWO SYMPATRIC FOREST-FALCONS

Russell Thorstrom
The Peregrine Fund, 566 West Flying Hawk Lane, Boise, ID 83709 U.S.A.

Cristobal M. Morales and Jose D. Ramos
Tikal National Park, Peten, Guatemala C.A.

Abstract.—Fidelity, survivorship, and reproduction of Barred Forest-Falcons (Micrastur ruficollis) and

Collared Forest-Falcons (M. semitorquatus) were studied from 1988-96 at Tikal National Park, Guatemala.

Forest-Falcons are year-round residents and nest in tree cavities. Barred Forest-Falcons and Collared

Forest-Falcons had 100% fidelity to territories. Breeding pairs also had 100% mate fidelity, with pair

bonds perennial and long-lasting. Only one territory switch in 98 territorial years was observed during

the study and that was by a widowed male to a neighboring territory with a widowed female. The rate

of annual survivorship of breeding adult Barred Forest-Falcons banded in 1989 was 95.3% {N = 7 males)

and 92.3% {N = 7 females). Nineteen percent of females and males that bred produced >50% of the

offspring. Forest-Falcons are longer lived and have a lower rate of a territory and mate switching than

similar-sized temperate-zone raptors such as the European Sparrowhawk {Accipiter nisus) . The reproduc-

tive success of Barred Forest-Falcons during this study suggested that the factors affecting lifetime re-

productive success in temperate and tropical species do not differ.

Key Words: Micrastur ruficollis; Barred Forest-Falcon; Micrastur semitorquatus; Collared Forest-Falcon; fi-

delity; survivorship; reproduction.

Fidelidad territorial, sitios de nido, parejas, sobrevivencia y reproduccion de dos especies simpatricas de

Micrastur

Resumen.—La fidelidad, sobrevivencia y reproduccion de Micrastur ruficollis y Micrastur semitorquatus

fueron estudiadas desde 1988-96 en el Parque Nacional Tikal, Guatemala. Los halcones de bosque son

residentes anuales y anidan en cavidades de arboles. Micrastur ruficollis y Micrastur semitorquatus fueron

100% fieles a sus territorios. Las parejas reproductivas tambien tuvieron el 100% de fidelidad, con lazos

de pareja perennes y duraderos. Tan solo hubo un cambio de territorio durante las observaciones del

ano 98. Este ocurrio a partir de un macho viudo que se mudo a un territorio vecino ocupado por una

hembra viuda. La tasa anual de sobrevivencia de adultos reproductivos de Micrastur ruficollis anillados

en 1989 fue de 92.3% {N = 7 hembras). Diez y nueve por ciento de las hembras y los machos en

reproduccion produjeron > de 50% de los pichones. Los halcones de bosque tienen vidas largas y una

tasa inferior de cambio de pareja y territorio que las especies de similar tamano de las zonas templadas

como Accipiter nisus. El exito reproductivo de Micrastur ruficollis durante este estudio sugiere que los

factores que afectan la reproduccion durante su vida no son diferentes entre las especies de las zonas

templadas y las tropicales.

[Traduccion de Cesar Marquez]

The genus Micrastur is a little-known Neotropical

genus which includes six small- to medium-sized

species. They have accipiter-like features and are

characterized by long tails, short wings, and slight

facial ruffs (Friedmann 1950, Wetmore 1965, Blake

1977, Brown and Amadon 1989, del Hoyo et al.

1994). These features are adaptations for the trop-

ical forests that they inhabit from southern Texas

(Lasley et al. 1994) south to northern Argentina,

Paraguay and east through Brazil to the Guianas

(Brown and Amadon 1989, del Hoyo et al. 1994).

Most information on this genus comes from mu-

seum notes and collections (Sclater 1918, Wetmore

1939, Friedmann 1948, Monroe 1968), or from an-

ecdotal notes and observations (Smith 1969, Mad-

er 1979, Willis et al. 1983, Mays 1985). Even the

two most widespread species of the genus, the

Barred Forest-Falcon (M. ruficollis) and Collared

98
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Forest-Falcon (M. semitorquatus), are little-known.

Recently, however, new insights into the life histo-

ries of these two cavity-nesting species have been

provided by intensive field studies in Guatemala

(Thorstrom et al. 1990, Thorstrom 1993).

Studies on mortality and population turnover of

tropical and subtropical species could advance our

understanding of the influence of ecological con-

ditions on these parameters much more quickly

than further work in northern latitudes (Newton

1984). Understanding population dynamics in

tropical forests helps determine how pressures and

constraints operate in these poorly-known environ-

ments and how they compare or contrast with tem-

perate ecosystems. Using a group of color-marked

individuals from the northernmost subspecies of

Barred Forest-Falcon (M. r. guerilla) and Collared

Forest-Falcon (M. s. naso), our objective was to

characterize territory and mate fidelity, survivor-

ship, and individual breeding performance as a

comparison to similar measures in temperate rap-

tors.

Study Area and Methods

The study site was in Tikal National Park (576 km^) in

NE Guatemala (17°13'N, 89°36'W); it is centered around
archeological ruins in a 20 km^ area. Barred Forest-Fal-

cons and Collared Forest-Falcons are year-round resi-

dents and secondary-cavity nesters at Tikal National Park.

This park is a lowland, dry, semi-deciduous, tropical for-

est with an elevation from 200-350 m. Rains usually begin

m May and decrease by December. Monthly mean pre-

cipitation ranged from a low of 1.0 mm in April to a high

of 303 mm during September, with an annual mean rain-

fall of 1309 mm (1989-95, Tikal National Park unpubl.

data) . Mean monthly temperatures ranged from a low of

15°C in January to a high of 35°G in May, from 1989-95

(Tikal National Park).

Schulze and Whitacre (1999) have described several

forest types that occur along the topographical drainages,

soil types, and moisture gradients within the park. Two
extremes of this forest type continuum are upland or

high-ground forests (tall, semi-evergreen forests on well-

drained shallow soils) and bajo forests (low in stature,

open canopy with dense understory, and occurring in

low-lying sites of deep clay-rich soils, subject to seasonal

flooding and drought)

.

We studied a population of Barred Forest-Falcons dur-

ing the 1988-96 breeding seasons and Collared Forest-

Falcons were studied during the 1988—93 breeding sea-

sons. We searched the forest and visited occupied
territories daily from March through July to determine

the nesting activity of potential breeding pairs. Courting

pairs were followed aurally and visually until a nest was

confirmed.

A nesting attempt defined as any nest that contained

at least one egg. When possible, nest contents were
checked by climbing nest trees and observing eggs or

young present in the cavities. In some nests, eggs were

not visible because of the structure of the nest cavity In

these cases while we could not always verify presence of

a clutch, we did observe conclusive evidence of incuba-

tion behavior (e.g., the female was called off the nest by

the male for feeding, followed by her return to the nest)

.

We assumed nest-site occupancy as being equivalent to

the percent use of years in which pairs made nesting at-

tempts (e.g., laid eggs or showed incubation behavior).

All known alternative nest sites were checked and new
nest sites were searched for in known territories.

Territory fidelity was defined as occupancy and defense

of a nesting area in consecutive years (Warkentin et al

1991, Rosenfield and Bielefeldt 1996). If the same
marked bird was sighted or recaptured on the same nest-

ing area >2 yr after initial capture but was missing m
some years, we assumed that it also occupied that nesting

area in the interim years. This was based on our obser-

vations of marked birds on territories at the beginning

of the breeding season during their nonbreeding years

Nest-site fidelity was the use of the same tree-hole during

the study.

Mate fidelity was the establishment of a pair bond and
production of eggs by the same individuals in ^2 con-

secutive years (Warkentin et al. 1991). Frequency of nesting

was defined as number of nesting attempts divided by

number of years the pair occupied the territory. Nesting

break was defined as a breeding lapse (>1 yr of nonbreed-

ing) by the pair and then a breeding observation of the

same pair on the same territory. Switching mates or . “di-

vorce” was inferred when either both members of a pair

were found breeding with other partners (having pro-

duced eggs together in a previous year) or one partner

was found with a different mate the following year and
its original partner was subsequently trapped in a later

year (Warkentin et al. 1991). Natal dispersal was the dis-

persal ofyoung between hatch site and first breeding site

Breeding dispersal was defined as movement of adults

among nesting areas across years (Greenwood 1980).

Lifetime reproductive success (LRS) was defined as the to-

tal number of young produced by individuals during

their lives (Newton 1989). Reproductive success during the

study period (RSSP) was defined as the total number of

young produced by individuals during the study period.

All trapped birds and nestlings were banded with

unique combinations of two to four aluminum colored

leg bands. Statistical tests were performed with Systat®

(SPSS Inc., Chicago, Illinois, U.S.A.), except a few chi-

square tests which were done by hand.

Results

Thirty-nine adult Barred Forest-Falcons and six

adult Collared Forest-Falcons were trapped (Thor-

strom 1996) through the breeding season begin-

ning in 1989. We also marked 57 nestling Barred

Forest-Falcons and five nestling Collared Forest-

Falcons with unique band combinations.

The nesting density for the Barred Forest-Falcon

was highly saturated in the upland and transitional

forests of the park. In a 6 km^ area centered in

and around the main archeological ruins of the
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park, there were six Barred Forest-Falcon breeding

territories (1 pair/km^).

Fidelity to Territory, Nest Site, and Mate. Nest-

ing activity began in March for Collared Forest-Fal-

cons and in April for Barred Forest-Falcons. We
documented 70 Barred Forest-Falcon and nine

Collared Forest-Falcon nesting attempts. Males and
females of both species were highly faithful to their

breeding territories. The one exception, a male,

switched to a neighboring territory during the

1992 breeding season when his mate disappeared

early in the breeding period. That male mated with

a neighboring female that had also lost its mate
early in the breeding season. This male fledged

five young at its original territory (1989-91) and
six young on his new territory (1992-94), includ-

ing two fledglings during the year of territory

switching.

For Barred Forest-Falcons, the frequency of nest-

ing (years of nesting attempts divided by the years

a pair was on territory) for 16 territorial pairs (85

territorial years) was 74.1 ± 20% (±SD, range =

40-100%). We calculated nesting frequency sepa-

rately for each territory; pairs nested on average

73.2 ± 21% (range = 50-100%, iV = 16 pairs).

This was similar to the 80 ± 20% nesting frequency

for two breeding pairs of Collared Forest-Falcons

(eight territorial years; range = 60-100%).

Of 70 nesting attempts by Barred Forest-Falcons,

53% {N = 37) were successful and 47% (N = 33)

failed. Barred Forest-Falcon pairs that were suc-

cessful tended to remain at the same nesting site

while pairs that failed tended to switch to another

site within the same nesting territory (x^i = 8.0, P
< 0.01). Of 40 consecutive two-year nesting at-

tempts, 42.5% {N = 17) of the breeding pairs of

Barred Forest-Falcons were successful and reused

the previous year’s nest site, 12.5% (N — 5) were

successful but changed nest sites from the previous

year the following year, 15% {N = 6) were unsuc-

cessful but reused the previous year’s nest site, and

30% {N = 12) were unsuccessful and changed nest

sites from the previous year. One pair that failed

in 1989 reused the same site from 1990-94 and
successfully fledged young in all five years. Preda-

tion on eggs, nestling and females accounted for

91% (N = 30) of the 33 failed nests.

During this study, seven Barred Forest-Falcon

males had residence periods of ^4 yr (five were

residents for all seven years) and five females had
been present for >5 yr (four were present for sev-

en years). Average residence period in the 7-yr

study for breeding Barred Forest-Falcons banded
in 1989 was 6.1 yr ± 1.5 for males (N = 7) and 5.0

yr ± 2.8 for females {N — 7). Clearly, these birds

may have been on the same territories from before

the time our study began, and some may have re-

mained after it ended. The longest breeding span

by a pair of Barred Forest-Falcons was at one spe-

cific nest site where they bred successfully six years

out of seven.

Reproduction During the Study Period. For 27

Barred Forest-Falcon pairs, 19 of 27 females and

21 of 27 males raised 54 and 64 young to fledging

age during this study, respectively (Fig. 1). Of those

adults that attempted to breed, 30% (8/27) of the

females and 22% (6/27) of the males produced no
young. Nineteen percent (the percent of the

breeders that produced more than half of the

fledglings) of the females and males produced

58% (N = 44 young) and 54% (N ^ 49) of the

fledglings, respectively. Of the 70% of females that

raised young to fledging, the number fledged var-

ied from 1-14 per female for the seven study years.

Recruitment. The overall annual productivity

from 1988-95 was 1.1 (76 fledged young/70 nest-

ing attempts) and 0.9 (8 fledged young/9 nesting

attempts) for Barred and Collared Forest-Falcons,

respectively. Of 57 young Barred Forest-Falcons

banded from 1989—95, only one young female,

banded as a nestling in 1995, was subsequently ob-

served as a breeder; she occupied a nest site as a

first-year bird in 1996 and successfully fledged two

young. This natal dispersal was 4 km SE. No band-

ed young Collared Forest-Falcons were observed

entering or acquiring territories within the study

area.

Barred Forest-Falcon Survivorship and Mortality.

The annual rate of survivorship of breeding adults

banded in 1989 was high in the seven study years;

the rate for males was 95.3% (N = 7) and for fe-

males was 92.3% {N = 7). Given the high territory

fidelity and, if we assume adults that disappeared

from breeding territories died, then in seven years

two males (4.7% mortality) and three females

(7.7% mortality) disappeared. The annual turn-

over (change of breeding birds on territories) of

males and females banded since 1989 did not dif-

fer statistically (x^i = 0.5, P > 0.10). Although the

data on adult mortality were limited, many individ-

uals of unknown age were still alive and on the

same territory for seven consecutive years.
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Figure 1. Number of fledglings produced by 2*7 pairs of Barred Forest-Falcons at Tikal National Park, Guatemala,

1989-95.

Discussion

Barred and Collared Forest-Falcons are year-

round residents in Tikal National Park. Territories

of Barred Forest-Falcons were more aggressively

defended from conspecifics than were those of

Collared Forest-Falcons. Intruders into defined ter-

ritories were unhanded, nonpaired forest-falcons

searching for territorial vacancies, but no intruders

were observed acquiring a territorial position from

residents.

Our results showed that the breeding strategy of

these two cavity nesting forest-falcons follows pat-

terns thought to be characteristic of tropical birds

(Skutch 1985): long-lived individuals, long repro-

ductive cycles with pairs not necessarily breeding

every year, sedentary, long residency periods, and

high survivorship.

Fidelity. Pair bonds of forest-falcons appear to be

strong and perennial, as we observed in Barred

Forest-Falcons. We believe that pair bonds are

strong and even longer lasting in Collared Forest-

Falcons because of their larger size and presumed

greater longevity.

Barred Forest-Falcon pairs had higher territory

and mate fidelity (100%) than European Sparrow-

hawks {Accipiter nisus) (Newton and Marquiss 1976)

and Eurasian Kestrels {Falco tinnunculus; Village

1990) (Table 1). Nest-site vacancy in known terri-

tories during the study years was 27%, and nearly

all cases were due to pairs taking a break from

breeding between nestings even though the mated
pairs were present on their breeding territories.

European Sparrowhawk occupancy of nesting

territories occurred when females remained in

good habitats rich in food but frequently changed

nesting territories after failed nesting attempts

(Newton 1986). For Eurasian Kestrels, year-round

resident males tended to remate with the same fe-

male whereas migratory males did not (Village

1990). The 100% mate fidelity of forest-falcons is

contrary to observed pair fidelity of resident Eu-

ropean Sparrowhawks (Newton 1979) and migra-

tory Eurasian Kestrels (Village 1990), which expe-

rienced high levels of mate switches and
re-pairings. For forest-falcons the only mate chang-

es that occurred were replacements of females

known to have been killed and several males that

disappeared. In contrast to sparrowhawks and kes-

trels, forest-falcons remained on the same territory

and reused the same nest after failing in that site

the previous year or changed nest sites within the

same territory.

On several occasions forest-falcon pairs returned

to a nest site they had used two or three years ear-

lier. In general, pairs that reused the same nest site

raised more young than pairs that switched nest

sites. We speculated that pairs at nest sites that

were successful and used continuously were occu-
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pying optimal nesting cavities. Another possibility

was that no or few alternative potential nest sites

(cavities) existed within the forest-falcons’ territo-

ries.

We did not know how much pair compatibility

and experience affected breeding success, but

some pairs that failed continued breeding in con-

secutive years while others did not. Original resi-

dent pairs that did not breed were observed to-

gether and engaged in nest inspection during the

early breeding season but did not lay eggs. Lack of

successful breeding, either through nonlaying or

failure, did not cause pairs to divorce and move to

new territories. Pair experience appears to be an

important component of successful nesting in

hole-nesting kestrels (Village 1990) and many oth-

er species of raptors (Newton 1979, 1986).

Some pairs had breeding breaks of two or three

years (nonbreeding periods) and then they re-

sumed breeding again, paired with the same mate

as in previous nesting attempts. There was no syn-

chrony within the study population in the breeding

breaks and no correlation between the outcome of

prior nests and the tendency to take a breeding

break. We do not know why there was a lack of

annual breeding by several territorial pairs but sug-

gest that this probably relates to some breeding

mechanism peculiar to tropical environments

where birds have long life spans and low produc-

tivity.

Residence Periods. In 1989, of the seven breed-

ing Barred Forest-Falcon pairs banded, five males

and four females were still alive and resident in

their original territories in 1996. Unfortunately, we
were not able to follow this study population lon-

ger, but we suspect that several of these forest-fal-

cons could still be alive and maintaining territories

beyond 10 yr. In contrast, the longest resident pe-

riod for a pair of European Sparrowhawks staying

together was 4 yr (Newton 1986). All forest-falcons

except for one male spent their study period lives

on territories where they were originally found.

Pairs that failed during one season stayed on the

same territory and usually nested again but typi-

cally at a different nest site. Our results showed

that territory turnover was extremely low for these

forest-dwelling raptors. In only one of the 70

Barred Forest-Falcon nesting attempts did birds

change territories or mates after a failed breeding

attempt. Newton and Marquiss (1991) showed in a

removal experiment on both sexes of sparrow-

hawks that nearly 50% of territorial vacancies were

filled by resident birds that may not have otherwise

attempted to breed that year. This explained the

recruitment of new unbanded individuals into ter-

ritorial vacancies but not the territorial switch of

one male to a neighboring widowed female. In an-

other removal experiment on a passerine, Marra

and Holmes (1996) suggested that males respond

to female availability and not to habitat vacancies.

This may explain the switch by this male to a neigh-

boring territory where a breeding female was avail-

able.

European Sparrowhawks had average periods of

residence on territories of only 1.4 and 1.5 yr for

males and females, respectively (Newton 1986).

For Eurasian Kestrels the average period of resi-

dence was 1.6 yr for both sexes (Village 1990; Table

1). Tropical forest-falcons had a much longer res-

idence period on territory than these two temper-

ate species, suggesting that constraints such as pre-

dation, competition for territories, and food

resources operate differently in these two environ-

ments.

Reproduction During the Study Period and Re-

cruitment into the Breeding Population. Barred

Forest-Falcons varied greatly in the number of

young they produced to fledging. During this

study, forest-falcons with long and continuous

breeding produced more fledglings because more
breeding attempts increased the number of suc-

cessful efforts and fledglings. Of those that at-

tempted to breed, 22% of males and 30% of fe-

males produced no young during this 7-yr study

(Table 1, Fig. 1). Although the sample size of RSSP
by forest-falcons was small, it was probably repre-

sentative for this species at Tikal and also similar

to observations of LRS in temperate raptors. In the

cavity-nesting Eastern Screech-Owl {Otus asio), 14%
of the breeders produced no young (Gehlbach

1989), and for European Sparrowhawks, with data

on 142 females, Newton (1986) found that 16% of

those that attempted to breed produced no young
during their lives. In Sweden, 20% of 92 male Mer-

lins {Falco columbarius) produced no young during

their lifetime (Wiklund 1996).

In studies on LRS, Newton (1989) concluded

proportions of nonreproductive birds tended to be

large in those long-lived species which bred only

in certain years and also in short-lived passerines

with high predation of nest contents. Barred For-

est-Falcons have both high predation of nest con-

tents and a long life span with breeding only in cer-

tain years (Thorstrom et al. 2000). Nonbreeding
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years among established breeders are frequent in

species subject to annual fluctuations in conditions

and in long-lived species subject to more stable

conditions (Newton 1989). These and other factors

may be operating in the tropical environment of

Barred Forest-Falcons.

In comparison to LRS studies of European Spar-

rowhawks, where 20% of females produced 50% of

all fledged young (Newton 1986) and Eastern

Screech-Owls where 21% of females produced 50%
of offspring, 19% of breeding forest-falcons pro-

duced 54-58% of all young reared to fledging age

in this 7-yr study period. This similarity of the LRS
values in the studies in Newton (1989) and the

RSSP value for Barred Eorest-Falcons suggest that

the environmental factors affecting LRS in tem-

perate and tropical species do not differ. Newton

(1989) suggested that chance events, and not en-

vironmental conditions and phenotype, were re-

sponsible for most of the variation in LRS between

individuals.

Survivorship and Mortality. Snow and Lill (1974)

reported that Neotropical passerines are long-lived

compared to their temperate zone counterparts,

but in a comparative study between temperate and

tropical birds, Karr et al. (1990) found no support

for this long-standing view. However, we found a

very high survival rate for Barred Eorest-Ealcons

during the study period (92-95% annually) which

gave support to the idea that tropical forest rap-

tors, at least, are long-lived. In North America,

Sharp-shinned Hawks (Accipiter striatus) , a compa-

rable-sized raptor to Barred Forest-Falcons, rarely

live beyond 5 yr with only 19% surviving more than

3 yr (Palmer 1988). Among other temperate-zone

raptors, Village (1990) estimated a survival rate of

66% per annum for adult Eurasian Kestrels, and

Newton (1986) estimated 67-71% for European

Sparrowhawks (Table 1 ) . Because forest-falcons are

long-lived, we expect that once a territorial posi-

tion is acquired, most individuals remain sedentary

on that site until their death. If a bird moves, it

may miss out in trying to obtain a territory and

future breeding opportunities. In such a scenario,

selection for sedentary behavior, 100% territory

and mate fidelity, high frequency of nesting, a long

period of residence, and high survivorship result

m maximizing lifetime reproductive success.

In Eurasian Kestrels, Village (1990) reported

that females seemed to have a lower survival rate

than males based on a lower persistence in the

breeding population, whereas the opposite was

true for European Sparrowhawks (Newton 1986).

We also had a shorter mean resident period for

female Barred Eorest-Falcons (5.0 yr) than for

males (6.1 yr), and this difference was caused by

predation during the nesting season. In contrast,

in Merlins predation on nests during incubation

was the principal factor limiting lifetime reproduc-

tive success of males (Wiklund 1996).

In our study, two adult female deaths resulted

from predation during the incubation and nestling

stages. Male mortality was never documented, but

several males disappeared from the territories they

had previously occupied for several years. We sus-

pect that these males may have died (perhaps of

old age) or were preyed upon, creating territorial

vacancies rather than having dispersed to other ter-

ritories outside the study area. Recruitment of new
breeders occurred only on nesting territories that

lost a breeder. With the one exception of a single

male switching to a neighboring territory, no band-

ed birds were observed to change territories due

to nest failure.

Breeding populations of Barred and, most likely.

Collared Forest-Falcons appear to be stable in Tikal

National Park. Breeding territories may be difficult

to acquire, and once there is a vacancy a forest-

falcon will take over the territory and remain there

until it dies. Competition for breeding territories

probably inhibits birds from switching or searching

for new areas. The seven years of this study were

inadequate to follow the life spans of a cohort of

forest-falcons. Several individuals were still alive

and on territories after seven years, and we do not

know how long study pairs had been on territory

nor their ages when they first acquired their terri-

tories. Ten years or more might suffice for a long-

term study of the Barred Forest-Falcon but be in-

sufficient for the larger Collared Forest-Falcon. We
suggest that future studies of Barred Forest-Falcons

and Collared Forest-Falcons should examine pop-

ulations throughout their geographic distribution

and make comparisons with this study. These stud-

ies should concentrate on demographic parame-

ters.
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OWL OCCURRENCE AND CALLING BEHAVIOR IN A
TROPICAL RAIN EOREST

Paula L. Enriquez Rocha^ and J. Luis Rangel-Salazar^’^
Programa Regional en Manejo de Vida Silvestre, Universidad Nacional, Apartado 1350-3000, Heredia, Costa Rica

Abstract.—^We estimated owl occurrence (number of individuals per km of trail/night) from spontaneous

calls and responses to broadcast vocalizations, during 12 repetitions of each method over 3 2-km trails from

April—September 1995 at La Selva Biological Station, Costa Rica. We found Vermiculated Screech-Owls (Otus

vermiculatus, 0.75 owls/km) and Crested Owls {Lophostrix cristata, 1.42 owls/km) to be common, and Mottled

Owls {Strix virgata, 0.32 owls/km) and Black-and-white Owls (S. nigrolineata, 0.10 owls/km) to be uncommon.

Spectacled Owls (Pulsatrix perspidllata, 0.06 owls/km) and Central American Pygmy-Owls (Glaucidium griseiceps,

0.03 owls/km) were rare. When compared to earlier reports, our results suggested that owl occurrence has

changed in recent years at La Selva Biological Station. Broadcast vocalizations significantly increased the

detections of only Motded Owls. Detections of all species increased when illumination was less, although this

was statistically significant only for Crested and Mottled Owls. Three species were significantly associated with

moon phase. Owl detections tended to be greater during darker periods when the moon was approximately

full (either before moon rise or due to cloud cover) . Significantly more Vermiculated Screech-Owls were

detected away from the summer solstice, while significantly fewer Crested Owls and Spectacled Owls were

detected away from the solstice. Detections decreased with time after official sunset, although this was statis-

tically significant only for Spectacled Owls. Our results suggested that changes in owl calling activity was

correlated with other species activity, the season of the year, and environmental conditions.

Key Words: Vermiculated Screech-Owl; Otus vermiculatus; Crested Owl; Lophostrix cristata; Mottled Owl;

Strix virgata; Black-and-white Owl; Strix nigrolineata; Central American Pygmy-Owl; Glaucidium griseiceps;

Spectacled Owl; Pulsatrix perspicillata; vocalizations; tropicalforests; Costa Rica.

Ocurrencia de Buhos y Comportamiento del Llamado en un Bosque Tropical Lluvioso

Resumen.—Estimamos la ocurrencia de buhos (numero de individuos por km de transecto por noche)

por medio de dos metodos, llamados espontaneos y provocacion auditiva, con 12 repeticiones por cada

metodo en 3 transectos de 2 km cada uno, en La Estacion Biologica La Selva, Costa Rica de abril a

septiembre de 1995. Otus vermiculatus (llamados 0.75 buhos/km y respuestas 0.89 buhos/km) y Lophostrix

cristata (1.42 y 1.39) fueron especies comunes, Strix virgata (0.32 y 0.71) y S. nigrolineata (0.10 y 0.19) fueron

poco comunes, y Pulsatrix perspicillata (0.06 y 0.03) y Claucidium grisceiceps (0.03 y 0.04) fueron especies

raras. Cuando realizamos comparaciones con reportes previos de ocurrencia de buhos en La Selva, nues-

tros resultados sugieren que esta ocurrencia ha estado cambiando en La Selva. El metodo de provocacion

auditiva incremento significativamente las detecciones solo para 5. virgata. Las detecciones vocales de todas

las especies incrementaron cuando la iluminacion disminuyo, aunque fue significativa solo para L. cristata

y S. virgata. Las vocalizaciones de tres especies estuvieron asociadas significativamente con la fase lunar. La

deteccion de los buhos incremento durante periodos obscuros en dias cercanos a luna llena (antes que

la luna saliera o en dias nublados) . Por otro lado, O. vermiculatus fue significativamente detectado mas en

dias lejanos al solsticio de verano, mientras que L. cristata y P. perspicillata fueron detectados mas en dias

cercanos al solsticio de verano. Las detecciones de las especies de buhos decrecieron con el tiempo despues

del atardecer. Nuestros resultados sugieren cambios en las poblaciones de buhos y que la actividad vocal

esta correlacionada con la actividad de otras especies, temporada y ciertas condiciones ambiental.

[Traduccion de autores]

* Present address: Department of Animal Science, Faculty of Agriculture, University of British Columbia, Vancouver,

BC V6T 1Z4 Canada and Departamento de Ecologia y Sistematica, El Colegio de la Frontera Sur, Apartado Postal

63-29290, San Cristobal de las Casas, Chiapas, Mexico.

^ Present address: Centre for Applied Conservation Biology, Faculty of Forestry, University of British Columbia, Van-

couver, BC V6T 1Z4 Canada.

107



108 Enriquez Rocha and Rangel-Saiazar VoL. 35, No. 2

Table 1. Mean owl occurrence for six owl species at La Selva Biological Station, Costa Rica, per km of trail/night

and total occurrences counted for spontaneous calls and responses to call broadcasts over 12 repetitions on three 2-

km trails from April-September 1995.

Method

Calling Responses

Species Owls/km Total OwLS/km Total P

Vermiculated Screech-Owl 0.75 54 0.89 65 0.866 0.45

Crested Owl 1.42 103 1.39 100 0.57 0.89

Spectacled Owl 0.06 4 0.03 2 1.15 0.14

Central American Pygmy-Owl 0.03 3 0.04 3 1.15 0.14

Mottled Owl 0.32 23 0.71 47 1.44 0.03

Black-and-white Owl 0.10 7 0.19 14 0.86 0.45

1 Kolmogorov-Smirnov two-sample test.

An understanding of the dynamics of raptor

populations is fundamental in their conservation

(Newton 1979, Thiollay 1989). However, limited

population data exist for owls (Mikkola 1992).

Most species of owls inhabit tropical forests, but we
know very little about their natural history and

ecology (Clark et al. 1978, Newton 1979, Mikkola

1992). Indeed, further study is essential for their

conservation in tropical areas where forests are de-

clining.

Most owl species are active at night; therefore, it

is easier to hear than see them, and counting their

vocalizations has generally been the most reliable

way of detecting them (Springer 1978, Forsman

1983, Smith 1987). Two methods based on vocali-

zations have commonly been used to survey and
estimate occurrence and densities of nocturnal

birds of prey. The first method is based on counts

of spontaneously given calls (spontaneous calling)

by owls and the second method uses counts of re-

sponses by owls to tape-recorded playbacks (Fuller

and Mosher 1981, Marion et al. 1981, Mosher et

al. 1990). Both methods have been used extensive-

ly in surveys of single species in temperate habitats

(Smith et al. 1987, Mosher et al. 1990), but rarely

in tropical forests for tropical species of owls (Ger-

hardt 1991).

Tropical rain forests surrounding La Selva Bio-

logical Station in Costa Rica have come under in-

creasing pressure from people in recent years

(Braker and Greene 1994, McDade et al. 1994),

and the negative impacts have resulted in declines

in some bird populations (Levey and Stiles 1994).

To enable documentation of future declines in owl

populations, we conducted research to develop a

standardized method of detecting the occurrence

of owl species at La Selva Biological Station by

comparing the two methods used to estimate owl

occurrence and to identify the environmental fac-

tors that might influence owl vocal activity.

Study Area and Methods

La Selva Biological Station is located in Sarapiqui

County, Heredia Province, Costa Rica (10°26'N,

83°59'W). La Selva adjoins Braulio Carrillo National Park

to the south and borders agricultural and pastureland to

the north. The station covers 1513 ha at the ecotone be-

tween tropical premontane and very humid tropical for-

est life zones (Hartshorn 1983). Elevations range from
35-150 m. Weather conditions are very humid with 4000-
4500 mm of annual rainfall, most of which falls in June-
July, and November-December. Although there is no pro-

nounced dry season, less rain falls from February
through April. March is the driest month of the year,

August the warmest (mean temperature = 27.1°C), and
January the coldest (mean temperature = 24.7°C)

(McDade et al. 1994).

We estimated the occurrence of owl species by record-

ing spontaneous calling and responses to playback of owl

calls. Thirty permanent survey stations were spread at

200-m intervals over 3 2-km trails (10 stations per trail)

Each station was surveyed on 24 different nights from
April-September 1995 twice per month (N =12 times)

counting number of owls detected from spontaneous vo-

calizations without previous conspecific broadcasting

(hereafter “calls”), and twice per month {N = 12 times)

counting owls following broadcasts of tape-recorded owl

vocalizations (hereafter “responses”). Travel time be-

tween survey stations ranged from 5-8 min. Surveys start-

ed during local twilight and continued for approximately

5.5 hr. Local twilight occurred from about 1830-1900 H
during the period of the study.

To determine calls, we walked our survey trails and
listened for owl calls for 10 min at each survey station,

recording all individual owls that we heard or saw during

this period (Anderson et al. 1985, Kochert 1986, Fuller
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Months

Figure 1. Average occurrence per km of trail/night, by

month from April-September 1995, for (a) Vermiculated

Screech-Owl, (b) Crested Owl, (c) Spectacled Owl, (d)

Central American Pygmy-Owl, (e) Mottled Owl, and (f)

Black-and-white Owl based on spontaneous calls (white

bars) and responses to broadcasts (black bars) at La Selva

Biological Station, Costa Rica. Error bar represents one

standard error. Table 1 shows the total count of each

species over 12 repetitions by each method over 3 2-km

trails.

and Mosher 1987). To avoid counting the same individ-

ual, we estimated its location by compass triangulation

(Bell 1964). While one of us triangulated an owl, the

other person always remained at the survey station to re-

cord other individuals (same or different species) vocal-

izing within the 10-min period. We located individuals on
a map of La Selva (scale 113 000).

Three days after counting calls, we used the same trail

and survey stations to conduct a response count. Prior to

our study, we recorded locally the characteristic vocali-

zations of Vermiculated Screech-Owl ( Otus vermiculatus),

Crested Owl {Lophostrix cristata). Spectacled Owl {Pulsa-

trix perspicillata)

,

Mottled Owl {Strix virgata) and Black-

and-white Owl (S. nigrolineata)

.

We used a Uher 4000RL
tape recorder and unidirectional Electro-Voice micro-

phone to obtain vocalizations. We used a 3-min edited

sequence of each species for playback and broadcast it

with a Sony CFM-1605 cassette recorder. We divided each
transect into two equal segments, then randomly selected

the playback sequence of the five species and played the

call of only one species at each station (Kochert 1986).

Any one species’ call was broadcast at only two stations

along any one trail during any one night. A sampling

period per station consisted of 3 min of broadcasting call

followed by 7 min of silence and listening. During a sin-

gle sampling period, we recorded responses of any owl

to playback. We determined also the location of respond-

ing individuals by triangulation. Although the Central

American Pygmy-Owl (Glaucidium grisceiceps) was not in-

cluded in our original protocol, this species called spon-

taneously and responded to playback of interspecific calls

during our study. Therefore, we included it in our results

and analyses.

We recorded the following temporal and environmen-
tal conditions at each survey station: hour (number of

hours after the official local sunset), days from solstice

(the absolute number of days before or after the summer
solstice, after Cooper 1981), moon phase (0 during pe-

riod around new moon and 4 during period around full

moon, with gradations in between, after Palmer 1987),

illumination (from 0 for totally dark to 3 for as bright as

night can be, after Palmer 1987), cloud cover (from 0

for no cloud to 3 for totally overcast, after Palmer 1987),

and precipitation (0 for no rain to 3 for heavy rain). We
also considered the mean temperature (maximum plus

minimum divided by two) for the survey date at the Selva

Biological Station.

Our sampling unit was any single trail surveyed any
single night, and we expressed our owl occurrence index

as the average number of individuals sighted or heard in

a night per km of trail surveyed (Brower et al. 1990)

The total occurrence value was the total number of in-

dividuals of any species detected with one of the two sur-

vey methods over the 6 mo of study (i.e., the total over

the 12 repetitions by each method over 3 2-km trails)

We reduced pseudo-replication by combining results for

any one month.
We considered a species to be rare if the overall mean

estimated occurrence was <0.1 individual per night/km
of trail, uncommon if occurrence averaged between 0.1-

0.85 owls per night/km of trail, and common if >0.85
owls per night/km of trail. We then calculated monthly
averages for each species to evaluate changes in owl de-

tectability throughout the study period. Fluctuations m
monthly averages in spontaneous calls and responses

were tested using Kolmogorov-Smirnov goodness-of-fit.

For significant fluctuations, we determined significant

categories using 95% Bonferroni confidence intervals

(Neu et al. 1974). Occurrence distributions resulting

from the two sampling methods were compared with Kol-

mogorov-Smirnov two-sample tests. To identify environ-

mental variables that may have correlated with calls and
responses, we used Spearman rank correlation analysis

(Sokal and Rohlf 1981).

Results

Vermiculated Screech-Owls and Crested Owls

were common (Table 1). Mottled Owls and Black-

and-white Owls were uncommon, while Spectacled

Owls and Central American Pygmy-Owls were rare.

Vermiculated Screech-, Crested, and Mottled Owls

were recorded in all study periods (Fig. 1 ) . Signif-

icant monthly variation in detections occurred for

the Vermiculated Screech-Owl, Spectacled Owl,

and Central American Pygmy-Owl (Table 2). Ver-

miculated Screech-Owls were detected less often
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Table 2. Kolmogorov-Smirnov (D) goodness of fit values for fluctuations in mean monthly counts of six owls species

using two survey methods from April-September 1995 at La Selva Biological Station, Costa Rica.

Species Method
Monthly Mean

(±SD) D

Vermiculated Screech-Owl Spontaneous calls 9.0 ± 5.1 0.317*

Responses 10.7 ± 4.8 0.217

Crested Owl Spontaneous calls 17.2 ± 5.3 0.279

Responses 16.7 ± 5.2 0.182

Spectacled Owl Spontaneous calls 0.7 ± 0.8 0.293

Responses 0.3 ± 0.5 0.407**

Central American Pygmy-Owl Spontaneous calls 0.3 ± 0.5 0.407**

Responses 0.5 ± 0.8 0.390**

Mottled Owl Spontaneous calls 3.8 ± 2.4 0.189

Responses 7.8 ± 2.7 0.200

Black-and-white Owl Spontaneous calls 1.2 ± 1.2 0.224

Responses 2.3 ± 1.9 0.251

* P < 0.05.

** p< 0.01.

during June than in most other months. Specta-

cled Owls were detected only from April-June,

while detections of the Central American Pygmy-

Owl were scattered (Fig. 1, Table 2).

The broadcast survey method provided signifi-

cantly more detections of Mottled Owls (Table 1 )

.

The two survey methods provided similar results

for the Vermiculated Screech-Owl and the Crested

Owl. Detections of other species were too few to

meaningfully compare for the two methods.

Vermiculated Screech-Owls were positively asso-

ciated with the number of days before or after the

summer solstice (Tables 3, 4, Fig. 1). Generally oth-

er species were less detected away from the sum-

mer solstice (Fig. 1). For the spontaneous call tech-

nique the decrease away from the solstice was

significant for Crested Owls and Spectacled Owls

(Table 3), while with the response to broadcast

technique the decrease away from solstice was sig-

nificant only for Mottled Owls (Table 4)

.

For every species, the number of detections was

negatively associated with the amount of illumina-

tion, though this relationship was statistically sig-

nificant for only Mottled Owls (Table 3) and Crest-

ed Owls (Table 4) . Detections were positively

associated with moon phase, significantly so for

Vermiculated Screech-Owls, Crested Owls and Mot-

tled Owls (Table 3). The detection rate was high

during dark periods when the moon phase was

nearly full, either before the moon rose over the

horizon or when clouds obscured the moonlight.

Detections were generally negatively associated

with the number of hours since sunset, but this

relationship was significant only for Spectacled

Owls with the spontaneous call technique (Table

3).

Our results indicated that some of the owl spe-

cies have increased in numbers at La Selva over the

past 35 years (Table 5). In our study, Vermiculated

Screech-Owls and Crested Owls were common, in

contrast with previous records at La Selva.

Discussion

The calling activity of some owls appears to be

affected by moon cycles and light levels (Smith et

al. 1987). At La Selva, moon phase and days from

summer solstice affected vocal activity of some but

not all of the owl species we encountered. Illumi-

nation had a negative effect with the calling activity

of all owl species occurring more during dark

nights and during dark periods of otherwise bright

nights. This might seem to be contradictory with

the positive association of vocalizations with moon
phase but most of these responses occurred during

dark moments around the full moon before the

moon appeared in the horizon and increased il-

lumination, or when clouds obscured the moon.

By comparison. Northern Saw-whet Owls {Aegolius

acadicus), Boreal Owls {A. funereus), and Western

Screech-Owls {Otus kennicottii) have been reported

to respond more during bright nights and full

moon periods (Palmer 1987). Northern Spotted

Owls {Strix occidentalis) responded more during

quarter ebb (last quarter) and new moon (Ganey
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1990), whereas the response of Eastern Screech-

Owls {Otus asio) to broadcasts has varied little

across environmental conditions (Carpenter 1987,

Smith 1987). The responsiveness of owls to broad-

casts of conspecific calls apparently varies by spe-

cies and geography.

Vermiculated Screech-Owls, Central American
Pygmy-Owls, and Spectacled Owls exhibited signif-

icant variability of vocal activity among months. We
were unable to correlate calling periods with

breeding seasons, because little breeding infor-

mation is available for most tropical owl species.

Nonetheless, the differences that we observed in

vocal activity of these species may have been asso-

ciated with their breeding phenology. Indeed, un-

derstanding the year-long calling behavior of these

owls is important for understanding their breeding

phenology and to document population trends

through repeated monitoring (Mathisen and
Mathisen 1968).

For most species in our study, survey results did

not differ between the two techniques. Mottled

Owls were more frequently detected using call

playback techniques than by using spontaneous

calling. Gerhardt (1991) reported similar results in

Guatemala. In North America, Eastern Screech-

Owls and Elf Owls (Micrathene whitneyi) have also

been recorded more frequently using playback

techniques (Johnson et al. 1981). Broadcast vocal-

ization has been an effective and useful method for

counting temperate owls (McGarigal and Fraser

1985, Bosakowski et al. 1987, Zubergoitia and Cam-
pos 1998). In contrast. Great Horned Owls {Bubo

virginianus) were detected more often from spon-

taneous calls than from responds to broadcasts

(Springer 1978). Intra- and interspecific competi-

tion could play a major role in response patterns

while using the playback method (Enriquez and
Rangel-Salazar 1997).

Slud (1960) mentioned only one record for the

Vermiculated Screech-Owl and recorded the Crest-

ed Owl as rare at La Selva Biological Station. Sub-

sequently, Janzen (1991) reported Crested Owls as

occasional and Vermiculated Screech-Owls as un-

common. Spectacled Owls and Central American

Pygmy-Owls were previously reported as common
by Slud (1960) and later as uncommon (Janzen

1991, Levey and Stiles 1994). During our study, we
recorded so few individuals of both species that we
classified them as rare. Mottled Owls were abun-

dant or common, but we found them to be uncom-
mon. Barn Owls {Tyto alba) occur at La Selva but
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Table 4. Correlation coefficients of responses by four owl species to broadcasts of calls with respect to temporal and

environmental variables from April-September 1995 at La Selva Biological Station, Costa Rica.

Species

Biack-and-white

Variables (A) V. Screech-Owl Crested Owl Mottled Owl Owl

Days from solstice (18) 0.325^^ 0.209 -0.402=*=* -0.049

Hour (5) -0.112 -0.133 -0.923 0.137

Illumination (4) -0.854 -0.984=^ -0.841 -0.822

Cloud cover (4) -0.023 0.241 -0.315 -0.513

Moon phase (4) 0.283 0.413 0.353 0.389

Temperature (8) 0.198 0.487 0.345 0.169

Precipitation (4) -0.136 -0.253 -0.294 -0.302

* P< 0.05.

** P< 0.01.

were not recorded near our survey trails; therefore,

we did not estimate any occurrence for this species.

We did not record Andean Pygmy-Owls {Glauci-

dium jardinii) or Striped Owl {Asia clamator)

,

though both species have occasionally been re-

corded at La Selva during Christmas Bird Counts

(CBC 1985-94). Previous owl records at La Selva

were part of attempts to ascertain occurrence of all

avifauna without specifically targeting owls, so our

study should have detected owls at a higher rate

than previous studies.

The Crested Owl has been reported to be asso-

ciated with mature forest and mature second-

growth forests for nesting and roosting (Marcot

1995). However, it apparently tolerates limited de-

forestation (Hume 1991, K5nig et al. 1999). Crest-

ed Owls have apparently increased in abundance

at La Selva, whether because of breeding success

or immigration of individuals displaced by cutting

of surrounding forests.

The Spectacled Owl is associated with dense for-

est with old trees, and may also occur in forest edg-

es and plantations (Konig et al. 1999). It was re-

corded as common by Slud (1960) and rare in our

study. Although it tolerates more deforestation

than the Crested Owl (Hume 1991), our results

suggest that it has apparently decreased at La Selva.

The Mottled Owl has been reported to be the

most abundant owl in Neotropical rainforests and

has a wide distribution range (Gerhardt et al.

Table 5. Owl species abundance (A = Abundant, C = Common, U — Uncommon, R = Rare, O = Occasional, O^
= only one record, — = no report) over three decades at La Selva Biological Station, Costa Rica.

Studies 1

Species

S

(1960)

T
(1990)

J

(1991)

L and S

(1994)

CBC
(1985-94)

E and R
(1995)

Barn Owl — U U U U 02

Vermiculated

Screech-Owl 02 u U U UC C
Crested Owl R o o uc uc c
Spectacled Owl C u u u u R
Central American

Pygmy-Owl C u u u u R
Andean Pygmy-Owl — — — — o —
Mottled Owl A c c uc uc U
Black-and-white Owl — R R R R u
Striped Owl — — — — o —
^ S = Slud (1960), T = Taylor (unpublished data), J = Janzen (1991), L and S = Levey and Stiles (1994), CBC = Christmas Bird

Counts, La Selva (1985-94), E and R = (1995), this study.



June 2001 Tropical Owl Occurrence 113

1994). Mottled Owls are considered tolerant to

some deforestation, and can be found near forest

edges, semi-open areas, and secondary mature for-

ests (Stiles and Skutch 1989). Nonetheless, Mottled

Owl populations may have decreased at La Selva

during the past 30 years. The Black-and-white Owl
was also uncommon during our study. Unlike the

Mottled Owl, it is considered to be rare throughout

its range and has been classified as uncommon in

Costa Rica (Stiles and Skutch 1989). Black-and-

white Owls are associated with dense and mature

forests (Marcot 1995), and La Selva might act as a

refuge for it.

Our results suggest that owl occurrence has been

changing at La Selva. Levey and Stiles (1994) pre-

dicted changes in populations of birds, and habitat

loss has been identified as the principal factor af-

fecting populations of tropical raptors (Thiollay

1994). In the Neotropics, protected areas such as

reserves and national parks often function as ref-

uges for many species of wildlife that depend on

forested habitats (Terborgh et al. 1990). Specta-

cled Owls and Mottled Owls have been thought to

tolerate forest fragmentation (Hume 1991), but

they appear to have decreased in occurrence at La

Selva. Further studies of the ecology of tropical

owls would be useful in identifying the life history

components most affected by human disturbance.
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PREDATION ON MEXICAN FREE-TAILED BATS BY
PEREGRINE FALCONS AND RED-TAILED HAWKS

Ya-Fu LeeI

Department of Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN 37996 U.S.A.

Yen-Min Kuo^
3700 Sutherland Ave., Knoxville, TN 37916 U.S.A.

Abstract.—^We observed Red-tailed Hawks (Buteojamaicensis) and Peregrine Falcons {Falco peregrinus) hunt-

ing Mexican free-tailed bats ( Tadarida brasiliensis) during their evening emergence and dawn return at Frio

Cave, Uvalde County, Texas in the summer of 1997. Predation by Red-tailed Hawks occnrred primarily in

the evening (89.5%), and predation by Peregrine Falcons was mostly at dawn (90.5%). In the evening,

hawks appeared when large numbers of bats emerged and they attacked at distances >50 m and heights

<50 m above the cave. Termination of hunting by hawks in the evening coincided with sunset. In contrast,

peregrines hunted for a longer period at dawn when bats returned both in high and low numbers, mostly

<100 m of the cave but at various heights. Both species made higher proportions of flights passing by

bats without attacking them at dawn (88.9% Red-tailed Hawk and 26.5% Peregrine Falcon) than in the

evening (16.4% Red-tailed Hawk and 0% Peregrine Falcon). Hawks had a higher attack rate and capture

rate in the evening than at dawn and, in the evening, hawks had a higher capture success than peregrines.

At dawn, however, peregrines showed a lower proportion of pass-by flights, a higher attack rate and capture

rate, and caught a higher mean number of bats than hawks. Both species were more successful in catching

bats after juvenile bats became volant and began foraging. In total, these raptors took 237 bats (96 Red-

tailed Hawk and 141 Peregrine Falcon). We estimated the total number of bats taken between mid-April

to mid-October to be about 2153 bats which would have accounted for <0.02% of the total colony.

Key Words: Red-tailed Hawk; Buteo jamaicensis; Peregrine Falcon; Falco peregrinns; Mexican free-tailed bat,

Tadarida brasiliensis; predation.

Depredacion de Tadarida brasiliensis yror Falco peregrinus y Buteo jamaicensis

Resumen.—Observamos a Buteojamaicensis y Falco peregrinus cazar a Tadarida brasiliensis dwAntc el atardecer

y amanecer en la Cueva del Frio, Condado de Uvalde, Texas en el verano de 1977. La depredacion por

Buteo jamaicensis ocurrio principalmente en las tardes (89.5%), la depredacion por halcones peregrinos

ocurrio al amanecer (90.5%). En la tarde, los gavilanes aparecieron cuando numerosos murcielagos emer-

gieron. Estos fueron atacados a mas de 50 mts de distancia y 50 mts de altura sobre la cueva. La caza

termino con el atardecer. En contraste los halcones peregrinos cazaron por un periodo mas largo al

amanecer, cuando los halcones regresaron en mucha y poca cantidad, a menos de 100 mts de distancia

de la cueva y a una altura variable. Ambas especies tuvieron una proporcion mayor de vuelos razantes sin

ataque al amanecer (88.9% para Buteo jamaicensis y 26.5% para los halcones peregrinos) en las tardes este

porcentaje fue de 16.4% para Buteo jamaicensis y 0% para los halcones peregrinos. Los gavilanes tuvieron

una tasa de ataque y una captura mas alta en las tardes que al amanecer, en las tardes los gavilanes tuvieron

una tasa mayor de captura que los peregrinos. Al amanecer, sin embargo, los halcones peregrinos mos-

traron una proporcion menor de vuelos razantes, una tasa mayor de ataque y captura, y una captura

promedio mayor de murcielagos que los gavilanes. Ambas especies fueron mas exitosas en la captura

despues de que los murcielagos juveniles comenzaron a forrajear. En total, estas rapaces capturaron 237

murcielagos (96 por parte de Buteo jamaicensis y 141 por parte de Falco peregrinus)

.

Estimamos un numero
total de murcielagos capturados entre mediados de abril y mediados de octubre de 2153 lo cual represento

el 0.02% del total de la colonia.

[Traduccion de Cesar Marquez]

^ Present address: Division of Forest Protection, Taiwan Forestry Research Institute, Taipei, Taiwan 10051, R.O.C.
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Bats, being nocturnal, are generally unavailable to

diurnal raptors as prey. Most previous records of

predation on bats have been for nocturnal raptors

(Gillette and Kimbrough 1970, Ruprecht 1979, Bar-

clay et al. 1982, Steyn 1983, Julian and Altringham

1994, Hoetker and Gobalet 1999). Although at least

31 species of diurnal raptors have been observed

preying on bats (Gillette and Kimbrough 1970,

Sherrod 1978, Cade 1982, Steyn 1983, Byre 1990,

Johnsgard 1990), most of them take bats only oc-

casionally, presumably during crepuscular periods

and in small proportions relative to their total diets.

The specialized Bat Hawk {Macheiramphus aldnus)

in the Old World tropics is a rare exception because

it hunts bats regularly (Black et al. 1979). Speakman

(1991) estimated that predation by diurnal raptors

accounts for only about 0.57% of the total mortality

of British bats. For bats living in large colonies, how-

ever, the size of the colony and its predictable be-

havior (e.g., tendency to emerge early in the even-

ing in high concentrations) may make them
conspicuous and potentially-easy prey for opportu-

nistic diurnal raptors (Fenton et al. 1994).

Large numbers of Mexican free-tailed bats ( Tad-

arida brasiliensis) reside in the southwestern United

States during summer. Colony sizes range from sev-

eral thousands in man-made structures to tens of

millions in some limestone caves. Their evening

emergence and dawn return are conspicuous, pre-

dictable, and often extend into early morning and
late afternoon daytime hours (Davis et al. 1962).

Nine species of diurnal raptors from five genera (Ac-

apiter, Buteo, Circus, Ictinia, and Falco) and two spe-

cies of owls (Great Horned Owls [Bubo virginianus]

and Barn Owls {Tyto alba]) have been observed to

prey on free-tailed bats at their cave localities (Stag-

er 1941, Sprung 1950, Twente 1954, Baker 1962,

Taylor 1964, Black 1976, Caire and Ports 1981).

Among them, Peregrine Falcons {Falco peregrinus)

and Red-tailed Hawks {Buteo jamaicensis) are the two

most common species. The diets of both species in

other areas rarely or only occasionally contain bats

(Sherrod 1978, Byre 1990, Preston and Beane 1993,

Ratcliffe 1993, Cade et al. 1996, Jenkins and Avery

1999). These observations suggest that diurnal rap-

tors can become regular bat predators around large

colonies of Mexican free-tailed bats. Nevertheless,

the behavior and efficiency of these diurnal raptors

in hunting bats, and their predation impact on bat

colonies, have not been well-studied.

We document the predation by Peregrine Falcons

and Red-tailed Hawks on a large colony of Mexican

free-tailed bats during their evening emergence and
dawn return. Our goal was to investigate the extent

to which these diurnal raptors use bats as food and
their hunting efficiency while preying on bats, and
to estimate the predation impact on Mexican free-

tailed bats. In addition, juvenile Mexican free-tailed

bats begin foraging in mid-late July (McCracken

and Gustin 1991), and thus the number of bats

available to raptors during the emergence and re-

turn increases. If raptors capture young, inexperi-

enced, weak, and sick bats in a higher proportion

than expected as suggested by Temple (1987) and
Simmons et al. (1991), the addition of newly-volant

bats in the emergence and return flights might re-

sult in a higher capture success by raptors. In this

regard, we predicted that compared to early sum-

mer, raptors should have a higher capture success

in mid—late summer, when inexperienced young
bats initiate nightly foraging.

Study Area and Methods

Field work took place at Frio Cave (29°25'N, 99°42'W,

354 m elevation), Uvalde County, Texas. The cave is locat-

ed at the boundary of the southern edge of the Edwards
Plateau and the South Texas Plains. One of the largest

summer maternity colonies of Mexican free-tailed bats

(previously estimated at about 10 million bats; Wahl 1989)

inhabits this cave. Major vegetation types surrounding the

cave include live oak {Quercus mrgfreM«a)-mesquite {Proso-

pis glandulosa)-AAi ']\miyicr (Juniperus ash£i)-h\\ieviood {Con-

dalia hooketi) parks and mesquite-blackbrush {Acacia rigi-

dula) brush (McMahan et al. 1984). These woody plants,

mostly less than 10 m high, are scattered in a chaparral-

grassland vegetation.

Using binoculars (8X), we observed diurnal raptor pre-

dation on Mexican free-tailed bats from 26 May-21 August
1997. In total, we made 23 evening and 23 dawn obser-

vations, about once every 3—4 d. The timing of evening

and dawn observations was determined based on the ac-

tivity time of bats (Davis et al. 1962, Lee and McCracken
unpubl. data). Evening observations began between 1800-

1830 H (Central Standard Time), before the onset of even-

ing emergence of bats, and ended at about 2100-2130 H
when it was totally dark. Dawn observations started at

about 0430-0500 H, shortly before the dawn return of

bats. We stayed at the cave until at least 1000 H, and ob-

servations ended at least 30 min after the last bats seen

returned. In tbe evening, we made observations about 30
m from the cave entrance on the top of the hill where the

cave is located to maintain a clear view of the moving bat

stream. At dawn, returning bats consistently appeared as a

column from high altitudes and were easily observable in

all directions so we stayed in a lower open area about 50-

70 m from tbe cave entrance. Bats also left and returned

to the cave between 2100-0430 H, but in much smaller

numbers. We made 12 overnight (from evening to dawn)
observations at our evening observation site and detected

no raptor activity at the cave during this period. During
observations, we moved as little as possible, and constantly



June 2001 Raptor Predation on Bats 117

used trees and bush as cover to reduce our disturbance to

raptors and bats. During each observation period, either

one of us would focus on the first raptor that appeared

and we would track it until it was last sighted, while the

other observer would monitor for the presence of addi-

tional raptors.

In each evening or dawn observation period, we record-

ed the species of each raptor, the time when it was first

detected, and the time each raptor was last seen around
the cave. We treated each raptor sighting as an indepen-

dent event without distinguishing individuals of each rap-

tor species. We categorized and timed two types of flights

by raptors, pass-by flights and attack flights, and recorded

the outcome of each attack flight. A pass-by flight was de-

fined as a raptor flying toward but passing by the emerging
or returning bats, without contact with the bat column. An
attack flight occurred when a raptor flew into or made
contact with the bat column and showed attacking behav-

iors (e.g,, changes in flying posture and speed, partially

closed wings, lowering and extending the legs, and par-

tially or fully open and forward toes). We estimated the

height from the ground and the distance from the cave of

each flight up to 100 m. Flights beyond 100 m in height

and distance were estimated in intervals of 50 m. We also

estimated the bat density associated with each flight ob-

served. In estimating bat density, because of the large

numbers of bats involved, we used the width of cave en-

trance and relative positions of other surrounding objects

(e.g., trees) as reference points when categorizing bat den-

sity at any given moment. We categorized bat density into

three categories: (1) high, when bats were in a thick

emerging or returning column of at least 3 m in diameter,

(e.g., more than half of the width of the cave entrance),

(2) medium, when bats moved in a narrower column (less

than half of the width of the cave entrance) but, at any

given moment, they were still too numerous to visually es-

timate, and (3) low, when the number of bats passing

through a reference mark could be estimated at a glance,

which was usually less than 50/sec.

Unless otherwise noted, times in min are presented as

means (±SE) relative to the times of sunset or sunrise,

and sample sizes (N) refer to the numbers of evening or

dawn observations. All statistical tests used a 0.05 rejection

level. We used a simple linear correlation analysis to ex-

amine the relationship between times of appearance and
departure of raptors with times of sunset, and with times

of bat emergence in the evening, respectively. The same
method was used to examine the relationship between

times of appearance of raptors with times of sunrise, and
times of departure of raptors with ending times of return-

ing bats at dawn. We used hunting duration, proportions

of pass-by flights, and the following measures to describe

hunting efficiency: attack rate (the number of attack

flights/min of hunting)
,
capture rate (the number of bats

caught/min of hunting), and capture success (%, the

number of bats caught relative to the total number of at-

tack flights made) per bird. A Welch-Satterthwaite’s ap-

proximate t {f

,

df = v') was used to compare hunting

duration, percentage of pass-by flights, and hunting effi-

ciency of raptors between the evening and dawn, and be-

tween different raptorial species in the same observation

period. This was necessary because of the nonnormality

and unequal variances and sample sizes of most of the data

sets (Zar 1996). A /-test was used to examine if capture

success of raptors differed between the two seasonal peri-

ods, before and after juvenile bats began foraging (10-15

July in 1997, Lee unpubl. data). The predation impact by

diurnal raptors on bats was estimated by extrapolating data

of hunting efficiency over the period when Mexican free-

tails are most abundant at caves in southcentral Texas

(mid-April-mid-October, Davis et al. 1962). We made this

estimation based on an assumption that the numbers of

raptors, and the behaviors of raptors and bats remained
constant during this period.

Results

Timing and Hunting Behavior. We observed pre-

dation on bats by Red-tailed Hawks and Peregrine

Falcons at Frio Cave on 17 of 23 evenings (73.9%)

and 19 of 23 mornings (82.6%). Red-tailed Hawks
were observed on all 17 evenings and Peregrine Fal-

cons were observed on all 19 dawn observations. We
observed both species on only two evenings and two

mornings (8.7%) and saw no interspecific interac-

tions. We observed 2-4 Red-tailed Hawks simulta-

neously on 12 of the 17 evenings (71.6%), two Per-

egrine Falcons on 12 of the 19 mornings (63.2%),

but only one Red-tailed Hawk and one Peregrine

Falcon at a time in the other evening and dawn
observations.

In the evening, the Red-tailed Hawks were first

seen at the cave 6.9 ±4.1 min (N — 17) before

sunset and last sighted 11.6 ± 6.3 min {N = 17)

after sunset. The time we first saw Red-tailed Hawks
did not correlate with the time of sunset (i^ — 0.19,

^( 1 ,
15 )

~ 3.22, P — 0.09) and only slightly correlated

with the time of the bat emergence (r^ = 0.4,

= 9.27, P = 0.009); however, the times when hawks

were last seen correlated with the times of sunset (F
= 0.88, 15)

= 19.54, P < 0.001; Fig. la). We hrst

saw Peregrine Falcons at dawn 16.2 ± 3.2 min (N
= 19) before sunrise and last saw them 30.2 ± 5.2

min {N — 19) after sunrise. The time of the first

detection of falcons barely correlated with the times

of sunrise (F — 0.33, — 7.99, P — 0.012), but

their departure times correlated with the ending

times of the bat return (F = 0.89, P{i,n) = 70.1, P
< 0.001; Fig. lb). In the two evenings and two

mornings when both species were observed, the

hawks appeared 6-19 min later than the Peregrine

Falcons.

Red-tailed Hawks left perches located 100-150 m
either to the east or west of the cave as bats emerged

during 47% of the evening observations, but came
soaring and gliding into view at other times. When
approaching the bats, the hawks flew slowly at 2-3

m above or beside the moving bat stream. When
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Figure 1. A positive relationship between (a) the end-

ing times of Red-tailed Hawk hunting in the evening and

times of sunset and between (b) the ending times of Per-

egrine Falcons hunting at dawn and the ending times of

the return of bats to the cave.

attacking, a hawk would first set its wings and then

lower its legs with open talons and stoop into the

bat stream. Upon impact, it would thrust its wings

forward for a slight braking effect before flying away

from the bat stream. Most pass-by flights occurred

within 100 m of the cave at a height of about 50 m.

The hawks made a total of 128 evening attacks on
16 evenings (x — 3.7 ± 0.7 per bird). Attacks oc-

curred at various distances, often beyond 50 m from

the cave, but rarely higher than 50 m above the

ground (Fig. 2a). All flights and captures in the

evening occurred during periods of high bat den-

sity. At dawn, the hawks also flew slowly, but made
only two attacks during 10 observed flights catching

only one bat. Whether successfully catching a bat or

not, the hawks always flew back to perches, often

near the pathway of bat stream, before the next at-

tack.

Peregrine Falcons always first appeared at the
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sc
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Figure 2. The distribution of pass-by flights, failed at-

tacks, and successful captures by (a) Red-tailed Hawks m
the evening and (b) Peregrine Falcons at dawn, over dis-

tance and height. Total numbers of each behavior ob-

served are in parentheses. Red-tailed Hawks made their

flights at various distances, often >50 m from the cave,

but rarely >50 m above the ground. The activity of Per-

egrine Falcons was concentrated mostly <100 m of the

cave, but at heights from near the cave entrance up to

100 m or above.

cave flying. At dawn, they flew straight into the col-

umn of bats. At the last moment prior to contact, a

falcon would move its legs forward and extend its

talons at the bat, while its vdngs flexed upward.

They were observed making a total of 478 dawn at-

tacks on 19 mornings (x = 17.4 ± 2.7 per bird).

Their activity was concentrated mostly within 100 m
of the cave, and at heights from near the cave en-

trance up to 100 m; however, 3.6% of attacks also

occurred above 100 m (Fig. 2b). The highest pro-

portion of pass-by flights (61.3%), attack flights

(63.3%), and successful captures (72.8%) occurred

during high bat densities at dawn. Peregrine Falcons

made only 12 evening attacks, by either angled, di-

rect dives at high speeds, or flying parallel with and

then suddenly turning into the bat stream, mostly
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at 10-50 m from the cave (9 of 12 attacks) and

above the cave (11 of 12 attacks). After catching a

bat, the falcons would return to perches, one of

which was located 200 m north of the cave on a little

hill, but often they flew farther across the hill and

beyond our observation limit. If an attack failed, the

falcons would usually gain altitude after rushing out

of the bat column, followed by a semicircular flight

either back to their perches or to make another at-

tack.

Hunting Efficiency. On average, each Peregrine

Falcon caught 2.5 ± 0.5 bats/evening and 5.0 ± 0.9

bats/morning observation session and each Red-

tailed Hawk caught 2.8 ± 0.4 bats/evening and 0.5

± 0.5 bats/morning observation session. The hunt-

ing behaviors and efficiency of each of the two spe-

cies differed between evening and morning. The fal-

cons spent more time hunting at the cave at dawn

than in the evening, but also had a higher propor-

tion of pass-by flights at dawn. The hawks had a

higher proportion of pass-by flights, and had a low-

er mean attack rate, capture rate, and mean bat cap-

ture per hawk at dawn than in the evening (Table

1 ) . In the evening, the hawks had a higher capture

success {t' — 3.6, v' = 3, P < 0.05) than the falcons.

At dawn, however, the falcons had a lower propor-

tion of pass-by flights (t' = 4.93, v' = 15, P< 0.05),

a higher attack rate (f = 8.29, v’ = 15, P< 0.001),

capture rate (f = 4.74, v' = 8, P < 0.002), and a

higher mean bat capture per raptor (f = 4.45, v'

= 11, P < 0.001) than the hawks. The presence of

conspecific raptors engaged in hunting did not af-

fect capture success of the hawks in the evening

(single hawk = 80.0 ± 20.0; two or more hawks —

79.7 ± 6.1; t — 0.02, df = 14, P > 0.5) or the falcons

at dawn (single falcon = 23.3 ± 4.3; two falcons =

25.9 ± 5.0; t — 0.4, df = 16, P > 0.4). Both species,

however, showed a higher capture success after ju-

venile bats became volant and initiated foraging

(falcons = 30.9 ± 3.0 and hawks = 87.5 ±6.1) than

earlier in the season (falcons = 12.8 ± 6.1, t = 3,

df — 16, P < 0.005 and hawks = 46.9 ± 15.9, t =

2.9, df = 14, P< 0.01).

Predation Impact. We observed Peregrine Fal-

cons catching 141 bats (evening = 5 and dawn =

136) and the Red-tailed Hawks catching 96 bats

(evening = 95 and dawn = 1). Assuming that the

numbers of raptors, and the behaviors of raptors

and bats remained constant, and extrapolating the

observed levels of predation through the entire sea-

son, the total captures of bats by Peregrine Falcons

and Red-tailed Hawks at Frio Cave during the peri-
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od when large Mexican free-tailed bat colonies in-

habit southcentral Texas was estimated as follows:

C-DXPXRXT
where, C

D

P

R
T

estimated total capture;

total number of days (183 d be-

tween mid-April-mid-October)

;

frequency of appearance (number

of evening or dawn observations

with raptors present/total number
of evening or dawn observations);

mean capture rate (bats/min);

mean hunting duration (min per

evening or morning)

.

From this, we estimated that Red-tailed Hawks con-

sumed a total of 1112 bats (evening = 183 X 0.74

X 0.66 X 12.4 = 1108.3 bats; dawn = 183 X 0.09

X 0.01 X 23 = 3.8 bats) and Peregrine Falcons con-

sumed 1041 bats (evening = 183 X 0.09 X 0.41 X

11.5 = 77.7 bats; dawn = 183 X 0.83 X 0.14 X 45.3

= 963.3 bats). The total number of bats taken over

this period by both species was estimated to be 2153

bats.

Discussion

Timing and Hunting Behavior. Five of the largest

known cave colonies of Mexican free-tailed bats ex-

ist in an area of about 25 000 km^ within the Ed-

wards Plateau region (i.e.. Bracken Cave [Comal

County]
,
Davis Cave [Blanco County]

,
James River

Cave [Mason County], Ney Cave [Medina County],

and Frio Cave) (Wahl 1989). Predation on bats by

Red-tailed Hawks and Peregrine Falcons has been

observed at all of these caves (Stager 1941, Sprung

1950, Eads et al. 1957, Baker 1962, Davis et al. 1962,

Lee and Kuo pers. obs., McCracken pers. comm.).

Apparently, raptors are attracted by these large bat

colonies as they emerge or return during daytime

and crepuscular periods. Our data show that pre-

dation by diurnal raptors on the bats at Frio Cave

IS a regular event during the summer. Indeed, the

frequency of occurrence of Red-tailed Hawks and

Peregrine Falcons at Frio Cave is among the highest

ever documented for diurnal raptors preying on bat

colonies in temperate areas, and is almost compa-

rable to those of Bat Hawks in the Old World tropics

(Black et al. 1979). Sprung (1950) reported a simi-

lar frequency of occurrence (83.3%) of Red-tailed

Hawks, Peregrine Falcons, Sharp-shinned Hawks
{Acdpiter striatus)

,

and Cooper’s Hawks (A. cooperii),

in the evening at Ney Cave, but provided no data

on the capture success. Based on observations on
six species of diurnal raptors at Carlsbad Caverns

National Park, Baker (1962) reported a frequency

of occurrence of only 10.2% by Red-tailed Hawks,

and <10% for other species, including Sharp-

shinned Hawks, Ferruginous Hawks {Buteo regalis),

Swainson’s Hawks (B. swainsoni), Northern Harriers

( Circus cyaneus)
,
and American Kestrels {Falco sparv-

erius)

.

The hunting methods used by Red-tailed Hawks
and Peregrine Falcons at Frio Cave were similar to

those previously reported (Stager 1941, Sprung

1950, Baker 1962). Differences between the two spe-

cies in the distribution of activity at various heights,

distances, and bat density levels were apparently as-

sociated with the behavior of bats at the different

times when predation occurred. In the evening, bats

emerged and flew as a winding stream at lower

heights for at least a few hundred meters beyond

the cave; however, at dawn they returned in large

numbers as a thick column from high altitudes near

or right above the cave entrance (Davis et al. 1962).

Bat density at the emergence only began to gradu-

ally decline as darkness approached, when the light

levels probably also became too dim for diurnal rap-

tors to continue pursuing bats (Fox et al. 1976). Bat

densities also gradually declined at dawn, but their

return often lasted long after sunrise (Lee and Kuo
pers. obs.). A longer bat return at dawn may have

provided more opportunities for diurnal raptor

hunting because of the increased light levels, even

at lower bat densities. Our data on the times of rap-

tor departures and their correlation with times of

sunset and ending times of returning bats also pro-

vided evidence to support this assumption.

The temporal separation of Red-tailed Hawk and

Peregrine Falcon hunting at Frio Cave was intrigu-

ing. Rangers at Carlsbad Caverns National Park also

found that only 8.8% of total observations had more
than one raptor species present hunting Mexican

free-tailed bats (Baker 1962), which is compatible

with our findings at Frio Cave. It is not known at

which time period, habitat types, and food types the

Red-tailed Hawks and Peregrine Falcons hunt else-

where; however, both species occupy diverse habi-

tats, have no particularly preferred hunting period,

and eat a variety of prey (Sherrod 1978, Johnsgard

1990, Preston and Beane 1993, Ratcliffe 1993, Cade

et al. 1996, Jenkins and Avery 1999). Both species

also coexist locally with other raptors in different

areas and during different seasons, and each species
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uses different hunting methods on different occa-

sions (Johnsgard 1990, Ratcliffe 1993).

The temporal separation by the two raptors and

the reason why Red-tailed Hawks were mostly ob-

served in the evening and Peregrine Falcons were

mostly seen at dawn was probably associated with

the eco-morphological characteristics of the raptors

and the behavior of bats. Wing loading is one of the

most powerful measures to describe and interpret

wing morphology and flight performance of flying

animals (Norberg 1989). The Red-tailed Hawk has

a lower wing loading (0.46-0.56 g/cm^; Heintzel-

man 1975), it flies relatively slowly at a ground

speed of 30-60 km/hr, and it relies more on a

perch-hunting strategy (Preston and Beane 1993).

It might be inactive at dawn due to the lack of ther-

mal updrafts (R. Murphy pers. comm.). The Pere-

grine Falcon, with a relatively high wing loading

(0.62-0.91 g/cm^; Heintzelman 1975), is a fast-fly-

ing aerial hunter. It can attain speeds of >100 km/
hr in level flight and >250 km/hr in a diving stoop

(Ratcliffe 1993). In evenings, bats emerge from

caves and fly slowly (40-50 km/hr); however, at

dawn they rush into caves from above at almost dou-

ble the evening speeds (Davis et al. 1962). Presum-

ably, fast-descending bats in the morning are more
difficult for Red-tailed Hawks to capture and, in-

stead, they search for prey elsewhere. In contrast,

Peregrine Falcons can attack more easily than hawks

both in the evening and at dawn because of their

superior flight speeds. Thus, the absence of Pere-

grine Falcons in most of our evening observations

demands a closer look at the hunting efficiency of

these two raptors in the two hunting periods.

Hunting Efficiency and Predation Impact. The
higher proportions of pass-by flights of both raptors

at dawn, and the lower attack rate and capture rate

of the Red-tailed Hawks at dawn suggest that the

hunting of Red-tailed Hawks at dawn was affected

by the behavior and fast descending speeds of bats

on their return. No previous studies provide com-

parable data, but Stager (1941) found that it was

easier for falcons to catch bats in the evening. Per-

egrine Falcons hunting at Frio Cave also tended to

have a higher mean attack rate, capture rate, and

capture success in the evening than at dawn, al-

though the statistical values were not significant,

and the power of these tests was low due to the small

sample size in the evening. Perhaps falcons hunt

more effectively in the evening when bats emerge

at slower speeds than at dawn. Their hunting at the

cave in the evening might be affected by the pres-

ence of larger-sized hawks. Our data cannot verify

this speculation because the former was observed

hunting on only two evenings and both involved the

presence of Red-tailed Hawks. On the other hand,

the capture success of Red-tailed Hawks was almost

twice that of Peregrine Falcons in the evening. Even

though evening hunting by Peregrine Falcons was

at least as effective as their dawn hunting, they hunt-

ed more often at dawn. This suggested a temporal

segregation between Red-tailed Hawks and Pere-

grine Falcons at an abundant and predictable food

resource. Elsewhere, the capture success rates of

peregrines vary widely from <5%->90% depend-

ing on the prey types, habitats, and time of the year

(reviews in Roalkvam 1985, Dekker 1987, 1988). In

most of these studies (18 of 26), however, the cap-

ture success rates are lower than what the falcons

achieved at dawn at Frio Cave. Roalkvam (1985)

concluded that adult Peregrine Falcons in the

breeding season have the highest success rate, but

their averaged value of 35% was still lower than what

Peregrine Falcons achieved in the evening by prey-

ing on bats at Frio Cave. Presumably, the extreme

abundance and the predictable and conspicuous

flight behavior of bats at the cave made them vul-

nerable and easier to catch than more typical prey

(e.g., small- to medium-sized birds) . Bat Hawks have

a mean capture success rate of only 49.3% in hunt-

ing bats from a cave in Zambia (Black et al. 1979).

Fenton et al. (1994) reported success rates of

41.4% for Wahlberg’s Eagles (Aquila wahlbergi), 50%
for Hobby Falcons {Falco subbuteo), and 75% for Af-

rican Goshawks (Accipiter tachiro) preying on little

free-tailed bats ( Chaerephon pumila) and Angola free-

tailed bats {Mops condylurus) at Kruger National

Park, South Africa. All these data, however, are from

evening observations, and are lower than what the

Red-tailed Hawks achieved at Frio Cave. The higher

capture success of Red-tailed Hawks at Frio Cave

might be due to the earlier and long emergence of

Mexican free-tailed bats, which often occurs before

sunset (Lee unpubl. data). In Fenton et al. (1994),

the bats from small colonies emerged 19-28 min
after sunset and emergence only lasted 9.6-20.8

min.

Our data also support the prediction that raptors

are more successful in catching bats after juvenile

bats initiate nightly foraging with adults. Newly-vo-

lant young bats are slower and less agile than adults

in flight (Buchler 1980), and may be easier targets

for raptors. We have no direct evidence that raptors

prey on subadults or juveniles at a higher rate; how-
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ever, during our dawn observations in late summer,

we often saw individual returning bats losing control

and free-falling after a failed raptor attack. The sim-

ilar scene was observed only once during the first

half of our field season, before juvenile bats initiat-

ed foraging. On three mornings in late July, we
searched areas around the cave entrance and found

12 dead or dying bats. These bats showed either

evidence of being attacked by raptors (e.g., wounds
on abdomen and exposed digestive tracts)

,
broken

wings, or blood on their nostrils, and all were sub-

adults.

From the mean daily bat consumption per bird

(falcons — 5 bats at dawn; hawks = 2.8 bats in the

evening) and a mean body mass of 13 g for Mexican

free-tails {N = 3021; Lee unpubl. data), we estimat-

ed that, each day, a Peregrine Falcon ate 65 g of

bats at dawn and a Red-tailed Hawk ate 36.4 g of

bats in the evening. Daily food requirements of Per-

egrine Falcons and Red-tailed Hawks in the summer
are about 11.5% and 8.6% of their body mass, re-

spectively (Brown and Amadon 1968). This trans-

lates to 52.1-78.8 g of food for a male and 82.7-

125.8 g of food for a female Peregrine Falcon, and

59.3—111.8 g of food for a male and 77.4—125.6 g of

food for a female Red-tailed Hawk. Thus, by hunt-

ing only bats, the Peregrine Falcons and Red-tailed

Hawks at Frio Cave could have met 51.7—124.8%

and 29-61.4% of their respective daily food require-

ments in the summer. These values may be overes-

timated because raptors may not consume prey en-

tirely (Simmons et al. 1991), and we made no
attempts in searching nest sites and prey remains of

these raptors. Nonetheless, it suggests that these

large bat colonies still represent a fairly important

food resource to diurnal raptors. On the other

hand, the estimated total of 2153 bats killed by di-

urnal raptors over a period of six months, is only

0.02% of the estimated population size of Mexican

free-tails during the summer at Frio Cave. The ac-

tual mortality due to raptor predation may also have

been underestimated, because many bats that died

as a consequence of raptor attacks were not cap-

tured. Nevertheless, predation by diurnal raptors

would appear to contribute only a small part of the

estimated, overall annual mortality rate of 20-30%
for this species (Davis et al. 1962).
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DISTRIBUTION OF WINTERING FERRUGINOUS HAWKS {BUTEO
REGALIS) IN RELATION TO BLACK-TAILED PRAIRIE DOG
{CYNOMYS LUDOVICIANUS) COLONIES IN SOUTHERN

NEW MEXICO AND NORTHERN CHIHUAHUA

Jason M. Bak^ and Kenneth G. Boykin
New Mexico Cooperative Fish and Wildlife Research Unit, Department ofFishery and Wildlife Sciences,

New Mexico State University, Box 30003 MSC 4901, Las Cruces, NM 88003 US.

A

Bruce C. Thompson
us. Geological Survey-Biological Resources Division, New Mexico Cooperative Fish and Wildlife Research Unit,
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Las Cruces, NM 88003 U.S.A

David L. Daniel
Department ofExperimental Statistics, New Mexico State University, Box 30001 MSC 3C(f

Las Cruces, NM 88003 U.S.A

Abstract.—^We studied winter habitat use of Ferruginous Hawks {Buteo regalis) from November 1999-

February 2000 in southern New Mexico and northern Mexico by comparing vegetation in New Mexico

among three potential hawk habitat types: occupied black-tailed prairie dog {Cynomys ludovicianus) col-

onies {N = 13), areas without prairie dogs that had historical records of occurrence {N = 7), and

general grassland areas (V = 8). In Mexico, we recorded habitat use of hawks observed during driving

surveys. Overall, 20 of 22 Ferruginous Hawks observed throughout the study were associated with oc-

cupied black-tailed prairie dog colonies. In New Mexico, we found the three site types were similar in

vegetation composition and structure and differed only in the presence or absence of black-tailed prairie

dogs; however, there were differences in the vegetation between hawk use areas in Mexico. Mexico sites

had intensive grazing and less vegetation cover and overall shorter vegetation. Vegetation composition

and structure did not seem to influence winter habitat selection in Ferruginous Hawks; instead, it was

directly correlated with occupied black-tailed prairie dog colonies.

Keywords: Ferruginous Hawk, Buteo regalis; black-tailed prairie dog, Cynomys ludovicianus; wintering habitat.

Distribucion de Buteo regalis durante el invierno en relacion a las colonias de Cynomys ludovicianus en el

sur de Mexico y norte de Chihuahua

Resumen.—Estudiamos el uso de habitat de Buteo regalis desde Noviembre 1999-Febrero del 2000 en el sur

de Nuevo Mexico y norte de Mexico mediante la comparacion de la vegetacion en Nuevo Mexico entre tres

tipos de habitats potenciales: Colonias ocupadas de Cynomus ludovicianus (N =13), areas sin perrillos de las

praderas con registros historicos de ocurrencia {N= 7), y areas de pastizales {N = 8). En Mexico, registramos

el uso de habitat de las rapaces observadas durante los conteos de carretera. En general, 20 de los 22 Buteo

regalis observados a traves del estudio fueron asociados con colonias ocupadas por perrillos de las praderas.

En Nuevo Mexico, encontramos que los tres tipos de habitat fueron similares en su composicion y estructura

vegetal pero dihrieron solamente en la presencia y ausencia de los perrillos de las praderas; sin embargo,

hubo diferencias en la vegetacion entre las areas de uso en Mexico. Los sitios de Mexico tenian un pastoreo

intensive y menos cobertura vegetal y en general menos vegetacion. La composicion y estructura de vege-

tacion no influencio la seleccion de habitat de invierno de Buteo regalis, por el contrario, estuvo directamente

correlacionada con las colonias ocupadas por los perrillos de las praderas.

[Traduccion de Cesar Marquez]

^ Present address: Commander, U.S. Army Environmental Center, SFIM-AEC-EQN (ATTN: Bak), BLDG. 4435, Ab-

erdeen Proving Ground, Edgewood Area, MD 21010-5400 U.S.A.

124



June 2001 Distribution of Wintering Ferruginous Hawks 125

Ferruginous Hawks {Buteo regalis) winter primar-

ily in grassland habitats from the southwestern

United States (California to Oklahoma and Texas)

to northern Mexico (Olendorff 1993, Bechard and

Schmutz 1995). Primary winter prey includes rab-

bits {Sylvilagus spp.), hares {Lepus spp.), and prai-

rie dogs (Cynomys spp.) (Schmutz and Fyfe 1987,

Bechard and Schmutz 1995, Plumpton and Ander-

sen 1997) making it an ecological specialist

(Plumpton and Andersen 1998). Although much
is known about its breeding biology, little has been

published regarding the Ferruginous Hawk’s win-

ter biology (Plumpton and Andersen 1997). Mi-

grant and wintering Ferruginous Hawks concen-

trate in prey-rich locations, principally prairie dog
colonies (Clark et al. 1982, Schmutz and Fyfe 1987,

Allison et al. 1995, Gietzen et al. 1997, Plumpton
and Andersen 1998, Berry et al. 1998). Black-tailed

prairie dog (Cynomys ludovicianus) colonies histor-

ically covered an estimated 40-283 million ha in

North America (Seton 1929, Cully 1989, Knowles

and Knowles 1994). Since the early 1900s, the

black-tailed prairie dog has been the target of ex-

tensive eradication programs by private landown-

ers, and state and federal agencies (Coppock et al.

1983, Miller et al. 1994). With these longstanding

eradication programs and the continued conver-

sion of grasslands into agricultural fields, the range

of the black-tailed prairie dog has been reduced by

90-98% (Flath and Clark 1986, Miller et al. 1994).

In addition to prey reduction, Ferruginous

Hawks face widespread grassland degradation that

has caused overall population declines and local-

ized extirpations (Woffinden and Murphy 1989,

Olendorff 1993, Gietzen et al. 1997, Berry et al.

1998, Plumpton and Andersen 1998). In the south-

western United States, extensive overgrazing has

shifted grasslands to shrublands (Dick-Peddie

1993). With continued increases in the human
population, range degradation, invasion of non-

native plants, and fire control, loss of important

grassland areas for the Ferruginous Hawk will un-

doubtedly continue (Humphrey 1952, Golkany

1998).

It is unknown if southern New Mexico is an im-

portant wintering ground for Ferruginous Hawks,

although hawks banded in North Dakota and Al-

berta winter in western Texas and northern Mexi-

co (Gilmer et al. 1985, Schmutz and Fyfe 1987).

Much of the grassland habitat in southcentral New
Mexico occurs on military installations that restrict

public access, thereby reducing detection of these

hawks. Because of this, we tested the hypothesis

that greater relative numbers of wintering Ferru-

ginous Hawks are associated with black-tailed prai-

rie dog colonies as compared to areas that had his-

torical prairie dog colonies (hereafter referred to

as historic colonies), and semiarid grasslands. Our
specific objectives were to assess habitat features

used by wintering Ferruginous Hawks in southern

New Mexico and adjacent Mexico.

Study Areas

The New Mexico study area included portions of Doha
Ana, Otero, Lincoln, Sierra, and Socorro counties. A to-

tal of 28 study sites (defined as a 300 m radius circle =

28.27 ha), were distributed among the United States De-
partment of Agriculture’s Jornada Experimental Range
(JER, N = 7), White Sands Missile Range (WSMR, N =

7), and Fort Bliss Military Reservation (N =14). The area

is predominantly desert grassland with some sites inter-

mixed with closed basin scrub (Dick-Peddie 1993).

Sites in the JER were in the Jornada del Muerto Basin

and study sites averaged 1495 m elevation (range =
1306-1750 m). The area is Chihuahuan foothill-pied-

mont desert grassland and Chihuahuan broadleaf decid-

uous desert scrub, primarily composed of creosote bush
(Larrea tridentata)

,

black grama (Bouteloua eriopoda), and
yuccas (Yucca spp.) (Thompson et al. 1996). Sites in the

WSMR were in the Tularosa Basin and averaged 1200 m
elevation (range = 1170-1300 m). Dominant vegetation

included alkali sacaton (Sporobolus airoides) /tohosa. gra.ss

(Pleuraphis mutica) grasslands and creosote bush/alkah
sacaton shrublands (Muldavin et al. 1997). The Fort Bliss

sites were on Otero Mesa and averaged 1800 m elevation

(range = 1700-2000 m). Dominant vegetation included

mesa grassland and basin/lowland desert grasslands that

were primarily composed of blue grama (Bouteloua graci-

lis), soaptree yucca (Yucca elata), and alkali sacaton

(Mehlhop et al. 1996)

.

The Mexico study area was located west of Janos in

Chihuahua, approximately 55 km south of the United
States-Mexico border. This area averaged 1250 m eleva-

tion (range = 1000-1300 m) and was coarsely classified

as a Chihuahuan semidesert ecoregion (Bailey 1995).

Dominant plant species at the study sites were Rothrock
grama (Bouteloua barbata van rothrockii)

,

showy windmill

grass (Chloris verticillata)

,

and six-weeks three-awn (Ansti-

da adscensionis)

.

The surrounding area was comprised
mainly of agricultural fields and pastureland.

Methods

In New Mexico, we preselected three site types: occu-

pied prairie dog colonies, historic prairie dog colonies,

and general grasslands. We selected 28 sites (13 occu-

pied, 7 historic, and 8 grassland) that we sampled during
November 1999-February 2000.

The 13 occupied prairie dog colonies, all located on
Fort Bliss, were recorded and mapped as part of a pre-

vious survey (unpubl. data) . Seven historic colonies were
delineated from available data and interviews with per-

sonnel familiar with the area (D. Holdermann pers

comm., C. Oakes unpubl. data). Time since colonies were
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last occupied varied from 1930-96 (E. Fredrickson pers.

comm., D. Holdermann pers. comm.).
We selected grassland sites using a GIS model con-

structed using ArcView 3.1 and NT Arcinfo 7.03 (Envi-

ronmental Systems Research Institute, Inc., Redlands, CA
U.S.A.). The model included vegetation data from
WSMR and Fort Bliss at 28.5-m pixel resolution and the

JER at 90-m pixel resolution, which was the finest avail-

able resolution (Mehlhop et al. 1996, Thompson et al.

1996, Muldavin et al. 1997). We reviewed vegetation clas-

sihcation and dominant species to coarsely identify po-

tential wintering grounds because information about

Ferruginous Hawk winter habitat was limited. Model pa-

rameters were grassland vegetation classes and elevation

<2256 m (Thompson et al. 1996). These areas were com-
bined into two GIS coverages because of different reso-

lution and study sites were randomly selected from the

coverages. All sites were located in the held using a hand-

held Trimble GeoExplorer II GPS receiver (Trimble Nav-

igation, Sunnyvale, GA U.S.A.).

We randomly selected hve of each site type (occupied

colony, historic colony, and grassland) to determine if

they were used by Ferruginous Hawks. We visited the sites

m random order either in the morning (0830-1130 H)
or afternoon (1200-1500 H). Observations consisted of

a 3-hr recording of Ferruginous Hawk presence and hab-

itat use (Fuller and Mosher 1987). Coinciding with the

site observation, a 3-hr road survey was conducted of the

surrounding area, including 2-4 adjacent predetermined

sites (Fuller and Mosher 1987, Craig 1982). To be con-

sidered as using a habitat, a hawk had to be in view of

the observer for a minimum of 3 min.

Restricted sampling time and little or no historical in-

formation on black-tailed prairie dogs limited the Mexico

portion of this research to road surveys. We conducted

surveys during 5-11 January 2000 on a 24-km route. The
route was a mosaic of occupied black-tailed prairie dog
colonies and potentially suitable desert grassland areas.

Road survey methods were similar in Mexico and the

New Mexico study areas.

Data on vegetation was collected at the center of each

site. For sites that had associated GIS coverages (eight

occupied prairie dog colonies and three of seven historic

colonies), we used ArcView 3.1 to determine the geo-

metric center of the site. We estimated the center of the

remaining four historic colonies from historical infor-

mation and used the randomly selected points from the

grassland GIS model for the center of sites without prai-

rie dogs.

From the center point of each site, we selected a ran-

dom azimuth and delineated a 300-m transect. 4Vo ad-

ditional 300-m transect lines were placed 120° on either

side of the original line. We collected data at 10-m inter-

vals using a modified step-point method (Evans and Love

1957). At each 10-m point, we recorded the species or

substrate. Within a 1-m radius of the point, minimum
and maximum grass and forb height were measured with

a meter rule. Within a 3-m radius, minimum and maxi-

mum shrub heights were measured with a 1-m rule.

For hawks observed during either road or point sur-

veys, the center point for vegetation sampling was deter-

mined based on the hawk’s behavior. If it was soaring for

any part of the observation, the habitat it flew over was

delineated on a 1:24 000 topographic map. After map-
ping this area, a 0.16-km grid was placed over it and a

random center point was selected. For hawks perched for

the duration of the observation, the perch site was used

as the center for vegetation data collection.

For the New Mexico observations among the three site

types, we compared percent cover by growth form (grass,

forb, and shrub) and percent bare ground among the

sites. We also compared minimum and maximum vege-

tation heights based on growth form. Lastly, we selected

the five dominant cover forms (plant or bare ground)

from the New Mexico hawk observations and compared
the percent composition of those categories among sites

Mexico hawk observations were compared to New
Mexico hawk observations using only vegetation heights

and percent cover by growth form because of differences

in plant communities. Dominant cover types were not

compared between New Mexico and Mexico sites.

To test for statistical differences among sites, we used

general linear models (PROG GLM; SAS Institute 1988).

We analyzed vegetation height and percent cover using

analysis of variance (ANOVA). We further analyzed per-

cent cover and vegetation heights showing significant dif-

ferences using the Fisher least significant difference (LSD)

test to identify which site types differed. To test for the

percent cover of the dominant species, we used multiple

ANOVA on a transformed variable (\/arcsine [%]) be-

cause percent data typically do not follow a normal dis-

tribution.

Results

We conducted observations for a total of 130 hrs

(90 hrs in New Mexico and 40 hrs in Mexico) from

November 1999-February 2000. We observed 22

Ferruginous Hawks in New Mexico {N — 7) and

Mexico {N = 15). In New Mexico, we observed

hawks at the rate of one hawk/ 12.86 hr, while in

Mexico we observed one hawk/2.67 hr. In New
Mexico, five hawks were observed on or over prai-

rie dog colonies and two were over desert grass-

lands. In Mexico, all 15 observations were on or

over prairie dog colonies.

In New Mexico, predetermined site types and ac-

tual hawk habitat use did not differ in percent cov-

er of grass, forbs, shrubs, or bare ground. Habitat

features at hawk use areas in Mexico differed from

sites in New Mexico. Mexico sites averaged higher

percentages of bare ground (ifi ,20
“ 13.32, P =

0.002) than the New Mexico sites due to little or

no grazing management in Mexico. There were

higher percentages of shrubs (ij ^ 26.03, P =

0.0001) and forbs (p
= 0.038, Fj go

= 4.95, P =

0.038) at sites that were used by hawks in New Mex-

ico than in Mexico. Overall, grass cover did not

differ between sites.

Vegetation height at sites used by hawks in New
Mexico had the greatest similarity to vegetation
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features measured in occupied prairie dog colo-

nies. Occupied colonies and New Mexico hawk use

sites (5 of 7 at occupied colonies) had shorter grass

than the other site types (T = 2.04, df — 31), likely

resulting from prairie dog herbivory. Shrub
heights varied among the sites and differed be-

tween historic colonies and grassland sites (T —

2.04, df = 31). Forb heights were similar among
all sites.

Minimum (iJ ao
~ 6.14, P = 0.022) and maxi-

mum (7
^
1^20 “ 24.00, P— 0.0001) grass heights were

lower in Mexico compared to sites used by hawks

in New Mexico likely due to intense grazing. Graz-

ing intensity also reduced maximum heights of

forbs at the Mexico sites {p
— 0.0006, 20 “ 16.52,

P — 0.0006). Shrub heights in Mexico were similar

to those of hawk use sites in New Mexico, but the

overall sample of shrubs in Mexico was small

(0.52% of total cover).

The five cover categories with the highest cover

at New Mexico hawk use sites were bare ground

(39.1% ± 1.1), blue grama {Bouteloua gracilis,

14.0% ± 1.6), black grama {B. eriopoda, 8.1% ±

0.9), burro grass {Scleropogon brevifolius, 6.4% ±

0.9), and tobosa grass (6.4% ± 1.3). Percentages

of dominant species did not differ among New
Mexico sites. Percent bare ground differed (ij ^3 —

7.07, P — 0.02) between hawk observations in New
Mexico and general grassland sites (28.2% ± 1.0).

Discussion

Although occupied prairie dog colonies com-

prised a small percentage of available habitat, 20

of the Ferruginous Hawks we observed were asso-

ciated with prairie dog colonies. On Fort Bliss, oc-

cupied prairie dog colonies accounted for <0 .01%
of 74 172 ha of the Otero Mesa grassland complex

and comprised <35.0% of the 15 New Mexico

study sites. In Mexico, occupied prairie dog colo-

nies accounted for <5% of the area surveyed.

Plumpton and Andersen (1997) reported Ferrugi-

nous Hawk winter habitat to be characterized by

occupied prairie dog colonies in Colorado. When
prairie dogs did not occur, Eakle et al. (1996)

found that wintering Ferruginous Hawks in south-

western New Mexico used plains grassland habitat.

Our data suggest that occupied black-tailed prairie

dog colonies are important for wintering Ferrugi-

nous Hawks both in southern New Mexico and

northern Mexico.

We observed two hawks unassociated with prairie

dog colonies on 27 November and 12 February in

New Mexico over desert grassland and grassland/

scrubland habitats. Migration surveys about 115-

160 km to the north have reported that the migra-

tion of Ferruginous Hawks occurs in fall between

1 September-1 November and in spring between

22 February—28 April (J. Smith pers. comm.).

Thus, we assumed our late-November and mid-Feb-

ruary sightings were migrants because no other

Ferruginous Hawks were seen in those areas dur-

ing winter.

Other researchers have found differences in

dominant plant species due to prairie dog activity.

Weltzin et al. (1997) found that warm season C4

grasses, such as sand dropseed (Sporobolus cryptan-

drus)

,

dominated off-colony zones while shortgrass

C4 grasses, such as burro grass (Dasyochloa pulchel-

lo), were more common on colonies. Similarly,

grassland sites in our study averaged 19.4% sand

dropseed, while sites used by hawks in New Mexico

averaged 3.8% sand dropseed. Grassland sites also

had fewer areas of bare ground (28.2%) than did

sites used by hawks in New Mexico (39.1%).

Mexico sites were heavily grazed, but had high

use by Ferruginous Hawks primarily due to the

presence of black-tailed prairie dogs. The New
Mexico sites received less grazing intensity, but

were used less by Ferruginous Hawks. Prairie dog
colonies in Mexico were large and expansive, av-

eraging >20 ha, as compared to the New Mexico

prairie dog colonies that averaged only about 10

ha. Gietzen et al. (1997) reported declines in win-

tering hawks and eagles as populations of black-

tailed prairie dogs fluctuated due to sylvatic

plague. Plumpton and Andersen (1997) reported

that wintering Ferruginous Hawks were increasing-

ly tolerant of human disturbance and habitat frag-

mentation if prairie dogs were present. Our data

suggest that declines of Ferruginous Hawks in the

west could continue if fragmentation and eradica-

tion of black-tailed prairie dog colonies continues

throughout the wintering range of the Ferruginous

Hawk (Woffinden and Murphy 1989).

Overall, we found that vegetation composition

and structure did not influence habitat use by win-

tering Ferruginous Hawks. Similarities in habitats

used in Mexico and New Mexico appeared to be

due to the presence of black-tailed prairie dogs.

The occurrence of Ferruginous Hawks in the New
Mexico study sites was also correlated with the

presence of prairie dogs stressing the importance

of black-tailed prairie dog colonies to wintering

Ferruginous Hawks.
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Northern Mexico may be an important winter-

ing ground for the Ferruginous Hawk, but it has

minimal, if any, protection. The Janos area is

grazed heavily and black-tailed prairie dogs are poi-

soned by ranchers (K. Young pers. comm.). Fer-

ruginous Hawks in the Janos area also are at risk

of electrocution. Uninsulated electrical wires killed

four Golden Eagles {Aquila chrysaetos) and one Fer-

ruginous Hawk in January 2000. In 1996, a group

from Universidad Nacional Autonoma de Mexico

started an effort to set aside a large protected area

in northern Chihuahua to preserve the prairie dog

colonies and species associated with them (Miller

1996).
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Abstract.—Compared to other portions of their breeding range, little is known regarding distribution,

abundance, and habitat use of Boreal Owls {Aegolius funereus) at the southern extent of the boreal forest

in eastern North America. To locate Boreal Owls and evaluate abundance and habitat use, we conducted

nocturnal surveys for singing male owls in northeast Minnesota from 1987-92. Vocalizing owls were de-

tected on 234 occasions in almost 5000 km of surveys, with 172 (73.5%) of the detections categorized as

unique (i.e., individual owls) and 62 (26.5%) detections categorized as owls previously detected (heard

during ^1 previous survey effort). The rate of encounter of singing owls ranged from a low of 0.030 owls/

kra surveyed in 1987 and 1991 to a high of 0.089 owls/km surveyed in 1989. Indices of abundance based

on unique detections ranged from 0.060 owls/km of survey route in 1987 to 0.219 owls/km of survey

route in 1989, and minimum density estimates ranged from 0.014 (1987) to 0.051 (1989) singing male

Boreal Owls per km^. No trends in abundance, except an apparent peak in abundance in 1989, were

evident across years, although high spatial variation constrained our ability to detect trends. Singing male

Boreal Owls used older, upland-mixed-forest stands greater than expected based on availability along survey

routes and open/brush/regenerative stands significantly less than expected for courtship activities.

Key Words: Boreal Owl; Aegolius funereus; nocturnal surveys; distribution; nesting habitat.

Distribucion, abundancia y uso de habitat de buhos boreales en el noreste de Minnesota

Resumen.

—

Comparado con otras proporciones del range de reproduccion, poco se conoce de la dis-

tribucion, abundancia y uso de habitat de Aegolius funereus en la porcion sur del bosque boreal en el

este de America del Norte. Para ubicar los buhos boreales y evaluar la abundancia y uso de habitat,

hiciraos conteos nocturnes para machos vocalizando en el noreste de Minnesota desde 1987-92. Las

vocalizaciones de los buhos fueron detectadas en 234 ocasiones en casi 5000 km, con 172 (73.5%) de

las detecciones clasificadas como unicas (i.e., buhos individuales) y 62 (26.5%) de las detecciones clas-

ificadas como buhos previamente detectados (escuchados durante esfuerzos de conteo previos). La tasa

de encuentros de buhos vocalizando vario de muy baja 0.030 buhos/km recorridos en 1987 y 1991 a

alta de 0.089 buhos/km investigados en 1989. Los indices de abundancia se basaron en detecciones

linicas que variaron de 0.060/km de las rutas en 1987 a 0.219 buhos/km en las rutas de 1989, los

estimativos minimos de densidad variaron de 0.014 (1987) a 0.051 (1989) de buhos machos que vocal-

izaron por km. No hubo tendencias de abundancia con excepcion de un pico aparente en 1989, (esto

fue evidente a traves de los anos) aunque la variacion espacial constriho nuestra habilidad paradetectar

tendencias. Los buhos machos que vocalizaron usaron bosques mixtos de altura mas de lo esperado con

base en su disponibilidad a lo largo de las rutas de investigacion. Los rodales abiertos de arbustos en

regeneracion fueron signiheativamente menos utilizados que lo esperado para actividades de cortejo.

[Traduccion de Cesar Marquez]

' Present address: 456 Royal Road, North Yarmouth, ME 04097 U.S.A.

2 Unit cooperators: University of Minnesota, Minnesota Department of Natural Resources, U.S. Geological Survey-

Biological Resources Division, The Wildlife Management Institute.
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Figure 1. Study area and location of five survey routes for singing male Boreal Owls {Aegolius funereus) in northeast

Minnesota from 1987-1992.

Boreal Owls (Aegolius funereus) have a holarctic

distribution (as Tengmalm’s Owl in Europe and

Asia) and occur as a breeding species throughout

the boreal forest zone of North America and with-

in alpine variants of the boreal forest in the Rocky

Mountains (American Ornithologists’ Union
1998). Nocturnal surveys to locate breeding Boreal

Owls during the spring have been used in North

America to describe the species’ distribution, pop-

ulation status, and habitat requirements (Bondrup-

Nielsen 1978, Eckert and Savaloja 1979, Meehan
1980, Hayward and Carton 1983, Palmer and Ry-

der 1984, Palmer 1986, O’Connell 1987, Lane

1988, Hayward 1989, Holt and Ermatinger 1989,

Whelton 1989, Stahlecker and Rawinski 1990). Re-

sults of these surveys indicate that in western North

America, Boreal Owls are more common than pre-

viously thought, and that they exhibit preferences

for both homogeneous conifer forests and mixed
stands of conifers and aspen (Populus spp.) during

the breeding season (Hayward 1994). Considerably

less information is available regarding Boreal Owl
breeding distribution and habitat use in eastern

North America. Most observations of Boreal Owls

in eastern North America have occurred during

irregular wintertime irruptions south of the boreal

forest (Roberts 1932, Bent 1938, Creen 1966, 1969,

Cading 1972, Eckert 1982, 1989, 1992). Relatively

few studies of Boreal Owls have been conducted

during the breeding season (see Bondrup-Nielsen

1978, Lane 1997) within the southern extent of the

boreal forest in eastern North America.

Beginning in 1987, we initiated an investigation

to determine if Boreal Owls could be located dur-

ing the breeding season, and if so, to provide sea-

sonal indices of abundance and characterize hab-

itat associated with breeding in Minnesota. We
report herein on the results of a 6-yr study (1987-

92) to document distribution, abundance, and
habitat use by singing male Boreal Owls in north-

east Minnesota.

Study Area and Methods

The study was conducted in the northeast portion of

Minnesota, within Cook County and along the eastern

portion of Lake County (Fig. 1). Lake and Cook counties

together extend over an area of approximately 800 000
ha, the majority ofwhich is contained within the Superior

National Forest (SNF)
, which includes the Boundary Wa-

ters Canoe Area Wilderness (BWCAW). Approximately

80% of the land area is forested and nearly 18% is cov-

ered by water bodies. Urban or developed land is mini-

mally represented (Spadaccini and Whiting 1983).

The area is geologically defined by exposed Precam-
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brian bedrock to the north (Border Lakes Region) and
by the Sawtooth Mountain Range (along the north shore

of Lake Superior) to the south, while the central portion

IS dominated by thick glacial drift that covers all but the

most prominent structural features (Austin 1961). The
climate in northeast Minnesota is influenced by season-

ally generated Continental and Pacific air masses and is

dominated during the winter by strong Arctic flows. Se-

vere winters and an average annual snowfall of 152 cm
counter mild summers with a short growing season

(May-September) and an average rainfall of 45 cm. The
mean temperature in the region ranges from — 17°C in

January to 17°C in July, and snow remains on the ground
in most years well into April (Ahlgren 1969).

Northeast Minnesota supports three types of forests.

The southernmost extent of the boreal forest (Rowe

1972) extends into northeast Minnesota and is charac-

terized by balsam fir {Abies balsamea), jack pine {Pinus

banksiana), black spruce (Picea mariana), white spruce

{Picea glauca), quaking aspen {Populus tremuloides)

,

and
paper birch {Betula papyrifera)

.

The boreal forest is tran-

sitional to the broadleaf, deciduous forest to the south

and west (Larsen 1980), which in the study area is char-

acterized by sugar maple {Acer saccharum) along the Saw-

tooth Mountain Range, and minimally by yellow birch

{Betula alleghaniensis)

.

Farther east, white pine {Pinus stro-

bus) and red pine {Pinus resinosa) characterize the Great

Lakes-St. Lawrence forest (Rowe 1972). Combined, pock-

ets of boreal, northern hardwood, and pine forests persist

regionally, although hre, hre suppression, and timber

harvest have had considerable influence in shaping the

present-day forest mosaic (Heinselman 1973). Aspen in

particular has benefitted from anthropogenic disturbanc-

es, and the management of aspen as a pulp resource is

encouraged by silvicultural practices within the study area

(Superior National Forest 1986). When compared to the

forests present in northern Minnesota at the time of Eu-

ropean settlement (Flader 1983), forests today are char-

acterized by both diminished tree-species diversity and a

homogeneity of forest ages (Mladenoff and Pastor 1993).

Surveys and Survey Routes. From 1987-92, we con-

ducted nocturnal auditory surveys (Bondrup-Nielsen

1978, Holmgren 1979, Palmer 1986) to locate vocalizing

Boreal Owls. We listened for the broadcast staccato song

of male owls (Bondrup-Nielson 1984) along established

survey routes. This vocalization is usually made from with-

in 100 m of a nest cavity to attract females (Hayward and
Hayward 1993) and is the loudest vocalization of the spe-

cies, with a range of detection approaching 3.5 km (Bon-

drup-Nielsen 1984).

We concentrated survey efforts within the eastern por-

tion of the SNF, and in areas that included documented
nesting attempts by Boreal Owls (Eckert and Savaloja

1979, Eckert 1979, Matthiae 1982). Surveys were con-

ducted from roads that were maintained for wintertime

access by motor vehicles and traversed all habitats found

within the study area. Five survey routes were used

throughout this study (Fig. 1). During surveys conducted

from 1987-89, the average route length was 60.9 km
(range = 41.9-71.7 km). Following the 1989 held season,

an assessment of the previous distribution of Boreal Owls

was made based on 1987-89 survey results, and portions

of each route where vocalizing owls had not been de-

tected (primarily deciduous uplands along the Sawtooth

Mountain Range) were eliminated, reducing the average

route length to 48.6 km (range = 38.0-62.6 km). During

1992, two routes (Gunflint and Arrowhead) were not sur-

veyed. Instead, the three remaining routes (Crooked
Lake, Sawbill, and Caribou) were divided in half and
treated as six individual routes {x = 21.5 km, range =
15.7-27.4 km).

In all years, surveys were initiated prior to the end of

March (range = 16 February-23 March) and ended by
mid-May (range = 8 April-14 May), with >50% (range
= 52-100%) of surveys each year being conducted be-

tween 15 March-30 April. Individual surveys were initi-

ated at least Vz hr after sunset and continued until the

route was completed or daylight occurred. Surveys were
not conducted in moderate to heavy precipitation or in

winds exceeding 23 km/hr. If weather conditions dete-

riorated while a route was being surveyed and <% of the

route was completed, we waited for at least 1 hr before

abandoning surveys for the evening. We continued the

abbreviated route during the following evening, or when
conditions again were conducive for detecting singing

owls. Survey efforts with >Vz of the route surveyed when
interrupted by deteriorating weather conditions were not

completed subsequently.

At 0,8-km intervals, we listened for 3 min for vocalizing

Boreal Owls. When an owl was heard, we recorded the

direction to the bird and estimated the distance qualita-

tively (i.e., barely perceptible, moderate, loud). Addition-

al directions from subsequent listening stations were re-

corded for owls heard at previous stops to triangulate the

owls’ locations. The estimated locations of owls detected

during initial surveys were plotted on U.S. Geological

Survey (USGS) 1:24 000 topographic maps. If on subse-

quent surveys, an owl was heard calling from within 1.6

km of where an owl had previously been heard calling

on a previous survey (based upon Minimum Convex
Polygon [MCP] home range size; Lane 1997), we cate-

gorized it as the same individual, unless there was evi-

dence of more than one owl at a given location (i.e
,

multiple simultaneous vocalizations).

To make our results directly comparable with results

from other nocturnal owl surveys, we calculated an en-

counter rate based on all owl detections. Annual encoun-

ter rates were calculated by summing the total number
of owl detections and dividing by the total km surveyed

along the five routes combined, and along each individ-

ual survey route. We also derived an index to abundance
based on the cumulative number of individual owls lo-

cated along each survey route. Annual abundance indi-

ces were calculated by dividing the total number of

unique detections along each route by the length of that

route. For 1992 data, annual abundance indices were cal-

culated by combining the two segments of routes that

previously had been surveyed as a single route. To make
data comparable through time, the portions of each

route that were eliminated after 1989 were not included

in calculations for any year. Finally, we estimated mini-

mnm density of singing male Boreal Owls based on the

number of individual owls whose locations were estimat-

ed to be <2 km from survey routes, divided by the area

estimated to be <2 km from survey routes. Ninety-two

percent of singing owls detected were <2 km from the
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Figure 2. Frequency distribution of the estimated distances of owl locations from points along survey routes for

singing male Boreal Owls {Aegolius funereus) in northeast Minnesota from 1987-1992. “Triangulation” consisted of

estimating owl locations via directional azimuths from multiple points along survey routes and “walk-in” consisted

of on-the-ground searches.

survey route, with no obvious decrease in detection fre-

quency beyond this distance (Fig. 2). The area along sur-

vey routes was estimated by multiplying the length of the

route by 4 km (2 km on either side of the route) and
adding the area within 2 km at the ends of the routes.

Location of Boreal Owls and Available Habitat. On-the-

ground searches to identify stands or potential nesting

cavities were conducted for a portion of owls heard call-

ing beginning in 1988. During 1988, on-the-ground

search efforts were restricted to birds <0,6 km from sur-

vey routes, reflecting our unfamiliarity with both the owl

and the study area. Thereafter (1989 and beyond), foot

search effort largely depended upon the type of vocali-

zations heard, and were primarily directed toward locat-

ing nest sites. For instance, if a singing male was heard
during surveys, it was monitored for several nights in an
attempt to detect vocalizations that indicated a female

was present (i.e., prolonged staccato, Bondrup-Nielsen

1984), prior to determining the owl’s location via an on-

the-ground search.

In combination with aerial photographs and U.S. For-

est Service (USFS) compartment maps (both 1:15 840),

we estimated the locations of owls within forest stands.

To estimate habitat abundance along survey routes, we
first constructed a frequency distribution of distances of

owls from survey routes, based on triangulation estimates

of owl locations from survey points and on distances from
detection points to known locations (identified by on-the-

ground searches) . Based on this distribution of detection

distances, we used a scaled 4-km^ grid (based upon a 2.0-

km detection distance in each cardinal direction from a

survey point) to measure habitat abundance along each

of the five survey routes. Sampling locations were deter-

mined randomly by multiplying the route length by a

series of randomly-generated numbers between 0 and 1,

and centering the 4-km^ grid on the resulting point. If

two grids overlapped, we selected another random num-
ber and repeated this process until grids did not overlap.

We used two methods to obtain habitat data for survey

routes. For the western portion of our study area within

the Tofte Ranger District (SNF), a 4-km^ mylar overlay

was placed atop USFS compartment maps. Individual

stand data within the grids were extracted from Timber
Stand Inventory (TSI) records. If a stand transected the

grid border, an estimate of area within the plot was made
using a modified area grid. Water body area was estimat-

ed in a similar manner, using both USFS data and dot-

grid estimates. In the eastern portion of our study area

within the Gunflint Ranger District (SNF)
,
random hab-

itat grid locations and four Universal Transverse Merca-
tor (UTM) coordinates (representing the corners of each
4-km2 habitat grid) were established. USFS TSI data

stored in ARC-INFO® were extracted and transferred

into an electronic database. For both the western and
eastern portions of our study area, habitat data under
state ownership were extracted from R-Data Base® files

and converted for compatibility with USFS data. Habitat

abundance in grids that included private land ownership
or that were within the BWCAW (no compartment data

available) was evaluated using aerial photographs in con-

junction with adjacent stand information.

For our analysis, we compiled three variables included
in TSI data; area. Forest Survey Type (FST), and Stand

Size Density (SSD). Forest Survey Types were grouped
into seven categories: upland conifer, upland-mixed (co-

nifer-deciduous tree component)
, upland hardwood, low-

land conifer, lowland-mixed, lowland hardwood, and
open/brush, with permanent water bodies comprising an
eighth category (Table 1). Three density classes were
used for analysis: Density 1 included water bodies and
open areas and represented minimal or regenerating for-

est vegetation; Density 2 included poletimber; and Den-
sity 3 included sawtimber-sized forest tracts. The propor-

tion of each habitat type and density was tabulated on
both a per grid and per route basis. Habitat data depicted

forest characteristics present in the study area in 1992,

and did not account for change in the composition of

habitats along survey routes from 1987-92. We were
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Table 1. Dominant tree species of Forest Survey Types occurring in the study area and used to categorize habitats

along five survey routes used to detect Boreal Owls {Aegolius funereus) in northeast Minnesota from 1987-92. Habitat

types were categorized according to USDA Forest Service (1972) and Minnesota Department of Natural Resources

(1981) guidelines.

Forest Survey

Type

Dominant Tree

Species

Scientific

Name

Upland conifer jack pine Pinus banksiana

red pine P resinosa

white pine P strobus

white spruce Picea glauca

black spruce (upland) P mariana

balsam fir Abies balsamea

Upland-mixed balsam fir

aspen Populus spp.

paper birch

white spruce

Betula papyrifera

Upland hardwood quaking aspen

paper birch

P. tremuloides

sugar maple Acer saccharum

American basswood Tilia americana

yellow birch B. alleghaniensi

red maple (upland) A. ruhrum

balsam poplar P balsamifera

Lowland conifer black spruce

white cedar Thuja occidentalis

tamarack Larix laricina

Fowland-mixed white cedar

aspen

paper birch

Lowland hardwood black ash Fraxinus nigra

American elm

red maple

Ulmus americana

Open/Brush lowland brush

upland brush

open

aware of some changes in habitat composition along

routes during the study period (e.g., harvest activities),

but felt that these changes did not appreciably affect the

proportion of each habitat category within the study

area.

We used Chi-square goodness-of-fit tests and Bonfer-

roni confidence intervals (Ncm ta. al. 1974, Byers et al.

1984) to determine if a difference (a < 0.05) existed

between observed habitat use by Boreal Owls and ex-

pected use based on habitat abundance. Habitat abun-

dance was determined by pooling habitat composition

across routes to provide a composite summary of habitat

abundance within the study area. Habitat use was deter-

mined by identifying the forest stands (restricted to owl

locations determined by on-the-ground searches) sup-

porting vocalizing owls. Because all observations of sing-

ing owls used for this analysis occurred in forested tracts,

we eliminated nonforested categories (Density 1) and

performed a second Chi-square analysis on habitat use

based only on Density 2 and Density 3 data. We use ter-

minology regarding habitat consistently with that sug-

gested by Hall et al. (1997).

We tested for effects of year on encounter rate using

one-way analysis of variance (ANOVA) with routes as rep-

licates, and tested for evidence of spatial and temporal

differences in encounter rates and abundance indices us-

ing two-way ANOVA. We compared encounter rates and

abundance indices with paired-^ tests and, for years when
the number of individual owls detected was sufficient, we
compared the distribution of owls among survey routes

with a x^-test weighting owl distribution by length of sur-

vey routes. All statistical tests were conducted following

procedures outlined in Snedecor and Cochran (1980)

and Gibbons (1985).

Results

From 1987-92, singing male Boreal Owls were

detected on 234 occasions along 4998.2 km of sur-

veys, averaging 0.047 detections/km surveyed.
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Table 2. Encounter rate, abundance indices, and minimum density of singing male Boreal Owls {Aegolius funereus)

located along survey routes in northeast Minnesota from 19876-92. In 1992, the Gunflint and Arrowhead routes

were not surveyed.

Year

Survey

Route
km

Surveyed^

Total
Owi.s

Encounter
Rate/

Abundance
Index”’

Minimum
Density*

1987 Crooked Lake 142.8 1 0.007 0.025 0.005

Sawbill 146.3 4 0.027 0.078 0.017

Caribou 72.7 5 0.069 0.132 0.028

Gunflint 61.5 1 0.016 0.016 0.004

Arrowhead 101.6 5 0.049 0.068 0.015

Totals (mean) 624.9 16 (0.034) (0.064) (0.014)

1988 Crooked Lake 156.4 7 0.045 0.172 0.037

Sawbill 206 6 0.029 0.097 0.017

Caribou 132.7 1 0.008 0.026 0.000

Gunflint 226.8 21 0.093 0.240 0.047

Arrowhead 204 6 0.029 0.085 0.019

Totals (mean) 925.9 41 (0.041) (0.124) (0.024)

1989 Crooked Lake 186.1 17 0.091 0.271 0.063

Sawbill 206 17 0.083 0.194 0.041

Caribou 152 14 0.092 0.231 0.055

Gunflint 249.4 32 0.128 0.304 0.072

Arrowhead 200.2 8 0.040 0.102 0.024

Totals (mean) 993.7 88 (0.072) (0.220) (0.051)

1990 Crooked Lake 146.5 4 0.027 0.099 0.023

Sawbill 134.7 5 0.037 0.097 0.023

Caribou 50 3 0.060 0.079 0.018

Gunflint 102.9 5 0.049 0.064 0.015

Arrowhead 78.4 1 0.013 0.017 0.004

Totals (mean) 512.5 18 (0.037) (0.071) (0.017)

1991 Crooked Lake 264.5 12 0.045 0.197 0.040

Sawbill 247.3 9 0.036 0.136 0.032

Caribou 186.4 5 0.027 0.079 0.018

Gunflint 218.8 5 0.023 0.080 0.019

Arrowhead 256.9 4 0.015 0.068 0.012

Totals (mean) 1173.9 35 (0.029) (0.112) (0.024)

1992 Crooked Lake 293.2 12 0.041 0.222 0.046

Sawbill 362.2 18 0.050 0.252 0.055

Caribou 211.9 6 0.028 0.079 0.018

Totals (mean) 867.3 36 (0.040) (0.184) (0.040)

^ Includes only survey efforts along revised routes (see text)

.

^ Owl detections/total km surveyed.

^ Number of individual owls detected/km.

Number of individual owls per km^, estimated based on owl detections within 2 km of survey routes.

Based on the total number of owl detections dur-

ing all surveys, encounter rates were lowest in 1987

and 1991 (0.030 detections/km) and highest in

1989 (0.089 detections/km). Fifteen (0.060 owls/

km) individual owls were detected along survey

routes in 1987 and 55 (0.219 owls/km) owls were

detected in 1989.

Distribution. Boreal Owls were detected along

all five survey routes in 1987-91, and along the

three routes where surveys were conducted in 1992

(Table 2). During the five years that all five routes

were surveyed (1987—91), there were no apparent

patterns in encounter rate as a function of either

year (two-way ANOVA, T4 ig
= 1.98, P = 0.146) or

route (7^4 16 — 1.37, P — 0.288). Indices to abun-

dance (individual owls/km of survey route) varied

among years (T416 = 5.66, P = 0.005) but not

routes {F41 Q
= 1.55, P — 0.234). The numbers of
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YEAR

Figure 3. Encounter rates (A), abundance indices (B),

and minimum density estimates (C) for singing male Bo-

real Owls {Aegolius funereus) detected along five survey

owls detected along survey routes in 1988, 1989,

1991, and 1992 were high enough to allow Chi-

square analysis of distribution of owls among
routes. Only in 1988 (x^ = 10.75, P < 0.05) were

owl detections distributed among routes differently

than expected based on route length, with more
owls detected than expected along the Gunflint

route and fewer than expected owls detected along

the Arrowhead route.

Abundance. Average annual encounter rate

(based on routes as replicates) varied from 0.029

detections/km in 1991 to 0.072 detections/km in

1989 (Table 2, Fig. 3). However, there was no evi-

dence of a statistically significant difference among
years in encounter rate, based on surveys as repli-

cates (one-way ANOVA, T423 = 1.16, P = 0.353), or

when including route as a factor in statistical anal-

yses (two-way ANOVA, = 1.98, P = 0.146). Av-

erage abundance indices were lowest in 1987

(0.064 owls/km) and highest in 1989 (0.220 owls/

km), with an apparent peak in abundance in 1989

(two-way ANOVA, iq jg
= 5.66, P — 0.005; Fig. 3).

Unique (individual) owl detections comprised. 172

(73.5%) of 234 total detections across years and

ranged from 62.5% of all detections in 1989 to

94.4% in 1990. Abundance indices were signifi-

cantly higher than detection rates (paired-^7 =
7.07, P < 0.0001) when all year-route combinations

were treated as independent observations. Mini-

mum estimated density of singing male Boreal

Owls along survey routes ranged from 0.000 owls/

km^ (Caribou route 1988) to 0.072 owls/km^

(Gunflint route 1989), and annual averages across

routes ranged from 0.014 owls/km^ (1987) to

0.051 owls/km2 (1989; Fig. 3).

Habitat Use, The area along survey routes for

which habitat abundance was estimated comprised,

on average, 34.9% (range = 30.8-47.0%) of the

area <2 km from the routes. Upland conifers

(range = 10.5-29.9%), upland hardwoods (range

= 19.1-38.8%), upland-mixed (range = 16.0-

26.3%), and lowland conifers (range = 8.6-13.1%)

comprised the largest proportions of forest types

along survey routes (Table 3) ,
while lowland hard-

woods and lowland-mixed forests were minimally

<-

routes from 1987 through 1991 and three survey routes

in 1992 in northeast Minnesota. Error bars represent

90% Confidence Intervals using survey routes as repli-

cates.
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represented (each <1%). Density 1 size classifica-

tions ranged from 31.0-44.5%, Density 2 from

39.2-52.0%, and Density 3 from 15.6-26.9% of the

area along survey routes.

All stands used by Boreal Owls were classified as

either Density 2 (poletimber) or Density 3 (sawtim-

ber). Density 1 stands were used significantly less,

and Density 3 stands significantly more than ex-

pected based on availability (Table 4). Chi-square

analysis based solely on Density 2 and Density 3

stands indicated that use of upland-mixed forests

by vocalizing Boreal Owls was significantly greater

than expected, while use of lowland conifer stands

was significantly less than expected based on avail-

ability (Table 5).

Discussion

Boreal Owls appear to be widely distributed, oc-

cur at low densities (with apparent high among-

year variation in number of breeding birds) as a

regular breeder, and select older, upland-mixed

forests for nesting activities in much of northeast

Minnesota. Low breeding densities are also indi-

cated in other parts of the species’ North American

distribution. For example, Bondrup-Nielsen

(1978) reported that Boreal Owl numbers in Kap-

uskasing, Ontario (160 latitudinal km north of

Minnesota) ranged from 1.8 owls per 20 km^ in

1974 to 0.63 owls per 20 km^ in 1975. Meehan
(1980) located five (0.5 owls per 20 km^) male Bo-

real Owls in 1977 and 10 (1.0 owls per 20 km^) m
1978 in a 200 km^ Alaska study area, and Palmer

(1986) located nine (2.0 owls per 20 km^) Boreal

Owls during 1983 and 27 (6.1 owls per 20 km^) in

1984 in a Colorado study area of 90 km^. If we
assume near 100% detection of vocalizing owls

within 2 km of our survey routes, then annual av-

erage (across routes) minimum density estimates

for territorial singing male owls in our study

ranged from 0. 3-1.0 owls/20 km^.

Most previous studies of Boreal Owls in North

America have reported encounter rates rather than

estimating a minimum number of individual owls

along a survey route. This could, however, result

in a biased index of the number of owls in a par-

ticular landscape, because not all owls present are

likely to be detected on any one survey, and fre-

quency of singing may vary temporally and spatial-

ly. Hayward et al. (1993) used on-the-ground

searches to identify individual owls and deter-

mined that 15 (23.8%) of 63 owls were previously

located along established survey routes in Idaho.
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Table 4. Proportion of habitat type categorized as Density 1 (open/brush/water), Density 2 (poletimber) and Den-

sity 3 (sawtimber) along survey routes, and number of Boreal Owls {Aegolius funereus) observed by density category

in northeast Minnesota from 1987-92. Habitat abundance is based upon random sampling along five survey routes,

pooling across routes. Bonferroni confidence intervals (95%) were constructed to test if habitats were under- or over-

represented in use by singing male Boreal Owls. Habitat use is based upon the number of owls {N = 56) located

along survey routes for which on-the-ground searches were conducted to establish location.

Density

Category

Propor-

tion

OF Totai.

Number of Boreal

Owls
Proportion of Boreal

Owls

95%
Bonferroni

Confidence

Intervals

Significance

(a = 0.05)Expected Observed Expected Observed

Density 1 0.367 20.56 3 0.367 0.036 0 < /> < 0.095 Less use

Density 2 0.442 24.75 17 0.442 0.321 0.174 < p< 0.468

Density 3 0.191 10.7 36 0.191 0.643 0.498 < p< 0.798 Greater use

Because of the scale of our study, we were only able

to conduct on-the-ground searches for approxi-

mately 25% of the owls heard, and supplemented

direct observations with triangulation estimates of

owl locations. Because precision in identifying owl

locations by triangulation decreased with the dis-

tance of an owl from a detection point, we sepa-

rated owl locations by 1.6 km (i.e., an owl heard

on >1 subsequent survey within 1.6 km of a pre-

vious detection point was considered the same
owl). Based on this approach, approximately 26%
of owl detections were categorized as previously-

detected owls in our surveys.

Abundance of Boreal Owls can vary markedly

from year to year and owl movement and repro-

ductive patterns are closely tied to 3-4 yr microtine

cycles in some portions of their range (Mysterud

1970, Bondrup-Nielsen 1978, Lundberg 1979, Kor-

pimaki 1986, Palmer 1986, Hayward 1989, Korpi-

maki and Norrdahl 1989, Hakkarainen and Kor-

pimaki 1994). In the northern latitudes of Europe,

Boreal Owls are described as nomadic, microtine

specialists but are considered a resident generalist

predator to the south (Korpimaki 1986). As a re-

sult, European populations are more numerically

stable at the southern extent of their distribution

and less impacted by vole cycles than owl popula-

tions farther north (Korpimaki 1986). Our data

suggested temporal fluctuations in abundance of

territorial Boreal Owls in northeast Minnesota,

with an apparent peak in abundance in 1989. How-
ever, variation among routes within years was high

(coefficients of variation of estimates of encounter

rate, abundance indices, and minimum density

ranged from 28-76%), constraining our ability to

detect trends in abundance.

The localized distribution of Boreal Owls is di-

rectly affected by the availability of preferred hab-

itat features within the landscape. Korpimaki

(1986) described both favorable habitat patches

and unfavorable inter-patch areas that were either

used or avoided by Boreal Owls in Finland. Be-

cause our study area was located within a transition

area of three types of forests, distinct pockets of

boreal forest, deciduous northern hardwoods, and

eastern pine forests were widespread. Habitat com-

position varied considerably across the study area

and patterns of use by Boreal Owls were related to

the presence of specific habitat types. In areas

where older boreal forest (Heinselman 1973) oc-

curred, we regularly found owls. Conversely, we de-

tected few owls in areas not representative of bo-

real forest, especially in Density 1 forested tracts.

In addition. Boreal Owls are secondary cavity users

and the abundance and availability of suitable cav-

ities may influence abundance and distribution of

owls. Forest management activities that negatively

affect older, upland-mixed forest types could influ-

ence the distribution of Boreal Owls by reducing

the proportion of the landscape that owls seem to

prefer. Furthermore, Boreal Owls appear to rely on
lowland conifer habitats for foraging and roosting

(Lane 1997), suggesting that proximity and juxta-

position of habitat types within this landscape need

to be considered in management and conservation

strategies for Boreal Owls.
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SPATIAL AND TEMPORAL VARIATION IN DIETS OF
SPOTTED OWLS IN WASHINGTON
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Abstract.—^We studied diets of Northern Spotted Owls {Strix occidentalis caurina) in three different

regions of Washington State during 1983-96. Northern flying squirrels {Glaucomys sabrinus) were the

most important prey in most areas, comprising 29-54% of prey numbers and 45-59% of prey biomass.

Other important prey included snowshoe hares {Lepus americanus), bushy-tailed woodrats {Neotoma ci-

nerea), boreal red-backed voles {Clethrionomys gapperi)

,

and mice {Peromyscus maniculatus, P. areas). Non-

mammalian prey generally comprised less than 15% of prey numbers and biomass. Mean prey mass was

111.4 ± 1.5 g on the Olympic Peninsula, 74.8 ± 2.9 g in the Western Cascades, and 91.3 ± 1.7 g in

the Eastern Cascades. Diets varied among territories, years, and seasons. Annual variation in diet was

characterized by small changes in relative occurrence of different prey types rather than a complete

restructuring of the diet. Predation on snowshoe hares was primarily restricted to small juveniles cap-

tured during spring and summer. Mean prey mass did not differ between nesting and nonnesting owls

in 19 of 21 territories examined. However, the direction of the difference was positive in 15 of the 21

cases (larger mean for nesting owls), suggesting a trend toward larger prey in samples collected from

nesting owls. We suggest that differences in diet among years, seasons, and territories are probably due
primarily to differences in prey abundance. However, there are other factors that could cause such

differences, including individual variation in prey selection, variation in the timing of pellet collections,

and variation in prey accessibility in different cover types.

Key Words; Northern Spotted Owl, Strix occidentalis caurina; diet, predation', prey selection', Washington.

Variacion espacial y temporal en las dietas de Strix occidentalis caurina en Washington

Resumen.—Estudiamos las dietas de Strix occidentalis caurina en tres regiones diferentes del Estado de

Washington durante 1983—96. Glaucomys sabrinus fue la presa mas importante en la mayorla de las areas,

representando 29-54% del numero de presas y el 45-59% de la biomasa. Las presas importantes in-

cluyeron Lepus americanus, Neotoma cinerea, Clethrionomys gapperi, Peromyscus maniculatus, P. areas. Otras

presas generalmente incluyeron menos del 15% del total de la biomasa. El promedio de la masa de

presas fue de 111.4 ± 1.5 g en la Peninsula Olimpica, 74.8 ± 2.9 g en las Cascadas Oeste y 91.3 ± 1.7

g en el este de la Peninsula Olimpica. Las dietas variaron entre territorios, ahos y estaciones. La variacion

anual en la dieta fue caracterizada por los pequenos cambios en la ocurrencia relativa de diferentes

tipos de presa en lugar de una reestructuracion de la dieta. La depredacion de Lepus americanus estuvo

restringida a pequenos juveniles capturados durante la primavera y el verano. La media de la masa no

^ Present address: 138 W. Church St., Evansville, Wl 53536 U.S.A.

^ Present address; Department of Fisheries and Wildlife, Univ. of Idaho, Moscow ID 83843 U.S.A.
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difirio entre los buhos en anidacion y los que no anidaron en 19 de los 21 casos (la media fue mayor

para buhos en anidacion), lo cual sugiere una tendencia hacia presas mayores en las muestras colectadas

de los buhos en anidacion. Sugerimos que las diferencias de las dietas entre ahos, estaciones y territorios

se deben principalmente a las diferencias en la abundancia de las presas. Sin embargo existen otros

factores que pueden causar estas diferencias, incluyendo la variacion individual en la seleccion de presas,

en el momento de la recoleccion de egagropilas y la variacion en la accesibilidad de presas en distintos

tipos de cobertura.

[Traduccion de Cesar Marquez]

The Spotted Owl {Strix occidentalis) is primarily a

predator of nocturnal mammals, but also feeds on
a variety of birds, reptiles, amphibians, and insects

(Forsman et al. 1984, Verner et al. 1992, Gutierrez

et al. 1995). Its diet varies considerably among re-

gions, depending on prey availability (Laymon

1988, Ganey 1992, Verner et al. 1992, Ward and

Block 1995, Duncan and Sidner 1990). In the co-

niferous forests of the Pacific Northwest, northern

flying squirrels ( Glaucomys sabrinus) and/or wood-

rats (Neotoma spp.) comprise the bulk of the diet

in most areas (Barrows 1980, Forsman et al. 1984,

Ward 1990, Ward and Block 1995, Bevis et al.

1997). Although regional differences in diets of

Spotted Owls have been documented in many ar-

eas, variation in diet among territories, years, or

seasons has received considerably less attention

(Forsman 1980, Forsman etal. 1984, Laymon 1988,

Thrailkill and Bias 1989, Ward 1990, Ganey 1992).

During studies of habitat use and demography

of Northern Spotted Owls (S. o. caurina) in 1983-

96, we collected regurgitated pellets from owl ter-

ritories in three different geographic areas in

Washington. Brief summaries of some of these data

were presented in Forest Service management
plans (Thomas et al. 1990) or in presentations at

scientific meetings (Forsman et al. 1991), but the

data have never been fully analyzed or presented.

In this paper, we use the data from all three re-

gions to assess differences in diet among regions

and among owl territories within regions. We also

examine annual and seasonal variation in diet and

compare diets of nesting and nonnesting owls.

Study Areas and Methods

The three study areas were the Olympic Peninsula,

western Cascades, and eastern Cascades (Fig. 1). The
Olympic Peninsula study area included the Olympic Na-

tional Forest and National Park, plus adjacent lands ad-

ministered by the Washington Department of Natural Re-

sources. The western Cascades study area included
samples of owls on the west slope of the Cascades Range,

primarily on the Gifford Pinchot and Mt. Baker-Sno-

qualmie National Forests. The eastern Cascades study

area was located on the Wenatchee National Forest on

the east slope of the Cascades Range in central Washing-

ton. v\ll study areas were characterized by steep, moun-
tainous terrain, and were covered predominantly by co-

nifer forests. The Olympic Peninsula and western

Cascades study areas were characterized by forests of

western hemlock {Tsuga heterophylla)

,

Douglas-fir (Pseu-

dotsuga menziesii)
,
western redeedar ( Thuja plicata) , and

Pacific silver fir {Abies amabilis). The eastern Cascades

study area was characterized by mixed-conifer forests of

grand fir {Abies grandis), Douglas-fir, ponderosa pine {Fi-

nns ponderosa), and western larch {Larix occidentalis)

(Franklin and Dyrness 1973, Henderson et al. 1986). For-

ests on all areas consisted of a mosaic of different age

classes and structural types that resulted from fire, wind-

storms, disease, and logging (Franklin and Dyrness 1973,

Henderson et al. 1986).

Because of considerable differences in climate and veg-

etation, we subdivided the Olympic study area into east-

ern and western subprovinces for some comparisons of

diet (Fig. 1). The western subprovince was characterized

by high annual precipitation (360-480 cm/yr) with for-

ests dominated by western hemlock and western redee-

dar. The eastern subprovince was characterized by com-
paratively less precipitation (40-200 cm/yr) with forests

dominated by Douglas-fir (Henderson et al. 1986).

Collection of pellets was incidental to our main objec-

tives, but we made a concerted effort to sample a large

number of owl territories, and to clean roosts on a reg-

ular basis. All analyses were based on estimates of num-
bers or biomass of prey in pellets. We did not estimate

the number of pellets collected or percent frequency of

prey occurrence in individual pellets, because pellets

were frequently fragmented and intermixed with other

pellets under roosts. Numbers of prey were estimated by

counting skulls, mandibles, bones of the appendicular

skeleton, or pieces of exoskeleton, whichever gave the

highest count for a particular species. In a few cases, we
identified prey based on hair or feather samples, but this

was rarely necessary, as we were usually able to identify

prey based on bones. To avoid double-counting large an-

imals that might appear in several pellets, we combined
remains from multiple pellets collected at the same roost

during the same time period.

Biomass of prey was estimated by multiplying the num-
ber of individuals by the mean mass of each species

Estimates of mean mass for individual species were based

on a variety of sources, including Forsman et al. (1984),

Dunning (1993), museum specimens, and specimens

that we collected on our study areas. Because most of the

snowshoe hares {Lepus americanus), mountain beaver

{Aplodontia rufa)

,

and Blue Grouse {Dendragapus obscurus)

in pellets were small juveniles, we estimated mass of each



June 2001 Spotted Owl Diet in Washington 143

Figure 1. Three study areas in Washington where information was collected on the diet of Northern Spotted Owls,

1983-96. Symbols indicate locations of owl territories where pellets were collected. The Olympic Peninsula was sub-

divided into two subprovinces for some analyses, as indicated by the line separating the eastern and western sub-

provinces.

individual of these species by comparing size of bones in

pellets with bones from specimens of known mass in a

reference collection. In these cases, we made the simpli-

fying assumption that mass was linearly correlated with

the size of the bones in the pellets.

Most pellets were collected during the breeding season

(March—August) , when roosts used by adults and their

offspring were concentrated in a small area around the

nest tree or traditional nest area. During that period, we
visited roosts at intervals of 2-6 wk to relocate owls and
collect pellets. Data on diet during fall and winter (Sep-

tember—February) were obtained primarily from pellets

of radio-marked owls in the western Olympic subprovince

and eastern Cascades.

We estimated diets separately for each owl territory

with N ^ 20 prey. Territories with <20 prey items were
lumped into one sample and treated as a single “com-
posite territory.” Then, we averaged across territories to

estimate the mean percent occurrence of each prey spe-

cies in the diet in each study area (Swanson et al. 1974).

Inclusion of the “composite territory” data as a single

sample allowed us to use all of the data in the analysis,

while avoiding the possibility that territories with small

samples would carry the same weight as territories with

large samples.

We used one-way analysis of variance tests (ANOVA) to

determine which prey types differed among groups. We
used Mests or ANOVA to test the null hypothesis that

mean prey size did not differ among years or between

nesting and nonnesting owls. Chi-square tests were used

to examine annual variation in composition of the diet

and to test for differences in proportions of nocturnal

and diurnal prey in diets of nesting and nonnesting owls.

Because of small sample size, tests of variation

among territories were based on all data from each ter-

ritory, regardless of the years of data collection. All com-

parisons of annual, seasonal, and territorial differences

in diet were limited to the Olympic Peninsula and east-

ern Cascades study areas, where samples were largest.

Program SPSS (Norusis 1990) was used for all statistical

analyses. All means are expressed as x ± SE.
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Table 1. Mean percent of prey numbers in diets of Northern Spotted Owls in three different regions ofWashington,

1983-96. Standard errors indicate variation among owl territories. Number of owl territories sampled and total

number of prey are in parentheses.

Species

Olympic Peninsula

(151:4238)^

X ± SEM

Western Cascades

(57:638)

X ± SEM

Eastern Cascades

(34:1867)

X ± SEM

Mammals 93.2 ± 0..54 91.5 H- 2.23 85.0 -b 3.14

Sorex spp.'^ 0.8 ± 0.18 3.8 + 1.59 1.4 0.36

Scapanus spp.*’ 0.3 ± 0.11 0.7 ± 0.67 0.3 -b 0.22

Ochotona princepf 3.0 -h 0.98 0.3 0.16

Lepus americanus 6.3 ± 0.74 1.9 -b 0.61 3.6 0.64

Tamias spp.'* 0.5 ± 0.13 1.9 1.03 1.5 0.38

Tamiasciurus douglasii 2.3 ± 0.31 0.6 + 0.25 1.2 -b 0.35

Glaucomys sabrinus 54.3 ± 1.70 29.3 + 4.12 40.7 -b 2.38

Thomomys spp."^ td 6.9 -h 3.24 4.3 0.99

Peromyscus spp.® 11.3 ± 1.03 15.2 -h 3.62 6.5 -b 0.70

Neotoma cinerea 5.3 ± 0.94 1.3 -h 0.68 8.7 -b 1.40

Clethrionomys gapperi 5.8 ± 0.74 10.3 3.02 6.4 -b 1.28

Phenacomys intermedins 0.2 ± 0.09 3.7 ± 3.38 0.8 -b 0.34

Microtus spp.*’ 1.7 ± 0.27 5.7 -h 2.59 1.9 -b 0.45

Other mammals*’ 4.4 ± 0.57 7.2 -h 1.12 7.4 ± 0.99

Birds*’ 6.4 ± 0.52 6.0 -b 1.53 4.4 -b 0.55

Amphibians*’ 0.1 ± 0.05

Insects’’ 0.4 ± 0.11 2.5 1.22 10.6 -b 3.34

Total 100.0 100.0 100.0

(After lumping data from territories with <20 prey, the number of territories used to estimate means was 64 on the Olympic

Peninsula, 12 in the western Cascades, and 26 in the eastern Cascades).
^ Species not specifically identihed in table and that generally provided less than 1 % of total biomass in the diet were: mammals
{Sorex trowbridgii, S. monticolus, S. vagrans, Neurotrichus gibbsii, Scapanus orarius, S. townsendii, Myolis spp., Lasionycteris noctivagans, Eptesitus

fuscus, Aplodontia rufa, Thomomys mazama, T talpoides, Microlus longicaudus, M. oregoni, M. richardsoni, M. townsendii, Zapus trinotalus,

Mustela erminea); birds (Dendragapus obscurus, Columba fasdata, Otus kennicottii, Glauddium gnoma, Aegolius acadicus, Dryocopus pileaius,

Sphyrapicus ruber, Picoides villosus, Colaptes auratus, Cyanodtta stelleri, Perisoreus canadensis, Catharus spp., Ixoreus naevius, Turdus migmtonus,

Sitta canadensis, Troglodytes troglodytes, Regulus satrapa, Parus rufescens, Loxia curvirostra, Coccothrausles vespertinus, Junco hyemalis, Nuttalornis

borealis); amphibians {Rana spp.); insects (Cyphoderris monslrosa, Formica fusca, Ergates spiculatus).

Did not occur on the Olympic Peninsula.

All Tamias townsendii except in the eastern Cascades study area where diet included both T. townsendii and T. amoenus.

® T. mazama in Olympic Peninsula, T. talpoides in Cascades.

*^tr = trace (<0.05% of total prey numbers).

8 All P. maniculatus except in Olympic Peninsula where both P. maniculatus and P. keeni were present and could not be separated based

on skeletal remains.

Results

Regional Variation. We obtained pellets from

151 owl territories on the Olympic Peninsula, 57

territories in the eastern Cascades, and 34 territo-

ries in the western Cascades. Each territory was oc-

cupied by a uniquely banded pair of owls that was

regularly found in the same area, usually in more
than one year. The mean number of prey items

collected per territory was 27.1 ± 2-39 (range =

1-249). We identified ^20 prey items at 98 terri-

tories. We identified a total of 6743 prey and at

least 57 species (31 mammals, 22 birds, 1 amphib-

ian, and 3 insects) (Tables 1 and 2).

Samples from the three study areas were similar

in that they were primarily comprised of forest

mammals, with the northern flying squirrel pre-

dominating in all areas, both in terms of numbers

and biomass (Tables 1 and 2). Other mammals
that were common in most samples were boreal

red-backed voles ( Clethrionomys gapperi)
,
mice {Per-

omyscus spp.), and snowshoe hares. Bushy-tailed

woodrats {Neotoma cinerea) and gophers {Thomomys

spp.) were rare in the diet in some regions, but

comprised over 5% of prey numbers in others (Ta-

bles 1 and 3) . Some pairs in the Cascades captured

considerable numbers of pikas ( Ochotona princeps)

,
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Table 2. Mean percent of prey biomass in diets of Northern Spotted Owls in three different regions of Washington,

1983-96. Standard errors indicate variation among owl territories. Number of owl territories sampled and total prey

biomass (g) in parentheses.

Species

Olympic Peninsuiw

(151:471757)^

X ± SEM

Western Cascades

(57:47 738)

X ± SEM

Eastern Cascades

(34:70 539)

X ± SEM

Mammals 95.2 ± 0.48 94.5 -h 1.62 95.8 0.63

Sorex spp. tr^ 0.5 0.16 0.1 -h 0.02

Scapanus spp. 0.2 ± 0.06 0.5 0.53 0.2 -H 0.18

Ochotona princep^ 6.0 -h 2.05 0.5 H- 0.30

Lepus aniericanus 16.3 ± 1.72 8.9 2.86 9.4 + 1.82

Tamias spp. 0.3 ± 0.09 1.9 ± 1.03 1.0 0.25

Tamiasciurus douglasii 4.1 ± 0.56 1.5 0.60 2.2 ± 0.65

Glaucomys sabrinus 58.6 ± 2.31 45.3 -1- 4.91 52.5 + 2.38

Thomomys spp. tr 8.7 -h 4.09 3.7 H- 0.88

Peromyscus spp. 2.5 ± 0.28 4.9 1.32 1.9 + 0.29

Neotoma cinerea 9.8 ± 1.64 4.5 + 2.42 18.1 2.63

Clethrionomys gapperi 1.2 ± 0.17 3.6 H- 1.21 2.2 0.56

Phenacomys intermedius 0.1 ± 0.03 2.0 -h 1.88 0.6 + 0.36

Microtus spp. 0.4 ± 0.09 2.6 1.54 0.5 H- 0.11

Other mammals 1.6 ± 0.22 3.6 -t- 0.85 2.9 -h 0.50

Birds 4.8 ± 0.48 5.5 ± 1.62 3.5 + 0.56

Amphibians tr

Insects tr tr 0.7 -h 0.49

Total 100.0 100.0 100.0

^ After lumping data from territories with <20 prey, the number of territories used to estimate means was 64 in the Olympic Peninsula,

1 2 in the western Cascades, and 26 in the eastern Cascades,

tr = trace (<0.05% of total biomass).

Did not occur on Olympic Peninsula.

Table 3. Mean percent of prey numbers in diets of Northern Spotted Owls in the eastern and western subprovinces

of the Olympic Peninsula, Washington, 1983-96. Standard errors reflect variation among owl territories.

Western

Subprovince

Eastern

Subprovince

Species/Group X ±: SEM^ X ± SEM ^1.62 P

Mammals 93.3 0.81 93.2 0.71 0.1 0.79

Glaucomys sabrinus 63.3 -h 1.90 45.2 ± 1.69 50.3 <0.001

Clethrionomys gapperi 1.2 -h 0.41 10.3 -h 0.86 92.3 <0.001

Lepus americanus 4.1 + 0.67 8.5 1.23 9.7 0.003

Tamiasciurus douglasii 2.1 + 0.53 2.4 -h 0.32 0.2 0.70

Microtus spp. 0.9 0.35 2.5 + 0.37 9.5 0.003

Neotoma cinerea 1.1 0.54 9.6 + 1.48 28.8 <0.001

Peromyscus spp. 15.6 -h 1.46 7.0 0.99 23.9 <0.001

Other mammals 5.0 ± 0.71 7.6 -h 0.91 5.1 0.03

Birds 6.4 ± 0.78 6.3
-

1
-
0.71 0.001 0.98

Frogs/Insects 0.3 -h 0.15 0.6 0.20 1.5 0.223

Totals: 100.0 100.0

® Number of territories sampled in the western and eastern subprovinces was 72 and 79, respectively, but after lumping data from

territories with <20 prey, the number of territories used to estimate means was 32 in each subprovince.
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but pikas did not occur on the Olympic Peninsula

(Tables 1 and 2). A variety of shrews {Sorex spp.),

moles {Scapanus spp.), diurnal squirrels {Tamias

spp., Tamiasciurus douglasii), microtines, and an oc-

casional weasel {Mustela erminea) or bat (Chirop-

tera) made up the balance of the mammalian prey

in the diet (Tables 1 and 2).

Nonmammalian prey included a variety of birds,

insects, and amphibians generally comprising

<15% of prey numbers, and <5% of biomass (Ta-

bles 1 and 2) . Insects were common in the diet in

the comparatively xeric eastern Cascades study

area, but were rare in the diet in the cool, damp
forests of the Olympic Peninsula (Table 1).

Mean mass of individual prey was 111.4 ± 1.5 g
on the Olympic Peninsula, 74.8 ± 2.9 g in the west-

ern Cascades, and 91.3 ± 1.7 g in the eastern Cas-

cades. Mean mass of prey did not differ between

nesting and nonnesting years at 19 of 21 territories

examined (f-tests, all but two P-values > 0.05).

However, in 15 of the 21 territories, the direction

of the difference was positive (larger means for

nesting pairs)

.

Nocturnal animals comprised 93.7% of prey

numbers in the Olympic Peninsula, 88.3% in the

western Cascades, and 92.1% in the eastern Cas-

cades. There was no difference in the relative pro-

portions of nocturnal and diurnal prey in diets of

nesting and nonnesting owls in either the Olympic

Peninsula (x^i = 0.126, P = 0.72) or eastern Cas-

cades (x^i = 3.42, P — 0.06).

On the Olympic Peninsula, mammals dominated

the diet in both subprovinces, but the composition

of the diet differed between subprovinces (Table

3) . The most noticeable difference was that bushy-

tailed woodrats and red-backed voles were relative-

ly rare in the diet in the western subprovince com-

pared to the eastern subprovince (Table 3) . In the

eastern subprovince, woodrats were particularly

common in the diets of owls that occupied areas

characterized by steep canyons with extensive areas

of rock outcrops, cliffs, and talus. In the latter ar-

eas, diets of some pairs included 20-40% woodrats

by numbers. Other differences between the two

subprovinces were that flying squirrels and mice

(Peromyscus spp.) were more common in the diet

m the western subprovince, whereas snowshoe

hares were more common in the diet in the east-

ern subprovince (Table 3).

Variation Among Territories. Composition of the

diet differed among territories in the eastern Cas-

cades (x^5o ~ 2371.1, P < 0.001) and in both sub-

provinces of the Olympic Peninsula (eastern sub-

province x^62 ~ 110.4, P < 0.001; western

subprovince x^2 ~ 116.6, P < 0.001). Although

many of the differences among territories were

fairly small, there were some extreme differences

as well. Examples included the occasional pairs on
the Olympic Peninsula that had diets dominated

by woodrats or snowshoe hares.

Annual Variation. Composition of the diet dif-

fered among years in five of 17 territories where

we had annual samples ^20 in two or more years

(X^ P-values < 0.05). In all cases, annual variation

appeared to reflect small among-year fluctuations

in the relative percentages of different prey types

rather than dramatic shifts from one prey type to

another. For example, the northern flying squirrel

was the primary source of biomass in all years at

13 of the 17 territories examined, and bushy-tailed

woodrats were the major source of biomass in all

years at one territory. At three of the 1 7 territories,

flying squirrels were the primary source of biomass

in most years, but snowshoe hares were the pri-

mary source of biomass in some years. Mean mass

of individual prey varied among years on the east-

ern Cascades study area (x — 99.4 ± 4.5 g, 1,772

= 6.40, P < 0 .001 ), but did not differ among years

on the Olympic Peninsula (x = 110.5 ± 2.4 g,

7b,4,095
= 1.56, 0.12).

Seasonal Variation. The proportion of flying

squirrels in the diet increased slightly during win-

ter, whereas predation on insects, gophers, and

snowshoe hares was largely restricted to the spring,

summer, and early fall (Table 4) . Of 305 snowshoe

hares in the combined sample from all study areas,

289 (95%) were juveniles or subadults with mass

<600 grams, and 99.3% were captured between 1

March-30 September. Species that hibernated or

spent the winter under the snow (e.g., chipmunks,

pikas) were absent from the diet from approxi-

mately October-March.

Discussion

Our results were largely consistent with previous

studies of the Northern Spotted Owl in that the

diet included a broad range of prey, but was pre-

dominantly composed of flying squirrels and/or

woodrats (Barrows 1980, Forsman et al. 1984, Rich-

ards 1989, Ward 1990, Ward et al. 1998, Bevis et al.

1997). One hypothesis that has been frequently re-

peated in the literature is that Spotted Owls forage

selectively on medium-sized mammals (flying squir-

rels, woodrats, lagomorphs)
,
but also take a broad
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Table 4. Composition of the diet (% of numbers) of Northern Spotted Owls during the breeding season (March-

August) and winter (September-February) in the eastern Cascades study area and western subprovince of the Olym-

pic Peninsula study area Washington. Samples sizes are in parentheses.

Eastern Cascades Western Olympic Peninsula

Species/Group

Breeding

Season

(1764)

Winter

(103)

Breeding

Season

(1407)

Winter

(173)

Mammals 85 96 94 97

Glaucomys sabrinus 43 52 61 74

Thomomys spp. 4 2 0 0

Peromyscus spp. 6 6 15 9

Neotoma cinerea 7 15 2 1

Lepus americanus 4 1 6 1

Other mammals 21 20 10 12

Bird.s 4 4 6 3

Other (insects, frogs) 11 0 tr^ 0

Totals 100 100 100 100

tr = trace (<0.05% of total prey numbers).

range of prey as they are encountered (Forsman et

al. 1984, Verner et al. 1992, Ward et al. 1998, Carey

et al. 1995, Gutierrez et al. 1995). Although our

data seem to fit this hypothesis, we had no infor-

mation on the relative accessibility or ease of cap-

ture of the many different kinds of prey captured

by the owls. Thus, we could not prove that the owls

actually selected their prey in a manner dispropor-

tionate to what was available or accessible to them.

The preponderance of nocturnal prey in the

diet indicated that the majority of foraging oc-

curred at night, an observation that agrees with

previous studies of Spotted Owls (e.g., Forsman et

al. 1984, Laymon 1988, 1991, Sovern et al. 1994).

Although approximately 8.5% of the prey captured

by owls on our study areas were diurnal birds or

mammals, we suspect that some of these were cap-

tured at night or during periods of crepuscular ac-

tivity. However, there is no question that some prey

were captured during the day, as we observed nu-

merous cases in which Spotted Owls captured, or

tried to capture, prey during the day (e.g., see Sov-

ern et al. 1994).

The high proportion of arboreal or semiarbo-

real mammals in diets of Spotted Owls in the Pa-

cific Northwest suggests that the owls spend much
of their time foraging in the forest canopy (Fors-

man et al. 1984). This behavior is well-suited for

existence in dense forests, where considerable prey

biomass is found in the forest canopy (Carey 1991,

Carey et al. 1992, Rosenberg and Anthony 1992),

and where the forest floor is often obscured by

dense shrubs. At least some other large forest owls

appear to have adopted similar foraging strategies.

For example. Powerful Owls {Ninox strenua) feed

primarily on arboreal marsupials (Seebeck 1976,

James 1980, Kavanagh 1988), and diets of Rufous-

legged Owls (Strix rufipes) include high propor-

tions of arboreal or scansorial mammals in some
areas (Martinez and Jaksic 1996, Diaz 1999).

Regional variation in utilization of different prey

types in Washington was in some cases due to re-

gional differences in prey distribution. For exam-

ple, pikas were locally common in talus slopes in

the Cascades Mountains, but did not occur on the

Olympic Peninsula (Dalquest 1948). Gophers,

which were numerically common in samples from

the eastern and western Cascades study areas, were

rare in the diet on the Olympic Peninsula, appar-

ently because gophers were uncommon or absent

in the latter area (Dalquest 1948, Ingles 1965).

Similarly, woodrats are apparently uncommon on
the Olympic Peninsula except in steep, rocky can-

yons on the east side of the peninsula (Carey et al.

1999) . The rarity of insects in the diet on the Olym-

pic Peninsula also suggests that large crickets and
beetles (e.g., Cyphoderris monstrosa, Ergates spicula-

tus) were much less abundant in that region than

in the eastern Cascades.

In the southwestern U.S. and Sierra Nevada

Mountains of California, bats are fairly common in

diets of some pairs of Spotted Owls (Laymon 1988,
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Duncan and Sidner 1990, Ward and Block 1995).

In comparison, bats were uncommon in our sam-

ples from Washington and in samples from

Oregon (Forsman et al. 1984). We suspect these

differences are due to variation in the relative

abundance and accessibility of bats in the different

regions. For example, in Oregon and Washington,

bats are not available as prey during winter because

they either hibernate or migrate. In contrast, some

species of bats in southwest Arizona are active

throughout the year, and are locally abundant in

cliffs and caves where the owls roost and nest

(Duncan and Sidner 1990).

A consistent finding in our study was that diets

varied among territories, even within the same for-

est type and geographic area. Similar observations

have been reported for Spotted Owls in other re-

gions (Laymon 1988, Ward 1990, Ganey 1992,

Ward et al. 1998). Annual and territorial variation

m diet of predatory birds is well-documented, and
is often attributed to spatial or temporal variation

in prey abundance (Rusch et al. 1972, Marti 1988,

Pietiainen 1989, Hakkarainen and Korpimaki

1994, Marti and Kochert 1996, Gende and Wilson

1997, Steenhof et al. 1997) . In our study, we believe

that much of the variation among pairs was due to

spatial variation in prey abundance (e.g., woodrats

on the Olympic Peninsula). However, numerous
other factors could have caused variation in diets,

including variation among individual owls, season-

al or annual variation in the timing of pellet col-

lections, and differences in prey accessibility in dif-

ferent vegetation types. These potential sources of

variation are impossible to control in field studies

like ours and may confound attempts to determine

relationships between prey abundance and prey se-

lection.

Although we observed some annual variation in

diet of individual pairs, none of the differences

were so large as to suggest dramatic variation in

the relative abundance of different prey among
years. However, there were a few territories where

flying squirrels and snowshoe hares alternated as

the predominant source of biomass in different

years, suggesting that prey abundance may have

varied among years in at least some territories. Our
samples from individual territories were too small

to determine if these results could have been in-

fluenced by turnover of resident owls or slight dif-

ferences in timing of pellet collections.

Seasonal changes in diet in our study were sim-

ilar to patterns observed in previous studies, in that

predation on flying squirrels increased during fall

and winter, while predation on snowshoe hares was

limited primarily to small juveniles captured dur-

ing spring and summer (Forsman et al. 1984, Fors-

man et al. 1994). Seasonal predation on juvenile

lagomorphs has been described in many other

owls, including Tawny Owls {Strix aluco; Southern

1970), Northern Hawk Owls {Surnia ulula; Rohner
et al. 1995), Great Grey Owls (Strix nebulosa\ Mik-

kola 1983), Barn Owls (Tyto alba; Marti 1988),

Long-eared Owls (Asio otus; Marti 1976), and
Snowy Owls (Nyctea scandiaca; Watson 1970). This

seasonal pattern reflects seasonal changes in abun-

dance, but is probably also a function of the rela-

tive ease of capture of small, naive juveniles.

Our analysis, and similar analyses by Ward
(1990), Ward et al. (1998), and Seamans and Gu-

tierrez (1999) did not indicate consistent differ-

ences in diet between nesting and nonnesting

Spotted Owls. However, even though the differenc-

es were not significant in most cases, we did note

that mean mass of prey in diets of nesting pairs was

larger in 15 of 21 territories examined. This could

be interpreted as a trend toward larger prey in di-

ets of nesting owls, as was suggested by Barrows

(1985, 1987) and Thrailkill and Bias (1989). We
are not convinced that this is an appropriate inter-

pretation because collections of pellets from nest

areas may overestimate the number of large prey

captured by nesting males. Male owls that are nest-

ing probably eat many small prey while foraging,

but deliver most large prey items (e.g., squirrels,

woodrats, rabbits) to the nest or fledged young

(Bull and Henjum 1990). Because of this bias, a

mixture of male, female and juvenile pellets col-

lected from nest areas should contain more large

prey than would be found in the pellets of the

male alone. The magnitude of this bias probably

varies depending on the ratio of male pellets to

pellets from females and young in a particular sam-

ple. Thus, contrary to Seamans and Gutierrez

(1999), we believe that analysis of prey remains m
pellets may be a misleading method for comparing

diets of nesting and nonnesting owls. This same

bias could confound comparisons among years or

among owl territories if some pairs are nesting and

others are not.

Although some studies of radio-marked Spotted

Owls have suggested fairly high levels of diurnal

foraging by nesting individuals (Laymon 1988,

1991, Sovern et al. 1994), we found no differences

in the proportion of nocturnal and diurnal prey in
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diets of nesting and nonnesting owls. We have no

explanation for this apparent inconsistency, except

to suggest that capture rates during the day may

be so low that slight differences in diurnal foraging

activity may not result in measurable differences in

diet between nesting and nonnesting owls.
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Abstract.—The Mediterranean ecosystem in the Metropolitan Region of Chile is among the most threat-

ened in the country because of human impacts caused by the concentration of 5.5 m illion people in an

area of only 15 800 km^. We analyze species presence at three spatial scales: the entire region, Santiago

city and its surroundings, and two suburban localities where there has been intensive monitoring of raptors

in the recent past. Twenty-four raptor species (18 Falconiformes and 6 Strigiformes) were found in the

Metropolitan Region (83% of Chile’s total) . Twenty-one of them are resident species that breed and winter

in the area. Overall, four species have increased over the last 30 years, seven have decreased, and 11

remained at the same levels. There is insufficient information available to determine the status of two

species. Of the 24 species in the region, 18 occur in the vicinity of Santiago, the largest city in the country.

We classified seven species (29% of the regional total) as either urban (four species) or suburban raptors

(three species) , and we discuss how they apparently cope and even thrive in such a large urban area.

Key Words: Falconiformes; Strigiformes; habitat; diet; residence, conservation; abundance, urban raptors.

El estatus de conservacion de las rapaces en la Region Metropolitana de Chile

Resumen.—El ecosistema mediterraneo en la Region Metropolitana de Chile es uno de los mas amen-
azados del pais debido al impacto humano causado por la concentracion de 5.5 millones de personas

en un area de 15 800 km. Analizamos la presencia de especies en tres escalas espaeiales: La region

entera, la ciudad de Santiago y sus alrededores, y dos localidades suburbanas en donde ha habido

monitoreo intensivo de rapaces en el pasado. Veinticuatro especies de rapaces (18 falconiformes y 6

strigiformes) fueron encontradas en la Region Metropolitana (83% del total de Chile). Veintiun de estas

son especies residentes que anidan y permanecen en el area durante el invierno. En general cuatro

especies han aumentado durante los ultimos 30 anos, siete han disminuido y 11 permanencen en el

mismo nivel. Hay informacion insuficiente para determinar el estatus de dos especies. De las 24 especies

en la region, 18 ocurren en la vecindad de Santiago, la ciudad mas grande en el pais. Hemos clasificado

siete especies (29% del total regional) como urbanas (cuatro e.species) o suburbanas (tres especies) y
discutimos como estas aparentemente pueden sobrevivir en esta area urbana tan grande.

[Traduccion de Cesar Marquez]

Mediterranean ecosystems of the world are

among the most threatened (Rundel et al. 1998).

These relatively-small, mid-latitude areas are found

at about 30°N and S latitude on the western mar-

gins of North America, Europe, Africa, Australia,

and South America. The climate, with its cool and
mildly-rainy winters with warm and dry summers

especially near the coast, are highly conducive to

orchards and vineyards and it attracts people by

the millions. California is a well-known case, but

the Metropolitan Region of Chile is no exception,

concentrating about 5.5 million people in an area

of only 15 800 km^. How do raptors cope with ex-

traordinary densities of people?
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Jaksic and Jimenez (1986) andjaksic (1997) re-

ported 28 raptor species in Chile. Subsequently, Ar-

aya et al. (1998) added Cathartes burrovianus, Buteo

magnirostris, and Herpetotheres cachinnans to the fal-

coniforms and Glaucidium nanum to the strigi-

forms. Although we concur with the addition of

the latter species, we do not think that the three

falconiforms should actually be included in the list

since they occur very rarely in northernmost Chile.

Our estimate of the raptor community diversity at

29 species agrees exactly with that of del Hoyo et

al. (1994, 1999), whose nomenclature we follow. It

should be noted that the recent AOU checklist

(1998) considers the Cathartidae as a family within

Ciconiformes, and not in the Falconiformes. For

comparison to our previous work (Jaksic and

Jimenez 1986), we consider vultures as carrion-eat-

ing raptors.

Herein, we analyze species richness at three spa-

tial scales ranging from the entire region, to San-

tiago city, and finally to small peripheral localities,

with the aim of providing a sketch of the current

status of the raptor community.

Study Area

Central Chile, roughly spanning from Copiapo to Con-
cepcion (27°-37°S), is flanked by the Coastal Ranges to

the west (maximum elevation = 2281 m) and the An-

dean Ranges to the east (maximum elevation = 5424 m)

.

The Central Valley is a rather flat expanse (mean eleva-

tion = 500 m) cut by numerous small rivers and ridges.

The region naturally belongs to the Mediterranean bi-

ome and is much like that which is found in central and
southern California. The climate is semiarid with a sum-

mer drought. Winters are cool and slightly rainy and
summers are warm and dry. The original vegetation was

an evergreen scrub, which is now found only on inacces-

sible slopes. The original vegetation was first cleared for

agriculture but, as the population grew, prime agricul-

tural lands have been absorbed by encroaching urban
development (Elizalde 1970, Hajek et al. 1990, Gross and
Hajek 1997). Even the Andean slopes have recently been
developed and the wetlands associated with the major

rivers in the area have been largely drained and filled.

4'he Metropolitan Region (15 800 km^) has been oc-

cupied by people since the colonial times of the mid-lOth

century. Only 6% of the flatlands still has native vegeta-

tion and most of the area consists of plantations, or-

chards, vineyards, cultivated land, pastures, mountains

(which contain native vegetation), and urban centers.

The city of Santiago is located in the middle of the Cen-

tral Valley at about 33°S latitude. It is at 600 m elevation

and has an average annual rainfall of 360 mm. The city

Itself has about 4.5 million inhabitants, but peripheral

towns, including Puente Alto, San Bernardo, and Maipu
add another million people to the population. The urban
area has grown very rapidly and the population has in-

creased by two million people over the last 20 years. Cur-

rently, 95% of the population is urban and only 5% is

rural. Over 45% of the entire Chilean population lives in

the capital city and surroundings.

Methods

This paper is based on our collective field data col-

lected over the past 24 years. We also reviewed the rele-

vant literature for distributions and habitat descriptions

of raptors throughout Chile (Johnson 1965, 1967, Jaksic

1997), for their status in central Chile (Housse 1945,

Schlatter 1979), and for their conservation status in the

whole country (Jaksic and Jimenez 1986). In some in-

stances, our own field data contradicted the literature

sources that we consulted.

We recognized five m^or habitat types used by raptors’

(1) mountains, including air space, tall hills, and ridges;

(2) wetlands, including river beds and marshes; (3) ag-

ricultural areas, including pastures, cultivated lands, plan-

tations, and orchards; (4) urban areas, including parks,

squares, treed avenues, cemeteries, and buildings; and

(5) dumps, including fish markets, slaughter houses, and
garbage dumps.
We placed resident raptors into three categories: (1)

all-year residents, which breed and overwinter in the Met-

ropolitan Region; (2) migrants, which apparently do not

breed in the region but usually are seen in particular

seasons; (3) occasional visitors, which do not breed in the

region and are only detected sporadically, with no sea-

sonal pattern.

We used the key to abundance first devised for Chilean

raptors by Jaksic and Jimenez (1986): abundant = >5
individuals detected (seen or heard) daily; common =
1-5 individuals detected daily; frequent = 1 individual

detected weekly; scarce = 1 individual detected monthly,

rare = <5 individuals detected yearly. This made our cur-

rent assessments comparable to our earlier work.

Results and Discussion

Based on our results, a total of 24 species of rap-

tors occur in the Metropolitan Region of Chile

(83% of the national total). Twenty-one of them
are residents that, for the most part breed and win-

ter in the area, although a fraction migrate in and

out (Zalles and Bildstein 2000). Partial migrants

include the Red-backed Hawk {Buteo polyosoma,

Jimenez 1995), Cinereous Harrier {Circus cinereus).

White-tailed Kite {Elanus leucurus)
,
Chilean Accip-

iter {Accipiter chilensis, Pavez and Gonzalez 1999),

Peregrine Falcon {Falco peregrinus), and Short-

eared Owl {Asio flammeus). Two other species are

confirmed migrants that visit the region during dif-

ferent seasons, and another is an occasional visitor

(Table 1).

Of the 24 species in the Metropolitan Region

(Table 1), six (25%) including the Osprey {Pan-

dion haliaetus, Schlatter and Morales 1980, Aguirre

and Seeger 1995), Chilean Accipiter, White-throat-

ed Hawk {Buteo albigula), Long-winged Harrier
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Table 1. Raptors in the Metropolitan Region, Chile and their status.

Species Residence Abundance Population Key Factors

Cathartidae

Cathartes aura All-year resident Frequent Stationary Unknown
Coragyps atratus All-year resident Frequent Stationary Unknown
Vultur gryphus All-year resident Common Decreasing < Habitat, < Food, Shooting

Accipitridae

Pandion haliaetus Summer migrant Rare Stationary Unknown
Accipiter chilensis All-year resident Rare Decreasing < Habitat, Shooting

Buteo albigula Spring-Fall migrant Rare Decreasing < Habitat

Buteo polyosoma All-year resident Common Stationary < Habitat, Shooting

Circus buffoni Occasional visitor Rare Unknown < Habitat

Circus cinereus All-year resident Scarce Decreasing < Habitat

Elanus leucurus All-year resident Common Stationary < Habitat, > Food
Geranoaetus melanoleucus All-year resident Common Stationary < Habitat, > Food, Shooting

Parabuteo unicinctus All-year resident Common Stationary Shooting

Falconidae

Falco femoralis All-year resident Scarce Stationary < Habitat, Shooting

Falco peregrinus All-year resident Frequent Stationary Shooting

Falco sparverius All-year resident Common Increasing > Habitat, > Food
Milvago chimango All-year resident Abundant Increasing > Habitat, > Food
Phalcoboenus megalopterus All-year resident Frequent Stationary Unknown
Polyborus plancus All-year resident Rare Unknown Unknown

Tytonidae

Tyto alba All-year resident Common Increasing > Habitat, > Food
Strigidae

Asio flammeus All-year resident Scarce Decreasing < Habitat

Athene cunicularia All-year resident Frequent Decreasing < Habitat

Bubo magellanicus All-year resident Common Stationary Unknown
Glaucidium nanum All-year resident Common Increasing > Habitat, > Food
Strix rufipes

Number of species

All-year resident

24

Rare Decreasing < Habitat

Abundance in the Metropolitan Region: abundant = >5 individuals detected (seen or heard) daily; common = 1-5 individuals

detected daily; frequent = 1 individual detected weekly; scarce = 1 individual detected monthly; rare = <5 individuals detected

yearly.

(Circus buffoni), Crested Caracara (Polyborus plan-

cus), and Rufous-legged Owl (Strix rufipes, Diaz

1999), have rarely or never been seen around the

city of Santiago. The remaining 18 species make
up the pool of naturally-occurring species that may
tolerate urban encroachment, or even be able to

invade new habitats afforded by parks, squares,

cemeteries, and buildings.

Of this pool of 18 species in the periphery of

Santiago, 11 (46% of the regional total) are found

chiefly or only in the city surroundings (Table 2).

The Andean Condor ( Vultur gryphus) and the An-

dean Caracara (Phalcoboenus megalopterus) may oc-

cur occasionally, chiefly in the foothills of the An-

des, to the east of Santiago. They depend on
livestock carcasses, but also visit garbage dumps in

ski resorts and mining camps (Pavez 2000a, Pavez

and Tala 1995). The Andean Condor traverses the

Central Valley during winter, when it is seen along

the Coastal Range. Turkey (Cathartes aura) and
Black Vultures (Coragyps atratus) are seen chiefly

toward the west of Santiago, but they occasionally

drift further inland toward the foothills of the An-

des or to Santiago itself. The latter species is more
gregarious and soars higher than the former.

These two vultures appear to tolerate human activ-

ities and actually seem to do well, but are never

abundant, in garbage dumps and close to slaugh-

terhouses and fish markets. The Cinereous Harrier

and Short-eared Owl, both ground-nesters in wet-

lands, seem very sensitive to human and livestock

disturbance, and may be dwindling in abundance

and distribution as wetlands are used as pastures

or drained and developed. Red-backed Hawks and
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Table 2. Raptors in Santiago city and surroundings, Chile.

Species Residence Abundance Where Seen Where Nesting

Cathartidae

Cathartes aura Occasional Scarce Mountains, dumps, agriculture Cliffs

Coragyps atratus Occasional Scarce Mountains, dumps, agriculture Cliffs

Vultur gryphus Occasional Scarce Mountains, agriculture Cliffs

Accipitridae

Buteo polyosoma Resident Frequent Mountains Trees, cliffs

Circus cinereus Occasional Rare Wetlands Ground

Elanus leucurus Resident Frequent Agriculture Trees

Geranoaetus melanoleucus Resident Scarce Mountains Cliffs, trees

Parabuteo unicinctus Resident Scarce Mountains, park, wetlands,

agriculture

Trees

Falconidae

Falco femoralis Occasional Rare Mountains, agriculture Cliffs

Falco peregfinus Occasional Rare Mountains, buildings Cliffs, buildings?

Falco sparvenus Resident Common Agriculture, parks,

buildings, mountains

Cliffs, trees,

buildings

Milvago chimango Resident Abundant Agriculture, parks, dumps Trees

Phalcoboenus megalopterus Occasional Rare Mountains Cliffs

Tytonidae

Tyto alba Resident Common Agriculture, parks,

buildings, mountains

Buildings, cliffs,

trees

Strigidae

Asio flammeus Occasional Rare Wetlands, agriculture Ground

Athene cunicularia Resident Frequent Agriculture Ground

Bubo magdlanicus Occasional Scarce Agriculture, parks, mountains Trees, cliffs

Glauddium nanum
Number of species

Resident

18

Common Parks, agriculture Trees, buildings

Abundance in Santiago city and surroundings: Abundant = >5 individuals detected (seen or heard) daily; common = 1-5 individuals

detected daily; frequent = 1 individual detected weekly; scarce = 1 individual detected monthly; rare = <5 individuals detected

yearly.

the Black-chested Buzzard Eagles {Geranoaetus me-

lanoleucus) are associated with native shrub vege-

tation and their populations appear to decline as

shrublands are cleared and replaced by exotic

plantations or urban development. The ultimate

cause of their decline may be the disappearance of

prey associated with native vegetation (Schlatter et

al. 1980b, Jimenez and Jaksic 1989a, 1990, 1991,

Jimenez 1995, but sec Pavez et al. 1992). The Aplo-

mado Falcon (Falco femoralis). Peregrine Falcon,

and Magellan Horned Owl {Bubo magdlanicus) oc-

cur mostly to the east and west of Santiago, close

to the Andean mountains or Coastal Ranges. Nev-

ertheless, Peregrine Falcons and Magellan Horned
Owls occasionally occur inside the city, the former

perching on tall buildings and the latter on trees

in parks.

Seven species (29% of the regional total) may be

classified to some degree as urban or suburban

raptors. Two are hawks, two are falcons, and three

are owls. Among the diurnal raptors, the Chiman-

go Caracara {Milvago chimango) is the most wide-

spread and abundant in the city. It appears to tol-

erate people well (Cabezas and Schlatter 1987)

and actually seems to thrive in garbage dumps and

close to slaughterhouses and fish markets. The
Harris’ Hawk {Parabuteo unicinctus) is tolerant of

human disturbance, occupying areas with trees in

the city’s suburban areas, where it hunts for natu-

ralized birds and introduced mice (Yahez and Jak-

sic 1978, Jaksic et al. 1980, Jimenez and Jaksic

1993a). Nevertheless, it does not seem to benefit

from its association with the human environment

in the city’s suburbia, and is perhaps slowly losing

to development. To the contrary, the White-tailed

Kite seems to gain some advantage from its asso-

ciation with agricultural landscapes (Meserve

1977), where human commensal, such as intro-
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Table 3. Raptors in the suburban localities of Lo Curro/La Dehesa (Schlatter 1979) and in San Carlos de Apoquindo
(this work), Chile.

San Carlos
Species Lo Curro/La Dehesa de Apoquindo Abundance

Cathartidae

Coragyps atratus Occasional visitor Occasional visitor Rare

Vultur gryphus Winter visitor Regular visitor Common
Accipitridae

Accipiter chilensis Not present Occasional visitor Rare

Buteo albigula Not present Spring-Fall migrant Scarce

Buteo polyosoma All-year resident All-year resident Common
Circus cinereus Likely resident Occasional visitor Rare

Elanus leucurus All-year resident Occasional visitor Scarce

Geranoaetus melanoleucus All-year resident All-year resident Common
Parabuteo unicinctus All-year resident All-year resident Common

Falconidae

Falco femoralis Likely resident Occasional visitor Rare

Falco peregrinus Occasional visitor All-year resident Frequent

Falco sparverius All-year resident All-year resident Common
Milvago chimango All-year resident All-year resident Abundant
Phalcoboenus megalopterus Not present Regular visitor Frequent

Tytonidae

Tyto alba All-year resident All-year resident Frequent

Strigidae

Asio flammeus Not present Occasional visitor Rare

Athene cunicularia All-year resident All-year resident Scarce

Bubo magellanicus All-year resident All-year resident Frequent

Glaucidium nanum All-year resident All-year resident Common
Number of species 15 19

Abundance in San Carlos de Apoquindo: abundant = >5 individuals detected (seen or heard) daily; common = 1-5 individuals

detected daily; frequent = 1 individual detected weekly; scarce = 1 individual detected monthly; rare = <5 individuals detected

yearly.

duced mice {Mus musculus) have become a more
important part of its diet (Schlatter et al. 1980a,

Mendelsohn and Jaksic 1989). Unfortunately, as

the rodents are poisoned and the city engulfs sub-

urban areas for housing development, ultimately

this kite will decline. Among the falcons, the Amer-
ican Kestrel (Falco sparverius) is only second to the

Chimango Caracara as the most abundant diurnal

raptor in the city. In the urban environment, the

kestrel preys extensively on insects, naturalized

birds such as House Sparrows {Passer domesticus),

and also on introduced mice.

Among the nocturnal raptors, the Barn Owl
( Tyto alba) appears to be the most tolerant of hu-

mans and it uses buildings, particularly church bell

towers, to nest and roost. It may benefit from the

substantial commensal population of introduced

mice found in the city but not rats {Rattus spp.),

which are too large for this owl (see Jaksic and

Yanez 1979, 1980). The Burrowing Owl {Athene

cunicularia) is tolerant of the suburban environ-

ment as it is elsewhere (Schlatter et al. 1980c, 1982,

Lincer and Steenhof 1997), but seems to be threat-

ened by the rapid conversion of agricultural lands

to high-density housing development where it can’t

live. The Pygmy Owl {Glaucidium nanum) is an elu-

sive raptor, but it occurs even in small treed gar-

dens in the city (Solar 1975). They are difficult to

see, but easy to hear during the breeding season

(Jimenez and Jaksic 1989b). They seem to take ad-

vantage of the ample supply of native birds that

take shelter in urban trees (Jimenez and Jaksic

1993b, Estades 1995).

Only two studies have been conducted on sub-

urban raptors for over a year in Chile (Table 3).

Schlatter’s (1979) pioneer study demonstrated that

in the area of Lo Curro/La Dehesa, there was a

total of 15 raptor species from February 1973-
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April 1974, 12 of which were residents. We made
observations of raptors in San Carlos de Apoquin-

do, about 4 km south of the area studied by Schlat-

ter (1979). Observations were made monthly be-

tween 1980-1999. We detected a total of 19 species,

10 of which were residents. Because Lo Curro/La

Dehesa was completely engulfed by the city in the

late 1970s, most of its raptors have disappeared.

San Carlos de Apoquindo is representative ofmany
piedmont areas to the east of Santiago city, which

have been and are being affected by urban expan-

sion. There is an important altitudinal gradient

from 1050-1915 ra elevation. The area has several

degrees of human impact, from recently-urbanized

areas in the lower elevations toward Santiago city,

to high mountainous areas with scarce human dis-

turbance. For this reason, the most important im-

pacts on the local raptor assemblage have been in

the lower confines. In 1981, the Short-eared Owl
disappeared from the lower area as an all-year res-

ident, where it lived in pastures that were replaced

by housing developments. Similarly, the Burrowing

Owl and White-tailed Kite decreased due to habitat

reduction and urban encroachment. The White-

tailed Kite disappeared from the lower area as an

all-year resident around 1985, and since then it is

scarce at higher elevations. The Burrowing Owl
still persists as a year-round resident, but at higher

elevations than before and in smaller numbers. In

contrast, the American Kestrel and especially the

Chimango Caracara have become more abundant

in the low-lying and altered areas.

At mid-altitudes, ravines and gentle slopes that

support secondary schlerophyllous scrub have

large populations of Magellan Horned Owls, Pyg-

my Owls, Barn Owls, and Harris’ Hawks in places

with dense vegetation cover and Black-chested Buz-

zard Eagles and American Kestrels in more open

areas. Areas with low scrub and large cliffs situated

to the east of the site where elevations are <1800

are good habitats for Peregrine Falcons and Red-

backed Hawks, and are also regular wintering sites

for Andean Condors and Andean Caracaras.

The Black Vulture, Chilean Accipiter, Cinereous

Harrier, White-tailed Kite, Aplomado Falcon, and

Short-eared Owl, are only occasionally seen in San

Carlos de Apoquindo, and may be migrants (see

Zalles and Bildstein 2000). Although Red-backed

Hawks, Chilean Eagles, and Peregrine Falcons live

m the area, their populations swell with migrants

during winter (Zalles and Bildstein 2000) . Another

migrant, the White-throated Hawk, is seen here

only a few days during its migratory movements in

spring and autumn (Pavez 2000b).

Only three or four species (13% or 17% of the

regional total) may be considered to be true urban

raptors that apparently thrive in the middle of San-

tiago city, wherever adequate shelter and food re-

sources are available. The Chimango Caracara,

American Kestrel, and Pygmy Owl are small in size,

show a tolerance of human activities, and have om-

nivorous diets (Yahez and Nunez 1980, Nunez et

al. 1982, Yahez et al. 1980, 1982, Jimenez andjaksic

1989b, 1993b). They differ in that the Chimango
Caracara is gregarious, whereas the American Kes-

trel and Pygmy Owl are territorial. The Barn Owl
may be added to this group, but its large size,

broad hunting range, and more extensive territory

inhibits it from becoming as common as the other

three species. We know very little on how these

raptors cope with the urban environment. Studies

dealing directly with the ecology of these nrban

raptors are needed if we are to understand how
these raptors deal with humans and the environ-

ment they generate (Bird et al. 1996).

Conclusions

Based on our assessment, of the 24 species of

raptors that occur in the Metropolitan Region,

four have been increasing over the last 30 years,

seven have been decreasing, 1 1 have remained un-

changed, and for two there are no data to make
an assessment of the current status. All of the spe-

cies that are decreasing are doing so because of

habitat deterioration brought about by human ac-

tivities including the clearing of native vegetation

for agricultural and urban development. The four

species that are increasing have been benefitted by

the same processes that affect the remaining spe-

cies. They are thriving in the new habitats created

by humans, apparently because of increases in

commensal species, such as introduced mice and

naturalized birds, that serve as new prey.
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Burrowing Owls {Athene cunicularia) nest in burrow sys-

tems, and their nests harbor at least 39 different species

of arthropods (21 families; Philips and Dindal 19'7'7),

some of which potentially parasitize adult owls and their

young. In southern Idaho, adult and young Burrowing

Owls can have >100 ectoparasites (pers. obs.). Similar

high levels of ectoparasitism have had negative effects on

other bird species (e.g., Mpller 1990, Clayton 1991,

Mpller 1993, Richner et al. 1993, Mpller et al. 1994,

McFadzen and Marzluff 1996). Information on the inci-

dence of ectoparasitism is particularly important because

Burrowing Owl populations are declining throughout

many portions of the range (James and Espie 1997, Shef-

field 1997, Wellicome et al. 1997, Kirk and Hyslop 1998,

Clayton and Schmutz 1999).

The objective of our study was to collect and identify

ectoparasites on Burrowing Owls that were nesting in the

Snake River Birds of Prey National Conservation Area

(SRBPNGA) in southwestern Idaho. Herein, we identify

the relative abundance of the four species of ectopara-

sites that we collected from adults and broods of young.

We also report two new species of flea from Burrowing

Owl nests in Idaho, one of which has never been report-

ed throughout the owl’s range.

Study Area and Methods

We collected ectoparasites from Burrowing Owls nest-

ing in the SRBPNGA during the breeding periods of

1997-98. The study area was a mosaic of big sagebrush

{Artemisia tridentata), shrubland, and disturbed grass-

lands, dominated by cheatgrass {Bromus tectorum) and
tumble mustard {Sisymbrium altissimum). Surrounding ar-

eas consisted of irrigated agricultural fields (primarily al-

falfa, mint, and sugar beets)
,
scattered residential homes,

several dairy farms, rangeland, and dirt, gravel, and
paved roads. The topography was flat to slightly rolling

with a few isolated buttes and rock outcroppings.

Burrowing Owls in this study either nested in or

^ Present address: Division of Forestry, West Virginia Uni-

versity, P.O. Box 6125, Morgantown, WV 26506-6125

U.S.A.

fledged from artificial burrow systems (ABS; N = 11,

Smith and Belthoff 2001) or natural burrows {N = 1)

dug by American badgers {Taxidea taxus). Ectoparasite

loads and species diversity were similar for owls using

both burrow types (unpubl. data). We captured adult and
nestling owls using one-way basket traps, modified from
Banuelos (1997) or by hand from chambers after exca-

vating ABS.
We made detailed examinations of 11 adult owls and

nestlings {N = 6, 10, 10, and 11 nestlings) ranging in age
from 8-15 d at four nests. We removed ectoparasites us-

ing surgical tweezers and by dusting owls with 5% Mala-

thion (ORTHO Hi-Yield®) dust. After dusting an individ-

ual or brood, we placed the bird(s) in a plastic container

for 10 min, which was sufficient time for the insecticide

to operate on ectoparasites. We preserved specimens of

all ectoparasites in 70% alcohol for later identification

Results

We collected four species representing two orders of

arthropods that were potentially ectoparasitic on Burrow-

ing Owls (Table 1). We collected three species of fleas

Pulex irritans (Family: Pulicidae) was most prevalent

(86.7% of fleas collected; Table 1). We found P. irritans

on three of 11 (27%) adult owls and on three of four

(75%) broods containing 6, 10, and 11 juvenile owls. We
collected 15 (10.5% of total fleas collected) Aetheca wag-

neri (Family: Ceratophyllidae), each of which came from

one brood {N = 10) of owls. We collected four (2.8% of

total fleas collected) specimens of Meringis hubbardi (Fam-

ily: Hystrichopsyllidae); individual fleas of this species

came from three adult owls and one nestling from a

brood of 10 young.

Eight specimens of lice were collected and all were Stn-

giphilus speotyti (Family: Philopteridae; Table 1). The spec-

imens included adult males and females, as well as im-

matures of unknown sex. We collected this species from
five different adult owls.

Discussion

Prior to this, only two species of fleas had been col-

lected from Burrowing Owls or their nests in Idaho: Pulex

irritans SiXid Foxella ignota (Baird and Saunders 1992). The
three species of fleas we collected typically infest mam-
mals that inhabit drier regions of western North America

159
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Table 1. Species and demographics of ectoparasites col-

lected from Burrowing Owls in southwestern Idaho dur-

ing 1997 and 1998. Ectoparasites were collected from

adult (N = 11) and juvenile {N = 4 broods) owls.

Species Sex Age

Number
Col-

lected

Siphonaptera

Pulex irritans Male Adult 53

Female Adult 71

Aetheca wagneri Male Adult 1

Female Adult 14

Meringis hubbardi Male Adult 3

Female Adult 1

Ischnocera

Strigiphilus speotyti Male Adult 2

Female Adult 3

Unknown Juvenile 3

(Hubbard 1968, Lewis et al. 1988). R irritans is mainly a

parasite of wild carnivores and is especially common on

those that live in burrows or caves (R.E. Lewis pers.

comm.). In Idaho, this species of flea has been found on

American badgers, red foxes {Vulpes vulpes), coyotes {Ca-

ms latrans)

,

deer mice {Peromyscus maniculatus) , and Bur-

rowing Owls (Baird and Saunders 1992). P. irritans Vfas

the most common ectoparasite on the Burrowing Owls

we examined.

Until our study, neither Aetheca wagneri nor Meringis

hubbardi had heen previously collected from Burrowing

Owls in Idaho, although A. wagneri had been collected

from Burrowing Owls in nearby Montana (Hubbard

1968). A. wagneri probably was associated accidentally

with Burrowing Owls as it normally parasitizes small ro-

dents such as deer mice, harvest mice {Reithrodontomys

megalotis), and voles {Microtus spp.; Baird and Saunders

1992, Lewis et al. 1988), each of which was common in

our study area. M. hubbardi probably also was an acciden-

tal associate of Burrowing Owls (R.E. Lewis pers. comm.),

as these fleas usually parasitize kangaroo rats {Dipodomys

spp.) but also infest deer mice, harvest mice, and Town-

send’s ground squirrels {Spermophilus townsendii) in Idaho

(Baird and Saunders 1992). However, our study is the

first to document M. hubbardi from Burrowing Owl nests

throughout the owl’s range.

In addition to acting as potential sources of food, fleas

may use Burrowing Owls as phoretic hosts after their nor-

mal mammalian host has succumbed to predation. Fleas

also likely benefit from associations with Burrowing Owls

through protection from predators, thermoregulatory

advantages, and gaining access to habitat for larvae with-

in the nest substrate. Finally, two of the three flea species

we collected, P. irritans and A. wagneri, are among those

important in transmission and maintenance of plague in

nature (Baird and Saunders 1992, Perry and Fetherston

1997). Therefore, the role of Burrowing Owls in the life

cycles of these flea species also may have important epi-

demiological ramifications for both other wildlife species

and humans.

The lice {S. speotyti) we collected are highly specific to

Burrowing Owls (Clayton 1990). There were few individ-

ual lice per bird, and these often attached themselves to

shafts of underwing coverts or primary feathers of adult

owls. The presence of immature lice indicates that suc-

cessful reproduction of S. speotyti occurs on Burrowing

Owls in southwestern Idaho. Because of their relatively

low occurrence, effects of this parasite on owls in south-

western Idaho are predominately subtle, except when
rare heavy infestations occur. For example, Smith (1999)

captured an adult female Burrowing Owl during incu-

bation that harbored >50 individual lice and who showed

extreme signs of infestation (denuded feather shafts,

poor feather condition; Turner 1971). The nest of this

female failed soon after eggs hatched, and it appeared

that the high parasite load contributed to the reproduc-

tive failure.

Resumen.—Nuestro estudio identifico cuatro especies de

ectoparasitos en Athene cunicularia en el suroeste de Ida-

ho, dos de los cuales representaron nuevos registros. Re-

colectamos la mosca Pulex irritans y a Strigiphilus speotyti

como las unicas especies de piojo encontradas en los bu-

hos. Las moscas normalmente son parasitos de pequehos

mamiferos que infestaron a los buhos despues de que los

hospederos normales se convirtieron en presas o cuando

estos pequehos mamiferos utilizaron las madrigueras

como refugio. Las especies de piojo que colectamos son

altamente especificas de Athene cunicularia pero general-

mente poco comunes, especialmente cuando son corn-

parados con la prevalencia de las moscas.

[Traduccion de Cesar Marquez]
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The Black-shouldered Kite {Elanus caeruleus) is widely

distributed through the southern and central portions of

the Iberian Peninsula, northern Africa, and South Africa

(Cramp and Simmons 1980). Its main prey are small

mammals, although it sometimes eats reptiles, birds, and

insects (Cramp and Simmons 1980). It tends to rely on

rodent populations that often fluctuate substantially and

unpredictably (Mendelsohn and Jaksic 1989). Its use of

sporadically-abundant prey apparently favors communal
roosting in the species (Mendelsohn 1988), although the

association between winter communal roosting behavior

and ephemeral food resources has not always been re-

ported (Morel and Poulet 1976, Allen 1982, Bharos

1997).

In the Iberian Peninsula, the population of Black-

shouldered Kites has increased in both size and distri-

bution since 1970 (Ferrero and Onrubia 1997). These

increases have been attributed to recent intensification

of agriculture and a predominance of open cultivated

areas with disperse trees, both of which are ideal condi-

tions for the hunting and breeding requirements of the

Black-shouldered Kite (Carbajo and Ferrero 1985). In

winter in Extremadura (Carbajo and Ferrero 198.5) and

Portugal (Moore 1991), there has been a recent increase

m the number of birds around irrigated cropland. How-
ever, there is little information on the feeding habitats

and habitat use of the species in the recently-colonized

areas of Iberia. Heredia (1983) described the hunting

and diet of kites based only on 34 pellets and Aguilar et

al. (1980) surveyed the kite population in the Guadiana

River basin. However, no information exists on its roost-

^ Present address: Laboratorie d’Ecologie, CNRS URA 76

25, Universite Pierre et Marie Curie, 7 Quai St Bernard,

Case 237, F-75252 Paris Cedex 05, France.

ing behavior in Iberia and little is known about its winter

diet. In this paper, we describe the roosting behavior and

the diet of Black-shouldered Kites wintering in irrigated

fields in Extremadura.

Study Area and Methods

The study was conducted in southwestern Spain near

the Portuguese border in an irrigated area of Bad^yoz

province (38°45'N, 7°10'W). The area is in the meso-
mediterranean climate area (Rivas-Martinez 1981), with

a mean annual temperature and rainfall of 17°C and 600

mm, respectively. Pellets of Black-shouldered Kites were
collected in December 1999 at a large communal roost

located on a piece of irrigation equipment. Four more
visits were made between 7 December 1999-5 February
2000 at sunset to monitor the use of this roost by the

kites. We collected 500 pellets at the roost. Collections

were made in the morning after the departure of birds

to avoid disturbing them.

Insect remains were identified by comparing head cap-

sules, mandibles, or elytra with reference material in the

collection of the Department of Zoology, University of

Extremadura, Badajoz, Spain. Passerine remains were
identified using bones and feathers. Mammalian remains

were identified on the basis of skulls or dentary pairs

following Chaline et al. (1974). Only one prey item was

counted when we found only hair remains in a pellet and
we classified these specimens as unidentified mammals.
To assess the biomass contribution of each prey taxon

in the diet, we assigned body mass as follows: for insects,

we used the average body mass obtained from specimens
captured near the study area (Orthoptera = 0.119 g and
Coleoptera = 0.182 g) (Aviles and Co.stillo 1998); for pas-

serines, we used an average body mass of 17.0 g; and for

mammals, we used the values for average body mass given

by Blanco (1998) for Crocidura russula (9.3 g), Mus spretus

(13.0 g), Apodemus sylvaticus (32.5 g), and Pytimis duode-

cimostatus (25.5 g). For unidentified mammals, we used
the mean body mass of all three of these species (20.1).

Results

Only one roost was used between 7 December 1999-5

February 2000. During this time, we visited the roost five
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Table 1. Maximum number of Black-shouldered Kites

observed at a roost site in Extremadura, Spain in the

winter 1999-2000.

Dates

Number
Kites

Minutes

After Sunset

7 December 60 27

9 December 55 0

12 January 42

2 February 45 41

5 February 45 38

times and counted an average of 49.4 ± 7.7 (±SD) kites

at the roost (Table 1). The maximum number was 60

kites observed in the beginning of December. On three

of four visits, we counted the number of kites in the roost

after sunset. Because they stopped coming to the roost

before complete darkness, it was not likely that we un-

derestimated the actual number of individuals using the

roost.

The mean number of prey in each of the pellets we

collected was 1.44 ± 0.66 (range = 1-4, N = 500). Two
rodent species comprised 92.7% of the diet by frequency

(Table 2). Murotus duodecimcostatus was the most fre-

quently consumed prey (73.80%) ,
followed by Mus spretus

(18.90%).

Small rodents represented 97.01% of biomass of the

diet. This was mainly due to the large number of Microtus

duodecimcostatus (83.82%) and Mus spretus (10.96%) that

were eaten. Passerines contributed 2.54% of the prey bio-

mass and the biomass of insects was negligible.

Discussion

Black-shouldered Kites use a variety of tree and shrub

species as winter roosts throughout their range (see re-

view in Mendelsohn 1988, Clark and Wheeler 1989). Use

of a piece of irrigation equipment as a roost has not been

previously reported. The number of kites we observed at

this roost site were greater than that which has been ob-

served at winter roosts in South Africa (5-8 kites, Men-
delsohn 1988), but lower than the number sometimes

reported in central Africa in Senegal (500-600 kites, Mo-
rel and Poulet 1976) and in North America in California

(100 kites, Clark and Wheeler 1989). The majority of

kites arrived at the roost we studied after sunset, as has

been previously shown by Cramp and Simmons (1980)

and Mendelsohn (1988).

Our results showed that 97% of the diet by biomass

consisted of small mammals. We did not observe hunting

behavior but the kites most likely hunted small mammals
in the surrounding irrigated fields of Extremadura. Our
results differed from those of Pulido (1990) who report-

ed 75% of the diet by biomass in Iberia throughout the

year to consist of small mammals. This difference could

be due to two factors. First, during the breeding season,

birds and insects are more important in the diet, most

likely due to their higher relative abundance (Amat 1979,

Cramp and Simmons 1980, Pulido 1990). Secondly, pre-

vious studies in Iberia have found winter concentrations

of kites in areas with high rodent availability (Heredia

1983, Carbajo and Ferrero 1985, Moore 1991). Our data

indicate that the Black-shouldered Kite feeds opportu-

nistically on prey such as small mammals when they be-

come abundant in agricultural areas and this may explain

the recent range expansion of the species into northern

Spain probably following the range expansion of Microtus

arvalis (Ferrero and Onrubia 1997).

The relationship between communal roosting of Black-

shouldered Kites and ephemeral food resources has been

pointed out in Africa (Mendelsohn 1988). This may ex-

plain the roosting behavior we observed. The kites ex-

ploited the large number of Pytimis spp. in the irrigated

fields where trees are scarce but artificial irrigation struc-

tures are abundant.

Table 2. Diet of Black-shouldered Kites using a winter roost site in Extremadura, Spain.

Prey Taxon Number % Frequency % Biomass

Insects

Orthoptera 1 0.1 0.001

Coleoptera 2 0.3 0.002

Birds

Unidentified passerines 25 3.4 2.540

Mammals
Shrews {Crocidura russula) 8 1.1 0.447

Rodents

Mus spretus 141 18.9 10.955

Apodemus spp. 1 0.1 0.194

Microtus duodecimcostatus 550 73.8 83.819

Unidentified mammals 17 2.3 2.042

Total 745 100 100
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Resumen.—Se describe la dieta invernal del Elanio Azul

Elanus caeruleus y la formacion de dormideros en el sur-

oeste de Espaiia. El dormidero estuvo activo al menos
desde la mitad de diciembre hasta el principio de febre-

ro, con 60 individuos como maximo, y estuvo ubicado

sobre un pivote de riego en un campo de alfalfa. La may-

oria de las aves llegaban al dormidero despues de la pues-

ta de sol. La dieta estuvo basada casi exclusivamente en

roedores, siendo las aves y los insectos presas esporMicas.

[Traduccion de autores]

Acknowledgments

We thank M. Flores and J.L. Perez-Bote for their sup-

port and M. Ferrer, J.J. Negro, and an anonymous referee

for their valuable comments on the manuscript. This

work was partially funded by a Marie Curie Research

Training Grant from the Commission of European Com-
munities (Contract No. HPMF-CT-2000-00716)

.

Literature Cited

Aguilar, A., F. Carbajo, F. de Lope, and J.L. Perez-Chis-

CANO. 1980. Invernada y nidificacion de Elanus caeru-

leus en la Cuenca Extremeha del Guadiana (1977-

1978) . Ardeola 2.5:59-69.

Allen, D. 1982. Roost of Black-shouldered Kite. Witwa-

tersrand Bird Club News 118:2.

Amat, J. 1979. Notas sobre la ecologia alimenticia del

Elanio azul {Elanus caeruleus) . Donana Acta Vertebrata

6:124-128.

Aviles, J.M. and E. Costillo. 1998. Selection of breeding

habitats by the Roller {Coracias garrulus) in farming

areas of the south west of the Iberian peninsula. Vd-

gelwarte 39:242-247.

Bharos, A.M.K. 1997. A large communal roost of Black-

shouldered Kites Elanus caeruleus. /. Bombay Nat. Hist.

Soc. 94:566.

Blanco, J.C. 1998. Mamiferos de Espaha. Geoplaneta,

Barcelona, Spain.

Carbajo, F. and J.J. Ferrero. 1985. Ecology and status of

the Black-shouldered Kite in Extremadura, Western

Spain. Pages 137—141 in I. Newton and R.D. Chan-

cellor [Eds.], Conservation studies on raptors. ICPB,

Cambridge, U.K.

Chaline, J., H. Baudvin, D. Jammot, and M.-C. Saint Gi-

rons. 1974. Les proies des rapaces. Petits mammiferes

et leur environnement. Doin Editeurs, Paris, France.

Clarr, W.S. and B.K. Wheeler. 1989. Unusual roost site

selection and staging behavior of Black-shouldered

Kites./. Raptor Res. 23:116-117.

Cramp, S. and K.E.L. Simmons [Eds.]. 1980. Handbook
of the Birds of Europe, the Middle East, and North

Africa. Oxford Univ. Press, Oxford, U.K.

Ferrero, JJ- AND A. Onrubia. 1997. Expansion del area

de cria y distribucion actual del Elanio Azul Elanus

caeruleus en Espaha. Pages 144-156 in R.D. Chancel-

lor, B.-U. Meyburg, and J.J. Ferrero [Eds.], Holarctic

birds of prey. Adenex-WWGPB, Berlin, Germany.

Heredia, B. 1983. Alimentacion invernal del Elanio Azul

{Elanus caeruleus) en la provincia de Salamanca. Alytes

I: 255-265.

Mendelsohn, J. 1988. Communal roosting and feeding

conditions in Black-shouldered Kites. Ostrich 59:73-

75.

, and F.M. Jaksic. 1989. Hunting behaviour of

Black-shouldered Kites in the Americas, Europe, Af-

rica, and Australia. Ostrich 60:1-12.

Morel, G.J. and A.R. Poulet. 1976. Un important dor-

toir d'Elanus caruleus, Accipitridae, au Senegal

Oiseau Rev. Fr. Ornithol. 46:429—430.

Moore, C.C. 1991. Black-shouldered Kite feeding over

ploughed helds in winter. Br. Birds 84:221.

Pulido, F.J. 1990. Biologia del Elanio Azul. Panda 31:9-

13.

RiVAS-MARTiNEZ, S. 1981. Memoria y mapa de las series

de vegetacion de Espaha 1:400.000. ICONA, Madrid,

Spain.

Received 30 September 2000; accepted 3 January 2001



June 2001 Short Communications 165

J Raptor Res. 35(2):165-168

© 2001 The Raptor Research Foundation, Inc.

Roost-Site Characteristics of Mexican Spotted Owls in

Sierra Fria, Aguascauentes, Mexico

Luis A. Tarango
Campus San Luis Potosi-Colegio de Postgraduados, Iturbide 73, Salinas de Hidalgo, S.L.P. 78600, Mexico

Raul Valdez
Department ofFishery and Wildlife Sciences, New Mexico State University,

Box 30003, MSC 4901, Las Cruces, NM 88003, U.S.A.

Fernando Clemente
Campus San Luis Potosi-Colegio de Postgraduados, Iturbide 73, Salinas de Hidalgo, S.L.P 78600, Mexico

German Mendoza
Centro de Ganaderia-Colegio de Postgraduados, Carr. Mexico-Texcoco, Km 39.3, Montecillo, Mexico 56230, Mexico

Key Words: Mexico; Aguascalientes; habitat characteristics;

roost sites; Mexican Spotted Owl; Strix occidentalis lucida;

Sierra Fria; Threatened Species.

The Mexican Spotted Owl {Strix occidentalis lucida) is

listed as a Threatened Species in Mexico (Anonymous

1994) and the United States (USDI 1993). In Mexico,

this subspecies has been reported in the states of Chi-

huahua, Sonora, Durango, Jalisco, Michoacan, Guanajua-

to, Sinaloa, San Luis Potosi, Nuevo Leon, Coahuila

(McDonald et al. 1991), Colima (Enriquez et al. 1993),

and Aguascalientes (Rinkevich et al. 1995). Information

on the current status and habitat use of Mexican Spotted

Owls in Mexico is limited (Ganey and Dick 1995). Mex-

ican Spotted Owls in Chihuahua, Mexico, inhabit pine-

oak (Quercus spp.-Pinm spp.) associations in isolated for-

est patches in steep canyons that have moderate canopy

closure (Tarango et al. 1997). They roost in pine-oak for-

ests in canyons where live basal areas and canopy closure

were higher than random plots (Young et al. 1998).

Based on biomass, Mexican Spotted Owls in Chihuahua

and Aguascalientes prey mainly on woodrats {Neotoma

spp.), mice {Peromyscus spp., Sigmodon hispidus), and East-

ern Cottontail Rabbits (Sylvilagus floridanus) (Tarango

1994, Young et al. 1997).

The U.S. Fish and Wildlife Service has developed a

Recovery Plan for the Mexican Spotted Owl in the Unit-

ed States and Mexico (Rinkevich et al. 1995). Five recov-

ery units have been defined for Mexico: Sierra Madre

Occidental Norte, Sierra Madre Occidental Sur, Sierra

Madre Oriental Norte, Sierra Madre Oriental Sur, and

Eje Neovolcanico. The Sierra Madre Occidental Sur Re-

covery Unit includes parts of the states of Durango, Za-

catecas, San Luis Potosi, Aguascalientes, Jalisco, Nayarit,

Queretaro, and Guanajuato. This study presents habitat-

use data of the southern-most studied population of Mex-

ican Spotted Owls in the Sierra Madre Occidental Sur

Recovery Unit in Aguascalientes.

S i'UDY Area

The study was conducted in Sierra Fria, Aguascalientes,

Mexico (22°05'-22°10'N, 102°35'-112°36'W). The study

area encompassed 74000 ha, and was characterized by
continuous mountainous habitat with numerous valleys

and canyons. Private land in the Sierra Madre Occidental

Sur Recovery Unit encompassed 62%, ejidos (communal
properties jointly owned by several families and designat-

ed for agricultural and livestock enterprises) 37%, and
federal lands 1% of the area (Rinkevich et al. 1995). Pri-

mary human activities in the area included hunting,

camping, livestock production (conducted mainly in pri-

vate holdings), and farming. The rainy season begins m
June and lasts through October. Average annual precip-

itation is 600 mm and average annual temperature is

17°C (SARH 1982).

Forested areas consisted mainly of second growth oak-

pine associations. Common oak species were Quercus ed-

uardii, Q. potosina, Q. resinosa, Q. laeta, and rugosa

(Rinkevich et al. 1995). Pine species included ocote {Pi-

nus herrerai), nut pine {P. cembroides), Chihuahua pine (P.

chihuahuana)

,

weeping pine {P. lumholtzii), and Michoa-

can pine {P michoacana) (INEGl 1981). Other dominant
and codominant species were junipers (Juniperus spp.),

manzanita {Arctostaphylos spp.), and madrone {Arbutus

spp.). Grass species included Muhlenbergia spp. and Spo-

robolus spp. (INEGl 1981).

Methods

Mexican Spotted Owl surveys were conducted on 18-

21 May, 8-11 June, 6-9 July, 18-21 July, 11-13 August,

and 9-11 September 1994. Owls were surveyed with vocal

imitations from nighttime point stations. There were 27
calling stations of which 10 were overlooking canyons

and 17 were along roads. Night-calling stations were
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placed 0.3—0.8 km between stations in areas of continu-

ous habitat along forest roads. Owl vocal imitation calls

were directed in each of the four cardinal directions. We
spent 10 min at each station calling and listening for

owls. Once an owl responded at night, we estimated the

distance and the direction of the responding owl with a

compass. The next day, daytime call surveys were used to

locate roost sites and their UTM coordinates were re-

corded (Forsman 1983).

We conducted habitat characterizations at roost sites in

the summer of 1995 (13-15 July) in 0.04-ha circular plots

(Solis and Gntierrez 1990). We evaluated plots at sites

where owls and owl pellets were detected underneath
roost trees, one roost tree at each site (N = 6). Roost

trees at each site were considered the plot center. Within

each plot, we recorded roost tree species, roost tree

height (m) and diameter at breast height (cm), owl

height above the ground (m), slope aspect, percent slope

(%), number of canopy layers, canopy closnre, and ele-

vation. All tree heights were measured with a clinometer.

Canopy closure was measured with a spherical densitom-

eter as the percentage of sky obstructed by vegetation.

Canopy closure was estimated at four points within the

plot; each point was 5 m distant from the roost tree at a

random direction and the readings were averaged. Ele-

vation was estimated from topographic maps. Percent

slope was estimated with a clinometer. Slope aspect was

determined with a compass. Tree diameters were mea-
sured with a diameter tape to the nearest cm. Total per-

cent ground cover was estimated along a 23-m line tran-

sect chosen randomly. Variables measured as ground
cover were litter, woody debris, rocks, herbaceous vege-

tation, grass, shrubs, and bare ground (Young et al.

1998). Due to the small sample size, means and standard

errors are reported; no statistical tests were run.

Results

From May-September 1994, eight adults or subadults

and three juveniles, consisting of four adult or subadult

pairs, one juvenile pair, and a lone juvenile, were located

at six roost sites. All pairs and the lone juvenile were

located in oaks in multistoried oak/pine forests with two

to four canopy layers. Mean roost tree height was 10.4 ±
11m (±SE, N = 6) and mean perch height was 7.0 ±
0 7 m (N = 6) above ground. Mean roost tree dbh was

34.7 ± 5.3 cm (range = 17.7-49.7, N= 6). Mean slope

was 48.9 ± 11.0 % (range = 23.5-98.9, A = 6) and mean
canopy closure 60.7 ± 5.7 % (range = 42.5-79.0, N =

6) Elevations at roosting sites ranged from 2150-2800 m
(x = 2540.8 ± 87.3, N = 6). Most owl roosts (66.6 %)
were found on north-facing slopes.

Litter represented a mean of 53.7 ± 7.6 % (N = 6) of

ground cover measured at spotted owl roost sites. Al-

though woody debris was absent from two sites, woody
debris, herbaceous vegetation, and rock cover were fairly

common with means of 14.5 ± 5.3, 13.6 ± 4.7, and 14.4

± 5.1 %, respectively {N= 6). Sites with low woody debris

had greater proportions of rocks or forbs. All sites had

low proportions of grasses {x = 3.7 ± 1.7 %, N = 6).

Bare-ground and shrub ground cover were not detected

at roost sites.

Discussion

Mexican Spotted Owls in Sierra Fria roosted in oaks in

multistoried oak/pine forests with two to four canopy lay-

ers. Most owls were found on north-facing slopes, similar

to the findings of Tarango et al. (1997) and Young et al.

(1998) in northern Mexico, Skaggs and Raitt (1988) m
southern New Mexico, and Ganey and Baida (1989) in

Arizona. These habitats have been suggested to provide

microenvironmental conditions needed by owls during

periods of high and low temperatures, and to provide

protection from predators and rain and hail (Kertell

1977, Barrows 1981, Forsman et al. 1984, Dawson et al

1987, Gaines et al. 1990, Solis and Gutierrez 1990). Ga-

ney et al. (1993) hypothesized that the Mexican Spotted

Owl’s inability to lose heat through evaporative cooling

could explain their preference for habitats that provide

cooler environments.

Because vegetation data from random plots in our

study were not collected, it was not possible to determine

whether vegetation in roost sites differed from vegetation

in random sites. Spotted owl roost sites in southwestern

Chihuahua had steeper slopes, more canopy layers, great-

er canopy closure, and greater live tree basal areas than

random sites (Young et al. 1998). Ground cover ofwoody
debris fonnd at roost sites in our study resembled results

reported by Tarango (1994) in northern Mexico. Also,

the percent of rock as ground cover was similar to that

found by Young et al. (1998) for the San Juanito-Creel

area in northern Mexico.

Habitat similarities between Chihuahua and Aguasca-

lientes could be related to the owl’s prey distribution.

Woodrats {Neotoma spp.), mice (PeromyscMs spp.), and

Eastern Cottontail Rabbits {Sylvilagus floridanus) com-

prised 82% of total prey biomass in Chihuahua and 89%
of total prey biomass in Aguascalientes (Young et al

1997). Carey et al. (1992) and Ward et al. (1998) sug-

gested that Northern Spotted Owls {S. o. caurina) select-

ed habitats based on the distribution of their prey.

Tarango et al. (1997) reported that legal and illegal

timber harvesting, farming, unrestricted cattle grazing,

and sale of hrewood by local residents were the mam
threats to Mexican Spotted Owls in southwestern Chi-

hnahua. Rinkcvich et al. (199.5) reported similar threats

to Mexican Spotted Owls in the Sierra Madre Occidental

Sur Recovery Unit. However, there are several aspects of

the Sierra Fria environment that are favorable to Mexi-

can Spotted Owls, including extensive rugged forested

habitats. Most importantly, Sierra Fria is a protected re-

gion where logging is prohibited. Wardens inspect all ve-

hicles entering and leaving the area to prevent illegal

timber harvesting.

Because Mexican Spotted Owls in Mexico face greater

habitat threats (i.e., illegal timber harvesting and agri-

cultural development; Tarango et al. 1997) than Mexican
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Spotted Owls in the United States (Challenger 1998), for-

est management actions in Mexico must be focused on

preserving owl habitats and strict enforcement of laws.

However, management decisions must consider econom-

ic, cultural, and sociological aspects of rural communities

in the process.

Resumen.—El Tecolote Moteado Mexicano {Strix ocdden-

talis ludda) se encuentra incluido en la categoria de es-

pecie amenazada tanto en Mexico como en los Estados

Unidos. El objetivo de este estudio fue determinar el uso

de habitat por el tecolote moteado Mexicano en Sierra

Eria, Aguascalientes, Mexico. Los muestreos de tecolotes

moteados fueron conducidos durante los meses de Mayo
a Septiembre de 1994. Once tecolotes (tres juveniles y

ocho adultos o subadultos) fueron localizados en seis si-

tios de descanso. Los sitios dc descanso fueron caracter-

izados durante Julio de 1995. Los tecolotes en la Sierra

Eria descanzaron en encinos {Quercus spp.) y en bosques

con mas de dos capas de vegetacion en areas con pen-

diente moderada a pronunciada y exposicion norte con

menos de 42% de porcentaje de sombreo. Se ha sugerido

que un habitat con estas caracteristicas ofrece condi-

ciones micro-ambientales necesarias para esta especie de

tecolote.

[Traduccion de Autores]
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A Brood of Five Swainson’s Hawks in Southwestern Idaho

As part of an ongoing study of Swainson’s Hawks {Buteo swainsoni) in southwest Idaho since 1995, we regularly

check 50-80 nesting territories each year to determine occupancy and breeding success, to identify banded adults,

and to detect turnover. Broods with four young Swainson’s Hawks are not unusual in southwest Idaho. We have found

four young at 13 of 174 nests (7.5%) in which broods were counted between 1996-2000. Here, we report the only

nest we have ever found that contained five young.

We observed the nest on 5 and 7 July 1999 and counted five young on both days. The nest was in a box elder

{Acer negundo) tree 9 m above the ground, south of the city of Kuna. We counted the 31-39-day-old young through

a 20 X 60 spotting scope and photographed the nest from a distance of about 50 m.

Nests with five eggs and young are unusual in Swainson’s Hawks (England et al. 1997 in A. Poole and F. Gill [Eds ],

The Birds of North America, No. 265, The Philadelphia Academy of Natural Sciences, Philadelphia, PA and The
American Ornithologists’ Union, Washington, DC U.S.A). A report of 5- and 7-egg clutches in Manitoba (Griddle

1915, Ottawa Nat. Nov. 94-97) is questionable. Two contained five eggs and the third had seven eggs. The nest that

contained seven eggs was on the ground and was a bulky bunch of large sticks with a bark lining. It is questionable

because it better fits the description of a Ferruginous Hawk {Buteo regalis) nest which typically has 4—7 eggs (Murphy

et al. 1969, Brigham Young Univ. Sci. Bull., Biol. Ser., 10: 25-36). The only record of a nest with five yonng was made
by Houston (1998, Blue Jay, 56:154) who reported a nest with five young in Saskatchewan.

M. Marin, Western Foundation of Vertebrate Zoology, M.F. Lembo, Hanford Technical Library, Pacific Northwest

National Laboratory, and M.J. Cowing, Olendorff Memorial Library, Boise State University, helped in locating pub-

lications. C.S. Houston sent various publications. We acknowledge the support of M.N. Kochert (USGS Snake River

Field Station), M.J. Bechard (Boise State University), and B. Haak (Idaho Department of Fish and Game).—James
O. McKinley and William G. Mattox, Conservation Research Foundation, 8300 Gantz Ave., Boise, ID, 83709-7307

U.S.A.

First Nest Records of the White-throated Hawk {Buteo albigula) in Argentina

The White-throated Hawk {Buteo albigula), often included as a subspecies of the Short-tailed Hawk {B. brachyurus,

Amadou et al. 1988, Proc. West. Found. Vertebr. Zool. 3:295-357), inhabits the Andes Cordillera, from Venezuela to

southern Chile and Argentina. In Argentina, it is a spring-summer resident in Nothofagus spp. forests of western

Patagonia (Neuquen, Rfo Negro, and Chubut), migrating to northern regions in autumn (Olrog 1979, Op. Lill. 27’

5-322; Casas and Gelain 1995, Hornero 14:40-42). Even though these forests appear to be important breeding areas

for White-throated Hawks (Pavez 2000,/. Raptor Res. 34:143-147), nest descriptions are lacking. Here, we first describe

two nests found in lenga {N. pumilio) forests in the Valley of the Challhuaco River in Nahuel Huapi National Park

(northwestern Patagonia, 41°15’S, 7l°16’W).

Two pairs of hawks were seen in the valley from early spring (September) to early autumn (March—April) over

three consecutive years. They were absent during the rest of the year, which agreed with the observations of Casas

and Gelain (1995). The hawks’ territories were determined during the spring and summer of 1999, by monitoring

the whole valley from positions above the forest canopy, such as rock islands and mountain tops. To determine their

activities, we used 8X binoculars and 40X spotting scopes. Once activity centers (where the pairs frequently descended

and entered the forest, carrying food beginning in December) were located, repeated nest searches were carried out

at those forest points. The nests were located by observation of the aggressive diving behavior of one or two members
of the pairs, or by observing the birds carrying food.

On 15 January 2000, we found a big platform nest placed 15 m high in the fork of a partially-dead lenga tree (16 5

m tall, 0.58 m diameter at breast height) where the pair was seen copulating on 28 October 1999. The adults

responded to our presence by defending and watching nervously. When only one of us remained hidden in the

169
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understory, the adults flew off and an adult-sized juvenile was observed eating a medium-sized passerine bird and

walking on the branches around the nest. It did not fly from the nest until a week later. At the end of the nesting

season (February 2000), we climbed the tree. The nest platform measured 80 X 76 cm and was nearly circular in

shape. It was 22 cm in height at the center and the nest cup measured 36 X 30 cm and 8 cm deep.

The second nest was found 1.5 km away, one month after the hawks had left the nest site (March 2000) and after

the lengas had lost their leaves. It was placed 15.5 m high in a partially dead lenga tree (19 m tall, 1.08 m diameter

at breast height). The nest was oval-shaped and measured 72 X 68 cm. It was 26 cm high at the center and the nest

cup measured 24 X 25 cm and 7 cm deep.

Both nests were very similar in their location, construction, size, and materials used. The main platform was formed

by even-sized lenga branches, which were of small diameter (approximately 1 cm) but rather long, and strongly fixed

to one another and to the tree. Some of the branches still had Usnea and/or Protousnea lichens attached, which

indicated that they were taken directly from trees and not from the forest floor. The nests and supporting branches

were covered with feces, pellets, and feathers of White-throated Hawks and their prey, and pellets contained only

bird remains. Most of the feathers found in the nest belonged to passerines including Austral Thrushes {Turdus

falklandii)

,

House Wrens ( Troglodytes aedon) ,
Thorn-tailed Rayaditos {Aphrastura spinicauda)

,

and Black-chinned Siskins

{Carduelis barbata), but we also found a few belonging to Striped Woodpeckers {Picoides lignarius). This was not

surprising since we had observed other hawks attempting to catch even larger woodpeckers, such as the Magellanic

Woodpecker ( Campephilus magellanicus)

.

There were also remains of beetles and some foliose lichens in the center

of the nest.

Although the territories of the two pairs were only 1.5 km apart, we never observed any interactions between them.

However, a territorial dispute was once observed with another congeneric species, the larger Red-backed Hawk (Buteo

polyosoma)

.

The latter species chased one of the smaller White-throated Hawks when both met flying at high altitude,

in what we believe was the boundary between the territories of the two species. The two species did not appear to

have overlapping territories.

We thank J.M. Karlanian who helped with the tree climbing. Our work was supported by Agencia de Promocion

Cientifica y Tecnologica (Project PICT99 13-07114) and Secretaria de Investigacion, UN Comahue (Project B1 01) .

—

Ana Trejo and Valeria Ojeda, Centro Regional Bariloche, Universidad Nacional del Comahue, CP(8400), Bariloche,

Argentina, and Lorenzo Sympson, Sociedad Naturalista Andino Patagonica, Pasaje Juramento 190, S® 1, CP(8400),

Bariloche, Argentina.
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Raptor Migration in Israel and the Middle East:

A Summary of 30 Years of Field Research. By Ha-

doram Shirihai, Reuven Yosef, Dan Alon, Guy M.

Kirwan, and Reto Spaar. 2000. International Bird-

ing and Research Center, Eilat, Israel. 192 pp., 55

color photographs, 2 tables, 33 figures. Hardcover,

$50.—One of the largest and most impressive mi-

gration streams of raptors passes each spring and

fall through Israel and the Middle East. The birds

involved breed over a large part of Eurasia and win-

ter in Africa, mainly south of the Sahara. Over the

past three decades, counts of migrating birds have

been made at various sites in Israel and elsewhere,

those in northern Israel having involved long lines

of observers spread across the broad migration

path. The main purpose of this book is to sum-

marize these various counts, giving the totals and

seasonal patterns for each species in spring and

fall.

Up to nearly 1 200 000 diurnal raptors have been

counted passing through Israel in spring, and

about half that number in autumn, when many of

the birds take a more easterly route. Some 43 spe-

cies have been recorded, but six species make up

the bulk of the total. In addition, about 300 000 to

350 000 storks and pelicans pass through along

with the raptors. Spring totals have included up to

852 000 Honey Buzzards (Pernis apivorus)
,
466 000

Common Buzzards (Buteo buteo), 75 000 Steppe Ea-

gles {Aquila nipalensis)

,

and 37 000 Black Kites (Mil-

vus migrans), among other species. Eall counts of

most species are lower, but the 142 000 Lesser Spot-

ted Eagles {Aquila pomarina) and 60 000 Levant

Sparrowhawks {Accipiter brevipes) are thought to

represent almost the entire world population of

these species.

Brief introductory sections describe the history

and methods of study, the sources of information,

conservation problems, and the flight behavior of

the migrants. The bulk of the book summarizes the

available count data, species by species, giving the

totals seen at different sites, migration phenology,

long-term trends, and other relevant information.

Within their limited remit, the authors have

done a good job in pulling together the available

data from scattered sources. Trends in numbers
are examined from the total seasonal counts for

periods up to 13 years. Although some downward
trends are claimed, the significance of the regres-

sion slopes is not stated (for some species we are

given only the P values). In addition, I was sur-

prised to see references given at the end of each

chapter, as well as at the end of the book. The 32

pages of color photographs, depicting birds in

flight and perched, are of good quality and are well

reproduced. The book will be of interest chiefly to

birdwatchers and others keen on bird migration,

especially if they intend to visit Israel to see this

spectacle for themselves.

—

Ian Newton, Institute of

Terrestrial Ecology, Monks Wood, Huntingdon,

Cambridgeshire PE17 2LS U.K.
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Harriers of the World: Their Behaviour and

Ecology. By Robert E. Simmons. 2000. Oxford Uni-

versity Press, Oxford, U.K. xiv + 368 pp., numer-

ous line drawings, 87 figures, 52 tables. ISBN 0-19-

854964-4. Paper, $27.50.—Raptors in general, and

harriers ( Circus) in particular, attracted the interest

of behavioral scientists for most of the last century.

The rich literature resulting from these investiga-

tions permits analyses that would have been im-

possible as recently as the early 1980s. Rob Sim-

mons, who has studied harriers on two continents

(both within and outside the tropics), has taken

this accumulating database and cast it in the light

of early 21st century behavioral ecology. Harriers of
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the World is an information-rich, rewarding read

that is both satisfying and provocative, an engaging

combination of science accomplished and science

in progress.

More closely resembling a text on the Darwinian

whys and wherefores of breeding ecology than a

global review of harrier ecology and natural his-

tory, the book provides examples of how biologists

working experimentally within an adaptationist

program (sensu Mayr, 1983, Am. Nat. 121:324—334)

seek to explain patterns in nature. A quick review

of the work’s more than 700 references suggests

the flavor of the effort: 14 papers and books by

Anders Mpller and 4 by David Lack are cited along

with those of many harrier specialists, including

Fran Hamerstrom, Eddie Balfour, Nick Picozzi, Bea

Arroyo, Massimo Pandolfi, and David Baker-Gabb.

This is a book that describes aspects of harrier be-

havior, particularly reproductive behavior, and

then uses them to address questions of interest in

modern biology.

Although several chapters are substantially stron-

ger than others—my personal favorite is “Clutch

Size and Latitude,” partly because of its thorough-

ness (one table alone presents clutch sizes based

on 27 published works), and partly because of its

balanced approach (six hypotheses are assessed)

—

almost every portion of the book offers new in-

sights and posits new questions.

The focus of Harriers of the World is clearly on

reproduction, and within that aspect of harrier bi-

ology, eggs-the size, shape, and number of which

receive as detailed a treatment as anyone could ex-

pect, and then some. Indeed, Simmons is so fo-

cused on eggs that he even includes a sketch of a

“pregnant” harrier in flight with a visibly distend-

ed belly and vent area to help those of us who may
not be so observant see what we have been miss-

ing! Even so, given that most harriers are complete

or partial migrants, and that many spend consid-

erable portions of their annual cycles en route to

and from their breeding grounds, it might have

been nice to include at least a brief section on mi-

gration. Communal roosting, too, seems to have

been shortchanged. These are minor quibbles,

however, because the book largely compensates for

these absences by providing a wealth of informa-

tion on other aspects of harriers’ lives.

In addition to the book’s content per se, Sim-

mons’ longstanding and outstanding enthusiasm,

both for the harriers themselves and for the adap-

tationist program he has followed for more than

20 years, makes for a remarkably lively and engag-

ing read, especially in light of the book’s serious

and exhaustive treatment of its subject matter. Al-

though Harriers of the World is something of a rarity

among modern works on raptors in lacking color

plates, it is more than adequately illustrated with

many excellent line drawings by John Simmons
that effectively capture the graceful, aerial nature

of the genus.

In summary, I can recommend the work both to

raptorphiles who want to know more about the

birds they love, and to students of behavioral ecol-

ogy who want to know what makes harriers “tick.”

Given its provocative, “science-in-progress” ap-

proach, Harriers of the World also would make ex-

cellent reading material for a graduate seminar on
raptor breeding ecology. The bibliography alone is

worth the price of this significant addition to the

raptor literature.

—

Keith L. Bildstein, Hawk Moun-
tain Sanctuary, 1700 Hawk Mountain Road, Kemp-
ton, PA 19529 U.S.A.



A Telemetry Receiver Designed with

The Researcher in Mind
What you've been waiting for!

FinaUy. a highly semitive 999 channel synthesized telemetry receiver that weighs less than 13 ounces, is

completely user programmable and offers variable scan rates over all frequencies. For each animal being

tracked, the large LCD display provides not only the frequency (to lOOHz) and channel number, but also a

7 character alphanumeric comment field and a digital signal strength meter. Stop carrying receivers that are

the size of a lunch box or cost over SISOO. The features and performance of the new R-1000 pocket sized

telemetry receiver will impress you. and the price will convince you.
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More than just

Video Cameras

Solar cells

Parabolic mics

The auto-color camera
includes IR and color cameras
with an automatic light-

sensitive switching device.

BURROWING OWL WITH EGGS
Image captured with the Peeper Video System

Copyright Dan Rosenberg 1999

Systems from Sandpiper Technologies
• ELEVATED: Pole-mounted video cameras extend up to 50 feet.

• BURROW VIDEO PROBES: 5/16” dia. fiber-optic sensors,!” and 2.3”

dia. goosenecks, and remote control systems. All systems include head

mounted video display and are interchangeable with other probe

extensions.

• SURVEILLANCE: Time-lapse, color, IR, digital, zoom, combination IR

and color, nestbox cameras.

Note: Our ultra-lowlight camera is 0.00015 LUX and captures images

in shadow or moonlit situations.

• VOCALIZERS: MP3 format reduces battery requirements.

• SOLAR; We offer multiple solar options and remote powered energy

devices.

SANDPIPER TECHNOLOGIES, INC. .
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BUTEO BOOKS

The following Birds of North America Species Accounts are available through Buteo Books, 3130 Laurel Road,

Shipman, VA 22971. TOLL-FREE ORDERING: 1-800-722-2460; FAX: (804) 263-4842. E-mail: alien®

buteobooks.com

Barn Owl (1). Carl D. Marti. 1992. 16 pp.
Boreal Owl (63). G.D. Hayward and RH. Hayward. 1993. 20 pp.
Broad-winged Hawk. (218). L.J. Goodrich, S.C. Crocoll and S.E. Senner. 1996. 28 pp.

Burrowing Owl (61). E.A. Haug, B.A. Millsap and M.S. Martell. 1993. 20 pp.
Common Black-Hawk (122). Jay H. Schnell. 1994. 20 pp.

Cooper’s Hawk (75). R.N. Rosenfield and J. Bielefeldt. 1993. 24 pp.

Crested Caracara (249). Joan L. Morrison. 1996. 28 pp.
Eastern Screech-owl (165). Frederick R. Gehlbach. 1995. 24 pp.
Ferruginous Hawk (172). Marc J. Bechard and Josef K. Schmutz. 1995. 20 pp.
Flammulated Owl (93). D. Archibald McCallum. 1994. 24 pp.
Great Gray Owl (41). Evelyn L. Bull and James R. Duncan. 1993. 16 pp.

Great Horned Owl (372). C. Stuart Houston, Dwight G. Smith, and Christoph Rohner. 1998. 28 pp.

Gyrfalcon (114). Nancy J. Clum and Tom J. Cade. 1994. 28 pp.
Harris’ Hawk (146). James C. Bednarz. 1995. 24 pp.

Long-eared Owl (133). J.S. Marks, D.L. Evans and D.W. Holt. 1994. 24 pp.

Merlin (44). N.S. Sodhi, L. Oliphant, R James and I. Warkentin. 1993. 20 pp.

Mississippi Kite (402). James W. Parker. 1999. 28 pp.
Northern Saw-whet Owl (42). Richard J. Cannings. 1993. 20 pp.
Northern Goshawk (298). John R. Squires and Richard T. Reynolds. 1997. 32 pp.

Northern Harrier (210). R. Bruce MacWhirter and Keith L. Bildstein. 1996. 32 pp.

Northern Hawk Owl (356). James R. Duncan and Patricia A. Duncan. 1998. 28 pp.
Red-shouldered Hawk (107). Scott T. Crocoll. 1994. 20 pp.
Red-tailed Hawk (52). C.R. Preston and R.D. Beane. 1993. 24 pp.
Short-eared Owl (62). D.W. Holt and S.M. Leasure. 1993. 24 pp.
Snail Kite (171). RW. Sykes, Jr., J.A. Rodgers, Jr. and R.E. Bennetts. 1995. 32 pp.
Snowy Owl (10). David F. Parmelee. 1992. 20 pp.
Spotted Owl (179). R.J. Gutierrez, A.B. Franklin and W.S. Lahaye. 1995. 28 pp.
Swainson’s Hawk (265). A. Sidney England, Marc J. Bechard and C. Stuart Houston. 1997. 28 pp.
Swallow-tailed Kite (138). Kenneth D. Meyer. 1995. 24 pp.
Turkey Vulture (339). David A. Kirk and Michael J. Mossman. 1998. 32 pp.
White-tailed Hawk (30). C. Craig Farquhar. 1992. 20 pp.
White-tailed Kite (178). Jeffrey R. Dunk. 1995. 16 pp.

Buteo Books stocks all published species accounts, not only those covering raptors. The current list in taxo-

nomic order may be viewed at: http://www.buteobooks.com

Buteo Books stocks the Handbook of the Birds of the World. The first five volumes of this projected 12-volume

work have been published including: Volume 2; New World Vultures to Guineafowl (1994) covering the

diurnal raptors and Volume 5: Barn Owls to Hummingbirds (1999) covering owls. These volumes are priced

at $185 each plus shipping and handling.

Usually available from Buteo Books, the classic reference on diurnal birds of prey: Brown, Leslie and Dean
Amadon. Eagles, Hawks and Falcons of the World. Country Life Books, 1968. Two volumes. First English

edition in brown cloth. Fine in slipcase. $300.00 and other editions at lesser prices.



2001 ANNUAL MEETING

The Raptor Research Foundation, Inc. 2001 annual meeting will be held on 25-30 October in

Winnipeg, Manitoba, Canada. For information about the meeting contact Jim Duncan, Biodiversity

program. Wildlife Branch, Manitoba Natural Resources, Box 24, 200 Saulteaux Crescent, Winnipeg,
MB R3J 3W3 Canada. Email jduncan@nr.gov.mb.ca.

Persons interested in predatory birds are invited to join The Raptor Research Foundation, Inc. Send
requests for information concerning membership, subscriptions, special publications, or change of address

to OSNA, P.O. Box 1897, Lawrence, KS 66044-8897, U.S.A.

TheJournal ofRaptor Research (ISSN 0892-1016) is published quarterly and available to individuals for $33.00

per year and to libraries and institutions for $50.00 per year from The F^ptor Research Foundation, Inc., 14377

ll7th Street South, Hastings, Minnesota 55033, U.S.A. (Add $3 for destinations outside of the continental United
States.) Periodicals postage paid at Hastings, Minnesota, and additional mailing offices. POSTMASTER: Send
address changes to TheJournal ofRaptor Research, OSNA, P.O. Box 1897, Lawrence, KS 66044-8897, U.S.A.

Printed by Allen Press, Inc., Lawrence, KLansas, U.S.A.

Copyright 2001 by The Raptor Research Foundation, Inc. Printed in U.S.A.

0 This paper meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper).

Raptor Research Foundation, Inc., Awards

Recognition for Significant Contributions^

The Dean Amadon Award recognizes an individual who has made significant contributions in the field of

systematics or distribution of raptors. Contact: Dr. Clayton White, 161 WIDB, Department of Zoology,

Brigham Young University, Provo, UT 84602 U.S.A. Deadline August 15.

The Tom Cade Award recognizes an individual who has made significant advances in the area of captive

propagation and reintroduction of raptors. Contact: Dr. Brian Walton, Predatory Bird Research Group,

Lower Quarry, University of California, Semta Cruz, CA 95064 U.S.A. Deadline: August 15.

The Fran and Frederick Hamerstrom Award recognizes an individual who has contributed significantly to the

understanding of raptor ecology and natural history. Contact: Dr. David E. Andersen, Department

of Fisheries and Wildlife, 200 Hodson HaU, 1980 Folwell Avenue, University of Minnesota, St. Paul,

MN 55108 U.S.A. Deadline: August 15.

Recognition and Travel Assistance

The James R. Koplin Travel Award is given to a student who is the senior author of the paper to be

presented at the meeting for which travel funds are requested. Contact: Patricia A. HaU, 5937 E. Abbey

Road, Flagstaff, AZ 86004 U.SA,.

The WUliam C. Andersen Memorial Award is given to the student who presents the best paper at the annual

Raptor Research Foundation Meeting. Contact: Ms. Laurie Goodrich, Hawk Mountain Sanctuary, Rural

Route 2, Box 191, Kempton, PA 19529-9449 U.SA. Deadline: Deadline established for meeting paper

abstracts.

Grants^

The Stephen R. TuUy Memorial Grant for $500 is given to support research, management and conservation

of raptors, especially to students and amateurs with limited access to alternative funding. Contact: Dr.

Kimberly Titus, Alaska Division of WUdUfe Conservation, P.O. Box 20, Douglas, AK 99824 U.S.A. Dead-

line: September 10.

The Leslie Brown Memorial Grant for $500-$1,000 is given to support research and/or the dissemination

of information on raptors, especially to individuals carrying out work in Africa. Contact: Dr. Jeffrey L.

Lincer, 1220 Rosecrans St. #315, San Diego, CA 92106 U.S.A. Deadline: September 15.

^Nominations should include: (1) the name, title and address of both nominee and nominator, (2) the

names of three persons qualified to evaluate the nominee’s scientific contribution, (3) a brief (one page)

summary of the scientific contribution of the nominee.

^Send 5 copies of a proposal (:^5 pages) describing the applicant’s background, study goals and methods,

anticipated budget, and other funding.


