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Abstract: Statewide surveys conducted for northern goshawks (Accipiter gentilis) by the Washington De-
partment ot Fish and Wildlife (WDFW) in the early 1990s had relatively low detection rates throughout the
state and different rates of detection between eastern (1 bird/55 km)} and western Washington (1 bird/174 km).
To investigate the possibility that survey methods or regional habitat characteristics affected detection rates,
we tested broadcast calls at 40 nest stands known to be occupied by nesting northern goshawks. During 439
station visits and 210 trials, we recorded 109 detections, 68% of which were vocalizations. Northern goshawks
at 37 of the 40 (93%) occupied territories were detected at least once, including 4 occupied sites that failed.
Detectability was greater at successful nests, Juvenile northern goshawks were more responsive than adults,
which increased detection rates at successful nests by 37% during the postlledging period and accounted for
87% of responses. Logistic regression modeling identified distance of the surveyor to the nest as the only factor
correlated with detection rates (P < 0.001), Probability of detecting northern goshawks at occupied stands
increased as nests were approached from 400 m (0.20), 250 m (0.25}). and 100 m (0.42). Binomial expansion
of detection probabilities at a single nest visit found broadcasting to attain =90% detections required 5 visits
at 100 m, 8 at 250 m, and 10 at 400 m. Because analysis of detection rates by area did not show an effect of
vegetation screening, slope, or topography, differences in the relative abundance of northern goshawks from
earlier survevs reflect true variation in abundance, differences in nest success, or some combination of both.
Results lend more justification for use of broadcast calling for northern goshawks in Pacific Northwest forests
and provide a hypothetical model for estimating survey costs as a function of detection probability, trial fre-
quency, and station spacing.
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Broadcasts of recorded vocalizations are of- The status of northern goshawks in the west-
ten used to detect woodland raptors. In the past ern United States is currently of interest on
2 decades, this method has been developed to  state, federal, and private forest lands. Because
locate owls (Nowicki 1974, Beatty 1977, Fors-  adult northern goshawks are secretive and their
man et al. 1984, McGarigal and Fraser 1985), nests are relatively difficult to locate in forested
and, more recently, diurnal raptors, principally  habitats, broadcast of conspecific vocalizations
accipiters (Rosenfield et al. 1988, Kimmel and  has been the most effective method used to de-
Yahner 1990, Mosher et al. 1990, Kennedy and  tect them (Kimmel and Yahner 1990, Kennedy
Stahlecker 1993, Mosher and Fuller 1996). The and Stahlecker 1993, Joy et al. 1994).
technique has been used to identify nest loca- In 1993 and 1994, we surveyed random tran-
tions and to detect presence or absence of spe-  ¢octs for northern goshawks in eastern and
cies (Fuller and Mosher 1987), and to estimate  estern Washington via the methodology of
population parameters such as density and rel- Kennedy and Stahlecker (1993). Analysis of the
ative abundance (Mosher et al. 1990, Iverson survey data found greater northern goshawk re-
and Fuiler 1991, Mosher and Fuller 1996). sponse rates in eastern Washington (1 bird/55
Such applications necessitate evaluating and re- km of transects) compared to the dense forests
fining the effectivencss of the technique of western Washington (1 bird/174 km of tran-
(McGarigal and Fraser 1985, Rosenfield et al. sects; WDFW, unpublished data). However, the
1988, Kennedy and Stahlecker 1993). effectiveness of this survey method has not

been assessed in Washington and in other west-
' E-mail: watson@necia.com ern coniferous forests. Effects of sources of var-
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iability on survey results (i.e., vegetation screen-
ing and topography) might be especially rele-
vant in western coniferous forests. These factors
might conceal surveyors from territorial adults,
thereby reducing response rates. Northern gos-
hawk broadcast calls also may be attenuated by
vegetation type and structure (P. F. Schempf,
U.S. Fish and Wildlife Service, personal com-
munication), and responses may be attected by
nest stage (i.e., nestling or postfledge period)
and distance of the surveyor from the nest
(Kennedy and Stahlecker 1993). Our objectives
were (1)} evaluate effectiveness of the Kennedy
and Stahlecker (1993} broadcast survey tech-
nique at active northern goshawk nests in east-
ern and western Washington, (2) evaluate the
influence of vegetation screening and topogra-
phy on northern goshawk responses, and (3)
identity other factors influencing northern gos-
hawk detection.

STUDY AREA

We attempted to locate =20 active northern
goshawk nests in eastern and western Washing-
ton by visiting historic nests (Wildlife Resource
Data System, Heritage Data Base, WDFW), us-
ing information from ongoing northern goshawk
studies (S. Finn, Boise State University, person-
al communication), and investigating sightings
by falconers. We conducted searches in western
Washington in the Olympic Mountains, west
Cascades, and north Cascades, and in the east
Cascades in central Washington (Fig. 1).

Northern goshawk nests in western Washing-
ton were in temperate forests of mixed coniters
(Franklin and Dyrness 1973) dominated by
Douglas-fir (Pseudotsuga menziesii) and west-
ern hemlock (Tsuga heterophylla). In this re-
gion, breeding northerm goshawks nest from sea
level to 1,200 m (WDFW, unpublished data).
Forests in eastern Washingtﬂn were mixed-co-
niter stands (Franklin and Dyrness 1973) dom-
inated by pondersa pine (Pinus ponderosa),
Douglas-fir, and grand fir (Abies grandis).
Northern goshawks nest =1,500 m in elevation
along the eastern slope of the Cascades

(WDFW, unpublished data).

METHODS
Surveys

We conducted nest searches tfrom May
through June. When =1 adult was located in a
nest stand, we classified the stand as occupied
and initiated monitoring to identity nests and
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Fig. 1. Locations of northern goshawk nests sampled during
the experimental survey study in eastern () and western {+)
Washington, 1995-96.

determine initiation of incubation. We visited
nests =1 time/week to minimize disturbance to
the birds. We established a 387-m transect be-
ginning 400 m from the nest tree (Station 1)
and tangential to a 100-m radius from the nest
tree (Station 2) because survey approaches tan-
gential to nests are probably more common
than direct approaches (Kennedy and Stahleck-
er 1993). The location from which the first
broadcast was made was selected randomly
within the limitations imposed by topography
(i.e., not across major drainages, cliff faces,
etc.). We assessed vegetation screening from
the transect to the nest by recording nest visi-
bility at each station (totally visible, partially vis-
ible, not visible). Slope of the terrain from the
transect to the nest was also recorded (uphill,
level, downhill), as was topographical interfer-
ence to the nest (present, absent).

We did not initiate control and broadcast
trials during the courtship period, because
northern goshawk activity at nesting areas was
generally not confirmed until adults were in-
cubating. We did not conduct trials during in-
cubation, because preliminary observations in-
dicated incubating adults were virtually unre-
sponsive to observer presence, even in close
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proximity to nests. We began trials when adults
first brooded young, or on the hatching date,
which was predicted from a 31-day incubation
period (i.e., 30-32 days; Reynolds and Wight
1978) from the first day we observed incubating
adults. Control trials consisted of a surveyor
standing at the first station, slowly scanning 360°
for visual or auditory detections of northern
goshawks, and moving to the second station af-
ter 3 min. Trials ended when a northern gos-
hawk was detected or after completing the sec-
ond station.

We returned to the nest 2 days later and con-
ducted broadcast trials during which time the
surveyor played a recorded northem goshawk
alarm call (nestling period} or juvenile food-beg
call (postfledging period). We determined the
presence of fledged juveniles by periodic checks
of the nest before conducting control or broad-
cast trials. Broadcast tapes were supplied by the
U.S. Forest Service, Southwest Region. Calls
were broadcast from a portable tape player and
megaphone (Wildlife Callers, Bellevue, Wash-
ington, USA); to protect the hearing of survey-
ors, each unit was standardized prior to the
study to an output of about 85 dB.

Trials began at the first station to minimize
pretrial disturbance to birds. Following the pro-
tocol of Kennedy and Stahlecker (1993}, the ini-
tial call was directed 60° from the transect, then
180°, and then 300°. The surveyor looked and
listened for 30 sec prior to the first broadcast
and following the first 2 broadcasts, and for 60
sec after the third broadcast (total = 3 min/
station). For successful nests {(i.e., =1 young
present), we conducted a minimum of 2 exper-
iments (i.e., 2 control trials, 2 broadcast trials)
during the nestling period and 2 experiments
during the posttledging period. For failed nests,
2 experiments were conducted in the nestling
period. To verify nest failure, nest checks and
nonexperimental broadcasts were conducted
later during the postfledging period.

To reduce the effect of weather conditions on
detectability, we did not conduct trials during
heavy rain or on days when the Beaufort wind
scale was =3 (i.e., small twigs in motion, small
oground debris moving, some sway of larger
trees). All trials began atter 0800 and were com-
pleted betore 1600.

When we detected northern goshawks, we re-
corded type of detection (vocal only, visual only,
vocal and visual, attack), duration of response
(<10 sec, 11-60 sec, =60 sec), closest station
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to the response, distance of the surveyor to the
nest, estimated distance of the surveyor to the
responding bird, and age ot the responding bird
(juvenile, adult, unknown). Distance of the re-
sponding bird to the surveyor was estimated to
the nearest 50 m because birds often were not
visible. We used a pictoral guide to estimate
ages of young within 2-3 days (Boal 1994).

We made changes to the data collection pro-
tocol in 1996. To refine estimates of response
distance, we added a 250-m station between
Stations 1 and 2. Because analysis of 1995 re-
sponses identified a significant effect of broad-
casting on northern goshawk detections, we dis-
continued control trials in 1996.

Statistical Analyses

Frequency of detections versus no detections
was pooled for trials and compared among lev-
els of trial type, year, nest stage, region, and
slope with chi-square contingency tests. We also
used contingency tests to compare occupancy
rates (sites occupied by =1 adult vs. unoccu-
pied) by area, call type by nest success, nest
stage, distance to the responding northern gos-
hawk, and nest stage and call duration. Area
comparisons of incubation dates were conduct-
ed with 2-sample t-tests. We reported means *
standard deviation.

Because of the difficulty in locating active
nests to sample, we treated nests active both
years as independent samples. We treated trials
at each nest as independent replicates, but, as
noted by Kennedy and Stahlecker (1993), these
trials were not truly independent. Ideally, trials
should have been conducted at 1 station (i.e.,
distance) on a given day to assure independence
of response. However, this protocol was im-
practical because of the time and ettort neces-
sary to access many nests (i.e., >3 hr), and be-
cause our main objective was to duplicate and
assess the earlier statewide survey effort in
Washington. The effect of distance on detec-
tion, which was assessed by station, was the fac-
tor potentially influenced by nonindependence.
To address the issue of independence as it re-
lated distance analyses, we summarized the
number of visits to each station and reported
the percentage of nest sites where northern gos-
hawks responded at the same or ditferent sta-
tions. We estimated detection rates (response
frequency/total no. of station visits) in 2 ways:
(1) the response trequency at the distance when
the bird responded and the trial terminated;
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and (2) the cumulative response frequency,
which assumed northerm goshawks would have
responded at all closer distances (i.e., 250 m,
100 m) given the opportunity (Stalmaster and
Newman 1978, Knight and Knight 1984,
McGarigal et al. 1991). The latter method gen-
erated maximum estimates of response rates
(McGarigal et al. 1991) and was not aftected by
station independence. Point estimates for cu-
mulative rates were appropriate tor use in re-
gression analyses (Diggle et al. 1996), although
confidence intervals were not interpretable and
therefore are not reported. We used logistic re-
gression (PROC CATMOD; SAS Institute
1989) to estimate relations of distance, geo-
graphic area, and slope to detection rates (cu-
mulative, noncumulative) at nccupied nests. We
identified the best models via the Akaike Infor-
mation Criterion (AIC; SAS Institute 1989).
Using the approach of Gibbs and Melvin
(1993), we estimated the probability of detect-
ing northern goshawks during a single visit to
successful nests. Binomial expansion (Zar 1984)
of the detection probability for the distance ef-
fect was used to assess changes in detection
probabilities as a tunction of nest visits (i.e., tri-
als). We estimated the cost of surveying a
100,000-ha forest, at different probabilities of
detection, as a function of tral frequency and
station spacing. Survey cost was estimated by
multiplying the cost/station (personnel cost per
season/no. stations potentially called per season)
by the number of stations required to sample
the forest via staggered, parallel transects (Joy

et al. 1984).

RESULTS
Nest Success and Nest Phenology

We conducted experiments at 17 northern
goshawk nest stands in 1995 and 23 in 1996.
We sampled 16 nest stands during 1 year, but
we sampled 5 nest stands west of the Cascade
Crest and 7 nest stands on the east side during
both years. Northern goshawks at 36 (90%) ot
40 occupied nest stands nested successtully
(fledged =1 young), 2 pairs (5%) nested unsuc-
cessfully, and 2 pairs (5%) did not attempt to
nest. Searches of historical northern goshawk
nest stands were conducted at 64 sites on the
west side and 11 additional sites on the east side
during the 2-year study. The occupancy rate of
all northern goshawk nest stands surveyed for

combined years was 38% (n = 137). Occupancy
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at east side nest stands (61%) was greater than
occupancy on the west side (28%; x*; = 12.98,
P = 0.001), and occupancy in the western Cas-
cades (40%) was greater than in the Olympic
Range (21%; x*, = 3.95, P = 0.047).

Northern goshawks initiated incubation be-
tween the last week of April and first week of
May (mean laying date = 29 April = 10 days,
n = 36). Average incubation date on the east
side (26 Apr = 7 days) was earlier (t;; = 2.55,
P = 0.016) than on the west side (4 May * 11
days). Northern goshawks on the Olympic Pen-
insula tended to nest earlier (mean laying date
= 22 Apr * 8 days) than those in the western
Cascades (mean laying date = 8 May * 9 days;
ts = 2.15, P = 0.084). Average estimated age ot
young during trials was 23 * 11 days (n = 250)
during the nestling stage and 59 *= 14 days (n
= 221) for the postfledging stage.

Detection Rates

For 210 broadcast and control trials from
combined years, we recorded 109 northern gos-
hawk detections during 439 station visits, which
resulted in a detection rate of 51.9%/trial and
24.8%/station. There was =1 detection at 37 of
the 40 (93%) occupied nest stands. Birds were
detected =1 time at 3 of the 4 (75%) occupied
sites that failed. These failures occurred during
the nestling period in 1995, and no detections
were recorded in the postfledging period.
Northern goshawks were detected at 34 of 36
(94%) successful sites. Of 109 detections, 68%
were vocalizations only, and the remainder were
vocal and visual (24%), visual only (6%}, and
attacks on the surveyor (3%).

Factors Influencing Detection

We conducted 62 experiments at 17 occupied
northern goshawk nest stands (9 east side, 8
west side) in 1995 to determine the effects of
trial type (broadcast vs. no broadcast) on detec-
tion rates. Broadcast calling increased (P =
0.001) detection rates for all occupied nest
stands combined (Table 1), but northern gos-
hawk detection rates at 4 occupied nests that
failed were the same (P = 0.122) for control
(6.3%) and broadcast trials (25.0%). For suc-
cessful nests, use of broadcast calls for detecting
hawks was more effective than nonvocal surveys
(i.e., controls) in the nestling period (x*; = 4.79,
P = 0.029) compared to the postfledging period
(x*y = 13.82, P = 0.051). During the former
period, we detected northern goshawks on
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Table 1. Detection rates of northern goshawks at occupied nest stands (i.e., =1 adult present) among different levels of inde-
pendent vanables measured during broadcast surveys in Washington.

m

Trials Detections Detection
Variable Variable level L3 ) n} rate! x- Jt r

Trial bpe¢ Control 62 19 30.7 10).56 1 0.001
Broadcast 62 37 59.7

Year 1995 62 37 59.7 .06 1 {().810
1996 56 53 61.6

Nest stage Nestling 7B 43 573 0.77 1 (0.380
Postlledge 73 47 64 .4

Region East side 82 46 56.1 1.71 1 0.190
West side 66 44 66.7

Terrain slope Uphill 116 71 61.2 3.20 2 0.202
Level 4 4 100.0
Downhill 28 15 53.6

%

* All trials were broadcasts, except for control trials in tral tvpe comparisons,

h Number of detectionsnumber of trials.
“ Includes puired compansons conducted oulv in 1995,

14.3% of 35 control days and 37.1% of 35
broadcast days. During the postfledging period,
we detected northern goshawks on 48.1% of 27
control days and 74.1% ot 27 broadcast days.
We did not find annual differences in detec-
tion rates for all occupied nests (Table 1). Thus,
data for broadcast trials were pooled from 1995
and 1996 to identify factors affecting detection
rates at successful nests. Nest stage did not af-
fect detection rates, although rates were 7.1%
- greater in the postfledging period compared to
the nestling period (Table 1). Detection rates at
occupied nests in western Washington were
10.6% greater than in eastern Washington, but
the difference was not statistically different (P
= 0.190; Table 1). Slope of the terrain from
survey transects to the nest did not influence
detection rates (Table 1). All nests were com-
pletely screened from the survey transect (i.e.,
100% of all stations), so testing of this factor
was precluded by lack of variability. Topography
was dropped as an analysis variable after 1995
because it was correlated with vegetation

screening (Spearman rank correlation: r? =
0.987, P = 0.005).

For occupied nests, distance to the nest was
inversely related to the detection rate (Table 2).
Detection rates at 100 m were 21.6% greater
than at 250 m and 23.4% greater than 400 m.
Distance was also inversely related to the cu-
mulative detection rate (Table 2). Cumulative
detection rates at 100 m were 22.4% greater
than at 250 m and 40.5% greater than 400 m.
Mean distance of the surveyor to the nest at the
point of detection was 265 = 123 m (n = 90).

Distance between the surveyor and the
northern goshawk at the point of response was
difterent between nestling and postfledging pe-
riods (¥*s = 19.06, P = 0.015). During the nest-
ling period, 80% of detections were =100 m
from northern goshawks, compared to 47% dur-
ing postiledging. Most (88.4%) detections dur-
ing the nestling period were of adults, whereas
87.2% of detections during the postfledging pe-
riod were of juveniles. Response duration also
varied by nest stage (¥°, = 3.92, P = 0.048).

Table 2. Effect of distance on detection rates of northern goshawks at occupied nest stands (i.e., =1 adult present) responding
to broadcast surveys in Washington. Incremental detection rate = total number of responses/total number of station visits.
Cumulative detection rate is based on the sum of all responses greater than a given distance.

Distunce No. station visits Na. responses
Response from Ietection
hpe nest lm} 1955 1966 Total 1995 1996 Total rife X ot P

Incremental 100 50 53 103 25 20 45 43.7 18.06 2 (0.001
2350 68 65 15 15 23,1
400 62 86 148 12 15 340 20.3

Cumulative 100 02 86 148 37 53 90 60.8 50.78 2 0.001
250 86 86 33 33 38,4
400 62 56 148 12 18 30 20.3

M
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Fig. 2. Estimated probability of detecting northern goshawks
at successful nests during multiple visits with varied spacing
of call stations, Washington 1995-96. Cumulative rates are
projections based on the assumption that northern goshawks
would have responded at all closer stations had the trial not
terminated at first response.

Responses >60 sec long composed 32.6% of de-
tections during the nestling period but 61.7%
during the postfledging period. During the
nestling period, adult northern goshawks tend-
ed to call briefly and approach surveyors closely
or attack them, while fledged juveniles often re-
sponded vocally for several seconds, but without
approaching surveyors.

Interactive Effects

Data Independence.—We conducted an av-
erage of 3.7 = 0.8 trials/nest {(mode = 4) and
3.2 * 1.1 visits/station {mode = 4}, For the 33
nest sites where northern goshawks responded
at >1 station, 39% were at the same station (X
= 2.7 £ 1.1 responses, mode = 2), and 61%
were at different stations (f = 3.5 = 1.6 re-
sponses, mode = 3). Thus, for =3 responses at
a nest, northern goshawks tended to respond at
the different stations for different trials.

Logistic Regression.—Distance was the single
factor correlated with detection rates at occu-
pied nests (n = 40) when we modeled the prob-
ability of no detection with interactive effects
(estimated intercept = —0.030, SE = 0.268;
= (.01, P = (0.911: estimated distance effect =
0.004, SE = 0.001; ¥, = 14.96, P < 0.001). No
interactive effects were significant. Distance
was the single tactor correlated with cumulative
detection rates at occupied nests according to
the logistic regression model for interactive ef-
fects (estimated intercept = —1.041, SE =
0.230; x*;, = 2047, P < 0.001; estimated dis-
tance ettect = 0.006, SE = 0.001; »*, = 47.10,
P < 0.001). No interactive effects were signifi-
cant.
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Table 3. Estimated personnel cost® (in thousands of dollars)
associated with broadcast surveys for northern goshawks
across a 100,000-ha forest, with varying efficiency due to
spacing of stations and survey frequency. The entire forest is
presumed to be accessible, potential habitat. About 100 survey
days/season are available to complete trials. Detection prob-
abilities are conservative estimates.

Station Trial frequency

spacing®
(in) ] 2 3 1 3
200 140 2804 4920 560¢ 700t
500 22¢ 45¢ 67¢ 89 112¢
800 g 18¢ 27 30° 454

¢ Based on personnel cost of $12.00/Mir calling 1 stution/15 min. 20
stations/day (3 of 8 hr survesingl. 75 days/season {mid-Mav-Auy): hence,
1,300 stations-person Lscason Loor $180/4station. The 200-m spacing
will require 29,249 cailing stations {i.e.. 19.5 surveyors/trial), the 3(X)-m
spacing will require 4.674 statious (e, 3.1 survevors/triall. and %00-m
spacing will require 1,825 stations (i.e., 1.2 snnvevors/trial),

" Spucing hased on response rates at stations 100, 250, and 400 m from
nests {Fig, 2). To nuaxiinize efficiency, staggered. parallel transects {Jov
et al. 18841 are spaced at 173 m, for 1K)-m spacing, 433 m for 230-m
spacing. and 893 m for 400-m spacing.

¢ <B0% detection probability,

d 605 —T4% detection probability.

¢ THE-89% detection probability,

P=00% detection provahility.

Predicting Detection at Occupied Nests
The probability of detecting a northern gos-

hawk during a single visit to an occupied nest
stand was estimated for nonbroadcast surveys
(0.28; 95% CI = 0.12-0.44, n = 17 nest stands)
and broadcast surveys (0.58; 95% CI = 0.45-
0.72, n = 17 nest stands); for broadcast surveys
in eastern Washington (0.54; 95% CI = 0.41-
0.67, n = 24 nest stands), and western Wash-
ington (0.67; 95% CI = 0.57-0.77, n = 16 nest
stands); and for broadcast surveys 100 m from
nests (0.42: 95% CI = 0.31-0.53, n = 40 nest
stands), 250 m from nests (0.25: 95% CI =
0.10-0.39, n = 24 nest stands), and 400 m from
nests {0.20; 95% CI = 0.13-0.27, n = 40 nest
stands). The probability of detecting a northemn
goshawk in a nest stand 100 m from the nest,
based on cumulative response rates, was 0.53 (n
= 40 nest stands). The probability of detection
was 0.38 at 250 m from the nest {(n = 24 nest
stands).

Predicted detection during multiple visits to
nests was difterent, depending on the spacing
of stations (Fig. 2). Broadcasts to attain 90%
detection required 5 visits for stations spaced at
100 m, 8 visits for 250-m spacing, and 10 visits
at 400-m spacing. Estimated detection rates
based on cumulative responses were 10% high-
er for each visit at 100 m, and 20% higher at
250 m (Fig. 2). Cost estimates to broadcast sur-

vey for nesting northern goshawks within a
100,000-ha forest ranged from $9,000 to
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$700,000, depending on the desired probability
of detection, station spacing, and trial frequency
(Table 3). Detection probabilities were conser-
vative because they did not account for the fact
that the same bird could be detected at >1 sta-
tion.

DISCUSSION

Our ability to detect northern goshawks at
known, occupied nests in Washington state was
not related to their occurrence in east side rath-
er than west side forests. From a broad-based
perspective of forest and understory character-
istics in these areas, we hypothesized that in-
creased vegetation and topographical interter-
ence might explain the lower detection rates of
west side northern goshawks as recorded in pre-
vious random surveys (WDFW, unpublished
data) where there was no knowledge of nest
sites. Dense understory vegetation and topog-
raphy would be expected to reduce the visibility
of northern goshawks to the surveyor and in-
crease the rate of attenuation of the broadcast
calls before they were perceived by the north-
ern goshawk. Experiments in northern goshawk
habitat in Southeast Alaska found attenuation of
northern goshawk broadcast calls due to vege-
tation type and structure (P. F. Schempt, U.S.
Fish and Wildlife Service, personal communi-
cation). We found that 100% of call stations in
both geographic areas were screened from view,
and that topography and slope did not influence
detection rates,

The lack of ettect ot geographic area suggests
the regional difference in detections of nesting
northern goshawks identified during previous
surveys was indicative of actual differences in
relative abundance, and presumably northern
goshawk population size. Random broadcast
surveys to locate nesting northerm goshawks in
the temperate rain forests of Southeast Alaska
found responses were 7-9 times lower than in
the open, conifer forests in the Rocky Mountain
region of Arizona and Idaho (P. F. Schemptf,
U.S. Fish and Wildlife Service, unpublished
data). The lower detection rate was attributed
to a relatively low density of northern goshawks
rather than a failure of the broadcast call meth-
od to detect northern goshawks. Occupancy
checks of historical nest stands in our study
were consistent with these regional differences
in relative abundance (e.g., east side highest,
west side moderate, Olympic range lowest).
However, occupancy rates assessed only in his-
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toric nest stands may be unreliable indicators of
relative abundance and territory occupancy be-
cause northern goshawks may nest in uncensu-
sed, alternative nest stands within a territory.

In addition to higher rates of occupancy,
northern goshawks from east side nest areas
might have higher response rates in random
surveys because of greater nest success. Ninety-
four percent of northern goshawks nesting suc-
cessfully in both geographic areas responded
during the first 4 broadcast trials, with respons-
es occurring at significantly greater rates than
on control days. In contrast, 75% ot northern
goshawks in the small sample of failed nests (n
= 4) were detected during the nestling period
but were unresponsive or absent during post-
Hledging. Similarly, northern goshawks were un-
responsive to broadcast calls 1-2 weeks tollow-
ing nest failure in Pennsylvania (Kimmel and
Yahner 1990), and northern goshawks were
much less likely to be near nests after nest fail-
ure in New Mexico and Arizona (Kennedy and
Stahlecker 1993). Qur overall detection rate of
93% shows that the call technique is especially
effective in Washington when conducted within
a few hundred meters of occupied nests, al-
though nests that fail have a greater likelihood
of going undetected, particularly later in the
nest season.

Distance of the surveyor to the nest was ex-
pected to atfect northern goshawk response as
evidenced from previous studies that found the
probability of detecting a northern goshawk was
highest within 100—200 m of the nest (Kimmel
and Yahner 1990, Kennedy and Stahlecker
1993). We found distances of the surveyor to
the nest at the point of response to broadcast
calls were similar (£ = 265 m). Our response
rates also were greatest at 100 m, moderate at
250 m, and lowest at 400 m. Reduced detection
at 400 m could also have been partly a conse-
quence of our limitation to hear responding
northern goshawks at this distance, but is prob-
ably within the distance of a broadcast call that
can be detected by northern goshawks from an
85 dB source (Kennedy and Stahlecker 1993).

For successful nests, the difference in detec-
tion rates during broadcasts in the postfledging
period (74%) relative to the nestling period
(37%) was greater than in other studies for suc-
cessful nests (i.e., 44% vs. 25% [Kimmel and
Yahner 1990]; 77% vs. 73% [Kennedy and Stah-
lecker 1993]). At randomly surveyed sites, Joy
et al. (1994) found greater responses during the
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nestling period compared to postfledging. In
that study, most postfledging responses were by
adults (71%), whereas Kennedy and Stahlecker
(1993) found the majority (75%) of postfledging
responses to be juveniles. In Washington, that
juvenile northern goshawks constituted the ma-
jority of all respondents (87%) during postfledg-
ing is believed to have accounted for the sig-
nificant differences in detection rates between
nest stages. The similarity in postiledging re-
sponse rates for broadcast and control trials, in
contrast to responses during the nestling period,
suggests juveniles tended to display greater re-
sponsiveness than adults because juveniles re-
sponded at similar rates to the presence of the
surveyor, whether surveyors called (broadcast
trials) or not {(control trials). Also, detections
were an average of 3 times farther from the
surveyor after young fledged. Juvenile northern
goshawks also tended to call incessantly after
first responding, which accounted for the sig-
nificantly longer response duration during post-
fledging and provided a greater likelihood of

detection.

MANAGEMENT IMPLICATIONS

The Kennedy and Stahlecker (1993) survey
methodology was highly effective for detecting
northern goshawks at occupied nests in Wash-
ington. Because analysis of detection rates by
area did not show an effect of vegetation
screening, slope, or topography, differences in
the relative abundance of northermn goshawks
from earlier surveys (WDFW, unpublished
data) may reflect true variation in abundance,
differences in nest success, or some combina-
tion of both.

Our results lend more justification to the use
of broadcasts to survey for northern goshawks
during the breeding season and provide refine-
ments for improving detection of northern gos-
hawks by broadcast calling in Pacific Northwest
forests. Although we did not test the survey
methodology from courtship through incuba-
tion, we found that call surveys to determine
nest-stand occupancy were eftective from mid-
May, when young hatch on the earliest sites, at
least until young were 75 days old in late Au-
gust. Four days of broadcast calling (adult alarm
calls during the nestling period, juvenile food-
begging calls during the postfledging period)
will result in the detection of most successtul
nests within the broadcast area. Nests occupied
but failed were not likely to be detected by
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broadcast calling after mid-May. Therefore, if
the survey objective is to document nest-stand
occupancy over the long term, repeating sur-
veys in >1 year is important. The most efficient
use of calling to identity successtul nests is to
conduct broadcast trials during the postfledging
period (i.e., third week of June—first week of
July), when response rates are the highest. Be-
cause 68% of northermm goshawk responses to
broadcasts were vocalizations only, surveyors
should be aware of the presence of mimics,
Stellers jays (Cyanocitta stelleri) and gray jays
(Perisoreus canadensis), which responded to
broadcast calls on 10% of all surveys.

In the Pacific Northwest, broadcast calling to
detect presence of northermn goshawks is typi-
cally over vast areas, so maximizing the efficien-
cy of surveys is important and can be achieved
by adjusting transect distance and trial frequen-
cy. If resources are limited, then reducing the
number of trals or increasing the spacing ot
stations to an acceptable level of detection
probability (Fig. 2) is an option. Spacing of sta-
tions should range from 200 (i.e., 100-m detec-
tion distance) to 800 m (i.e., 400-m detection
distance). We found no basis to conclude that
detections would be enhanced by stratitying
transects by vegetation or topographic interfer-
ence. Adjacent transects should include offset
stations to maximize efficiency (Kennedy and
Stahlecker 1993, Joy et al. 1994, Bosakowski
and Vaughn 1996).

Variation in northern goshawk detection rates
across the species’ range, depending on nest pe-
riod and juvenile presence, may be a result of
differences in northern goshawk behavior or
habitats among geographic areas. Caution
should be taken before using rates of detection
from 1 region to determine northern goshawk
density or relative abundance in other regions.

ACKNOWLEDGMENTS

Support for this research was provided by the
WDFW. The Cle Elum and Randal districts of
the U.S. Forest Service, private timber compa-
nies including the Boise Cascade Corporation,
Port Blakely Tree Farm, and ITT Rayonier al-
lowed access to northem gﬂshawk nests. We
thank M. E. McFadzen, M. Suzuki, and C.
Fletcher who conducted the majority of field
experiments. S. P. Finn and J. Wagenecht pro-
vided information on new nest locations and
nest status. I.. C. Bender, M. L. Nixon, T
Quinn, L. J. Salzer, P. F. Schempt, D. E. Var-



106

land, J. M. Williams, and members of the Yak-

ima Management Resource Cooperative pro-
vided logistical assistance. We thank P. Garvey-
Darda and the Cle Elum Ranger District of the

U.S. Forest Service for providing housing to
field personnel, and B. J. Behan and D. L.

Mueller for cooperation and assistance on sur-
veys in the Randal Ranger District. M. R. Fuller
and K. Titus provided excellent comments that
impmved the mManuscript.

LITERATURE CITED

BEATTY, W. H, 1977. Attracting screech owls. Redstart
44:102-104.

BoaL, €. W. 1994. A photographic and behavioral
guide to aging nestling northern goshawks. Stud-
ies in Avian Biology 16:32—40. |

BOsakowskI, T.. aAxD M. E. VAUGHN. 1996. Devel-
oping a practical method for surveying northern
goshawks in managed forest of the westerm Wash-
ington Cascades. Western Journal of Applied For-
estrv 11:109-113.

DIGGLE, P. J., K. Y. LIANG, ANXD §. L. ZEGER. 1996.

Analysis of longitudinal data. Oxford University

Press, New York, New York, USA,

FoOrssaN, E. D., E. C. MESLOW, AND A. M. WIGHT.
1984. Biology and management of the spotted
owl in Oregon. Wildlite Monographs 87.

FRANKLIN, J. F., AND C. T. DYRNESS. 1973, Natural
vegetation of Oregon and Washington. U.S. For-
est Service General Technical Report PNW-8.

FULLER, M. R, AXD ]J. A. MOSHER. 1987, Raptor sur-
vey techmquea Pages 37-65 in B. A. Giron Pen-
dleton, B. A. Millsap, K. W. Cline, and D. M.
Bird, editors. Raptor management techniques
manual. National Wildlite Federation, Washing-
ton, DD.C., USA.

GIBBS, J. P., aAND S. M. MELVIN. 1993. Call-response
surveys for monitoring breeding waterbirds. Jour-
nal of Wildlife M anagement 57:27-34.

IVERSON, G. €., aAND M. R. FULLER. 199]. Area-oc-
{:uprled survev technique for nesting woodland
raptors. Pages 118-124 in B. A. Giron Pendleton,
editor. Midwest raptor management symposium
and workshop. National Wildlife Federation,
Washington, 1D.C., USA.

Jov,S. M R T RETNGLDS, AND D. G. LeSLIE. 1894,
Northern goshawk broadcast survevs: hawk re-

NORTHERKN GOSHAWEK SURVEYS » Watson et af.

J. Wildl. Manage. 63(1):1999

sponse variables and survev cost. Studies in Avian
Biology 16:24-30.

KENNEDY, P L., AXD D, W, STAHLECKER. 1993. Re-
sponsiveness of nesting northern goshawks to
taped broadcasts of 3 conspecific calls. Journal of
Wildlite Management 57:249-257.

KiMMEL, |. T., AND R. If. YAIINER. 1990. Response
of northern goshawks to taped conspecific and
great horned owl calls. Journal of Raptor Re-
search 24:107-112.

KNIGHT, R. L., AND 5. K. KNIGHT. 1984, Responses
of wmtermg bald eagles to boating activity. Jour-
nal of Wildlife Management 48:999-1004.

MCGARIGAL, K., R. G. ANTHONY, AND F. B. ISAACS.
1991. Interar:tinns of humans and bald eagles on
the Columbia River estuary. Wildlife Monographs
115.

, AND . D. FRASER. 1985. Barred owl respons-
es to recorded vocalizations. Condor 87:552-353.

MOSHER, J. A, AND M. R. FULLER. 1996. Surveying
woodland hawks with broadcasts of great horned
owl vocalizations. Wildlife Society Bulletin 24
531-536.

. AND M. KOPENY. 1990. Surveving
wnnd]and raptors by broadcast of conspecific vo-
calizations. Journal of Field Ornithology 61:453-
461,

NOwICKI, T. 1974. A census of screech owls using
tape-recorded calls. Jack-Pine Warbler 52:98-

101.
REYNOLDS, R. T., aAxD H. M. Wicur. 1978. Distri-
bution, density, and productivity of accipiter

hawks breedmg in Oregon. Wilson Bulletin 90:
182-186.

ROSENFIELD, R. N., . BIELEFELDGE, AND R, K. AN-
DERSON. 18988, Effectiveness of broadcast calls
for detecting breeding Cooper’s hawks. Wildlife
Society Bulletin 16:210-212.

SAS INSTITUTE. 1989. SAS/STAT user’s guide. Version
6. Fourth edition. SAS Institute, Carv, North Car-
olina, USA.

STALMASTER, M. V| AND J. R. NEwMAN. 1978, Be-
havioral responses of wintering bald eagles to hu-
man activity. Journal of Wildlife Management 42:
506-513.

ZAR, J. H. 1984. Biostatistical analvsis. Second edition.

Prentice-Hall. Englewood Cliffs. New Jersey.
USA.

Received 28 July 1997
Accepted 2 June 1998,
Associate Fditor: Diefenbach.



	Abstract
	Study Area and Methods
	Results
	Discussion
	Acknowledgments
	Literature Cited

