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 EFFECTS OF FIRE ON GOLDEN EAGLE TERRITORY OCCUPANCY

 AND REPRODUCTIVE SUCCESS

 MICHAEL N. KOCHERT,' U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, Snake River Field Station,
 970 Lusk, Boise, ID 83706, USA

 KAREN STEENHOF, U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, Snake River Field Station,
 970 Lusk, Boise, ID 83706, USA

 LESLIE B. CARPENTER, Raptor Research Center, Boise State University, Boise, ID 83725, USA
 JOHN M. MARZLUFF,2 Greenfalk Consultants, 8210 Gantz, Boise, ID 83709, USA

 Abstract: We examined effects of fire on golden eagle (Aquila chrysaetos) territory occupancy and repro-
 ductive success in southwestern Idaho because wildfires since 1980 have resulted in large-scale losses of shrub
 habitat in the Snake River Plain. Success (percentage of pairs that raised young) at burned territories declined
 after major fires (P = 0.004). Pairs in burned areas that could expand into adjacent vacant territories were as
 successful as pairs in unburned territories and more successful than pairs in burned territories that could not
 expand. Success at extensively burned territories was lowest 4-6 years after burning but increased 4-5 years
 later. The incidence and extent of fires did not help predict territories that would have low occupancy and
 success rates in postburn years. The presence of a vacant neighboring territory and the amount of agriculture
 and proportion of shrubs within 3 km of the nesting centroid best predicted probability of territory occupancy.
 Nesting success during preburn years best predicted the probability of a territory being successful in postburn
 years. Burned territories with high success rates during preburn years continued to have high success rates
 during postburn years, and those with low success in preburn years continued to be less successful after
 burning. In areas where much shrub habitat has been lost to fire, management for golden eagles should include
 active fire suppression and rehabilitation of burned areas.

 JOURNAL OF WILDLIFE MANAGEMENT 63(3):773-780

 Key words: Aquila chrysaetos, fire, golden eagle, habitat selection, home range, Idaho, reproductive success,
 shrub-steppe, territory occupancy.

 Most raptor studies have focused on imme-
 diate or short-term responses of wintering or
 foraging raptors to fire (Komarek 1969, Small-
 wood et al. 1982, Tewes 1984, Chavez-Ramirez
 and Prieto 1994); long-term effects of fire on
 nesting raptors are poorly understood. Watson
 et al. (1987) predicted that burning may reduce
 golden eagle prey by eliminating shrub habitat.
 Predictions about the effects of fire or other

 habitat alteration on breeding raptor popula-
 tions are complicated by the interaction be-
 tween habitat quality and attributes of the pair
 (Newton 1991, 1992). Nesting success depends
 not only on habitat but also on the individuals
 that live there.

 Golden eagles typically use and defend a
 group of 1-13 nests and a surrounding hunting
 range collectively known as a "territory" (Wat-
 son 1997). Golden eagles occupy territories
 year-round in southwestern Idaho, and the
 same individuals tend to occupy the same ter-

 ritory year after year (Marzluff et al. 1997, Wat-
 son 1997). Golden eagles nesting in southwest-
 ern Idaho prey primarily on black-tailed jack-
 rabbits (Lepus californicus; Steenhof and Ko-
 chert 1988), and golden eagle reproduction is
 closely tied to jackrabbit abundance (Steenhof
 et al. 1997). Black-tailed jackrabbits in south-
 western Idaho are associated with shrub habi-

 tats, and jackrabbit densities are low in dis-
 turbed grassland habitats (Smith and Nydegger
 1985, Knick and Dyer 1997). In the early 1980s,
 wildfires in southwestern Idaho burned vast ar-

 eas of shrubs, resulting in large stands of exotic
 annual grasses (primarily cheatgrass [Bromus
 tectorum]) and forbs. The reduction in black-
 tailed jackrabbit habitat within the foraging ar-
 eas of nesting golden eagles provided a unique
 opportunity to study long-term effects of fire on
 occupancy and nesting success of golden eagles.

 In this paper, we examine 24 years of data on
 golden eagle territory occupancy and reproduc-
 tive success in relation to the occurrence of
 wildfires. Because of the relation between

 black-tailed jackrabbits and shrub habitats, and
 the dependence of golden eagles on jackrabbits,

 SE-mail: mkochert@eagle.idbsu.edu
 2 Present address: College of Forest Resources,

 University of Washington, Seattle, WA 98195, USA.
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 we predicted that large-scale losses of shrub
 habitat due to fire would adversely affect nest-
 ing golden eagles. We hypothesized that burned
 territories would have lower occupancy and suc-
 cess rates than unburned territories, and suc-
 cess and occupancy would be related positively
 to abundance of remaining shrubs.

 STUDY AREA

 The study area consisted of the 196,225-ha
 Snake River Birds of Prey National Conserva-
 tion Area (NCA) in southwestern Idaho (42050'
 N, 115050' W). The principal physiographic fea-
 ture of the study area is the Snake River Can-
 yon, with basalt cliffs ranging from 2 to 125 m
 in height. Topography above the canyon is gen-
 erally flat or slightly rolling, with a few isolated
 buttes. Annual precipitation averages 20 cm and
 occurs mainly in winter; summers are hot and
 dry. Native vegetation in the area is character-
 istic of a shrub-steppe community, with big
 sagebrush (Artemisia tridentata), shadscale
 (Atriplex confertifolia), and winterfat (Kras-
 cheninnikovia lanata) vegetation associations
 (U.S. Department of the Interior 1979, 1996).
 Wildfire destroyed approximately 50% of the
 shrub cover in the NCA from 1981 to 1985 (Ko-
 chert and Pellant 1986). Thus, for this paper,
 we defined preburn years as 1971-81 and the
 postburn years as 1986-94.

 METHODS

 Nesting Population Surveys
 Beecham (1970) and Kochert (1972) had

 identified nearly all of the 36 historical golden
 eagle nesting territories in the NCA when our
 study began. From 1971 to 1994, we searched
 all historical golden eagle territories within the
 NCA for nesting activity at least twice during
 each nesting season. We searched on foot and
 from boats, ground vehicles, fixed-winged air-
 craft, and helicopters, and we subsequently sur-
 veyed territories from the ground if reproduc-
 tive outcome could not be determined from air-

 craft (Steenhof et al. 1997).

 Occupancy and Reproductive Success
 We monitored reproductive activity at all his-

 torical golden eagle nesting territories each year
 from 1971 to 1994 (Steenhof et al. 1997). We
 categorized territories that showed signs of ter-
 ritorial activity, courtship, brood-rearing activity,
 eggs, young, or any other conspicuous field sign
 (decorated nests, roosts, etc.) as "occupied." A

 "successful" territory produced ?1 young that
 reached 51 days of age (80% of normal fledging
 age; Steenhof 1987). Unoccupied (vacant) ter-
 ritories were considered unsuccessful when we

 calculated success. Some golden eagle nests
 (<10) that contained known nesting attempts,
 but were inspected after young had fledged,
 were considered successful if (1) a nest platform
 decorated the same year was worn flat and con-
 tained fresh prey remains, (2) fresh fecal matter
 covered the back and extended over the nest's

 edge, and (3) no dead young birds were found
 within 50 m of the nest (Steenhof and Kochert
 1982). Estimates of preburn nesting success ex-
 cluded some nesting attempts where research-
 ers may have influenced the outcome of a nest-
 ing attempt in a given year by treating diseased
 young, installing shade devices, or transplanting
 young in or out of nests (<15% of nesting at-
 tempts), or where investigators were known to
 have caused egg or chick mortality (n = 6).

 Habitat Assessments

 We assessed habitat and disturbance charac-

 teristics within 3 km of the nesting centroid of
 each historical territory (n = 36). Similar to the
 "range centre" reported by McGrady et al.
 (1997), the nesting centroid was the average of
 the Universal Transverse Mercator coordinates

 for all nests in which golden eagles from a par-
 ticular territory laid eggs from 1971 to 1994.
 Coordinates of nests used more than once were

 entered into the calculations for each year the
 nest was used.

 We defined the area within 3 km of the nest-

 ing centroid as a "proximity ring" (Steenhof
 1982) and believe it provides a reasonable es-
 timate of the exposure of golden eagle territo-
 ries to burning. The proximity ring formed by
 this radius encompassed most of the distances
 traveled from the nest during the breeding sea-
 son by radiotagged pairs and included mean dis-
 tance traveled from nests during the nonbreed-
 ing (3 km) and breeding (1 km) seasons, as well
 as the average size of their 95% core use areas
 (Marzluff et al. 1997). The amount of burned
 area within the home ranges of 9 radiotagged
 golden eagle pairs studied by Marzluff et al.
 (1997) correlated positively with the amount of
 burned area within their proximity rings (Spear-
 man rank r = 0.93, P < 0.001).

 We overlaid the proximity rings for the 36
 territories on habitat and disturbance layers in
 a Geographic Information System (GIS). The
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 layers depicted burns, 1979 and 1994 vegetation
 types, and agriculture. The burn layer was dig-
 itized from 1:24,000-scale U.S. Geological Sur-
 vey topographic maps depicting boundaries of
 fires that occurred from 1950 to 1994 (U.S. De-
 partment of the Interior 1996). The 1979 veg-
 etation map was developed via visual interpre-
 tation of low-level aerial photographs and field
 verification of vegetation stands (U.S. Depart-
 ment of the Interior 1979), and the 1994 veg-
 etation map was developed via supervised clas-
 sification of Landsat thematic mapper satellite
 imagery (Knick et al. 1997). The agricultural
 layer depicted all agricultural lands, including
 fallow fields, and was a composite of the 1979
 and 1994 vegetation layers and 1993 U.S. Bu-
 reau of Reclamation agricultural maps (U.S.
 Department of the Interior 1996).

 We computed the area of each habitat and
 disturbance characteristic within each proximity
 ring. We calculated the proportion of area that
 burned each year and the total proportion
 burned since 1950, excluding areas that
 reburned. We used the 1994 NCA vegetation
 map to determine the percentage of area cov-
 ered by shrubs in postburn years.

 Statistical Analyses

 Because specific pre- and postburn years var-
 ied by territory and annual success rates of
 golden eagles vary significantly with prey and
 weather conditions (Steenhof et al. 1997), we
 adjusted for "year effect" in pre- and postburn
 analyses. We evaluated occupancy and success
 of each burned territory during years before
 and after it burned, relative to the 9 unburned
 territories in the same corresponding years. We
 computed standardized scores for each territory
 during both the preburn and postburn periods.
 Standardized scores were the difference be-

 tween mean occupancy or success for the
 burned territory during the particular time pe-
 riod and mean occupancy or success for the 9
 unburned territories during the same years. For
 example, mean preburn nesting success for the
 Commeford territory from 1971 to 1983 was
 75.0%, while mean success for all unburned ter-
 ritories during the same years was 50.5%. Thus
 the preburn score was 24.5 (75.0-50.5). Mean
 success for postburn years (1984-94) was 54.5%
 for the Commeford territory and 44.9% for all
 unburned territories, and the postburn score
 was 9.6 (54.5-44.9).

 We used Wilcoxon signed rank tests (Z) to

 determine whether standardized occupancy or
 success scores decreased after the territory
 burned. We used stepwise logistic regression to
 identify variables important in predicting oc-
 cupancy and success of golden eagle territories
 in postburn years. We included 3 habitat vari-
 ables (percentage of the area in shrubs, in ag-
 riculture, and burned as of 1994) and 2 golden
 eagle variables (mean 1971-81 nesting success
 and whether the nearest adjacent territory was
 vacant during postburn years) in stepwise logis-
 tic regression models predicting occupancy and
 success from 1986 to 1994.

 We used SYSTAT (Wilkinson et al. 1994,
 SPSS 1997) and StatXact (Cytel Software 1989)
 for statistical analyses and considered P-values
 - 0.05 as significant. Because we predicted the
 direction of changes in occupancy and success
 in relation to the habitat and disturbance vari-

 ables, we used 1-tailed tests unless otherwise
 stated.

 RESULTS

 Fire Occurrence

 From 1950 to 1994, fires burned 0-100% (s
 = 35%, median = 29) of the area within the
 proximity rings of 36 historical golden eagle ter-
 ritories in the NCA. We used the mean pro-
 portion of area burned to distinguish between
 extensively and moderately burned territories
 and classified 17 as extensively burned (f =
 61%, range = 36-100%), 10 as moderately
 burned (2 = 22%, range = 11-29%), and 9 as
 unburned (?? = 0.3%, range = 0-2%). The in-
 cidence of fires was relatively low prior to 1980.
 Only 14 territories burned between 1950 and
 1979. These 14 territories and 13 new ones

 burned during the 1980s; all but 1 burned be-
 tween 1981 and 1985. Fires in the 1980s were

 larger and more numerous than in the 1970s; a
 mean of 50% of the area within 3 km of nespng
 centroids burned in the 1980s compared to 7%
 during the 1970s. From 1990 to 1994, territo-
 ries essentially remained unburned, with -3.3%
 of the area burned around only 5 nesting cen-
 troids.

 Postfire Changes in Occupancy and
 Success

 Mean standardized occupancy scores for all
 27 burned territories did not change after burn-
 ing (Table 1; Z = - 0.38, P = 0.36); however,
 effect of burning on occupancy scores was re-
 lated to whether or not pairs could expand into
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 Table 1. Mean standardized occupancy and success scores for 27 burned golden eagle nesting territories pre- and postburning
 in southwestern Idaho, 1971-94. Standardized scores are presented as departures from mean occupancy or success for 9
 unburned territories, which is set at zero (See text for details). Burned territories with positive scores performed better relative
 to the unburned territories, and those with negative scores did poorer.

 Preburn Preburn Postburn

 Territory type n ? 95% CI . 95% CI

 Occupancy
 All burned territories 27 -8.8a -15.6 to -2.0 -21.2" -37.1 to -5.4

 With vacant neighborsb 9 -5.3 -11.8 to 1.2 1.9 -0.9 to 4.6
 With occupied neighborse 18 -10.6a -20.5 to -0.6 -32.8" -55.1 to -32.4

 Success

 All burned territories 27 0.8 -7.4 to 9.2 -14.2" -25.6 to -3.9

 With vacant neighbors 9 1.0 -15.8 to 17.9 1.9 -15.6 to 19.1
 With occupied neighbors 18 0.8 -9.8 to 11.3 -22.9" -9.8 to -36.0
 aMean scores that do not include zero in their confidence intervals differ from unburned territories (P < 0.05).
 b Territories where nearest neighboring territory is vacant or no territories occur within 9 km.
 c Territories where all adjacent territories are occupied.

 neighboring vacant territories. Pairs in 9 burned
 territories either expanded their territories or
 had the opportunity to do so: 3 used portions
 of a vacant neighboring territory (U.S. Geolog-
 ical Survey, Snake River Field Station, unpub-
 lished data), 5 were the nearest neighbor to a
 vacant territory, and 1 had no neighboring ter-
 ritory within 9 km. Occupancy scores at these
 9 territories increased after burning (Z = 2.07,
 P = 0.02). When we eliminated these 9 from
 the dataset, the decline in occupancy scores for
 the remaining 18 burned territories approached
 significance (Table 1; Z = -1.46, P = 0.07).

 In contrast to occupancy, mean standardized
 success scores for all 27 burned territories de-

 creased after burning (Table 1; Z = - 2.62, P
 = 0.004). Success scores at the 9 territories with
 the opportunity to expand did not change after
 burning (Z = 0.06, P = 0.48); based on 95%

 20
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 Fig. 1. Mean standardized success scores of 15 extensively
 burned golden eagle territories in relation to years postburn.
 Standardized scores are presented as departures from mean
 success of 9 unburned territories, which is set at zero in the
 graph (See text for details).

 confidence intervals, postburn success of these
 territories did not differ from the unburned ter-

 ritories (Table 1). When we eliminated these 9
 from the dataset, the decline in success scores
 at the 18 territories that could not expand was
 highly significant (Z = - 3.07, P = 0.001).

 Postburn success rates were related to time

 since burning. Standardized success scores at 15
 extensively burned territories remained relative-
 ly high for the first year after ?30% of the area
 within 3 km of their nesting centroid had
 burned (Fig. 1). Success scores then steadily de-
 clined to a low 4-6 years after burning and then
 subsequently increased again. After 10-11
 years, standardized scores were similar to those
 1 year after major burns.

 Factors Related to Postburn Occupancy
 and Success of Territories

 From 1986 to 1994, 81-89% of 36 golden
 eagle territories in the NCA were occupied
 each year. Twenty-six territories (72%) were oc-
 cupied in all 9 postburn years, and 5 were never
 occupied from 1986 to 1994. The probability of
 a golden eagle territory being occupied in all 9
 postburn years was not related to whether the
 area within 3 km of the nesting centroid had
 burned or to how much of it had burned (Table
 2). However, 3 other variables were significant
 in a stepwise logistic regression model predict-
 ing whether a territory would be occupied in all
 postburn years: (1) presence of a vacant neigh-
 boring territory, (2) percentage of agriculture
 within a 3-km radius of the nesting centroid,
 and (3) percentage of shrubs within the 3-km
 radius were all positively related with occupan-
 cy (Table 2).
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 Table 2. Results of 2 separate logistic regression procedures predicting occupancy and success at golden eagle territories in
 postbum years. The first model distinguishes territories occupied in all years (n = 26) from those vacant at least 1 year (n =
 10), 1986-94. The second model distinguishes territories successful in >5 years (n = 14) from those successful <5 years (n
 = 21), 1986-94a. One territory was excluded from the success model due to incomplete data.

 Parameter

 Variable estimateb SE t-ratio P-value Odds ratio

 Occupancy
 Intercept -2.647 1.590 -1.665 0.096
 % shrub 0.081 0.032 2.540 0.011 1.085

 % agriculture 0.107 0.050 2.154 0.031 1.113
 Vacant neighbor 1.710 0.786 2.177 0.030 5.529'

 Success

 Intercept -2.933 1.165 -2.517 0.012
 1971-81 success 0.049 0.021 2.382 0.017 1.051

 a Variables shown are those that contributed significantly to stepwise logistic regression models (P < 0.05; SYSTAT, logit procedure). Variables that
 did not contribute significantly to either model were percentage of area burned and whether or not burns occurred within 3 kin of the nesting
 centroid. Overall significance was 0.04 for the occupancy model (G3 = 13.33) and 0.07 for the success model (G1 = 7.15).

 b Positive values indicate that an increase in the independent variable is associated w\ith a higher probability of a territory being occupied or
 successful.

 c Territories were 5.5 times more likely to be occupied in postburn years if the neighboring territory was vacant.

 Annual nesting success of golden eagles in
 the NCA ranged from 32 to 80% between 1986
 and 1994. Twenty-one territories were success-
 ful in <50% of postburn years. Habitat mea-
 sures failed to predict which territories would
 be successful in >50% of postburn years. The
 only variable that contributed significantly to a
 logistic regression model (Table 2) predicting
 success in postburn years was a territory's nest-
 ing success in preburn years (1971-81). Pre-
 burn nesting success was positively associated
 with nesting success in postburn years, and the
 model was significant (P = 0.007).

 DISCUSSION

 Overall, golden eagles in the NCA responded
 negatively to the loss of shrubs (black-tailed
 jackrabbit habitat) that resulted from fires.
 However, the incidence and extent of fires did
 not help us to predict which territories would
 have low occupancy and success rates in post-
 burn years. Responses to fire were variable and
 influenced by at least 3 factors: (1) whether the
 nearest neighboring territory was vacant; (2) the
 ability to use alternative foraging habitat (i.e.,
 farmland, cliff, talus, riparian); and (3) the un-
 derlying quality of the pair or territory.

 Territories were more likely to be occupied
 during postburn years if the nearest neighbor-
 ing territory was vacant, and success of pairs
 that had the opportunity to extend their range
 into a neighboring vacant territory did not
 change after burning. Golden eagle pairs re-
 sponded to reduced shrub habitat from burning
 by ranging over larger areas and concentrating

 their use in the shrub patches within these larg-
 er ranges (Marzluff et al. 1997). Postburn suc-
 cess rates might have been even lower if neigh-
 boring territories had not become vacant after
 burning.

 Golden eagles also may have compensated
 for loss of shrub habitat due to burning by using
 alternative habitats. Marzluff et al. (1997) ob-
 served that some golden eagles in areas with
 little shrub habitat as a result of burning in the
 NCA restricted their foraging to small areas of
 cliff and riparian habitat around their nests.
 They preyed less on black-tailed jackrabbits and
 took more alternate prey such as rock doves
 (Columba livia), waterfowl, yellow-bellied mar-
 mots (Marmotaflaviventris), and desert cotton-
 tails (Sylvilagus nuttalli). Territory occupancy
 during the postburn years was predicted, in
 part, by the amount of agriculture within the
 proximity rings. The positive relation with ag-
 riculture could be explained by availability of
 alternate prey in farmlands. Golden eagles nest-
 ing in agricultural areas in southwestern Idaho
 took more ring-necked pheasants (Phasianius
 colchicus), yellow-bellied marmots, and other
 prey than golden eagles in the rangelands (Ko-
 chert 1972).

 Postburn nesting success at individual terri-
 tories was related primarily to nest success in
 preburn years. Territories with high success
 rates during preburn years continued to have
 high success rates in postburn years. Territory
 occupancy and breeding success for many bird
 species are related to quality of the territory
 (habitat) and of the pair occupying the territory
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 (Newton 1992, Marzluff et al. 1996) The situ-
 ation is complicated by the tendency for better
 birds to occupy better habitats (Newton 1991,
 1992). For example, low-quality sparrowhawk
 (Accipiter nisus) territories had the highest
 turnover, and high-quality territories were oc-
 cupied by older and more successful birds who
 produced most young for the population (New-
 ton 1991). High-quality golden eagle territories
 in the NCA (as measured by preburn success)
 had higher success rates after burning, even
 when the habitat was altered greatly. Because
 individuals tend to occupy the same territory
 year after year (Marzluff et al. 1997, Watson
 1997), these territories may have been occupied
 by older, resident pairs with more familiarity
 and experience with the territory. Alternatively,
 if high turnover of pairs occurs in poorer golden
 eagle territories, the newer, less experienced
 birds may be less successful and more affected
 by habitat alteration. Additional research in-
 volving marked golden eagles would help to dis-
 tinguish the influence of territory quality and
 individual bird quality on success rates.

 We observed a slight lag in the negative re-
 sponse and a subsequent rebound of golden ea-
 gle nesting success to burning within extensively
 burned territories. During the first year after
 burning, resident golden eagle pairs may forage
 mainly in remnant shrub habitat containing
 prey that have concentrated after fires (Marzluff
 et al. 1997). In subsequent postburn years, prey
 declines associated with shrub loss may have
 caused decreased golden eagle nesting success.
 Golden eagles might then have adapted to al-
 ternative habitats and alternate prey, as ob-
 served with some radiotagged golden eagles
 (Marzluff et al. 1997), accounting for the re-
 bound in success. Although golden eagles in the
 NCA specialize on black-tailed jackrabbits, they
 are able to use alternate prey during jackrabbit
 declines (Steenhof and Kochert 1988). The re-
 bound in success may have resulted in part
 from reestablishment of shrubs and an ensuing
 response of black-tailed jackrabbits. We ob-
 served reestablishment of shrubs in some shad-

 scale and greasewood (Sarcobatus vermiculatus)
 areas 10 years after burning, but reestablish-
 ment had not yet occurred in winterfat and big
 sagebrush areas (U.S. Department of the Inte-
 rior 1996; U.S. Geological Survey, Snake River
 Field Station, unpublished data).

 A decline in the number of nesting golden
 eagle pairs and the general decline in black-

 tailed jackrabbits (Steenhof et al. 1997) suggest
 a possible reduced carrying capacity for golden
 eagles in the NCA. Some abandoned territories
 may have been occupied only when jackrabbits
 were extremely abundant and were rendered
 less capable of supporting a pair of golden ea-
 gles after these territories burned. Three terri-
 tories were vacant 4-8 years before they were
 extensively burned. These 3 territories were oc-
 cupied in 1971, the highest peak of the black-
 tailed jackrabbit population, and were aban-
 doned during the low years of the jackrabbit
 cycle in the 1970s (Steenhof et al. 1997). Once
 abandoned territories are occupied by neigh-
 boring golden eagle pairs, it may be difficult for
 new pairs to reoccupy historical territories. As
 long as prey resources are low, these territories
 may be occupied by only 1 pair.

 MANAGEMENT IMPLICATIONS

 The amount of shrub habitat was important
 to golden eagle territory occupancy in the NCA.
 Managers should strive to maintain native shrub
 communities. Stands of sagebrush-rabbitbrush
 interspersed with grasslands support sizable
 populations of black-tailed jackrabbits, impor-
 tant golden eagle prey (Knick and Dyer 1997).
 Although some territorial golden eagles traveled
 >10 km from nests (Marzluff et al. 1997), it
 may not be feasible to manage intensively for
 shrubs on such a large scale. We recommend
 managers maintain shrub stands within 3 km of
 golden eagle nests, which is the mean distance
 traveled by golden eagles during the nonbreed-
 ing season and includes 95% of the distances
 measured during the breeding season (Marzluff
 et al. 1997).

 The goal of maintaining native shrub com-
 munities can be realized primarily through ac-
 tive fire suppression, and secondarily by rees-
 tablishing shrubs in burned areas. Fire suppres-
 sion and reestablishment of shrubs are partic-
 ularly important in areas like the NCA where a
 large proportion of the shrub habitat has been
 lost to fire, and the invasion of exotic annual
 plants has altered the fire ecology of the area
 (U.S. Department of the Interior 1996). Fire
 suppression should occur in both native shrub
 and grassland (burned) habitats because shrubs,
 particularly shadscale and greasewood, can re-
 establish naturally in burned grassland areas. If
 rehabilitation efforts fail or are not implement-
 ed, our results suggest some golden eagle pairs
 will adjust to burning and other habitat alter-
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 ations, particularly if cliff, talus, riparian, and
 farmland habitats are available. However, over-
 all losses to golden eagles will be significant.

 Managers need to monitor long-term effects
 of habitat alteration and the relative values of

 different habitat patches. Monitoring must in-
 clude more than a simple count of the number
 of occupied golden eagle territories because, as
 populations decline, productivity per pair may
 actually increase as marginal habitats are no
 longer used (Ferrer and Donazar 1996). Num-
 ber of young golden eagles produced per pair
 did not decline in the NCA from 1971 to 1994,
 despite a decline in the number of occupied
 nesting territories and a possible reduced car-
 rying capacity for golden eagles (Steenhof et al.
 1997). Additional monitoring is needed to de-
 termine if the ability of golden eagles to with-
 stand habitat alteration is a long-term response.
 Biologists will particularly need to know if some
 vacant territories will be reoccupied in future
 years or if more territories will become per-
 manently vacant, and if remaining pairs com-
 pensate via increased productivity.
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 NBS. J. H. Doremus and A. R. Bammann su-
 pervised collection of nesting data from 1976 to
 1983, and J. H. Doremus assisted with data col-
 lection from 1983 to 1990. R. N. Lehman, M.

 S. Vekasy, and their crews helped to collect data
 from 1990 to 1994. The study could not have
 been completed without the assistance of nu-
 merous field technicians and dedicated volun-

 teers, especially J. R. Oakley, T. E. Hamer, O.
 R. Fremming, and M. W. Collopy. Special
 thanks go to G. R. Griggs, D. W. Dyer, and E.
 E. Black for logistical support and coordination
 and to the Snake River Basin Office, U.S. Fish
 and Wildlife Service, for use of a jet boat. G.
 W. Smith, N. C. Nydegger, and D. L. Quinney
 developed the 1979 vegetation map, and S. T.
 Knick and S. E. Watts supervised collection of
 the 1994 vegetation data. D. L. Dyer and T. J.
 Zarriello conducted the GIS analyses and pre-
 pared habitat maps, and D. M. Parrish tabulat-
 ed most of the nesting data. J. T. Rotenberry
 provided valuable ideas for developing stan-
 dardized scores for the golden eagle data, and
 M. W. Collopy, S. T. Knick, B. A. Maurer, M. J.
 McGrady, J. T. Rotenberry, R. S. Lutz, and 2
 anonymous reviewers made valuable comments
 on earlier drafts of the manuscript.

 LITERATURE CITED

 BEECHAM, J. J., JR. 1970. Nesting ecology of the gold-
 en eagle in southwestern Idaho. Thesis, Univer-
 sity of Idaho, Moscow, Idaho, USA.

 CHAVEZ-RAMIREZ, F., AND F. G. PRIETO. 1994. Ef-
 fects of prescribed fires on habitat use by winter-
 ing raptors on a Texas barrier island grassland.
 Journal of Raptor Research 28:262-265.

 CYTEL SOFTWARE. 1989. StatXact statistical software

 for exact nonparametric inference. User manual.
 Cytel Software, Cambridge, Massachusetts, USA.

 FERRER, M., AND J. A. DONAZAR. 1996. Density-de-
 pendent fecundity by habitat heterogeneity in an
 increasing population of Spanish imperial eagles.
 Ecology 77:69-74.

 KNICK, S., AND D. L. DYER. 1997. Distribution of
 black-tailed jackrabbit habitat determined by GIS
 in southwestern Idaho. Journal of Wildlife Man-
 agement 61:75-86.

 , J. T. ROTENBERRY, AND T. J. ZARRIELLO.
 1997. Supervised classification of Landsat the-
 matic mapper imagery in a semi-arid rangeland
 by nonparametric discriminate analysis. Photo-
 grammetric Engineering and Remote Sensing 63:
 79-86.

 KOCHERT, M. N. 1972. Population status and chem-
 ical contamination of golden eagles in southwest-
 ern Idaho. Thesis, University of Idaho, Moscow,
 Idaho, USA.

 ---, AND M. PELLANT. 1986. Multiple use in the
 Snake River Birds of Prey Area. Rangelands 8:
 217-220.

 KOMAREK, E. V. 1969. Fire and animal behavior. Pro-
 ceedings of the Tall Timbers Fire Ecology Con-
 ference 9:161-207.

 MARZLUFF, J. M., S. T. KNICK, M. S. VEKASY, L. S.
 SCHUECK, AND T. J. ZARRIELLO. 1997. Spatial use
 and habitat selection of golden eagles in south-
 western Idaho. Auk 114: 673-687.

 , G. E. WOOLFENDEN, J. W. FITZPATRICK,
 AND R. P. BALDA. 1996. Breeding partnerships of

This content downloaded from 128.205.114.91 on Sun, 26 Jun 2016 12:47:52 UTC
All use subject to http://about.jstor.org/terms



 780 FIRE AND GOLDEN EAGLES * Kochert et al. J. Wildl. Manage. 63(3):1999

 two New World jays. Pages 138-161 in J. M.
 Black, editor. Partnerships in birds: the study of
 monogamy. Oxford University Press, Oxford,
 United Kingdom.

 MCGRADY, M. J., D. R. A. MCLEOD, S. J. PETTY, J.
 R. GRANT, AND I. P. BAINBRIDGE. 1997. Golden
 eagles and forestry. Research information note
 292. Forestry Commission Research Agency,
 Farnham, Surry, United Kingdom.

 NEWTON, I. 1991. Habitat variation and population
 regulation in sparrowhawks. Ibis 133(1, Supple-
 ment):76-88.

 . 1992. Experiments on the limitation of bird
 numbers by territorial behaviour. Biological Re-
 view 67:129-173.

 SMALLWOOD, J. A., M. WOODREY, N. J. SMALLWOOD,
 AND M. A. KETTLER. 1982. Foraging by cattle
 egrets and American kestrels at a fire's edge. Jour-
 nal of Field Ornithology 53:171-172.

 SMITH, G. W., AND N. C. NYDEGGER. 1985. A spot-
 light, line-transect method for surveying jackrab-
 bits. Journal of Wildlife Management 49:699-
 702.

 SPSS. 1997. SYSTAT for Windows: statistics. Version

 7.0. SPSS, Chicago, Illinois, USA..
 STEENHOF, K. 1982. Use of an automated Geographic

 Information System by the Snake River Birds of
 Prey Research Project. Computers, Environment
 and Urban Systems 7:245-251.

 . 1987. Assessing raptor reproductive success
 and productivity. Pages 157-170 in B. A. Giron
 Pendleton, B. A. Millsap, K. W. Cline, and D. M.
 Bird, editors. Raptor management techniques
 manual. National Wildlife Federation, Washing-
 ton, D.C., USA.

 , AND M. N. KOCHERT. 1982. An evaluation of

 methods used to estimate raptor nesting success.
 Journal of Wildlife Management 46:885-893.

 , AND . 1988. Dietary responses of
 three raptor species to changing prey densities in
 a natural environment. Journal of Animal Ecology
 57:37-48.

 , ---, AND T. L. MCDONALD. 1997. Inter-
 active effects of prey and weather on golden eagle
 reproduction. Journal of Animal Ecology 66:350-
 362.

 TEWES, M. E. 1984. Opportunistic feeding by white-
 tailed hawks at prescribed burns. Wilson Bulletin
 96:135-136.

 U.S. DEPARTMENT OF THE INTERIOR. 1979. Snake

 River Birds of Prey special research report to the
 Secretary of the Interior. Bureau of Land Man-
 agement, Boise, Idaho, USA.

 . 1996. Effects of military training and fire in
 the Snake River Birds of Prey National Conser-
 vation Area. BLM-IDARNG research project fi-
 nal report. U.S. Geological Survey, Biological Re-
 sources Division, Snake River Field Station, Boi-
 se, Idaho, USA.

 WATSON, J. 1997. The golden eagle. T. & A. D. Poy-
 ser, London, United Kingdon.

 -- , D. R. LANGSLOW, AND S. R. RAE. 1987. Im-
 pact of land-use changes on golden eagles in the
 Scottish highlands. Nature Conservancy Council
 Report 720.

 WILKINSON, L., M. HILL, P. HOWE, G. BIRKEN-
 BEUEL, J. BECK, AND J. LIU. 1994. SYSTAT for
 DOS: using SYSTAT. Version 6 edition. SYSTAT,
 Evanston, Illinois, USA.

 Received 15 April 1998.
 Accepted 6 January 1999.
 Associate Editor: Lutz.

This content downloaded from 128.205.114.91 on Sun, 26 Jun 2016 12:47:52 UTC
All use subject to http://about.jstor.org/terms


	Contents
	773
	774
	775
	776
	777
	778
	779
	780

	Issue Table of Contents
	The Journal of Wildlife Management, Vol. 63, No. 3 (Jul., 1999), pp. 763-1054
	Front Matter
	Invited Paper
	The Insignificance of Statistical Significance Testing [pp. 763-772]

	Effects of Fire on Golden Eagle Territory Occupancy and Reproductive Success [pp. 773-780]
	Movements and Survival of Bald Eagles Banded in the Greater Yellowstone Ecosystem [pp. 781-793]
	Double-Survey Estimates of Bald Eagle Populations in Oregon [pp. 794-802]
	Scrub-Successional Bird Community Dynamics in Young and Mature Longleaf Pine-Wiregrass Savannahs [pp. 803-814]
	Influence of Point Count Length and Repeated Visits on Habitat Model Performance [pp. 815-823]
	Reintroduction and Postrelease Movements of Red-Cockaded Woodpecker Groups in Eastern Texas [pp. 824-832]
	Evaluation of Translocation for the Threatened Florida Scrub-Jay [pp. 833-842]
	Selection of Pines for Foraging by Red-Cockaded Woodpeckers [pp. 843-852]
	Home Range and Habitat Selection of Bog Turtles in Southwestern Virginia [pp. 853-860]
	Movements, Survival, and Mortality of Black-Tailed Deer in the Klickitat Basin of Washington [pp. 861-871]
	Effect of Hurricane Andrew on Survival and Movements of White-Tailed Deer in the Everglades [pp. 872-879]
	Survival and Cause-Specific Mortality of Adult Raccoons in Central Mississippi [pp. 880-888]
	Survivorship of a Nonharvested Raccoon Population in South Texas [pp. 889-894]
	Local Determinants of Coypu Distribution along the Luján River, Eastcentral Argentina [pp. 895-900]
	Winter Prey Selection by Wolves and Cougars in and Near Glacier National Park Montana [pp. 901-910]
	Rates and Causes of Grizzly Bear Mortality in the Interior Mountains of British Columbia, Alberta, Montana, Washington, and Idaho [pp. 911-920]
	Trophic Relations of Brown and Black Bears in Several Western North American Ecosystems [pp. 921-929]
	Condition of San Joaquin Kit Foxes in Urban and Exurban Habitats [pp. 930-938]
	Relative Vulnerability of Coyotes to Removal Methods on a Northern California Ranch [pp. 939-949]
	Biosafety of Parenteral Brucella abortus RB51 Vaccine in Bison Calves [pp. 950-955]
	A Regional Model of the Eastern Cottontail and Land-Use Changes in Illinois [pp. 956-963]
	Effects of Fall Hunting on Wild Turkey Populations in Virginia and West Virginia [pp. 964-975]
	Site Selection and Nest Success of Ring-Necked Pheasants as a Function of Location in Iowa Landscapes [pp. 976-989]
	Effects of Saline Drinking Water on Early Gosling Development [pp. 990-996]
	Biases in Bird Strike Statistics Based on Pilot Reports [pp. 997-1003]
	Seed Color Avoidance by Captive Red-Winged Blackbirds and Boat-Tailed Grackles [pp. 1003-1008]
	Effects of Deterrents on Avian Abundance and Nesting Density in Electrical Substations in Oklahoma [pp. 1009-1017]
	Modeling Pattern in Collections of Parameters [pp. 1017-1027]
	Estimation of Habitat Selection for Central-Place Foraging Animals [pp. 1028-1038]
	Autocorrelation of Location Estimates and the Analysis of Radiotracking Data [pp. 1039-1044]
	Effects of Radiotransmitters on Survival and Reproductive Success of Gray Partridge [pp. 1044-1051]
	Book Reviews
	Review: untitled [pp. 1052-1053]

	Back Matter



