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GOSHAWK REPRODUCTION AND FOREST MANAGEMENT

D. COLEMAN CROCKER-BEDFORD,t North Kaibab Ranger District, Kaibttb National Forest,
Fredonia, AZ 86022

~ Nests of northern goshawks (Acc~piter gen- for Kaibab Industries, Fredonia, Ariz., 1981). Canopy
tills) are usually found within dense stands of coverage in 1972 averaged 58% (Crocker-Bedford and

Chaney 1988).large trees; thus, their nesting habitat may be
Each locale was a timber-sale preparation area (1,000adversely affected by timber harvest (Reynolds to 5,000 ha) where nearly every hectare that had trees

" ~t al. 1982, Moore and Henny 1983, Crocker- large enough for lumber was searched for goshawk
nests. The locales tended to be adjacent to others so-~ Bedford and Chaney 1988). After considering
that blocks of combined locales ranged from 4,700 to.... :I,,:Z goshawk natural history, many goshawk re- 19,600 ha.

searchers and management biologists have rec- Following light harvests in the 1950’s and 1960"s,
control locales (n = 9; smallest contiguous block = 4,700ommended buffer zones with no tree harvest
ha) received effectively no harvesting until after nest

around nests. The recommendation of B, eyn- monitoring was completed in 1987. In contrast, treat-
olds et al. (1982) and Reynolds (1983) is ment locales (n = 6; smallest contiguous block = 1,000

ha) were h~vested around nest buffers prior to 1985most well known. Their recommended 8-ha to
when nest momtoring began. Partial harvesting aver-

10-ha buffer (equivalent to the nesting stand) aged one-third uf the timber volume, of living trees
emphasized the area upslope or south of the >23 cm diameter at breast height, from 79% (range

73-86) of the hectares in treatment locales. The residualnest, and best ameliorated the microclimate of
basal area of living trees in a harvested stand was usu-the nest and protected most perching trees and ally between 10 and 25 m2/ha. Almost all snags were

prey plucking sites, left standing. An average of 17% of the treatment to-
tales was left unharvested because of low-productivityMv studv was the first to experimentally test ponderosa/pinyon and pinyon/oak communities or steep

ehe adequacy of nest habitat buffers for main- slopes. The remaining 4% was economical but left un-
raining goshawk reproduction. In addition, I cut to meet nontimber objectives.

Managers left unharvested buffers around all histor-analyzed goshawk f:idelitv over time to nest ical goshawk nest trees within treatment locales, even
trees and nesting stands, when no nest remained. Small buffers were 1.2 to 2.4

ha of uncut forest surrounding nest trees and were
STUDY AREA AND METHODS designed to best protect microctimate and perching

trees. Large nest buffers were 16 to 200 ha (mean 
The North Kaibab Ranger District of the Kaibab 70 ha) of uncut forest that protected old-growth stand(s)

National Forest is located on the Kaibab Plateau im- of highest quality (largest trees with densest canopies)
mediately north of Grand Canyon National Park. Plant surrounding the nest trees. Despite intensive search
cover at upper elevations (120,000 ha) is ponderosa efforts, some nests were not discovered prior to harvest.
pine (Pinus ponderosa), white fir (Abies concotor), sub- Most nests were located by Forest Service personnel
alpine fir (A. lasiocarl~a), Douglas-fir (Pseudotsuga from 197,3 to 1984 during timber sale preparation.
menz*es~O, Engelmann spruce (Picea engelmannii), Timber sale preparation at that time was entirely by
blue spruce (P. pungens), quaking aspen (Populus take-tree marking, which involved looking at almost
tremulo~des), several meadows, and a few small clear- every tree in stands to be harvested. Because 80% of
cuts. At its lower elevations, the ponderosa pine forest stands were marked for partial harvest, timber markers
includes Gambel oak (Ouercus gambetii) and grades were likely to discover at least 1 of the alternate nests
into a pinyon pine (Pinus edulis) forest, where no gos- of any pair of goshawks. Later, wildlife biologists in-
hawk nest is known, tensively searched vicinities of reported nests for al-

Light partial (selection) harvesting occurred during ternate nests.
the 1950"s or 1960"s over most of the study area. By Every nest tree that could be relocated was moni-
1980 ~tand~ .............. ~io~,-~,~ed ~v. ~onderosa, pine averaged ,,-,a’ tar~(i ..... mostiv hv the same biologist, between mid-june
me/ha basal area, and stands comprised mostly of other and late July in 1985, 1986, and 1987. A nest tree was
conifers averaged 32 m~/ha {D. Fordyce, un~ubl, rep. considered reoccupied if a nest was reconstructed, if a

nest contained new greenery, or if goshawks were pres-
ent. A nest tree was considered active if egg fragments

~ Present address: Supervisor’s Office, Tongass Na- were found, or if young were in the nest tree. Some
tional Forest, Ketchikan, AK 99901. nest trees no longer contained nests.
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For nest trees in control locales, reoccupancy during Table 1. Reoceupaney (>_ once) of goshawk nest trees
1985-1.987 was compared between those first found in from 1985 to t987, according to the year the nest was
t973-i978 and those first found in 198!.-1984. Reoc- found and the size of the habitat buffer, on the North
cupancy in 1985-1987 of individual nest trees was also Kaibab Ranger District, Arizona.
compared between control locales and the 2 buffer
classes of treatment locales. These analyses, where in- Control lc~ales
dividual nest trees were the experimental units, only Small buffeea Large buffers (>4,700 ha
used nest trees found prior to 1985. (L2 to 2.4 ha) (16 to 20£, ha) unha~’e~ted)

[ also compared reoccupancy of goshawk nesting Year,st O~u- Occ,~- O~,-
territories found before 1985, though some nests in

fouled pied Not pied Not pied Not

these territories were found later (see next paragraph). 197,3-1978 0 0 1
:\ territory was the area where no more than 1 pair of 1.981-1984
birds nested. On the North Kaibab, goshawks in a ter-
ritory used 2, ~, or 4 nests in different years (Crocker-
Bedford and Chancy 1988). These alternate nests were
clustered, usually within 800 m and always within 1
m of their nearest alternate nest. In contrast, nest clus- as controls found during the early 1980’s, nest
ters of adjacent territories were 1.4 to 4.5 km apart trees from all years of first location (1978-
imean = 2.6 km). No 2 nests within a cluster were ever

1984) were grouped for further analyses.active in the same year, while nests of adjacent clusters
were often simultaneously active. A radiotelemetry Between 1985 and 1987, 66% of control nest
study showed that nests belonged to the same pair of trees were reoccupied at least once, while only
goshawks when clustered within an area 0.8 km in
diameter (J. McGowan, unpubl, rep., Distribution, den- 12% of buffered nest trees in treatment locales
sit,,, and productivity of goshawks in interior Alaska, were reoccupied at least once (X-~ = i2.5, 1 dr,
Final I:tep., Fed. Aid Proj. W-17-8 to W-17-6, 1975). P < 0.001). Occupancy of small buffers and

A territory may have appeared unoccupied only be-
cause the occupied nest had not previously been f~und, large buffers was similarly low (x2 = 0.07, 1
To rednce such mislabeling, when no known nest was dr, P = 0.79). The occupancy rate per indi-
~ccupied by goshawks the territory received additional vidual nest tree per year averaged ~0% for 29
searches for nests. These additional searches typically
involved 2 person-days (range = V~ to 10 person-days), control nest trees and 6% for 17 nest trees with-

depending upon the difficulty of observation in the in no-cut buffers of treatment locales.
torest cover and how soon an occupied nest ,*,’as dis- Between 1985 and 1987, 79% of 19 control
covered.

Two analyses were conducted on territories. One territories were known to be reoccupied at least
cmnbined occupancy data from 1.985 to 1987. The once, but only 25% of 12 treatment territories
second considered occupancy, activity, and number of were reoccupied at least once (x~ = 8.79, 1 df,
young in 1987 only, when multiple monitoring trips
and tree climbing permitted an accurate assessment of P = 0.008). During 3 years, 32 nesting attempts
ceproduction. (where occupancy occurred) were observed for

19 territories in control locales, an average of
56% known occupancy per year, but only 5

RESULTS
nesting attempts occurred for 12 territories in

Nest trees were reoccupied on at least 8 oc- treatment locales, an average of 14% known
casions when little or none of the previous nest occupancy per year.
persisted. One nest tree was active in 1978, not In 1987, the year of intensive nest monitor-
checked from 1979 through 1981, without any ing, goshawk occupancy rates ~vere 63% for 19
nest remains from 1982 through 1~985, then territories in control locales and 17% for 12
active in 1986. territories in treatment locales (x~ = 6.42, 1 dr,

For nest treesin controllocales, reoceupancyP = 0.012). Eggs were laid in all territories
at least once during 1985-1987 was equally occupied in 1987. Occupied territories aver-
likely between nests found in 1978-1978 (67%) aged 2.1 nestlings (range 1-3) in control locales
or in 1981-1984 (65%) :z = 0.008, 1 df, P = but only 0.5 nestling in treatment locales (t 
0.9:~; Table 1). Beeause c0ntrolnesttreesfound 4.0, 12 dr, P = 0.008). For the 2 occupied
in the 1970’s were as likely to be reoecupied treatment locales, the eggs at 1 nest broke be-
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Table 2. Known occupancy of goshawk territories ac-
nests and within 100 m of 2 others. In contrast,cording to number of nest trees known in each territory

._ bv 1987, in unharvested locales of the North Kaibab none of these 3 species was ever observed to
Ranger District, Arizona. nest within i km of any goshawk nest tree in

Xo P ....t e ....t e .... t
control territories nor within 1 kmof goshawk-

k .... ~,o o~up,~ o~up,~ ~up~ occupied nests in treatment territories (xn~r~p~r ,e~,on~ -_o.~, p~,~.~ ~un,~ 18.2, 1 df, P < 0.001). Goshawk nest buffersterntory sampled 1985-1987 1985-1987 1987

[ 5 80 33 20 in use by other raptors averaged 26 ha (range
" 8 75 58 75 = 1.2-45 ha).3-5 6 83 72 83 Logged areas outside the studied treatment

-~ii~ locales contained the only 2 nests of Cooper’s
¯

hawks (Acc~p~ter cooperii) ever observed at
,~i ........ fore hatching, and only 1 egg hatched at the

elevations above the open-canopied, ponder-’~ other nest. Considering both occupied and un-
osa-pinyon and pinyon-oak communities. One

occupied territories in 1987, control territories
of these nests was formerly a goshawk nest.

averaged 1.32 nestlings and treatment terri-
tories a,’eraged 0.08 nestling (t = 4.6, 29 df,
/9 < O.OO1). DISCUSSION

The yearly probability of recording an oc-
Thoroughness of the Search Efforts

cupied nest in a control territory roughly tri-
pled with an increase in known nest trees per Although the average territory included 2.3
territory from 1 to 3 (xz = 29, 2 dr, P < 0.001; known nest trees, I believe that the true hum-
Table 2). In contrast, a control territory with her of nest trees averaged 3 per territory. Re-
only 1 known nest tree was as likely to be call that the yearly occupancy rate per terri-
occupied at least once during a 3-yea; period tory was higher when 3 nests were known than

as was a control territory with 3 or more known when 1 or 2 nests were known. However, the
nest trees (xz = 0.02, 1 dr, P = 0.89). number of known nests did not affect the prob-

Only 1 nest was found in 26% of control ability of a territory being recorded as occu-

territories and 25% of treatment territories (x~ pied at least once over a &year period, because

= 0.007, 1 dr, P = 0.93). The mean number a pair of goshawks truly having 3 nests were
of known nest trees per territory was similar as likely to be recorded sometime during 3
among 15 control territories occupied at least years whether 1 nest was known or 5 nests were
once during 1985-t987 (2.33 nest trees), 4 con- known. If the true number of nests per terri-
trol territories never occupied in 1985-1987 tory was 3 rather than 2.3, then one-fourth of
(2.25), 3 treatment territories occupied at least all nest trees were never found.

once (2.33), and 9 treatment territories never Thoroughness of searches was similar in con-
occupied in 1985-1987 (2.44 nest trees) (F trol locales and treatment locales. In each, the
0.026; 3,27 df; P = 0.994). same proportion of territories had only I known

Other raptors often replaced goshawks in nest tree. Mean nest trees found per territory

treatment territories but never did so in control was also similar. Therefore, higher occupancy
territories. Red-tailed hawks (Buteojamaicen- rate recorded for control territories was not
s/s) nested i~ former goshawk nests in 3 of the because of greater search effort or more known
9 treatment territories never reoecupied by nest trees.
goshawks. Four of these 9 treatment territories
were occupied by great horned owls (Bubo Fidelity to Nest Trees and Stands
v’irginianus) or long-eared owls (Asio otus):

Reoccupancy of historical nest trees did not
their nesting occurred in 2 former goshawk decrease over time in control locales. Reoc-
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:upancy occurred even after a tree’s nest had 1987 lay only 0.2, 0.5, and 1.1 km from large

:orally disappeared for 4 years. Between 1985 tracts (> 2,000 ha) of suitable foraging habitats

~nd ~987, control nest trees first located during that were planned for future harvests.

:he 1970’s were reoccupied as frequently as Because the true annual occupancy of con-

those found during the early 1980’s. Because trol territories was higher than recorded, and

some goshawk mortality probably occurred, it the occupancy of treatment territories can be

is apparent that nest trees may be reused by expected to decline still further, the type of

different goshawks, harvesting studied actually causes an even

Nesting stands within territories have great- larger drop in occupancy and reproduction than

er potential robe reoccupiedby goshawks many directly indicated in the results. I suggest a

decades into the future than individual nest 90% drop in occupancy and a 97% drop in

trees. One control nest tree was unused because nestling production.

it blew over, and 2 others may have been un- The microclimate of the nesting stand, as

occupied because they had recently been de- well as large trees for nesting and nearby

foliated by pandora moth (Coloradiapandora) perching, are important for goshawk nesting

caterpillars. In both cases alternate nest trees (Hennessy 1978, Saunders 1982, Pteynolds et

continued to be occupied, al. 1982, Hall 1984, Crocker-Bedford and Cha-
ney 1988). My treatments with large buffers
should have protected the nesting stands, yet

Nesting in Harvested Versus reproduction nearly ceased. Factors other than
Unharvested Locales nesting habitat appear critical for goshawk re-

Nest buffers, either large or small, did not production.

maintain goshawk reproduction. The recorded Direct disturbance during harvest opera-

.)occupancy rates were 75-80% lower where tions was not the problem. It may be that no

i timber harvest occurred around buffers, and
harvesting occurred during the nesting season

’ nestling production was 94% lower. Actual de- within 0.4 km of any nest of treatment locales.

creases were probably even greater, becauseI Of the 4 treatment territories where such bar-

estimate one-fourth of existing nest trees were vesting possibly occurred, all were occupied

never found. In control territories all of these during 1 or more years following !ogging; thus,

unlocated nest trees had the opportunity to be any disturbance had no long-term effect.

used, while in treatment territories about one- Some nest stands were inadvertently hat-

third of the unlocated nest trees would have vested. Although other nest trees remained

been removed during the partial harvesting, within buffers, perhaps the loss of a nesting

Because the time-scale over which habitat stand caused goshawks to abandon a territory.

!’.ceduction and fragmentation occurred was Other raptors replaced goshawks in most

,~’ short bv comparison w~th that of species logged territories in my study. In eastern Or-
~populati£n dynamics, then-it is likely that the egon where 60-80% of the forest had been

attainment of equilibrium ~vill lag gome way logged, mostly through selection harvests, half
behind the process of habitat destruction" the natural nestsof great grey owls (Str~x nebu-

/McLellan et al. 1986:809-;310). Indeed, indi- losa) ,vere vacated goshawk nests and usually

t cations are that some goshawks persist 1 to 5 occurred in unharvested stands (Bull et al.

I years in their territories following logging, 1988).
! though with little successful reproduction (C. Because red-tailed hawks, great horned owls,

Crocker-Bedford, unpubl, data). Furthermore, long-eared owls, and Cooper’s hawks were
nest trees of the 8 treatment territori6s that never found nesting closer than 1 km to any
were reoccupied at least once during 1985- goshawk nest in goshawk-occupied treatment
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territories, or in unoccupied control territories, dense overstory canopies and open understory
other rapt0rs may be inhibited both directtv canopies (C. Crocker-Bedford, unpubl, data).
by goshawks or by extensive, closed-canopy Crocker-Bedford and Chancy (1988)believed
conditions. The 4 species nested in goshawk that nesting stand characteristics were highly
buffers in logged locales, even though forest correlated with characteristics of prime for-
habitats within the buffers were denser than aging stands. Their results and literature re-
where I usually saw these raptors. Carey (1984) view both demonstrated that goshawks pre-
suggested that decreasing the quality and ferred stands of dense-canopied, large trees,
quantity of old-growth habitat could cause ear- and that most nesting occurred in stands with
ly successional species to dominate the land- relatively open understories. The North Kai-
scape and outcompete old-growth dependent bab once had higher breeding densities of gos-
species, even in the remaining old-growth hawks than any reported elsewhere (Crocker-
stands. Bedford and Chancy 1988), I believe due to

In addition to competition by open-forest, abundance of prey related to large trees and
raptors, and perhaps predation (Moore and. dense overstories, and due to understories open
Henny 1983), goshawks in logged locales prob- enough to facilitate goshawk pursuit and cap-
ably suffered from a reduction in quality of ture of prey~
habitat for hunting and from lower prey den-
sity. Goshawks are adapted to hunting in dense

Changes in Population of North Kaibabforest, and Kenward (1982) found that gos-
hawks preferred hunting and were more sue- Given the mean of 1.1 nesting pairs of gos-
cessful in woodlands than in openings with hawks per 1,000 ha for locales last harvested
scattered trees. Furthermore, harvests on the in the 1950’s and 1960’s (Crocker-Bedford and
North Kaibab tended to result in the establish- Chancy 1988), and 120,000 ha of potential
ment of tree saplings and brushy species such habitat (see Study Area), I estimate that the
as Gambel oak and New Mexico locust (Ro- 1972 breeding population on the North Kaibab
binm neomexicana), and dense understories Ranger District was 130 pairs.
may impair goshawk detection and pursuit of From 1972 to 1988, sale areas totaling 71,000
prey (Reynolds and Meslow 1984). Finally, i~a, ha received harvesting under the regime tested.
Southwestern forests, partially harvested stands ’ Because sale areas included 60% of all goshawk
produce less potential prey than do unbar- habitat, and harvesting caused an estimated
vested stands: fewer birds (Franzreb 1977; Scot{ ~ 90% drop in occupancy within sale areas, then
and Gottfried 1983; Galeano and Crocker- nesting pairs were probably reduced to half
Bedford, unpubl, rep. Comparison of bird the 1972 breeding population.
communities in 8 timber sales harvested at 2 Furthermore, pre-1972 harvests probably
intensities on the North Kaibab Ranger Dis- had alregdy reduced the population. Locales
trict, Kaibab National Forest, Fredonia, Ariz., last harvested in the 1950’s or 1960’s had a
1984) and fewer tree squirrels (Vahle and Pat- mean of 3.2 known nests per 1,000 ha (Crock-
ton 1983, Patton et al. 1985). er-Bedford and Chaney 1988). The 2,750-ha

The only logged locales still occupied by locale that had received the lightest pre-1972
goshawks had unusually small amounts of can- harvesting had a high nest density, 5.1 known
opy volume removed and had nests near large nests per 1,000 ha, which was exceeded only
unharvested tracts. On the North Kaibab, den- by a 1,050-ha virgin locale where 12 goshawk
sities of the 71 known goshawk territories, nests were found. Thus, it is possible that the
which included 157 known nest trees, varied goshawk breeding density had already been
by locale and appeared closely associated with cut in half by 1972.
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In summary, the North Kaibab Banger Dis- cutting, then clear-cuts certainly do not benefit

trict may have once supported roughly 260 goshawks but may benefit competitive raptors.

pairs of breeding goshawks. The population Where management goals include both tim-

fell to about 130 pairs by 1972 and to approx- ber harvests and goshawks, I suggest silvicul-

imately 60 nesting pairs in 1988. ture that maintains much prime goshawk hab-
itat (dense large trees with open understory)

Recommendations on Habitat Management
within foraging range of nests (>-2,000 ha,~
P~eynolds 198g). It is also critical to maintain-

Attention needs to be given to the general dense habitat in large enough blocks to inhibit

habitat over the entire foraging range of a pair open-forest and edge-benefitted raptors. These

of goshawks, because nest buffers by them- objectives may possibly be accomplished using

selves are ineffectual. After partial harvesting an even-aged system of silviculture with the

over extensive locales around nest buffers, rotation length extended well beyond that

reoccupancy decreased by an estimated 90% which maximizes timber yield. However, re-

and nestling production decreased by an es- generation harvests should not be dispersed

timated 97%. Decreases were probably due to evenly around a cluster of alternate goshawk

increased competition from open-forest rap- nests. Instead, the watershed surrounding the

tars, as well as changes in hunting habitat and nests should be divided into thirds, with the

prey abundance. Even though buffered nest nest concentration at the junction of the thirds.

trees have been abandoned, I recommend lear- The ~rst third, t,000 to 2,000 ha, would be

ing their buffers intact in hopes that surround- regenerated over the first one-third of the ex-

ing habitat may adequately recover in the fu- tended rotation period. The second 1,000 to

ture. 2,000 ha would be regenerated over the second

Goshawk nesting density appears to be third of the rotation period, and so on.

closely associated with dense overstories and As a result at any one time, a 1,000-ha to

open understories. Goshawk habitat may 2,000-ha block near a territory’s nests would

therefore be improved by silvicultural activi- be in prime foraging habitat (fully mature for-

ties Which ~’educe the densities of shrubs, sap- est older than the age which maximizes timber

lings and small poles, while maintaining or production), while a second block would be in

enhancing the canopy of large trees, marginal foraging habitat (medium-sized, ma-

Kenward (1982) concluded that goshawks ture trees). Only one block near the cluster of

depended heavily upon hunting along edges alternate nests would be supporting open-for-

between forests and openings. I believe that est and edge-benefitted raptors, so hopefully

his conclusions have little bearing on most for- goshawks could maintain a competitive ad-

est management situations, because Kenward’s vantage.

tamed goshawks were feeding primarily on Foraging habitat in nesting stands is critical

high densities of recently released pheasants to brooding adults and recently fledged young

(Phasmnus colchicus). I was unable to find any (Schnell 1958). Also, in unlogged locales reoc-

~ benefit from clear-cuts to goshawks on the cupancy of nesting stands did not decrease over

\1 North Kaibab (unpubh data). Common for-
time. Therefore, managers should continue to

I ester folklore in North America states that gas- seek out and protect goshawk nesting stands.

!~! hawks prefer to forage in clear-cuts, but I agree If possible, nesting stands should be managed

* with ~eynolds (i98g) that goshawks are simply in perpetuity in a manner that maintains both
more easily seen there. In situations where brush prime foraging conditions and nesting struc-

and small trees arequickly established, or where ture. Where impossible to maintain existing

maior prey items are not increased by clear- nest stands, the most mature block of forest
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described above may. possibly provide suitable any¯ habitat types¯ where high prey populations
nesting stands, associated with understory vegetation more

To provide more assurance of goshawk re- than offset understory impairment of goshawk
production, it would seem important to also hunting. Finally, it is possible that severe de-
protect or carefully manage the portion of home clines in goshawks, associated with logging, may
range used most intensively for foraging. A not occur where dense populations of suitable
recent radiotelemetry study found an average prey occur within abundant, well-protected ri-
of 168 ha in core areas of females and their parian areas. Such factors ~vill induce man-
fledged young, and an average of 648 ha in agers to try different schemes.
core areas of breeding males (P. Kennedy, Los Considerable effort has been spent on gos-
Alamos National Laboratory, pers. commun.), hawk habitat management in many locations,
Accurate delineation of core areas during tim- yet to my knowledge the North Kaibab is the
bet sale planning is problematic, but probably only place where the management effective-
should include all area between alternate nests ness has been accurately monitored. My study
as well as prime foraging habitat near nests, demonstrates that habitat management based

On the North Kaibab Ranger District, more upon natural’~history should always be moni-
intensive surveys for goshawk nests occurred tored as to its effectiveness. Scientific moni-
than at any other place that I have heard of, toring requires replications of both treatments
and the protection of known nesting stands was and controls. Nest surveys elsewhere should
as extensive as anv I know of outside of national enable my studv design to be improved upon
parks anddesignatedwildernesses. Despite sueh by including territories from broader geo-
careful management, goshawk reproduction graphical areas. Since my study’s eomlSletion
plummeted. Multiple-use forest managers else- most of my control territories have been logged,
~vhere should intensify their goshawk surveys, which demonstrates the importance of finding
management, and monitoring. To assure re- long-term controls in lands not subject to bar-
production, timber harvesting should avoid the vesting.
entire feeding ranges of goshawks (> 2,000 ha)
until more is known about how to manage
timber in a manner compatible with goshawks. SU.~I}IAI~Y

Often timber goals will force harvesting be- The North Kaibab Ranger District provided
fore perfect knowledge is available, in which small habitat buffers (1.2 to 2.4 ha) or large
case some variation of my silvicultural rec- buffers (16 to 200 ha) around all goshawk nests
ommendations may work. I caution that my located prior to timber harvests. Partial hat-
proposals still allow more habitat change than vesting removed one-third of the trees from
occurred in my large control locales. Also, I 80% of the stands in treatment locales. Con-
did not consider some factors which led Thorn- tiguous control locales were unharvested blocks
as et al. (1990) to recommend leaving intact exceeding 4,700 ha. I compared occupancy of
habitat blocks large enough for 20 pairs of individual nest trees as well as occupancy and
northern spotted owls (Striz occidentalis cau- production of goshawk territories, which typ-
rma). Further, even more eareful managementically included 3 nests.
of goshawk habitat may, be necessary as gen- Reoecupancy of eontroI nest trees, from 1985
eral declines in migratory, neotropical forest to 1987, was as high for nest trees discovered
birds (Terborgh 1980, Morton and Greenberg during the 1970’s as for those discovered dur-
1989) affect abundance of some prey. Note ing the early 1980’s. Nest trees were sometimes
that my proposals for even-aged managementreoeeupied after former nests had totally dis-
and understory thinning would not apply to appeared.
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Even with nest buffers, recorded reoccu- California. M.S. Thesis, California State Univ.,

)ancv dropped bv 80% and recorded nestling
Humboldt. 70pp.

¯ , I-IENNESSY, S. P. 1978. Ecological relationships of ac-
)roduction dropped by 94% following logging, cipiters in northern Utah--with special emphasis
l’he true decreases were greater.’ Other raptors on the effects of human disturbance. M.S. Thesis,

Utah State Univ., Logan. 66pp.
¯ eplaced goshawks in most logged territories I(ENWARD, R. E. 1982. Goshawk hunting behavior,
)ut in no control territory. Goshawk foraging and range size as a function of food and habitat

~abitat is degraded by activities which de- availability. J. anim. Ecol. 51:69-80.

,’rease the canopv of large trees and promote
,"v|cLELLAN, C. H., A. P. DO~SON, D. S. Wmcov~:, AND

¯ J.F. LYNCH. 1986. Effects of fragmentation on
:he development of a dense brush, sapling, or New- and Old-World bird communities: empirical

pole understory, observations and theoretical implications. Pages
305-318 in J. Verner, M. L. Morrison, and C. J.

Timber harvesting on the North Kaibab Ralph, eds. Wildlife 2000: modelling habitat re-
B, anger District caused goshawks to decline,~/~l lationships of terrestrial vertebrates. Univ. Wis-

from an estimated 260 nesting pairs to ap-~ consin Press, Madison.

proximatelv 60 pairs by t988. [ speculated ont Moo,E, K. R., AND C. J. HENNY. I983. Nest site char-
¯ , acteristies of three coexisting accipiter hawks in

a silvicultural system which might reduce the northeastern Oregon. Raptor Res. 17:65-76.

decline. MOUTON, E. S., ^NO B. GaeZN~EUC. 1989. The outlook
for migratory songbirds: "future shock" for bir-

Acknowledgments.--I commend the for- ders. Am. Birds 43:178-183.
esters and biologists of the North Kaibab Rang- PATTON, D. R., R. L. W^=t.zm~,
er District for their efforts in locating goshawk 1985. The effects of timber harvesting on the

nests, and the U.S. Department of Agriculture,
Kaibab squirrel. J. WildI. Manage. 49:14-19.

RZYNOUDS, R.T. 198,3. Management of western co-
Forest Service, for its support of this project, niferous forest habitat for nesting accipiter hawks.
Most nest monitoring xvas conducted bv B. For. Serv Gen Tech. Rep. RM-t02. 7pp.

, *NO E. C. M~uow. 1984. Partitioning of food
Chaney. I thank D. E. Capen, R. L. Glinski, and niche characteristics of coexisting Accipiter
N. R. Holler, R. W. Mannan, M. G. Raphael, during breeding. Auk 101:761-779.
and R. T. Revnolds for their careful and help- , --, .~ND H. M. W~CHT. 1982. Nesting¯ habitat of coexisting Accipiter in Oregon. J. Wildl.
ful reviews of my manuscripts. This paper is Manage. 46:124-i~8.
dedicated to the memory of L. Pyc, who con- SAUNDZr~S, L.B. 1982. Essential nesting habitat of the

tributed much to gosha~vk survevs, goshawk (Accipiter gentilis) on the Shasta-Trinity¯ National Forest, McCloud District. M.S. Thesis,
California State Univ., Chico. 57pp.

SCHN~LU, J. H. 1958. Nesting behavior and food hab-
LITERATURE CITED its of goshawks in the Sierra Nevada of California.

Condor 60:377-403.
t~JULL. E. L., N’|. G. HENJUM, AND R. S. I~OHWEDER. SCOTT, V. E., AND G. J. GOTTFRIED. ].983. Bird re-

i988. Nesting and foraging habitat of great grey’ sponse to timber harvest in a mixed conifer forest
owls. J. Raptor Res. 22:107-115. in Arizona. For. Serv. Res. Pap. RM-245. 8pp.

t;,,,u~’r, A. B. 1984. A critical look at the issue of Tz~Boucu, J. W. 1980. The conservation status of
species-habitat dependency. Pages 28-43 in Chal- neotropical migrants: present and future. Pages
lenges for wildlife and fish--the old-growth eco- 9.2140 in A. Keast and E. S. Morton, eds. Migrant
system in managed forests. Proc. ].983 tech. session birds of the neotropics: ecology, behavior, distri-
of Wildl. and Fish Ecol. Working Group of Soc. bution and conservation. Smithsonian Institution
Am. For. Soc. Am. For., Washington. D.C. Press, Washington, D.C.

()rOCKER-BEDFORD, D. C., AND B. CHANEY. ].988. THOMAS, J. W., E. D. FOBSMAN, J. B. LINT, E. C. NIESLOW,

Characteristics of goshawk nesting stands. Pages B.R. NOON, AND J. VEBNEB. 1990. A conservation
210-217 in R. L. Glinski et al., eds. Proc. Southwest strategy for the northern spotted owl. U.S. Gov.
Faptor management sytnposium and workshop. Printing Office 1990-791-171/90026. 497pp.
Natl. Wildl. Fed., Washington, D.C. VAHLE, J. R., AND D. R. PAWrON. 1983. Red squirrel

fq~ANZUEe,, K. E. 1977. Bird population changes after cover requirements in Arizona mixed conifer for-
timber harvesting of a mixed conifer forest in Ar- ests. J. For. 81:14-].5.
izona. U.S. For. Serv. Res. Pap. RM-184. 25pp.

t l.,u,~,, p. A, 198,1. Characterization of nesting habitat Received 23 October 1987.
-f goshawks (Accipiter gentilis) in Northwestern Accepted 20 February 1990.



141 6 SOIL SCI. SOC. AM. J., VOL.55 SEPTEMBER-OCTOBER h991 ~

program and organization infrastructure enter into
U.S. For. Serv. Res. Note PNW-125 P’ac fic Northwest For. Range
Exp. Sm., Portland, OR.

choices of laboratory analyses. It is clear, however, that Cochran, W.G. 1953. Sampling techniques. John Wiley & Sons, New

laboratory-procedure selection should be made with York.

ample consideration of sample variability and cost {n
Cochran, W.G. 1977. Sampling techniques. 3rd ed. John Wiley &

- Sons, New York.
order to optimize efficiency of research expenditures. Da~w, A.J., and K. Taylor. 197a. Seasonal patterns of nitrogen avail-

" ab’ilitv in contrasting soils in the Chiltern Hills. J. Ecol. 62:793-807.
Day P.R. i953. Experimental confirmation of hydrometer theory.,.

ACKNO\VLEDGMENTS Soil Sci. 75:18 I- [ 86.

This study was partially funded by the U.S. Navy, Space
Gee, G.W., and J.W. Bauder. I986. Parttcle-size analysis. I~. 383-

and Naval Warfare Systems Command through a subcon-
411. In A. Vd’ute (ed.) Methods of soil analysis. Pan I. 2rid ed.
Agron. Monogr. 9. ASA and SSSA, Madison. WI.

tract to the Illinois Institute of Technology Research Insti- Gulgta, P.L., and I.H. Robson. 1975. Seasonal differences in the avail-

lute under contract number EO6595-88-C-001 and the
ability of nutrients do,*n a pockzolic larofile. J. Ecol. 63:52~-534.

Eastern Hardwood Research Cool~erative within the joint Liu, T.R.., R.T. Odell, W.C. Etter, and T.H. Thornburn. 1966. Com-

U.S. Environmental Protection Agenc.v/U.S. Forest Senice
parison of clay contents determined b,v hydrome:er and pilgeue

Response Program. The Forest Response Program is part of
methods using reduced major axis anal.vsis. Soil Sci. Soc. Am.
Proc. 30:665-669.

the National Acid Precipitation Assessment Program. This Mollitor, A.V., A.L. Leaf. and L.A. Morris. 1980. Forest soil varia-
material has not been subject to Na%’, EPA, or Forest Set- bility on northeaste,’-n flood plains. Soil Sci. Soc. Am. J. ~.~,:617-620.
vice peer review and should not be construed to represent Northup, M.L.. A.J.A. MacCormick, and J.R. Boyle. I977. A scheme

the policies of these agencies. A computer program for pro-
:’or sampling inorganic nitrogen in forest soils. Commun. Soil Sci.
Plant Anal. 8289-296

ducing information given in the tables is available at nom-
inal cost from the Intellectual Property Office, Michigan

Peterson, R.G., and L.D. Calvin. t986. Sampling. p. 33-51. In A.
. K.lute (ed.) Methods of soil analysis. Part l. 2nd ed. Agron. Mon-

Technological Universit,v, 1400 Townsend Drive, Hough- ogr. 9. ASA and SSSA, .Madison, WI.

ton, MI 49931-1295.
Siebevt, P. 1977. Simple sedimentation methods including :he An-

dreason pipette and Cahn sedimentation balance, p. 45-55. [n
J.D. Stockham and E.G. Fochtman (ed.) Panicle size analysis.

REFERENCES Ann Arbor Science, Ann Arbor, MI.

Anderson, T.D., and A.R. Tiedeman. 1970. Periodic variation in
Usher, M.B. 1970. Pattern and seasonal variability in the environ-

physical and chemical properties of two central Washington soils,
merit of a scots pine forest soil. J. Ecol. 58:669-679.

Timber Harvest Trafficking and Soil Compaction in Western Montana

Stephen J. Cullen,* Cliff Montagne, and Hayden Ferguson

ABSTtC4.CT "IN THE TIMBERLANDS Of northwestern Montana, field
.!. personnel observed that trafficking by heavy, ma-

Little evidence is documented regarding the effects of timber-bar- chinery during timber harvesting often affected forest
vest traffic on volcanic-ash-mantled glacial till soils and clay-rich regeneration and productivity. Most trafficking occurs
Tertiary volcanic-derived soils of northwestern .Montana. \Ve iden- when rubber-tired skidders or crawler tractors drag
tiffed and characterized differences in the soil physical properties
bet~’een trafficked and nontrafficked areas. Soil-clod bulk density,

logs tO landings for loading, collect and pile slash and

infiltration, and soil-clod water retention ~ere measured on 54 pc-
stumps, and scarify the soil in preparation for planting

dons from nontrafficked and moderately and severely trafficked sites,
seedlings. These activities can compact soils and, as a

Soil mechanical properties ~ere characterized using 18 nontrafficked
result, reduce plant growth.

pedons. Compared with nontrafficked areas, bulk densities in se- Soil factors such as texture, water content, structure,
verely trafficked areas at the 15-cm depth were 76, 21, and 21% and organic matter that control, in parr, the process

greater in ash o~er limestone till, ash over quartzite till, and Tertiary
Of soil compaction have been previously described

volcanic soils, respectively. Water retention at 0.002, 0.010, and (Snider and Miller, 1985; Howard et al., 1981; Means
0.033 .~IPa was significantly Iov, er at the 15-cm depth in trafficked and Parcher, 1963; Lull. 1959; Trask, 1959; Langston

than in nontrafficked areas of ash o’,er limestone till. Similar dif- et al., 1958; Trask and Close, 1958).
ferences were observed in ash over quartzite till. Compared ~ith Previous workers (Trimble and Weitzman, 1953;
,~.on~afficked areas, cumulative 1-h infiltration in severely trafficked Steinbrenner and Gessel, !955: Tackle, 1962; Hatchel
areas ~as 81% less in ash over limestone till, 79% less in ash over et al., 1970) reported decreased infiltration and in-
quartzite till. and 87% less in Tertiary volcanic soils. Similar but creased overland flow and erosion on skid trails and
smaller differences were detected in moderately trafficked areas, other highly trafficked areas.
Three independent measurements demonstrated significant differ- Compaction can alter the water-holding capacity of
ences in surface horizon physical properties between trafficked and soils. Compaction generally reduces "the available
nontrafficked areas. We detected significant physical manifestations wa~er-holding capacity of fine-textured soils; in coarse-
of traffic-induced soil compaction below 30 cm. textured soils, compaction can reduce the size of very.

S. Cullen, Vadose Zone Monitoring Lab., Inst. for Crustal Studies,
large pores and increase water retention (Hyder and

Univ. of California, Santa Barbara. CA 93106; C. Montagne and H. Sneva, 1956; Rashid and Sheikh, 1977).
Ferguson, Plant and Soil Science De;}., Montana State Univ., Boze- It is important to identify soil compaction because
man, MT 59717. Contribution no. J-2411 from Montana Agnc. Exp.
Sm. Received 7 Nov. 1989. *Corresponding author.

Of its potential for reducing plant growth. Veihmeyer
and Hendrickson (1948) concluded that several spe-

Published in Soil Sci. Soc. Am. J. 55:.1416-1421 (1991). cies of plants from various climatological settings


