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When the Wildlife Society Bulletin pub-
OLVKHG�DQ�DUWLFOH�LQ������EDVHG�RQ�WKUHH�
years of northern goshawk (Accipiter 

JHQWLOLV) nest monitoring on the North Kaibab 
Ranger District in Arizona (&URFNHU�%HGIRUG�����), 
LW�LJQLWHG�D�FRQÀLFW�EHWZHHQ�WKH�WLPEHU�LQGXVWU\�DQG�
environmentalists on how to best manage forests. 

Changes in forest structure from logging were 
reported to have caused reduced breeding and 
nest productivity in the area’s ponderosa and 
PL[HG�FRQLIHU�IRUHVWV�DQG�OHG�WR�D�ODUJH�JRVKDZN�
population decline. 

Wanting to halt tree cutting until the goshawk’s 
long-term survival and nest productivity were as-
VXUHG��HQYLURQPHQWDOLVWV�¿OHG�D�SHWLWLRQ�WR�OLVW�LW�DV�
WKUHDWHQHG�LQ�������7KDW�SHWLWLRQ�DQG�WZR�PRUH�WKDW�
followed were denied due to a lack of “substantial 
information” on the hawk’s habitat and demogra-
phy, but the controversy between conservationists 
and the wood products industry was not over. It 
RQO\�LQWHQVL¿HG�

A species of woodlands throughout the Northern 
Hemisphere, the northern goshawk preys on birds 
and mammals including grouse, woodpeckers, 
rabbits and squirrels. In North America, goshawks 
occupy forests from the boreal region of Canada 
DQG�$ODVND�VRXWK�WR�0H[LFR�(Squires and Reyn-
ROGV�����). Its blood red eyes, cobalt blue back, 
silver breast and elusive behavior contribute to this 
hawk’s alias — the “gray ghost.” 

To address environmentalists’ concerns and mini-
PL]H�GHWULPHQWDO�PDQDJHPHQW�H̆HFWV�E\�WKH�)RUHVW�
Service, the southwestern regional forester estab-
OLVKHG�WZR�JURXSV�LQ������WR�EHQH¿W�WKH�JRVKDZN��
7KH�*RVKDZN�6FLHQWL¿F�&RPPLWWHH��PDGH�XS�RI�
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FIRE-PRONE FORESTS THEY INHABIT?
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 The blue back, red eye and white superciliary stripe above the 
eye identify an adult northern goshawk. 
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goshawk researchers and forest ecologists and 
managers, would review goshawks’ habitat needs 
and “develop management recommendations based 
on the best available science.” A Goshawk Task 
Force — a large group of resource managers and 
scientists from federal, state and local governments; 
academia; conservation groups; and the wood prod-
ucts industry — would review management options 
including those developed by the committee and 
recommend a path forward. 

In over two years of meetings and deliberations, the 
committee not only helped recover goshawk habi-
WDWV��,W�DOVR�KHOSHG�UHVWRUH�WKHVH�¿UH�DGDSWHG�IRUHVWV�

More than goshawks
As committee members set out, they recognized 
where goshawks live — mostly within and below 
forest canopies. The habitat structure best suited to 
them occurred in mature forests in the open space 
below the canopy. As with most predators, they 
hypothesized, goshawk survival and reproduction 
DUH�IRRG�OLPLWHG��%UHHGLQJ�JRVKDZNV�ZRXOG�KDYH�
to hunt for a broad suite of prey species over large 
areas to meet their food needs. As a result, the com-
PLWWHH�UHDVRQHG��H̆HFWLYH�KDELWDW�PDQDJHPHQW�IRU�
goshawks must also include the diverse habitats of 
their many prey species and areas with the full suite 
of desired habitats would best support goshawk 
survival and breeding. 

%XW�WKHVH�IRUHVWV�KDG�FKDQJHG��3RQGHURVD�SLQH�DQG�
PL[HG�FRQLIHU�IRUHVWV�HYROYHG�ZLWK�IUHTXHQW�VXUIDFH�
¿UHV��KHQFH�WKHLU�PRQLNHU�³IUHTXHQW�¿UH�IRUHVWV´���
EXW�D�FHQWXU\�RI�¿UH�VXSSUHVVLRQ�KDG�UHVXOWHG�LQ�
SRSXODWLRQ�H[SORVLRQV�RI�\RXQJ�WUHHV��LQYDGLQJ�VPDOO�
JUDVV�IRUE�VKUXE�RSHQLQJV�DV�ZHOO�DV�¿OOLQJ�WKH�VXE�
canopy space. Meanwhile, the focus of logging on 
large trees reduced the abundance of older trees. 

These changes highlighted the dynamic nature of 
¿UH�DGDSWHG�IRUHVWV��7KH�FRPPLWWHH�UHFRJQL]HG�
WKDW�WR�EH�H̆HFWLYH�LQ�WKH�ORQJ�UXQ��PDQDJHPHQW�
recommendations would need to include ac-
tive management options. To sustain the desired 
landscapes, the committee set out to develop a land-
scape management strategy that would create and 
conserve multiple predator and prey habitats.

7KH�¿QDO�JRVKDZN�KDELWDW�UHFRPPHQGDWLRQV�ZHUH�
SXEOLVKHG�LQ������DV�5056�*75����, a general 
technical report of the Rocky Mountain Research 

Station (RMRS). The report described desired 
landscape characteristics at the scale of a goshawk 
EUHHGLQJ�WHUULWRU\�²�DERXW�������DFUHV��7KHVH�
LQFOXGHG�IRUHVWV�LQ�VL[�FHQWUDOO\�ORFDWHG�����DFUH�DO-
ternate nest areas. Surrounding the nest areas were 
D�GHVLUHG�PL[�RI�IRUHVW�KLGLQJ�FRYHU�IRU�ÀHGJOLQJ�
JRVKDZNV�DQG�SUH\�KDELWDWV�LQ�D�����DFUH�SRVW�
ÀHGJLQJ�IDPLO\�DUHD��3)$���$URXQG�WKH�3)$�ZDV�D�
������DFUH�IRUDJLQJ�DUHD��)$���ZLWK�D�PL[�RI�SUH\�
habitats and forest structures suited to goshawk 
foraging behavior.

Nest areas contain nest trees, roosts and prey han-
dling sites, with a higher density of large trees and 
a higher canopy cover compared to the surrounding 
landscape — a composition developed strictly for the 
breeding goshawks. Desired PFAs comprised hiding 
FRYHU�IRU�UHFHQWO\�ÀHGJHG�JRVKDZNV�PL[HG�ZLWK�SUH\�
KDELWDWV�²�DQG�SUH\�²�ZKHUH�ÀHGJOLQJV�FRXOG�GH-
YHORS�ÀLJKW�DQG�KXQWLQJ�VNLOOV�GXULQJ�WKH�VL[�WR�HLJKW�
weeks when they depend on adults for food. 

Forests within the PFA and FA included habitats for 
14 prey species. Groups of mid-age and old cone-
producing trees with interlocking crowns support 
tree squirrels. Snags sustain woodpeckers and other 
FDYLW\�QHVWHUV��/RJV�EHQH¿W�JURXQG�VTXLUUHOV�DQG�
rabbits. Small grass-forb-shrub openings support 
ground squirrels, grouse, turkeys, doves and rabbits. 
%HFDXVH�PRVW�RI�WKH����SUH\�UHTXLUH�D�PL[�RI�WKHVH�
forests and open habitats within their home ranges 
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 The North American 
range of the northern 
goshawk. 
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(5H\QROGV�HW�DO������; 5H\QROGV�HW�DO������), the 
UHVXOWLQJ�GHVLUHG�FRQGLWLRQ�ZDV�D�¿QH�VFDOH�PL[WXUH�
of small groups of mid-aged to old trees with inter-
locking crowns and small grass-forb-shrub openings 
between the tree groups.

Research has shown that goshawks have high territory 
¿GHOLW\��DQG�LI�WKH�HQYLURQPHQW�UHPDLQV�VWDEOH��WHUULWR-
ry locations also remain stable for decades (Reynolds 
HW�DO���������7R�VXVWDLQ�WKH�GHVLUHG�WHUULWRU\�OHYHO�PL[�
of habitats of the goshawk and its prey, the commit-
tee used a 1,000-year planning horizon to account for 
changes in forests resulting from tree establishment, 
growth, mortality, succession and forest disturbances, 
LQFOXGLQJ�ORJJLQJ��%HFDXVH�ROGHU�IRUHVWV�VXSSRUW�WKH�
highest diversity and abundance of goshawk prey 
(5H\QROGV�HW�DO������), sustaining older tree groups 
through the 1,000 years required tree ages from seed-
OLQJ�WR�ROG�WUHHV�WKDW�RYHU�WLPH�FRPSULVHG�D�¿QH�VFDOH�
shifting mosaic of habitats, young to old. 

Acceptance and opposition
On reviewing the committee’s unique predator 
and food web approach, the task force endorsed 
it and the regional forester accepted the recom-
PHQGDWLRQV��LVVXLQJ�D������UHFRUG�RI�GHFLVLRQ�WKDW�
amended all 11 southwestern national forest man-
agement plans to incorporate them. Forest plans 

provide sideboards for managing landscapes by 
establishing standards (must do’s) and guidelines 
(should do’s) to achieve desired outcomes. 

Other Forest Service regions — the Alaska, Inter-
PRXQWDLQ��5RFN\�0RXQWDLQ�DQG�3DFL¿F�1RUWKZHVW�
regions — relied on these recommendations for 
developing their own goshawk management strate-
gies. Although the committee’s original task was 
to conserve goshawk habitat, its recommendations 
covering a diversity of prey morphed from a single-
species conservation strategy to one encompassing 
multiple species. 

Criticism continued, nonetheless, from individuals 
within federal and state agencies and environ-
ment groups who shared the prevailing view that 
JRVKDZNV�QHHG�H[WHQVLYH�WUDFWV�RI�ROG�JURZWK��7KLV�
viewpoint did not align with the committee’s call 
for active management in areas departed from the 
desired habitat conditions. 

The volatility required undercover law enforcement 
agents to protect committee members at one large, 
multiple-interest group meeting. The controversy 
was so heated that The Wildlife Society interceded 
ZLWK�LWV�RZQ�WHFKQLFDO�UHYLHZ�RI�WKH�*75�����ZLWK�
a focus on two issues: goshawk ecology and habitat 
needs, and the implementation of the goshawk man-
agement recommendations in southwestern forests. 

The Society’s review found the report’s “scope and 
the review of the biology of northern goshawks 
�WR�EH��H[FHOOHQW�´�7KH�³VFLHQFH�EDVLV�RI�WKH�����
UHFRPPHQGDWLRQV�ZHUH�VRXQG�DQG�ZRXOG�EHQH¿W�
other plants and animals.” The recommendations 
represented “an innovative approach to forest 
management because they encourage forest manag-
ers to consider forest ecosystems as assemblages of 
interacting species of plants and animals” (%UDXQ�
HW�DO������). An unsolicited review in the Journal of 
Forestry concluded that “the underlying manage-
ment strategy (of the goshawk recommendations), 
ZKLOH�VXSHU¿FLDOO\�DQRWKHU�H[DPSOH�RI�D�QDUURZ��
VLQJOH�VSHFLHV�IRFXV��LV�LQ�IDFW�D�FRDUVH�¿OWHU�DS-
proach that includes a mosaic of age and structural 
classes intended to provide habitats and food chains 
for a broad spectrum of wildlife species, including 
goshawk prey species” (/RQJ�DQG�6PLWK�����).

Nonetheless, some in the wood products industry 
H[SUHVVHG�FRQFHUQ�DERXW�KRZ�WKH�UHFRPPHQGD-
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 A Forest Service 
document provided 
management 
recommendations for 
conserving the habitats 
of plants and animals in 
the goshawk food web in 
southwestern ponderosa 
pine and mixed-conifer 
forests. 



45www.wildlife.org© The Wildlife Society

WLRQV�ZRXOG�D̆HFW�DFFHVV�WR�WLPEHU�RQ�SXEOLF�ODQGV��
6RPH�IRUHVW�PDQDJHUV��GXELRXV�RI�WKH�EHQH¿WV�RI�
managing landscapes for goshawks, called it “gos-
hawk farming,” complaining that the approach was 
single-species management. 

,Q�������DQ�LQGXVWU\�JURXS�¿OHG�D�)HGHUDO�'DWD�
4XDOLW\�$FW��'4$��3XEOLF�/DZ����������SHWLWLRQ�
seeking to correct what it perceived as errors in 
the report. The petition demanded that the Forest 
6HUYLFH�UHWUDFW�LWV�JRVKDZN�EDVHG������IRUHVW�SODQ�
amendments, withdraw and destroy the report 
— including copies in all research libraries — and 
publish a retraction in the Federal Register. 

RMRS contracted the Ecological Society of America 
to conduct an independent review of the report, the 
petition, and our point-by-point rebuttal of the peti-
WLRQ��7KH�UHSRUW�ZDV�³VFLHQWL¿FDOO\�DFFXUDWH��PHHWV�
the DQA guidelines, and is accurate, clear, transpar-
HQW��DQG�XQELDVHG�´�WKH�(6$�FRQFOXGHG��%DVHG�RQ�
this and an internal review, the RMRS denied the 
petition. After the petitioners requested reconsid-
eration, an Agriculture Department panel consisting 
of a wildlife biologist, an economist and a legislative 
D̆DLUV�GLUHFWRU�UHYLHZHG�WKH�FDVH�DQG�GHQLHG�WKH�
reconsideration. 

Fighting fire
In subsequent decades, several members of the 
committee collaborated with forest managers in 
1HZ�0H[LFR�DQG�$UL]RQD�WR�GHPRQVWUDWH�KRZ�WR�
achieve the desired conditions for the goshawk on 
the ground. 

One site, a goshawk territory near Eager, Arizona, 
ZDV�WUHDWHG�LQ�������)RXU�\HDUV�ODWHU�WKH������:DO-
ORZ�)LUH��WKH�ODUJHVW�FURZQ�¿UH�LQ�$UL]RQD¶V�KLVWRU\��
EXUQHG���������DFUHV�RI�SLQH�DQG�¿U�IRUHVWV�LQ�WKH�
Apache-Sitgreaves National Forest. When it hit 
WKH�GHPRQVWUDWLRQ�VLWH��WKH�¿UH�SHQHWUDWHG�D�IHZ�
KXQGUHG�IHHW�EHIRUH�GURSSLQJ�WR�WKH�IRUHVW�ÀRRU��,W�
FRQWLQXHG�DV�D�ORZ�LQWHQVLW\�VXUIDFH�¿UH�XQWLO�UHDFK-
ing the far side, where it returned to the canopy 
and continued its destructive course. Word quickly 
VSUHDG�RI�WKH�H̆HFWLYHQHVV�RI�WKH�JRVKDZN�UHFRP-
PHQGDWLRQV�DW�VWRSSLQJ�FDWDVWURSKLF�¿UH��

Impressed with the Wallow Fire’s change in behav-
ior, the regional forester established another team in 
������7KLV�WHDP�EURXJKW�WKH�OHDG�DXWKRU�RI�*75�����
WRJHWKHU�ZLWK�¿UH��IRUHVW�DQG�DQLPDO�HFRORJLVWV�WR�

H[WHQG�WKH�SODQ�LQWR�D�PDQDJHPHQW�IUDPHZRUN�IRU�
UHVWRULQJ�SRQGHURVD�SLQH�DQG�PL[HG�FRQLIHU�IRUHVWV��
5HVWRULQJ�WKHVH�IUHTXHQW�¿UH�IRUHVWV��)))��VKRXOG�
improve many ecosystem services including biodi-
versity and would allow the return of low-severity 
VXUIDFH�¿UH�DQG�D�UHGXFWLRQ�RI�KLJK�VHYHULW\�¿UH�ULVN�

The team reviewed literature on the ecology, his-
torical reference conditions and restoration studies 
RI�WKHVH�IRUHVWV�DQG�UHYLVLWHG����\HDUV�RI�OHVVRQV�
OHDUQHG�GXULQJ�LPSOHPHQWDWLRQ�RI�WKH�*75�����
recommendations. The desired conditions it came 
up with included a predominant composition 
RI�¿UH�UHVLVWDQW�DQG�VKDGH�LQWROHUDQW�WUHHV��OLNH�
SRQGHURVD�SLQH��DQG�D�¿QH�JUDLQHG�VSDWLDO�SDWWHUQ�
of grouped trees, scattered individual trees, snags 
DQG�ORJV�LQ�D�PDWUL[�RI�RSHQ�JUDVV�IRUE�VKUXE�YHJ-
etation (RMRS-GTR-310). 

Unlike the previous plan, which called for small tree 
groups and openings, the new framework recom-
mended ranges in the size of areas occupied by tree 
groups, the number of trees per group and the sizes 
of openings between tree groups (Sanchez Meador 
DQG�0RRUH�����; 6DQFKH]�0HDGRU�HW�DO������; 
/DUVRQ�DQG�&KXUFKLOO�����). The regional forester 
accepted GTR-310’s framework for restoring these 
FFF as the best available science and endorsed it as 
a guide for managing them. The region subsequent-
ly used it as a template for updating the FFF-desired 
conditions in its recent forest plan revisions.

Credit: R.T. Reynolds

 Our approach 
synthesized goshawk 
habitat needs with prey 
habitats and vegetation 
ecology in southwestern 
ponderosa pine and 
mixed-conifer forests. 
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As it turned out, our original food-web-based 
V\QWKHVHV�RI�SUHGDWRU�DQG�SUH\�KDELWDWV�LGHQWL¿HG�
forest conditions that characterized the very evo-
lutionary environment of the plants and animals 
in southwestern FFF ecosystems. The alignment 
of the goshawk recommendations with historical 
structure and spatial patterns in these forests was 
DFFLGHQWDO��EXW�LW�LQFUHDVHG�RXU�FRQ¿GHQFH�WKDW�
WKH�GHVLUHG�PL[�RI�YHJHWDWLRQ�ZLOO�VXVWDLQ�JRVKDZN�
populations. The plants and animals in the hawk’s 
IRRG�ZHE�HYROYHG�LQ�MXVW�VXFK�D�¿QH�VFDOH�PL[��
historically maintained in a feedback relationship 
EHWZHHQ�YHJHWDWLRQ�DQG�IUHTXHQW�ORZ�VHYHULW\�¿UH�
�/DUVRQ�DQG�&KXUFKLOO�����). 

Similarly, the desired conditions in GTR-310 
should sustain FFF ecosystems by improving their 
resistance and resilience to disturbances such as 
IRUHVW�NLOOLQJ�¿UH��,W�VHHPV�WR�XV�WKDW�NHHSLQJ�WKHVH�
forests and their diversity of habitats alive and func-
tioning is imperative if adaptive responses to future 
disturbances and climates are to occur. 

Completing the circle
Three decades have passed since the goshawk 
FRQWURYHUV\�HUXSWHG��,Q�WKH�VDPH�\HDU�WKH�VFLHQWL¿F�
committee was established, an intensive study of 
goshawk habitat and demographics on the Kaibab 
3ODWHDX�EHJDQ�²�RQH�WKDW�KDV�QRZ�DGGHG�VLJQL¿FDQWO\�

to our knowledge of goshawk demographics 
and population limiting factors. 

With our new research data, we will test the 
hypothesis that the desired conditions in GTR-
310 will sustain goshawk populations. The test 
will relate the 3-dimensional forest structure 
derived from LiDAR and tree species compo-
sition in each of more than 100 territories to 
���\HDUV�RI�RXU�GRFXPHQWHG�JRVKDZN�VXUYLYDO�
and total reproduction in each territory. The 
forest conditions on the most productive ter-
ritories will then be compared to the GTR-310 
desired habitat conditions. While our hypoth-
esis is being tested, implementation of the 
restoration framework should, in the interim, 
lower the risk of losing goshawk and prey 
KDELWDWV�WR�FDWDVWURSKLF�ZLOG¿UH��

'L̇FXOW�SUREOHPV�OLNH�WKH�VRXWKZHVWHUQ�JRV-
hawk issue are not easily solved, and the full 
story emerges only after decades of research. 
Finding ecosystem-based solutions to com-

SOH[�PDQDJHPHQW�SUREOHPV�FDQ�H[FHHG�LQGLYLGXDO�
careers. The notion that “it takes a village to raise a 
child” also holds true for species, we found. It takes a 
village of resource managers and scientists working 
together to keep the gray ghost — and the plants and 
animals in its food web — alive and productive for 
centuries into the future. 

Douglas A. Boyce Jr., PhD, recently 
retired as the national wildlife 

ecologist for the USDA Forest Service and 
acting national wildlife science program 
manager in Golden, Colorado.

Richard T. Reynolds, PhD, is an 
emeritus wildlife scientist at the USDA 

Forest Service Rocky Mountain Research 
Station in Fort Collins, Colorado.

Russell T. Graham, PhD, is a research forester 
at the USDA Forest Service Rocky Mountain 
Research Station in Moscow, Idaho.

Credit: R.T. Reynolds

 Prior to fire 
suppression, 
southwestern ponderosa 
pine forests in Arizona 
had tree groups with 
interlocking crowns 
dispersed within 
an open grass-forb 
landscape.
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