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Forest managers are faced with trying to
maintain viable populations of vertebrates while
simultaneously managing for other resource
needs such as timber production. This delicate
balancing act depends upon knowing the effects
of land management practices on habitat suit-
ability for wildlife. The first step iin q,ttainil'lg

this knowledge is to identifv habitat features

that influence habitat suitability. Moreover.

identification of habitat features that idirectly;
affect reproduction and survival i the most ef-

fective means of indexing habitat suitability be-
cause maintenance of vighle populations de-
pends on sustaining these fitness components
(Martin 1992;

Cavity-nesting birds are a particularly ap-
propriate group of species for examining effects
of land management on habitat suitability be-
cause they are often affected by land manage-

ment practices (Gysel 1961, Haapanen 1965, :
Hunter 1990). For instance, snags are less abun- -
dant in managed than unmanaged forests (Cline |
et al 1980}, and availability of snags coni:h‘nnly :

limits populations of ca vitv-nesting birds by lim-
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iting nesting opportunities (for review, see Lj
and Martin [1991], Martin and Li [1992)). In
response., explicit policies for snag conservation
have been implemented for managed stands
(Hunter 1990). Yet. management for presence
of snagr is not sufficient; size, species, and age
of snags, plus distribution of nest trees and veg-
tation in surrounding patches can affect pres-
ence and even reproductive success of birds
(Flack 1976, Raphael and White 1984, Sedg-
wick and Knopf 1990, Lj and Martin 199]1), Key
habitat features that influence habitat sujtabil-
ity. particularly with regard to reproduction or
survival. need to be identified for individual
species,

Williamson's sapsucker is the least numerous
and most ecologically and genetically special-
ized species in its genus (Crockett and Hadow
1975, Johnson and Zink 1983). They are most
common in middle-elevation forests of ponder-
osa pine (Pinus ponderosa) and Douglas-fir
(Psetdotsuga menziesii), 2 forest types that are
managed intensively for timber extraction in
wWeSteTn Nort, ] ‘homas et al. 19792).

 Within these!intensively managed forests, Wil-
liamson’s sapsuckers have narrow habitat re-
quirements and l‘imited'versatility. making them
sensitive indicators of environment anges
(THOMas ot al, 19795), Consequently, a Habitat
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and non-use site. Percent canopy dotinated by
aspen was determined by the proportion of the
30 points where aspen was the dominant canopy
species. We established 3 evenly spaced. 25-ix
200-m transects in each 4-ha grid accounting
for 37.5% (1.5 ha) of the total area of each grid.
At nest sites, the actual nest tree determined the
center of the middle transect. The center of the
non-use sites were determined by pacing 230 m
from the nest tree. leaving a 30-m buffer be-
tween the 200- X 200-m nest sites and adjacent
non-use sites. The dbh and height of all snags
and live aspen trees =18 em dbh were noted in
each transect. We considered trees =18 em dbh
as available nest trees based on previous studies
of Williamson's sapsucker nest site selection
(Crockett and Hadow 1973). ‘

In addition to average dbh and average height
of live and dead aspen trees, we also estimated
the number of “suitable” snags per ha and the
average dbh of “overstory™ aspen trees in both
use and non-use sites. “'Suitable” snags were de-
fined by the HSI model as dead ponderosa pine
trees =45.7 ¢ dbh and soft snags of all other
trees 230.5 cm dbh that are in advanced stages
of decay and deterioration (Sousa 1983). “Over-
story™ aspen trees were defined by the model
as those aspen that are =80% of the ‘height of
the tallest tree in the stand (Sousa 1983). To
examine the distribution of potential nest sites
within preferred nesting habitat, we estimated
aspen snag densities within the 0.8-ha block of
habitat surrounding the nest tree and within the
3.2 ha on the perimeter of the nest plots. We
compared snag densities between these 2 zones
within nest plots with paired ¢-tests (SAS Inst.
Inc. 1985). We visited sites daily to search for
new nests and were very confident that non-use
sites did not contain additional nesting pairs of
sapsuckers.

We compared differences in use of nest-trees
versus available trees with a Chi-square good-
ness-of-fit test (Zar 1984). Pearson product-mo-
ment partial correlations (r) and associated sig-’
nificance probabilities (SAS Inst. Inc. 1985) were:

“calculated to examine relationships among hab-!
itat variables and between habitat varidbles and|
HSI ratings. We tested all variables for nor-
mality by examining Shapiro-Wilks’ Wistatistic'

and normal probability plots (SAS Inst. Inc.
1985). Tree height. percent canopy cover, nom-,

ber of “suitable™ snags, and aspen snag densitios

within nest plots were normally distributed (P}
> 0.01, Shapiro-Wilks' test). Distributions of all’
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other habitat variables were non-normal (P <
0.01, Shapiro-Wilks' test), but unimodal. We used
univariate analysis of variance (ANOVA) with
Bonferroni multiple comparisons (SAS Inst. Inc.

.1985) to examine differences in habitat variables

among nest and both types of non-use plots. We

.used paired t-tests (SAS Inst. Inc. 1985) to ex-
‘amine differences in snag densities within nest
‘plots. Although some of our habitat variables

were not normally distributed, we chose to use
parametric statistics because these statistics are
robust under violations of normality (Boneau
1960, Donaldson 1968, Harris 1985).

RESULTS

Williamson's sapsuckers usually excavated
new cavities for nesting (79%. n = 28) rather
than using old holes. However. nests showed no
orientation preference (x* = 2.42, 3df, P = 0.50).
Of 66 nests, most {(34) were in aspen snags, some
(I11) were in live aspen trees, and one was in an
unidentified snag. Densities of live aspen (9.2 +
7.4 trees/ha’ were greater than aspen snags (3.6
+ 2.2 snags/ha) or other snags (4.1 = 2.8/ha)
on the 99 4-ha sites sampled. Thus, aspen snags
were used more (x* = 99.49, 1 df. P < 0.001)
than expected based on their availability. No
nests were found in conifer snags despite similar
availability. Percent of canopy dominated by
aspen ranged from 0-20% (x = 7 * 6%) within
Willidmson s sapsucker nest plots.

Nest height averaged 13.1 + 53 m (range =
3-26 m, n = 31) and was correlated with nest
tree:height (r = 0.69, n = 23, P < 0.0003). but
not nest tree dbh (r =0.19, n = 23, P = 0.3841).
Live aspens used for nesting (20.7 *+ 3.5 m,
range = 16-26 m, n = 6) were similar (P >
0.05) in height to available live aspen trees (21.9
£ 3.0 m, range = 6.1-32.0 m, n = 530) within
nest plots. In contrast, aspen snags used for nest-
ing (249 + 48 m. range = 15-33.5, n = 24)
were taller (P < 0.05) than available aspen snags
(197 + 57 m, range = 34-29 m, n = 207)
within nest. plots. Diameter (dbh) of live aspens
used. for nesting (36.2 + 7.4 cm, range = 30-
5308 cm, n = 6) did not difer (P > 0.05] from
dbh of available live aspen trees (37.2 + 8.2 cm,
range = 19-70 cm, n = 532) within nest plots.
Similarly, dbh of aspen snags used for nesting
(38.1 + 10.6 cm, range = 25-63.5 cm, n = 23)
did not differ (P > 0.05) from dbh of available
aspen snags (37.2 + 8.0 cm, range = 20.3-65
em. n = 207) within nest plots. Thus, live aspen
trees 'used for nesting were generally similar in
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MANAGEMENT IMPLICATIONS

With respect to density and distribution of
snags. currenit Torest management practices may
be insufficient to attain optimal conditions' for
cavity-nesting birds. Our data indicate that for-
est management should include! conservation of
large snags rather than simply producing a set
number of snags of any size. Moreover, our data

suggest that forest madﬁg:emégptfvp'l:an$ that in--
Id leave snags

corporate snag management shoul
in clumps and at high densities
within drainages or in'low-lyin
trating snags in groups creates ic
muny woodpeckers and a'v.
foragers and cavity-users (1
Raphael and White 1984
wick and Knopf 1990).. L
agement should not attempt o’
ly throughout a forest. ;
The HSI model ranked nest
non-use sites, but inappr(:’)’pri'
produced for both nest é.rid no; ‘
model is generous in ass.igiriiﬁgf cépfirxxa‘l ratings
(Z0.7) to areas that were not used by sapsuckers.
Indeed. the majority {64%) of non-use sites; re-
ceived optimal ratings. Total _density was
the largest contributor to an HSI rating. Non-
use or suboptimal plots could 'be more effec-
tively categorized if the HSI model ranked both
snags and live aspens by size bécause the birds
preferred areas with particularly large snags and
live aspens. Moreover, when assigning suitabil-
ity ratings for snag densities, we suggest consid-
ering aspen snags separately ’fromher
species. Iistribution of snags within nesting ter-
ritories is important in_nest site selection. and
future model versions should give higher ratings
to areas with clumped distributions of snags,
Finallv, dbh of “overstory” aspen trees had
no significant influence on- HSI ratings. The
model defines an “overstory aspen tree us any
aspen 280% of the height of the ‘tallest tree in
thestand. This condition wasrarely met becaise
our stands included much taller fir trees, so this
variable often entered the model as a zero and
therefore contributed little. Futire model ver-
sions should be more liberal in the definition of
an “overstory” aspen tree since dbh and height
of aspen trees and snags did differ between nest
and non-use plots when analyses were not re-
stricted to the “overstory” eriteria, Percent over-
head cover contributed heavily to the ST rat-

oWWA(

5 snags/ha)

5 higfxer tf}r;uri-

ratings were |
use. sites. The

ing, but did not differ between nest and non-
use plots and should be de-emphasized in future

model versions. We believe the HSI .model for
Williamson's sapsucker needs revision and should
be more conservative in assigning optimal rat-

ings.
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