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NEST-SITE CHARACTERISTICS OF HAMMOND’'S AND PACIFIC-
SLOPE FLYCATCHERS IN NORTHWESTERN CALIFORNIA®

HOWARD F. SAKAI AND BARRY R. NOON
U.SD.A. Forest Service, Pacific Southwest Forest and Range Experiment Sation,
Redwood Sciences Laboratory, 1700 Bayview Drive, Arcata, CA 95521

Abstract. Thirty nests of Hammond's (Empidonax hammondii) and 88 nests of Pacific-
slope (E. difficilis) Flycatchers were located in different-aged Douglas-fir (Pseudotsuga men-
ziesii)/tanoak (Lithocarpus densiflorus) dominated forests at 12 study sites in northwestern
California during the breeding seasons of 1984, 1985, 1987, and 1988. In contrast to Pacific-
slope Flycatchers, Hammond's used nest trees that averaged two to three times taller; placed
nests three times higher and farther from the tree bole; used only live trees; placed nests
only on small- to medium-diameter branches; situated nests in areas with higher foliage
cover; and favored nest placement on the northeast and southwest sides of trees. Attributes
of nesting habitat also differed between species among different stand development stages.
Hammond's Flycatchers in old-growth and mature forests chose nest sites with more open
canopy than that found at random sites. Pacific-slope Flycatchers in old-growth and mature
forests nested at sites with a lower mid-canopy bole height. In young stands, Pacific-slope
Flycatchers selected nest sites with large Douglas-firs and Pacific madrone (Arbutus menziesii)
trees, higher shrub cover, and fewer medium-size Douglas-fir trees. Hammond's Flycatchers
were not found in younger stands. We speculate that if old-growth Douglas-fir/tanoak forests
are greatly reduced or eliminated in northwestern California, the density of breeding Ham-
mond’'s Flycatcher will decrease substantially. However, Pacific-slope Flycatchers would
probably be less affected by conversion of old-growth forests to younger-aged classes.
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INTRODUCTION

Logging prectices in northwestern Cdifornia have
dragticdly reduced the extent of old-growth (200-
plus years old) Douglesfir (Pseudotsuga men-
ziesii) forests. Altering stand structure and plant
species compodtion influences the digtribution
and abundance of birds (Franzreb and Ohmart

1978, Szaro and Balda 1980, Morrison 1982) and
their foraging behavior (Mauer and Whitmore

1981, Robinson and Holmes 1982, Franzreb

1983, Saka 1987). Both Hammond's (Empido-
nax hammondii) and Pecificdope, formerly
Western, (E. difficilis) Flycatchers have been

shown to occur in higher abundance in old-growth
than in younger stands of northwestern Cdifor-
nia (Raphael 1984, 1988; Sakai 1987). The grow-
ing demand for wood products results in an ac-
cderaing modification of sand sructure and
vegetation composition such that old-aged stands
are being replaced by younger stands. Published
quantitative data on habitat use and nest dte
section of Hammond's and Pecific-dope Hy-

1 Received 17 September 1990. Final acceptance 21
February 1991.

catchers in different-aged stands are insufficient
to determine whether their populations will be
negativdy or postively affected by stand con-
veson. Increesing the amount of young forest
a the expense of old-growth could be a potentia
problem to the persstence of old-growth habitat
specialists (e.g., Spotted Owl, Srix occidentalis;

Marbled Murrdet, Brachyramphus marmora-

tus) and this type of information is necessary
before land managers concerned about the old-
growth issue can make sound management de-
cisons.

In this study we quantified nest-habitat fea
tures of both species, compared them to each
other and to the stands in which they occurred.
Our objectives were to test the hypotheses that
Hammond's and Pecific-dope Flycatchers do not
differ in (1) their sdection of nest sites and (2)
their use of nest-dSte features reletive to random-
ly located, available stes in different-age stands.

METHODS
STUDY STANDS

Candidate dands for incluson in the study, se-
lected to represent three developmenta stages
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(young, mature, and old-growth), were located
in Humboldt and Trinity counties of northwest-
em Cdifornia A young stand was defined as 30-
90 years, mature, 91-199 years, and old-growth,
> 200 years. Mean stand age was determined from
increment cores of 4-6 dominant Douglasfirs or
by counting annud rings of Douglasfir stumps
found in adjacent clearcuts. All stands were dom-
ingted by Douglasfir and tanoak (Lithocarpus
densiflorus). Pecific madrone (Arbutus menzies-
i), canyon liveoak (Quercus chrysophylla), in-
cense-cedar (Calocedrus decurrens), sugar pine
(Pinus lambertiana), and white fir (Abies con-
color) were common as associated species.

Find odection of tweve 20-ha dands (five
young, four mature, and three old-growth) was
based on stand size >15 ha and accesshility.
Severd of the sdected stands were the same as
those used in an ealier old-growth related ver-
tebrate monitoring study (Rephael 1984). The
stands occurred between 710 and 1,235 m ee-
vation.

NEST AND HABITAT DESCRIPTION

We gdudied the nest-ste characteristics of both
flycatchers between April and August of 1984,
1985, 1987 and 1988. Four observers spent 1,444
person-hours in the field in 1984; two observers
spent 2,442 hr in 1985 and 836 hr in 1987; and
one observer spent 51 hr in 1988. Pacific-dope
Flycatchers were found in al sudy plots, but
Hammond's Hycatchers occurred in only 6 of
12 plots (3 in old-growth and 3 in mature stands).
We located most nests while waking system-
dicaly adong transect lines and adjacent aress,
recording the behavior of foraging birds. Nests
were aso found during censuses (Sekal 1987) and
in 1987 and 1988 during systematic searches.
To edablish the location of vegetation sam-
pling points an imaginary verticd line was pro-
jected perpendicularly from the nest dte to the
ground. All circular vegetation samples were cen-
tered a this point. At the end of each breeding
season, vegetation a the nest Stes and a random
points in the sand was messured within two
concentric circles (126 m radius [0.05 ha] and
25.2 m radius [0.20 ha]). Thirty-one habitat vari-
ables, sdected to describe floristic and structura
forest components believed important for fly-
catchers, were measured at each nest and random
ste. We sampled 12-24 random sampling points
per gand to compare with flycatcher habitat use
a nest dtes. Sample points were obtained by
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choosing random compass directions, pacing be-
tween 1 and 99 deps from each sysemdicdly
placed bird census plots located aong each tran-
sct, and tossing a gick over the right shoulder
with point of impact as plot center.

Nest orientations, to the nearest compass de-
gree, were measured from the center of the tree
bole to nest locaion. For andyss, nest orien-
tations were grouped into eight 45° subdivisons
Graphic procedures were adapted from Silver-
man (1986:4).

ANALYSES

The null hypotheses of no difference (1) between
species in their patterns of nest-site selection; and
(2) within species between random sites and nest
Stes, were tested separately by serad dage. To
compare nest Stes between species and nest Sites
with random dtes, we used step-wise discrimi-
nant function analysis (BMDP program 7M
[Dixon et a. 1985]). Some variables were trans-

formed prior to datisticd andyss in order to
increese ther fit to a normd didribution. For
the mgority of discriminant andyses our data
violated the assumption of equdity of the group
covariance matrices. This result was not sur-
prisng nor did it precude the posshility of dis
covering important ecologicd relationships from
the analyses. Lack of equdity of covariance ma
trices between species can aise, for example, if
one species is more specidized in its nest-ste
sdection than another species. In the context of
our andyses, teds of the equaity of covariance
matrices provided ussful biologica indghts into
a species reldive degree of habitat specidization
as wdl as the specificity of its net-dte sdlection
relaive to random locations. The degree of spe-
cidizetion within a group wes inferred from the
determinant of a group’s covariance matrix which
is a measure of the generdized variance (Mor-
rison 1976:253) within the group. In generd, if
the null hypothess of covariance equdity was
regjected, the group with the smaler covariance
matrix was conddered to be dgnificantly less
vaidble Stidica inference from  discriminant
andysis is generdly believed to be robugt to vi-
olations of the covariance assumption (Cooley
and Lohnes 1971). In the two-group case the null

hypothesis is accepted more frequently when the
covariance matrices are unegua (Green 1978:
170), but there is little evidence tha moderate
violations dgnificantly change dassfication suc-
cess (Williams 1983). Biologicd interpretation
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TAI3LE 1. Two-group stepwise discriminant analysis of Hammond's Flycatcher and Pacific-slope Flycatcher
use of specific nest-site characteristics (all nest sites) in old-growth and mature Douglas-fir/tanoak dominated
forests of northwestern Cdifornia. Group means and standard deviations of variables included in the model

are presented.
Old-growth group means (SD) Stcrgecé;“_re Mature group means (SD) Structure
Variable? Hammond's  Pacific-slope cients Hammond's Pacific-slope coefficients
Nest height (m) 21.1(4.2) 59(5.3) 0975 19.8(4.3) 59 (4.8 0.921
Percent foliage surrounding 0.5 m
circumference of nest 26.1(13.3) 9.1(17.00 0531 223(8.8) 5.4 (7.9 0.788
Nest distance to nearest water (m) - - - 130.5(60.2) 166.0(56.5) -0.311
Sample size 19 42 11 29
Wilk's lambda 0.327 0.352
Approximate F-statistics 121.36*** 69.95***
Cohen’s kappa 0.85** 1.00**
In |Z] 16.60 17.76 15.11 15.27
x? 9.67 3.79

a Only variables whose structure coefficients had an absolute value > 0.30 are presented.

** Significant at P < 0.001; *** significant at P < 0.0001.

of the canonicd variate was based on the mag-
nitude of dgructure coefficients (bivariate corre-
lations between the origind varidbles and the
canonicd variate scores). Variables with struc-
ture coefficients less than 0.30 were considered
relatively unimportant and are not discussed.
Classfication results were used to edimate the
magnitude of group separation. Cohen's kappa
ddidics (Z vaue) was computed for each dis
criminant model to test whether the modd das
dfied the observations dgnificantly better than
chance done (Titus et a. 1984).

To determine whether flycatcher nests were
oriented nonrandomly, we tested the goodness
of fit of each gpecies observed circular frequency
digtribution of nest orientetions to a uniform dis-
tribution (Zar 1984.441).

RESULTS

NEST-SITE SELECTION:

CHARACTERISTICS OF NEST TREES
Pecific-dope Fycatcher nets were found in al
three sera sages, but Hammond's Flycatchers
occurred and nested only in stands >90 years
old. As a consequence, serd stage comparisons
between species were restricted to mature and
oldgrowth gands. All Hammond's Hycatcher
nests located were in live trees. In contrad, the
Pacific-dope Hycatcher nested in live trees as
wdl & in snags and in ground nedts located in
exposed root wads of fdlen trees. Given the
gregter varidbility in nest-gte sdection of the
Pecific-dope Hycatcher, we felt that two separate
andyses comparing the species nest dtes were

meaningful; one based on dl nests, and one re-
dricted to nests located within live trees. The
vaigbles avaldble for sdection in a sepwise dis
ciminant andyss are redricted to those mea
sured on dl observetions. As a result, anadyses
based on the complete sample of nests were re-
dricted to fewer variables than analyses based
on the live tree samples.

Based on the sample of al nedts the nest Stes
of the two flycatcher species differed significantly
in both maure and old-growth sands (Wilk's
lambda = 0.352 and 0.327, respectively; P <
0.001 in both cases, Table 1). In both mature
and old-growth sands, Hammond's Flycatcher
neted dgnificantly higher and in aess with
greater concedlment of the nest by foliage (Fig.
1). The percent of correct classfication of the
species samples were much higher than that
based on a chance dasdfication. The modds
classfied 100% better than chance in mature
stands (Cohen’s kappa Z = 1.23, P < 0.001) and
85% better than chance in old-growth stands
(Cohen's kappa Z = 0.94, P < 0.001). Based on
the sat of varidbles common to dl nest Stes, the
goecies  covariance matrices were not  Signifi-
cantly different in either mature or old-growth
stands (x> = 3.79 and 9.67, respectively; P >
0.05 in both cases, Table 1). Thus, in terms of
these variables, there was no evidence of greater
net-dte specidization by one species relative to
the other.

Redtricting the comparison to live nest trees
dill detected sgnificant, though less extensve,
differences in the species nest dtes in both ma
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OLD-GROWTH STAND

---------- @ .-+« Hammond’s flycatcher (n = 19)
L AR Pacific-Slope flycatcher (n = 42)
I t T T T t t t T cv-1
-4.0 -3.0 -2.0 -1.0 0 1.0 2.0 3.0 4.0
Low Nest height High
Low = % cover 05 m nest circumference — & High

MATURE STAND

------- ® ..-.-: Hammond's flycatcher (n = 11)
sua@eene  Pacific-Slope flycatcher (n = 29)
t T T T T T T T 1 cv-1
4.0 30 2.0 -1.0 0 1.0 2.0 3.0 4.0
Low Nest height High

Low <«——— % cover 05 m nest circumference ——— —— High
Farther Distance to nearest water Closer
FIGURE 1. Means and 95% confidence intervals of canonical variate (CV) scores and variables which dis-

criminate between Hammond's and Pecific-slope Flycatcher nest sites in mature and old-growth forest stands
in Douglas-fir/tanoak dominated forests of northwestern California. Analyses based on al nest-sites.

TABLE 2. Two-group stepwise discriminant analysis of Hammond' s Flycatcher and Pacific-slope Flycatcher

use of specific nest-site characteristics (live trees only) in old-growth and mature Douglas-fir/tanoak dominated
forests of northwestern California. Group means and standard deviations of variables included in the model
are presented.

Mature group means (SD)

Old-growth group means (SD) structure Structure
Variable® Hammond's Pacific-dope coefficients Hammond's Pecific-dlope coefficients
Distance of nest to tree trunk (m) 53(1.8) 0.7 (12 0.939 4.3(L9) 0.7 (15 0.793
Nest height (m) 211 (4.2) 7.0 (5.9) 0.895 19.8 (4.3 7.3(5.) 0.850
Nest tree height (m) 44.9 (10.0) 24.2 (16.0) 0.674 44.6 (6.9) 1.8 (10.5) 0.877
Diameter-at-breast-height of nest
tree (cm) 104.2 (32.9) 54.9(44.7) 0587 845(18.7) 479(36.2) 0.543
Percent foliage surrounding
0.5 m circumference of nest 26.1 (13.3) 12.8 (19.3) 0.406 22.3 (8.8) 4.9 (6.0 0.826
Nest branch diameter (cm) 7.3(27) 31.0(44.0) -0.376 7.2(30) 20.5(107) -0.647
Distance of nest to canopy
ed%e(m) 23(09)  32(L9) -0309 - - -
Sample size 19 25 11 19
Wilk's lambda 0.282 0.331
Approximate F-statistics 106.86*** 56.49%*%*
Cohen's kappa 0.73** 0.58**
n 2] 28.57 34.66 22.20 29.98
x2 111.84*** 59.69**

a Only variables whose structure coefficients had an absolute value >0.30 are presented.
* Gignificantat P < 001 *** significant at P < 0.001.
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OLD-GROWTH STAND
‘e Hammond's flycatcher (n = 19)
«e-@euene  Pacific-Slope flycatcher (n = 25)
I T T T T T T T T cv-1
-4.0 -3.0 -2.0 -1.0 0 1.0 2.0 3.0 40
Low — Nest height High
Low -a Nest tree height High
Closer Distance nest to tree trunk » Far&her
Smaller Diameter of nest tree = Larger
Low <«—— % cover 0.5 m nest circumference ———— = High
Larger Nest branch diameter Smaller
Farther Distance nest to canopy edge =———-Closer
MATURE STAND
------- @+++=ees Hammond's flycatcher (n = 11)
------ @®-----« Pacific-Slope flycatcher (n = 19)
I T T T T T T T T CV‘1
-4.0 -3.0 -2.0 -1.0 0 1.0 2.0 3.0 4.0
Low Nest height » High
Closer Distance nest to tree trunk =——————— Farther
Low Nest tree height » High
Smaller Diameter of nest tree » Larger

Low -————— 0 cover 05 m nest circumference ———— High

Nest branch diameter

Larger =

Smdler

FIGURE 2. Means and 95% confidence intervals of canonical variate (CV) scores and variables which dis-
criminate between Hammond's and Pacific-slope Flycatcher nest sites in mature and old-growth forest stands

in Douglas-fir/tanoak dominated forests of northwestern
in live trees.

ture and old-growth stands (Wilk's lambda =
0.331 and 0.282, respectively; P < 0.001 in both

cases, Table 2). In both serd stages, Hammond's
nests were significantly further from the trunk of
the nest tree, located on smdler branches, lo-
cated further above the ground, more conceded
by foliage, and located in trees that were both
tdler and of greater diameter than nedts of the
Pecific-dope Flycatcher (Fig. 2). Classfication
success remained significantly better than chance
in both mature and old-growth stands (58% im-

provement, Z = 0.75, P < 0.001, and 73% im-
provement, Z = 0.75, P < 0.001, respectively),
though subgantidly less in maure sands then
when dl nest stes were andyzed. Based on a
larger st of nedt-dgte varidbles, the determinant
of the covariance matrix for the Hammond's Hy-
cacher was dgnificantly smdler than for the Pa
cificcdope Hycatcher in both mature and old-
growth stands (x? = 56.7 and 111.8, respectively,
P < 0.001 in both cases, Table 2). This difference

Cdifornia Analyses based only on nest sites located

suggests that the Hammond's Flycatcher was Sg-
nificantly more specidized than the Pecific-dope
Flycacher in its sdection of net gtes in live
trees.

Didribution of nest orientations differed dg-
nificantly from a uniform digribution for Ham-
mond's (G = 19.60, df = 7, P < 0.0l), but not
for Pecific-dope Flycaichers (G = 945, df = 7,
P > 0.05). Hammond's placed their nests with
northeest and southwest exposures, the Pecific-
dope Fycatcher showed no preference (Fig. 3).

WITHIN AGE-CLASS PATTERNS OF
NEST-SITE SELECTION

Hammond's Flycatchers showed evidence of nest-
dte sdection in old-growth (Wilk's lambda
0.315, P < 0.001) and maure (Wilk's lambda
0.344, P < 0.001;, Table 3) sands. Ham-
mond’'s Hycatcher used nest trees of dgnificantly
lager diameter than what was avaladle in the
generd population for old-growth (t = -8.37, df
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FIGURE 3. Frequency of placement of nests by Hammond's and Pacific-slope Flycatchers in relationship to
the tree bole and azimuth. The x-axis displays the data points of measured azimuths taken from the center of

the tree bole to nest location.

= 21, P < 0.0001) and mature (t = -10.55, df
=10, P < 0.0001) stands. In old-growth stands,
Hammond's Hycatichers nested in aess with
more open canopy, fewer samdl (1 to 10 cm di-
ameter-at-breast-height [DBH]) tanoaks but more
large (50 to 100 cm DBH) tanoaks, and sdected
arees with a higher canopy bole height (Fig. 4).
Hammond's Flycatchers in mature stands used
nest sites closer to water with more open airspace
in the canopy resulting from a higher canopy bole
height (Fig. 4). The percentage of correct clas
sfications of nest-centered and random vegeta
tion samples was much higher than that based
on a chance dassficaion (Fig. 4). The modds
classfied 80% better than chance in old-growth
gands (P < 0.001, Cohen's kappa Z = 8.12),
and 94% better than chance aone in mature

stands (Z = 13.0). As judged by the covariance
test, the generdized variance of net stes and
random gtes were not sgnificantly different in
gther mature or old-growth stands (Teble 3).
Pecificcdope Flycaichers dso  showed  evi-
dence of ned-dite sdection in old-growth (Wilk's
lambda = 0.169, P < 0.00l), mature (Wilk's
lambda = 0.341, P < 0.00), and young (Wilk's
lanbda = 0.267, P < 0.001) stands (Table 4).
The diameters of Pacific-dope Fycatcher nest
trees were not dgnificantly different than what
was avalable in the generd population for old-
growth (t = -1.57, df = 46, P = 0.12), maure
(t=-202, df = 22.6, P = 0.056) or young (t =
-2.05, df = 16, P = 0.058) stands. In the older
dands, dructura, rather than floristic, compo-
nents were more important in nest-site selection.
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In old-growth stands, nest stes had lower mid-
canopy bole heights, more closed canopies but
with higher canopy bole heights and a higher
dengty of large (> 50 cm DBH and > 15 m
height) snags (Fig. 3). Nest sites in mature stands
occurred in areas with a lower mid-canopy bole
height, more ground cover (0 to 0.5 m height),
and higher numbers of smdl (1 to 10 cm DBH)
Pecific madrone trees (Fig. 3). Nedt Stes in young
dands were characterized by larger (> 50 cm
DBH) Douglasfir and Pecific madrone trees,
fewer medium (10 to 50 cm DBH) sze Douglas
firs, and higher shrub cover (Fig. 3). The per-
centage of correct classfications of nest-centered
and random vegetation samples was much high-
e than that based on chance classfication (Fig.
3). The model classified 84% better than chance
in young stands (Cohen's kappa Z = 9.85, P <
0.001), 80% better than chance in mature stands
(Z = 872, P < 000), and 96% better than
chancein old-growth stands (Z = 9.11, P < 0.001)
(Table 4). Based on the covariance test results
and the reative megnitudes of the group co-
variance matrices, nest dtes were dgnificantly
less variable than random stes in maure and
old-growth forest but not in young forest (Table
4).

DISCUSSION
SELECTION OF NEST SITES

Potentid  factors influencing differences in nedt-
ste sdection by Hammond's and Pecific-dope
Flycatchers in our study area include, for ex-
ample, a combination of avoidance of compe-
tition, different thermoregulatory  requirements,
and varying responses to predation pressure.
When sympatric, the two congeneric flycatcher
species gppear to use nest Stes that differ in veg-
etation sructure and floristics No other studies
have compared the nest Stes of these two species
where sympatric in a Douglas-fir/hardwood
dominated forest. These differences in nest-site
sdection may be a function of avoidance of com-
petition. Although our study was not designed
to test the effects of competition between the two
flycaichers, we believe that some competition
between the sympatric flycaichers in our sudy
area does occur but does not result in the corn-
petitive excluson of one species by the other.
Behaviora interactions observed between both
species were evident when territories were being
established and during the nesting period (Sekai

TABLE 3. Two-group steawise discriminant analysis of Hammond’s Flycatcher nest-Site characteristics as compared with those of available sites in different

seral stages of Douglas-fir/(ynoak dominated forests of northwzstern California. Group means and standard deviations of variables included in the model are

presented.

Mature group means (SD)

Old-growth group means (SD)

Nest site

Structure
coefficients

Random site

Nest site

Structure
coefficients

Random site

Variable*

—-0.560

13.2 (2.4)

16.3 (1.5)

-0.829
0.508
0.456

—-0.408

13.1(1.7)
615.4 (258.4)
86.6 (3.8)

17.4 (2.2)
352.6 (199.8)

82.4 (5.8)

Density of tanoak 1-10 cm DBH

Canopy bole height (m)
Percent canopy closure

0.599
0.415

190.0 (30.0)
66.2 (13.8)

130.9 (72.2)
52.8 (13.1)

10.3 (14.7)

25.5 (21.5)°

Density of tanoak 50-100 cm DBH

Distance to nearest water (m)
Percent cover 17-50 m height

Sample size

60

11

0.344

Wilk’s lambda

20.33%*

Approximate F-statistics
Cohen’s kappa

In |2

0.94***

—22.40

—355.55

—83.44

0.000

0.000

» Only variables whose structure coefficients had an absolute value >0.40 are presented.

® Units for density are stems/ha.

*** Significant at P < 0.001.
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OLD-GROWTH STAND
------- # -----= Nest site (n = 19)
sumunwes@ennsanse Random Site (n = 48)
r T 1 T T T T T 1cv-1
-4.0 -3.0 2.0 -1.0 0 1.0 2.0 3.0 4.0
High —= Canopy bole height > | ow
Low - % canopy closure » High
Low —= Density tanoak 1-10 cm DBH & High
High —= Density tanoak 50-100 cm DBH > Low
MATURE STAND
........ @ ==:rires Random Site (n = 60)
P S Nest site (n = 11)
I T T T T T T L] 1 | CV‘1
-4.0 -3.0 -2.0 1.0 0 1.0 2.0 3.0 4.0
Closer - Distance to nearest water » Farther
High —= Canopy bole height = Low
Low —= % cover 17-50 m height » High

FIGURE 4. Means and 95% confidence intervals of canonica variate (CV) scores and variables which dis-
criminate between Hammond's Flycatcher nest sites and randomly available sites in mature and old-growth
forest stands in Douglas-fir/tanoak dominated forests of northwestern Cdlifornia.

1987). This speculation supports Johnson’s
(1966) comment that competition between
Hammond's and Pecific-dope Flycatchers is very
likdy when they are found in sympary. Our
peculation aso supports the statement by Beaver
and Baldwin (1975) that each species of flycatch-
er has a dightly different habitat preference which
ultimately affects the coexistence of both species.
Differences between the species in our study oc-
curred for nest height, diameter of nest tree, height
of nest tree, distance of nest from the bole, nest
location, condition of nesing subdrate, and
amount of foliage cover surrounding the nest.
The orientation of flycatcher nests in our study
area differed consderably between species. Our
results suggest that Hammond's Hycatchers, but

not Pecific-dope Flycatchers, sdect nest dtes in
regponse to environmental factors, possbly solar
heat and wind. Sdective orientation of neds is
generally attributed to thermal influences
(McHllin 1979, Inouye et a. 1981, Finch 1983).

Hammond's Hycaicher nests were placed mid-
way in live trees, oriented primarily NE and SW,
located close to the canopy edge, and conceded
by foliage cover. Given these factors, Ham-
mond's Hycaicher nest Stes would receive max-
imum solar heet in the early morning and late
afternoon, when temperatures are cooler, and
would be rdatively sheded from the midday sun.
In the summer, prevaling winds in our sudy
area blow from the north and west. The primary
orientetion of Hammond's Fycacher nest dtes



TABLE 4. Three-group sepwise discriminant analysis of Pacific-slope Flycatcher nest-site characteristics as compared with those of random sites in different
seral stages of Douglas-fir/tanoak dominated forests of northwestern California. Group means and standard deviations of variables included in the model are

presented.
Old-growth Mature Young
. a . . Structure . . Structure ) . Structure
Variabl€f Nest site Random site coefficient Nest site Random site coefficient Nest site Random site coefficient
Mid-canopy bole height (m) 56 (2.2) 9.4 (1.0) 0.806 6.0 (2.0) 87 (14) 0.762 - -
Canopy bole height (m) 16.7 (2.3) 131 (17) -0.719 - - - - - -
Percent canopy closure 92.2 (5.5) 86.6 (3.8) -0.557 - - - - - -
Density of snag >50 cm -
DBH and >15 m
height 3.7(4.2)p 0.81 (1.9)> -0.451 - - - - -
Percent cover 0-0.5 m -
height - - - 251 (28.9) 113 (9.6) -0.418 - -
Density of Pacific -
madrone 1-10 cm
DBH - - - 152 (31.0p 3.7 (10.1)> -0.303 - - -
Density of Douglas-fir
>50 cm DBH — — - - - - 350 (26.9)P 33.0(22.0)» -0.604
Density of Pecific
madrone >50 cm
DBH - - — - - - 15 (1.8) 21(2.6p -0.376
Density of Douglas-fir
10-50 cm DBH - - - - - - 957 (1349P 800 829 0412
Percent cover 0.5-2 m
height - - - - - - 259 (12.7) 253(14.7) -0.322
Sample size 42 48 29 60 17 60
Wilk's lambda 0.169 0.341 0.267
Approximate F-statistics 49.854*** 19.372%** 20.402%**
Cohen's kappa 0.96*** 0.80*** 0.84%**
In |Z] =121.95 -85.75 -201.51 -24.31 -312.56 = 122,00
x? 1,718.09*** 612.91*** 0.000

@ Only variables whose structure coefficients had an absolute value >0.40 for old-growth sites and >0.30 for mature and young sites are presented.

b Units for density are stems/ha.
***  Gignificant at P < 0.001.
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OLD-GROWTH  STAND
CLLTTERY EEEEEEs Random site (n = 48)
sssasun=@neasnan Nest site (n = 42)
T T T T T T T 1 ev-1
-4.0 -3.0 -2.0 -1.0 0 1.0 2.0 3.0 4.0
Low Mid-canopy bole height »-High
High = Canopy bole height - Low
High = % canopy closure Low
High <e=——e= Density snag >50 cm DBH and >15 m height  =—————— | OW
MATURE STAND
------- @-=«==s= Random site (n = 60)
---------- ®--—————-—- Nest site (n = 29)
i T 1 T T 0 [ T 1 Cv-1
-4.0 -3.0 -2.0 -1.0 0 1.0 20 3.0 40
LOW e Mid-canopy bole height » High
High —e % cover 0~ 0.5 m height > Low
High  —#—————— Density Pacific madrone 1-10 cm DBH — oW
YOUNG STAND
sesensa @ runnns Random ste (n = 60)
----------- @ --—-------- Nest site (n = 17)
T T T T T 3 T ‘ T | Cv-1
-5.0 -4.0 -3.0 -2.0 -1.0 0 1o 2.0 3.0 4.0 5.0
High = Density Douglas-fir >50 cm DBH » Low
High e Density Pacific madrone  >50 cm DBH =~ Low
Low Density Douglas-fir 10-50 cm DBH » High
High % cover .5 to 2 m height = Low

FIGURE 5. Means and 95% confidence intervals of canonical variate scores and variables which discriminate
between Pacific-dlope Flycatcher nest sites and randomly available sites in young, mature and old-growth forest
stands in Douglas-fir/tanoak dominated forests of northwestern California.

faced away from prevaling wind, perhgps ading
thermoregulation. The influences of solar hest
on nest placement is further supported by com-
paring the nesting habits of Hammond's and Pa-
cific-dope Flycatchers. Pecific-dope Fycatchers
nested mainly in the subcanopy layer, were cath-
olic in their choice of nest sites and plant Species,
and showed no sdection in terms of nest ori-
entation.

Another explanation for Hammond's Fly-

cachers nest-site specificity is concedment from
predators. Eastern Kingbird (Tyrannus tyrannus)
nests placed a mid-heights in the tree, midway
between the center of the tree and canopy edge,
and with higher vegetation cover around the nest
had a higher nest success (Murphy 1983). Ham-
mond's Hycatcher sdected nest gtes in amilar
conditions, perhaps to avoid predators such as
Seler's Jays (Cyanocitta gdleri) which were
common in our study aress (Sekai 1988). There-
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fore, we speculate that a combination of predator
avoidance, avoidance of competition, and ther-
moregulaion may be a plausble explanation for
sdection of nest stes by Hammond's Flycatcher
in our sudy area

Most species of birds are not redtricted to a
paticular type of nesting subgtrate. Species with
generd nest requirements include Pecific-dope
Fycaichers (Bent 1942:248, Davis et d. 1963:
351, and this study), House Sparrows (Passer
domesticus) (Wdty 1975:271), Western Wood-
Pewee (Contopus sordidulus) (Bent 1942:280),
and others. However, bird species that rely on
tree cavities often prefer large snags and are thus
more ste-specific, e.g., woodpeckers (Mannan et
a. 1980, Raphael and White 1984). In our study
aea Hammond's Flycatchers were sgnificantly
more sdective than Pecific-dope Hycatchers in
the sgze of their nest trees. All Hammond's Hy-
catcher nedts located were found in live, tal, and
large-diameter trees. The difference in  abun-
dance or presence of live, tdl, and large-diameter
trees like Douglasfirs, white firs, and tanoaks in
northwestern Cdifornia may account for the ab-
sence of Hammond's Flycatchers in younger
stands.

WITHIN AGE-CLASS PATTERN OF
NEST-SITE SELECTION

Although Mannan's dudy area in northeastern
Oregon differed in vegetation composition from
our study area, some patterns of next-dite selec-
tion for 11 Hammond's Flycatcher nests that he
reported were Smilar to those in our study. Man-
nan (1984) reported Hammond's Flycatchers se-
lecting nest stes with fewer understory trees, and
overdory trees with large, well-developed can-
opies. In our study area, Hammond's Flycatchers
slected as net stes the tdler, larger-diameter
trees with open canopies, higher mid-canopies,
and high canopy bole height. Other varidbles such
as fewer numbers of smdl tanoaks in old-growth
nest stes, and nests found closer to water in ma
ture gands dso diginguished Hammond's Fly-
catchers nest Stes from random Sites.
Pecific-dope Flycatchers were found to use a
diverdty of net dtes, in agreement with other
studies (Bent 1942, Johnson 1980). Past accounts
of Pecific-dope Hycaicher breeding habitat sug-
gest that nearby water is an important compo-
nent in sdection of nest Stes (Bent 1942:247,
Johnson 1980:9). Our analyses did not sdect dis
tance to water as a discriminating varigble be-
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tween nest and random dStes. In contrast, we
computed average distances of more than 100 m
from water for 88 Pacific-dope Flycatcher nedts
representing al three serd dages. As found in
other studies of temperate bird species (Mac-
Arthur and MacArthur 1961, Wiens 1969, An-
derson and Shugart 1974, Whitmore 1977, Noon
1981, Sabo and Holmes 1983), our andyses in-
dicate that structural characterigtics (e.g., canopy
cdosure) grongly influenced habitat  selection.

Comparing species occurrence and nest-sSite
sdlection patterns across serd stages dlowed us
to identify the Hammond's Hycatcher as a spe-
cies likdy to be negatively affected by the con-
version of mature and old-growth stands in
younger age dlasses. Within mature and old-
growth stands, the Hammond’'s Flycatcher
showed greater nest-ste specidization, particu-
laly in live trees, than the Pecific-dope Hycatch-
er. Thus, even in the absence of stand conver-
son, the Hanmond's Flycatcher may be more
sengtive to human-induced disturbance of these
serd dtages. Based on our findings, if old-growth
Douglasfirftanoak  forests are greetly disturbed,
reduced or diminated in northwestern Cdifor-
nia, we predict the dendty of breeding Ham-
mond's Flycatchers will decresse subgantidly.
We further speculate that leaving clearings with
scattered large, old Douglasfir/hardwood trees
will not benefit Hammond's Hycatchers but
probably will benefit Dusky-Flycatchers (E. ob-
erholseri). Intact older stands, probably no small-
er than 15 ha, will be of grester benefit for Ham-
mond's Hycaichers than dands with openings
having scattered large trees. However, Pecific-
dope Hycatchers, being less sdective in locating
their nest dtes, would probably be less affected
by the converson of old-growth forests to youn-
ger-age classes.
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