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Abstract

Livestock grazing is a dominant land use across North America and although the effects of grazing on
birds have been studied in grassland, shrubland, and riparian habitats, studies of the effects in forests are
rare. We investigated the effects of cattle grazing in forests on vegetation, the relationships between vegeta-
tion characteristics and the abundance of foraging and nesting guilds of birds, and the overall effects of
grazing on the bird community in the Interior Douglas-fir (Pseudotsuga menziesii) biogeoclimatic zone

of British Columbia. Cattle grazing was associated with reduction in ground vegetation height and grass
cover, and increases in the number of shrubs and saplings. Bark insectivores, foliage insectivores, cavity
nesters, and shrub/tree nesters all responded positively to sapling density. However, this translated into
few overall effects of cattle grazing on birds, with only bark insectivores exhibiting greater abundance

on grazed areas. Grazed areas also had fewer aerial insectivores but the mechanism driving this remains
unclear. Current forest grazing practices at our study sites appear to have few negative effects on bird abun-
dance and diversity, with the possible exception of aerial insectivores. Study of additional sites is required
to assess if forest grazing exerts similar effects throughout the Interior Douglas-fir forest. Furthermore,
study of the effects of forest grazing on productivity and survival of birds is needed.
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Introduction
Livestock grazing is one of the principal land uses

in North America, occurring on 317 million ha

in the USA and 26 million ha in Canada (Horton
1996; Lubowski et al. 2006). Grazing can have wide-
spread impacts on vegetation structure and composition.
Grazing has direct impacts on vegetation via compaction
of soil and trampling and defoliation of plants (Kauff-
man and Krueger 1984). As some plant species respond
positively to grazing pressure while others respond nega-
tively, grazing can alter species composition (Kutt and
Woinarski 2007) and facilitate invasions of exotic species
(Kimball and Schiffman 2003). These grazing-induced
changes in species composition can result in conver-
sion of grassland to shrubland (Skarpe 1990), hasten
the regeneration of cleared pasture to forest (Posada et
al. 2000; Zimmermann et al. 2009) and facilitate for-
est expansion (Richardson et al. 2007). Such vegeta-
tion changes can in turn impact bird communities. For
instance, grazing can reduce the suitability of an area for
species that rely on characteristics such as tall grass and
greater cover (e.g., Lesser Prairie-Chicken [Tympanu-
chus pallidicinctus] and Upland Sandpiper [Bartramia
longicauda]) (Derner et al. 2009), while potentially
benefiting those that prefer low cover and bare ground
(e.g., Mountain Plover [Charadrius montanus] and
Long-billed Curlew [Numenius americanus]) (Derner et
al. 2009). Birds may suffer increased nest predation rates
due to reduced cover and altered suitability of nesting
sites (Ammon and Stacey 1997; Fondell and Ball 2004).
In addition, cattle may directly impact birds by expos-
ing, trampling, or otherwise destroying ground nests
(Nack and Ribic 2005; Walsberg 2005).

While both the direct and indirect effects of cattle on
vegetation and birds have been relatively well studied in
western grasslands, shrublands, and riparian areas (re-
viewed in Kauffman and Krueger 1984; Bock et al. 1993;
Fleischner 1994; Saab et al. 1995; Tewksbury et al. 2002),
there is less known about the impacts of cattle grazing in
forests, particularly on birds (Bock et al.1993; Saab et al.
1995). Studies investigating the effects of grazing on for-
est vegetation have revealed that light, controlled grazing
can facilitate tree recruitment by removing vegetation
that otherwise outcompetes seedlings. However, with
more intense or uncontrolled grazing, cattle can reduce
shrub understorey and trample and browse seedlings,
potentially impacting forest recruitment (reviewed in
Adams 1975; see also Harrington and Kathol 2009; Van
Uytvanck and Hoftmann 2009). Despite early observa-
tions that heavy grazing can dramatically alter forest

Cattle are predicted to have the greatest

effect on birds that primarily use ground
or understorey vegetation, and minimal
effects on those using the forest canopy.

structure and avifauna (Dambach 1944) few studies
have directly assessed the effects of cattle on birds in
non-riparian forested areas. Bird species are expected to
have differing susceptibilities to cattle grazing depend-
ing on the degree to which they use different strata of
vegetation. Cattle are predicted to have the greatest
effect on birds that primarily use ground or understorey
vegetation, and minimal effects on those using the forest
canopy. Martin and Possingham (2005) found that the
amount of time spent foraging in particular vegetation
strata was a significant predictor of the response of indi-
vidual bird species to grazing in a grassy eucalypt forest.
The few studies that have investigated the impact of
cattle grazing on birds in non-riparian forest have typi-
cally found that more bird species respond negatively to
grazing than positively. However, the degree of response
of the bird community varies widely, ranging from most
species exhibiting a response to cattle (Martin and Pos-
singham 2005; Martin and McIntyre 2007) to almost
none (Goguen and Mathews 1998; Kutt and Woinarski
2007). Effects of cattle grazing may also vary with for-
est type. For example, Alexander et al. (2008) found
cattle grazing reduced abundances of shrub-nesting

and foliage-gleaning birds in oak woodlands but not in
mixed conifer forest. In contrast, they found that grazing
increased species richness in the mixed conifer forest
but not in the oak woodland.

Ranching in forestland is a widespread practice in
the interior of British Columbia, Canada. Cattle ranch-
ers have been using forested areas since the 1890s, and
by 1950, 2.8 million ha of forestland were grazed (Tis-
dale 1950). Currently, at least 70% of all rangeland in the
province is in forest (Wikeem et al. 1993). This region
has experienced considerable forest ingrowth and en-
croachment in the last century, altering the structure of
the forest-grassland matrix (Ross 2000, Bai et. al. 2004).
To date, no studies have examined the effects of cattle
grazing on birds in the Interior Douglas-fir (Pseudotsuga
mengziesii) biogeoclimatic (BEC) zone, which is the most
important zone for grazing in the southern interior of
British Columbia (Wikeem et al. 1993). We therefore set
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out to examine the effects of current grazing practices
on both vegetation and birds in the Douglas-fir forest of
the Cariboo-Chilcotin region. We first investigated the
effects of grazing on ground vegetation and forest struc-
ture, and then assessed relationships between particular
vegetation characteristics and the abundance of different
foraging and nesting guilds of birds. Finally, we assessed
if changes in vegetation associated with cattle grazing
and guild-level responses to vegetation led to differences
in the bird community composition, overall abundance,
and diversity between grazed and ungrazed areas.

Methods

Study Area

We conducted this study in the Cariboo-Chilcotin
region of the Interior Douglas-fir biogeoclimatic zone
(IDF) in British Columbia, Canada, where the lower
elevations of the Fraser and Chilcotin River valleys are
grassland, grading into the dry, open forest at higher
elevations. At our study sites, forest canopy is dominated
by Douglas-fir (97% of trees). Understorey consists
primarily of Douglas-fir saplings (80% of saplings) and
a mixture of Common Snowberry (Symphoricarpos
albus), rose (Rosa spp.), and juniper (Juniperus spp.).
Dominant ground cover includes Bluebunch Wheat-
grass (Agropyron spicatum), Pine Grass (Calamagrostis
rubescens), Kentucky Bluegrass (Poa pratensis), and
Rosy Pussytoes (Antennaria microphylla). Soils of the
Douglas-fir/pinegrass subzone of the IDF are primarily
Orthic Grey Luvisols, while the higher elevations of the
grassland subzone are Dark Grey Chernozems (Annas
and Coupé 1979). Ranching is an important land use of
the area. Current stocking rates in the region for grass-
land and forest range are estimated to average 1.2 AUM
(animal unit month)/ha and do not exceed 3.3 AUM/ha
(C. Mumford and W. Heyes-van Vliet, personal com-
munication July 2009), and pastures extend across the
grassland-forest ecotone and into the forest. The study
was conducted at three sites located within 70 km of
each other: Churn Creek Protected Area (CCPA; average
aspect 100°; average elevation 834 m; BEC variant ID-
Fxm) on the western plateau above the Fraser River; the
OK Ranch (OKR; average aspect 200°; average elevation
1176 m; BEC variants IDFxm and IDFxw) on the east-
ern plateau above the Fraser River; and Junction Sheep
Range Provincial Park (JSR; average aspect 83°; average
elevation 912 m; BEC variant IDFxm) which lies above
the junction of the Chilcotin and Fraser Rivers. We
categorized sites as either: 1. currently grazed (OKR and
CCPA) or 2. ungrazed (JSR) but were unable to further

categorize the intensity of grazing due to local variability
in the timing, duration and intensity of grazing, both
temporally and geographically. During the study we at-
tempted to get cattle counts and length of times on sites
from the ranchers involved but were unable to obtain
this information. However, field crews who spent con-
siderable time at the sites noted that grazed plots were
being actively grazed during the study. JSR has not been
grazed by cattle in over 30 years. We established 116
point count stations in forest (>30% tree cover; assessed
visually) across the three different sites in a grid pattern,
with each station 250 m apart.

Bird Abundance

Each station was surveyed for birds three times between
mid-May and mid-July in 2007 and again in 2008.

All birds seen or heard within a 50 m radius during a

six minute point-count were identified to species and
recorded. As woodpeckers are not well recorded with
passive point count surveys, surveys were followed by
an eight minute playback of local woodpecker calls. Any
woodpeckers seen or heard at any distance during the
point count or playback were noted. Woodpeckers not
successfully identified to species were recorded as “un-
known woodpecker” Surveys were conducted between
0500 and 1000 hours or occasionally until 1100 hours

if the day was cool and birds were still singing. Counts
were not conducted during high winds or rain. We
defined species abundance as the maximum number of
individuals of each species seen at a given station during
the year, to reflect the peak in local breeding density. As
the species-level abundance data contained many zeros,
abundances were combined into nesting (cavity, ground,
shrub/tree) and foraging guilds (aerial insectivore, bark
insectivore, foliage insectivore, and ground insectivore);
omnivores and raptors were omitted from guild-level
analyses due to low abundances (Appendix A). Species
were classified to guilds based on their primary feed-
ing habitats during the nesting period, following Poole
(2010). Red Crossbills (Loxia curvirostra) were omitted
from all analyses because they were encountered in large
foraging flocks (up to 35 individuals) that did not reflect
local breeding abundance.

Vegetation

We collected two sets of vegetation data at point count
stations: ground vegetation and forest structure. Ground
vegetation was assessed as the percent cover of bare
ground, biocrust, forbs, grass, and litter within a 5m
radius circle centred on the point count station, and on
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its maximum height, which was recorded at the centre of
the station and at one, three, five, and ten metres in each
of the cardinal directions and then averaged. Because
this was a measure of ground cover and vegetation was
often sparse and the categories included bare ground,
the method we used summed categories to 100%. The
class “litter;” which had the highest correlations with the
other categories, was omitted from analyses. While we
acknowledge that different species of forbs and grasses
respond differently to grazing, the lumping of different
species in these categories was necessary because many
species occurred too rarely to be analyzed separately.

As well, cattle grazing can also shift communities from
grass dominated to forb dominated so using these
broader categories was appropriate.

Forest structure measures included the number of
shrubs (including saplings < 1 m tall), saplings (> 1 m
tall and < 12.5 cm diameter at breast height [dbh]) and
trees (> 12.5cm dbh) within an 11.3 m radius circle
(0.04 ha) centred on the point count station. We at-
tempted to collect each type of vegetation data once per
station over the two years of the study, but were unable
to measure both at all point count stations due to logisti-
cal constraints. Ground vegetation data was collected
at 113 of the 116 stations, and forest structure data was
collected at 63 stations.

Statistical Analysis

As we were primarily interested in the effects of graz-
ing on avifauna rather than year-to-year variation, and
found no evidence for year effects or year by grazing
interactions on overall avian abundance or diversity (see
below), we did not include year in analyses of effects of
grazing on vegetation, guild-level responses to vegeta-
tion characteristics, or differences in bird community
composition with grazing category.

Effects of grazing on vegetation

We first used discriminant function analysis (DFA) to
assess differences between grazed and ungrazed stations
in ground vegetation and forest structure (Table 1). DFA
is used to determine which variables discriminate be-
tween groups, in this case, grazed or ungrazed sites, and
are therefore, the best predictors of whether a station is
grazed or ungrazed.

Percent ground cover values were arcsine trans-
formed and numbers of shrubs, saplings, and trees
were log, ,(x +1) transformed. For ease of interpreta-
tion, back-transformed values (mean + 95% confidence
intervals [CI]) are presented in figures. As we were using

TABLE 1. Sets of vegetation characteristics used in
discriminant function analyses to assess vegetation
differences between grazed and ungrazed forest sites

Discriminant

function set Vegetation characteristics included

Ground vegetation ~ Height of ground vegetation
Cover of bare ground
Cover of biocrust

Cover of forbs

Cover of grass

Number of shrubs

Number of saplings

Forest structure

Number of trees

DFAs not to predict group membership but instead to
highlight vegetation differences between grazing catego-
ries, we used Wilks’ A, a measure of the variation in the
data not explained by the grouping (grazing category),
to assess the overall utility of the DFA. Standardized
canonical discriminant function coefficients (which
indicate the direction and relative contribution of each
variable to the discriminant function) and means + 95%
confidence intervals for each grazing category were used
to assess the relative importance of each variable in dif-
ferentiating grazed and ungrazed stations. DFAs were
conducted in the statistical package SPSS 17.0 (SPSS Inc,
Chicago, IL).

Guild-level responses to vegetation

We used an information theoretic approach to assess
the fine-scale response of each guild of birds to indi-
vidual characteristics of the vegetation. This is a model
selection method which uses AIC, or Akaike Informa-
tion Criteria, to determine which model (among series
of plausible models specified before conducting the
analyses) best fits the data collected. Only bird count
data collected in the same year as the appropriate vegeta-
tion set at each station were used (n = 113 for analysis
of guild-level responses to ground vegetation; n = 63
for forest structure). We predicted that birds foraging
and nesting on the ground are most likely to respond to
changes in ground vegetation, while those that forage
and nest in the understorey and canopy layers are most
likely to respond to changes in forest structure (Martin
and Possingham 2005). Aerial insectivores may for-

age on flying insects that originate on ground, shrub or
canopy vegetation, and thus may respond to changes in
both ground vegetation and forest structure, depending
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on the source of their invertebrate prey. We therefore
tested only biologically relevant model sets relating to
these hypotheses (Table 2).

The candidate model set for ground vegetation
contained eight models, consisting of a “null” and “all
combinations” of ground vegetation variables (vegeta-
tion height, bare ground, biocrust cover, forb cover, and
grass cover), though bare ground + biocrust cover and
forb cover + grass cover were grouped, rather than being
used independently, to keep the number of candidate
models from approaching the sample size. The forest
structure set contained eight candidate models, consist-
ing of a null model and all combinations forest struc-
ture variables (number of shrubs, saplings, and trees).
Because none of the variables included within a single
analysis were correlated (r < 0.4) each combination rep-
resented a biologically realistic hypothesis. Generalized
linear models (GENMOD, a procedure in the statistical
software SAS, version 9.2 SAS Institute Inc, Cary, NC)
with Poisson distributions and log links were used to
generate estimates for models predicting guild abun-
dance from vegetation. QAIC (quasi-AIC) values cor-
rected for small sample sizes (QAIC,) were used in all
analyses (Burnham and Anderson 2002). QAIC, weights
(w;) were used to assess the relative support for each
of the models. Summed w;s (Xw;) and AIC weighted
parameter estimates (PE) and their associated uncondi-
tional standard errors (SE,;) were also computed to as-
sess the support for and relative effects of the parameters
present in the best-supported models (Burnham and
Anderson 2002).

TABLE 2. Sets of vegetation characteristics tested for
potential effects on guild-level bird abundance

Vegetation sets tested

Foraging guild

Aerial insectivore Ground vegetation, forest structure

Effects of grazing on bird community composition

We used DFAs to assess if the grazing-associated
changes in vegetation and guild-level responses to veg-
etation characteristics led to differences in bird commu-
nity composition between grazed and ungrazed areas.
Community composition was expressed as abundance of
three nesting or four foraging guilds (Table 3).

Guild-level abundances were log,,(x +1) trans-
formed, and the full set of abundance data (n =116
stations X 2 years of observation = 232) were used. For
ease of interpretation, back-transformed values (mean
+95% CI) are presented in figures. The overall utility of
the DFAs and relative contribution of each guild to the
discriminant function were assessed as above.

Response of bird community to grazing

Finally, we used an information theoretic approach to
investigate if the grazing-associated changes in vegeta-
tion and guild-level responses to vegetation character-
istics led to overall differences in bird abundance and
diversity (calculated using the Shannon-Weiner diversity
index) between grazed and ungrazed areas, while ac-
counting for potential year effects and year by grazing
interactions. Each model set consisted of five models
(null, year, grazing, year + grazing, and year + grazing +
year*grazing). Generalized linear models (proc GEN-
MOD, SAS 9.2) were used to generate AIC_ estimates
corresponding to each hypothesis. AIC values corrected
for small sample sizes (AIC_) were used in all analyses
(Burnham and Anderson 2002). Relative support for
models and individual terms was assessed as above.

TABLE 3. Sets of guild-level bird abundance used in
discriminant function analyses to assess differences
in bird community composition between grazed and
ungrazed forest sites

Discriminant

function set Guild-level abundances included

Bark insectivore Forest structure Nesting guild Cavity
Foliage insectivore ~ Forest structure Ground
Ground insectivore Ground vegetation Shrub/tree

Nesting guild Foraging guild Aerial insectivores
Cavity Forest structure Bark insectivores
Ground Ground vegetation Foliage insectivores
Shrub/tree Forest structure Ground insectivores
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Results

Effects of Grazing on Vegetation

Vegetation differed between grazed and ungrazed areas,
with grazing category explaining 9.4% of the variation in
ground vegetation (Wilks’ A = 0.906) and 12.2% of varia-
tion in the forest structure (Wilks’ A = 0.878). Grazed
stations had less grass cover, shorter ground vegetation,
and more forb cover, although the latter two effects were
weaker (standardized discriminant function coefficients:
grass = -0.731, vegetation height = -0.466, forb = 0.414,
biocrust = -0.236, bare ground = 0.153; Figure 1).
Grazed stations also had more shrubs, and to a lesser
degree, more saplings (shrubs = 0.798, saplings = 0.556,
trees = -0.435; Figure 2).

25 25
D Ungrazed =
~ 20 20 &
§ D Grazed Qa’
= 15 r15 2
£ S
2 it
T 104 r10 §
2
T e TR
0 0
Ground Bare Biocrust Forb Grass
vegetation ground
height

Ground vegetation characteristics

FIGURE 1. Ground vegetation characteristics at grazed
(n =16) and ungrazed (n = 97) stations. Error bars
represent 95% CI.

i
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o
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+

_.
<

_

Number within 11.3 m radius

Shrubs Saplings Trees

Forest structure
FIGURE 2. Forest structure characteristics at grazed

(n =13) and ungrazed (n = 50) stations. Error bars
represent 95% Cl.

Guild-level Responses to Vegetation

Foraging guilds

Bark insectivores responded to forest structure, being
more abundant where there were more saplings (Xw;
=0.64, PE + SE, = 0.003 + 0.003, Table 4, where PE is
Parameter Estimate and SE is Standard Error). Foliage
insectivores were also more common where there was a
greater density of saplings (Zw; = 0.96, PE + SE; = 0.004
+0.001). In contrast, ground insectivores did not appear
to respond to any aspect of ground vegetation, and aerial
insectivores did not respond to either ground vegeta-
tion or forest structure. For these two guilds, the null
models received the most support and SE s for all terms
bounded zero (Table 4).

Nesting guilds

Cavity nesters, a very similar suite of species to bark
insectivores (Appendix A), exhibited similar responses
to vegetation. Cavity nesters were more common where
there were more saplings (Xw; = 0.61, PE + SE;; = 0.002
+ 0.002; Table 5). Shrub/tree nesters were also more
common at stations with more saplings (Zw; = 0.94,

PE + SE, = 0.003 + 0.001). Ground nester abundance,
however, did not appear to be affected by ground vegeta-
tion as the null model received the most support and
the model-averaged parameter estimates and associated
SE,s bounded zero (Table 5).

Effects of Grazing on Bird Community
Composition

Grazed and ungrazed stations differed in the relative
abundance of the different foraging guilds, with 12.7%
of the variation explained by grazing category (Wilks’ A
= 0.873). Grazed stations had fewer aerial insectivores
and a more bark insectivores (standardized discrimi-
nant function coeflicients: aerial = -0.979, bark = 0.369,
foliage = -0.024, ground = 0.140; Figure 3). In contrast,
grazing category did not affect the relative abundance of
the different nesting guilds, with only 2.9% of the varia-
tion in abundance explained by grazing category (Wilks’
A = 0.971; Figure 4).
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TABLE 4. Strongly supported (AQAIC, < 2) and null models relating abundance by foraging guild to forest structure
and ground vegetation. All candidate sets contained 8 models.

Guild Model n K! QAIC2 AQAICS w4
Aerial insectivore  Forest structure
1. (null) 63 2 159.64 0.00 0.33
2. Number of saplings 63 3 160.63 0.99 0.20
3. Number of shrubs 63 3 161.43 1.78 0.13
Ground vegetation
1. (null) 113 2 219.21 0.00 0.44
2. Height of ground vegetation 113 3 220.46 1.25 0.23
Bark insectivore Forest structure
1. Number of saplings 63 3 145.49 0.00 0.28
2. Number of saplings + number of trees 63 4 146.11 0.62 0.20
3. (null) 63 2 146.83 1.34 0.14
4. Number of trees 63 3 146.99 1.50 0.13

Foliage insectivore ~ Forest structure

1. Number of saplings 63 3 193.60 0.00 0.44
2. Number of saplings + number of trees 63 4 194.82 1.22 0.24
3. Number of shrubs + number of saplings 63 4 195.36 1.76 0.18
5. (null) 63 2 200.12 6.52 0.02
Ground insectivore Ground vegetation
1. (null) 113 2 512.18 0.00 0.39
2. Forb cover + grass cover 113 4 514.00 1.82 0.16
3. Height of ground vegetation 113 3 514.10 1.93 0.15
4. Bare ground + biocrust cover 113 4 514.16 1.98 0.15

1 The number of estimated parameters in the model including the variance.

2 A measure of the level of fit of the data to the model weighted by the number of variables in the model, corrected for small sample sizes.
3 The difference between the QAIC, of each model and that of the most parsimonious model.

4 The likelihood of the model given the data, relative to the other models in the candidate set.
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TABLE 5. Strongly supported (AQAIC, < 2) and null models relating abundance by nesting guild to forest structure
and ground vegetation. All candidate sets contained 8 models. See Table 4 for definitions of column headings.

Guild Model n K QAICc AQAICc wi
Cavity nester Forest structure
1. Number of saplings 63 3 196.81 0.00 0.31
2. (null) 63 2 197.91 1.10 0.18
3. Number of saplings + number of trees 63 4 198.13 1.32 0.16
Ground nester Ground vegetation
1. (null) 113 2 341.72 0.00 0.35
2. Height of ground vegetation 113 3 342.74 1.01 0.21
3. Bare ground + biocrust cover
+ height of ground vegetation 113 5 342.84 1.11 0.20

Shrub/tree nester ~ Forest structure

1. Number of saplings 63 3 288.32 0.00 0.48
2. Number of shrubs + number of saplings 63 4 289.75 1.43 0.23
5. (null) 63 2 293.94 5.62 0.03
8 12
D Ungrazed D Ungrazed
p D Grazed ‘\‘ 10 1 D Grazed
u +
< <
g + g
3 4 36
< <
c c
3 g 4
= =
2 4
2 4
0 0
Aerial Bark Foliage Ground Cavity Ground Shrub/tree
insectivore  insectivore  insectivore  insectivore
Bird type by nesting guild
Bird type by foraging guild
FIGURE 3. Mean bird abundance by foraging guild at FIGURE 4. Mean bird abundance by nesting guild at
grazed (n = 32) and ungrazed (n = 200) point-count grazed (n = 32) and ungrazed (n = 200) point-count
stations. Error bars represent 95% ClI. stations. Error bars represent 95% ClI.
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Response of Bird Community to Grazing

We found no evidence that grazing affected bird abun-
dance or diversity. While the top-ranked models for
both abundance and diversity consisted of a grazing
term, in both cases the null model ranked second and
also received substantial support (Table 6).

In addition, unconditional parameter estimates for
the effects of grazing bounded zero (abundance: Yw; =

0.56, PE + SE; = 0.761 + 0.946; diversity: Yw; = 0.63,

PE + SE, = 0.070 + 0.077; Figs. 5 and 6). There was no
evidence for an effect of year on either total abundance
or diversity (abundance: ¥w; = 0.33, PE + SE; = -0.112 +
0.293; diversity: Xw; = 0.16, PE + SE; = -0.006 + 0.020),
nor were there any grazing by year interactions (abun-
dance: ¥w; = 0.05, PE + SE;; = -0.017 + -0.111; diversity:
Yw;=0.16, PE + SE; = 0.002 * 0.010; Figures 5 and 6).

TABLE 6. Strongly supported (AAIC < 2.0) models from candidate model sets that predict plot-level bird abundance
and diversity as a function of grazing category, year, and grazing*year. Both candidate sets included five models. See
Table 4 for definitions of column headings.

Model n K AIC, AAIC, w;
Bird abundance
1. Grazing 222 3 1373.72 0.00 0.36
2. (null) 222 2 1374.01 0.28 0.31
3. Grazing + year 222 4 1375.74 1.75 0.15
4. Year 222 3 1375.74 2.01 0.13
Bird diversity
1. Grazing 222 179.96 0.00 0.41
2. (null) 222 180.79 0.83 0.27
3. Grazing + year 222 181.88 1.92 0.16
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FIGURE 5. Mean bird abundance (all guilds) at grazed
and ungrazed point-count stations in 2007 and 2008. n
= 16 ungrazed and 100 grazed stations per year. Error

bars represent 95% ClI.

FIGURE 6. Mean bird species diversity (Shannon-Weiner
index) at grazed and ungrazed point-count stations

in 2007 and 2008. n = 16 ungrazed and 100 grazed
stations per year. Error bars represent 95% CI.
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Discussion

Studies examining how grazing impacts vegetation
structure and bird communities have primarily been con-
ducted in grassland, shrubland and riparian areas, while
studies examining the effects of grazing on birds in forest
are rare (Bock et al. 1993; Saab et al. 1995). Our study

is the first to examine the influence of cattle grazing in
forests on bird community composition, abundance,
and diversity in the Interior Douglas-fir biogeoclimatic
zone of British Columbia, Canada, despite forest grazing
being a widespread practice in the area (Tisdale 1950;
Wikeem et al. 1993). We observed vegetation structure
to differ between grazed and ungrazed sites, and several
bird guilds responded to vegetation characteristics that
were potentially altered by grazing. However these ef-
fects generally did not scale up to overall differences in
bird community composition, abundance, or diversity
between grazed and ungrazed sites.

Grazed sites differed from a long-term ungrazed site
in terms of both ground vegetation and forest structure,
having less grass cover, shorter ground vegetation and
somewhat greater forb cover, as well as greater density of
saplings and shrubs. The shorter ground vegetation and
increased sapling density we observed are likely attribut-
able to cattle grazing. Cattle have been well documented
to reduce the average height of ground vegetation, and
in British Columbia, sward height is used to monitor
and assess range condition in both forest and grass-
land pasture (Fraser 2003; Range Branch 2006). While
cattle grazing can exert negative impacts on shrubs and
saplings via trampling and browsing (Mayer et al. 2006;
Marquardt et al. 2009), grazing can also enhance shrub
and sapling growth by removing competing ground
vegetation (Skarpe 1990; Darabant et al. 2007). Forest
grazing has been associated with increases in density
of young conifers in the northwestern United States,
and these increases have been attributed to removal
of competing vegetation by cattle (Rummell 1951;
Zimmerman and Neuenschwander 1984). The major-
ity of trees (97%) and saplings (80%) at our sites are
Douglas-fir, and removal of ground vegetation has been
demonstrated to enhance the growth and survival of
Douglas-fir seedlings, including in the Interior Douglas-
fir biogeoclimatic zone (Harper et al. 2005; Dinger and
Rose 2009). However, as we had only one ungrazed site,
we cannot rule out the possibility that the vegetation dif-
ferences we observed are site effects rather than a direct
result of cattle grazing. Additional work is required to
verify if forest grazing has similar effects on vegetation
throughout the region.

We tested the degree to which cavity nesters, shrub/
tree nesters, bark insectivores, and foliage insectivores
responded to different aspects of forest structure and the
responses of ground nesters and ground insectivores to
characteristics of ground vegetation. Bark insectivores,
foliage insectivores, cavity nesters and shrub/tree nesters
all exhibited increased abundance with greater density
of saplings. These guilds may have responded positively
to sapling density because saplings (defined as > 1 m tall
and < 12.5 cm dbh, this category includes reasonably-
sized young trees) may provide foraging opportuni-
ties or nesting substrates. Sapling density may also be
correlated to some other unmeasured characteristic to
which the birds were responding (e.g., presence of large
old trees or dead snags, which provide substrate for
nesting cavities). In contrast, neither ground nester nor
ground insectivore abundance was related to any of the
ground vegetation variables measured. The changes in
ground vegetation associated with grazing (22% reduc-
tion in vegetation height, 22% reduction in grass cover,
29% increase in forb cover) may not have been great
enough to have pronounced effects on ground nesters or
ground insectivores. However, in studies of grasslands
and shrublands, grazing-induced changes in vegetation
height and grass cover of similar magnitude have been
associated with decreases in density and species richness
of ground-foraging granivorous birds (Gonnet 2001)
and reductions in breeding success of ground-nesting
Grasshopper Sparrows (Ammodramus savannarum)
(Sutter and Ritchison 2005). Mixed responses at the
species level may have masked expected effects. For
example, a decrease in abundance of ground-nesting or
ground-foraging species that prefer tall, extensive grass
cover could be negated by an increase in species that
prefer less cover. However, most species were present at
only a low proportion of stations, preventing us from as-
sessing species-specific responses to grazing and vegeta-
tion characteristics.

The effects of cattle grazing on birds are generally
indirect, with birds responding to grazing-induced
changes in vegetation and associated characteristics
such as nest-site suitability and food supply, rather than
the presence of cattle per se (Ammon and Stacey 1997;
Fondell and Ball 2004; Dennis et al. 2008). In our study
areas, cattle grazing was associated with some differ-
ences in bird community composition, with grazed sites
having more bark insectivores and fewer aerial insec-
tivores. The increased abundance of bark insectivores
on grazed sites is likely due to their positive association
with sapling density, as sapling density was higher on
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grazed sites. However, foliage insectivores, cavity nesters,
and shrub/tree nesters also exhibited positive associa-
tions with sapling density, but this did not translate

into increased abundance on grazed sites. The increase
in sapling density associated with cattle grazing may
have been too small to affect abundance of these guilds.
Aerial insectivores exhibited much lower abundance at
the grazed sites, even though they did not respond to
any measured vegetation characteristic of either ground
vegetation or forest structure. Aerial insectivores may

be responding to aspects of the vegetation that we did
not measure, such as species composition, or they may
be responding to factors such as predation risk, nest site
suitability, and food availability, which may not exhibit
close correlations with the vegetation characteristics we
measured. In addition, as we only had one ungrazed site,
we cannot rule out the possibility of site effects.

Despite altering bird community composition,
cattle grazing did not affect overall bird abundance or
diversity at our sites. Mixed effects between guilds may
have negated overall abundance trends, with decreases
in aerial insectivores on grazed areas being offset by
increases in bark insectivores. Grazing may not have
affected bird diversity because current levels of grazing
in the region are relatively low. Low intensity grazing
often results in heterogeneous use of the vegetation, with
some preferred areas being heavily utilized while others
are relatively untouched (DelCurto et al. 2005; Kohler
et al. 2006; Willcox et al. 2010). Habitat may therefore
remain available to a broad suite of species, from those
that prefer characteristics of heavily grazed vegetation to
those that are relatively grazing-intolerant (Derner et al.
2009).

While current levels of grazing appear to have little
negative impact on the bird community (other than
potentially reducing aerial insectivore abundance),
these results need to be treated with caution as they are
based on relative abundance data only and we have no
information on demography. Information on survival
and productivity is required to accurately assess habitat
quality and predict population trajectories (Van Horne
1983). The presence of cattle and cattle-induced veg-
etation changes can lead to increases in predation and
parasitism, which reduce nesting success (Ammon and
Stacey 1997; Goguen and Matthews 2000). The effects of
forest grazing on reproduction of birds in the Douglas-
fir forest of the Cariboo-Chilcotin area remain to be
determined.

Management Implications

Current forest grazing practices at our study sites in the
Cariboo-Chilcotin area appear to exert few negative
effects on bird abundance. The only group to exhibit a
negative effect of grazing was aerial insectivores, and

the mechanism underlying the effect is unclear as aerial
insectivores did not respond to any of the vegetation
characteristics we measured. This result is cause for
some concern, as many aerial insectivores are declining
across North America (35% of species; Sauer et al. 2008),
and three of the eight aerial insectivores in this study are
declining in British Columbia (average annual popula-
tion change 1966-2007: Dusky Flycatcher -1.77%, Olive-
sided flycatcher -4.14%, Townsend’s Solitaire -2.52%;
Sauer et al. 2008. See Appendix A for scientific names).
Study of additional long-term ungrazed sites is required
to confirm these findings and assess if forest grazing of
cattle exerts similar effects (particularly on aerial insecti-
vores) throughout the Interior Douglas-fir forest.

British Columbia’s cattle population has dropped by
21% in recent years, from a peak of 950 000 head in July
2004 to 656 000 in July 2008 (Statistics Canada 2011), so
there is potential for the use of the forest as rangeland
to increase in the future should cattle numbers return to
previous levels. Higher intensity grazing may produce
more pronounced changes to ground vegetation which
could negatively affect ground-nesting and ground-
foraging guilds. Additionally, at higher intensity, forest
grazing may instead exert negative effects on Douglas-fir
reproduction by cattle trampling or browsing seed-
lings. Such inhibited forest regeneration would have the
potential to negatively impact several bird guilds which
exhibit positive relationships with sapling density.
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APPENDIX A. Foraging and nesting guild assignments for the 56 bird species observed at forested (>30% tree cover)

point count stations in the Interior Douglas-fir biogeoclimatic zone, British Columbia, Canada. Foraging guild: Al =
aerial insectivore, Bl = bark insectivore, Fl = foliage insectivore, Gl = ground insectivore, O = omnivore, R = raptor.
Nesting guild: C = cavity, G = ground, ST = shrub/tree, OT = other.

Common Name Scientific Name Foraging Guild Nesting Guild
American Crow Corvus brachyrhynchos ¢} ST
American Kestrel Falco sparverius R C
American Robin Turdus migratorius GI ST
Black-backed Woodpecker Picoides arcticus BI C
Black-capped Chickadee Poecile atricapilla FI C
Brown-headed Cowbird Molothrus ater GI oT
Blue Grouse Dendragapus obscurus ¢} G
Brown Creeper Certhia americana BI C
Cassin's Finch Carpodacus cassinii FI ST
Cassin's Vireo Vireo cassinii FI ST
Cedar Waxwing Bombycilla cedrorum FI ST
Chipping Sparrow Spizella passerina GI ST
Clark's Nutcracker Nucifraga columbiana (¢} ST
Common Raven Corvus corax o ST
Dark-eyed Junco Junco hyemalis GI G
Downy Woodpecker Picoides pubescens BI C
Dusky Flycatcher Empidonax oberholseri Al ST
European Starling Sturnus vulgaris GI C
Evening Grosbeak Coccothraustes vespertinus FI ST
Gray Jay Perisoreus canadensis O ST
Hammond's Flycatcher Empidonax hammondii Al ST
Hairy Woodpecker Picoides villosus BI C
Hermit Thrush Catharus guttatus GI ST
Lazuli Bunting Passerina amoena FI ST
Least Flycatcher Empidonax minimus Al ST
Merlin Falco columbarius R ST
Mountain Bluebird Sialia currucoides GI C
Mountain Chickadee Poecile gambeli FI C
Northern Flicker Colaptes auratus GI C
Orange-crowned Warbler Vermivora celata FI G
Olive-sided Flycatcher Contopus cooperi Al ST
Pine Siskin Carduelis pinus FI ST
Pileated Woodpecker Dryocopus pileatus BI C
Pacific-slope Flycatcher Empidonax difficilis Al ST
Red-breasted Nuthatch Sitta canadensis BI C
Ruby-crowned Kinglet Regulus calendula FI ST
Red Crossbill! Loxia curvirostra - -
Red-naped Sapsucker Sphyrapicus nuchalis BI C
Red-tailed Hawk Buteo jamaicensis R ST
Ruffed Grouse Bonasa umbellus (¢} G
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Rufous Hummingbird? Selasphorus rufus - ST
Red-winged Blackbird Agelaius phoeniceus GI ST
Spotted Towhee Pipilo maculatus 0] G
Swainson's Thrush Catharus ustulatus GI ST
Townsend's Solitaire Myadetes townsendi Al oT
Townsend's Warbler Dendroica townsendi FI ST
Tree Swallow Tachycineta bicolor Al C
Three-toed Woodpecker Picoides tridactylus BI C
Vesper Sparrow Pooecetes gramineus GI G
Warbling Vireo Vireo gilvus FI ST
Western Meadowlark Sturnella neglecta GI G
Western Tanager Piranga ludoviciana FI ST
Wilson's Warbler Wilsonia pusilla FI ST
Western Wood-Pewee Contopus sordidulus Al ST
Yellow Warbler Dendproica petechia FI ST
Yellow-rumped Warbler Dendroica coronata FI ST
Unknown woodpecker species - BI C

1 Omitted from all analyses due to the presence of large (up to 35 individuals) foraging flocks, which do not reflect local breeding density.
2 Nectarivore. Omitted from analyses of bird abundance by foraging guild.
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Test Your Knowledge . . .

Effects of Cattle Grazing on Birds in Interior Douglas-fir (Pseudotsuga menziesii) Forests of
British Columbia

How well can you recall some of the main messages in the preceding Research Report? Test
your knowledge by answering the following questions. Answers are at the bottom of the page.

1. Cattle grazing was associated with which changes in vegetation?
A) Reduction in ground vegetation height
B) Reduction in grass cover
c) Reduction in the number of shrubs and saplings
D) A+B

2. Which guild of forest birds were less common in grazed vs. ungrazed areas?
A) Bark insectivores
B) Aerial Insectivores
c) Cavity nesters

3. Grazing can alter plant community composition by:
A) Differential responses of different plant species to grazing
B) Facilitation of the establishment of exotic invasive species
c) Compaction of soil and trampling and defoliation of plants
D) All of the above

ANSWERS

ac dgc a't
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