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REPEATED HUMAN INTRUSION AND THE POTENTIAL FOR NEST
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Abstract: Through attraction of avian nest predators, human activity near nests is known to cause lower nesting suc-
cess or nest failure in some species. This is a significant conservation issue because many wildlands are subjected
to repeated intrusion by recreationists, ecotourists, and other user groups during avian breeding seasons. Yet, wild-
life scientists still have limited knowledge about the extent to which repeated human intrusion attracts avian nest
predators. We studied this topic in subalpine forest in Wyoming, USA, and experimented with the gray jay
(Perisoreus canadensis), a nest predator that is known to approach recreationists. During 1989-1993, we imple-
mented intrusions within 20 circular I-ha (113-m-diam) sites for | or 2 hr each week during 2 10-week period when
potental passerine prey were breeding. Simultaneously, 10 circular 1-ha control sites did not receive experimental
intrusions. The average number of gray jays on intruded sites was higher than that on control sites by 156% (1989),
225% (1990), 59% (1991), 13% (1992), and 29% (1993). The probability of grav jay recurrence on intruded sites
was higher than that on control sites by 125% (1989), 300% (1990), 20% (1991), 33% (1992), and 20% (1993). By
increasing the number and recurrence of gray jays, relatively low levels of repeated intrusion can increase the
potential for nest predation by gray jays. We caution that additional work is necessary to assess whether attraction
of gray jays actually leads to increased nest predation. Knowledge of when intrusion does and does not attract gray
Jjays is important because information about both events is necessary to define the levels and circumstances of intru-
sion that are influential. Wildlife managers.can use knowledge about intrusion-induced attraction of avian nest
predators to help decide whether or how recreational activity in wildlands should be managed.
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Human intrusion is a widespread form of dis-
turbance that involves the simple preserice of
people in the environment (Gutzwiller et al.
1994). In many wildlands, even in some protect-
ed and remote locations, birds are subjected to
intrusion by recreationists, ecotourists, and other
user groups (Boyle and Samson 1985, Woehler et
al. 1994). Some birds experience repeated intru-
sion over the course of weeks or months, and it.
occurs in habitats and during periods that are
crucial for reproduction and survival (Burger
1986, Burger and Gochfeld 1991, Burger et al.
1995). The impacts that intrusion can have on
bird behavior, distributions, reproduction, and
survival have become increasingly apparent dur-
ing recent years (Knight and Gutzwiller 1995).
Yet, conservationists still have rather limited
knowledge about the extent to which repeated
human intrusion attracts avian nest predators.

This is an important issue because repeated
human intrusion is common in many natural areas
(Purdy et al. 1987), and intrusion-induced attrac-
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tion of avian nest predators can seriously exacer-
bate predation on eggs and nestlings (Kurv and
Gochfeld 1975, Anderson and Keith 1980, Strang
1980). Investigator presence near nests can induce
significant impacts on nest success through preda-
tion by larids or corvids (Gétmark 1992). These
effecis have been documented most frequently for
colony-nesting birds and waterfowl that nest in rel-
atively open habitats, but they also have been
reported for non-colonial species that nest in dense
vegetation, such as the willow warbler (Phyllosco-
pus trochilus; Tiainen 1983) and mourning dove
(Zenaida macroura; Westmoreland and Best 1985).
Such impacts also may be caused by other types of
human intrusion (e.g., wildlife viewing and pho-
tography, ecotourism) whose frequency, duration,
and proximity to nests are comparable to those of
nest-investigator disturbance (Gutzwiller 1995).
It is not known whether human intrusion that
occurs repeatedly over weeks or months displaces
or aturacts avian nest predators. If repeated intru-
sion increases the number of individual predators
that visit a site, the potential for predation would be
higher there than it would be in comparable areas
with fewer predator individuals. The potental for

372

Aldo Leopold Wilderness Research Institute: Publication # 454

CITATION: Gutzwiller, Kevin G.; Riffell, Samuel K.; Anderson, Stanley H. 2002. Repeated human intrusion
and the potential for nest predation by gray jays. Journai of Wiidlife Management 66(2): 372-
380.



J. Wildl. Manage. 66(2):2002

predation also would be higher if intrusion increas-
es the probability of predator recurrence in an area.

We studied whether the number of predators
and predator recurrence were influenced by
repeated intrusion in subalpine forest. This vege-
tation type supports many potential prey species
(DeGraaf et al. 1991), and it occurs in numerous
parks, national forests, and other natural areas in
the Rocky Mountain region of the western Unit-
ed States, which is used extensively by outdoor
recreationists and ecotourists during avian breed-
ing periods (Youmans 1999). .

We assessed whether human intrusions attracted
gray jays. This is an appropriate species for analy-
sis of whether repeated intrusion from recre-
ationists can heighten the potential for predation
in subalpine forests because it preys on eggs and
nestlings (Ouellet 1970, Strickland and Ouellet
1993), it preys on species that breed in Rocky
Mountain subalpine forests (Ouellet 1970, Kingery
and Kingery 1995), and, unlike other avian nest
predators, gray jays often are attracted to recre-
ationists (DeGraaf et al. 1991). It has long been
known that gray jays will watch and follow people,
but we are not aware of any study of whether this
predator is attracted by repeated intrusion.

In many natural areas, relatively low levels of
repeated human intrusion are more common than
are high levels of intrusion (Guizwiller et al. 1994),
so we assessed whether low levels of intrusion
attracted gray jays. Specifically, we examined the
effects of 1 or 2 hr of intrusion by 1 person each
week for 10 weeks during the breeding seasons of
potential prey species. In intensity and frequency,
our intrusions were comparable to the relatively
low levels of intrusion generated by solitary hikers,
anglers, backpackers, wildlife photographers,
and ecotourists. The intrusion levels we studied
were lower than those associated with more disrup-
tive activities such as group camping and nature
tours, mountain bike competitions, and off-road
vehicle events (Gutzwiller and Anderson 1999).

As a first step in assessing whether human intru-.

sion can increase the potential for nest predation
by gray javs, we tested the following hypotheses:
repeated intrusion can increase the average num-
ber of gray jays that visit a site, and repeated
intrusion can increase the probability of gray jay
recurrence at a site.

STUDY AREA

We collected data approximately 70 km WNW of
Laramie, Wyoming, USA (41°32'N, 106°20'W) in
subalpine forests of the Snowy Mountains. Eleva-
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tions, dominant plant species, and weather data
for the study area are presented in Guuzwiller et
al. (1997). Common potential prey species whose
nests were accessible to gray jays were the Ameri-
can robin (Turdus migratorius), hermit thrush
(Catharus guttatus), ruby-crowned kinglet (Regu-
lus calendula), yellow-rumped warbler (Dendroica
coronata), and dark-eyed junco (Junco hyemalis).

METHODS

Establishment of Experimental Sites

We randomly established 30 circular I-ha (56:4-
m-radius) sites during May 1989. Sites were an
average of 0.7 km apart and were 0.4 km from a
narrow dirt road that carried infrequent (0-2
vehicles/hr), low-speed vehicular traffic. The
same 30 sites were used during 1989-1993. We
used a permanent transect from the road to the
site center to access each site.

Intrusion Treatments

During May 1989, we randomly assigned intru-
sion and control treatments to the 30 1-ha sites;
during the entire study, each site received the
same treatment that it was originally assigned
during May 1989. Five sites received 1 intrusion
treatment/week (F1) within the inner 25% (S25)
of the 1-ha site; 5 sites received 2 intrusion treat-
ments/week (F2) within the inner 25% of the 1-ha
site; 5 sites received 1 intrusion treatment/week
throughout 100% (S100) of the 1-ha site; 5 sites
received 2 intrusion treatments/week through-
out 100% of the 1-ha site; and 10 control sites did
not receive any intrusion treatments.

Fi treatments were implemented on Wednes-
days, and F2 treatments were administered on
Mondays and Fridays so that treatments would
not coincide with gray jay sampling, which
occurred on Tuesdays and Thursdays. Within
intrusion-frequency groups (F1 and F2), the ini-
dial order in which sites were treated was assigned
randomly. We rotated this order each new intru-
sion day so that each site was intruded an equal
number of times during various times of day each
study season. Intrusion treatments were initated
beaveen 0800 and 0900 hr and completed by mid-
afternoon. The treatment schedule was identical
during all 5 years and lasted 10 weeks from late
May to early August.

An intrusion treatment was implemented by 1
person and was started at the marked perimeter
of the 1-ha site. The person walked to the marked
site center and then walked through the site in a
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radial pattern from the center to the perimeter
and back again, shifting the path of movement
approximately 40° after each return to the site
center. Each single treatment lasted 1 hr, during
which the specified area was covered twice. Dur-
ing intrusion treatments, technicians did not trv
to conceal themselves, and clothing color was not
restricted. Technicians faced and directly
approached all gray jays detected near their radi-
al lines of movement during intrusion treatments.
Technicians did not otherwise attempt to elicit
responses from gray jays. Except for occasional
slight noises caused by movements through vege-
tation, technicians did not make any noises dur-
ing treatments. Details about weather conditions
during treatments, the number of technicians
who implemented treatments, and the absence of
treatmentinduced vegetation changes are pro-
vided in Gutzwiller and Anderson (1999).

During the experiments, we recorded a few
brief instances (probably lasting <2-3 min) of
human disturbance other than our treatments on
1 or 2 of the treated sites. The duration of these
disturbances was negligible compared to the 10
or 20 hr of intrusion administered each year on
F1 and F2 sites, respectively, and bird data were
not influenced by these events (Gutzwiller et al.
1994). Each year, technicians spent about 620
person-hr at the experimental sites and in adja-
cent areas during daily periods when people tvp-
ically traveled along the roads; we would there-
fore have easily detected people on or near our
sites. Thus, any disturbances that we did not
detect were probably minor and inconsequential
for our experiments (Gutzwiller et al. 1994).

Gray Jay Sampling

All data for our analysis were based on initial
detections of gray jays during 15-min unlimited-
distance counts (Ralph et al. 1995) completed
between 0600 and 1200 hr. Technicians began
recording the presence of gray javs inside and
outside the 1-ha site as soon as they reached the
marked 1-ha perimeter. Technicians continued to
record data as they proceeded quietly and direct-
ly toward the site center where they completed
the 15-min count. Typically, about 14 min of the
[5-min count were spent standing at the site cen-
ter. Using the timing and location of auditory
and visual cues, and considering possible unseen
movements, technicians recorded only those
individuals they knew were distinct. Weather con-
ditions during sampling and the number of tech-
nictans involved in sampling were the same as
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those reported previously for related studies
(Guezwiller and Anderson 1999).

Half of the sites were sampled on Tuesdays and
half on Thursdays each week during a [0-week
period from late May to early August each vear.
On each sampling day, each technician sampled
an equal number of control and intruded sites so
that possible differences in technician abilities.
weather conditions, or other factors would not
generate biases in inferences about treatment
effects. The initial order in which sites were sam-
pled was randomized. and this order was rotated
each new sample day to preclude time-of-day and
seasonal biases. Technicians wore dark drab cloth-
ing so as not to repel or attract birds (Gutzwiller
and Marcum 1997). The sampling schedule and
protocol were identical during each of the 5 vears
of the experiment. The technicians were not
aware of the hypotheses we tested.

Habitat Features

Vegetation features can influence distributions
of corvids and other avian nest predators (Miller
et al. 1998, Sieving and Willson 1998). If differ-
ences in habitat features were confounded with
treatment groups, effects of intrusions on gray jav
numbers and probability of recurrence would
not be distinguishable from those caused by habi-
tat conditions. We measured 19 habitat variables
at 2 spatial scales and found that none of the vari-
ables differed significandy between control and
intruded sites during the S-vear period (details in
Guuzwiller et al. 1997), indicating that habitat
conditions were not confounded with treatment
groups. Consequently, we considered intrusion
treatments to be the cause of between-group dif-
ferences in gray jav numbers and probability of
recurrence.

Statistical Analyses

Response Vuriables and Experimental Unit.—For
each year separately, we used the 10 unlimited-
distance bird counts at each site to compute a site
average for the number of gray javs, and to deter-
mine whether grav javs recurred on a site. Gray
Jays recurred at a site during a given vear if at
least 1 gray jay was detected on >2 weekly counts.
otherwise recurrence did not occur. The experi-
mental unit was a site, not an individual observa-
tion of a bird.

Hypotheses and Significance Level—Qur gray jayv
research was part of a broader project designed
o test a priori orthogonal contrasts for various
species. For the present analysis. however, we
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were interested in testing only the orthogonal
contrast for the general intrusion effect, which
involved comparing a response variable between
control sites (n = 10) and all intuded sites col-
lectively (n = 20). Analysis of variance (ANOVA)
indicated that mean number of gray jays did not
differ among the 4 groups of intruded sites dur-
ing any year (F; ¢ = 0.37-1.68, P=0.211-0.773),
and contingency > analyses indicated that the
proportion of sites with recurrence did not differ
among the 4 groups during any year (likelihood
ratio x2 = 1.73—4.06, df = 3, P= 0.255-0.631). We
tested the following 1-tailed hypotheses: the aver-
age number of gray jays was higher on intruded
sites than it was on control sites, and the proba-
bility of recurrence of gray jays was higher on
intruded sites than it was on control sites.

These 2 hypotheses constituted a “family”
(sensu Miller 1981:34) of simultaneous hypothe-
ses because both response variables addressed
gray jay reactions to intrusion. We tested this fam-
ilv: of hypotheses for each vear separatelv. We
used an a priori family-wide « of 0.10 to reduce
the chance of Type II errors (Westmoreland and
Best 1985, Thompson and Schwalbach 1995), and
within each family of hypotheses, we applied the
sequential Bonferroni technique (Rice 1989) to
control Type I errors.

Average Number of Gray Jays—We tested for
between-group differences in average number of
grav jays with Student’s ttest. To meet this test’s
assumptions of normality and equal variances
(Ot 1993:268), we applied a log;, (Y+1) transfor-
mation (Zar 1999:275) to the data. If the equal-
variance assumption was not met after applying
this transformation, we tested for differences
using Welch'’s ttest, which does not assume equal
variances (Ott 1993:269). For average number of
grav jays, the ¢ and associated Pvalues reported
below are based on transformed data, but the val-
ues of summary statistics we supply are for untrans-
formed data. For reasons explained previously
(Guuzwiller et al. 1997, Gutzwiller and Anderson
1999), we did not use repeated-measures ANOVA
or combine data across vears and conduct a single
standard ANOVA. Using a separate ttest for each
vear, we did not have to make any untenable or
questionable assumptions. and no pseudoreplica-
tion occurred within or among vears.

Probability of Recurrence—We tested for between-

group differences in the probability of gray Jav -

recurrence using the > statistic for -2 Log L
from logistic regression (Hosmer and Lemeshow
1989:15=17; SAS Institute 1989:1075, 1089). For
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each logistic regression analysis, the response
variable for a site was coded as either a 1 (recur-
rence occurred) or 0 (recurrence did not occur):
the explanatory variable was treatment and each
site was coded as either a 1 (intruded) or 0 (con-
trol). In logistic regression, aberrantly large stan-
dard errors (SE) for regression coefficients signal
important numerical problems (Hosmer and
Lemeshow 1989:126); the SE of coefficients for
our analyses were not large, indicating no numer-
ical problems occurred in our study.

Amongssite Relations—Strickland and Ouellet
(1993) estimated internest distances for gray jays
to be about 0.9 km (Quebec) and 1.3 km
(Ontario), and they cited other approximate
internest distances of 0.6 km (Alberta) and 1.0
km (interior Alaska). If one assumes that gray jay
nests lie at the center of adjoining territories
whose shapes are roughly hexagonal. as Strick-
land and Ouellet (1993) did to estimate internest
distances, the simple average of these 4 distances.
which rounds to 1 km. can be used as a general
estimate of the diameter of grav jay territories.
Our experimental sites averaged 0.7 km apart, so
more than | of them could have occurred within
a l-kkm diameter (0.5-km radius) territory. It is
therefore possible that the number of gray javs at
a given experimental site may have been positive-
ly or negativelv associated with that at other
experimental sites within a territory.

To determine whether such relations were
influential in our studv. we tested—for each year
separately—whether the average number of grav
jays and the probability of recurrence on a given
experimental site (focal site) were associated sig-
nificantly (a priori & = 0.10) with average number
of gray jays on the nearest experimental site with-
in 0.5 km (NEAR). and the collective average
number of gray javs on the set of non-focal exper-
imental sites within 0.5 km (SET). The test statis-
tic for average number of gray jays was Spear-
man's rank correlation coefficient, and the test
statistic for the probability of recurrence was the
¥* statistic for -2 Log L.

When significant relations with NEAR and SET
were detected. we used least-squares regression
(for average number of gray javs) and logistic
regression (for probability of recurrence) to con-
trol analvtically for these associations and assess
whether our conclusions about intrusion effects
were the same as those obtained without conwrol-
ling for NEAR and SET. All assumptions for
Speurmun's rank correlation (Zar 1999:3951.
leastsquares regression (Ot 1993:525) and logis-
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tic regression (Hosmer and Lemeshow 1989:7-9)
were met.

Timing of Gray Jay Detections—Gray jay sampling
occurred 1, 3, or 6 davs after human-inurusion treat-
ments each week. Our project was not designed
to assess whether gray jay attraction varied with
time since intrusion. However, for those years
during which significant attraction was evident,
Knowledge of how long after treatments gray jays
were detected at intruded sites would be valuable
in judging whether the effects of intrusion lasted
bevond the intrusion events themselves. We esti-
mated the average number of days after intrusions
each week that gray javs were detected on intruded
sites by calculating a weighted average of the
number of 1, 3-, and 6-day (elapsed-time) counts
during which at least 1 gray jay was detected.

RESULTS

Average Number of Gray Jays—The average num-
ber of gray jays on intruded sites was higher than
that on control sites during all 5 vears (Fig. 1), but
the percent differences in these averages (156%
[1989], 225% [1990], 59% [1991], 13% [1992],
and 29% [1993]) generally decreased during the
5-year period. Intrusion effects were significant
during the first 2 years but not during the last 3
vears (Table 1). For those years with significant
intrusion effects, the average number of gray jays
(for all 10 weeks of each study season combined)
per control site and per intruded site, respective-
ly, was 0.90 and 2.30 (1989), and 0.60 and 1.95
(1990). Therefore, relative to control sites, the
average number of additional grav javs per site on
intruded sites was 1.40 (1989) and 1.35 (1990).

Probability of Recurrence—For all 5 years, the
probability of recurrence on intruded sites was
higher than that on control sites (Fig. 2). Howev-
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Fig. 1. Average number of gray jays (individuals per count per
site; + SE) on control sites (n = 10) and intruded sites (n = 20)
in the Snowy Mountains, Wyoming, USA, 1989~1993.
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Table 1. Results of 1-tailed statistical tests for differences
between control sites (n = 10) and intruded sites (n = 20) in
average number of gray jays and probability of recurrence,
Snowy Mountains, Wyoming, USA, 1989-1993.

Probability of

Average number of gray jays recurrence
Year ta dft P %3¢ P
1989 -2.35 26.7 0.013* 1.90 0.084
1990 -3.24 27.1 0.002* 3.23 0.036"
1991 -1.57 28 0.063 0.27 0.302
1992 -0.54 15.4 0.297 1.32 0.125
1993 -0.96 28 0.173 0.27 0.302

@ Negative t-statistics indicate that the average number of
gray jays for intruded sites was larger than that for control sites.

5 Non-integer df are reported for Welch's t-test.

¢ df =1 for all tests.

* Pwas significant after a sequential Bonferroni adjustment
of the family-wide o (0.10).

er, the percent differences in these probabilities
(125% [1989]. 300% [1990], 20% [1991], 33%
[1992], 20% [1993]) reflected a general decline
in intrusion effect. Paralleling this trend, the
probability of recurrence on control and intrud-
ed sites differed significantly during 1989 and
1990 but not during the last 3 vears (Table 1).
Among-site Relations.—No negative associations
between the average number of gray jays at tocal
experimental sites and NEAR or SET emerged.
but we did detect positive associations between
average number of gray jays and NEAR for 1989,
1991, and 1992, and SET for 1992. Similarly. no
negative associations occurred between the prob-
ability of recurrence at focal experimental sites
and NEAR or SET, but we found positive associa-
tions with NEAR for 1989, 1991, and 1992, and
with SET for 1991 and 1992. When we controlled

991 [ control Sites

:3' M Intruded Sites

0.6
0.5 1
0.4 4
0.3 -
0.2 -
0.1 1

Probability of Recurrence

i
1989 1990 1991 1992 1993

Fig. 2. Probability of gray jay recurrence (+ SE) on control
sites (n = 10} and intruded sites (n = 20) in the Snowy Moun-
tains, Wyoming, USA, 1989-1993.



J. Wildl. Manage. 66(2):2002

for these relations via regression, we found that
our conclusions about intrusion effects were the
same as those based on the inital ¢ and ¥ statis-
tics (i.e., the results without controlling for NEAR
and SET), indicating that the amongsite rela-
tions in number of gray jays did not influence the
outcome of our experiments.

Timing of Gray Jay Detections—During the 2 years
for which we found significant intrusion effects,
gray jays were detected on intruded sites an aver-
age of 2.9 days (1989) and 2.8 days (1990) after
intrusions were administered.

DISCUSSION

Intrusion Effects

The higher gray jay numbers and probability of
recurrence on intruded sites during 1989 and
1990 indicate that gray jays were attracted during
these years by the experimental intrusions. These
differences were associated with detections of
grav jays on intruded sites that occurred an aver-
age of almost 3 days after the intrusions, indicat-
ing that the atraction effect of intrusion lasted
bevond the intrusion events themselves.

It is reasonable to expect that the potential for
avian nest predation at a site depends in part on
the number of predators that are attracted and
the extent to which they recur. If repeated hu-
man intrusion attracts gray jays to sites, periods
during which predators are present are length-
ened, and opportunities for nest detection and
predation increase accordingly. These opportuni-
ties may be purely incidental to gray jay attrac-
tion; that is, one need not assume that gray jays
follow recreationists in anticipation of finding
nests or young that recreationists might view,
photograph, or inadvertently disturb.

The significant differences in gray jay numbers
between control and intruded sites were not
large in terms of the absolute number of individ-
uals per site. We hypothesize, however, that such
differences may be biologically important
because the average differences were evident for
10-week periods during 2 consecutive passerine
breeding seasons; a single gray jay can prey upon
multiple nests: nest predation by another corvid
(common raven [Corvus corax]) has been shown
to be substantially higher than what would be
expected from its relative density (Andrén 1992);
and there is potental for gray jay attraction to
occur over a large geographic area because
repeated human intrusion occurs in many Rocky
Mountain subalpine forests.
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Explanations for Intrusion Effects

Several explanations for the attraction patterns
we observed seem possible. but we consider the
following explanation to be more plausible than
those described in other paragraphs of this sec-
tion. Attraction mav have declined during the
study (Figs. 1. 2) because, during successive years
of unrewarded approaches to experimental
intruders, the proportion of gray jays living on
and around our study sites that became disinter-
ested in the intruders increased.

One could argue that the attraction effects we
observed occurred because, during 1989 and
1990 but not during 1991-1993, more intruded
sites occurred within or near gray jay territories
than did control sites. However, we randomly
established the experimental sites, and we ran-
domly assigned treatments to sites. Consequently.
control and intruded sites were dispersed ran-
domly with respect to environmental conditions
that would be important to territory establish-
ment. This point is supported by our finding that
various habitat conditions at different spatial
scales did not differ significantly between control
and intruded sites during the S-vear study (see
Habitat Features). Thus, it is unlikely that our
results were caused bv nonrandom (between-
group) differences in the spatial arrangement of
experimental sites and gray jay territories.

Gray javs could have been rewarded with food
by persons not involved in our study prior to tra-
versing our study sites. Such experiences would
reinforce attraction, and this behavior may have
been temporarily elicited anew by the mere sight
of technicians during sampling periods. For this
to be a reasonable explanation for the results we
found, such events would have had to occur
many times and primarily on intruded sites. Yet,
both control and intruded sites were sampled
each sampling day of each weck, control and
intruded sites were sampled the same number of
times each vear, and technicians did not rein-
force attraction behavior during sampling (or at
any other time) at any site. Because many vegeta-
tion conditions on control and intruded sites did
not differ (see Habitat Features), technicians also
were probably equally visible during counts on
control and intruded sites. Our study sites were
rarely used by persons other than the technicians
(see Intrusion Treatments). Our study area and
adjacent locales were equally accessible to people
during all 3 vears, but the attraction response was
strong during only the first 2 vears. Therefore. it
is difficult 1o believe that attraction to technicians
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during sampling, induced by food rewards from
others in or near our study area, caused the pat-
terns we observed.

Perhaps between-group differences in gray jay
numbers prior to the experiments are responsi-
ble for our results. Gray jay numbers probably are
determined largely by habitat features and asso-
ciated conditions. Mean number of gray jays was
significantly correlated with an average of about
4 habitat variables per vear (r; = —0.601 to 0.307,
df = 28, P < 0.001-0.099). But there were no
between-group differences in these and other
variables (see Habitat Features), and each year,
there would have been negligible (if any) change
in these variables between the time we measured
them and the time prior to our experiments. Fur-
thermore, between-group differences in condi-
tions not represented by or not correlated with
the habitat features we studied were improbable
before and during experiments because we ran-
domly selected the study sites and randomly
assigned treatments to the sites. The effectiveness
of this randomization was confirmed by the
absence of significant between-group differences
in the habitat features we studied. Thus, signifi-
cant between-group differences in the number of
gray javs prior to the experiments were unlikely.

The movement of technicians during intrusion
treatments may have conditioned some gray jays
on intruded sites to behave a certain way (e.g., in-
crease or decrease vocalizations, move toward or
away from humans) whenever they detected a
person. The same individuals may thus have been
induced to behave similarly when they detected a
technician during sampling. Such a “training”
effect could have influenced gray jay detectability
on intruded sites and consequently the outcome
of our analyses. These potential problems were
unlikely for 2 reasons. First, analyses indicated that
sampling did not generate differences among
treatment groups in gray jay vocalization rates (Rif-
fell et al. 1996). Second. no training could have
occurred because technicians did not feed or
otherwise directly reinforce attraction behavior
on or around experimental sites during intrusion
treatments, sampling periods, or any other times.

Our observations indicate that the counts them-
selves were not influential (Gutzwiller and Ander-
son 1999). Dense vegetation, direct and quiet
movement toward the site center. technicians’
dark drab clothing, and no technician noises or
movements for approximately 14 min after the
site center was reached probably account for this
lack of sampling effect. We believe that biases
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stemming from sampling-induced reactions by
individual birds that may have been sensitized
during treatments were negligible, if present atail
(Riffell et al. 1996, Gutzwiller et al. 1997). In addi-
tion, all sites were sampled 10 times each vear with
the same technique, so any undetected sampling
effect on bird behavior would have been balanced
between control and treated sites and would not
have biased the assessment of intrusion effects.

Potential and Actual Predation

It is important to distinguish between preda-
tion risk and actual nest predation. We did not
study the effects of gray jay attraction on nest pre-
dation, and we emphasize that additional research
is necessary to determine whether higher num-
bers and recurrence of gray jays actually result in
higher rates of nest predation.

MANAGEMENT IMPLICATIONS

The gray jay has been widely identified as a
passerine nest predator (e.g.. Bent 1964, Ouellet
1970, Kingerv and Kingery 1993, Sieving and Will-
son 1998, Rangen et al. 2001). Swickland and
Ouellet (1993:4) indicated that gray jav predation
on eggs and nestlings is common, and even juve-
nile gray jays are capable of predatory behavior
(Barnard 1996). These various observations, cou-
pled with our finding that repeated intrusion can
attract gray jays. indicate that management-based
analyses of gray jay responses to intrusion are war-
ranted. We recommend that serial management
experiments (Gutzwiller 1993) be conducted to
determine whether intrusion by wildland recre-
ationists induces actual nest predation by gray javs.

Because the degree of gray jay attraction at
intruded sites varied among years (Figs. 1, 2
Table 1), results for any 1 or 2 years of our study
did not represent what occurred during the 3-
vear period. Thus, studies lasting only | or 2 years
may not accurately characterize longer-term
effects of intrusion on gray jay attraction (com-
pare Wiens 1981). Management decisions some-
times must be formulated from I- or 2vear field
studies, but we recommend on the basis of our
results that, whenever feasible, conservationists
conduct management experiments that span
longer periods of time. Data on when intrusion
does and does not attract gray jayvs. such as those
we have reported here, are important because
information about both events is necessary to
define the levels and circumstances of intrusion
that are influential. Long-term experimental
studies of recreational impacts are likely to pro-
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vide the most defensible data for establishing
management policies (Gutzwiller 1993).

Avian responses to intruders often vary among
locations, vears (as during our study), and indi-
viduals within a population, as well as with such
factors as time of vear, vegetation conditions, and
prior experiences with humans (Knight and
Gutzwiller 1995). Thus, even within a species, it is
not safe to assume that intrusion effects (or lack
thereof) for 1 set of conditions will necessarily
apply to another set of conditions. It would not
be wise, for example, to consider our results and
assume for another area that after 2 consecutive
years of repeated intrusion, few or no effects on
gray jay attraction will occur. Before devising and
implementing policies that would limit human
use of subalpine forests in the Rocky Mountain
region, managers should determine whether gray
jay attraction generates a nest-predation problem
for their particular set of circumstances.
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