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BIRDS AND CLIFFS 

Rock climbing and cliff bird communities 

at Joshua Tree National Park, California 

Richard J. Camp and Richard L. Knight 

Abstract We studied rock climbing and bird communities associated with cliffs, with and without 
rock climbing, at Joshua Tree National Park, California. Bird communities differed be- 
tween sites with different levels of rock climbing. Four bird species were detected only at 
cliffs where no climbing occurred; 5 species were detected only at cliffs with moderate 
levels of climbing activity; and 3 species were seen only at cliffs with many popular 
climbing routes. European starlings (Sturnus vulgaris) and brown-headed cowbirds 
(Molothrus ater) were seen only at climbed cliffs. Birds at unclimbed cliffs were more 
likely to be perched at the faces of cliffs, whereas birds at popular climbing cliffs were 
more likely to be flying. At popular cliffs, birds were usually seen away from cliff faces, 
whereas at unclimbed cliffs birds were more likely to be detected near cliff faces. 

bird communities, California, cliff, disturbance, Joshua Tree National Park, Mojave 
Desert, outdoor recreation, rock climbing 

The American West is a mosaic of interrupted to- 
pography in which physiographic features such as 
cliffs are common. Cliffs are rock faces that create 
abrupt edges in the landscape and concentrate a bio- 
logically diverse and relatively unique set of organisms 
(Maser et al. 1979, Rumble 1987, Ward and Anderson 
1988, Camp and Knight 1997). Because cliffs are rela- 
tively inaccessible to humans and livestock, they are of- 
ten among the least-disturbed features of a landscape. 

Increased leisure time and mobility in our society 
have resulted in ever-increasing numbers of people 
recreating on wildlands (Flather and Cordell 1995). 
Recreational activities may displace and disturb wild- 
life and lower animal survival rates (Knight and Cole 
1995). Outdoor recreationists, however, rarely see 
themselves as degrading or affecting natural environ- 
ments. Cliffs may support numerous birds during 
some or all periods of their annual cycles; recre- 
ational activities such as climbing or hiking during 
sensitive periods in the birds' cycles may have both 
direct (e.g., displacement) and indirect (e.g., de- 
creased fitness) impacts. 

Rock climbing at Joshua Tree National Park, Cali- 
fornia, began in the 1940s. Beginning in the 1970s, 

the number of climbing routes rose dramatically, and 
currently there are >4,000 established routes (Vogel 
1992). Anecdotal evidence suggests that rock climb- 
ing may reduce nesting success of certain birds (e.g., 
birds of prey; Knight and Skagen 1988). If rock 
climbing has an impact on individual birds, then, 
perhaps, population and, in turn, community-wide 
effects on bird assemblages associated with cliffs may 
also occur (Knight and Cole 1995). At present no em- 
pirical data describing climbing impacts on cliff bird 
communities exist. We examined bird communities 
at climbed and unclimbed cliffs at Joshua Tree Na- 
tional Park, California. We also examined the behav- 
ior and spatial distribution of birds at these cliffs. 

Methods 
Site description 

Joshua Tree National Park (JTNP), California, is 
managed by the National Park Service; part of the 
park is located in the Mojave Desert in southern Cali- 
fornia at approximately 34?N latitude and 116?E lon- 
gitude. Vegetation consists of a mixture of Joshua 
tree (Yucca brevifolia) woodland, pinyon-juniper 
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(Juniperus californica-Pinus monophylla) wood- 
land, and creosote bush (Larrea tridentata) scrub 
communities (Barbour and Major 1977). The climate 
is seasonal and severe, >26?C in summer and <11?C 
in winter, with an annual mean temperature of 17?C 
+ 9?C (SD). Average rainfall is <12 cm, with most 
precipitation occurring from December through 
March (Johnson 1968). Cliffs are composed of mon- 
zogranite and the soil type is sand with small amounts 
of organic matter. 

Eighteen cliff sites (6 with no evidence of climb- 
ing, 6 with moderate evidence of climbing, and 6 
with evidence of intensive use for climbing) were 
sampled. Climbing-use categories were as follows: 
(1) cliffs without evidence of climbing had no climb- 
ing routes, were not listed in the climbing guide to 
the park (Vogel 1992), and showed no evidence of 
climbing (bolts, runners, climbing chalk, trails at base 
of cliffs, garbage); (2) cliffs with moderate evidence 
of climbing contained an average of 4.8 (SE = ? 1.2) 
routes per cliff but these routes were not recom- 
mended in the climbing guide; and (3) cliffs with evi- 
dence of heavy use for climbing had an average 8.5 ? 
1.6 routes per cliff and had >1 route (2.8 ? 0.5) highly 
recommended by Vogel (1992) at the 3-star or higher 
level (out of a possible 5 stars). Vogel uses the star 
system as a quality rating; the more stars a route re- 
ceives the more popular the route. 

We knew of no studies which had reported 
whether cliff features, such as height, verticality, or 
length, affect bird communities. Accordingly, we ar- 
bitrarily chose cliff parameters to reduce variability 
across climbing use. Parameter values chosen were: 
(1) cliff height between 10 and 30 m; (2) cliff length 
between 40 and 100 m; (3) cliff exposure between 
45? and 135?; and (4) cliff verticality between 60? and 
120?. Nineteen cliffs without evidence of climbing, 
62 cliffs with evidence of moderate climbing, and 43 
cliffs with many popular climbing routes met the 
cliff-parameter restrictions. Six cliffs were then ran- 
domly chosen from each of these 3 groups. To ex- 
amine whether unclimbed cliffs were different in 
some aspects from climbed cliffs, we compared cliff 
parameters and distances of cliffs to human facilities 
among the 3 cliff categories (Kruskal-Wallis test, 
PROC NPAR1WAY; SAS Inst., Inc. 1988). Cliff pa- 
rameters and distance to nearest road did not differ 
among the 3 climbing categories (Camp and Knight 
1998); however, cliffs without evidence of climbing 
were more distant from parking lots than climbed 
cliffs (X2 = 8.49, 2 df, P = 0.01). In addition, cliffs that 
received heavy climbing use tended to be closer to 
campgrounds than cliffs with moderate and no climb- 
ing use (X2 = 5.7, 2 df, P = 0.06). Henceforth, cliffs 

on which we found no evidence of climbing are re- 
ferred to as "unclimbed," cliffs that had a moderate 
number of routes are referred to as "moderate," and 
cliffs that had many popular routes are referred to as 
"popular." 

Sampling methods 
Bird sampling was conducted from 1 hour before 

until 2 hours after sunrise, and from 2 hours prior to 
sunset until 1 hour after sunset, between 24 March 
and 13 May 1993. Each cliff was observed once early 
in the breeding season (24 Mar-4 Apr) and once later 
in the breeding season (4 May-13 May). Total sam- 
pling time for the 3 cliff categories was 2,175 minutes 
at unclimbed cliffs; 2,180 minutes at moderate cliffs; 
and 2,162 minutes at popular cliffs. Cliffs were vis- 
ited in a randomly assigned order. After approaching 
a cliff and establishing an unobtrusive observation 
point approximately 50 m from the cliff face, 10 min- 
utes was allowed before data collection began. For 
each bird observation we recorded the following: 
species, number of individuals, behavior (flying or 
perched), and distance perpendicular to the cliff face 
(estimated in 10-m intervals). An observation was de- 
fined as when a bird was first seen until it left the 
study site or the observation period ended. Because 
there were few individuals of each bird species and 
few species observed during an observation period, 
we were able to monitor individual birds. The be- 
havior and location of individuals were recorded 
when they were first observed. Although differences 
in between-species detectability exist among birds, 
we assumed that detectability within a species did 
not differ across the 3 climbing-use categories. Hu- 
man activities at cliff sites were recorded as they oc- 
curred during the observation periods (type [climb- 
ing or hiking], number of persons, and duration of 
behavior). 

Analyses 
We found no differences in the number of birds 

observed during the first and second sampling peri- 
ods (F = 0.55, 1 df, P = 0.4587) with a one-way 
analysis of variance (PROC GLM; SAS Inst., Inc. 
1988); therefore these data were pooled for subse- 
quent analyses. Bird taxa were compared among 
climbing categories with a one-way analysis of vari- 
ance. We compared numbers of birds observed in 
each of the distance categories by climbing use us- 
ing a one-way analysis of variance test on which 
numbers of birds observed were tested for a climb- 
ing use by distance interaction (PROC GLM; SAS 
Inst., Inc. 1988). Data were log +1 transformed to fit 
a normal distribution. 
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Table 1. Percent (No.) of birds observed (by species) at cliffs with different levels 
use, Joshua Tree National Park, California, 1993. 

Percent (No.) observations of birds b} 

Unclimbed Moderate-use 
Species cliffs cliffs 

Red-tailed hawka 
Mourning dove 
Long-eared owl 
White-throated swift 
Black-chinned hummingbird 
Ladder-backed woodpecker 
Northern flicker 
Say's phoebe 
Tree swallow 
Scrub jay 
Common raven 
Cactus wren 
Rock wren 
Canyon wren 
Bewick's wren 
Ruby-crowned kinglet 
Blue-gray gnatcatcher 
American robin 
California thrasher 
Phainopepla 
European starling 
Orange-crowned warbler 
Townsend's warbler 
Wilson's warbler 
Lazuli bunting 
Spotted towhee 
Black-throated sparrow 
White-crowned sparrow 
Dark-eyed junco 
Brown-headed cowbird 
Scott's oriole 
House finch 
Lawrence's goldfinch 
Hummingbird spp. 
(Order Apocliformes) 
Unknown spp. 

62.0 (31) 
100.0 (1) 

6.9 (12) 
44.2 (23) 
11.1 (1) 

22.7 (10) 

20.5 (8) 
45.0 (27) 

41.2 (21) 
100.0 (5) 

77.8 (7) 

22.2 (2) 

100.0 (1) 

100.0 (1) 
50.0 (2) 
23.6 (25) 

25.0 (2) 
12.3 (25) 
83.3 (5) 
47.6 (10) 

35.0 (14) 

93.3 (14) 
34.0 (17) 

35.4 (62) 
11.6(6) 
88.9 (8) 

100.0 (1) 
45.5 (20) 
53.6 (15) 
66.7 (26) 
16.7 (10) 

100.0 (2) 
15.7(8) 

33.3 (1) 
25.0 (2) 
22.2 (2) 

100.0 (9) 
66.7 (6) 
57.1 (4) 
87.5 (7) 

100.0 (1) 

25.0(1) 
36.8 (39) 

100.0 (4) 

75.0 (6) 
20.7 (42) 
16.7(1) 
14.3 (3) 

42.5 (17) 

"Scientific names not appearing elsewhere in text are: red-tailed hawk (Buteoj 
long-eared owl (Asio otus); black-chinned hummingbird (Archilochus alexan 
backed woodpecker (Picoides scalaris); northern flicker (Colaptes auratus); ti 

(Tachycineta bicolor); scrub jay (Aphelocoma coerulescens); cactus wren (Camp 
brunneicapillus); canyon wren (Catherpes mexicanus); Bewick's wren ( 
bewickii); ruby-crowned kinglet (Regulus calendula); blue-gray gnatcatche 
caerulea); California thrasher (Toxostoma redivivum); phainopepla (Phainop( 
orange-crowned warbler (Vermivora celata); Townsend's warbler (Dendroica 
Wilson's warbler (Wilsonia pusilla); Lazuli bunting (Passerina amoena); spo 
(Pipilo erythrophthalmus); white-crowned sparrow (Zonotrichia leucophrys) 
junco (Junco hyemalis); Scott's oriole (Icterus parisorum); Lawrence's goldfinc 
lawrencei). 

General patterns of bird behavior were compared 
among climbing use with a chi-square (X-) test-of-in- 

dependence (PROC FREQ; SAS Inst., Inc. 1988). Dif- 
ferences in bird behavior, climbing use, and the num- 
ber of birds observed in each distance category were 

s of climbing compared with a generalized 
Cochran-Mantel-Haenszel (X2) 
test statistic (PROC FREQ/CMH; y species 
SAS Inst., Inc. 1988). Differ- 

Popular ences in behavior (flying or 
cliffs perched) for the 7 most com- 

monly observed bird species 
6 ) were compared among climb- 

4.0 (2) 
ing-use categories with a log- 

57.7 (101) likelihood ratio (G2) chi-square 
44.2 (23) goodness-of-fit test (Zar 1974; 

PROC FREQ; SAS Inst., Inc. 

31.8(14) 1988). 
46.4 (13) Means and variances were 
12.8 (5) computed for human group size 
38.3 (23) and duration of activity. Dura- 

tion of human activity and the 
mean number of birds in differ- 

66.7 (2) ent distance categories from the 
75.0 (6) cliff faces were log +1 trans- 

formed and tested for differences 
100.0 (2) with a one-way analysis of vari- 

1.1 (1) ance (PROC GLM; SAS Inst., Inc. 

42.9 (3) 1988). Numbers of birds ob- 
12.5 (1) served in each distance category 

were compared with and with- 
out humans present with a log- 

25.0(1) likelihood ratio (G2) chi-square 
39.6 (42) goodness-of-fit test (Zar 1974; 

100.0(10) PROC FREQ; SAS Inst., Inc. 
1988). These analyses were con- 

100.0 (8) ducted only for popular cliffs, be- 

670() cause humans were never ob- 
67.0 (13 6) 

served at unclimbed cliffs and 

38.1 (8) were rarely seen in our sampling 
periods at moderate cliffs. 

22.5 (9) Our study takes a comparative 

amaicensis); rather than an experimental ap- 

dri); ladder- proach. An experimental ap- 
ree swallow proach could measure behavioral 
yylorhynchus responses of birds to humans 
Thryomanes placed on unclimbed cliffs at 

(Polioptila randomly selected times of vary- epla nitens); 
townsendi); ing durations. This approach, 
tted towhee however, could not capture the 
); dark-eyed changes in bird communities at 
h (Carduelis climbed cliffs, which are cumula- 

tive and occur over many years. 

Results 
Bird composition 

Thirty-three bird species were recorded (unidenti- 
fied hummingbirds were placed in Order Apodi- 
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formes; Table 1). Species richness at unclimbed 
cliffs, moderate cliffs, and popular cliffs was 19, 26, 
and 20, respectively. We found no differences in 
numbers of bird taxa among cliffs with different lev- 
els of climbing activity (F = 1.51, 2 df, P = 0.2529). 

Four species were detected only at unclimbed 
cliffs, 5 species were detected only at moderate cliffs, 
and 3 species were seen only at popular cliffs (Table 
1). European starlings (Sturnus vulgaris) and brown- 
headed cowbirds (Molothrus ater) were seen only at 
climbed cliffs. House finches (Carpodacus mexi- 
canus) were 69% more numerous at popular cliffs 
than at unclimbed cliffs. The following species were 
observed at >50% of all cliffs: mourning dove 
(Zenaida macroura), white-throated swift (Aero- 
nautes saxatalis), Say's phoebe (Sayornis saya), com- 
mon raven (Corvus corax), rock wren (Salpinctes ob- 
soletus), black-throated sparrow (Ampbispiza bilin- 
eata), and house finch. These 7 species accounted for 
65% of all birds observed (Table 1). 

Bird behavior 
Birds were not distributed uniformly in front of 

cliff faces. At unclimbed cliffs, compared to popular 
cliffs, a higher percentage of birds were observed at 
cliff faces (F = 3.89, 5 df, P = 0.0322; Fig. 1). 

For all species combined, birds seen at unclimbed 
cliffs were more likely to be perched at the cliff face 
while birds seen at popular cliffs were more likely to 
be flying (X2 = 26.04, 5 df, P < 0.0001; Fig. 2). At 

popular cliffs, within the closest 10 m of the cliff 
face, the percentage of birds perched was reduced 

30 
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.. 
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0 

Popular 

cliffs 
Dl Unclimbed 

cliffs 
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Fig. 1. Proportion of birds observed in each distance category at 
popular cliffs (when humans were not present) and unclimbed 
cliffs, Joshua Tree National Park, California, 1993. Distance cate- 
gory 0 represents birds observed on cliff faces, 10 is 0-10 m, 20 is 
11-20 m, 30 is 21-30 m, 40 is 31-40 m, and 50 is 41-50 m away 
from cliff faces. 

40 

- 30 
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en 20 
0 o 

lo 0 10 .0 
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0 

Popular cliffs, 
Birds flying 

Z Popular cliffs, 
Birds perched 

Unclimbed cliffs, 
Birds flying 

Unclimbed cliffs, 
Birds perched 
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Fig. 2. Percent behavior (flying or perched) of birds at popular 
cliffs (without people present) and unclimbed cliffs by distance 
categories, Joshua Tree National Park, California, 1993. Distance 
category 0 represents birds observed on cliff faces, 10 is 0-10 m, 
20 is 11-20 m, 30 is 21-30 m, 40 is 31-40 m, and 50 is 41-50 m 
away from cliff faces. 

and more birds were observed flying. This pattern 
was reversed in the 11- to 20-m distance category and 
followed the pattern observed at unclimbed cliffs in 
the 21- to 40-m range. In the 41- to 50-m distance cat- 
egory, at unclimbed cliffs, a larger percentage of 
birds were observed flying; at popular cliffs the op- 
posite was found (Fig. 2). 

Comparisons of the 7 most common species for 
behavioral differences by climbing use yielded the 
following results. White-throated swifts were more 
likely to be flying than perched at climbed cliffs 
compared to unclimbed cliffs (G2 = 10.57, 2 df, P = 
0.005). Behavior did not differ with climbing use 
for mourning doves (G2 = 1.25, 2 df, P = 0.535), 
Say's phoebes (G2 = 0.73, 2 df, P = 0.696), common 
ravens (G2 = 1.12, 2 df, P = 0.571), rock wrens (G2 = 

0.51, 2 df, P = 0.775), black-throated sparrows (G2 = 

0.17, 2 df, P = 0.918), and house finches (G2 = 0.50, 
2 df, P = 0.780). 

Human activity 
During our sampling periods at cliff sites we ob- 

served 87 people for a total of 575 minutes. Fifty- 
three (61%) were hikers (mean group size ? SE: 2.52 
+ 0.26), and 34 (39%) were climbers (2.13 + 0.26). 
Climbers were at cliffs for longer durations than hik- 
ers ([F = 28.95, 1 df, P = 0.0001]; total duration [min- 
utes], mean per group [minutes] ? SE: 445, 27.81 + 
7.37 and 130, 6.19 ? 1.56, respectively). We de- 
tected no differences in bird behavior (flying versus 
perched) when humans were present at popular 
cliffs (X2 = 0.170, 1 df, P = 0.6799). We detected no 
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differences between hiking or climbing activity in the 
mean numbers of birds observed in different distance 
categories (F = 0.48, 5 df, P = 0.7908). Birds avoided 
cliff faces when humans were present, with greater 
proportions observed in the distance category of 
0-10 m, 11-20 m, and 21-30 m than when humans 
were absent (G2 = 13.68, 5 df, P = 0.018; Fig. 3). 

Discussion 
Bird composition 

We found no differences in numbers of bird taxa 
among the different climbing-use categories. How- 
ever, species with broad ecological niches (American 
robin [Turdus migratorius]) or invasive species (Eu- 
ropean starling, brown-headed cowbird, house finch) 
were observed only at climbed cliffs. Starlings suc- 
cessfully compete with indigenous species for nest 
sites in desert regions of the Southwest (Weitzel 
1988, Kerpez and Smith 1990). Weitzel (1988) found 
that a variety of birds were displaced when starlings 
were present. Kerpez and Smith (1990) observed 
that starlings competed with woodpeckers for nest 
cavities, causing decreases in woodpecker densities 
in the Sonoran Desert. When starlings were eradi- 
cated, woodpeckers returned. 

At JTNP, cowbirds are associated with species that 
have not historically experienced nest parasitism. 
Laymon (1987) and Rothstein et al. (1980) have docu- 
mented the range expansion of brown-headed cow- 

40 
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o 
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Fig. 3. Proportion of birds observed in each distance category 
when people were present and without people present at popular 
cliffs, Joshua Tree National Park, California, 1993. Distance cate- 
gory 0 represents birds observed on cliff faces, 10 is 0-10 m, 20 is 
11-20 m, 30 is 21-30 m, 40 is 31-40 m, and 50 is 41-50 m away 
from cliff faces. 

birds into the desert regions of California and suggested 
that nest parasitism may result in population declines 
of native songbirds. Cowbirds are still uncommon in 
the Mojave Desert (Knight et al. 1998); however, our 
findings suggest that their presence is associated 
with human activity and should be monitored. 

House finches were more numerous at popular 
cliffs than at cliffs with moderate use and at un- 
climbed cliffs. In California deserts, where human 
occupation is still minimal, house finches are not 
considered abundant (Cardiff and Remsen 1981, Pe- 
terson 1990). In our study, house finches at un- 
climbed cliffs comprised approximately 11% of the 
bird community, a finding similar to that of Hensley 
(1954) at desert sites away from water and human 
presence. House finches live commensally with hu- 
mans and are capable of rapid population increases 
(Thompson 1960a, b). Because house finches are an- 
nual residents, pairs may establish and defend nest 
sites early in the breeding season, possibly displacing 
species that migrate to these areas. 

The European starling, brown-headed cowbird, and 
house finch are highly adaptable species capable of al- 
tering songbird communities through nest parasitism 
and competition. We found these species to be more 
closely associated with climbed cliffs than unclimbed 
cliffs. Although the 3 categories of cliffs we examined 
did not differ in height, length, verticality, or expo- 
sure, the popular cliffs were nearer parking lots and 
campgrounds than the unclimbed cliffs. The greater 
likelihood of encountering starlings, cowbirds, and 
finches at popular cliffs may have been shaped by hu- 
man activities other than climbing, such as activity as- 
sociated with parking lots and campgrounds. Never- 
theless, it is noteworthy that popular cliffs also were 
still a considerable distance from parking lots (x + SD; 
183 + 223 m) and campgrounds (777 ? 792 m; Camp 
and Knight 1998). 

Bird behavior 
Birds use cliff faces and the spaces adjacent to cliffs 

for foraging, nesting, and predator avoidance. At un- 
climbed cliffs, birds were more frequently observed 
adjacent to cliff faces and more likely to be perched 
than at climbed cliffs. Comparisons of overall bird 
behavior among cliffs with different levels of climb- 
ing revealed proportionally more birds flying at pop- 
ular cliffs than at unclimbed cliffs. At the faces of 
popular cliffs >29% of the birds were observed flying, 
whereas at unclimbed cliffs 4% of birds observed 
were seen flying. White-throated swifts and house 
finches constituted the greatest proportion of birds 
observed at popular cliffs. A majority (82%) of the 
house finches were flying within 20 m of the cliff 
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faces. Mourning doves and common ravens were the 
most commonly observed species at unclimbed cliffs. 
When observed at cliff faces, these species were 
more likely to be perched than flying. In locations 
away from cliff faces they were more likely to be fly- 
ing. What effects these behavioral alterations have 
on the feeding efficiency of birds is unknown. For 
other species the net effect of human disturbance has 
been reduced energy consumption (e.g., Skagen et 
al. 1991). 

Human disturbance 
Birds may respond to human activity by altering 

their behavioral activities, spatial distribution, and 
use of habitats (Knight and Cole 1995). At popular 
cliffs in our study, birds were more likely to be flying 
than perched, regardless of the presence or absence 
of humans. When recreationists were present at pop- 
ular cliffs, however, greater proportions of birds 
were observed away from the faces of cliffs, indicat- 
ing that human presence did alter the birds' spatial 
distribution. Climbers spent more time at cliffs than 
hikers. Climbers tended to spend time at the base of 
cliffs preparing to scale routes, and then varying 
lengths of time on cliff faces depending on the length 
and difficulty of the route, as well as the experience 
of the climbers. These behaviors may disrupt breed- 
ing, foraging, and predator detection by nesting birds 
and their fledged young. 

Management implications 
Climbers seek out tall, steep cliffs during the mild 

part of the year in temperate environments. Accord- 
ingly, climbers and certain nesting birds overlap spa- 
tially and temporally in their use of cliffs. Because of 
this, climbing has the potential to alter cliff bird com- 
munities (Pyke 1997). Currently, climbing is unregu- 
lated on most public lands. Wildlife and recreation- 
ists can coexist at a variety of spatial, temporal, and 
behavioral levels; however, this requires responsible 
management and cooperation among users of public 
lands (Knight and Temple 1995). To ensure that na- 
tive bird communities at cliff sites are not altered, 
land managers should monitor expanded use of cliffs 
by climbers. In addition, in areas of widespread 
climbing activity, monitoring programs should be in- 
stituted to evaluate spatial and temporal fluctuations 
of bird species and changes in numbers of invasive 
species that may threaten the integrity of native bird 
communities. 
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