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ABSTRACT.—Species diversity and community composition of birds change rapidly along
elevational gradients in Costa Rica. Such changes are of interest ecologically and illustrate
the value of protecting continuous gradients of forest. We used mist nets and point counts
to sample birds along an elevational gradient on the northeastern Caribbean slope of the
Cordillera Central in Costa Rica. Sites included mature tropical wet forest (50 m); tropical
wet, cool transition forest (500 m); tropical premontane rain forest (1,000 m); and tropical
lower montane rain forest (1,500 and 2,000 m). We recorded 261 species from 40 families,
including 168 species captured in mist nets (7,312 captures) and 226 detected during point
counts (17,071 observations). The sample included 40 threatened species, 56 elevational mi-
grants, and 22 latitudinal migrants. Species richness (based on rarefaction analyses) changed
little from 50 to 1,000 m but was lower at 1,500 and 2,000 m. Mist nets and point counts often
provided similar views of community structure among sites based on relative importance
of difference categories of species (e.g. migrant status, trophic status). Nonetheless, impor-
tant differences existed in numbers and types of species represented by the two methods.
Ninety-three species were detected on point counts only and 35 were captured only. Ten
families, including ecologically important ones such as Psittacidae and Cotingidae, were not
represented by captures. Elevational migrants and threatened species occurred throughout
the gradient, illustrating the need to protect forest at all elevations. A comparable study from
the Cordillera de Tilaran (Young et al. 1998) demonstrated similar patterns of species change
along an elevational gradient. Comparisons with that study illustrated that point counts are
a valuable complement to mist-net studies. Both studies indicated the diverse nature of the
avifauna along elevational gradients in Costa Rica. Received 8 December 1998, accepted 7 De-

cember 1999.

CosTa Rica has a well-deserved reputation
for conservation and biological diversity (Jan-
zen 1983, Gamez and Ugalde 1988). Yet, outside
of protected areas, much of the country has
been deforested, making national parks and
other reserves especially important for conser-
vation of birds and other organisms. Costa Rica
also has been the site of many studies on birds
(at least 340 publications from 1979 to 1995;
Winker 1998). Two areas have been the focus of
many of these studies: Monteverde Cloud For-
est Reserve and surrounding areas, and La Sel-
va Biological Station and adjacent Braulio Car-
rillo National Park. Patterns of diversity of
plants and animals along elevational gradients
have been examined in both regions (Harts-
horn 1983, Stiles 1983).

Early work by Orians (1969) and Terborgh
(1971) on elevational distribution patterns of
birds in Costa Rica and Peru, respectively, stim-
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ulated later studies on the roles of biotic (com-
petition, resource abundance, vegetation struc-
ture) and abiotic (rainfall, temperature) factors
on species distribution patterns and commu-
nity structure in tropical forests (Beehler 1981,
Loiselle and Blake 1991). Declines in bird-spe-
cies richness with elevation are common, but
important differences exist in the patterns of
change among functional groups (i.e. foraging
guilds, migrant status) of birds (e.g. Stiles
1983). Declines in species richness have been at-
tributed to declines in forest area at higher el-
evations, declines in abundance and size dis-
tribution of invertebrates, competition, and
changes in environmental conditions (Terborgh
1971, Beehler 1981, Janes 1994). Local migra-
tions of birds along elevational gradients also
are an important factor structuring bird assem-
blages and are a critical consideration in con-
servation efforts (Stiles 1988, Loiselle and Blake
1991, Winker et al. 1997).

Mature tropical forest extends from near sea
level at La Selva south for about 35 km to more
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than 2,900 m atop Volcan Barva on the Carib-
bean slope of the Cordillera Central. It is the
last remaining gradient of continuous forest in
Central America to extend over such an eleva-
tional range (Norman 1985). Life zones range
from lowland tropical wet forest in La Selva
and lower elevations within the park to mon-
tane rain forest at the volcano tops (Hartshorn
and Peralta 1988). The fact that forest is pro-
tected along a continuous elevational gradient
makes it particularly important for conserva-
tion (Stiles and Clark 1989), especially given
that many species of birds make regular ele-
vational migrations along this gradient (Stiles
1988) and that most lowland forest in the re-
gion has been cleared (Butterfield 1994).

We have conducted studies on birds along
most of this gradient (from ca. 40 to 2,000 m),
providing a unique opportunity to evaluate
changes in bird diversity and turnover in spe-
cies composition among elevations. Our studies
also provide an opportunity to compare pat-
terns of diversity between the Monteverde re-
gion of Cordillera de Tilaran, recently de-
scribed by Young et al. (1998), and the La Sel-
va/ Volcan Barva region of the Cordillera Cen-
tral (ca. 80 to 85 km apart). The studies at
Monteverde spanned five life zones and illus-

trated the importance of the region for conser- -

vation and the spatial complexity of bird dis-
tribution patterns (i.e. distinctiveness of the
avifauna in different life zones). Missing from
that study, however, were data from lowland
sites and from birds not readily captured in
mist nets (e.g. many canopy birds). Our studies
from La Selva and Braulio Carrillo include data
from lowland habitats and are based on sam-
ples from mist nets and point counts. These
two methods typically sample different but of-
ten complementary components of the avifau-
na. The major objectives of this paper are to: (1)
describe avian diversity and turnover along a
2,000-m elevational gradient in Costa Rica, (2)
determine structural changes in the avifauna
that reflect variation in ecological functions of
birds in forests at different elevations, and (3)
discuss differences in diversity among life
zones located within different montane regions
of Costa Rica. In addition, we compare results
obtained from mist nets with those obtained
from point counts.
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STUDY AREA

We conducted research at La Selva Biological Sta-
tion, located in the lowlands of northeastern Costa
Rica (10°25'N, 84°01'W) and adjacent Braulio Carril-
lo National Park. La Selva encompasses approxi-
mately 1,500 ha, of which about 67% is old-growth
forest. Braulio Carrillo (ca. 45,000 ha) borders La Sel-
va to the south; more than 75% of the corridor con-
necting La Selva to the main forest block of Braulio
Carrillo is old-growth forest. Approximate eleva-
tions at our main study sites were 50 m at La Selva
and 500 m, 1,000 m, 1,500 m, and 2,000 m in the park
(Fig. 1). Forest life zones (Holdridge 1967) included
tropical wet (50 m); tropical wet, cool transition (500
m); tropical premontane rain (1,000 m); and tropical
lower montane rain (1,500 m and 2,000 m; Hartshorn
and Peralta 1988). Approximate distances between
study sites were 10 km (50 to 500 m), 6 km (500 to
1,000 m), 5 km (1,000 to 1,500 m), and 7 km (1,500 to
2,000 m). We typically refer to forest types by ele-
vation but note that they correspond to different and
relatively distinct life zones (except the sites at 1,500
m and 2,000 m).

All sites were located in old-growth forest. Cano-
py heights were approximately 30 to 40 m at 50 m
elevation, 35 to 40 m at 500 m, 30 to 35 m at 1,000 m,
25 to 30 m at 1,500 m, and 20 m at 2,000 m (Hartshorn
and Peralta 1988). Numbers of tree species (trees >10
cm dbh in 1-ha plots; Lieberman et al. 1996) were 115
species at 100 m; 131 species at 500 m; 100 species at
1,000 m; 74 species at 1,500 m; and 55 species at 2,000
m. The composition of tree species changed contin-
uously along the gradient with no discrete breaks
(Lieberman et al. 1996).

La Selva receives approximately 4,000 mm of rain
annually. The dry season typically lasts from late
January or early February to March or April, with a
second, less-pronounced dry season in September
and October. Although few climatic data are avail-
able from higher elevations along the La Selva-Vol-
can Barva transect, rainfall probably is highest be-
tween 1,000 and 1,500 m. Hartshorn and Peralta
(1988) reported mean annual rainfall ranging from
3,268 mm at 2,260 m elevation to 5,096 at 970 m in
areas adjacent to the transect along which we
worked. The seasonal pattern of rainfall in Braulio
Carrillo is similar to that at La Selva, but the dry sea-
son is shorter and less pronounced. Rain or mist and
clouds occur almost daily at high elevations.

METHODS

Mist nets—We sampled birds with mist nets and
point counts (see below). Mist-net studies started in
La Selva in 1985 and continued until 1994. Studies in
Braulio Carrillo started in 1985 and continued
through 1989. Most data were collected during De-
cember to April (late wet season, dry season, to early
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Study sites in La Selva Biological Station and Braulio Carrillo National Park, Costa Rica. Elevations

represent tropical wet forest (50 m); tropical wet, cool transition forest (500 m); tropical premontane forest
(1,000 m); and tropical lower montane forest (1,500 to 2,000 m).

wet season), although netting was conducted
throughout 1985 (Blake and Loiselle 1991, Loiselle
and Blake 1991). We used mist nets at ground level
(12 m X 2.8 m, 36-mm mesh) to sample birds occur-
ring in undergrowth of mature forest at 50 m, 500 m,
and 1,000 m. Rain and mist were too frequent at
1,500 and 2,000 m to justify use of nets. Nets were
located 40 m apart on a 10-ha grid in one tropical wet
forest site at about 50 m. At all other sites, nets were
set approximately 40 m apart along narrow trails or
in lines cut in the forest undergrowth. Area covered
was approximately 5 to 8 ha at each site. Net loca-
tions were random with respect to topography, lo-
cations of fruiting plants, treefall gaps, or other fac-
tors that might influence capture rates (i.e. we did
not select net sites based on a subjective assessment

of capture probabilities). Nets typically were oper-
ated from dawn to about 1300 at 50 m and until dusk
at higher elevations. Nets at a given site were oper-
ated for two days (sometimes three days depending
on rain) during each sample period. We conducted
28 sample periods across 10 years at the main low-
land (50 m) forest site, 5 sample periods in two years
at the second lowland site, and 17 sample periods
across 5 years at the 500 m and 1,000 m sites.

Mist nets are subject to several biases, especially if
used to estimate abundance (Remsen and Good
1996). Nets are, however, an effective way to gather
data on birds that occur in the understory (Karr et al.
1990, Blake and Loiselle 1991). Young et al. (1998)
provide a thorough discussion on the use of netting
data for analyses such as ours; their conclusions ap-
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ply equally to our study, and the reader is referred
to their paper for details. We avoided some of the po-
tential problems discussed by Young et al. because
we used the same type of mist net for all of our stud-
ies, and all samples were collected from old-growth
forest.

Point counts—We also sampled birds with point
counts (10 min per count) in tropical wet forest at La
Selva (two sites) and at 500, 1,000, 1,500, and 2,000
m in Braulio Carrillo. At least 8 points were estab-
lished at each site. Points were approximately 200 m
apart and were centered on the same areas where
netting was conducted (at sites from 50 to 1,000 m)
or were along narrow preexisting trails at 1,500 and
2,000 m. Point counts covered more area than nets
but did not include more than one habitat. Counts
were conducted from 1987 to 1994 at one site in La
Selva and during 1988 and 1989 at all remaining
sites. All points were sampled on two to four days
during two to three periods per year (ca. 5 to 6 weeks
apart) at all sites during 1988 and 1989. Counts start-
ed approximately 20 min before dawn and continued
for no more than 2 h past dawn (Blake 1992). All
birds seen or heard were noted.

Detections of birds during point counts are influ-
enced by many factors (behavior of species, charac-
teristics of vegetation, weather conditions, observer,
etc.; Blake 1992, Ralph et al. 1995). If elevational gra-
dients existed in detection probabilities, then differ-
ences in results among elevations might simply re-
flect differences in detection. We have no reasons to
suspect that such a gradient exists. All counts were
conducted by the authors, both of whom are ex-
tremely familiar with the vocalizations and plum-
ages of birds in Costa Rica. We reduced the impor-
tance of environmental factors by counting only on
days with little or no wind or rain; occasional mist
at higher elevations was unavoidable. We encoun-
tered mixed-species flocks more frequently in Brau-
lio Carrillo, and their presence might influence re-
sults because of difficulties in counting or detecting
all birds in a flock. We feel this potential problem was
minimized because of the number of counts con-
ducted, only two people conducted counts (reducing
any observer differences), and accumulation curves
for observational data approached an asymptote at
higher elevations.

Analyses—In general, we followed Young et al.
(1998) in analyzing patterns of species diversity and
faunal turnover to facilitate comparisons with their
study (hereafter Young et al.). Sample effort varied
among sites in both studies. Thus, we did not make
comparisons based on capture rates or mean num-
bers per point but instead used either presence/ab-
sence of species or proportions. All captured birds
were banded with numbered aluminum bands, but
individuals could not be distinguished during
counts. Thus, we used total captures (including re-
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captures) and total observations (which likely in-
clude resightings) in all comparisons.

We calculated an estimate of beta (B) diversity (di-
versity across elevations or life zones; Schluter and
Ricklefs 1993) as:

B=~/an, )

where v is the gamma diversity (total number of spe-
cies), a is the average number of species per life zone,
and » is the number of life zones. We calculated a
separate beta diversity from netting and observation
data. In addition, following Young et al., we calcu-
lated Jaccard’s similarity matrix based on presence/
absence of species. We used nonmetric multidimen-
sional scaling (McCune and Mefford 1995) to graph-
ically compare the similarity in species composition
among different habitats. Numbers of individuals
captured or counted per species were relativized
(general relativization by row and column totals;
McCune and Mefford 1995) prior to analyses. We
used a Monte Carlo permutation procedure to deter-
mine if the information extracted by the axes was
more than expected by chance (i.e. whether the re-
duction in stress associated with each axis was sig-
nificant). A similar procedure was used to compare
similarity among habitats based on trophic groups
(see below). We used Mantel tests (McCune and Mef-
ford 1995) to compare correlations among similarity
matrices; 1,000 permutations were run to determine
the significance of the observed correlations.

Numbers of individuals captured or detected dif-
fered among sites, precluding direct comparisons of
species numbers. Instead, we calculated rarefaction
curves using Monte Carlo simulation (EcoSim ver-
sion 1.11; Gotelli and Entsminger 1997) that allows
comparison of the number of species expected per
site based on the lowest number of individuals re-
corded amonyg sites being compared; i.e. species rich-
ness is compared based on the same number of in-
dividuals. Simulations were run 1,000 times, and
mean expected numbers of species at each site were
compared based on the 95% CI (nonoverlapping Cls
indicate a significant difference in means).

We assigned species to migratory categories (lati-
tudinal [long-distance] migrant, elevational mi-
grant) based on AOU (1998), Stiles and Skutch
(1989), and personal observations. We further as-
signed species to trophic groups based on primary
foraging substrate and food type; assignments were
based on analyses of fecal samples, observations of
foraging behavior, and the literature (e.g. Stiles and
Skutch 1989). We followed Young et al. in using Park-
er et al. (1996) to assign conservation (threatened)
status to species; all species listed as of medium or
higher conservation concern were included. We also
included species listed by Collar et al. (1994) as near
threatened or vulnerable in Costa Rica and those list-
ed by Stiles (1985) as endangered in Costa Rica. Data
on body size are from Stiles and Skutch (1989).
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Number of captures and observations by elevation® in the Cordillera Central, Costa Rica.

50 m

Capture Observe Capture Observe

Captures or observations 4,029 8,803 1,733
Species 107 132 92
Species (captures and

observations) 157
Mist-net hours 20,633 4,825
Number of counts 70

500 m 1,000 m 1,500 m 2,000 m
Capture Observe Observe Observe
2,182 1,550 2,159 2,097 1,830
105 83 91 55 50
143 118
5,587
12 15 22 22

¢ Tropical wet forest (50 m); tropical wet, cool transition forest (500 m); tropical premontane forest (1,000 m); tropical lower montane rain

forest (1,500 and 2,000 m).

RESULTS

Species richness and composition.—We record-
ed 261 species (Table 1, Appendix 1), including
168 species captured in mist nets (7,312 cap-
tures) and 226 recorded during point counts
(17,071 observations, excluding unidentified
birds). Forty families were represented (exclud-
ing incertae sedis genera; Appendix 2). The total

ﬁ 100 ) — 50m
O ] 500 m
m -
o
n 1 1,000 m
(@]
G 60
Zz 1
a
M 40
'_
Q -
L
a 20
<
w
0 T T L T L T L T L T
0 500 1000 1500 2000 4000 4500
NO. OF CAPTURES
8 120
(@) .
& 400 -
(’) e
[T
O 804
d .
Z 60 4
D ] ;
U'_-l :
o 404,
o 1
X 20 4
LIJ -
0 T T T T T T T 1. T T T T T
0 500 1000 1500 2000 7000 8000

NO. OF OBSERVATIONS

FIG. 2. Species rarefaction curves based on num-
bers of captures or numbers of observations.

included 40 threatened species, 56 elevational
migrants, and 22 latitudinal (long-distance)
migrants. Rarefaction curves indicated that
some new species still were being captured at
all sites (i.e. no indication of an asymptote; Fig.
2). In contrast, the rate at which new species
still were being recorded during counts leveled
off to a greater extent, particularly at 1,500 and
2,000 m. Number of species represented in
1,000 captures showed less variation from 50 to
1,000 m than did number of species represent-
ed in 1,000 observations (Fig. 3). Declines in
species richness with elevation were evident
from count data. Species numbers differed be-
tween netting and count data at 50 and 500 m,
but not at 1,000 m.

Species composition differed among sites for
both netting and count data. Beta diversity
from 50 to 1,000 m was 0.60 and 0.61 based on
netting and count data, respectively. Beta di-
versity across all five elevations (count data)

100: + +
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| T T T |
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ELEVATION (m)

Fi1G. 3. Mean (and 95% CI) expected number of
species (based on 1,000 simulations) in samples of
1,000 captures or 1,000 observations. Means are con-
sidered different if CIs do not overlap.
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TABLE2. Jaccard similarity indices based on species presence/absence and on proportion of individuals per

species.
Captures Observations
50 m 500 m 1,000 m 50 m 500 m 1,000 m 1,500 m
Presence/absence
Captures
500 m 0.56

1,000 m 0.20 0.28

Observations
50 m 0.52 0.37 0.14
500 m 0.45 0.38 0.13 0.62

1,000 m 0.14 0.17 0.48 0.19 0.17

1,500 m 0.04 0.06 0.29 0.02 0.05 0.38

2,000 m 0.02 0.02 0.16 0.01 0.01 0.18 0.50

Proportion of individuals per species
Captures
500 m 0.49

1,000 m 0.07 0.10

Observations
50 m 0.12 0.09 0.03
500 m 0.14 0.13 0.04 0.55

1,000 m 0.02 0.05 0.25 0.03 0.05

1,500 m 0.01 0.03 0.22 0.01 0.02 0.45

2,000 m 0.00 0.01 0.08 0.00 0.00 0.16 0.25

was 0.52. Similarity among sites was relatively

low based on species presence / absence, partic-

ularly for habitats that were farther apart (Ta-

ble 2, Fig. 4). Similarity in species composition

2 g between netting and count data within sites

g.8 ranged from 0.52 at 50 m to 0.38 at 500 m, in-
> = . . . . . .

g2 2000m ©1,000m dicating substantial differences in species re-

358 ° corded at a site by the two methods. Such dif-

%%% 500 m ferences were apparent in the ordination (Fig.

GES .1,500 m o © 4). The first axis of the ordination largely sep-

® oom som arated sites on the basis of elevational gradients

88 ' in species distributions, whereas the second

£3 . .

33 axis largely reflected effects of species ob-
§‘§§. served but not captured at 50 and 500 m (in-
§_§§ 500 m cluding many canopy species). Axes extracted
ggg ® observations o ° significantly more information from the origi-
Z8F Y[ O captures S0m nal data matrix than expected by chance (P <

-~ _— =

Henicorhina leucophrys Hylophilus ochraceiceps 0.01). .

Aulacorhynchus prasinus  Phasthornis longuemareus Although many species were recorded by
Tangara dowii Myrmetherula axillaris

FiG. 4. Nonmetric multidimensional scaling or-
dination of study sites based on captures or obser-
vations. Distance between points indicates degree of
similarity. The first axis largely represents a gradient
in species composition from low to high elevations
whereas the second axis largely reflects differences
between species observed but not captured (and vice
versa) in the two lower elevations.

netting and counts, the relative numbers of in-
dividuals per species recorded by the different
methods often differed substantially, provid-
ing different perspectives on relative impor-
tance of individual species among and within
sites (Appendix 1). Similarity among sites gen-
erally was lower than when based on pres-
ence/ absence (Table 2).
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FIG. 5. Percentage of captured and observed spe-
cies and individuals represented by threatened spe-
cies.

Few species occurred in more than two or
three life zones (Appendices 1 and 2). Only
Mionectes olivaceus and Myadestes melanops, both
elevational migrants, were recorded at all five
sites. The number of species recorded at only
one elevation ranged from 27 at 50 m (17% of
the total from that elevation) to 2 at 1,500 m (4%
of total); 30% of species at 2,000 m were not re-
corded at any other elevation. The mean num-
ber of zones per species (counting 1,500 m and
2,000 m as separate zones) was 1.6 + SE of 0.08
across families based on netting data (three
zones) and 1.8 = 0.08 based on count data (five
zones). The number of life zones per species
was higher for count data than for netting data
(paired t-test of families represented by count
and netting data; t = 3.17, df = 28, P < 0.01).
Furthermore, the mean number of zones per
species was not correlated between netting and
count data (i.e. comparing families represented
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FIG. 6. Percentage of captured and observed spe-

cies and individuals represented by large (>100 g)
species.

by both netting and capture data; r, = 0.07, P
> 0.50).

Substantial differences occurred among ele-
vations when comparisons were based on dif-
ferent groups. Threatened species accounted
for about 10 to 12% of captured species and ap-
proximately 9 to 19% of observed species (Fig.
5). Threatened species were least important at
2,000 m. Distribution of threatened species
numbers did not differ among zones based on
netting versus count data (x> = 0.20, df =2, P
> 0.90), although threatened species made up
a greater proportion of count data. The number
of large (>100 g) species declined with eleva-
tion (Fig. 6). Large species made up a much
larger proportion of count data than of netting
data, but the distribution of numbers of large
species did not differ among zones (x> = 0.20,
df = 2, P > 0.90). The proportions of large spe-
cies captured were higher than proportions of
large individuals captured at all sites. The
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ELEVATIONAL MIGRANTS

16 - = % captures
| =zz=zz % species 7
12 4
a 1
= 8-
8 1
w 4
O 4
w o4
Q 50 500 1,000
<
= 10 { === % observations
Z { zzzz % species
LIJ 8 _
%C) ] 7
w 6 -
o J
4
L.
0 -

50 500 1,000 1,500 2,000

= % captures

50 Jzzza % species
40 |
30
20
10
0]

50 500 1,000

- =mmm % observations
50 { zzzz % species

40 -
30
20 |
10
0.

50 500 1,000 1,500 2,000

ELEVATION (m)

FIG. 7. Percentage of captured and observed species and individuals represented by latitudinal and ele-

vational migrants.

same was true for count data at sites from 1,000
to 2,000 m, but the reverse was true for sites at
50 and 500 m.

Migrants.—Latitudinal migrants were less
commonly observed and captured at higher el-
evations (Fig. 7). The proportional number of
latitudinal migrant species was high at 50 m
and 1,000 m based on both types of data but
was low above 1,000 m (count data only). The
relative distribution of latitudinal migrant spe-
cies among elevations did not differ between
netting and count data (x> = 0.71, df =2, P >
0.70). Latitudinal migrants did, however, make
up a greater proportion of species and individ-
uals captured than observed at a given eleva-
tion (compare upper and lower left panels of
Fig. 7). Elevational migrants (Fig. 7) comprised
a high proportion of species and individuals at
higher-elevation forests. Relative numbers of
elevational migrant species among elevations
were similar between netting and count data
(x? = 0.56, df = 2, P > 0.75). Elevational mi-
grants typically made up greater proportions
of captures than observations. The distribution

of species in the two migrant categories (lati-
tudinal vs. elevational) differed among sites for
count data (x2 = 18.4, df = 4, P < 0.001) but not
for netting data (x> = 3.5, df = 2, P < 0.20).
Trophic  groups.—The dominant trophic
groups were arboreal frugivores, arboreal fru-
givore/insectivores, foliage insectivores, and
nectarivore/insectivores (Table 3). Fewer
groups were present in lower montane forest
(1,500 and 2,000 m); epiphyte feeders generally
were restricted to such forests. Netting and
count data differed in proportional represen-
tation of individuals within some trophic
groups (Table 3). Nectarivores (primarily tro-
chilids), bark insectivores (primarily dendro-
colaptids such as Glyphorynchus spirurus), and
army-ant followers (primarily thamnophilids)
accounted for greater proportions of captures
than observations; species representative of
these groups typically forage at net levels. The
reverse was true for foliage insectivores and ar-
boreal frugivores, many of which forage above
net levels, often in the canopy. Differences be-
tween netting and count data were less pro-
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TaBLE 3. Percentage of species and individuals in different trophic categories based on captures (Cap) and

Observation (Obs); ““+’’ indicates values <0.5%.

50 m 500 m 1,000 m 1,500 m 2,000 m
Trophic group Cap Obs Cap Obs Cap Obs Obs Obs
Species per group
Terrestrial frugivore 4 2 3 2 2
Arboreal frugivore 8 17 10 15 6 16 18 18
Terrestrial frugivore/ insectivore 3 3 1 3 1 1 4 6
Arboreal frugivore/insectivore 18 20 16 22 25 22 21 24
Ground insectivore 7 5 10 4 10 4 5 2
Foliage insectivore 26 25 26 27 24 24 16 18
Bark insectivore 6 8 3 8 6 7 7 4
Flycatching insectivore 5 3 4 2 5 3 5 6
Army-ant followers 5 4 4 5 1 1
Nectarivore/insectivore 11 7 15 7 15 12 16 16
Granivore 2 3 2
Carnivore 3 4 2 3 2 5
Piscivore 1
Epiphyte insectivore 1 2 2 7 8
Nectarivore/ frugivore 2 1 2 1
Individuals per group
Terrestrial frugivore 1 1 1 + +
Arboreal frugivore 25 34 21 30 15 14 18 18
Terrestrial frugivore/insectivore + 3 3 2 + 2 1 1
Arboreal frugivoré/insectivore 22 26 23 25 22 34 27 35
Ground insectivore 4 3 5 4 4 3 1 +
Foliage insectivore 9 18 10 23 19 27 23 22
Bark insectivore 14 6 14 4 8 3 1 1
Flycatching insectivore 2 1 1 2 1 2 1 2
Army-ant followers 11 1 8 1 1 +
Nectarivore/insectivore 11 5 13 8 28 14 25 16
Granivore 1 1 +
Carnivore + 1 + + + +
Piscivore +
Epiphyte insectivore + 1 2 2 5
Nectarivore/ frugivore + + + +
nounced when proportions of species per
g@ ® observations group were compared.
g0 O captures 50 m . . .
BE o The relative importance of trophic groups
= varied among forest life zones (Fig. 8). Arbo-
ﬁ% real frugivores were more important at lower
88 1.500m *500m elevations (50 to 500 m), whereas arboreal fru-
* ° givore/insectivores were more important
2000m 4000 m imi i
: above 500 m. Similarly, nectarivores were pro-
o 500m o portionately more important at higher eleva-
20 . .
$3 1,000m tions. These and other differences (e:g. greater
82 o importance of army-ant followers in capture
Ei s50m° data than in count data) between netting and
EE count data and among habitats were reflected

ground insectivores

epiphyte insectivores 1 e
bark insectivores

arboreal-frugivore insectivores

FIG. 8. Nonmetric multidimensional scaling or-
dination of study locations based on captures or ob-
servations of individuals within trophic groups. Dis-
tance between points indicates degree of similarity.

in the ordination (Fig. 8).

Similarity values based on the proportion of
individuals among trophic groups were con-
siderably higher than values based on propor-
tions among species (Tables 2, 4). Thus, turn-
over in species composition among forests was
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TABLE 4. Jaccard similarity indices based on proportion of individuals per trophic group.
Captures Observations
50 m 500 m 1,000 m 50 m 500 m 1,000 m 1,500 m
Captures

500 m 0.84

1,000 m 0.56 0.61
Observations
50 m 0.60 0.59 0.56

500 m 0.62 0.60 0.60 0.81
1,000 m 0.49 0.53 0.63 0.56 0.67
1,500 m 0.49 0.53 0.75 0.56 0.66 0.73
2,000 m 0.48 0.51 0.61 0.54 0.62 0.82 0.78

much greater than turnover in trophic compo-
sition of the avifauna. Furthermore, similarity
matrices were different (Mantel test, » = 0.19,
P > 0.10), indicating that relative similarities
among habitats also differed (Figs. 4 and 8).

DiscussiON

Data from point counts and mist nets dem-
onstrate the high diversity of species along the
transect from La Selva to Volcan Barva in the
Cordillera Central of Costa Rica. The impor-
tance of this region for conservation is evident
from the number of species present, the high
variation in species composition from one life
zone to another, and the presence of many
threatened species, including several (Spizaetus
tyrannus, Crax rubra, Pharomachrus mocinno) on
the Costa Rican endangered or vulnerable spe-
cies list (Stiles 1985). Many elevational mi-
grants occur along this gradient, illustrating
the importance of protecting forests from low-
lands to montane regions. Little forest remains
in the Caribbean lowlands of Costa Rica, mak-
ing this gradient especially important as a ref-
uge for many species. Our results provide
strong support for Young et al.’s conclusion re-
garding the need to protect lower-elevation for-
ests in the Cordillera de Tilardn (see also Pow-
ell and Bjork 1994).

Community composition.—Declines in species
number with elevation have been reported for
many types of organisms (Rosenzweig 1995),
although peak species richness often is not
found at the lowest elevation. Bird-species di-
versity changed little from 50 to 1,000 m along
the transect from La Selva to Volcan Barva, but
netting and count data both suggested that di-
versity was highest at 500 m (after correcting

for sample size). Despite the similar number of
species at these sites, species composition
changed substantially, particularly from 500 m
to 1,000 m. Species richness was much lower at
1,500 and 2,000 m, with few species shared
with sites at 50 and 500 m. These data indicate
that turnover in species composition occurs
over relatively short distances but also that dis-
tance per se is not the sole cause of differences
in species composition. The two lowest sites (50
m, 500 m) were the farthest apart (ca.10 km)
but were the most similar in terms of species
number and composition.

Changes in community composition from
one elevation to the next reflect many factors
that affect the distributional patterns of indi-
vidual species. Such factors may operate over
various temporal and spatial scales. For exam-
ple, some of the turnover in species composi-
tion from low to higher forests may reflect rel-
atively recent (past several decades) changes in
land use that likely have affected bird popula-
tions at La Selva. With increasing deforestation
in the Caribbean lowlands, La Selva has gone
from being part of a larger area of continuous
forest to being the tip of a peninsula of forest.
Anecdotal accounts (S. Hilty and D. Wolf pers.
comm.) and long-term observations (Levey and
Stiles 1994) suggest that populations of a num-
ber of species have declined at La Selva during
the past few decades. Species such as Chloroth-
raupis carmioli, Tachyphonus delatrii, and several
antwrens were common on our study plot at 50
m when we began this study but now appear
to be less common. These species still are com-
monly encountered at higher elevations (e.g.
500 m) within Braulio Carrillo National Park.
Changes in species composition as a conse-
quence of changing patterns of land use likely
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will be an increasingly important aspect of
community dynamics and turnover along ele-
vational gradients in Costa Rica and elsewhere.

Many changes in community composition
with elevation reflect changes in the types of re-
sources present. Insectivorous species, for ex-
ample, generally are less important at higher
elevations (Terborgh 1971), but the declines
vary among groups. Decreased relative impor-
tance of large (>100 g) insectivorous species at
higher elevations may, for example, be associ-
ated with decreased abundance of large insects
(Janes 1994). Species that follow army ant (e.g.
Eciton burchelli) swarms are diverse and com-
mon at low (50 and 500 m) elevations along the
gradient, less common at 1,000 m, and absent
from higher elevations. This trend follows the
pattern of ant distribution; army ants were
rarely seen at elevations above 500 m (see also
Olson 1994). The swarms that we observed at
1,000 m typically were smaller and attended by
fewer individual birds and fewer species. In
contrast, species that primarily forage in epi-
phytes are more common at higher elevations,
reflecting the greater importance of epiphytic
plants at such elevations. Some insectivorous
groups that are particularly common and im-
portant components of lowland avifaunas are
rare or absent at higher elevations, reﬂecting
historical patterns of diversification. For ex-
ample, all members of the Thamnophilidae,
Formicariidae, and Dendrocolaptidae are in-
sectivores, and species diversity within each
group is higher at lower elevations in the Neo-
tropics (Parker et al. 1996, Renjifo et al. 1997).
Furnariids, by contrast, are more common at
higher elevations.

Nectarivores and frugivores are important
components of most tropical forests and fre-
quently increase in relative importance with el-
evation (Terborgh 1971, Stiles 1985). Greater
importance of nectarivores at higher elevations
parallels changes in the importance of bird-
pollinated plants (Stiles 1985), particularly epi-
phytic species in the Gesneriaceae and Erica-
ceae (Gentry 1988). A similar pattern helps ex-
plain the increased relative importance of fru-
givores at higher elevations in many tropical
forests. As with insectivores, however, many of
the larger frugivores are less common at higher
elevations.

Temporal and spatial variation in resources
exert a major influence on many bird assem-
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blages and affect distribution patterns along
elevational gradients. Fruit and nectar may be
more easily obtained than many insects and
typically are less subject to short-term, weath-
er-induced fluctuations in abundance or avail-
ability. Seasonal and annual fluctuations in
flower and fruit production can be great, how-
ever, with phenological patterns differing
among elevations. Such phenological variation
in an important contributor to the elevational
movement patterns of many species (Stiles
1983, Loiselle and Blake 1991, Rosselli 1994). Of
the 56 elevational migrants recorded during
this study, 60% were frugivores and 25% were
nectarivores. Representation of these two
groups among migrants is much greater than
predicted by their representation in the high-
land avifauna (Levey and Stiles 1994).

Migrants were an important component of
the avifauna along the entire gradient, but the
relative importance of latitudinal and eleva-
tional migrants differed among elevations. Lat-
itudinal migrants frequently are more common
in second-growth habitats (Blake and Loiselle
1992, Petit et al. 1995). Within old-growth for-
est, however, latitudinal migrants frequently
are more common at low to mid-elevations
(1,000 m) where many join mixed-species
flocks (pers. obs.). Such behavior was less com-
monly observed in the low-elevation forests (50
and 500 m). Elevational migrants, in contrast,
are more common in mature forest than in sec-
ond growth (Blake et al. 1990). Annual varia-
tion in movements of migrants from high to
low elevations can be pronounced (Loiselle and
Blake 1992) and can be more pronounced in
second-growth than in old-growth forests
(Blake and Loiselle unpubl. data). As discussed
above, most elevational migrants rely on fruit
or nectar, and annual variation in movement
patterns likely reflects annual variation in flow-
ering and fruiting of preferred plants. Eleva-
tional migrants make up a large proportion of
the avifauna at higher elevations in Braulio Car-
rillo, and their occurrence contributes to the
dynamic nature of the avifaunas in those for-
ests (Stiles 1985).

Conservation efforts often are focused on re-
gions or sites that support threatened, endemic,
or rare species. Thus, knowledge of the distri-
bution patterns of threatened species can be an
important argument for protection of different
areas (Wege and Long 1995). In our study,
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threatened species were equally common from
50 to 1,500 m, illustrating the need to protect
forest along the entire transect. Threatened
species were less important at 2,000 m, perhaps
because of the greater overall protection of
higher-elevation forests in Costa Rica. In other
regions, montane avifaunas are among the
most in need of protection (Renjifo et al. 1997).

Mist nets and point counts.—Mist nets and
point counts have been used to sample under-
story birds in many tropical forests. Use of mist
nets continues to be controversial, although
much of the controversy is unwarranted. Mist
nets do not sample all birds in any habitat, nor
do they provide estimates of density and per-
haps not of relative abundance (Remsen and
Good 1996). However, despite statements to the
contrary, few workers have suggested that mist
nets could be used to provide a complete enu-
meration of all species in a forest. Point counts
also have many biases and limitations and are
especially subject to observer differences,
which can be large. Detections of birds by sight
and sound are affected by wind, rain, vegeta-
tion structure, behavior of birds and observers,
and many other factors. Although some of
these factors can be controlled (e.g. not count-
ing during rain), others are more difficult to ac-
count for (e.g. differences in abilities of observ-
ers). As recent publications (Whitman et al.
1997, Rappole et al. 1998) have noted, point
counts typically detect more species, but mist
nets often are more effective for detecting cer-
tain types of birds. No sampling technique is
free of biases or effective for all groups, and a
combination of techniques is most useful in
many cases (Terborgh et al. 1990).

Despite their differences, netting data and
count data provided comparable descriptions
of many general patterns in the distribution
and richness of species along the elevational
gradient in the Cordillera Central. For example,
nets and counts revealed similar patterns in rel-
ative distribution of migrants and threatened
species among life zones. Nonetheless, impor-
tant differences existed in results obtained by
the two methods. Of 40 families represented, 10
were only recorded during point counts. Al-
though most of these families were represented
by only one or two species, Psittacidae (8 spe-
cies) and Cotingidae (4 species) are important
families numerically and ecologically (i.e. as
seed predators and seed dispersers). Many spe-
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cies typically found above net level, either in
the mid-story (e.g. several trogons) or the can-
opy (e.g. tanagers and honeycreepers) were
rarely, if ever, captured in nets. In contrast, rare
or inconspicuous species (e.g. latitudinal mi-
grants that rarely vocalize during the non-
breeding season) often were overlooked during
counts. Ninety-three species recorded during
counts were never captured; 35 species were
captured but not recorded during counts. Fur-
thermore, nets and counts differed not only in
what species were detected but also in how fre-
quently different species were detected.

Mist nets typically do not catch large birds,
so those species were under-represented (or
absent) in our capture data. Such species,
which include tinamous, cracids, and parrots,
are important components of tropical avifaunas
in terms of biomass and their roles as seed dis-
persers and seed predators (Karr et al. 1990,
Terborgh et al. 1990). Both sampling methods
indicated a decline in large species with ele-
vation, something that has been noted previ-
ously (Beehler 1981, Janes 1994), but estimates
of the proportional occurrence of large birds at
different elevations differed between the two
data sets. Netting and count data also differed
in relative importance of some trophic groups;
nectarivores, ground insectivores, and ant-fol-
lowing insectivores were more common in net-
ting data, whereas foliage insectivores and ar-
boreal frugivores were more important in
count data.

Tropical forest avifaunas typically are char-
acterized by the presence of many rare species
(Karr et al. 1990, Terborgh et al. 1990), and spe-
cies-accumulation curves typically indicate
that new species are continually added to mist-
net samples as numbers of captures increase.
New species reflect both the occasional capture
of relatively common birds that typically occur
above mist-net level as well as species rarely
encountered in the habitat. Accumulation
curves indicated that netting samples in our
study had not reached a plateau at any eleva-
tion; species still were being added at a regular
rate even after 4,000 captures in lowland wet
forest (50 m). In contrast, accumulation curves
based on count data tended to approach an as-
ymptote for most sites, suggesting that most of
the common species had been detected. Addi-
tional species are known from all these sites,
however, so additional counts, particularly in
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different seasons, clearly would add more spe-
cies to the total.

Cordillera Central and Cordillera de Tilardn.—
Costa Rica is characterized by a series of moun-
tain ranges, or cordilleras, that run from the
border with Panama (Cordillera de Talamanca)
to the northwestern part of the country (Cor-
dillera de Guanacaste). The two central cordil-
leras, Cordillera Central and Cordillera de Ti-
lardn, have been the sites of several studies of
birds along elevational gradients. Both regions
are biologically diverse and are important ar-
eas for conservation, but they differ in a variety
of features that can influence patterns of bird
distribution. The Cordillera Central reaches
more than 2,900 m along the La Selva/Volcan
Barva transect, whereas the Cordillera de Ti-
laran reaches a maximum of about 1,860 m in
the Monteverde region (ca. 80 to 85 km to the
northwest). The Cordillera Central also covers
a much greater area than does the Cordillera de
Tilardn. Finally, mature forest is protected
along the entire elevational gradient in the Cor-
dillera Central but not on the Caribbean slope
of the Monteverde region.

Young et al. (1998) summarized data from
netting studies conducted in five forest life
zones in the Monteverde region of the Cordil-
lera de Tilaran: wet premontane, transition (650
to 750 m on Caribbean slope); lower montane
wet (1,400 to 1,550 m on Pacific slope); pre-
montane wet (1,000 to 1,400 m on Pacific slope);
lower montane rain (1,500 to 1,700 m on con-
tinental divide); and premontane rain (750 to
1,450 m on Caribbean slope). We have netting
data from two of these zones (tropical wet, cool
transition forest [500 m], which is similar to
wet premontane transition; and premontane
rain forest [1,000 m]) and count data from a
third (lower montane rain forest [1,500 and
2,000 m]); all of our data are from the Carib-
bean slope.

Both Young et al. and our study documented
high species diversity and high turnover along
the elevational gradients. Young et al. reported
235 species from 10,726 captures compared
with our 168 species in 7,312 captures. Species
totals were higher for all zones in the Montev-
erde region, either in comparison with our net-
ting totals or our count totals. Much of the dif-
ference can be attributed to their inclusion of
data from second-growth habitats given that all
of our data were from mature forests. Inclusion
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of second-growth habitats at La Selva would
have brought our total number of species re-
corded to 343, including 249 species captured
in nets and 301 species observed in counts
(Blake and Loiselle unpubl. data). The presence
of Pacific slope birds in the Monteverde data
set, species not present on the Caribbean slopes
of Braulio Carrillo, also contributed to the ob-
served differences in species numbers between
study sites in the Cordillera de Tilaran and the
Cordillera Central.

Patterns in community composition were
similar in many respects between the two are-
as. The four most species-rich families in both
studies were tyrannids, trochilids, parulids,
and thraupids. Similarly, elevational patterns
for many families were the same (e.g. dendro-
colaptids and thamnophilids were more com-
mon at lower elevations; rhinocryptids and ptil-
ogonatids were restricted to high elevations).
The number of species captured per family was
highly correlated between the two data sets (r
= 0.94, P < 0.001). Despite these similarities,
important differences existed between the two
data sets. We recorded species from several im-
portant families that were not represented in
the netting data of Young et al. (e.g. Tinamidae,
Accipitridae, Cracidae, Cotingidae); most of
these species were documented during counts,
and most are known from the Monteverde area
as well (Fogden 1993). Furthermore, many col-
umbids, psittacids, trogonids, ramphastids,
and tyrannids were not captured in nets but
were common in counts; many of these species
were not present in the Monteverde data set.
Other differences were not, however, related to
sampling methods. Young et al. found 15 spe-
cies across the entire range of life zones, but we
recorded only two species (Mionectes olivaceus,
Muyadestes melanops), both elevational migrants,
from the lowest to the highest elevations. Such
regional differences likely reflect the abrupt-
ness of life zones, the inclusion of second-
growth habitats in all zones in the Monteverde
study (many second-growth birds have wide
elevational ranges), and the narrower range of
elevations covered in Monteverde (650 to 1,700
m vs. 50 to 2,000 m in our study).

Both studies documented high turnover in
species composition from one life zone to an-
other over relatively short distances. Beta di-
versity for the Monteverde data set was 0.45,
whereas beta diversity in our study was 0.60
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based on netting data from three elevations and
0.52 based on count data from five elevations.
Jaccard similarity values ranged from 0.19 to
0.47 in Monteverde and from 0.20 to 0.56 (net-
ting) and from 0.01 to 0.62 (counts) in our
study. Thus, both mountain ranges illustrate
the importance of species turnover along ele-
vational gradients as a factor influencing the
species richness of the regions. High faunal
turnover along elevational gradients is charac-
teristic of other groups as well (e.g. trees, Lie-
berman et al. 1996; leaf-litter invertebrates, Ol-
son 1994).

Avifaunas of both regions of Costa Rica are
characterized by a high proportion of eleva-
tional migrants, although totals are somewhat
higher along the La Selva/Volcdn Barva tran-
sect. The occurrence of many elevational mi-
grants at low elevations emphasizes the value
of protecting forest along an entire gradient.
Such protection does not exist in the Montev-
erde area but is warranted not only because
many species regularly move to lower eleva-
tions, but also because other species may move
to lower elevations only on an irregular basis
(Pipra pipra occasionally moves from higher el-
evations in Braulio Carrillo to second growth at
La Selva). Although such movements may oc-
cur only infrequently, they involve many indi-
viduals in some years (Winker et al. 1997). The
presence of lowland refugia during periods of
inclement weather or low resource conditions
at higher elevations may ensure long-term sur-
vival of species.

The lowest elevation represented in the data
of Young et al. was 650 m. Absence of lowland
wet forest sites from the Caribbean slope likely
reduced the total number of species captured.
In our study, 117 species were not recorded
above 500 m, and 27 species were found only at
50 m. Of the 117 species, 71 were not recorded
by Young et al., although many of these species
are known from the Monteverde area, partic-
ularly from the lower regions of the Caribbean
slope (Fogden 1993). We captured 39 of the 71
species, suggesting that the absence of many of
these species from the Monteverde data set was
not simply due to lack of counts. These data
further illustrate the need to protect lower-el-
evation forests in the Tilaran region if long-
term survival of many species is to be assured.

Substantial variation in the structure and
composition of forest avifaunas occurs in the
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mountains of Costa Rica. Turnover and diver-
sity patterns are similar between two well-
studied cordilleras, likely indicating similar
evolutionary histories and historical develop-
ment of their respective avifaunas. Both studies
highlight the distinctiveness of avifaunas
among Holdridge life zones and the relatively
high proportion of threatened species and spe-
cies that undergo regular seasonal movements
from one zone to another. Thus, the integrity of
biodiversity in Costa Rica requires not only the
preservation of representatives of each life
zone, but also connections among such zones.

ACKNOWLEDGMENTS

Our work at La Selva and in Parque Nacional Brau-
lio Carrillo has been assisted by many people in var-
ious ways. Many discussions over the years with F.
G. Stiles increased our knowledge of Costa Rican
birds greatly, and his work on elevational migrants
was instrumental in stimulating our work. We thank
the Organization for Tropical Studies, particularly
David and Deborah Clark, for providing permission
and considerable logistical support for work at La
Selva; F. Cortés and J. Doblez of Servicio de Parques
Nacionales generously granted permission to work
in Braulio Carrillo, work that was facilitated by many
of the park guards. This work has received financial
support from National Geographic Society; J. S.
Noyes Foundation; University of Wisconsin (Guyer
Fellowship); University of Minnesota-Duluth (Nat-
ural Resources Research Institute, Center for Water
and the Environment); Douroucouli Foundation; Na-
tional Academy of Sciences, ]. Henry Fund; Wilson
Ornithological Society, Stewart Award; Northeastern
Bird Banding Association; University of Missouri-St.
Louis; and Victor Emanuel Nature Tours. Prepara-
tion of this manuscript was made possible by a grant
from University of Missouri Research Board. The
manuscript benefited from comments of B. Young, J.
Walters, T. Martin, and anonymous (or semi-anony-
mous) reviewers.

LITERATURE CITED

AMERICAN ORNITHOLOGISTS’ UNION. 1998. Check-
list of North American birds, 7th ed. American
Ornithologists’ Union, Washington, D.C.

BEEHLER, B. 1981. Ecological structuring of forest
bird communities in New Guinea. Monogra-
phiae Biologicae 42:837-861.

BLAKE, ]. G. 1992. Temporal variation in point counts
of birds in a lowland wet forest in Costa Rica.
Condor 94:265-275.

BLAKE, J. G., AND B. A. LOISELLE. 1991. Variation in
resource abundance affects capture rates of



July 2000]

birds in three lowland habitats in Costa Rica.
Auk 108:114-127.

BLAKE, J. G., AND B. A. LOISELLE. 1992. Habitat use
by Neotropical migrants at La Selva Biological
Station and Braulio Carrillo National Park, Costa
Rica. Pages 257-272 in Ecology and conservation
of Neotropical migrant landbirds (J. M. Hagan
Il and D. W. Johnston, Eds.). Smithsonian Insti-
tution Press, Washington, D.C.

BLAKE, J. G, F. G. STILES, AND B. A. LOISELLE. 1990.
Birds of La Selva Biological Station: Habitat use,
trophic composition, and migrants. Pages 161-
182 in Four Neotropical rainforests (A. Gentry,
Ed.). Yale University Press, New Haven, Con-
necticut.

BUTTERFIELD, R. P. 1994. The regional context: Land
colonization and conservation in Sarapiqui. Pag-
es 299-306 in La Selva: Ecology and natural his-
tory of a Neotropical rain forest (L. A. McDade,
K. S. Bawa, H. A. Hespenheide, and G. S. Harts-
horn, Eds.). University of Chicago Press, Chi-
cago, Illinois.

COLLAR, N.J., M. J. CROSBY, AND A. J. STATTERSFIELD.
1994. Birds to watch 2: The world list of threat-
ened birds. BirdLife Conservation Series No. 4,
Cambridge, United Kingdom.

FOGDEN, M. 1993. An annotated checklist of the birds
of Monteverde and Pefias Blancas. Monteverde,
Costa Rica.

GAMEZ, R., AND A. UGALDE. 1988. Costa Rica’s na-
tional park system and the preservation of bio-
logical diversity. Pages 131-142 in Tropical rain-
forests: Diversity and conservation (F. Almeda
and C. M. Pringle, Eds.). California Academy of
Sciences, San Francisco, California.

GENTRY, A. H. 1988. Changes in plant community di-
versity and floristic composition on environ-
mental and geographical gradients. Annals of
the Missouri Botanical Garden 75:1-34.

GOTELLL N. J., AND G. L. ENTSMINGER. 1997. EcoSim.
Null models software for ecology, version 1.11.
Acquired Intelligence Inc. and Kesey-Bear, Bur-
lington, Vermont.

HARTSHORN, G. 1983. Plants. Pages 118-157 in Costa
Rican natural history (D. H. Janzen, Ed.). Uni-
versity of Chicago Press, Chicago, Illinois.

HARTSHORN, G., AND R. PERALTA. 1988. Preliminary
description of primary forests along the La Sel-
va-Volcan Barva altitudinal transect, Costa Rica.
Pages 281-295 in Tropical rainforests: Diversity
and conservation (F. Almeda and C. M. Pringle,
Eds.). California Academy of Sciences, San Fran-
cisco, California.

HOLDRIDGE, L. R. 1967. Life zone ecology. Tropical
Science Center, San Jose, Costa Rica.

JANES, S. W. 1994. Variation in the species composi-
tion and mean body size of an avian foliage-
gleaning guild along an elevational gradient:

Elevational Gradient in Costa Rica

677

Correlation with arthropod body size. Oecolo-
gia 98:369-378.

JanzeN, D. H., (Ed.). 1983. Costa Rican natural his-
tory. University of Chicago Press, Chicago, Illi-
nois.

KARR, J. R., S. K. ROBINSON, ]J. G. BLAKE, AND R. O.
BIERREGAARD, Jr. 1990. Birds of four Neotropical
forests. Pages 237-269 in Four Neotropical rain-
forests (A. Gentry, Ed.). Yale University Press,
New Haven, Connecticut.

LEvEY, D. ], AND E G. STILES. 1994. Birds: Ecology,
behavior, and taxonomic affinities. Pages 217—
228 in La Selva: Ecology and natural history of a
Neotropical rain forest (L. A. McDade, K. S.
Bawa, H. A. Hespenheide, and G. S. Hartshorn,
Eds.). University of Chicago Press, Chicago, I1-
linois.

LieBERMAN, D., M. LIEBERMAN, R. PERALTA, AND G.
S. HARTSHORN. 1996. Tropical forest structure
and composition on a large-scale altitudinal gra-
dient in Costa Rica. Journal of Ecology 84:137-
152.

Lo1seLLE, B. A., AND J. G. BLAKE. 1991. Temporal var-
iation in birds and fruits along an elevational
gradient in Costa Rica. Ecology 72:180-193.

LoiseLLE, B. A, AND J. G. BLAKE. 1992. Population
variation in a tropical bird community: Impli-
cations for conservation. BioScience 42:838-845.

McCuNE, B., AND M. J. MEFFORD. 1995. PC-ORD.
Multivariate analysis of ecological data, version
2.0. MjM Software Design, Gleneden Beach,
Oregon.

NorMAN, C. 1985. Virgin rain forest reprieved. Sci-
ence 227:273.

OLsON, D. M. 1994. The distribution of leaf litter in-
vertebrates along a Neotropical altitudinal gra-
dient. Journal of Tropical Ecology 10:129-150.

OriaNns, G. H. 1969. The number of bird species in
some tropical forests. Ecology 50:783-801.

PARkER, T. A. I, D. F. STOTZ, AND J. W. FITZPATRICK.
1996. Ecological and distributional databases.
Pages 115-436 in Neotropical birds: Ecology and
conservation (D. E. Stotz, ]. W. Fitzpatrick, T. A.
Parker III, and D. K. Moskovits, Eds.). University
of Chicago Press, Chicago, Illinois.

PetiT, D. R, J. E LYNCH, R. L. HUTTO, J. G. BLAKE,
AND R. B. WAIDE. 1995. Habitat use and conser-
vation in the Neotropics. Pages 145-197 in Ecol-
ogy and management of Neotropical migratory
birds (T. E. Martin and D. M. Finch, Eds.). Ox-
ford University Press, New York.

PowgkLL, G. V. N,, AND R. D. BJORK. 1994. Implications
of altitudinal migration for conservation strate-
gies to protect tropical biodiversity: A case
study of the Resplendent Quetzal Pharomacrus
mocinno at Monteverde, Costa Rica. Bird Conser-
vation International 4:161-174.

RaLprH, C. ], J. R. SAUER, AND S. DROEGE (Eds.). 1995.
Monitoring bird populations by point counts.



678

United States Forest Service General Technical
Report PSW-GTR-149.

RAPPOLE, J. H., K. WINKER, AND G. V. N. POWELL.
1998. Migratory bird habitat use in southern
Mexico: Mist nets versus point counts. Journal of
Field Ornithology 69:635-643.

REMSEN, J. V,, Jr., AND D. A. Goop. 1996. Misuse of
data from mist-net captures to assess relative
abundance in bird populations. Auk 113:381-
398.

RENJIFO, L. M., G. P. SERVAT, ]J. M. GOERCK, B. A. Lo-
ISELLE, AND J. G. BLAKE. 1997. Patterns of species
composition and endemism in the northern
Neotropics: A case for conservation of montane
avifaunas. Pages 577-594 in Studies in Neotrop-
ical ornithology honoring Ted Parker (J. V. Rem-
sen, Jr,, Ed.). Ornithological Monographs No. 48.

RosseLLL, L. 1994. The annual cycle of the White-
ruffed Manakin Corapipo leucorrhoa, a tropical
frugivorous altitudinal migrant, and its food
plants. Bird Conservation International 4:143-
160.

ROSENZWEIG, M. L. 1995. Species diversity in space
and time. Cambridge University Press, Cam-
bridge, United Kingdom.

SCHLUTER, D., AND R. E. RICKLEFS. 1993. Species di-
versity: An introduction to the problem. Pages
1-10 in Species diversity in ecological commu-
nities (R. E. Ricklefs and D. Schluter, Eds.). Uni-
versity of Chicago Press, Chicago, Illinois.

StiLEs, E G. 1983. Birds: Introduction. Pages 501-530
in Costa Rican natural history (D. H. Janzen,
Ed.), University of Chicago Press, Chicago, Illi-
nois.

STILES, F. G. 1985. Conservation of forest birds in Cos-
ta Rica: Problems and perspectives. Pages 141-
168 in Conservation of tropical forest birds (A.
W. Diamond and T. E. Lovejoy, Eds.). Interna-
tional Council for Bird Preservation Technical
Publication No. 4, Cambridge, United Kingdom.

BLAKE AND LOISELLE

[Auk, Vol. 117

STILES, E G. 1988. Altitudinal movements of birds on
the Caribbean slope of Costa Rica: Implications
for conservation. Pages 243-258 in Tropical rain-
forests: Diversity and conservation (F. Almeda
and C. M. Pringle, Eds.). California Academy of
Sciences, San Francisco.

STILES, E G., AND D. A. CLARK. 1989. Conservation of
tropical rain forest birds: A case study from Cos-
ta Rica. American Birds 43:420—428.

STILES, F. G., AND A. F. SKUTCH. 1989. A guide to the
birds of Costa Rica. Cornell University Press,
Ithaca, New York.

TERBORGH, J. 1971. Distribution on environmental
gradients: Theory and a preliminary interpre-
tation of distributional patterns in the avifauna
of the Cordillera Vilcabamba, Peru. Ecology 52:
23-40.

TERBORGH, J., S. K. ROBINSON, T. A. PARKER III, C. A.
MUNN, AND N. PIERPONT. 1990. Structure and
organization of an Amazonian forest bird com-
munity. Ecological Monographs 60:213-238.

WEGE, D. C, AND A. J. LONG. 1995. Key areas for
threatened birds in the Neotropics. BirdLife In-
ternational, Cambridge, United Kingdom.

WHITMAN, A. A., ]. M. HAGAN III, AND N. V. L. BRO-
KAW. 1997. A comparison of two bird survey
techniques used in a subtropical forest. Condor
99:955-965.

WINKER, K. 1998. Recent geographic trends in Neo-
tropical avian research. Condor 100:764-768.
WINKER, K, P. ESCALANTE, J. H. RAPPOLE, M. A, Ra-
MOs, R. J. OEHLENSCHLAGER, AND D. W. WARN-
ER. 1997. Periodic migration and lowland forest
refugia in a ““sedentary’’ Neotropical bird, Wet-
more’s Bush-Tanager. Conservation Biology 11:

692-697.

YOUNG, B. E., D. DEROSIER, AND G. V. N. POWELL.
1998. Diversity and conservation of understory
birds in the Tilardn Mountains, Costa Rica. Auk
115:998-1016.

Associate Editor: |. R. Walters



679

Elevational Gradient in Costa Rica

July 2000]

S0°0 7 ( stsuaunjo.vo sn8muiids)) MOpIM-S[IIM-ONYD
60°0 80°0 (sd20125148 winiponp1) (MO-Aw8LJ ueduawy [enua)
10°0 (21123018 S13Q) [MO-UDIIDG POIRINDOTULIIA
10°0 1 ( #A04fJ0a8 snyd.iouioap) 0ONPND-PUNOID) PIIUIA-SNOJIY
S0°0 1¥°0 ¥€0 (puvhvs vhinig) ooxpn) da1nbg
€56 04°ST (vsourivf vuozvuy) yorreq AredN
810 19°0 L (syjpuwngny vuozouryy) j01xeJ paiol-pay
wo er'e LL1 L (s1j1u2s snuoq) 10118 PIUMOII-ITYM
6€0 69°0 ¥1'C (s1j03v1mavy vzisdouotJ) 1o1reJ papooy-umorg
¥Io 19 (s15ua014p1500 31101 ) 19[101TE ] PAIUOIJ-PIY
910 19 (vjoauzy snyoufiyioqrog) 19oxere] patieg
100 L'q (vn81quiv v1y) Medey UadIc) Jeals)
%0 (vuvu v8urgpayy) 199 eIE] PAJEOII-IATO
L1°0 w0 (vuvyuows uo8A13035) aro-jrend) Appny
900 10°0 200 (vaopjora uo8A43005) aA0-[TENT) SNODR[OIA
¥co 1, (s15u201413500 u08A43035)) aA0Q-[1ENY) PAjUOII-JIng
S00 S€0 110 €0 1 (stsuan8vian uo8A11029) ano-Trengy paxdeq-aaIjO
9%0 199 900 sy (s143s041481u pquinjoD) w0381 PIIIIq-1I0YS
S6°0 401 q (vaovutaqns vquinjo)) uoadry Appny
yee g (vgw1osuf vquinjoD) uoallJ pajrei-pueg
010 (vsowads vquinjo)) woad1J pajess
10°0 (vauvivo sapiuviy) [Te-POOM PaNd3u-Lein
290 9’1 1 (snutapjoona) snioydojuop) [1en)-poop paisesiq-yoerg
70 1. (sypounaus snioydojuop() [ren)-poops paiea-yoe[g
€C°0 260 <00 1L (v4gni xv4D) mosseIny) yearn)
o ¥1'0 <00 1. (4ogoorun sagadavuivy)) uens) sperg
600 81°0 00 <00 1 (suaosvand.ind adojauag) uency paysaid
<[00 200 (snypnb.10311as ingsviOLAT) UOD[R-1S2I0] PIIR[[0D)
00 S0°0 ¥20 200 (12110pup1U ANYSPAOIAT) UOD[RI-1S3I0 Paydeq-Aje[g
710 €10 900 S1°0 10 (s17100Yn.4 4ngsvAIIPY) UOD[RI-1SAIO] paireg
S0°0 1 (snuuvihy snjavzids) sf3eq-ymer] yoerg
S0°0  TL0 8%'0 ST'0 1 (vaqumdnuas suuia3doona ) symer] snosquunjdrusg
§0°0 €10 q (sdaourid siuia3doonaT) Symey paireg
00 200 (smwuapiq sndvdivpy) a3y pay3003-3[qnocg
$9°0 500 L (1p4vonoq snjjainydfii)) nowreur], pajseaiq-Lie[g
(440 480 900 (1234vdvuoq snoz00y30N) nowreut], puerysry
660 99T S0°0 (40lp snmupu ) nowreur], yearn)
$90 $90 sq0  ded sq0  ded sq0  ded =saadg
w 00T w0s’T w 000'T w 00s w08

(8661) NOV SMO[[0F

SIMJE[OUSWON "Bd1Y S0 ‘TeIjUa)) BIS[[IPI0]) Ay ul ([ d]qe], 99s) Uonesd]d 4q (sqQ) suonearasqo pue (dep) sanjded [e303 Jo (QOT x) 29ejuadIdg ‘| XIANEIIY



[Auk, Vol. 117

BLAKE AND LOISELLE

680

L1°0 ST0 (s1suawvuvd vpydoonipy) paiqIgNJ POISNSTYM-3ITYM
100 (soyouArs0100 SY24pYION) PIIGINJ PINIDU-ITYM
200 (vauav ajfia00.01yD) 1oysySury AwdLJ uesnowy
€C'1 €40 410 (rumypoufyAid uo4323]7) JOWION PII[Iq-peoig
900 Zro 610 LT0 (113401 snBuayyydAivg) 30uON snony
1470 61°0 13 (ouuoowt snayovuotvyJ) reziong) yuspuardsay]
€C0 101 L0 q (snypayvps uoSoar) uodoa] paqrer-aonie]
S0°0 ¥T1 641 (vuassvu uo8o4r) uo8or] parel-Ayelg
€8T  TI0 9€'C 0¥°0 (snfns uodo.y) uoBoi], payeorys-soerg
€10 (sryusanuviny uoSoly) uogoi], paraq-aduelp
110 160 201 €ro q (51417702 u08041) u0S01], PaIL[[OD
0 S0°0 q (v]]13u19s snioydsp}ag) paigSuruwung] JUe[[UDS
S0°0 (s14350.41810] 423SP1401]1]) YeOIY3IRIG POI[Iq-SU0]
S00 100 200 (110449 xAayzo1apy) Arreg pamom-ading
420 80 820 87y q (v1nov{ vxopo11aE]) JUeI[[1Ig PIUMOID-UIIID)
89°C LL9 900 q (s143u2003upispo s1uioduirT) WIZ-UTIUNOA PITEOIYR-23TYM
ore 8%’ (snonapway siuiodp]) WaB-urejunoly paI[[2q-a3yA
600 ¥T ¥10 a1 1. (v1sAayosn vanghypy)) 1939[oWwN] pajIe}-azuolg
90°0 19 (vgpuoioo0qry viayoosnpy) deomoug
600 S¥ 0 19 (sdaoraidno vire1g) prerowyg papesy-A1addo)
ac's LS°T 06'C 19 (stipuonridiu vsniaydny) paqdurununy parfeq-yoerg
L0°0 (1avovzy vipzowy) prq8uruwing pajre}-snoyny
S0°0 (si1quiay vippzvwy) priqSunuwny] pajsayp-an(g
900 q (av1o172 s1avy20]AL]) TeIUSP[OD) pajeoIyi-ang
£9°9 10 q (suisuz aduajuag) priq3uruuwing] pajeosys-A1arg
61°0 el vO1 9€E 890 99'1 q (vor1quio10o vruvingoy 1) YdwAUpoops PIuUMOId-}I[OTA
900 (1g021uvd HoqI3SOL0]YD) PrEISWIT SJATURD)
€0 €00 200 (17auqn8 sipy) paiqunuuung] papeay-1a[oIA
IT°0 (snuissprvyy 14g110D)) 1€9-19[0IA UIIID)
600 180 €00 69°0 q (vionyaus v8nstiol]) UIqodE[ PANOIU-ITYM
90°0 q (snanonajuay snizgdojidun?y) Suimaiqeg 1910TA
01°0 60°0 460 90°0 d (avoraopny viafAio(q) [[1qaOURT PIFUOIJ-UISID)
¥8°0 Geo 800  4I0 g (vpmbo saaxomg) MaappPts paddn-aamym
s¥'o o't €90 60'1 0s0 (snaipwan8uo] s1uioyavyd) JIWISE SN
T 80T 891 89'¢G (snsorp1oaadns siuioyjavy J) TWISH pafre;-3uo]
€1 0z's 80'¥ €801 LT0 €8T q (AnS siuioygovy ) NWISE UIIID
L1°0 0€°0 (14y0om4 sa3au241 1) yeoIyiqieg pajiel-pueg
90°0 00 (vauav spnvp9) yrwIdL Azuoig
$q0 sq0 sq0  ded sq0  ded sq0  ded sopadg
w 00T W 00ST w 000’1 w 00S u g

‘panuUnuo0) ‘I XIANAIdY



681

Elevational Gradient in Costa Rica

July 2000]

10 (snyvaur) snuppquiiD) SNUIYSIUY pajense]
610 620 4 (snyprsnd snyduvyiojiduin)) [NIGaYIAOS PafIq-umorg
0e'1T ¥8°0 S0'0 860 AN} L0 (smi8Adosy3hiia snyoufiyioydry) 1adssiopoop pazodg
€40 111 710 (snsouthayovy smyouhyioydryx) zodessopoopy padins-yoerg
SO0 (suviinsns smyppufioydry) 19doasIdpoops eod0D)
600 €0 Ly0 (avwoygnzoups sagdpjoooipua(g) 19dsaIopoop) paireq UISYIION
9%0 6T 1S'T  86T1 €81 95Tl (snanards smyoufioydArs) sadaaidopoopy paf[Iq-aSpam
100 200 (vpnvorSuoy vanydAuosa) sodesrdpoopy pofrer-Suoy
610 <[00 (wouypousoy vyoursospua(q) radasrdpoop Appny
600 TS0 200 9%'1 (vsour81ynf vpouroapua(g) 19dasIdpoopy umoiq-ure[J
€20 €00 60 1 (s1suappuiappn8 sninialog) 13ss03Jea] payeoyy-Aedg
600 St0 AN} (snuvorxaus sninialds) 198503Jea pareoIyi-Aume]
750 900  S¥O (snpnuru sdouzy) sdousy ureyJ
<00 Y0 Q00 6€°0 L (snauuniqofni sapoapodiiy I) I91unyaai], pajseaiq-yeang
600 60 200 50'0 (snuiavjoiyoo snjoutoynyy) 19uea|3-ader[of pareoryi-jyng
900 1 (sdaoyn8ariva, viy1000gp1yy) 19ues|S-aSeriod payeoiyl-A[edg
o 620 48T 61'C (stvpqns vjAzovpuhis) roues[3-aderjoq pajesur
G600 €90 110 700 (snywingns sa3s51300]AF]) Iayuneypoops pading
430 S0°0 (1ouaimw) saydpjooopnas ) sieayppayny, Ang
99°¢ 180 (snsourSiqni siuioivSivpy) IPUUNISAIL Appny
09°0 980 €6°0 08¢ (suaosauun.iq xajdouwasg) [rejqreq pajodg
81 W 00 (stsuappuapons snpydaduin ) 195padpoop payfiq-ared
60°0 910 (snpwauy] sndodofiig) 1aspadpoops pajesur]
¥1°0 0%'0 (snauwjspo snaja)) 13xpadpoopy paiofod-muisay))
90°0 (snwori0] snaja)) 1x0adpoopy uowreuur)
8¥°0 80 (snsour1gn.i smnoig) 1909dPOops SAI[O-UIPIOD)
600 €00 1 (xapduns smnorg) 19xpadpoopy padurm-snoyny
99°0 500 S0°0 (snsojpra saproo1J) 195padpoopy Arrery
81°0 o010 (ruvaayond sadisunjapy) 195padpoopy pasaayp-syoelg
8T'1 €8¢ L (1uosurpms sojspydwpy) ueono], pajqrpueur-nusay)
Wl [ ar (smppanfins sopsoyduiny) uednoy, pa[[iq-12eX
o 19 (sy1qr12ads piap1uajag) 19uedno], paIea-moqEk
091 /8'1 0%°0 (snyvnbaog snssoj8o4atq) 1redery pare[o)
220 ¥T°0 820 90°0 q (snuisvad smyoufiyt0ovynyy) 3ouedINO] preIswsy
§6'e 6¥'9 LT'Y $9°0 q (1zguvif stuiouwas) 19qaeq pa[[iq-Suorg
¥LIo 900 q (1143104109 000ngng) 3oqieq papeay-pay
ST'0 (vaany sdosauwov|) Tewrede( yeain)
99'1 180 200 (snaoydiow pspuopy) pIIqUINN PIIUOIJ-FTYM
sq0 s90 sq0  ded sq0  ded sq0  dep .sapadg
w Q00T W 00S'T w 000°T w 00s w 0g

‘PONUTIUOD) ] XIANAAAY



[Auk, Vol. 117

BLAKE AND LOISELLE

682

610 90°0 S0°0 0¢0 7 (suaosasa xvuoprdug) 19YpIedL[] uerpedy
S00 SO0 7T (s4uantonyf xvuoprduig) 1p¥edA1d PIT[2q-MO[[X
S0°0 S00 1 (242d00s sndojuo)) 10UpFEdAL] PapIs-aATIO
0Tt ¥E1 €1'0 (snouaooavyd sauviydoizry) I0upYedA]] payny,
€10 LT°0 (smiBAdrasmydins snigoiApy) 1aypresApy paduni-inyding
9%'0 600 69'1 (snanayihia snooriouasar) JYpIedA pafrer-Appny
o 020 (snawuo400 smydufiysoyshuQ) 1YpIedATq [ehoy
8I'0 961 0€0 ¥2°0 (snpuo409 snyouriA]d) [[1qepeds paumoId-uspron)
LT0 LS0 €0 €IT (snaovyshiu snyourifipnd) Trqepeds pajeoIy3-aym
€70 Se0 200 (s1ruarssy sprAuoui)qL) 10YpIedAT paurdrew-MofaK
€10 900 0€0 50 (s1435041094q snppfaoyoufiyy) [1grerd paSui-adg
60 65T €0'1T Y10 210 (smavapid snootagoydoT) yueak ] -Aw8L J pojsaid-aredg
F10 90 200 (smpdvoragy stuwaothyy) yueak1-Aw84g paddes-yoerg
18°1 S6'1l 900 Q0’1 G8°0 200 q (snuassyia snauwmy7) ypMuueIi], Anred
90°0 90°0 (stavtj1o4adns uoSodozda) soypyesAry paddes-Lie[g
90°0 | S A VA €C0 €C'6 « (snau8vajo sapoauot}yy) 10YpIedL[ paI[Rq-31yd0
S0°0 °L0 610 082 171 100 6%'1 g (snaowazjo sajoauo1py) 10UpIedAT] padinys-aalQ
L1 61°0 q (11zgup.sf p1uav]7) eTuae[q UTEjUNOA]
100 200 (wunppdvorauunig vorygrui) wmuuerl] paddes-umorg
8% so¢ 69'C (suosfiuaiv snydojpifiag) onoede] pajuoiy-A10A[rS
910 60°0 6£0 (stagsoarapyf pinorivypi0) enidiuy paisesaiq-aaypQO
S0 6T0 0 S0'0 (snpwjpiordsaad snzadojfiy) epidiuy paisayp-yeang
90°0 1 (s1suappunpn8 vrapjwan) enidyuy paress
Gcc €0 98’1 480 (styypuv sn1avo1ui0) ysnaypuy paoej-yoe(q
S0°0 440 L0 06T 4570 84'C (ruvuuvap snorysouavy J) pIIqIUY pare[[ad0
e LTE ye0 148 4 (sidsvonay sAygrdouwificy) piiqiuy paiojodrg
€0  THC 020 161 (saproraavu xvjAiydojAy) prqyuy payodg
98’1 18T €Tl q (vpnovwiuy vzawAW) pIqIUY 23e[ndeuru]
SI'C  ¥0°1 (\rare 790 (jnsxa vzauLfipy) pIIqIUY pasdRq-INUuISaYD)
60°0 (s1suaxinb svridoyio101y) usamiuy pasuim-10(g
€20 191 (407001351125 PINIAYIOULIARY) UBIMIUY KIS
050 9%°0 ¥1°0 [ 720 (suvpixy EEmfaESS@ URIMIUY payuej-23IyM
600 6C0 <00 ¥8°0 (sryyuaaiainf viniayiouLIAA) USIMIUY PIJEOI}-I9XaYD)
81°0 £8°0 600 0 1 (sdaorgwrags snumpygisAq) 03I1AJUY PIUMOID-YEIIIG
€0 90°C q (syvjuawt snuwvyjisA) odIAIUY UTe[J
90°0 (snuppqoup sagstunipy 1) SLIYSIUY Jossny
99°0 S0 (vyonuryw snpydouwisy 1) SNLIYSIUY -A3e[S UISISIM
S0°0 (40fv vquay]) SNTIYSIUY 1LIID)
sq0 sq0 sq0  ded sq0 ded sq0  ded «sapadg
w00'T W 008 w 000°T w 00S w 0g

‘panunuo) [ XIANZAdY



683

Elevational Gradient in Costa Rica

July 2000]

(snanuvjour snusvooyduvy) uazmyeusy paqq-Suo

S0°0 gq’0 900 00
€C0 610 %0 €90 10°0 490 (St43ua012.40U10 S3IPQOIOITA) USIMIEUD) Padej-Aume]
6L'L  6C¢ ¥T0 60 (smpwydasoavyd snuyioydfin) usaps Suog
w0 /410 180 L0 L (vjpuiopyd snjnoiaooldtjyy) uaipy areSunySiN
€911 26'CTL 88°0T 9I'¢ (sAuydoona) vuiy1051UIE]) USIAM-POOA PIISEaIq-ARIn)
08¢ €€l ¥9°¢ [ ard (p3013800M3] VULI001UIF]) USIM-POOM PIISEIIG-ITYM
ST'T ¢L0 81 (8120044420 $21Ap0]80.4] ) UBIA SNODRIYPO
62'C 900 80'0 200 (snoww.ioyy snioyjofiiy]) Usipg paisearq-ading
L0 900 6€0 S0°0 (syndvoradiu snaoyjofiay 1) usipy Aegq
1670 9%'0 €10 (vpwnons vohjouvA)) Aef papooy-ainzy
SI'C £0°0 (sny1ayoind sniuv]oair /) OIIA-MLIYS UIIID)
610 04Cc 900 89°C 200 (smppanoap snjiydojApy) 19[uUaaI0) 19889
/80 /80 €40 20 (sdao1aova120 snyydojAEy) 19TU2310) paumord-Lumey,
200 1 (smaovaijo 02414) 03117 Paka-pay
200 1 (snomydapopyd 0ai1A) oaxip erydapeyg
090 g (yoruivd 032414) 03I PISUIM-MOT[IX
S0°0 d (sngpysiio snounifixQ) [iqdreys
6’ €€ Wl 191 < (syppuaws vadrg) unyeuely paddes-pay
61°0 907 €0 £0°0 q (v4did vad ) upfeue paumoId-a)Iysm
€0 €C0 0971 010 €79 d (w4211 0didyi0D) UDEURIA POJEOIY}-B3YM
90°0 250 (12puvd SHOVUBIAT) UD{RURIA] PAIL[[02-93TYM
98°0 a8l 611 0T°0 LA (vavqnouninoriy sprusodd) pIqeg paprem-aaIyy,
8T0 90°0 19 (517100149118 snaapdoppyda)) priqe[[aiquip) paydsu-areg
60°0 920 (viwindind vpniangy) morymig payeoryy-srding
100 1 (snpytu sagoapodin)) e8uno) Amoug
<S0°0 820 S0°0 (vpwrospfiwas v4hign]) e1kin] padse
49°¢ 900 S1C 200 (snfnaiun sn8nvdrg) eqrg snoyny
050 900 S0°0 200 1 (sda0125148 sapridy ) sayadig papesy-Aein
w0 620 (snuipiny stuioffiyog) STUIOJITYS MI[-YsNIY],
7o LS°0 990 (snsAiyoruay sapsvuAplAp) IoYpYedLT PaI[[og-Uuap[o)
600 80°0 (s1suapruvid sa3230z1A1\) 10ypIedA]] paddes-Aern
500 (vn8uvpd snyopuhivSajN) T9YdIedATS PI[Iq-1e0g
€€0 1 (snrurd snyoupiAp) 19PJIAL] Patsa1)) Jeals)
€0 900 8T 900 00T 010 (vaphazroy vuiagdizfiyy) IDUWIMOIN SNOJNY
750 9%0 €10 0T T0 681  4TO (snaowpuds ppzy) e[y padwni-ySug
91’0 q (sdaorgw suassaon ) 19ypyedL]y paddes-yoerg
120 ¥L0 £€°0 860 q (suaosaaw]] xvuopiduig) 19Yd3edAT] YSIMO[[IK
80 (stvn81qpw xvuoprduy) 19UPIedAL PITROI}-d3TYM
sq0 sq0 sq0  ded sq0  ded sq0  ded =sapadg
w 000‘'T W 00S‘T w 000°1 w 00S w 09

‘ponunuo) [ XIANAAdY



'[Auk, Vol. 117

BLAKE AND LOISELLE

684

92’0 90'c STS €9°0 6’1 (oo sidnvaygoioqy)) 193eue] A0
90°0 (nuissvo sn8uidsougrpy) re8eue], pasey-Lysng
460 61°0 1 (vuanppuoshays sidApyzoshiy)) 1adeue] mo[RA-pue-yoerg
£20'9¢ (snapd sndurdsoiopy)) 19Seue] -ysng paddes-£jo0g
c0'0 29t V.41 TTE (snorwppyzdo sndurdso.opyD) 198eue]-ysng uournuo))
e €r'o S0°0 (vjo2avyf vga120D) yInbeueueg
o S0°0 (10400 vtuopajaz) YsnIgyuaim
¥I°0 90°0 €0 10°0 500 (vprwonagnf sidAjyjoavy g) 191qrepy padwni-fyng
91 160 97'C (snip1a3siay snaamapisvg) 1d]qrep padins-aary],
$0'1 (sfiuaouvaw sniagnagisvg) 19[qIeps pINIYR-YoR[g
§e'e SI'¢ q (snyunb.ioy snioqolA) 31eISPaY pae[o)
10°€ 00T (smppua snioqoiAN) 11e3Spay PaeoIy}-aje[s
900 200 1 (s1suapvups viuospipy) I9[qIEAL epEURD)
440 1 (vysnd v1uosjipL) I9[qIBAA SUOSTIA
200 (vovpfiuas s1djfy1095)) 1OIYIMO[[IA PIUMOII-IALO
€10 970 10 T (snsousiof stuiot0dQ) 19[qIEM AoNIUay
900 200 7 (p11290301 $MAN13G) YSNIYRISJEAA BUEISINOT
900 1 (snypidpooiny sniniag) pIquUIAQ
200 171 (snioa1uiizn sodaygrugag]) 19[qrepy Suryes-uLiop
S0°0 90°0 71 (vt4va vijj01up) I3]qIEM S}YM-pUE-3dE[
10°0 00 1 (vauviswo varoipua() 1B]qIRAL pIISearq-Aeg
¥1°0 900 100 T (vosnf par04pua(g) I9[qIEp UeIULINGSDR[G
F1°0 (suai1a vor04pua(]) 19]qIEAL USIID) paJROIY}-OR[G
610 0I'T 900 20T 200 7 (poruvajhisuad voroipua(y) 121qIep PIPIS-INUSAYD
600 90°0 L1 (vaazdosAingd viooruiap) 13[qiep) paSuim-uap[oo
€e°0 q (snavpnvo shuodoj1;J) 10ypyedAy-AN[Is pafres-Suog
¥8°C 290 (vypuvxouvjau vidourvyJ) UYPIedA-AN[IS MO[[PA-pue-yde[g
180 €1'e €6'C 600 091 LL°0 q (s13210sqo snpan]) Uiqoy pajusA-afe]
Ire 61°0 q (snfaqajd snpang) uiqoy ureyunon
61°0 61T  Gg¢ 9670 9T's 11 (vurjagsnut vjyo120jAF]) YsnIyJ, poop
or't S0°0 121 76'0 71 (sngpyngsn snipyip)) YysniyJ, suosurems
<o £0°0 T (snuwunm snivyw?)) ysnayj, vwv_wosu&mhu
10 (snuporxaus snivyzv))) ysniyl-aredunydiN papeay-sperg
€60 (nzpuvaf snioyp)) ysnayp-sreSunysin paddes-Appny
91 1 06T (423v2smf snavygv)) ysnay [ -areSunySiN paxorq-Ayels
99'¢ (sr4g5041710048 sn.vygv)) ysnay -areSunySIN pa[[Iq-yoeig
<9 16 90°¢ 8G9 840 Ze0 q (sdouvpaus sagsapvhpy) airey[og padej-yoerg
84°0 90T (vaquinid vj13dorjog) 1aypyedyeus) reordor],

$q0 sq0 sq0  ded sq0  ded sqo  ded «sapadg A

wQ00'c W 0051 uw 000°T w 009 w Qg

‘panumuo) [ XIANAAY



685

Elevational Gradient in Costa Rica

July 2000]

W (G 3A0qe JURISTW [EUOHRAD[D Se PAJUN0d = ,J JUeISnu [euonead[d = g ‘juesSiu [eurpnine] = 1 ‘sapads pausjeary) = [«

6’1 04¢ (vunzaguow sn1joavivsJ) efopuador BWNZIJUOA
SO'T L0'T (14318vm sn1joovivsq) efopuadoi) papeay-muwsayd)
09'1T 4 500 (sym8Adoin snorov)) anbe) padwni-jafredg
S0°0 61°0 690 SL0 G0°0 Se'o (saprouvhs vsduiooounhy) yeaqsorsy yoelq-anjg
420 8S¥'L It q (syv1q13 snoynayJ) yeaqsoisy paysny-yoerg
690 (4agsvdo1jod sasnvanyiofivD)) Yeaqsoiry paosey-yoe[g
€20 Q4T 900 S0 (5155048 10391]VG) YLIGSOID) PIIO[0I-I)R[G
00 (51435041100 sdouowia+iyy) moxredg padins-sperg
10T €8¢ €00 S1'0 (stgsoruvany uowartyy) moiredg pajig-aduein
250 €60 ¥9°C 900 (smyonuauun.iq uowa.rivng) Ypurg-ysnig paddes-ynugsay)
110 (s1pdva $33230z3J) Youtd pajooj-adie
60'L g (syprqy snioydoigasd) yould paySIys-mo[ax
€€0 8¥'1 SY0 (s1435041550.40 sninsAT) Your] padej-£100g
FASH 6C'1 (vaquumyd vsso181(]) 1ao11d1amory Kyerg
900 (vasvarjo siiv1]) yinbsseisy paoey-morax
900 1o LE°0 (snasounf sn10gozfliQ) yuL-pasg paIq-PryL
€r'o S0 Ge0 (vuvoriauy vpydoiods) 191e9paaG S[qeLIEA
600 %0 200 (snprony sadiauvfi)y) 1adsarohauoy] Sururyg
60°0 500 S0°0 200 (vz1ds sauvydoiopy’y) 1odasrdfauoy ussin
S0°0 610 200 q (vuphvo siuop(q) studeq anig
Le°T 00T €80 sto q (1mop vivuyl) 193eue], payaayp-a3uedg
81°0 q (vppaiv] vavduy) 193eue] papooy-uap[oo)
80°% 850 101 €00 q (v1v1yda2042301 vap3uy]) 193eUR], Po1ROI}-ISA[IS
<00 (vprioy vavSuyl) 198eue] preiswryg
8€°0 (1) 0] q (sAuydopvo vruoydo.ioy)) eraoydoro[yd pamoiq-uspjon
Al 8¥'1 08¢ S00 G40 19 (avauur vnuoydny) eruoydng paddes-Lumey,
¥9°0 ce0 (3nuru muoydng) eruoydnyg pajuaa-a3nm
91'c 900 e T (tpn08 viuoydn7) eruoydng pavpeq-aafQ
60'0 €0 (v112dvoragny vruoydng) eruoydng paumord-mofax
IS0 900 1 (1av24v m1s8uvg) 198eue], pjo3-pue-anig
G0'0 (uuriassvd snjaooyduvy) 198eur] s,1urIasse]
90°0 900 100 200 T (viqni v8uvi1g) eue] IBWWNG
IT'1 q (vavyf vSuvs1g) 198eue], onedsyy
v40 860 or't 1 0 780 (114gv12p snuoydAyoy) 198eue] pajsard-Aume]
780 61°0 2070 (snsongomy snuoydfiyoyy) 193eure], paIspnoys-aiiym
$q0 sq0 sq0  ded sq0  ded sq0  ded «sapadg
w000 W Q0S'T w 000°1 w 00s w 0g

‘penunpuo) [ XIANIddY



686 BLAKE AND LOISELLE [Auk, Vol. 117

APPENDIX 2. Number of species by family for captures (Cap) and observations (Obs) by elevation (see Table
1) in the Cordillera Central, Costa Rica.

50 m 500 m 1,000m 1,5002,000 Species Zones per
m m species
Family Cap Obs Cap Obs Cap Obs Obs Obs Tot Cap Obs Cap Obs
Tinamidae 1 2 1 2 1 2 1 1 3 2 3 1.0 20
Accipitridae 1 2 1 2 1 3 4 2 3 1.5 20
Falconidae 2 3 1 1 2 3 2 3 20 23
Cracidae 2 2 2 1 1 1 3 2 3 1.0 27
Odontophoridae 1 1 2 2 1.5
Rallidae 1 4 2 1 1 1.0
Columbidae 3 4 2 3 2 1 8 4 7 1.8 16
Psittacidae 6 4 1 1 8 8 1.8
Cuculidae 2 1 2 2 2.0
Strigidae 2 1 2 2 1.5
Caprimulgidae 14 1 9 1 1 1.0
Trochilidae 12 7 1 7 11 3 7 6 27 23 19 16 1.9
Trogonidae 1 3 1 3 2 2 2 6 3 5 20 26
Momotidae 2 2 1 1 2 2 2 20 15
Alcedinidae 1 1 1 1 1.0
Bucconidae 2 2 1 3 2 2 1.5 1.5
Galbulidae 1 3 1 1 1.0
Ramphastidae 1 4 3 3 2 2 2 7 4 7 1.0 20
Picidae 1 6 5 5 4 2 1 8 1 8 1.0 2.0
Furnariidae 4 4 4 2 5 2 5 5 11 9 10 1.6 2.0
Dendrocolaptidae 7 6 6 4 9 9 7 1.7 20
Thamnophilidae 8 8 8 10 4 4 1 1 15 11 14 1.8 1.6
Formicariidae 2 2 2 2 2 1 1 4 4 3 1.5 20
Rhinocryptidae 1 1 6 1 1 3.0
Tyrannidae 14 16 12 9 13 10 10 28 20 25 20 20
Incertae sedis 3 3 3 3 1 4 4 4 1.5 1.8
Cotingidae 4 2 2 1 4 4 2.3
Pipridae 4 2 4 2 2 1 4 4 3 2.5 1.7
Oxyruncidae 1 1 1 1 1.0
Vireonidae 2 5 2 3 1 6 2 6 20 17
Corvidae 1 1 1 2 1 1 1 1.0 20
Troglodytidae 5 5 5 5 1 2 2 7 6 7 1.8 23
Sylviidae 1 3 2 3 1 2 4 3 2 3 20 27
Turdidae 5 1 6 3 5 3 4 2 10 7 8 2.3 1.9
Ptilogonatidae 10 1 4 2 2 1.5
Parulidae 8 4 3 1 1 8 3 19 14 13 1.5 1.5
Coerebidae 1 9 1 1 1 1 1.0 20
Thraupidae 9 12 6 11 4 10 4 4 23 16 21 1.5 2.0
Emberizidae 4 1 5 1 1 2 3 3 10 7 6 1.9 1.7
Cardinalidae 1 2 2 3 3 1 1 4 2 4 20 25
Icteridae 1 3 3 3 1 3 1.0 1.0




