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ABSTRACT.—Second growth has replaced lowland forest in many parts of the Neotropics,
providing valuable habitat for many resident and migrant bird species. Given the prevalence
of such habitats and the potential benefit for conservation of biodiversity, it is important to
understand patterns of diversity in second growth and old growth. Descriptions of species-
distribution patterns may depend, however, on method(s) used to sample birds. We used
data from mist nets and point counts to (1) describe species diversity and community com-
position in second-growth (young and old) and old-growth forests at La Selva Biological
Station, Costa Rica; and (2) to evaluate perspectives on community composition provided
by the two methods. We recorded 249 species from 39 families, including 196 species cap-
tured in mist nets (10,019 captures) and 215 recorded during point counts (15,577 obser-
vations), which represents ~78% of the terrestrial avifauna known from La Selva (excluding
accidentals and birds characteristic of aquatic or aerial habitats). There were 32 threatened
species, 22 elevational migrants, and 40 latitudinal migrants. Species richness (based on rar-
efaction analyses of capture and count data) was greatest in the youngest site. Latitudinal
migrants were particularly common in second growth; elevational migrants were present in
both young and old forest, but were more important in old-growth forest. Several threatened
species common in second growth were not found in old-growth forests. Trophic compo-
sition varied less among sites than did species composition. Mist nets and point counts dif-
fered in numbers and types of species detected. Counts detected more species than nets in
old-growth forest, but not in young second growth. Mist nets detected 62% of the terrestrial
avifauna, and point counts detected 68%. Fifty-three species were observed butnot captured,
and 34 species were captured but not observed. Six families were not represented by mist-
net captures. Data from mist nets and point counts both support the conclusion that second-
growth vegetation provides habitat for many species. Received 28 January 2000, accepted 16

September 2000.

CHANGES 1IN species diversity and composi-
tion along environmental gradients, including
elevational and successional, are well known
but not necessarily well understood aspects of
species-distribution  patterns (Rosenzweig
1995). Previously (Blake and Loiselle 2000), we
examined changes in diversity and composi-
tion of bird assemblages along a tropical forest
elevational gradient in Costa Rica (see also
Young et al. 1998). Here we take a similar ap-
proach to examine changes along a succession-
al gradient from young second-growth to old-
growth forest at La Selva Biological Station,
Costa Rica.

Second-growth vegetation, which has re-
placed lowland forest in many parts of the Neo-
tropics, can provide important habitat for bird
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species (Terborgh and Weske 1969, Karr 1971,
Blake and Loiselle 1991), although suitability of
such habitats varies (Borges and Stouffer 1999).
Successional habitats may increase connectivi-
ty among isolated fragments of forest (Stouffer
and Bierregaard 1995a, b), ameliorating some
effects of habitat fragmentation, and may be
important as foraging sites for some species
during certain periods of the year (Martin and
Karr 1986, Levey 1988, Blake and Loiselle
1991). Second growth and other disturbed hab-
itats can be especially important to many spe-
cies of long-distance migrants (e.g. Karr 1976,
Martin 1985, Blake and Loiselle 1992a, Petit et
al. 1995).

That diversity and composition of tropical
bird communities are closely related to habitat
is well documented; large changes in diversity
can occur over short distances as habitats
change (Terborgh et al. 1990, Robinson and Ter-
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borgh 1997). Bird communities of successional
habitats (both primary and secondary) typical-
ly differ from those of old-growth forest in
terms of species richness, composition, and tro-
phic structure (Karr 1971, Blake and Loiselle
1991, Robinson and Terborgh 1997 and refer-
ences therein). Although old-growth forest typ-
ically supports more species of birds, species
richness and abundance can be very high in
second-growth habitats. A variety of factors
(e.g. resource abundance) contributes to that
high diversity and abundance.

To understand factors that determine bird
distribution and abundance patterns first re-
quires a good description of those patterns. De-
scribing composition of an assemblage of birds
in a particular area is not a simple task and de-
pends, to a large extent, on the method(s) em-
ployed (Terborgh et al. 1990, Robinson et al.
2000). Mist nets and point counts both have
been used to document distribution patterns of
birds in many tropical habitats. Mist nets have
a longer and perhaps more controversial his-
tory in tropical studies (e.g. Terborgh et al.
1990, Remsen and Good 1996, Robinson et al.
2000), but both methods are widely used. Both
methods offer benefits and costs (Wallace et al.
1996), and each can provide different perspec-
tives on community structure (Whitman et al.
1997, Blake and Loiselle 2000), leading some to
advocate a combination of methods (Gram and
Faaborg 1997, Rappole et al. 1998). Compari-
sons among habitats may be especially influ-
enced by method, although interactions be-
tween method and habitat are not well
documented.

The major objectives of this paper are two-
fold. First, we describe and compare diversity
and composition of bird communities in sec-
ond-growth and old-growth forest at La Selva
Biological Station. More specifically, we use the
results to determine which species benefit from
presence of second-growth forest and which
are more likely to be restricted to old-growth
forest. We also evaluate possible factors that
might affect diversity of species in such habi-
tats. The second major objective is to evaluate
differences and similarities in results obtained
with mist nets and those obtained with point
counts. Both methods are used to describe bird
assemblages in tropical habitats, so an under-
standing of the similarities and differences in
results provided by those two methods is im-
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Values are means of the means of the three points per
net (with SE).

portant. Further, because observers often differ
in abilities (Verner 1985, Bibby et al. 1992), per-
spectives on community composition can vary
with observer. Few studies, however, explicitly
consider or evaluate observer variation (Nich-
ols et al. 2000). Thus, we also compare count
data by observer.

STUDY AREA

We conducted our research at La Selva Bio-
logical Station, located in the lowlands of
northeastern Costa Rica (10°25'N, 84°01'W). La
Selva encompasses ~1,500 ha, of which ~67%
is old-growth forest; it is bordered on the south
by Braulio Carrillo National Park (~45,000 ha).
The station also supports a variety of anthro-
pogenic successional habitats. Habitats includ-
ed in this study were young second-growth
(YSG; pasture until about 1981), older second-
growth (OSG; approximately 25 to 35 years
growth at the start of this study in 1985), and
old-growth forest (OGF) (see Blake and Loisel-
le 1991). The three habitats differed substan-
tially in plant species composition and struc-
ture, the latter illustrated by differences in
amount of open canopy (as recorded with a
hand-held spherical densiometer; Fig. 1). Veg-
etation in YSG averaged 5 to 8 m in height at
the start of this study (1985) but changed con-
siderably by 1994 (Loiselle and Blake 1994),
with corresponding changes in amount of open
canopy (Fig. 1). Trees in the OSG averaged 15
to 20 m in 1985. Old-growth forest sites were



306

BLAKE AND LOISELLE

[Auk, Vol. 118

TABLE 1. Summary of birds sampled with mist nets or point counts in young second-growth (YSG), old
second-growth (OSG), and old-growth forest (OGF) at La Selva Biological Station, Costa Rica. Observations
(i.e. point count records by sight or sound) are separated by observer (Ob1 and Ob2).

YSG 0sG OGF

Net Ob1 Ob2 Net Net Obl Ob2
Captures or observations 4,526 2,724 4,049 1,463 4,030 4,176 4,628
Species 157 130 155 95 107 115 122
Species (Ob1 + Ob2) 167 132
Species (captures + Obl + Ob2) 206 157
Captures/100 mist-net hours 44 26 20
Observations/count period 136 156 123 129
Mist-net hours (total) 10,177 5,598 20,633
Total count periods 20 26 34 36

within the main block of undisturbed forest of
La Selva where canopy height reaches 30 to 40
m (Hartshorn and Peralta 1988). Canopy cover
showed little overall change during the study
(Fig. 1) despite the occurrence of treefalls that
caused local changes in cover. La Selva receives
~4,000 mm of rain annually. The dry season
typically lasts from about late January or early
February to March or April, with a second, less-
pronounced dry season in September and Oc-
tober (Sanford et al. 1994).

METHODS

Mist nets.—Birds were sampled with mist nets and
point counts (see below). Mist-net studies started in
La Selva in 1985 and continued until 1994. Most data
were collected during December to April (late wet
season, dry season, to early wet season), although
netting was conducted throughout 1985 (see details
in Blake and Loiselle 1991). We used ground-level
mist nets (12 X 2.8 m, 36 mm mesh) to sample birds.
Nets were located 40 m apart on 5 ha grids in the two
second-growth sites (YSG, OSG) and on a 10 ha grid
in one OGF site. We also included data from some
additional captures in areas immediately adjacent to
the YSG plot (i.e. in similar habitat). At the second
OGEF site, nets were set ~40 m apart along narrow,
preexisting trails. Results from the two OGF sites are
combined in all analyses. Net locations were random
with respect to topography, locations of fruiting
plants, treefall gaps, or other factors that might in-
fluence capture rates (i.e. we did not select net sites
on the basis of a subjective assessment of capture
probabilities). Nets were operated from dawn to
about 1300 CTZ, but were closed during periods of
rain. There were 28 sample periods across 10 years
(1985 to 1994) at the main OGF site; 5 sample periods
in 2 years (1988 to 1989) at the second OGF site; 14
samples over 3 years (1985 to 1987) at the OSG site;
and 25 samples over 10 years (1985 to 1994) at the
YSG site (Table 1).

Point counts—We also sampled birds with point
counts (10 min per count) at the YSG and OGF sites.
Six to eight points were established ~200 m apart at
each site, centered on the same areas where netting
was conducted. Counts were conducted from 1987 to
1994 at the YSG site and one OGF forest site; counts
were conducted during 1988 and 1989 at the remain-
ing OGF site. All points were sampled on two to four
days during one to three periods per year (December
to April) (Table 1). Counts started ~20 min before
dawn and continued for no more than 2 h past dawn
(Blake 1992). All birds seen or heard were noted. We
conducted counts only on days with little or no wind
or rain. All counts were conducted by the authors,
both of whom are familiar with calls, songs, and
plumages of birds in Costa Rica. Both of us con-
ducted counts in both habitats, although number of
counts conducted by each of us differed.

Analyses.—Sample effort varied among sites. Thus,
we base our comparisons primarily on presence or
absence of species or proportions. All captured birds
were banded with numbered aluminum bands, but
individuals could not be distinguished during
counts. Thus, we use total captures (including recap-
tures) and total observations (which likely include
resightings) in all comparisons. Throughout, we
treat observers separately, so that our comparisons
are based on seven samples: three netting samples
(three habitats) and four point count samples (two
each from YSG and OGF).

We used Bray-Curtis analyses (variance-regres-
sion approach for endpoint selection; Sorensen sim-
ilarity measure; McCune and Mefford 1997) to
graphically compare similarity in community com-
position among different habitats and between the
two methods and observers. Numbers of birds cap-
tured or counted per species, family, or trophic
group (described below) were relativized (general
relativization by row and column totals; Beals 1984)
prior to analyses.

Numbers of individuals captured or observed dif-
fered among sites, precluding direct comparisons of
species numbers. Instead, we calculated rarefaction
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curves using a Monte Carlo simulation procedure
(EcoSim Version 1.11; Gotelli and Entsminger 1997)
that also allows a comparison of number of species
expected per site on the basis of the lowest number
of individuals recorded among sites being com-
pared; that is, species richness is compared on the
basis of the same number of individuals. Simulations
were run 1,000 times and mean expected numbers of
species at each site were compared based on the 95%
CI (i.e. nonoverlapping CI’s indicate a significant dif-
ference in means).

We assigned species to migratory categories (lati-
tudinal [long-distance] migrant, elevational mi-
grant) on the basis of AOU (1998), Stiles and Skutch
(1989), and personal observations. Two species, Pipra
mentalis and Mionectes oleagineus (common English
names are in Appendix 1), are represented both by
residents (individuals that breed and remain in low-
land habitats) and elevational migrants (individuals
that breed at higher elevations, but descend to lower
elevations during at least part of the nonbreeding
season). Because those two species are very common
in capture data and because we have no way to de-
termine what proportion are residents or migrants,
we treat those two species as a separate migrant cat-
egory. We further assigned species to trophic groups
on the basis of primary foraging substrate and food
type; assignments were based on analyses of fecal
samples (Loiselle and Blake 1990, Blake and Loiselle
1992b), observations of foraging behavior, and liter-
ature accounts (e.g. Stiles and Skutch 1989). We fol-
lowed Young et al. (1998) in using Parker et al. (1996)
to assign conservation (threatened) status to species;
all species listed as of medium or higher conserva-
tion concern were included. We also included species
listed by Collar et al. (1994) as near-threatened or
vulnerable in Costa Rica and those listed by Stiles
(1985) on the Costa Rican endangered species list.

RESULTS

Species richness and composition.—We record-
ed 249 species (Table 1, Appendix 1) from 39
families, including 196 species captured in mist
nets (10,019 captures) and 215 recorded during
point counts (15,577 observations, excluding
unidentified birds). There were 32 threatened
species, 22 elevational migrants (including P
mentalis and M. oleagineus), and 40 latitudinal
migrants (36 from northern hemisphere, 4 from
southern). Overall capture rates and numbers
of observations per sample were highest in YSG
(Table 1).

Species accumulation curves (based on Mon-
te Carlo simulations) indicated that new spe-
cies still were being recorded at all sites and by
both methods (Fig. 2), but that the rate at which
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FIG. 2. Species rarefaction curves in young sec-
ond-growth (YSG), old second-growth (OSG), and
old-growth forest (OGF) based on numbers of cap-
tures or numbers of observations. Results for obser-
vations are shown separately by observer (Ob1, Ob2).

new species were being added during point
counts had decreased in OGE Species richness
was higher in YSG than in older forests on the
basis of netting and point counts (Table 2).
More species were recorded by observation
than by netting in OGF but not in YSG. Accu-
mulation curves generally were similar be-
tween observers within a habitat (Fig. 2, Table
2).

Species composition differed among sites
and between methods of sampling (Table 3,
Fig. 3). Similarities were much higher based on
species presence or absence than when based
on relativized numbers of records per species
(Table 3). In both cases, similarities were high-
est between observers within a habitat. A Bray-
Curtis ordination based on number of records
per species (relativized) accounted for 33% of
variation on the first axis and 31% on the sec-
ond (Fig. 3). The netting sample from YSG was,
for example, characterized by species such as
Amazilia tzacat! and Manacus candei, whereas
observations included more species that typi-
cally occur above net levels, such as Tangara lar-
vata, Dendroica pensylvanica, and Procnias trica-
runculata. Thalurania colombica, Glyphorynchus
spirurus, Phaenostictus mcleannani, and Formi-
carius analis, among others, were encountered
more often in OGE. The ordination reflects pre-
ferred habitat and strata of the different
species.

Most species (162) were recorded by both
methods (nets and counts), but relative impor-
tance of individual species frequently varied
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TABLE2. Mean and 95% CI for numbers of species expected in either 1,000 or 2,000 captures or observations,
based on 1,000 simulations. Means are considered different if CIs do not overlap.

1,000 2,000
Average 95% CI Average 95% CI
Netting Data

Young second-growth 106.5 98.5-114.5 129.1 122.0-136.3
Old second-growth 84.3 79.6-89.0
Old-growth forest 76.2 69.3-83.2 90.1 83.5-96.7

Observation Data
YSG Observer 1 109.4 103.9-114.9 124.6 120.7-128.5
YSG Observer 2 119.4 110.8-128.0 138.5 132.4-144.6
OGEF Observer 1 89.1 82.6-95.7 101.6 96.1-107.0
OGEF Observer 2 94.5 87.9-101.0 107.5 102.1-113.0

with method (Appendix 1). Proportions of in-
dividuals per species recorded by nets and
counts were poorly correlated within a habitat
(Fig. 4A, B); correlations were higher for a giv-
en method between habitats (Fig. 4C, D). Not
all species or groups of species were equally
likely to be recorded by the two methods. Fifty-
three species were not captured and 34 species
were not recorded during counts. Only 21 spe-
cies (8.4%) were recorded in all samples (i.e.
captured in all three habitats, observed by both
observers in both habitats). Species character-
istic of count data but which typically were ab-
sent from net data tended to be large (>100 g)
canopy species such as parrots, toucans, wood-
peckers, and several icterids, but also included
a variety of small insectivores and frugivores
that typically forage above net levels (e.g. Po-
lioptila plumbea, Euphonia luteicapilla). In con-
trast, species typical of mist-net data included
smaller species that typically forage at or near
ground level (e.g. Chalybura urochrysia, P. men-
talis) as well as species that are not readily de-
tectable by voice (e.g. Catharus minimus, Wilson-
ia canadensis).

Just as not all species were recorded by both
methods, not all species were recorded by both
observers. In YSG, one of us recorded 12 spe-
cies that the other did not, whereas the reverse
was true for 37 species. Differences in the OGF
were even less pronounced: 10 species only ob-
served by one, and 17 by the other. Much of that
difference is accounted for by the difference in
number of samples (20 and 26; Table 1). Fur-
ther, most of the species recorded by only one
observer were rare (i.e. only 1 or 2 individuals
recorded during all counts; Appendix 1). Rel-
ative proportions of individuals detected per
species were similar between observers (Fig.
4E, F).

Differences among species in numbers of in-
dividuals recorded during counts or nets were
reflected in the relatively low similarity values
among samples based on family composition
(Table 4, Fig. 5). Trochilidae, Emberizidae, and
Furnariidae were more common in netting
samples, and the reverse was true for Picidae,
Ramphastidae, and Columbidae, among others.
The first axis of the ordination reflected those
major differences and accounted for 54% of the

TaBLE 3. Similarity indices (Sorensen’s) based on presence or absence (lower triangle) or relativized num-
bers (upper triangle) of captures (net) or observations (O1, O2) per species in young second-growth (YSG),
old second-growth (OSG), and old-growth forest (OGF).

YSG-net YSG-O1 YSG-02 OSG-net OGF-net OGF-01 OGF-02

YSG-net — 0.24 0.25 0.31 0.21 0.08 0.07
YSG-O1 0.67 — 0.57 0.13 0.08 0.22 0.20
YSG-02 0.72 0.83 — 0.14 0.09 0.21 0.18
OSG-net 0.60 0.50 0.51 — 0.34 0.12 0.10
OGF-net 0.55 0.47 0.48 0.70 — 0.22 0.22
OGF-0O1 0.42 0.56 0.55 0.47 0.65 — 0.66
OGF-02 0.41 0.54 0.53 0.46 0.66 0.89 —
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Fi1G. 3. Bray-Curtis ordination of samples based

on relativized numbers of captures or observations
in different species (see Fig. 2 for sample codes).
Eight species most strongly correlated (positively,
negatively) with each of the first two axes are indi-
cated: AMTZ = A. tzacatl; DEPE = D. pensylvanica;
FOAN = E analis; GLSP = G. spirurus; LESE = Leu-
copternis semiplumbea; MACA = Ma. candei; OPFO =
O. formosus; PHLO = Phaet. longuemareus; PHMC =
Phaen. mcleannani; PIME = P. mentalis; PRTR = Pr. tri-
carunculata; PTTO = Pteroglossus torquatus; SYBR =
Synallaxis brachyura; TALA = Ta. larvata; THCO = T.
colombica; and THDO = Thamnophilus doliatus.

variation among samples. In contrast, the sec-
ond axis accounted for only 14% of variation
and primarily separated observation samples
by habitat.

Migrants.—Migrants accounted for 15 to 30%
of species and from 6 to 44% of captures or ob-
servations (counting P. mentalis and M. oleagi-
neus as migrants) (Table 5). Latitudinal mi-
grants were dominated by Parulidae (17
species) and Tyrannidae (8 species); elevational
migrants were primarily Trochilidae (6 spe-
cies), Tyrannidae (3 species), Pipridae (3 spe-
cies), and Turdidae (3 species). Relative distri-
bution of numbers of species among the four
migrant categories was not influenced by meth-
od, observer, or habitat, with one exception.
Distribution of species among the four catego-
ries differed between YSG and OGF for observ-
er 2 (x* = 8.8, df = 3, P < 0.05), primarily due
to differences in number of species of latitudi-
nal migrants recorded in the two habitats (Ta-
ble 5). '

In contrast to numbers of species, relative
distribution of numbers of captures or obser-
vations among the different migrant categories
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FiG. 4. Percentages accounted for by different
species in different samples or between different
methods: (A) means of the two observers plotted
against captures in young second-growth; (B) means
of the two observers plotted against captures in old-
growth forest; (C) means of the two observers in
young second-growth plotted against means from
old-growth forest; (D) captures in young second-
growth plotted against captures in old-growth for-
est; (E) observers plotted against each other for
young second-growth; (F) observers plotted against
each other in old-growth forest (the point for Ama-
zona farinosa is omitted from the panel but was in-
cluded in calculation of the correlation coefficient).
In each comparison, all species not detected by either
method or either observer are excluded (i.e. no 0, 0
values are included in the figures or in calculation of
correlation coefficients). Species indicated are:
AMFA—Amazona farinosa; DEPE—D. pensylvanica;
GLSP—G. spirurus; MACA—Ma. candei; MOLE—M.
oleagineus; ORCI—Ortalis cinereiceps; PHSU—Phae-
thornis superciliosus; PIME—P. mentalis.

was influenced by habitat and method (x* >
100, P < 0.0001 in most cases); captures and ob-
servations gave different perspectives on the
relative importance of the different migrant
groups. Observers did not differ in relative
numbers of observations among the four mi-
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TABLE 4. Similarity indices (Sorensen’s) based on relativized numbers of captures (net) or observations (O1,
02) per family (lower triangle) or guild (upper triangle) in young second-growth (YSG), old second-growth

(OSG), and old-growth forest (OGF).

YSG-net YSG-O1 YSG-02 OSG-net OGF-net OGE-0O1 OGEF-02

YSG-net — 0.60 0.60 0.77 0.58 0.52 0.53
YSG-O1 0.38 — 0.87 0.55 0.46 0.59 0.56
YSG-02 0.37 0.68 — 0.57 0.50 0.71 0.69
OSG-net 0.63 0.33 0.31 —_ 0.76 0.55 0.54
OGF-net 0.42 0.35 0.35 0.57 — 0.55 0.53
OGF-O1 0.26 0.50 0.59 0.23 0.34 — 0.91
OGF-02 0.27 0.49 0.50 0.23 0.32 0.81 —

grant categories in OGF (x> = 4.8, df =3, P >
0.15), but did in YSG (x> = 11.0,df =3, P <
0.05), primarily due to differences in detections
of latitudinal migrants.

Threatened species.—Thirty-two threatened
species were recorded, accounting for 7 to 18%
of species in a given sample (Table 6). Although
percentages were higher in OGF than in youn-
ger sites and higher for observations than for
captures, there were no significant differences
based on numbers of species. Similarly, observ-
ers did not differ in number of threatened spe-
cies recorded during counts. In contrast, rela-
tively more threatened individuals were
captured in OGF than in the two second-
growth sites (x2 = 54.3, df = 2, P < 0.0001). Fur-
ther, more threatened birds were observed in
YSG than were captured (x2 =43.7, df =2, P <
0.001); differences between captures and ob-
servations were less pronounced in OGF (x? =

@
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F1G. 5. Bray-Curtis ordination of samples based
on relativized numbers of captures or observations
from different families (see Fig. 2 for sample codes).
Families most strongly correlated with the first two
axes are indicated.

5.9,df = 2, P < 0.06). The slight difference was,
in fact, due to differences between observers (x>
= 5.65, df = 1, P < 0.05) rather than to method.

Trophic groups.—Trophic composition varied
both by habitat and by method (Table 7, Fig. 6).
Foliage insectivores and arboreal frugivore-in-
sectivores accounted for >20% of species in
each sample except for the mist-net sample
from OGF (18%). Nectarivore—insectivore spe-
cies (primarily Trochilidae) were more charac-
teristic of netting samples, whereas bark insec-
tivores, arboreal frugivores, and carnivores
were more important in OGF observations. The
first axis of the ordination accounted for 52%
of variation in species-distribution patterns
among trophic groups; the second axis (29%)
largely separated YSG observations from other
samples.

Relative importance of different trophic
groups changed when comparisons were based
on numbers of captures or observations rather
than species. Foliage insectivores were less im-
portant, particularly in netting samples,
whereas arboreal frugivores increased in im-
portance. Proportions of individuals per guild
were correlated among netting samples (r >
0.73) and among count samples (r > 0.60) but
not between netting and counts. Correlations
were highest between observers within a hab-
itat (YSG r = 0.955; OGF r = 0.993). The first
axis of the ordinations accounted for 40% of the
variation and largely separated netting and ob-
servation samples, particularly OGE Netting
samples had more nectarivore-insectivores,
granivores, and flycatching insectivores, with
fewer hawks and arboreal frugivores. The sec-
ond axis (37%) indicated that frugivores and
frugivore—insectivores were more common in
younger habitats whereas bark insectivores,
flycatchers, and army-ant followers were more
typical of old-growth. Despite changes in rel-
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TABLE 5. Number and percentage of species and records (captures or point counts) for different migratory
categories. Partial elevational migrants are P. mentalis and M. oleagineus.

Partial
Residents Latitudinal Elevational elevational
No. % No. % No. % No. %
Species
Young second-growth 107 68.2 35 22.3 13 8.3 2 1.3
Old second-growth 69 72.6 16 16.8 8 8.4 2 2.1
Old-growth forest 84 78.5 12 11.2 9 8.4 2 1.9
YSG Observer 1 103 79.2 18 13.8 7 54 2 1.5
YSG Observer 2 122 78.7 24 15.5 7 4.5 2 1.3
OGF Observer 1 97 84.3 7 6.1 9 7.8 2 1.7
OGF Observer 2 101 82.8 7 5.7 12 9.8 2 1.6
Mist-net captures or point-count records

Young second-growth 2,990 66.1 762 16.8 229 5.1 545 12.0
Old second-growth 985 67.3 144 9.8 91 6.2 243 16.6
Old-growth forest 2,254 55.9 283 7.0 460 11.4 1,033 25.6
YSG Observer 1 2,379 87.3 228 8.4 109 4.0 8 0.3
YSG Observer 2 3,581 88.4 262 6.5 196 4.8 10 0.2
OGF Observer 1 3,883 93.0 103 2.5 118 2.8 72 1.7
OGF Observer 2 4,339 93.8 84 1.8 132 2.8 73 1.6

ative positions of samples in the two ordina-
tions (species and individuals), the distance
matrices were more similar than expected by
chance (Mantel test, ¥ = 0.768, P = 0.005 based
on 1,000 simulations). Similarity values were,
overall, higher based on guilds than when
based on species or family composition. Ob-
servers were, once again, very similar (i.e. close
together in the ordinations).

DISCUSSION
SPECIES RICHNESS AND COMPOSITION

Capture and observation data both docu-
ment the high diversity of birds in secondary
and old-growth forest at La Selva Biological
Station. More than 400 species of birds have
been recorded at least once at La Selva (Blake
et al. 1990), with ~365 recorded more than 5
times (excluding accidentals). Thus, the 249
species recorded by counts and netting consti-

tute ~69% of the species regularly found at La
Selva—78% if species characteristic of aquatic
systems or that are primarily aerial (e.g. swifts,
swallows) also are excluded. Point counts alone
included ~68% of the 317 terrestrial species
and mist nets captured 62%. Second-growth
and old-growth forests differed both in species
richness and composition. More species were
detected in second growth than in older forests
by both methods. Within netting samples, for
example, there was a clear gradient from young
second-growth to older second-growth to old-
growth forest in species diversity and in simi-
larity of the avifauna. The youngest and oldest
sites shared 116 species out of a combined total
of 246 (i.e. excluding the three species only re-
corded in old second-growth), indicating con-
siderable turnover in species composition over
relatively short distances (~1 km from YSG to
OSG and 3.5 km from YSG to OGF sites). Turn-
over was less with respect to trophic composi-
tion, suggesting that different species may ful-

TABLE 6. Percentage of total species or birds captured (netting) or recorded during point counts (counts)
accounted for by species classified as threatened (see text for classification) in young second-growth (YSG),
old second-growth (OSG), and old-growth forest (OGF). Ob1 and Ob2 indicate different observers.

Netting Counts—YSG Counts—OGF

YSG 0OSG OGF Obl Ob2 Obl Ob2

Species 7.0 7.4 10.3 9.2 10.3 15.7 18.0
Captures or observations 5.8 49 9.4 9.3 9.2 8.3 9.8
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TABLE 7. Percentage of species or records in different foraging guilds based on mist-net captures and point
count samples in young second-growth (YSG), old second-growth (OSG), and lowland old-growth forest
(OGF) at La Selva Biological Station, Costa Rica. Ob1 and Ob2 refer to different observers.

Netting data Counts—YSG Counts—OGF
Feeding guild YSG 0sG OGF Obl Ob2 Obl Ob2
Species per guild
Terrestrial frugivore 32 21 3.7 1.5 1.3 2.6 1.6
Arboreal frugivore 8.9 6.3 8.4 16.8 12.8 17.4 18.0
Terrestrial frugivore-insectivore 1.9 2.1 2.8 4.6 3.8 3.5 3.3
Arboreal frugivore—insectivore 25.9 22.1 17.8 30.5 30.1 22.6 221
Terrestrial insectivore 5.1 7.4 7.5 3.1 32 5.2 4.1
Foliage insectivore 27.8 23.2 25.2 23.7 23.7 243 23.0
Bark insectivore 5.1 4.2 6.5 3.8 45 7.0 8.2
Flycatching insectivore 44 8.4 4.7 3.1 4.5 2.6 3.3
Army-ant followers 2.5 53 4.7 0.8 1.9 4.3 49
Nectarivore—insectivore 8.9 13.7 11.2 6.9 7.1 6.1 5.7
Nectarivore—frugivore 0.6 1.9 0.6 0.9 1.6
Granivore 2.5 2.1 1.9 0.8 0.6
Carnivore 2.5 21 2.8 3.8 3.8 3.5 4.1
Piscivore 0.6 1.1 0.9 0.8 1.3
Captures or observations per guild
Terrestrial frugivore 1.9 1.0 0.8 1.9 1.4 0.9 1.1
Arboreal frugivore 17.3 16.6 24.7 17.8 22.6 33.9 34.6
Terrestrial frugivore—insectivore 3.6 4.0 0.3 7.2 6.2 2.5 3.2
Arboreal frugivore—insectivore 30.7 22.3 22.4 36.5 36.7 252 26.0
Terrestrial insectivore 6.1 42 3.8 3.7 3.4 3.0 32
Foliage insectivore 10.4 10.7 9.2 22.7 19.0 19.3 16.9
Bark insectivore 2.8 12.3 13.9 21 2.6 6.9 59
Flycatching insectivore 1.6 2.0 2.3 0.4 0.8 0.7 1.2
Army-ant followers 1.2 5.6 10.8 0.3 0.3 1.5 1.4
Nectarivore—insectivore 21.8 19.3 10.8 6.8 6.0 4.8 4.8
Nectarivore—frugivore 0.2 0.4 0.5
Granivore 2.5 1.7 0.7 0.2 0.2
Carnivore 0.2 0.3 0.3 0.4 0.6 0.8 1.0
Piscivore 0.1 0.1 0.1

fill similar ecological roles in the different
habitats.

Second growth versus old growth.—The pres-
ence of second-growth vegetation clearly con-
tributes to the overall diversity of the avifauna
at the station (and in the lowlands of Costa Rica
in general). By the same token, the high diver-
sity in second growth is due in large measure
to the proximity of old-growth forest, the pri-
mary habitat (and certainly the source habitat)
for many species found in second growth. Sec-
ond-growth vegetation that develops as a con-
sequence of human activities differs greatly in
structure and plant species composition (Cor-
lett 1994). Land-use history (e.g. pasture, crops,
tree plantation) can influence the type of veg-
etation that regenerates (Stouffer and Bierre-
gaard 1995a) and, as a consequence, secondary
successional habitats can provide a complex
mosaic of microhabitats that can attract and

sustain many species and individuals. Succes-
sional habitats that result from natural distur-
bances such as river meanders (i.e. primary
successional habitats) also can be important for
many birds (Remsen and Parker 1983, Robin-
son and Terborgh 1997). As is true for second-
ary successional gradients, major changes in
bird assemblages occur along primary succes-
sional gradients, with many species restricted
to early or late stages (see Robinson and Ter-
borgh 1997). Proximity of both early and late
stages likely is a major factor in the high overall
diversity of birds in many lowland Amazonian
forests.

Old-growth forest at La Selva Biological Sta-
tion and elsewhere in the Caribbean lowlands
of Costa Rica often has second-growth vege-
tation in close proximity, allowing some birds
to move back and forth among such habitats
(Blake and Loiselle 1991). Certainly, the high
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diversity of the young second-growth site
would not be possible without the nearby old
growth. Proximity of both old and younger
habitats may have other consequences as well.
Movement by birds from older forests into re-
generating pastures may contribute to the re-
generation process (Guevara et al. 1986, Da Sil-
va et al. 1996). Dispersal of seeds from second
growth into older forests also can occur, allow-
ing second-growth species to invade forests
(Janzen 1986). We have, for example, docu-
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mented (through recaptures of marked indi-
viduals) movements between young and old
forests by seed dispersers (e.g. P mentalis, M.
oleagineus) and pollinators (e.g. Eutoxeres aquila,
Phaethornis superciliosus). Similarly, Graham
(1996) found that a juvenile P mentalis made
regular trips of at least 1 km from old-growth
forest to a fruiting tree outside the forest at La
Selva.

Old-growth tropical forest is one of the most
diverse natural habitats. The number of bird
species found in lowland Neotropical forests
can be high (e.g. point diversities of >160 spe-
cies in Manu National Park, Peru; Terborgh et
al. 1990; >150 species on our 10 ha plot in old-
growth forest in La Selva). Yet, birds also can
be very diverse and abundant in various types
of secondary forests (Robinson and Terborgh
1997). Species richness often is positively as-
sociated with productivity, at least over some
scales (Rosenzweig 1995). The open canopy
and consequent high light levels reaching the
understory of some types of second-growth
vegetation can lead to high rates of fruit, flow-
er, and foliage production. Flowers and fruits
were more abundant and more spatially pre-
dictable within the understory (i.e. <10 m) of
our young second-growth site than within the
older sites (Blake and Loiselle 1991), contrib-
uting to the diversity and abundance of frugi-
vores and nectarivores captured and seen in
the young site.

Species richness may further be influenced
by species turnover, which can lead to the ac-
cumulation of many species over time. During
the 10 years of this study, vegetation structure
and composition within the young second-
growth site changed considerably (Fig. 1; Lo-
iselle and Blake 1994) and, as a consequence,
some bird species that were common on the
study plot at the beginning of the study (e.g.
Glaucis aenea, Ramphocelus passerini) had disap-
peared from the site by the time this study was
completed. Conversely, other species, more
typical of older sites (e.g. Trogon rufus, E analis)
moved into the younger site. Thus, the high
species total of the young second-growth site
(206 species) at least partially reflects the ac-
cumulation of species over the length of this
study rather than the occurrence of so many
species at one time. Nonetheless, we have re-
corded >120 species in the younger site within
a single sampling period (captures, counts,
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general observations). Turnover accounts for
less of the species total in the older site, where
habitat did not change as much over time.

A third factor influencing species totals is
presence of transients. Various migrants, for
example, may be present in the area for short
periods of time but nonetheless contribute to
the species totals. Latitudinal migrants often
are more common in younger habitats (both
primary and secondary successional) than in
older forests (Petit et al. 1995, Robinson and
Terborgh 1997). Other nonmigrant species may
move into second-growth habitats temporarily
(e.g. on hourly, daily, or seasonal basis) to take
advantage of fruit or other resources, but may
not remain to breed. Hummingbirds, for ex-
ample, frequently move among habitats at La
Selva, tracking phenologies of flowers (Stiles
1980; see also Stouffer and Bierregaard 1995b).

Transients may contribute to species totals in
both young and old habitats. Ma. candei and
Sporophila americana, for example, are typically
found in second growth or pastures, but occa-
sionally occur in old-growth forest, either in
large treefall gaps or simply as transients in the
understory. Many species found in the youn-
gest site are species that typically breed in old-
er forests within La Selva (e.g. T. massena, Myr-
meciza exsul, E analis, Rhynchocyclus brevirostris)
or at higher elevations in Braulio Carrillo Na-
tional Park (i.e. elevational migrants; e.g. P. pi-
pra, Corapipo altera, Pr. tricarunculata). Presence
of those and similar species in second-growth
habitats likely will occur only when older for-
ests are close enough to provide a source pool
of individuals. Finally, the high species rich-
ness in the youngest site relative to the oldest
site may be a consequence of sampling effects,
which will be discussed later in the comparison
of methods.

Migrants and threatened species.—Migrants
contribute to the diversity and dynamics of
bird communities at La Selva (Blake et al. 1990,
Levey and Stiles 1994). Latitudinal migrants
have been recorded at La Selva in virtually all
months except June and July, whereas eleva-
tional migrants can be recorded throughout the
year, depending on species. Although gener-
alizations ignore species-specific differences, as
a group latitudinal migrants tend to be more
characteristic of second growth and elevational
migrants of old-growth forest, but both types
of migrants use both types of habitat. Neotrop-
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ical migrants often are common in second
growth (Petit et al. 1995), suggesting that such
areas are suitable nonbreeding habitats (but see
van Horne 1983). In fact, survival rates for mi-
grants may not differ between young succes-
sional and mature forest (Conway et al. 1995),
but such patterns may vary with region. Sur-
vival rates of Hylocichla mustelina, for example,
did not differ between young and old forest in
Belize (Conway et al. 1995), but did in Veracruz,
Mexico (Rappole et al. 1989). Similarly, al-
though capture rates did not differ between
habitats in Belize for Seiurus aurocapillus or Opo-
rornis formosus, they did in Costa Rica (Appen-
dix 1).

Habitat preferences vary among elevational
migrants as well. Some species of elevational
migrants largely are restricted to old-growth
forest interiors (e.g. Cephalopterus glabricollis,
Myadestes melanops), whereas others frequently
occur in well-developed second growth (C. al-
tera), pastures with scattered trees (Pr. tricarun-
culata), or edges (Pheucticus tibialis) (J. Blake
pers. observ.). Further, use of second growth by
elevational migrants may vary among years
(Loiselle and Blake 1992).

We found threatened species using both
young and old forests. Although more threat-
ened species were found in older forests (e.g.
Crax rubra, Neomorphus geoffroyi, Ce. glabricollis),
several species (e.g. Ch. urochrysia, Pr. tricarun-
culata, Saltator atriceps) were common in second
growth. Aphanotriccus capitalis and Gymnocichla
nudiceps, for example, can most regularly be
found at La Selva in or near our youngest site.
Neither species occurs in old-growth forest and
their continued presence at La Selva will de-
pend on availability of younger, regenerating
vegetation.

Trophic composition.—Trophic composition
differed between young and old sites, reflect-
ing differences in availability of resources or
foraging sites (Blake and Loiselle 1991). Nec-
tarivores were more common in younger sites
(based on both captures and observations),
likely because of the abundance of flowers in
the understory. An increase in disturbance and
light levels in small fragments of forest in Bra-
zil (Stouffer and Bierregaard 1995b) was the
apparent cause of increased captures of hum-
mingbirds in those fragments. Similarly, the
decrease in captures of hummingbirds in our
youngest site over time (Loiselle and Blake
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1994) likely reflected a decrease in availability
of flowers as the habitat changed and light lev-
els decreased.

Frugivores and frugivore-insectivores were
important components of all habitats, with the
former somewhat more important in older sites
and the latter in the youngest site. The reliance
of many plant species on birds for dispersal of
their seeds (Gentry 1982, Loiselle and Blake
1999) indicates the important role that many
frugivores likely play in the regeneration of
second growth and forests. As with humming-
birds, declines in abundance of some frugi-
vores (e.g. R. passerini, S. maximus) in the youn-
gest site reflected changes in the habitat and
declines in abundance of some types of fruit.

Insectivores accounted for most species, as is
true in most forests (Karr et al. 1990), but there
were substantial differences among habitats in
the importance of different groups. Increases in
numbers of flocking species, ant-followers, and
ground-feeding insectivores contributed to
higher species totals in older forests along a
primary successional gradient in Peru (Robin-
son and Terborgh 1997). Similary, species that
follow army ants (e.g. Eciton burchelli) were
more diverse and more abundant in this study
in older second-growth and old-growth forest
than in the younger site. Army-ant swarms
were observed in the youngest site on a fairly
regular basis but typically with few attendant
birds. In contrast, swarms within forest often
were accompanied by a variety of species and
many individuals, with Ph. mcleannani the most
common. Army-ant followers, unlike hum-
mingbirds, decreased in abundance and dis-
appeared from small fragments surrounded by
pasture (Stouffer and Bierregaard 1995a), but
recolonized the fragments after the surround-
ing pasture matrix had regenerated into second
growth. G. nudiceps was the only regularly en-
countered ant follower from the Thamnophili-
dae in our youngest site; Phaen. mcleannani, Hy-
lophylax naevioides, and Gymnopithys leucaspis
were rarely or never captured or observed in
the youngest site, but were regularly encoun-
tered in older sites. Other typical ant-followers
(e.g. Dendrocincla fuliginosa, Dendrocolaptes sanc-
tithomae) also were rarely encounted in the
youngest site. Bark insectivores also were more
diverse and common in the older sites, presum-
ably because of the greater density, diversity,
and size range of trees.
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MisT NETS AND POINT COUNTS

Species richness and composition.—Data from
mist-net captures and from point counts may,
in some cases, provide comparable descrip-
tions of certain aspects of community compo-
sition (Blake and Loiselle 2000), but results also
differ in ways that affect our understanding of
community structure. Further, neither method
is likely to provide an unbiased estimate of
abundance or diversity (Dawson et al. 1995). In
this study, both methods indicated higher spe-
cies totals in the young site than in the old site,
but more species were recorded by counts than
by captures in both areas. The difference be-
tween methods was considerably greater, how-
ever, in old-growth forest, where 24% more
species were observed than captured com-
pared to 6% in young second-growth.

Previous comparisons of mist-net and point-
count data have typically, but not always, re-
ported higher species totals based on counts,
with results often dependent on the habitat or
type of bird (i.e. migrant or resident) being con-
sidered. Nets may be more effective than point
counts in second growth (Rappole et al. 1998),
but typically record fewer species of most,
groups in mature forest (Whitman et al. 1997).
Studies that focus on migrants (e.g. Gram and
Faaborg 1997, Rappole et al. 1998) often report
higher detection frequencies with nets, partic-
ularly in second growth. Because many mi-
grants tend to be small, relatively quiet while
on nonbreeding grounds, and common in sec-
ond growth or disturbed habitats, their high
representation in net captures is not surprising.

Differences between capture and count data
reflect species-specific differences in behavior
(e.g. singing, foraging). Few species are both
commonly captured and commonly observed
(Fig. 4A, B), although exceptions to this pattern
do occur. Both Phaet. superciliosus and Ma. can-
dei were, for example, commonly captured and
commonly observed in the youngest site. Al-
though correlations between captures and ob-
servations were low in both habitats, the cor-
relation was higher in the youngest site than in
the old-growth site (Fig. 4A, B). In the older
site, two species that each accounted for at least
12% of captures (G. spirurus, P mentalis) ac-
counted for less than 2 to 3% each of observa-
tions; Amazona farinosa accounted for almost
16% of observations in old growth but was nev-
er captured.



316

Most families were represented by both cap-
ture and count data, but notable differences oc-
curred in the number of species per family.
Psittacidae were the most extreme, with only
one individual of one species (Aratinga nana)
captured, but many individuals of eight species
observed. Similarly, although four species of
Cotingidae were observed, none were cap-
tured. Members of both those families are
large, canopy species that rarely descend to net
level and, even at net level, they would rarely
be expected to be captured in nets of 36 mm
mesh. In contrast, more species of Parulidae
were captured (18 species) than observed (11
species). Other families were equally repre-
sented (in terms of species) by netting and ob-
servations (e.g. Furnariidae, Dendrocolaptidae,
Thamnophilidae, Tyrannidae, Thraupidae).
Similarities in numbers of species do not, how-
ever, indicate similarity in number of individ-
uals captured or observed; many species of tyr-
annids were captured only rarely and many
parulids were rarely observed. As a conse-
quence, similarity values among sites and sam-
ples were much higher when based on species
presence or absence than when based on rela-
tivized numbers of captures or observations.
Thus, both methods may record similar species
and numbers of species, but still provide quite
different perspectives on community com-
position.

As a consequence of species differences, the
two methods also provide different perspec-
tives on the importance of different migrant
categories or trophic groups. Latitudinal and
elevational migrants both account for higher
percentages of captures than of observations
(see also Wallace et al. 1996). Further, the dif-
ference in relative importance of elevational
migrants in young and old-growth forest was
more pronounced based on netting data than
based on observation data. Substantial differ-
ences also existed between netting and count
data in relative importance of trophic groups.
For example, foliage insectivores accounted for
comparable percentages of species in all sam-
ples, but account for much higher percentages
of observations than of captures. Nectarivores,
in contrast, were much more important in cap-
tures than in observations although compara-
ble numbers of species were recorded by both
methods. Some of those differences may reflect
speed of movement and ease of identification.
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Hummingbirds are small, have relatively weak
songs, move rapidly through the understory,
and often occur high in the canopy, all factors
that can make them difficult to identify. Whit-
man et al. (1997) found that nets and counts
also provided similar estimates of relative pro-
portions of species in different migrant and
trophic categories although counts typically in-
cluded more species.

Probability of capture or observation.—A variety
of other factors influence the probability that
species or individuals will be captured or ob-
served, or both. Behavior can be a major influ-
ence on likelihood of detection by either meth-
od (Karr 1981, Bibby et al. 1992, Remsen and
Good 1996). Size has long been known to affect
probability of capture (Karr 1981) and also can
affect observation data, particularly in tall for-
est where identification of small, nonvocalizing
individuals in the canopy may be difficult.

Vegetation height clearly affects likelihood of
capture, with consequences for estimates of di-
versity (Remsen and Good 1996, Robinson and
Terborgh 1997). A similar consideration applies
to count data; species and individuals high in
the canopy may be missed by observers at
ground level. In fact, detections of ground-
dwelling species by observers in the canopy
may be more likely than the reverse, given the
differences in quality of songs produced by
many species of those two different strata (Wai-
de and Narins 1988). Loiselle (1987, 1988) con-
ducted canopy censuses from two emergent
trees in old-growth forest at La Selva and de-
tected 17 species that were not recorded by our
ground-based point counts. Although the can-
opy censuses were not within the specific areas
included in this study, many of those 17 species
probably occurred in our old-growth sites, but
simply were not detected. Some of those spe-
cies included migrants that are not likely to vo-
calize and will thus frequently be overlooked
(e.g. Vireo flavifrons, Vermivora peregrina, W. can-
adensis) or are species that are rare at La Selva
(e.g. Accipiter superciliosus, Ta. inornata).

Observer variation.—Comparisons of mist-net
and point-count data also must consider effects
of observer variation. Observers differ in ability
to detect and identify birds (Nichols et al. 2000)
leading to errors of commission (misidentifi-
cation by sight or sound, errors in estimation of
numbers, errors in estimating distance) and
omission (lack of ability to hear certain fre-



April 2001]

quencies, ignoring certain songs). Except in ob-
vious cases, misidentifications are difficult to
assess or detect, unless recordings have been
made of all vocalizations (Parker 1991). Errors
of omission are difficult to assess without si-
multaneous comparisons among observers
(Nichols et al. 2000). In our case, we differed lit-
tle either in the species that we recorded or in
the proportion of records accounted for by each
species. If observers differ in abilities and if ob-
servers conduct counts in different habitats or
areas, then results may not be comparable.

SUMMARY

Both second-growth and old-growth forest
contribute to the diversity and abundance of
bird species in the lowlands of Costa Rica. Spe-
cies richness is high in second-growth habitats
due in part to the proximity of old-growth for-
est that likely serves as the source habitat for
many species found in second growth. Impor-
tance of second-growth habitats may vary sea-
sonally (e.g. as latitudinal and elevational mi-
grants move into and out of such habitats).
Second-growth habitats often have an abun-
dant supply of resources, such as fruit and
flowers, that may be important food sources for
some species during certain periods of the year.
Individuals from old-growth forest may move
into second growth on an hourly, daily, or sea-
sonal basis to feed on fruit, nectar, or other re-
sources. Second growth also may be important
for threatened species or species for whom old-
growth forest is not suitable. Consequently,
maintenance of the full complement of species
in the region likely depends on the presence of
a mosaic of habitats, including both young and
old habitats. It is important to emphasize, how-
ever, that old-growth forest not only is more
threatened as a habitat, but also is critical for
the long-term survival of the majority of spe-
cies. High diversity would not be maintained
without old growth, but would be maintained
(although at a lower level) without second
growth.

Mist nets and point counts both provide de-
scriptions of community composition, but
those descriptions, although similar in some
broad aspects, differ in the details. Ground-lev-
el nets obviously do not sample canopy birds
and counts frequently overlook secretive or
nonvocalizing species. Similarly, the two meth-
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ods differ in likelihood of detecting different
groups of species; latitudinal migrants fre-
quently are better sampled by nets, particularly
in second-growth habitats. Trophic groups also
may be differentially represented by the two
methods. Evaluations of the differential effec-
tiveness of nets and counts should include con-
sideration of observer effects. Learning the
many different songs and calls that separate
the hundreds of species found in tropical hab-
itats requires a substantial investment of time.
Further, even with training, observers may dif-
fer in their likelihood to detect or notice certain
species. Thus, just as nets and counts may pro-
vide different perspectives on community com-
position, observers too may provide different
perspectives.
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