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USING CANOPY AND UNDERSTORY MIST NETS AND POINT
COUNTS TO STUDY BIRD ASSEMBLAGES IN CHACO FORESTS
ENRIQUE J. DERLINDATI1,2 AND SANDRA M. CAZIANI1
ABSTRACT.—We sampled birds with mist nets and point counts in old-growth and second-growth Chaco
forest in Argentina to compare the contribution of each method to estimates of species abundance and diversity.
We captured 53 species with mist nets (13 exclusively), and detected 75 species on point counts (43 exclusively).
Species richness estimated by rarefaction curves did not differ between methods, except in old-growth understory, where point counts detected fewer species than mist nets. Both methods showed similar patterns of bird
diversity and distribution, although point counts revealed more differences between forest layers and forest types.
Mist netting contributed to the detection of cryptic or secretive species, especially in the understory, but largebodied (.200 g) species were detected by point counts alone. Multivariate analysis discerned guilds and species
associated with different forest layers and types. Point counts seem to better reflect relative abundance, whereas
mist nets may be more sensitive to bird activity (e.g., movements between resources). The simultaneous use of
both techniques enhances the description of bird communities, and birds’ use of habitats. Received 19 June
2003, accepted 7 November 2004.

Mist nets and point counts have been widely used in the study of Neotropical birds
(Whitman et al. 1997, Rappole et al. 1998),
and a combination of the two techniques
might be the most effective methodological
approach for monitoring bird assemblages
(Wallace et al. 1996, Gram and Faaborg 1997,
Rappole et al. 1998, Poulin et al. 2000, Blake
and Loiselle 2001, Wang and Finch 2002). Although point counts have been used extensively (Blake 1992, Thompson et al. 1999,
Verner and Purcell 1999, Codesido and Bilenca 2000, Mills et al. 2000), they depend on
the researcher’s training in identification of
species (Whitman et al. 1997, Blake and Loiselle 2001). Mist nets are relatively easy to
use and they simplify species identification
(Herrera 1978, Ralph et al. 1996); however,
mist-net capture data represent species activity
rather than abundance (Remsen and Good
1996), and use of mist nets is typically confined to the understory (Karr 1976, 1977,
1981; Schewske and Brokaw 1981; Blake and
Rougès 1997; Gram and Faaborg 1997; Restrepo and Gómez 1998; Gardali et al. 2000),
thus excluding most canopy birds (Karr 1976,
Caziani 1996, Remsen and Good 1996, Rappole et al. 1998, Blake and Loiselle 2001,
Wang and Finch 2002). Few investigators

have used mist nets systematically in more
than one forest layer (Lovejoy 1974, Karr
1976), and none have analyzed the contribution of simultaneous mist netting and point
counts in the study of bird assemblages in different forest layers.
In this study, we compare the results obtained from mist nets and point counts as part
of a larger study to compare the vertical distribution of birds and their resources between
two different forest habitats in the semi-arid
Chaco. The vertical distribution of birds has
mainly been studied using different techniques
in multi-layered tropical rainforests with high
tree canopies (Anderson and Shugart 1974,
Lovejoy 1974, Karr 1976, Loiselle 1987, Terborgh et al. 1990, Blake and Loiselle 2001,
Winkler and Preleuthner 2001). The subtropical, semi-arid Chaco forest, with its low tree
canopy and relatively simple vertical structure, provides an ideal system for testing the
use of canopy and understory mist nets and
point counts to study bird assemblages. Our
objectives in this study were to (1) evaluate
the use of canopy mist nets in a semi-arid forest with a low tree canopy, (2) compare estimates of species richness and abundance
based on point counts and mist nets, and (3)
compare the ability of point counts and mist
nets to detect differences in bird assemblages
between canopy and understory, and between
two forest types (old-growth forest and second-growth forest).
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Copo National Park study area, Santiago del Estero province, northwestern Argentina.

METHODS
Study area.—Copo National Park (114,000
ha, 160 m elevation) is located in Santiago del
Estero Province, Argentina (258 559 S, 628 059
W). The area is considered a key preserve for
threatened Neotropical birds (Wege and Long
1995). Extensive stands of old-growth forest
persist in the northern and eastern portions of
the park; the southwestern sector was selectively logged in the 1950s (Fig. 1). The climate is seasonal, with 80% of annual rainfall
occurring October–March. Summer temperatures in the region are extreme (mean maximum 5 478 C; Prohaska 1959).
The dominant vegetation is thorny, semideciduous forest dominated by quebracho colorado santiagueño (Schinopsis lorentzii), quebracho blanco (Aspidosperma quebrachoblanco), and mistol (Zizyphus mistol), and is
interrupted by belts of natural grasslands associated with ancient river beds. The under-

story is a dense, shrubby layer (4 m mean
height), dominated by sacha poroto (Capparis
retusa; Protomastro 1988, Tálamo and Caziani 2003). Above this layer, mistol forms a
sparse layer with both quebracho species, the
tops of which attain a mean height of 12 m
(López de Casenave et al. 1998).
Sampling.—We conducted bird surveys
during six periods in Copo National Park (December 1998, March 1999, August 1999, December 1999, April 2000, and September
2000) in two forest types: old-growth and second-growth (i.e., 50 years after selective logging). In each forest type, we established eight
mist-net stations, 100 to 200 m apart, four in
the understory (0–3 m above ground) and four
in the canopy (5–8 m above the shrubby
layer). At each station, we placed one mist
net, 12.5 m long 3 2.8 m high (36-mm mesh).
We operated nets for 3 days in each type of
forest during each survey period (Ralph et al.
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1996), except for the second-growth forest in
December 1998, when only 1 day of sampling
occurred; thus, we mist-netted for 18 days in
old-growth and 16 days in second-growth. We
opened nets before sunrise and operated them
for 3–6 hr/day when possible, but we often
had to close nets early due to temperature and
weather conditions. Canopy nets were installed with a modification of the technique
described by Humphrey et al. (1968), with
trees supporting a system of pulleys and
ropes. We added vertical aluminum poles for
additional support. For each bird captured, we
recorded species, forest type, layer, date, time,
weight, standard morphological measurements, and sex. Each bird was banded with
National Park Administration aluminum
bands and released. Data were expressed as
captures per 100 mist-net hr (MNH), including recaptures (Bibby et al. 1992).
We established eight point-count stations, at
least 400 m apart, in each of the two forest
types. In each survey period, we twice visited
all point-count stations to conduct 10-min unlimited-distance point counts on 2 consecutive
days, reversing the order of visits to avoid
time-of-day bias. Surveys began at sunrise
and were completed within 3 hr (Bibby et al.
1992, Ralph et al. 1996, Gram and Faaborg
1997). During each point count, we recorded
species and number of individuals detected by
sight or sound, and the forest layer in which
each individual was detected for the first time.
Layers were defined as understory (0–4 m)
and canopy (.4 m). Every individual seen or
heard was recorded only once, so that observations per layer were considered to be independent, and layers at a single station were
treated as separate treatments in the analysis.
Birds over-flying the canopy were not included. Results are expressed as number of detections per 10 min (Bibby et al. 1992). One observer (EJD) conducted all point counts.
Guilds were defined according to previous
studies in the area (Caziani 1996, López de
Casenave et al. 1998) as follows: omnivores,
carnivores, nectivores, terrestrial granivores,
arboreal granivores, terrestrial insectivores,
bark insectivores, foliage insectivores, shortflight insect hunters, long-flight insect hunters,
frugivores, and undergrowth granivores.
Statistical analyses.—We compared species
richness using rarefaction curves, given that

the number of individuals in a sample can influence the number of recorded species (James
and Rathbun 1981). Rarefaction estimates the
number of species expected from different
samples, based on multiple random sampling
of increasing abundance. Curves were built
with 1,000 iterations for each abundance level
using Program EcoSim (Gotelli and Entsminger 2002). The program calculates a 95% confidence interval for each mean species richness value.
For each survey method, we compared total
records, total records by guild, and records of
the most common species. We employed a
factorial design with forest type as the first
factor (two levels: old-growth forest and second-growth forest, a 5 2) and layer as the
second factor (two levels: understory and canopy, b 5 2). Replicates by treatment (forest 3
layer) were the four mist-net stations (r 5 4)
and the eight point-count stations (r 5 8), respectively. Seasonality was not considered;
however, the six survey periods were included
in the analysis as repeated measures, using a
split-plot ANOVA (Von Ende 1993). Assumptions of ANOVA were satisfied by logarithmic
transformation of the data. For the betweenfactor comparisons, error degrees of freedom
were calculated as [a 3 b 3 (r 2 1)]; due to
the collapse of three nets in one survey period
(two canopy nets and one understory net), 3
degrees of freedom were subtracted from the
error degrees of freedom.
Detrended correspondence analysis.—To
describe the association of bird species and
guilds with treatments (forest 3 layer), we applied Detrended Correspondence Analysis
(DCA) to the matrices of total captures by net
stations and total detections by point-count
stations using Program PC-ORD (Gauch
1982, McCune and Mefford 1997). DCA is an
ordination technique that groups species and
stations in a two-dimensional scatterplot,
where species lying close together show similar use of forest layers and forest types, and
forest layers and types lying close together
have similar avian communities.
RESULTS
We recorded 91 species, including 13 recorded only with mist nets and 43 only with
point counts. An additional 17 species were
observed either flying over the study area or
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TABLE 1. Mist-net hr (MNH), captures (C), captures per 100 MNH, species richness (S), and mean captures
6 SE by forest type and by layer, Copo National Park, northwestern Argentina, 1998–2000. MNH is lower in
second-growth forest because we lost one canopy mist net in three sample periods because of extreme weather,
and we had only 1 day of sampling in December 1998.
Old-growth forest
Layer

MNH

C

C per 100
MNH

Understory
Canopy
Total

360
320
680

134
178
312

37.2
55.6
45.8

Second-growth forest

S

Mean 6 SE

MNH

C

C per 100
MNH

S

Mean 6 SE

40
37
45

49.6 6 7.5
41.6 6 6.5
45.6 6 6.9

229
202
431

90
105
195

39.2
52.0
45.2

35
37
46

51.8 6 8.8
41.1 6 7.6
46.4 6 8.1

outside of the sampling periods. The two
methods combined detected 80% of the species reported for forest habitat in the area (Caziani 1996).
We captured 507 birds of 48 species in
1,111 MNH (34 days; Table 1). Recaptures
represented 1.53% of total captures. We detected 907 individuals of 78 species in 32
point-count hr (Table 2). Considering both
mist-net captures and point-count detections,
10 species were exclusive to old-growth forest, 15 to second-growth forest, 28 to the canopy, and 29 to the understory. Raptors (Accipitridae and Falconidae), parrots and parakeets (Psittacidae), woodcreepers (Dendrocolaptidae), warblers (Parulidae), tanagers
(Thraupidae), and caciques (Icteridae) dominated canopy records. Tinamous (Tinamidae),
seriemas (Cariamidae), nightjars (Caprimulgidae), antbirds (Formicariidae), and tapaculos (Rhinocryptidae) were recorded only in
the understory. Expected species richness
(Fig. 2) was similar between census methods,
forest layers, and forest types, as confidence
intervals on rarefaction curves overlapped in
all cases, with the exception of point counts
in old-growth forest understory, which had
significantly fewer species.
Using mist nets, the species most often detected were Creamy-bellied Thrush (Turdus

amaurochalinus), White-crested Elaenia
(Elaenia albiceps), Small-billed Elaenia (E.
parvirostris), Red-crested Finch (Coryphospingus cucullatus), and Red-eyed Vireo (Vireo
olivaceus), representing 48% of total captures.
Only White-crested Elaenias were captured
more frequently in old-growth forest (F1,9 5
13.65, P 5 0.005). Bark insectivores were
captured more often in the understory than the
canopy (F1,9 5 5.27, P 5 0.047), but no other
guild showed a significant difference between
layers.
Using point counts, the species most often
detected were Chaco Chachalaca (Ortalis canicollis), Masked Gnatcatcher (Polioptila dumicola), Picazuro Pigeon (Columba picazuro),
Stripe-backed Antbird (Myrmorchilus strigilatus), and Creamy-bellied Thrush, representing 52% of total detections. The first three
species were detected more often in secondgrowth forest (F1,28 5 4.47, P 5 0.040; F1,28
5 3.76, P 5 0.060; and F1,28 5 4.61, P ,
0.001, respectively); Chaco Chachalaca was
more abundant in the canopy (F1,28 5 10.03,
P 5 0.004), and Stripe-backed Antbird and
Creamy-bellied Thrush were more abundant
in the understory (F1,28 5 21.40, P , 0.001
and F1,28 5 7.7, P 5 0.009). Total point-count
detections per 10 min were significantly higher in old-growth forest (F1,28 5 6.85, P 5

TABLE 2. Point count hours (PCH), total birds detected (D), detections per 10 min, species richness (S),
and mean detections 6 SE, by forest type and layer, Copo National Park, northwestern Argentina, 1998–2000.
Old-growth forest
Layer

PCH

D

D per
10 min

Understory
Canopy
Total

8
8
16

222
289
511

4.6
6.0
10.6

Second-growth forest

S

Mean 6 SE

PCH

D

D per
10 min

S

Mean 6 SE

29
40
52

29.7 6 3.3
35.6 6 2.9
76.8 6 4.4

8
8
16

175
221
396

3.6
4.6
8.2

38
41
61

24.1 6 1.9
34.1 6 6.7
73.5 6 7.1
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growth forest, especially for understory (Axis
2). Bark insectivores and arboreal granivores
appeared to be associated with the canopy for
both forest types. Terrestrial granivores characterized the understory. DCA analysis applied to mist-net captures (Fig. 3B) also distinguished bird assemblages between layers
and forest types, though less clearly. Only two
guilds (bark insectivores and short-flight insect hunters) showed clear patterns; both
guilds were associated with the canopy.

FIG. 2. Species rarefaction curves show the expected number of species related to the number of captures in mist nets (top) and number of detections in
point counts (bottom), by forest type and layer, Copo
National Park, northwestern Argentina, 1998–2000.
Dotted lines correspond to the 95% confidence interval
for the expected number of species detected in oldgrowth forest understory. Confidence intervals on other curves were omitted for clarity. (1) Second-growth
forest understory, (2) second-growth forest canopy, (3)
old-growth forest understory, and (4) old-growth forest
canopy.

0.014) and in the canopy (F1,28 5 4.98, P 5
0.034; Table 2). Short-flight insect hunters,
omnivores, and terrestrial granivores were all
more abundant in the understory than in the
canopy (F1,28 5 7.40, P 5 0.011; F1,28 5
42.37, P , 0.001; and, F1,28 5 32.8, P ,
0.001, respectively). Bark insectivores and arboreal granivores were more abundant in the
canopy (F1,28 5 55.07, P , 0.001; F1,28 5
22.55, P , 0.001). Terrestrial insectivores had
higher abundances in second-growth forest
(F1,28 5 7.4, P , 0.001), and undergrowth
granivores were more abundant in old-growth
forest (F1,28 5 18.8, P , 0.001).
DCA analysis applied to the point-count
matrix (Fig. 3A) clearly distinguished bird assemblages between canopy and understory
(Axis 1), and between old-growth and second-

DISCUSSION
In agreement with other studies, we detected more species with point counts than with
mist nets (Gram and Faaborg 1997; Whitman
et al. 1997; Blake and Loiselle 2000, 2001;
Wang and Finch 2002). The major advantage
of mist nets is that less experience in species
identification is required, and, in fact, censusing with mist nets may aid the observer in
gaining familiarity with different species
(Ralph et al. 1995). In the understory, mist
nets can be more effective than point counts
in detecting smaller birds, or those with more
cryptic plumage or secretive behavior (Mason
1996; Rappole et al. 1998; Blake and Loiselle
2000, 2001; Wang and Finch 2002). However,
canopy mist nets require greater effort to install (Humphrey et al. 1968, Meyers and Pardieck 1993), and they are more affected by
weather (e.g., wind entanglement in treetops).
Canopy nets do overcome one of the principal
deficiencies of mist nets: only sampling the
lowest forest layer (Blake 1992, Remsen and
Good 1996, Rappole et al. 1998). Some species, however, are not detectable with nets due
to size or behavior (Blake and Loiselle 2001,
Wang and Finch 2002).
On the other hand, point counts are easier
to conduct, and are more efficient in terms of
data collected per unit of effort (Bibby et al.
1992). However, point-count detections may
vary according to foliage density, visibility,
and the transmission and perception of sounds
during censuses (Schieck 1997). This may account for the lower richness estimate obtained
by point counts in the understory of oldgrowth forest (Fig. 2), the layer with highest
foliage density (Lopez de Casenave et al.
1998; EJD and SMC unpubl. data). Furthermore, point counts require training in species
identification, particularly knowledge of vo-
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FIG. 3. Detrended Correspondence Analysis (DCA) using (A) point-count and (B) mist-net matrices, Copo
National Park, northwestern Argentina, 1998–2000. For clarity, we show only species belonging to guilds that
showed strong associations with forest type or layer. Axis 1 appears to be associated with layers and axis 2 with
forest type. Species codes: AMAE (Amazona aestiva), ARAC (Aratinga acuticaudata), CALE (Campephilus
leucopogon), CARU (Casiornis rufa), CLPI (Columba picazuro), COMA (C. maculosa), COME (Colaptes
melanolaimus), COPI (Columbina picui), DRBR (Drymornis bridgesii), DRSC (Dryocopus schulzi), EMAU
(Empidonomus aurantioatrocristatus), LEAN (Lepidocolaptes angustirostris), LEVE (Leptotila verreauxi),
MYMA (Myiodynastes maculatus), MYMO (Myiopsitta monachus), MYTY (Myiarchus tyrannulus), PAPO (Pachyramphus polychopterus), PIMI (Picoides mixtus), SUSU (Suiriri suiriri), XIMA (Xiphocolaptes major), and
ZEAU (Zenaida auriculata).

calizations (Bibby et al. 1992, Ralph et al.
1996); consequently, detection ability can
vary significantly among observers (Rappole
et al. 1998, Nichols et al. 2000). Similarly,
species differ in characteristics that affect detection and identification (Nichols et al. 2000,

Wang and Finch 2002), thereby increasing the
variability of results.
Mist-net captures may reflect differences in
activity, whereas point counts more likely reflect variation in abundance (Remsen and
Good 1996). In some cases, however, relative
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abundances obtained by the two methods are
similar (Wang and Finch 2002). In Chaco forest, we believe that mist-net captures reflected
bird movements, whereas other activities (e.g.,
nesting, courtship, displays, and territorial
singing) were more likely to be detected during point counts. Depending on the layer
where activities occur, the probability of detection can vary greatly between methods
(Blake and Loiselle 2000, 2001). For example,
woodcreepers were detected more frequently
in the canopy with point counts, but a larger
number were captured with mist nets in the
understory, where birds move from trunk to
trunk. In contrast, most woodpeckers were
only detected during point counts, as they
tended to move between treetops above our
canopy nets. These patterns are clear in the
DCAs. The point-count DCA remained similar, even when we repeated the analysis with
the same number of replicates as that of mist
nets, selected at random. The poor explanatory power of the mist-net DCA was likely
due to few or no captures of birds from some
guilds (i.e., arboreal granivores, carnivores,
long-flight insect-hunters).
The utility of point counts and mist nets is
influenced by vegetation structure (Blake and
Loiselle 2000, 2001; Wang and Finch 2002):
the relative contribution of each method may
vary in different environments. In tall forests,
canopy birds are poorly represented by both
understory mist nets and point counts (Blake
and Loiselle 2001). In Chaco forests, where
canopies are lower, the point-count census
technique was adequate and the contribution
of canopy nets was less significant. Only understory mist nets captured species not detected on point counts. Nonetheless, the usual
disadvantage of underestimating canopy birds
during mist-netting efforts was at least partially avoided by using canopy nets (e.g., canopy nets accounted for higher proportions of
frugivores). Finally, comparisons of captures
and counts among layers provided evidence of
movement between resource patches.
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