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Abstract. Fragmenitation of the lowland tropical rain forest has restlted in foss of animal and plant species
and isolation of remaining populations that puts them #t risk. At Los Tuxtlas, Mexico, lowland rain forests
are particularty diverse in the avian fauna they contsin and while most of the forests have been fragmented
by human activity, many of the fragments still harbor diverse assemblages of bird species. In these jand-
scapes, lincar strips of residual min forest vegetation along streams as well as Hoear strips of vegetation
fences (five fences) crossing the pastures might provide some coanectivity 1o bird populations existed in
forest fragments. We investigated bird species richness and welative abundance in one 6-kam Jong section
of five fences (LF) bordering 2 dirt road and in two &km fong sections of residual forest vepetation along
a river {MR) and one permaneat stream {BS). We used point count procedures which resulted in the count
of 2984 birds representing 133 species. At the LF site we datected 74% of the species, 72% at the BS site
and 57% at the MR site, Only 38% of the species were common among sites. Neotropical migratory birds
accountod for 34-41% of the species counted at aff sites. While edge and open habitat birds accounted for
&-10% of the species and for 50% of the records 2t the three vegetation strips, about 90% of the species
were forest birds. Distance to forest fragments and degree of disturbance of the vegetation seemed to
negatively inflience bird species presence at the BS and MR strips. Rarefaction analysis indicated that the
LF strip was richer in specics than the other two sites, but the occurrence of the three vegetation strips in
the landscape seem to favor the presence of many more speckes. We discuss the value of these vegetation
strips to birds as stopping stones in the frapmented Jandscape.

Key words: bind diversity, conservation, corridors, forest fragrnentation, Los Tuxtlas, Mexico, tropicat
rain forests .

Introduction

Tropical rain forest destruction and fragmentation has been a major cause of loss
of biological diversity (Wilcox and Murphy 1985). Negative effects of these human
induced changes on bird pepulations such as dirminished size and local extinction
of species may result from loss of natural habitat (Robbins et al. 1989, fohas 1991,
Hagan et al. 1996), isolation from other appropriate habitat (MaClintock et al. 1977,
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Urban et al. 1988; Estrada et al. 1997), and from edge effects (Turner 1996; Offerman
et al. 1995).

Many tropical nations like Mexico no longer possess large undisturbed areas of
lowland tropical rain forest. Instead, the remaining forests consist of seattered and
isolated collections of fragments (Estrada and Coates-Estrada 1996). The tropical
rain forest of Los Tuxtlas, in the southeastern portion of the state of Veracruz, Mex-
ico, represents the most nothemn limit of the lowland rainforests on the Armerican
continent. Avian diversity in these forests is high with about 550 species reported
{Winker 1997}, Currently, the forest has been deeply altered with approximately 75%
of the forest converied to pastures, another 20% exists as solated forest fragments in
the lowlands, and only 3% is still preserved as extensive forested areas but located at
elevations >R00 m a.5.1 (Estrada and Coates-Estrada 1996).

initial surveys of bird populations in clusters of isolated forest fragments in the
Los Tuxtlas lowlands reported negative effocts of loss area and isofating distance on
bird species richness and relative abundance, but indicated as well that the presence
of these fragments has allowed the persistence of many bind species that would have
otherwise disappeared in a completely deforested landscape {Estrada et al. 1997).
With this knowledge at hand, it is imperative to assess the effectiveness of corri-
dors, among other options {e.g. buffer zones), to ameliorate the negative effects of
fragmentation.

While the general value of corridors for conservation has been questioned (Hud-
son 1991; Simberloff et al. 1992), other studies suggest that corridors of vegetation
(human-made or remnants of the original vegetation along the sides of streams and
rivers) may be important in facilitating aniroal movements in a fagmented landscape
by providing the needed physical connectivity among isolated forests or by acting as
stepping stones {(Nohlgren and Gustaffson 1995; Hass 1995; Ruefenacht and Kaight
1995; Estrada and Coates-Estrada 1996; Beier and Noss 1998).

At Los Tuxtlas, single planted rows of the tree Bursera simaruba (Burseraceae)
and Gliricidia sepium (Legurminosac) are used by farmers and ranchers to hold barbed
wire. These live fences (LF) crisscross the pastureland and are important to local
ranchers and farmers to delimit boundaries of the fand and o enclose their cattle
andfor crops. Because, the posts grow rapidly in height and produce moderately foli-
ated crowns, single rows of these live fences resemble corridors of vegetation across
the pasturelands (Estrada et al. 1997). Other less common corridors of vegetation in
the lowland landscape are segments of residual rain forest vegetation along streams
and rivers.

Preliminary surveys of birds conducted by us in live fences indicated the presence
of significant numbers of forest bind species and individuals in these habitats (Estrada
et al. 1997). However, the extent to which forest birds use LF and other types of linear
strips of native vegetation in the fimpmented tropical landscape still lacks sufficient
documentation (Petit et ai. 1989). Therefore we investigated bird species dichness
and relative abundance in one 6-km long section of LF bordering a dirt road and in
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two 6-km long sections of résidual forest vegetation along a river and one permanent
stream. These three sinuous strips of vegetation cut across an area (32 km?) occupied
by pastures and by a cluster of forest fragments under investigation by us in the
iast 5 vears (Figure 1). We report here the results of these surveys and hope o
entich our understanding of avian fiexibility to transformation of their habitat by
humans. This report and others published earlier (Estrada and Coates-Hstrada, 1996;
Estrada et al. 1993a, b, 1994, 1996, 1997, 1998, 1999) atempt to infer what kind
of landscape scenarios and mosaics might sustain maximum diversity and minimum
species loss.

Figure 1. Stady landscape in the region of Los Tuxtlas, The three strips of vegetation investigated are
represented by the continnous lines {LF = live fence, BS = Balrapote stream, MR = Maguina river). Forest
fragrents shown in dark.
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Methods

We conducted field work in the porth-castern area of Lios Tuxtias (95°00 W,
18°25" N; elevation sea level o 1600 m) in southern Veracruz, Mexico, Mean an-
nual temperature is 27 °C and mean annual precipitation is 4964 mm (SD 4 862,
N = 20 years). Rainfall is distributed seasonally with the period March-May re-
cetving an average monthly precipitation of 111 mum (b 11.7 mun) whereas average
monthly precipitation the rest of the year is 486 mm (& 87.0 mm) {Estrada ¢t al. 1985).

Study sites

The study sites were a 6 km section of a LF along the sides of a sinuous dirt road
and two 6-kim sections of residual forest vegetation along the edges of the Balzapote
Stream (BS) and the Maquina River (MR) both flowing into the Guif of Mexico.
General onientation of the three sites was N to S following the altitudinal gradient
from sea level to 160 m. The shortest linear distance separating the sites from one
another were 250 m for the LF-MR sites, 50¢ m for the LF-BS sites and 2200 m for
the BS-MR sites (Figure 1). Physically, the three corridors were an integral part of
the fragmented local landscape ocuppied by pastures (10-15 om high) and clusters
of forest fragments ranging in size from 1 to 112 ha, Isolating distance among forest
fragments (straight line distance to the edge of the nearest forest fragment) ranged
from 6.2 to 0.8 km. The number of forest fragments present within a 250, 500 and
1900 m band on each of each corridor were, 10, 13 and 19 for the LF comridor, 7, 8
and 14 for the BS site and 1, 3 and 6 for the MR site (Table 1).

The vegetation of the LF site was mainly represented by live posts of Bursera
simaruba and Gliricidia sepium, but other tree species {e.g. Ficus spp, Cecropia
obtusifolia) established as a result of dispersal of seeds by binds and/or bats were
ocassionally present. The residual forest vegetation at the BS and MR sites was
dominated by trees of the Lauraceae, Moraceae, Cecropiaceae, Boraginaceae and
Leguminosae. However important differences were evident between the BS and MR
sites in the degree of conservation of the vegetation with the latter site having a rmuch
more sparse tree vegetation. Both sites, however, had a few representatives of the
forest palns Astrocaryum mexicanum and Bactrix trichophylla common in the under-
story of undisturbed forest vegetation in the region (Bosngers et al. 1988) evidencing
the residual nature of the vegetation found at these sites. At both the BS and MR
sites cattle had access to the edge of the water and thus understorey vegetation was

non-existent, except for the grazed pasture,

Bird counts

During 1997 one of us (PC) conducted visual counts of birds at the habitat inves-
tigated using the fixed-radius census points in a linear transect sampling procedure |
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Table 1. Results of bird counts at the sites investigated, Also shown are guantitative foatures
of vegetation st each habitat (Mean 4 $D), number of forest fragments in the vicinity of each
site, and the proportion of birds in each foraging guild at each site.

Vegetation strip
Live Bulzapote Magquina
fences stream tiver Tokad
Resident
Species 58 63 44 73
hdividaals 692 1226 oG 2524
Migratory
Spesics 40 33 27 56
Individuals Som 153 96 460
Totat
Species 98 96 76 133
individusls 903 i3 it 2984
Tree specics per plot 20+058 2604132 180485
dbh em 150404 3304128 470+ 1832
Canopy heipht m 63427 158:43.5 169426
Forest fragments
Within 250 m band {4 7 I
Within 500 m band 13 8 3
Within 1000 i hand 9 14 6
Foraging guilds % Species % Specics % Species Average %
Aerial insectivore 33 M 29 32
Frugivore/insectivore . 50 45 57 51
Granivore 7 4 3 5
Nectarivore 5 7 "8 1
Camivore 5 6 4 5

{Hutto et al. 1986), in which all perching individuals detected by sight withina 253 m
radius of the point-count center were recorded. Each count Jasted S min and at least
30 min elapsed between counts at each point. Count points were established at 150 m
intervals for a total of 40 points per strip of vegetation.

We conducted all bird counts between 0630 and 1300 hrs, but 93% of our bird
records at the three strips of vegetation were obtained between 0630 and 1000 hrs and
avoided sampling in heavily overcast and rainy days. We sampled birds at each site
4 times, once in each quarter of the year and the average interval between samples
ranged from 30 to 40 days. Birds counted were identified to species. Our records
excluded those species detected flying across the landscape and well above canopy
level. Crepuscular and nocturnat {e.g., Strigidae and Caprimulgidae) species were
not recorded. Bird species counted were classified into five general foraging guilds
according to components in their diet as reported in the literature (Coates-Estrada
et al. 1993). Taxonomic nomenclature for birds followed the American Ornitholo-
gist's Union (1983}, )
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Figure 2. Rarcfaction curves for the three vegetation strips investigated. Comparisons between sites made
at N o= 500, Data for forest fragments and pastures from another study (Bsaada of . 1997) in the same
{andscape 15 included for comparison. F = forests, LF = Hve feaces, BS = Balzapote stream, MR = Maguina
river, P = pastures. Note the high species richness of the live fence site and the species poor pastures,

records (Appendix}. Neotropical migrant birds accounted for 42% of the species de-
tected and for 15% of the birds counted in the total saraple. The habitat with the high-
est proportion of Neotropical migrant bird species was the LF site (41%), followed
by the MR (35%) and BS (34%) sites (Table 1). Seven species (Dendroica magnolia,
Icterus galbuln, Vireo griseus, Wilsonia citring, Setophaga ruticilla, Piranga rubra
and W, pusilla) accounted for 50% of the migrant counts at all sites and transient
species {e.g., Passerina cyanea, Tyrannus fortificatus), accounted for 45% of
Neotropical migratory species recorded (see Appendix).

" Birds that depend on or complement their diet with fruit accounted for about 50%
of the species while aerial insectivores made up 32% of the species. The distribu-
tion of foraging guilds was, in general, similar among the three corridors (Table 1).
A general association was found between the bird’s body mass (g} and the number of
individuals connted per habitat (ry == 0.28, P == 0,001, N = 133), but this association
was weaker at the LEF site {ry we 015, P ue 0.001, N == 98) than at the BS (rg == 0.41,
P =000, N = 96} and MR (r; = 0,37, P = 0.001, N = 76} sites, and no
association existed between bird body mass and the number of sites in which species
were present (ry == 0.12, P == 0.07, N == 133).
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Bird species in the LF site

In this habitat, we recorded the presence of 903 birds of 98 species. Five species,
M. aurifrons, P, sulfuratus, D. dives, C. morio and A. autumnalis, accounted for 40%
of the records and seven neotropical migrant species (0. magnolia, V. griseus, W. pu-
silla, 8. ruticilla, P. cyanea, 1. galbula, Empidonax minimus) contributed to 50% of
the records for migratory species (see Appendix).

Bird species in the BS yite

We recorded 1379 birds representing 96 species in the BS site, Seven species
(P sulphuratus, D. dives, M. aqurifrons, P, montezuma, C. morio, T. semifasciata and
Bubulcus ibis) accounted for 50% of the records (Appendix). Among the neotrop-
ical migrant species recorded at this site, six (D). magrolia, L. galbula, W. citrina,
Mniotilta varia, P rubra and Empidonax traitliiy contributed to 56% of the records
{see Appendix).

Bird species in the MR site

We counted 702 birds representing 76 species in the MR habitat. Eight species
M. D. dives, A. autumnalis and Ramphastos sulfuratus) accounted for slightly more
than 50% of the records (Appendix). Neotropical migrant species such as £, galbulg,
D. magnolia, W citrina, Dendroica petechia, Tyrannus forficatus and E. minimus
contributed to 50% of the records for migratory birds (sec Appendix).

Vegetation

Sites differed significantly in the vertical profile of the vegetation (Figure 3). The BS
site had a higher density of vegetation than the MR site at all height intervals (Mann—
Whitney U-test, P = 0.02) and the LF site differed significantly from the BS and
MR sites in the same measure (Mann-Whitney /-tests, P = (.02 in both cases).
All three sites differed as well in mean tree dbh and in mean number of tree species
per plot (WHcoxon test, P == (.00 in both cases). The lower tree species diversity
per plot as weil as the absence of cover at intermediate (0.5--3.0 m)} vegetation height
intervals was indicative of the higher degree of distarbance of the vegetation at the
MR corridor compared to the BS site (Table 1).

Bm:ssnon

Our study showed that rich assemblages of bird species were present at the vege-
tation: strips investigated, The resident bird species (e.g., P montezuma, €. morio,
P. sulphuratus) that numerically dominated the bird assemblages detected in these
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Figure 3. Vertical wegetation density profile for the three vegetation strips investigated. The BS strip had
more plant cover at all height intervals, whereas the MR strip lacked phant cover at intermediate heights.
Fhe LF strip had the Jowest density scores at cach height interval,

habitats were typicat of edge and open habitats (Stiles and Skutch 1989). it is pos-
sible that removal and fragmentation of the forest has resulted in more open and
edge habitat available for dispersal and colonization by these bird species (Stiles and
Skutch 1989). These species have a large body mass (60380 g) and their gregarious
mobbing behavior also allows them to displace smalier birds (body mass ranged for
the rest of species recorded, excluding raptor and vultures, from 3 w0 160 g) from
perches and fruiting trees.

The abundance of M. aurifrons in the studied vegetation strips may be due to
the presence of standing dead trees at the edges of nearby forest fragments and in
the pastures where they may find supplies of wood boring insects. Some of these
birds were observed also nesting at the BS and MR strips, probably the result of the
greater acrial cover at this site. Likewise, the long distance mobility of species such as
A. autumnalis, R sulphuratus and Preroglossus torguatus (Stiles and Skutch 1989),
may ailow them to visit greater numbers of forest fragments by using networks of
vegetation strips in the local Jandscape to meet resource requirements and this may
partly explain why they were common in our counts.
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The fact that only from 45—47% of the total number of species counted were
common among the studied sites suggests that the co-occurrence of the LF with the
other two vegetation strips investigated seemed to favor the presence of more species
{N == 133} in these sites as a group. Rarefaction analysis showed that the vegetation
strips studied were significantly richer in bird species than pastures, sugpesting that
these habitats could be an important Jandscape element in the conservation of avian
diversity preserved in forest fragments in the region. For example, 74% of the bird
species detected in a sample of 50 forest fragments in the area were tecorded at the
three vegetation strips (Estrada et al. 1997).

While a few of the species (ca. 10%) detected at the vegetation strips were open
and/or edge habitat specialists, about 45% were forest birds (e.g., H. fuscicande,
Momotus momotus, Trogon violaceus) and the yest were transient migratory birds
{e.g., I. fortificatus, Vireo flavifrons, Passerina ciris) or winter residents {e.g. Hy-
locichia mustelina, Oporornis formosus) that also require plant cover for protection
and sustenance (Rappole 1995).

The LF site, in spite of its structural simplicity, as indicated by our vegetation
measures, was particularly species rich (74% of all species detected). The LF and the
BS sites were richer in species and more individuals were counted at these sites than
at the MR habitat. These two sites also had more fragments in their vicinity than the
MR site. The greater distance between the MR corridor and nearby forest fragments
and the other two corridors as well as the sparser nature of the tree vegetation and
lower foliage vertical density at the MR site, offering less protection to birds, may
account for the lower number of species and birds recorded at this site. Nonetheless
many bird species (56% of the total} were detected at this site.

Although the LF and the MR corridors, may not be suitable for sustained fiving
because of the high exposure and disturbance of the vegetation, they might provide
Hnportant services as stepping stones for a significant assemblage of resident and
migratory bird species that differ in mobility, in general dietary habits and in general
habitat requirements and that stili exist in or visit the area (Estrada et al. 1997}, Many
of the birds observed perching in the vegetation strips studied flew toward nearby
forest frapments or toward other LF strips. Vegetation strips such as the BS site with
greater complexity of the residual forest vegetation than the MR site, may not only be
used as a stepping stone, but also as a place of residency by some birds. For example,
banded individuals of H. fuscicauda and H. leucosticta, were observed to reside ih
the same general jocation within the strip of vegetation throughout the year of fickd
work {A. Estrada, unpublished}. -

Our study demonstrated that LF provide habﬁat for many bird species. The thou-
sands of lincar meters of vegetation in the form of LF across the pasturelands are
available to birds inhabiting the fragmented landscape. Some of these LF may bring
birds closer to nearby forest fragments thereby reducing isolating distances, may
end at the edge of forest patches or may interconnect forest fragments with resid-
ual forest vegetation along streams and rivers, thus enhancing bird movements in
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the area. For example, our records showed that even forest interior resident birds
that rarely leave the forest such as H. fuscicauda, H. leucosticta, B. culicivorus,
M. momota and Euphonia hirundinaceae were present at the LF site, suggesting
the use of this habitat as an intermediate point when moving between nearby forest
{ragments.

The trees forming the LF pot only provide temporary cover for birds, but also
provide a rich set of micro habitats for insects. The LF trees also provide fruit, adding
to the opportunities available to birds in a landscape where the forest is now a limited
resource. However, LF may be unsuitable for prolonged residency by binds because
of the exposure to raptors (e.g., Buteo magnirostris, B. nitidus during the day, owis at
night) and other predators, including dogs and humans as well as exposure to extreme
microctimatic conditions. This suggests that most of the birds counted in the LF site
came from forest fragments in the vicinity,

Some LF possess high concentrations of plant species dispersed by birds andfor
bats of the genera Piper (Piperaceae} Solanum (Solanaceae), Cecropia (Cecropia-
ceae), Siparuna {Mominaceae), Eugenia (Myrtaceae), Psychotria (Rubiaceae) and
occasional strangler figs (Ficus spp.} and thus offer greater cover and the occurrence
of abundant food supplies (large numbers of fruits produced per plant and year long
availability) for fruit-cating specialists and for birds that complement their diet with
important amounts of fruit {A. Estrada, unpublished).

While neofropical migrants comprised from 33% to 41% of all species counted
at the studied sites, they comprised only an average of 21% (X 10.7) of the species
counted at fifty forest fragments surrounding the investigated vegetation strips (A.
Estrada, unpublished data), hence, stressing the importance of these strips to sustain
iocal movements and in some cases to establish winteér residency (Rapppole 1995
Warkentin et al. 1995).

Our stady suggests that the practice of using LF 10 section the pastoreland seems
to have unintentionally provided some degree of connectivity to isolated segments of
populations of many bird species that differ in degree of mobility and that were isolat-
ed when the forest was fragmented (Estrada et al. 1997). The presence of thousands
of LF of various lengths forming networks across the pastares lands where forest
fragments are still preserved, coupled to the preservation of strips of residual forest
vegetation along streamns and rivers to preserve water and provide shade for cattle, as
was the case for the BS and MR sites, may have helped, to this point, slow down the
process of local disappearance of ﬁ‘agnmtcd populations of bird species in certain
landscapes of Los Tuxtlas.

It is evident that conservation of svian diversity under conditions of frapmen-
tation in the lowlands of Los Tuxtlas, where contiguous forest has disappeared re-
quires a jandscape perspective. In this scenario, conservation of forest fragments
is fendamental to preserve the indigenous biota, or at least a pontion of it. How-
ever, conservation planning of isolated forest fragmenis is incomplete and consid-
eration must be given to creating and sustaining connectivity (Neiman et al. 1993;
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Turner 1996). Much of the controversy regarding the value of corridors revolves
about whether or not animals other than edge species {ecological generalists) use
corridors (Beier and Noss 1998}, While our study showed that a few edge and open
habitat bird species seemed to numerically dominate the bird populations in the in-
vestigated vegetation strips, it also showed that about 90% were bird species that
prefer the forest interior and that both small and large species {excluding raptors and
carrion feeders) and both resident and migratory species make use of these linear
habitats.

In spite of the impressive diversity of bird species detected at the vegetation strips
studied, it is necessary also to point out that not all species reported present{(e.g. Pipra
mentalis, Crax rubra, Tinamus maior, Crypturellus boucardii, Spizaetus tyrannus and
S. ornatus) in a sample of fifty forest fragments in the same area where the vegetatoion
strips are located (Estrada et al. 1997} were recorded during our counts, suggesting
that these may be less resilient and are confined to the forest fragments where they
reside,

While there is a cost (e.g., potential predation and higher time and energy ex-
penditure) due to exposure and distances covered, bird species capable of reaching
forest habitats outside of the patch in which they reside may encounter a greater
vagiety of habitats in which to find resources and meet survival requirements. Such
diversity of opportunities will increase significantly i a species can also make use
of the human-made strips of vegetation available in the landscape (Pimentel et al.
1992). This could result in less concentration of mobile elements of the biota in the
forest remnants, avoiding over exploitation of resources, increased competition and
predation (Offerman et al. 1995). While large isolating distances may impose Hmits
on the accessibility of these opportunities to birds, the use of LF and of vegetation
along streams and rivers by birds as stepping stones may reduce isoiation and ease
crowding effects resulting from forest fragmentation (Harrison 1992; Lindenmayer
and Nix 1993; Warkentin et al. 1995; Tumer 1996; Estrada et al. 1997).

Although we agree with the recent tenet that corridors or the spatial configuration
of remaining habitat can not compensate for the overal! loss of habitat (Harrison and
Bruna 1999}, we believe also that we cannot ignore the high diversity of plant and
animal organisms still present in fragmented tropical landscapes. Documentation of
such hiodiversity will provide information on the flexibility of response of species
to disappearance and fragmentation of their habitat enhancing our biological data
banks, and, for tropical nations where most of the contiguous forest has vanished,
the conservation of fragmented landscapes may be the only option fo preserve the
remaining local and regional biodiversity.

Bearing this in mind, and that the generality of our resulzs is limited because of the
few sites sampled and the few sampling points in time, the study nevertheless suggests
that in tropical regions, we need to identify land management practices {e.g. use of
L¥F) that, already proven to work from the point of view of the farmer or rancher,
seem to favor, by facilitating apimal movements across the Jandscape, the persistence
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of segments of the wildlife still preserved in existing forest fragments (Estrada et al.
1993b, 1594, 1997, 1998). }

If the above scenario is conducive to preservation of important segments of wild-
fife in the forest fragments remaining in the landscape, efforts couid be made toward
improving its conservation value, For example, further investigation would be needed
to distinguish between corridors that can support residency by birds {e.g. residual
vegetation along streams and rivers with a high degree of vertical and horizontal
complexity of the vegetation or LF with plant regrowth) versus corridors that facilitate
bird movement (e.g. simple LF). In this case, aspects of design, such as width and
connectivity to forest fragments as well as conservation of the understory vegetation,
may deserve consideration{Saunders and de Rebeira 1991; Lindenmayer and Nix
1993; Beier and Noss 1998). Such an approach would make, as rightly pointed out
by Turmer and Corlett (1996), the task of conservation, technologically, economically
and sociologically, easier, facilitating as well the potential restoration of the origi-
nal ecosystem in the local fragmented landscape via the seed dispersal services of
fruit-cating birds that visit the corridors (Estrada et al. 1993a; Guevara am:l Laborde
1993).
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Appendix, Bird species at the sites investigated ranked by fotal number of
iqdividuals counted. LF = live fence, BS, Balzapote stream, MR = Maqguina
river.

Vegetation strip

Average
Species L¥ BS MR Totat rass ()
Meianerpes aurifrons 68 157 7t 296 88
Pitangus sulphuratus 65 14 o 288 60
Dives dives 64 152 38 254 15¢
Cyanotorar morio 59 73 60 152 285
FPsaracolius montezona 32 ¥ 52 159 380
Amazons autumnalis 48 47 31 126 245
Tityra semifarciara 14 35 il 7 88
Crotophaga sulcirostris 36 30 22 g8 82
Dendroica magnolic 34 3 12 9. 9
Columba flavirostris 8 40 4 62 230
Coragyps atratus 13 39 | 58 1800
Thraupis abbas 2 32 17 57 46
Brubulcus ibis 2 45 i 54 340
Bureo magnirostris 6 28 19 53 350
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Appendix. Continned.

bl Average
Specits LF BS MR Total  mass (g)
Campylorftynchus zonatis 24 2! T 52 30
Ramphastos sulphuratus 15 1 3 49 350
Pterogiossus tonguatus 9 2 12 43 198
Icterus golbula g 19 14 42 M4
Quiscalus mexicanis 19 17 1 37 150
Vireo griveus zr & 1 M 12
Columbina inca i4 19 a3 52
Wilsonla citring ] 18 9 33 131
Tyrannus melancholicus g 11 i2 32 40
Yierdus grayi 4 3 Y k} | Kz
Amagiltia coandida 9 12 7 28 4
Setophaga ruticitle 15 9 4 28 5
Tityra inguisitor 8 10 7 25 50
Wilsonia pusifia 16 5 4 25 7
Aratinga nana 2 i6 6 4 85
Chioroceryle americana 0 13 23 35
Piranga rubra 8 13 2 23 30
Saltator atriceps 3 Y 4 20 47
Dryocopus lineatus 7 ¢ 3 20 169
Empidonax minimuas 8 5 ¥ 26 2
Teterus cucullatus g 9 2 19 45
Dendroica petechic 5 3 g ¥4 £
Euphonia hirundinacea 6 9 2 17 27
Dendroica virens 5 6 3 1 9
Myiarchues tuberculifer 9 6 15 26
Megarhynchus pitangua g 4 3 15 62
Sporophkila torguects 13 1 i 18 1
Tyrannus forficatus 5 2 7 i4 45
Myiodynastes maculatus 7 & i3 40
Habia fuscicauda 4 6 3 13 46
Myiozetetes similis 4 7 2 13 45
Passering cyomea i} i 12 14
Vireo gilvus 4 5 3 12 i2
Basilenterus rufifrons 12 12 15
Anthracothorax prevostii 2 3 6 i 6
Columbing talpacei 9 1 10 48
Thraupis episcopus 2 6 2 HE 35
Campylopterus hemilencurus 5 4 } 13 i
Empidonax traillii 9 i 10 i3
Trogon violaceus 7 2 9 68
Icteria virens 5 1 2 8 25
Polioptila caersiea [ 2 . 6
Sturnellia magna 8 8 i
Mniotilta varies 2 5 7 2
Piranga clivacea 5 2 7 28
Buteopatlus onthrocings 2 5 K £00
Sayornis nigricans 4 3 7 18
Mylarchus tyreanulus 3 2 1 b 32
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; sap Average
Species LE BS MR Total mass (g)
Myiodynastes hueiventris 2 2 2 6 46
Dumetelia carolinensis 2 3 3 & 37
Pachyramphus aglaioe 5 I 6 30
Vireo flavifrons 1 5 6 16
Geothiypis poliocephala 3 { 6 7
Glaucidium brasilicnum s b 63
Sayornis phovbe 3 5 20
Buteo nitidus 2 3 5 500
Momuotus momoia 4 ¥ 5 146
Vermivora rificapilia 2 2 1 5 9
Piranga ludoviciana 2 3 5 25
Ortalis vetuls 4 4 549
Lepiatite verreaixd 4 4 165
Amazilia tzacatl 2 H i 4 4
Versivors pinuy 2 2 4 g9
Columba nigrirostris ); 3 4 2
Thryothorus maculipects 3 1 4 14
Troglodyies aedon 4 4 10
Henicorking lewcosticta 3 i 4 16
Parula americana 3 H 4 8
Seturus noveboracensis p b 4 i7
Greothlypis trichas 1 3 4 12
Cuathartes aura 4 4 1400
Pyrocephalus rubinuy 4 4 i7
Tyrannus tyrannus 3 k) 40
Polyborus plancus 1 2 3 1000
Piaya cayana 1 2 3 165
Phaethornis superciliosss 2 1 3 6
Contopus virens 3 3 14
Vireo solitarius 2 1 3 17
Protonotaria citrea 2 i 3 i3
Habia rubica 3 3 44
Saleaor coerulescens 3 3 52
Yiaris offvacea 3 3 0
Dendroica caerulescens 3 3 9
Lepidocolaptes souleyettii 2 2 45
Passering ciris 2 2 15
Micrastur semitorguatus i i 2 650
Pionopsitin haematotis 2 b4 115
- Phoethornis longuemareia 2 2 3
Empidonax afrorin 2 2 12
Empidonax flaviventris 1 | 2 1t
Catharus ustualatus 2 2 31
Hylocichia mustelina 1 i 2 47
Dendroica dominica 2 2 9
Euphonia affinis 2 2 .3
Spize americana 2 2 8
Herpetotheres cachinnams H 1 600
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Appendix. Continued.

Vegetation strip Average
Species LF BS MR Totu} roeass (g)
Archilocus colubris i 1 3
Florisuga meifivora ; i 7
Chisroceryle amazona t } HO
Automalus ochroloemus ; 1 44
Contopus sordidudus i ! 12
Empidonax atbigalaris t | 13
Empidonax virescens 1 i 12
Empidonax sp. 1 1 iz
Myiarchus crinitus i H 34
Catharus guttatus H ¥ 31
Tundus migratoriuy ] H 9
Dendroice castanea { H ¥
Dendroica coronata . H i 12
Dendroiva palmaram H H 14
Dendroica pensylvemica 1 10
Seiurus motaciila I i 16
Oporornis formosus ] i 13
Coereba flavecla i f 12
Firanga leucoptera 1 I 15
Phevucticus fudovicianus i H 45
Volatinia jacaring H 1 12
{cterus mesomelns i 3 &0
Ambiyeercus holpsericeus ; & 65
Species 98 96 72
Individuals C903 1379 g 12) 2984
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