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WINTER PARTICIPATION BY NEOTROPICAL MIGRANT AND
RESIDENT BIRDS IN MIXED-SPECIES FLOCKS IN
NORTHEASTERN MEXICO!

WENDY K. GRAM?
Division of Biological Sciences, 110 Tucker Hall, University of Missouri—Columbia, Columbia, MO 65211

Abstract. Mixed-species foraging flocks in northeastern Mexico are large, diverse, and
include Neotropical migrant and resident species. I characterized the species composition
and social organization of mixed-species flocks in four habitats of the El Cielo Biosphere
Reserve during the winters of 1993-1995. Thirty-seven percent of all species found in the
Reserve participated in mixed-species flocks, including 16 migrant species. Flocks in the
dry pine-oak forest had more migrant individuals than flocks in the humid oak-pine/cloud
forest or tropical semi-deciduous forest, but flocks in the tropical semi-deciduous forest had
more migrant species than resident species. Migrant species rarely have been reported as
nuclear species that attract other species to the flock and maintain flock cohesion, yet both
Ruby-crowned Kinglet (Reguius calendula) in the dry pine-oak forest, and Blue-gray Gnat-
catcher (Polioptila caerulea) in the tropical semi-deciduous forest, are migrant species that
behaved as nuclear flock species. Bridled Titmouse (Parus wollweberi) and Crescent-chested
Warbler (Vermivora superciliosa), Mexican resident species, were nuclear species in the dry
pine-oak forest and the humid oak-pine/cloud forest, respectively. I found that Ruby-
crowned Kinglet and Crescent-chested Warbler were follower species (species that occurred
regularly in flocks but did not behave as nuclear species) in habitats where they were not
nuclear species, indicating that the social role of a species within a flock may depend on
habitat, resource availability, species density, or the other species present in the mixed-
species flock.

Key words: mixed-species flock, Neotropical migrant, Mexico, nonbreeding season, nu-
clear species, follower species.

Resumen. Las parvadas forrajeras de especies mixtas, que se presentan en el noreste de
México son grandes y diversas, e incluyen especies residentes y migratorias neotropicales.
Las parvadas de especies mixtas presentes en cuatro habitats diferentes en la Reserva de la
Biosfera “El Cielo” fueron estudiadas para determinar su composicién especifica y su or-
ganizacién social, durante los inviernos de 1993 a 1995. El 37% de todas las especies
encontradas en la Reserva forman parte de las parvadas de especies mixtas, incluyendo 16
especies migratorias. Las parvadas en el bosque seco de pino-encino presentaron mayor
niimero de individuos migratorios que las parvadas del bosque himedo de encino-pino, del
bosque meséfilo de montafia o el bosque tropical subcaducifolio, sin embargo las parvadas
de este ultimo habitat tuvieron més especies migratorias que residentes. Las especies mig-
ratorias han sido raramente reportadas como especies nicleo de las parvadas. El Reyezuelo
Sencillo (Regulus calendula), en bosque seco de pino-encino, y la Perlita Grisilla (Polioptila
caerulea), en bosque tropical subcaducifolio, son especies migratorias que se comportan
como lideres de las parvadas. El Paro Embridado (Parus wollweberi) y el Chipe Cejiblanco
(Vermivora superciliosa), son especies mexicanas residentes que se comportan como espe-
cies nicleo en el bosque seco de pino-encino y en el bosque himedo de pino-encino/bosque
mesdfilo de montafia respectivamente. Se encontré que el Reyezuelo Sencillo y el Chipe
Cejiblanco se comportaron como especies seguidoras, es decir que son especies que regu-
larmente se presentan en las parvadas pero no se comportan como especies nicleo, en
habitats donde no eran especies niicleo, indicando que el papel social de una especie dentro
de una parvada puede depender del tipo de habitat, la disponibilidad de recursos, la densidad
de 1a especie, o de otras especies presentes en las parvadas de especies mixtas.

Palabras clave: Parvadas de especies mixtas, migratoria neotropical, M(e)xico,

Temporada de no anidacion, especies niicleo, especies seguidoras.
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INTRODUCTION

Mixed-species flocks commonly occur in the
Neotropics during the nonbreeding season (Pow-
ell 1985), but the composition and structure of
these flocks vary widely among different regions
and habitats. Studies of marked flock members
in permanent understory flocks reveal the com-
plex social structure and cohesion possible in
heterospecific groups, with some species defend-
ing common territories against conspecifics in
neighboring flocks in Peru (Munn and Terborgh
1979). Other permanent flocks in Costa Rica
have a consistent species composition but in-
clude a variety of individuals of each species at
different times, depending upon the location of
the flock relative to territory boundaries (Powell
1979, Munn 1985). Permanent mixed-species
flocks mostly consist of resident species that de-
fend territories and participate in the same flocks
throughout the year, although time spent with
the flock varies between breeding and nonbreed-
ing seasons. Most members of these permanent,
highly organized flocks are insectivores; frugi-
vores tend to form larger, less stable aggrega-
tions that are centered around an abundant re-
source (Powell 1985). In the West Indies and
Mexico, flocks consist of both migrant and res-
ident species (Hutto 1987, Ewert and Askins
1991, Latta and Wunderle 1996), but the flocks
are not as tightly organized as the permanent
mixed-species flocks found in Central and South
America.

Although mixed-species flocks are variable in
occurrence, composition, and organization in
different geographical areas, flocks that remain
together usually have one or more nuclear spe-
cies that act to attract other species to the flock
and maintain flock cohesion. Typically, mixed-
species flocks have a subset of species that are
regular flock members, or core species. The core
species are present in most flocks as nuclear or
follower species (Buskirk et al. 1972, Munn and
Terborgh 1979, Powell 1979). Other species oc-
casionally are seen in flocks and may join flocks
only under certain circumstances such as flock
presence in a territory; these species are joiner
species.

Most flocking species remain nuclear, follow-
er, or joiner species in mixed-species flocks re-
gardless of habitat or geographical area (Munn
and Terborgh 1979, Powell 1985). In a classic

study of mixed-species flocks in the northeastern
United States, Morse (1970) found only one case
of a species, the Black-capped Chickadee (Parus
atricapillus), occupying a different social role
within flocks among different geographical ar-
eas. Black-capped Chickadees became a “‘sec-
ondary leader” in Maryland because they often
followed Tufted Titmouse (Parus bicolor), a
“true leader,” whereas Black-capped Chicka-
dees in Louisiana were classified as ‘“‘true lead-
ers” with Tufted Titmouse.

To better understand why some species forage
in mixed-species flocks and the influence of
flock composition on the social roles of species
within a flock, I initiated a large-scale study of
mixed-species flocks in three habitats in the El
Cielo Biosphere Reserve in northeastern Mexi-
co. Within one geographical area, the distribu-
tion of migrant and resident species varies
among habitats (Gram and Faaborg 1997), pro-
viding an opportunity to compare flock size,
composition, and the social role of each species
within a flock among habitat types. Specifically,
I addressed the following questions: (1) Does
the size and composition of mixed-species flocks
differ among the habitats in the El Cielo Bio-
sphere Reserve, and, if so, why? and (2) Does
a species occupy the same social role in mixed-
species flocks in different habitats?

METHODS
STUDY AREA

I studied mixed-species flocks in tropical semi-
deciduous forest, humid oak-pine/cloud forest,
and dry pine-oak forest in the El Cielo Bio-
sphere Reserve, located in Tamaulipas, Mexico
(23°15'N, 99°50'W), along the slopes of the Si-
erra Madre Oriental mountain range (see Gram
and Faaborg 1997 for a detailed description of
the study sites). Although I independently col-
lected data on flocks in humid oak-pine forest
and cloud forest, I combined data from flocks at
these two habitats because the flocks were not
different in composition, the habitats were struc-
turally very similar (Gram 1996), and the rough
terrain in both habitats prevented large sample
sizes from either habitat.

FLOCK COMPOSITION

I studied flocks from December 1993 to Febru-
ary 1994, and during February 1995 in the four
primary habitats in El Cielo. Flocks were locat-
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ed by walking a transect through the forest.
When a bird was detected, I and my field assis-
tants recorded the social context (alone, species
pair, monospecific flock, mixed-species flock)
and foraging behavior of each bird. A mixed-
species flock was defined as two or more birds
of more than one species within 10 m of each
other and moving together in the same general
direction. Once a mixed-species flock was
found, we followed it until we lost the flock, or
we collected foraging data on all of the individ-
uals, approximated from the total number of for-
aging observations per species and the number
of individuals per species. Composition of the
flock was determined from participant lists, in-
cluding the species and number of each species
present, that we generated every 15 min while
following a flock. We kept qualitative notes on
species that remained with the flock for short
periods of time or appeared to move indepen-
dently of the flock. On average, we followed
flocks for 2-3 hr in the dry pine-oak forest,
where there was high visibility, and for 30 min
to 2 hr at all other sites where the vegetation
and topography limited continuous observation.
Although birds in the flocks were not marked,
we mapped the flock location as we followed it
and we did not collect foraging data from the
same areas more than once each winter.

To compare the composition of mixed-species
flocks among tropical semi-deciduous forest, hu-
mid oak-pine and cloud forest combined, and
dry pine-oak forest, I calculated the mean num-
ber of species and individuals for each flock
from the participant lists. The grand mean num-
bers of species and individuals per flock for each
habitat were then calculated from the flock
means. To test for differences among habitats, I
compared species and individual means among
the three habitat types with analysis of variance
(ANOVA) and Duncan’s multiple range test, af-
ter log-transforming the data to equalize vari-
ances. I also compared migrant and resident par-
ticipation in mixed-species flocks to the overall
distribution of individuals and species in each
habitat as determined from point-count surveys
(see Gram and Faaborg 1997) to evaluate wheth-
er flocks were a random assortment of the birds
at a site.

SOCIAL ROLES WITHIN THE FLOCK

The role of a species in a flock was determined
quantitatively by whether it was intraspecifically

gregarious, and its regularity of occurrence, and
qualitatively by whether it was followed by oth-
er species more often than it followed others, the
presence of conspicuous plumage or behavior,
and its tendency to remain with and follow a
flock continuously. A nuclear species was de-
fined as a species that was intraspecifically gre-
garious (mean number of individuals per flock
> 3; Winterbottom 1943, Greig-Smith 1978),
was a regular flock participant (present in >
50% of flocks; McClure 1967), was followed
more often than it followed others (Munn and
Terborgh 1979), displayed a conspicuous plum-
age or behavior (Chipley 1977), and remained
with the flock continuously. A follower species
was defined as a species that averaged less than
three individuals per flock, was a regular flock
participant, followed more than it was followed,
and remained with the flock continuously (sim-
ilar to Type I-III core species of Munn and Ter-
borgh 1979). A joiner species was one that did
not stay with the flock continuously and was not
a regular flock participant (similar to Type IV—
V core species of Munn and Terborgh 1979),
many of the joiner species appeared to join
flocks only when the flock passed through their
territory or foraging area.

To determine if species were intraspecifically
gregarious, I compared the mean number of in-
dividuals of each species per flock among the
three habitat types with ANOVA, after log-
transforming the data to equalize variances. I
also calculated the proportion of flocks in which
each species was present in each habitat as a

measure of regularity of occurrence (Hutto
1994).

RESULTS
FLOCK COMPOSITION

I detected 66 species (37% of all species seen in
the Reserve) participating in mixed-species
flocks, including 16 migrant species (39% of all
migrants in the Reserve; Gram and Faaborg
1997). The mean number of species and indi-
viduals per flock among the three habitats varied
significantly; the dry pine-oak forest and humid
oak-pine/cloud forest had the greatest number of
species per flock, and dry pine-oak forest had
the most individuals per flock (Table 1). The
mean number of species per flock and individ-
uals per flock were highly correlated (Pearson’s
r =0.83, n = 89, P < 0.001).
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TABLE 1. Summary of Neotropical migrant and Mexican resident participation in # flocks in El Cielo.

Tropical Humid oak-
semi-deciduous pine/cloud Dry pine-oak
forest forests forest
Variable n=23 n =24 n =42 F
Mean (* SE) number species per flock 6.48 + 0.54 9.33 £ 1.03 9.93 + 0.64 5.5%
migrant species 4.17 £ 0.31 4.29 = 0.39 4.33 * 0.31 0.1
resident species 3.12 = 040 5.04 £ 0.72 5.60 * 045 4.4*
Mean (* SE) number individuals per flock 10.65 + 1.38 19.29 + 2.09 2590 = 2.25 12.4%*
migrant individuals 7.00 = 0.80 6.17 = 0.65 14.62 = 1.57 12.9%*
resident individuals 494 + 091 13.13 £ 1.70 11.23 + 0.89 9.0%*

*P < 0.01, ** P < 0.001. All comparisons based on ANOVA tests.

Migrants averaged 4.26 species per flock
across all habitats with no significant differences
in species richness among habitats, whereas res-
idents averaged significantly fewer species per
flock in tropical semi-deciduous forest than in
dry pine-oak forest or humid oak-pine/cloud for-
est (Table 1). The mean number of resident spe-
cies per flock was significantly different than the
mean number of migrant species per flock in the
tropical semi-deciduous forest (t;; = 2.13, P <
0.05) and the dry pine-oak forest (¢,; = 2.32, P
< 0.05); we found more resident species in the
dry pine-oak forest and more migrant species in
the tropical semi-deciduous forest. Conversely,
Gram and Faaborg (1997) reported more mi-
grant species in the dry pine-oak forest and more
resident species in the tropical semi-deciduous
forest when evaluating the general distribution
of species (not limited to flocks) in these habi-
tats.

The dry pine-oak forest had significantly
more migrant individuals per flock than flocks
in the tropical semi-deciduous forest or humid
oak-pine/cloud forest, and the tropical semi-de-
ciduous forest had significantly fewer resident
individuals per flock than the dry pine-oak forest
or humid oak-pine/cloud forest (Table 1). The
number of migrant individuals per flock did not
differ significantly from the number of resident
individuals per flock in the dry pine-oak forest
(ty, = 1.84, P < 0.10) and tropical semi-decid-
uous forest (¢, = 1.83, P < 0.10); the general
distributional data indicated that the abundances
of migrant and resident individuals differed at
these sites (Gram 1996). We detected signifi-
cantly more resident individuals per flock in the
humid oak-pine/cloud forest than migrant indi-
viduals (¢, = 3.82, P < 0.001), depicting the
same pattern as the general abundance and dis-
tributional data for humid oak-pine/cloud forest.

SOCIAL ROLES WITHIN THE FLOCK

I used the regularity of occurrence in flocks and
the mean number of individuals per flock (Table
2), in combination with the qualitative criteria,
to evaluate the role of a species in a flock. Most
core species were seen in at least 50% of the
flocks in one habitat, except for Ivory-billed
Woodcreeper (Xiphorhynchus flavigaster), Or-
ange-crowned Warbler (Vermivora celata),
Nashville Warbler (V. ruficapilla), Olive Warbler
(Peucedramus taeniatus), and Hepatic Tanager
(Piranga flava); these species only were detect-
ed in small numbers in the Reserve, which may
explain their absence from many flocks. It is
possible that Ivory-billed Woodcreeper and He-
patic Tanager are joiner species, but I have clas-
sified them as core follower species because
their flocking propensity indices (proportion of
total independent observations from point counts
that a species was seen in a mixed-species flock)
were 0.56 and 0.62, respectively (Gram 1996).
The mean number of individuals of a species
per flock varied among habitats for ten core spe-
cies, including four migrant species (Table 2).
Ruby-crowned Kinglet (Regulus calendula) in
the dry pine-oak forest averaged the greatest
number of individuals per flock for all species;
Crescent-chested Warbler (Vermivora superci-
liosa) was the most abundant species per flock
in the humid oak-pine/cloud forest and Blue-
gray Gnatcatcher (Polioptila caerulea) was the
most abundant species per flock in the tropical
semi-deciduous forest. Solitary Vireo (Vireo so-
litarius), Black-and-white Warbler (Mniotilta
varia), and Spot-crowned Woodcreeper (Lepi-
docolaptes affinis) exhibited the most consisten-
cy among habitats, averaging 0.78, 0.58, and
1.15 individuals per flock, respectively (Table
2). The mean number of species in the flocks
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occupied by a core species and all the flocks in
a habitat were not significantly different (all ¢-
tests, £, 5, < 0.82, all Ps > 0.40), indicating that
species were not attracted to flocks of a partic-
ular size.

Both Ruby-crowned Kinglet and Blue-gray
Gnatcatcher were seen in 100% of the flocks in
dry pine-oak forest and tropical semi-deciduous
forest, respectively, and Bridled Titmouse and
Crescent-chested Warbler were seen in over
80% of the flocks in dry pine-oak forest and
humid oak-pine/cloud forest, respectively (Table
2). A highly regular occurrence in flocks and a
mean abundance greater than three individuals
per flock were criteria for a nuclear species, in-
dicating that Ruby-crowned Kinglet, Bridled Tit-
mouse, Crescent-chested Warbler, and Blue-gray
Gnatcatcher were nuclear species in their re-
spective habitats. These species also were fre-
quently followed by other species, conspicuous
in their behavior by constantly chipping, and re-
mained with the flock continuously. Although
Black-throated Green Warbler also was a highly
regular flock participant in the humid oak-pine/
cloud forest (Table 2), it was a follower species
because it averaged only 1.5 individuals per
flock, was rarely followed, did not exhibit con-
spicuous chipping behavior or flashy plumage,
and remained with the flock continuously.

Ruby-crowned Kinglets also were found in
flocks in tropical semi-deciduous and humid
oak-pine/cloud forests but in fewer numbers and
with less frequency (Table 2); in these habitats,
Ruby-crowned Kinglets were follower species.
Similarly, Crescent-chested Warblers were found
in dry pine-oak forest, but they were follower
species in flocks in this habitat. Within one geo-
graphical area, both Ruby-crowned Kinglet and
Crescent-chested Warbler, a migrant and resident
species, respectively, behaved as nuclear species
in one habitat and follower species in other hab-
itats.

The joiner species in each habitat were dif-
ferent and their frequencies of participation in
flocks also varied (Table 3). Of the 49 joiner
species, 7 were migrants, including a woodpeck-
er, a flycatcher, a wren, a thrush, 2 warblers, and
a grosbeak (Table 3). The joiner species varied
in size, foraging habits, and wintering social sys-
tems; Painted Redstart (Myioborus picta) and
Hermit Thrush (Catharus guttatus) probably
were individually territorial, whereas Golden-
browed Warbler (Basileuterus belli), Golden-

crowned Warbler (B. culicivorus), Green Jay
(Cyanocorax yncas), Gray-breasted Jay (Aphel-
ocoma ultramarina), and Rose-breasted Gros-
beak (Pheucticus ludovicianus) foraged primar-
ily in monospecific flocks (pers. observ.). The
grosbeaks, tanagers, and orioles foraged for fruit
and insects, and the finches and sparrows ate
seeds and fruits. Joiner species were taxonomi-
cally diverse and participated opportunistically
in flocks when flocks were nearby.

DISCUSSION
FLOCK COMPOSITION

The mixed-species flocks of El Cielo are larger
and more diverse than wintering flocks in tem-
perate North America (Morse 1970, Austin and
Smith 1972), Central and South America (Davis
1946, Moynihan 1962, Powell 1979), and in Old
World tropical habitats (McClure 1967, Croxall
1976, Bell 1980), but they are similar in struc-
ture and composition to the nonbreeding season
flocks of western Mexico (Hutto 1987, 1994).
Flocks in dry pine-oak forest were the largest in
size; these flocks had the most species per flock
and large numbers of Ruby-crowned Kinglet and
Bridled Titmouse individuals per flock (Table 2).
Hutto (1987) also reported high species richness
(mean of 18.6 species per flock, n = 11 flocks)
for flocks in pine-oak woodlands in western
Mexico, and those flocks included many of the
same species, or the western congeners, as the
flocks at El Cielo. The mean number of species
per flock in western Mexico is nearly twice that
at El Cielo, but this difference may be due to
different working definitions of a mixed-species
flock, higher elevation (2,000-3,000 m) sites
visited in western Mexico than in El Cielo, and
different study designs; we studied a large num-
ber of flocks in the same geographical area,
whereas Hutto studied fewer flocks over a larger
geographical region. It is clear, however, that the
pine-oak habitats of northern Mexico support
unusually large and diverse mixed-species
flocks.

What factors influence flock size and com-
position? Although mixed-species understory
flocks in Costa Rica contain over 40 participat-
ing species, only 11-13 species are regularly
seen in flocks that average less than 10 individ-
uals (Powell 1979, 1985). Territorial constraints
influence these permanent flocks by restricting
flock composition to the individuals maintaining
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TABLE 3. The number of flocks in each habitat in which a joiner species was observed. A joiner species is

one that only remains with the flock for a short period of time and does not follow the flock.

Tropical Humid
semi- oak-pine/ Dry
deciduous cloud pine-oak
forest forests forest
Species n=23 n=24 n =42

Mountain Trogon Trogon mexicanus 1
Elegant Trogon T. elegans 1
Acorn Woodpecker Melanerpes formicivorus 2
Yellow-bellied Sapsuckere Sphyrapicus varius 6
Red-naped Sapsucker® S. nuchalis 1
Ladder-backed Woodpecker Dendrocopos scalaris 1
Hairy Woodpecker Picoides villosus 8
Smoky-brown Woodpecker Veniliornis fumigatus 1 1
Bronze-winged Woodpecker Piculus rubiginosus 4
Tufted Flycatcher Mitrephanes phaeocercus 5
Greater Pewee Contous pertinax 1 6 16
Western “Cordilleran” Flycatcher Empidonax dificilis 1
Eastern Phoebe* Sayornis nigricans 1
Dusky-capped Flycatcher Myiarchus tuberculifer 5 3 5
Great crested Flycatcher M. crinitus 1
Boat-billed Flycatcher Megarynchus pitangua 1
Gray-collared Becard Pachyramphus major 1
Green Jay Cyanocorax yncas 1
Gray-breasted Jay Aphelocoma ultramarina 3
Tufted ‘‘black-crested” Titmouse Parus bicolor 6
Carolina Wren Thryothorus ludovicianus 1
House Wrene Troglodytes aedon 2
Brown-backed Solitaire Mpyadestes obscurus 3 2
Hermit Thrushe Catharus guttatus 3
Clay-colored Robin Turdus grayi 1
Blue Mockingbird Melanotis caerulescens 1
White-eyed Vireo Vireo griseus 5
Warbling Vireo V. gilvus 1
Rufous-browed Peppershrike Cyclarhis gujanensis 2
Tropical Parula Parula pitiayumi 7 1
Yellow-rumped Warblers Dendroica coronata 3
Wilson’s Warblere Wilsonia pusilla 11 10
Painted Redstart Mpyioborus picta 1 17
Golden-crowned Warbler Basileuterus culicivorus 7 1
Rufous-capped Warbler B. rufifrons 1 2
Golden-browed Warbler B. belli 5
Yellow-throated Euphonia Euphonia hirundinacea 1
Striped-backed Tanager Piranga bidentata 1
White-winged Tanager P. leucoptera 5
Rose-breasted Grosbeak® Pheucticus ludovicianus 1
Black-headed Grosbeak P. melanocephalus 4
Blue Bunting Cyanocompsa parellina 1 1
Rufous-sided Towhee Pipilo erthrophthalmus 3
Rufous-capped Brush-finch Atlapetes pileatus 1 1
Olive Sparrow Arremonops rufivirgatus 1
Melodius Blackbird Dives dives 1
Audubon’s Oriole Icterus graduacauda 6 11

Lesser Goldfinch
Hooded Grosbeak

Carduelis psaltria
Hesperiphona abeillei

@ = Neotropical migrant species.

territories in the immediate area of the flock and out the year also contribute to patterns in the
promoting high turnover in membership as the structure and composition of mixed-species
flock moves to neighboring territories. Environ- flocks (Munn and Terborgh 1979, Powell 1979,
mental, temporal, and breeding patterns through- Hutto 1987).
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In Mexico, territoriality is not evident among
core flocking species, but some joiner species,
such as Hermit Thrush, Painted Redstart, and
Greater Pewee (Contous pertinax), appear to de-
fend winter territories and occasionally join
flocks while the flock is in their territory. It is
possible that the core flock species defend a
large common territory, as Munn and Terborgh
(1979) found with understory mixed-species
flocks in Peru, but interactions between flocks
were never seen in Mexico, and core flocking
species were never observed in a flock area
without a mixed-species flock. Flocks in all hab-
itats regularly were seen in the same general
area, following a similar path through the forest
(pers. observ.), but, because birds were not in-
dividually marked, I cannot be certain that the
same individuals in the same flocks were in the
same place each day. My impression is that each
flock has a home range, an area that is used con-
sistently but not actively defended. The high
proportion of apparently nonterritorial migrant
species in mixed-species flocks in northern Mex-
ico may promote these home ranges, which per-
haps are ecologically equivalent to the actively
defended territories of permanent understory
flocks.

At El Cielo, nuclear species were represented
by an average of three to nine individuals per
flock (Table 2), and most core flock species did
not appear to defend territories. By contrast, the
nuclear species in permanent understory flocks
averaged two individuals (usually a breeding
pair) per flock and all core species defended a
territory (Munn and Terborgh 1979, Powell
1979). Migrant species play a minor role, if any,
in the permanent understory flocks, with Powell
(1979) reporting that Black-throated Green War-
blers, Black-and-white Warblers, and Wilson’s
Warblers only were infrequent joiner species.
Conversely, migrant species in Mexico were nu-
clear species in dry pine-oak forest and tropical
semi-deciduous forest, and Black-throated
Green Warbler and Black-and-white Warbler
were core follower species in several habitats.
Flock composition was consistent within a hab-
itat and does not necessarily reflect the overall
distribution of species in a habitat, suggesting
that flocks are not random collections of species
in each habitat. In Mexico, where large numbers
of migrants winter (Hutto 1980, Greenberg
1992, Gram and Faaborg 1997), mixed-species
flocks may be influenced by the transient char-

acteristics of many migrant species and the sub-
sequent effects of the influx of large numbers of
wintering species on the resource base; flocks
consist of the available species, both migrant
and resident, that probably derive overall winter
survival benefits from flock participation (Gram
1996), plus the opportunistic joiner species.

SOCIAL ROLES WITHIN THE FLOCK

The social role of core flock species in each hab-
itat varied with the distribution of species across
different habitats and regions. The Ruby-
crowned Kinglet was a nuclear species, along
with the Bridled Titmouse, in dry pine-oak for-
est, but in tropical semi-deciduous forest and hu-
mid oak-pine/cloud forest, the Ruby-crowned
Kinglet was a follower species with fewer in-
dividuals per flock and a less regular occurrence
in flocks. In western Mexico, the Ruby-crowned
Kinglet also is a follower species in pine-oak
woodlands (Hutto 1987). Ruby-crowned King-
lets differ in their abundance and foraging be-
havior among habitats (Gram 1996), and per-
haps these factors influence the social role of a
species in a heterospecific foraging group. Fur-
thermore, intraspecific competition may limit the
number of Ruby-crowned Kinglets that can suc-
cessfully forage together without frequent ag-
gressive interactions in some habitats, or other
species may affect the foraging behavior of
Ruby-crowned Kinglet directly through interspe-
cific competition, also limiting the number of
Ruby-crowned Kinglets that can efficiently for-
age in a flock.

The resident Crescent-chested Warbler exhib-
ited a similar change in social roles between hu-
mid oak-pine/cloud forest, where it was a nucle-
ar species, and dry pine-oak forest where it was
a follower species. In western Mexico, the Cres-
cent-chested Warbler also was found in pine-oak
woodland, but it averaged only 1.0 individual
per flock when present (Hutto 1987) as opposed
to 2.1 individuals per flock when present in El
Cielo. In both western Mexico and El Cielo,
Blue-gray Gnatcatchers are a nuclear species in
tropical semi-deciduous forest; we found more
individual Blue-gray Gnatcatcher per flock in El
Cielo (3.1) than Hutto reported in western Mex-
ico (1.98), but the Nashville Warbler also is a
nuclear species in western Mexico, averaging
2.61 individuals per flock (Hutto 1994).

The role of a species in a flock can change,
as demonstrated by the differential roles of
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Ruby-crowned Kinglet, Crescent-chested War-
bler, Blue-gray Gnatcatcher, and Nashville War-
bler in Mexico. Species may not “choose’ to be
nuclear, follower, or joiner species in a flock,
and differences in social roles among sites is
probably the result of many factors including
species composition and abundance in mixed-
species flocks and the distribution of resources
at a site (Moynihan 1962, Austin and Smith
1972). The flocking patterns at El Cielo suggest
that a nuclear species may maintain flock co-
hesion simply by its conspicuous foraging be-
havior and vocalizations that provide a focal
point for the other flocking species (Austin and
Smith 1972, Hutto 1994). Without a nuclear spe-
cies, a mixed-species flock may never form, and
flocks without nuclear species disintegrate
quickly (Vuilleumier 1970). The social role of a
species in a flock may be passive, making
changing roles feasible among different habitats
with different flock mates.

For many species, such as the warblers and
Ruby-crowned Kinglet at El Cielo, flocking may
be beneficial during the nonbreeding season be-
cause these species are rarely observed without
a mixed-species flock. The high abundance of
wintering migrant species and some resident
species may facilitate the formation of large
flocks that, in turn, are attractive to a wide range
of species in northern Mexico. Two species, a
migrant and a resident, occupied different social
roles within flocks in different habitats, suggest-
ing that flock composition and the number of
individuals per species in a flock may influence
the social role of species in mixed-species
flocks. The specific role of a species in a flock
may be secondary, however, to the primary
function of the flock, which may be to facilitate
winter survival of participating individuals.

Some species both participate in flocks and
forage without flocks at the same site (Ewert and
Askins 1991, Stacier 1992, Hutto 1994) or they
are regular flock members in one region but do
not participate in foraging flocks in a different
geographical area, such as the Black-and-white
Warbler (Faaborg and Arendt 1984). Few data
exist on the survival rates of a species when it
participates in a mixed-species foraging flock
versus when it does not forage in a flock, either
in the same habitat or across habitats and geo-
graphical regions. Further studies examining
survival rates during the nonbreeding season for
species in mixed-species flocks are needed to

better understand why many species around the
world forage in mixed-species flocks.
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