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THE COMPOSITION AND SOCIAL ORGANIZATION OF
MIXED-SPECIES FLOCKS IN A TROPICAL DECIDUOUS
FOREST IN WESTERN MEXICO!

RicHARD L. HuTtTO
Division of Biological Sciences, University of Montana, Missoula, MT 59812

Abstract. 1 recorded the flocking propensity of birds within a tropical deciduous forest
in western Mexico during the nonbreeding season, and determined the species composition
of 57 mixed-species, canopy insectivore flocks. Each of 27 canopy insectivore species present
on the study area was observed foraging in mixed-species flocks on at least half of the
occasions that it was detected on bird surveys. The proportion of flocks within which a
given species was detected could be predicted on the basis of its index of abundance, as
determined from independently derived point count data. Therefore, flocks are not com-
prised of a special subset of canopy insectivores; rather, the composition of flocks appears
to be a product of whichever species co-occur within the foraging range of one or more
nuclear species. No two canopy insectivore species were negatively associated among flocks,
but 40 of 210 possible pairs (19%) were significantly positively associated.

Two long-distance migratory species (Nashville Warbler { Vermivora ruficapilla] and Blue-
gray Gnatcatcher [Polioptila caerulea]) shared features that characterize nuclear species,
thereby constituting one of the first recorded instances where nonresident species play such
a role. Five of the more common flocking species were equally likely to have a foraging
neighbor nearby (<3 m away), but the identity of that neighbor differed significantly among
the five species. Specifically, the identity of close neighbors of the two nuclear species was
a random subset of the species available, while the close associates of three attendant species
were a nonrandom subset of (mostly) other attendant species. The independent associations
among flocks, which characterize most species, and the observation that nuclear species
were not close neighbors more than expected for any of three attendant species suggests that
foraging enhancement is not the principal benefit that attendant species derive from flocking.

Key words: Mixed-species flocks; spatial association; Neotropical migrant; migratory birds;

nuclear species, Mexico, tropical deciduous forest.

INTRODUCTION

Throughout the world, insectivorous birds com-
monly forage in mixed-species flocks during the
nonbreeding season (Rand 1954, Moynihan
1962). The most speciose flocks are composed
of forest-canopy insectivores, and may regularly
involve 20 or more species (Munn and Terborgh
1979; Hutto 1980, 1987). Two principal selective
advantages are thought to favor the evolution of
mixed-species flocking behavior: decreased pre-
dation and increased foraging efficiency (see re-
views in Morse 1977, Powell 1985). Although
the increased conspicuousness of flocking birds
could offset any advantage they might gain
through early detection of an approaching pred-
ator, that possibility is unlikely because an ele-
ment of surprise is essential for a successful at-
tack (Lindstrém 1989). In fact, the available data

' Received 13 July 1993. Accepted 23 September
1993,

(reviewed in Powell 1985) suggest that flocking
birds suffer relatively low predation risk because
of the increased probability that an approaching
predator will be detected.

Foraging benefits may accrue to a flocking bird
because: (1) it can use information or protection
provided by flockmates to exploit foraging lo-
cations, foraging tactics, or food types that it
would not use otherwise (Krebs 1973, Valburg
1992); or (2) it can spend less time scanning for
predators (Popp 1988, Elgar 1989), which pro-
vides additional time that can be devoted to oth-
erwise similar foraging methods (but see Petit
and Bildstein 1987). Alternatively, flocking spe-
cies may experience reduced foraging efficiencies
because of adjustments in movement patterns
that are required either to stay with a flock, or
to minimize competition for food (Jones 1977,
Lima 1985; Petit and Bildstein 1987; Hogstad
1988b, 1989; Hutto 1988).

To resolve whether participants experience
foraging-related costs or benefits when flocking,
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we need to devote more attention to testing pre-
dictions that necessarily follow from hypothe-
sized feeding benefits and costs. For example, if
the proposed benefit is an increase in the effi-
ciency of finding and using patchily distributed
food, then flock movement patterns should be
irregular. In contrast with such a prediction, in-
sectivorous bird flocks appear to move at a rel-
atively constant rate through the woods (usually
about 9 cm/sec; Morse 1970, Jones 1977, Powell
1979, Gaddis 1983, Hutto 1988). Feeding ben-
efits could still come from an enhanced ability
to copy the microhabitats or behaviors of neigh-
bors, in which case we might expect nonrandom
patterns of close association within flocks.

Unfortunately, with the exception of detailed
studies of north temperate parid flocks (e.g., Lima
19835; Alatalo et al. 1987; Ekman 1987, 1989,
1990; Ekman and Hake 1988; Gustafsson, 1988;
Hogstad 1988a, 1988b, 1989; Székely et al. 1989;
Van Buskirk and Smith 1989), we still lack sys-
tematic studies of group memberships, move-
ment patterns, and foraging behaviors of indi-
vidual participants in many kinds of (especially
tropical) mixed-species flocks (but see Greenberg
1984). Thus, it may be instructive to pay close
attention to the composition of, and spatial or-
ganization within flocks because patterns of as-
sociation both between and within flocks may
enable us to better understand the costs and ben-
efits associated with social foraging and, ulti-
mately, the selective pressures leading to the evo-
lution of mixed-species flocking behavior.

In this study, I determined the group mem-
bership of different mixed-species flocks within
a lowland deciduous forest in western Mexico in
winter to see if there were consistent patterns of
association among species. Specifically, I focused
on the canopy insectivores and tested (1) whether
all insectivorous species were equally likely to
participate, (2) whether some pairs of species were
nonrandomly associated among flocks, and (3)
whether the species showed nonrandom spatial
associations within flocks.

STUDY SITE AND METHODS

I observed birds from mid-November to mid-
December 1984, within the lowland tropical de-
ciduous forest surrounding the Estacién de Biol-
ogia Chamela, Jalisco (19°30'N, 105°03'W). The
drought-deciduous vegetation of this area is
dominated by plants in the families Legumino-
sae, Euphorbiaceae, and Sapindaceae. The forest

was undisturbed except for the presence of about
10 km of access trails. Most trees were less than
10 m tall, and most had begun to lose their fo-
liage, which facilitated bird observations.

Bird counts. 1 estimated the abundances of all
landbird species through the use of point counts
(Hutto et al. 1986). I positioned 70 count points
along the permanent access trails so that each
was at least 200 m from the next nearest point.
At each point, I recorded the number of indi-
viduals of each species detected (excluding noc-
turnal and aerially-feeding species) within a 25-m
radius. I also recorded the presence of any ad-
ditional species detected beyond 25 m. Birds
moving to within the 25-m radius during the
count were recorded as detections within 25 m.
All counts were conducted between 07:00 and
10:30, and each lasted 10 min.

Social contexts of individuals. On days that I
did not conduct formal point counts, I walked
trail sections (a different section each time) and
recorded the social context of each actively for-
aging bird I encountered. The bird was assumed
to be foraging in a mixed-species flock if there
was an individual of at least one other species
located within 10 m of the subject bird, and the
two or more birds appeared to be joining or fol-
lowing one another. The bird was assumed to be
participating in a monospecific flock if all poten-
tial flockmates were of the same species. In the
absence of leading and following movements be-
tween the subject bird and additional individu-
als, I categorized the bird as a solitary forager.

Flock compositions. Because the forest was im-
penetrable except through the use of access trails,
it was difficult to determine flock composition
reliably if the flock was detected some distance
off a trail. To be confident that I had identified
all participants of a flock, I restricted my obser-
vations to those flocks that were close enough
for good visibility of participants. By traveling a
different route each day, I was able to ensure that
the samples were largely, if not wholly, indepen-
dent.

Foraging neighbors. After flock compositions
were determined, I spent additional time re-
cording whether haphazardly selected focal in-
dividuals had ““close” neighbors or not. The pro-
cedure was to select the first bird that came into
view and determine whether any other individ-
ual was within about 3 m of the focal bird. If so,
I noted the two (or more) species and recorded
each as the others’ close neighbor; if there was
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FIGURE 1. Histogram showing the number of canopy insectivore species and other species that .occurrt;d in
each of 10 categories representing different proportions of time that a bird was observed foraging in a mixed-

species flock.

no close neighbor, I recorded that along with the
species identity of the focal bird.

RESULTS

I recorded a total of 54 landbird species on 70
independent 10-min point counts; half (27) of
those species are principally canopy insectivores
(Table 1). All of the canopy insectivores were
observed foraging in mixed-species flocks on at
least half of the occasions that they were detected,
and eight (30%) of those species were never ob-
served outside of heterospecific flocks (Table 1).
In contrast, species using other feeding zones or
diets were detected in flocks less often, if at all
(Fig. 1). Many of the latter species (e.g., jays,
caciques, doves, robins) foraged in mixed-species
flocks on occasion, and one bush-insectivore spe-
cies (Rosy Thrush-Tanager, Rhodinocichla ro-
sea) was never detected outside a mixed-species
flock. Nevertheless, no group of species appears
to be as restricted as the canopy insectivores to
foraging in mixed-species flocks.

I detected 66 flocks in my survey, and 57 of
those flocks were close enough for me to be able
to determine their membership with confidence.
A total of 21 species was detected across all 57
flocks (Table 2), and the number of species de-
tected in a single flock ranged from 2-17, and
averaged 7.7 (Appendix I). Six canopy insecti-
vore species [Pale-billed Woodpecker (Campe-
philus guatemalensis), Least Flycatcher (Empi-
donax minimus), Bright-rumped Attila (Attila
spadiceus), Thick-billed Kingbird (Tyrannus

crassirostris), Masked Tityra (Tityra semifascia-
ta), and Black-capped Vireo (Vireo atricapillus)]
were not detected in any of the 57 flocks, al-
though they were observed as participants in oth-
er flocks. Each was relatively rare (recorded on
three or fewer of the 70 point counts), so their
absence from my sample of 57 flocks was not
surprising. In fact, the proportion of mixed-spe-
cies flocks within which any of the 27 canopy
insectivore species was observed (Table 2) could
be predicted on the basis of its index of abun-
dance (r = 0.93, P < 0.001; Fig. 2). This result
is probably not an artifact of my ability to detect
flocking birds more readily than non-flockers on
point counts because (1) I had no special diffi-
culty detecting non-flocking frugivores, omni-
vores, granivores, and nectarivores (Table 1); (2)
my concentrated effort from a single point prob-
ably assured that most of the active birds were
detected, whether in flocks or not; (3) T mist-
netted 148 birds and never caught a species that
went undetected on the counts. Thus, these can-
opy insectivore flocks do not appear to be com-
prised of a special subset of all canopy insecti-
vores, as has been suggested to be the case for
some Old World flocks (Croxall 1976, Herrera
1979, Greig-Smith 1978).

In addition to how frequently a species foraged
in flocks (Table 1), I recorded the proportion of
flocks occupied by each species (Table 2). The
former is a measure of the “flocking propensity”
of a bird species, while the latter is a measure of
the “regularity of occurrence” of a species across
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TABLE 1. The feeding zone, diet, abundance, flocking propensity, and number of times each of 54 wintering
landbird species was encountered in the tropical deciduous forest of Chamela, Jalisco.

Mnemonic

Species code Zone' Diet?  Abund® P¢ n
Wagler’s Chachalaca (Ortalis poliocephala) CHAC G O 143 0.00 17
Inca Dove (Columbina inca) INDO G S 0.0 0.28 18
Common Ground-Dove (Columbina passerina) COGD G S 1.4 040 10
White-tipped Dove (Leptotila verreauxi) WTDO C F 8.6 0.00 12
Orange-fronted Parakeet (Aratinga canicularis) OFPA C F 0.0 000 28
Lilac-crowned Parrot (4dmazona finschi) LCPA C F 0.0 000 26
Squirrel Cuckoo (Piaya cayana) SQCU c O 29 0.00 9
Groove-billed Ani (Crotophaga sulcirostris) GBAN G S 0.0 0.00 5
Fork-tailed Emerald (Chlorostilbon canivetii) FTEM B N 10.0 0.00 8
Cinnamon Hummingbird (Amazilia rutila) CIHU B N 214  0.00 22
Citreoline Trogon (Trogon citreolus) CITR C 1 7.1 0.64 14
Golden-cheeked Woodpecker (Melanerpes chrysogenys) GCWO Cc 1 8.6 077 13
Pale-billed Woodpecker (Campephilus guatemalensis) PBWO Cc 1 4.3 0.50 6
Ivory-billed Woodcreeper (Xiphorhynchus flavigaster) IBWO C I 7.1 0.82 11
Northern Beardless-Tyrannulet (Camptostoma imberbe) NOBT C 1 17.1 1.00 22
Least Flycatcher (Empidonax minimus) LEFL C 1 43 0.50 6
Western Flycatcher (Empidonax difficilis) WEFL C I 500 0.70 47
Bright-rumped Attila (Attila spadiceus) BRAT C I 1.4 0.56 9
Dusky-capped Flycatcher (Myiarchus tuberculifer) DCFL C I 257 092 39
Ash-throated Flycatcher (Myiarchus cinerascens) ATFL C 1 314 087 23
Brown-crested Flycatcher (Myiarchus tyrannulus) BCFL C I 30.0 1.00 23
Flammulated Flycatcher (Deltarhynchus flammulatus) FLFL C I 0.0 0.67 6
Thick-billed Kingbird (Tyrannus crassirostris) TBKI C I 0.0 0.50 2
Rose-throated Becard (Pachyramphus aglaiae) RTBE Cc 1 29 083 6
Masked Tityra (Tityra semifasciata) MATI CcC 1 29 086 7
San Blas Jay (Cyanocorax sanblasianus) SBJA C O 7.1 0.80 10
Sinaloa Wren (Thryothorus sinaloa) SIWR B | 17.1 0.00 29
Happy Wren (Thryothorus felix) HAWR B I 8.6 000 17
White-bellied Wren (Uropsila leucogastra) WBWR B 1 27.1 000 25
Blue-gray Gnatcatcher (Polioptila caerulea) BGGN C I 600 094 51
Swainson’s Thrush (Catharus ustulatus) SWTH B F 29 0.17 12
White-throated Robin (Turdus assimilis) WTRO C F 14 0.20 5
Rufous-backed Robin (Turdus rufopalliatus) RBRO C F 4.3  0.50 6
Blue Mockingbird (Melanotis caerulescens) BLMO B I 1.4 0.00 8
Black-capped Vireo (Vireo atricapillus) BCVI C I 1.4 0.50 2
Solitary Vireo (Vireo solitarius) SOVI C I 7.1 1.00 21
Golden Vireo (Vireo hypochryseus) GOVI C 1 2.9 1.00 4
Warbling Vireo (Vireo gilvus) WAVI C | 18.6 1.00 26
Nashville Warbler (Vermivora ruficapilla) NAWA C I 101. 0.93 55
Tropical Parula (Parula pitiayumi) TRPA C I 27.1 1.00 37
Black-throated Gray Warbler (Dendroica nigrescens) BTGW C I 20.0 1.00 23
Black-and-white Warbler (Mniotilta varia) BAWW C 1 5.7 1.00 19
Wilson’s Warbler ( Wilsonia pusiila) WIWA C | 47.1 0.58 48
Red-breasted Chat (Granatellus venustus) RBCH B 1 0.0 0.00 5
Scrub Euphonia (Euphonia affinis) SCEU C F 29 0.50 2
Summer Tanager (Piranga rubra) SUTA C I 1.4 0.60 5
Grayish Saltator (Saltator coerulescens) GRSA G S 29 0.00 6
Rosy Thrush-Tanager (Rhodinocichla rosea) ROTT B I 1.4 1.00 3
Yellow Grosbeak (Pheucticus chrysopeplus) YEGR G S 1.4 0.25 8
Blue Bunting (Cyanocompsa parellina) BLBU G S 200 0.00 22
Varied Bunting (Passerina versicolor) VABU G S 8.6 0.00 12
Orange-breasted Bunting (Passerina leclancherii) OBBU G S 43  0.00 9
Streak-backed Oriole (Icterus pustulatus) SBOR C I 129  0.80 15
Yellow-winged Cacique (Cacicus melanicterus) YWCA C F 114 050 26

! Based on my own observations; G = ground, B = bush-level, C = canopy-level.

* Based on my own observations and Hutto et al. (1985); F = fruit, I = insects, N = nectar, O = omnivore, $ = seeds.

* Mean number of birds detected (x 100) within 70 25-m-radius point counts. Bird species with an index of 0.0 were detected, but not within a
25-m radius.

+ Proportion of (n) encounters with a species during which the individual was observed foraging with a mixed-species flock.

* Number of individuals encountered.
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FIGURE 2. Proportion of 57 flocks occupied by each of the canopy insectivore species as a function of its
absolute abundance within the study area. Abundance is defined as the mean number of birds detected per point

count (x 100).

a large number of flocks. The Nashville Warbler
(Vermivora ruficapilla) and Blue-gray Gnat-
catcher (Polioptila caerulea) not only had a high
propensity to flock (Table 1), but were the two
most regular participants; each was detected in
greater than 80% of the flocks (Table 2). The
Nashville Warbler and Blue-gray Gnatcatcher
were also intraspecifically gregarious, as evi-
denced by frequent vocalizations and obvious
intraspecific joining and following behavior. Their
gregariousness is also reflected in mean numbers
of individuals per flock that were larger than those
of the other participant species (Table 2).
Particular species pairs could have been as-
sociated more (or less) often than expected if they
participated independently of one another. For
example, if each of two species participated in
half the flocks and they participated indepen-
dently of one another, we would expect them to
have occurred together in one-fourth of the flocks.
Of'the 210 possible pairwise comparisons among
the 21 species, there were 40 significant positive
associations and no significant negative associ-
ations (Table 2). Thus, no two species appeared
to be avoiding each other at this level of spatial
resolution. Instead, many of these flocking spe-
cies occurred with other species more than ex-
pected if they joined flocks independently of one
another. (With 210 independent tests of associ-
ation, we would expect only 11 to be significant
simply due to chance.) This result is similar to

that reported by Jones (1977) and Powell (1979),
who each found that greater than 90% of the
associations in their Central American flocks were
positive. In contrast, Bell (1980, 1983) found the
number of significant associations among New
Guinea flock participants to be few—no more
than would be expected due to chance.

Each flock occurred in one of two easily rec-
ognized habitat “types” (moist washes and dry
hillsides). Roughly 60% of the flocks that I ob-
served were located on dry hillsides and all but
four species (Flammulated Flycatcher [Delta-
rhynchus flammulatus], Solitary Vireo [Vireo
solitarius], Black-and-white Warbler [Mniotilta
varia), and Wilson’s Warbler [ Wilsonia pusillal)
were equally likely to be detected in hillside and
wash flocks (Table 3). Each of the four nonran-
domly distributed species occurred in relatively
more wash and fewer hillside flocks than ex-
pected.

The average species richness of flocks occupied
by nearly half of the canopy insectivore species
was significantly greater than the overall mean
richness of 7.7 species per flock, and no species
participated in a series of flocks that averaged
fewer than the overall mean number of partici-
pant species (Table 3). In other words, most spe-
cies were detected in small flocks some of the
time, but no species occurred exclusively in small
flocks.

I recorded the presence of “close” neighbors
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TABLE 3. The distribution of occurrences between two types of habitat (dry hillsides and moist washes), and
the mean species richness of flocks occupied by each of the 21 species detected in canopy insectivore flocks.

Flock type Mean species
Species' Dry hill Moist wash G? richness (+SE) r
Citreoline Trogon 3 6 NS 9.8 (1.2) NS
Golden-cheeked Woodpecker 6 4 NS 11.4(1.2) *
Ivory-billed Woodcreeper 5 4 NS 11.6 (1.4) *
Northern Beardless-Tyrannulet 15 7 NS 8.0 (0.9) NS
Western Flycatcher 14 19 NS 9.5 (0.6) *
Dusky-capped Flycatcher 18 18 NS 9.7 (0.5) *
Ash-throated Flycatcher 15 5 NS 8.4 (0.8) NS
Brown-crested Flycatcher 11 12 NS 9.8 (0.8) *
Flammulated Flycatcher 0 3 * 13.7 (2.4) *
Rose-throated Becard 1 4 NS 13.6 (1.9) *
Blue-gray Gnatcatcher 27 21 NS 8.5 (0.5) NS
Solitary Vireo 7 14 * 11.5(0.8) *
Golden Vireo 2 2 NS 9.8 (2.5) NS
Warbling Vireo 11 15 NS 10.0 (0.7) *
Nashville Warbler 31 20 NS 8.1 (0.5) NS
Tropical Parula 20 17 NS 8.8 (0.7) NS
Black-throated Gray Warbler 10 13 NS 10.4 (0.8) *
Black-and-white Warbler 6 13 * 11.2 (0.8) *
Wilson’s Warbler 10 18 * 9.8 (0.7) *
Summer Tanager 1 1 NS 10.5 (6.5) NS
Streak-backed Oriole 6 6 NS 11.7 (1.2) *
All flocks 35 22 - 7.7 (0.5) -

! Scientific names given in Table 1.

* Asterisk indicates a distribution that differs significantly from that of all flocks combined (G-tests with Williams’ correction; P < 0.05).
* Asterisk indicates a mean species richness that differs significantly from the grand mean based on all 57 flocks (z-tests; P < 0.05).

(individuals foraging less than 3 m from a focal
bird) for a series of 13 species and found that
those species were equally likely to have another
bird foraging nearby (Table 4). The identity of
those neighbors, however, varied significantly
among five of the more common species (Table
5). The close neighbors of Blue-gray Gnatcatcher
and Nashville Warbler were no different from
those expected on the basis of proportions de-
rived from point count data. In contrast, the
Dusky-capped Flycatcher Myiarchus tuberculi-
fer) and Black-throated Gray Warbler (Dendroi-
ca nigrescens) had each other as close neighbors
more than expected due to chance, and the War-
bling Vireo (Vireo gilvus) had other Warbling
Vireos nearby more than expected.

DISCUSSION

THE STRUCTURE AND ORGANIZATION
OF FLOCKS

Because many canopy insectivore species partic-
ipate in mixed-species flocks all the time, and all
of them participate more than 50% of the time,
flocking behavior is an important part of their
nonbreeding biology. As Powell (1985) pointed
out, however, we need more information on the
structure, dynamics, and spatial organization of

mixed-species flocks if we hope to gain a better
understanding of the evolutionary significance of
flocking behavior.

In terms of the structure and spatial organi-
zation of Chamela flocks, how do we interpret

TABLE 4. For each of several species, the number of
times a flocking individual was observed to have an-
other flock participant within 2-3 m. The distribution
of occurrences with and without close neighbors does
not differ significantly among species (using the species
for which there were =5 observations, G = 11.3; NS).

With  Without
close close
Species' neighbor neighbor
Northern Beardless-Tyrannulet 2 0
Western Flycatcher 0 4
Dusky-capped Flycatcher 17 1
Ash-throated Flycatcher 0 1
Brown-crested Flycatcher 1 0
Blue-gray Gnatcatcher 23 S
Solitary Vireo 6 2
Warbling Vireo 16 2
Nashville Warbler 52 7
Tropical Parula 9 6
Black-throated Gray Warbler 13 4
Black-and-white Warbler 9 0
Wilson’s Warbler 1 1

' Scientific names given in Table 1.
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TABLE 5. Values indicate the number of times a particular species was observed as a close neighbor of the
species on the left. The identity of near neighbors differs significantly among species (G = 78.1; P < 0.001).

Neighboring species
Focal species’ n DCFL BGGN WAVI NAWA BTGW Other P
Dusky-capped Flycatcher (DCFL) 17 0 4 0 4 7 2 0.040
Blue-gray Gnatcatcher (BGGN) 23 4 2 0 9 1 7 0.564
Warbling Vireo (WAVI) 16 0 0 10 4 0 2 0.001
Nashville Warbler NAWA) 52 4 9 4 18 2 15 0.988
Black-throated Gray Warbler (BTGW) 13 7 1 0 2 0 3 0.048

' Scientific names given in Table 1.

* From G-test, with expected numbers based on the proportions derived from point count data.

the presence of a larger than expected number of
positive associations and the absence of negative
associations among flock participants? The pos-
itive associations could result from either of two
phenomena: (1) two species interact in some way,
and at least one member of the species-pair is
more likely to join if the other is present; or (2)
the association is an indirect consequence of two
species being restricted to the same part(s) of the
study area. In the latter case, participation by
some species would be restricted to the subset of
flocks that occurred in, say, a particular habitat
type, and the positive association between a pair
of those species would be a reflection of their
similarity in habitat use.

Unfortunately, mutual habitat dependency
may be difficult to recognize because it requires
knowledge of the habitat parameters that two
species might be co-dependent upon. Nonethe-
less, as an attempt to test the importance of mu-
tual habitat dependencies, I divided the flock
data into two sets, which corresponded with two
habitat “types” (moist washes vs. dry hillsides).
Four species used the wash habitat more than
expected on the basis of the number of flocks
detected in each habitat. The significant positive
associations recorded among Solitary Vireo,
Black-and-white Warbler, and Wilson’s Warbler
could, indeed, have been a product of their sim-
ilar, nonrandom distribution between the wash
and dry-hillside habitat types. That particular
habitat restriction can account for only three of
the 40 significant positive associations, however.
Thus, unless the other positively associated pairs
are similarly but independently restricted to
within-forest habitat patches that are not readily
apparent to me, it is likely that the positive as-
sociations are due, instead, to either mutual or
one-sided species’ dependencies.

An absolute dependency would require one

species t0 be present in the flock before its as-
sociate was able to join. It is noteworthy that
only 5 of the 40 significant positive associations
involved a one-sided conditional probability
where one species was always present, given the
other; in all other instances, each species oc-
curred in the absence of the other at least some
of the time (Table 2). The positive associations
do not, therefore, result from species being ab-
solutely dependent on the presence of others be-
fore they join.

Is there an identifiable core or nucleus of in-
traspecifically social species in these flocks? In
Moynihan’s (1962) original terminology, a nu-
clear species is one that is capable of influencing
the formation and cohesion of flocks; they are
the species around which foraging activity is or-
ganized. In a quantitative sense, nuclear species
can be identified using the following criteria: (1)
they are joined and followed more often than
they themselves join and follow others (Moy-
nihan 1962, Munn and Terborgh 1979). Con-
sequently, they tend to be positioned in the front
of flocks (Rand 1954, Greig-Smith 1978); (2) they
are intraspecifically gregarious and are rarely, if
ever, seen away from other individuals of their
own species. As a result, they are virtually always
seen in flocks (have a strong “flocking propen-
sity””), and they tend to be relatively numerous,
averaging a greater number of individuals per
species than any of the other flock participants
(Winterbottom 1943, 1949; Rand 1954; Short
1961; Moynihan 1962; Austin and Smith 1972;
Chipley 1977; Greig-Smith 1978; Munn and
Terborgh 1979; Bell 1980, 1983; Powell 1985);
(3) they are ““regular” participants of mixed-spe-
cies flocks i.e., most flocks include these species
(McClure 1967, Greig-Smith 1978, Powell 1979,
Bell 1980); (4) they are conspicuous by their
plumage coloration, the near-continuous nature
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of their calls, and/or their active behavior (Moy-
nihan 1962, Austin and Smith 1972, Chipley
1977, Greig-Smith 1978, Munn and Terborgh
1979, Powell 1985); (5) they are year-round res-
idents (Austin and Smith 1972, Bell 1983).

Although they do not meet the last criterion,
the following data support the notion that the
Nashville Warbler and Blue-gray Gnatcatcher
serve as nuclear species in the tropical deciduous
forest flocks of Chamela: (1) these two species
are intraspecifically social, and averaged the larg-
est numbers of individuals per species while in
flocks. Each could also be found foraging in
monospecific groups and, while the intraspecific
group size may not have been large, I rarely saw
individuals of either species foraging alone. They
showed clear evidence of joining and following
one another, and vocalized with chips or buzzes
frequently; (2) they were regular flock partici-
pants. Each occurred in greater than 84% of all
flocks encountered, and one or the other was
present in 93% of the flocks; (3) although most
species do not appear to be absolutely dependent
on the presence of another species before they
will join a flock, most species (18 of 21) had a
least one other species present more than 90%
of the time. The most frequent associate of every
one of those 18 species was either Nashville War-
bler or Blue-gray Gnatcatcher (Table 2). More-
over, the mean probability that either a Nashville
Warbler or Blue-gray Gnatcatcher would be pres-
ent, given an individual of any other species, was
0.95 and 0.91, respectively (based on data in
Table 2); and (4) they were conspicuous in their
movements and calls, and often provided the
first indication of the presence of a flock.

Even though a species can be classified as a
nuclear species according to objective data such
as these, what does this mean in terms of the
behavior of flock participants? Are nuclear spe-
cies really needed for the formation of flocks and
for the maintenance of their cohesion, as implied
by Moynihan’s (1962) original qualitative defi-
nition? Data on flock composition from this and
other studies show that intraspecifically social,
nuclear species are usually, but not necessarily,
present. In the strictest sense, then, nuclear spe-
cies are probably not needed for flock formation.
On the other hand, nuclear species may be nec-
essary for the maintenance of flock cohesion. The
latter possibility is supported by the observation
that flocks without nuclear species break apart
rapidly (Vuilleumier 1970, Powell 1979, person-
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al observation). The attraction of nuclear species
may be nothing more than that they provide a
sharp focus for movement and direction (Austin
and Smith 1972), which results from the con-
spicuousness of a number of active, vocal indi-
viduals foraging in close proximity.

In all but one instance of which I am aware
(Greenberg 1984), mixed-species flocking spe-
cies that have been labeled nuclear have been
residents. Powell (1979, 1980) states that it is
possible to find mixed-species flocks composed
entirely of migratory species, but actual flock
composition data were not presented. Ewert and
Askins (1991) described flocks on the Virgin Is-
lands that were composed almost entirely of mi-
gratory warblers, but the abundant Bananaquit
(Coereba flaveola) may still have acted as the
nucleus of those flocks. In general, migrants com-
prise a minor component of mixed-species flocks
(Powell 1980). It is remarkable, then, that as many
as one half'the participant species, including both
Nashville Warbler and (probably) Blue-gray
Gnatcatcher, are long-distance neotropical mi-
grants (see Appendix I). This makes the orga-
nization of these particular flocks unique, and
adds to the ornithological uniqueness of western
Mexico in winter (Hutto, in press).

Aside from the nuclear species, there may be
some sort of incidence function for each of the
other species, such that they occur only within a
limited range of flock sizes. Is there evidence that
some species are small-flock specialists and oth-
ers large-flock specialists? Defining a small flock
as one that had fewer than six participants (N =
21), the number of small flocks that a species
participated in could be predicted from the total
number of flocks in which it was recorded (r =
0.88, P < 0.001) or from its abundance (r = 0.90,
P < 0.001). Thus, small flocks appear to be ran-
domly composed subsets of available individu-
als, and no species was restricted to small flocks
(the average flock size of no species was less than
the overall average). In contrast, a few species
might qualify as large-flock specialists because,
in general, the fewer the number of flocks a spe-
cies participated in, the larger its average flock
size (r = —0.68, P < 0.001). This same trend
was reported by Chipley (1977) and Cieslak
(1983) and would be predicted if either a “core™
or “nucleus” of usual participants existed and
infrequent attendants were usually additions onto
that core, or if infrequent attendants participated
only in flocks that exceeded some minimum size.
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Otherwise, those species that occurred in only a
few flocks would be expected to occur in some
small and some large flocks, and their flock sizes
should be no different from the overall average.

Do some species really need large flocks to
join, or is that pattern a consequence of the fact
that they are patchily distributed and merely oc-
casional “add-ons” to a usually-present core? To
answer this, we must know whether small flocks
per se are avoided. All but one of the 10 most
infrequent participant species were recorded in
at least one flock of less-than-average richness,
and six occurred in flocks of five species or fewer
(see Appendix I). Therefore, small flocks are
probably not actively avoided by any species.
Rather, the infrequent participants are probably
restricted in distribution relative to the more reg-
ular participants. They will, on average, be ad-
ditions to an existing core and, therefore, occur
in richer-than-average flocks. The restriction of
some species to the moister wash habitats, for
example, was responsible for the richer-than-av-
erage flocks that occurred there (the mean num-
ber of species in hillside flocks was 6.2, in com-
parison with a mean of 10.1 for flocks in washes;
t =4.23,df = 55, P < 0.001). Thus, except for
the presence of a well-defined nucleus, other par-
ticipants appear to be collections of whichever
species happen to co-occur within the “home
range” of the nuclear species.

THE SELECTIVE ADVANTAGES
OF FLOCKING

One potential feeding benefit associated with flock
foraging is that an individual within a group may
discover and use widely scattered, patchily dis-
tributed food more efficiently than if it foraged
independently. This kind of benefit may accrue
frugivores that flock, but is unlikely to apply to
insectivorous birds, which move more-or-less
continuously through the woods (Krebs et al.
1972). Instead, potential feeding benefits are
probably derived from use of insects that are
flushed by flockmates or from copying the be-
havior of others. In either case, the presence of
just any species as a flockmate would not be
satisfactory; a species would probably require the
presence and close proximity of another species
that employed a specific kind of foraging behav-
ior (much more specific than “insectivorous” be-
havior). In contrast, because warnings about the
presence or approach of avian predators come
primarily from auditory cues (Sullivan 1984,
1985), birds can reap the benefits of early wamn-

ing through association with virtually any other
species and without a highly structured spatial
organization within the flock.

Is the spatial organization among and within
the mixed-species flocks I observed more con-
sistent with the nonrandomness expected if feed-
ing benefits were the primary selective advantage
of flocking, or more consistent with a loose spa-
tial organization that might be expected if pred-
ator protection were the primary selective ad-
vantage? The independent associations of most
pairs of species among flocks suggests the latter
as a generalization, while the 40 habitat-inde-
pendent, positive associations among species
suggests that at least some may join flocks to gain
feeding benefits. If the positive associations re-
sult from at least one member of a species pair
gaining feeding benefits from the other, the same
pairs should also have occurred as close associ-
ates more often than expected. Indeed, the Dusky-
capped Flycatcher and Black-throated Gray
Warbler co-occurred in flocks more than ex-
pected (Table 2) and were also each other’s close
neighbors more often than expected (Table 5).
Because the behaviors of these species are quite
different, however (flycatching vs. gleaning), it is
unclear what the benefit might be unless the fly-
catcher benefits from insects flushed by the war-
bler. Interestingly, the flycatcher was often pres-
ent (in 14 flocks) without the warbler, which
diminishes the likelihood of an obligate rela-
tionship. Warbling Vireos were each other’s
neighbors more than expected, but there were
not always two or more present in a flock (the
mean number of Warbling Vireos per flock was
1.27; Table 2). Close neighbors of the two nuclear
species (Blue-gray Gnatcatcher and Nashville
Warbler) were no different from those expected
on the basis of the relative abundance of species.
If species are gaining feeding benefits from flock-
ing, they are not doing so by using the same close
neighbor because the distribution of neighbors
differed significantly among the five species (Ta-
ble 5).

The patterns of association could also result
from adjustments of some species to minimize
the cost of foraging in a flock. Specifically, flock-
ing could have a detrimental (rather than bene-
ficial) effect on the foraging behavior of partici-
pants because flockmates could decrease each
other’s chance of capturing prey. If so, the effects
of such competition for food are not mitigated
in the present situation by selective avoidance
of flocks with competitors. This is clear from the
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lack of negative associations among flocking spe-
cies. Instead, smaller-scale patterns in the use of
space or in foraging tactics may be the primary
mechanism of mitigating such competition, if it
exists (Hutto 1988). Whether the patterns of close
association reflect efforts by some species to avoid
competition is unknown.

Several lines of evidence suggest that, aside
from the nearly ever-present nuclear species, these
flocks are variable collections of whatever can-
opy insectivore species occur in the same area:
(1) the probability of occurrence in a flock can
be accurately predicted from a species’ abun-
dance, (2) most species are distributed indepen-
dently of one another among flocks, and (3) only
a few of the significant positive associations re-
sulted from one species always being present,
given the other. These flocks are not mutually
integrated functional units that require a partic-
ular membership in order to exist. Nonetheless,
these and other mixed-species flocks may need
one or more intraspecifically gregarious, nuclear
species to maintain flock cohesion and structure
(Bell 1983).

This leaves us with the question of what sort
of benefit a variety of attendant species can ac-
crue from a predictable set of nuclear species plus
a compositionally less predictable group of other
attendant species. I suggest that predator protec-
tion is much more likely than foraging enhance-
ment to be such a benefit, at least for most spe-
cies. For some species, however, the close
associations of some attendants with a nonran-
dom subset of other attendant species may reflect
a spatial organization that has evolved in re-
sponse to additional feeding costs or benefits.
Moreover, the costs and benefits associated with
flocking are likely to differ among species, as im-
plied by the significant difference in the identity
of close associates among participant species (see
also Moynihan 1962, Croxall 1976, MacDonald
and Henderson 1977). Only through a more thor-
ough study that couples behavioral observation
of interactions with spatial associations of par-
ticipants can we come to understand the partic-
ular costs and benefits of flocking for any single
species and, therefore, the evolutionary reasons
for flocking behavior.
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