The Condor 96:105-l 18
0 The Cooper Ornithological

Society 1994

THE COMPOSITION AND SOCIAL ORGANIZATION OF
MIXED-SPECIES FLOCKS IN A TROPICAL DECIDUOUS
FOREST IN WESTERN MEXICO’
RICHARD L. HUTTO
Division of BiologicalSciences,Universityof Montana, Missoula, MT 59812
Abstract. I recorded the flocking propensity of birds within a tropical deciduousforest
in western Mexico during the nonbreedingseason,and determined the speciescomposition
of 57 mixed-species,canopyinsectivoreflocks.Eachof 27 canopyinsectivorespeciespresent
on the study area was observed foraging in mixed-species flocks on at least half of the
occasionsthat it was detected on bird surveys. The proportion of flocks within which a
given specieswas detected could be predicted on the basis of its index of abundance,as
determined from independently derived point count data. Therefore, flocks are not comprised of a special subsetof canopy insectivores;rather, the composition of flocks appears
to be a product of whichever speciesco-occur within the foraging range of one or more
nuclearspecies.No two canopy insectivorespecieswere negativelyassociatedamong flocks,
but 40 of 2 10 possiblepairs (19%) were significantlypositively associated.
Two long-distancemigratory species(Nashville Warbler [ Vermivoraruficapilla]and Bluegray Gnatcatcher [Polioptila caerulea]) shared features that characterize nuclear species,
thereby constitutingone of the first recordedinstanceswhere nonresidentspeciesplay such
a role. Five of the more common flocking specieswere equally likely to have a foraging
neighbornearby (< 3 m away), but the identity of that neighbordiffered significantlyamong
the five species.Specifically,the identity of close neighborsof the two nuclear specieswas
a random subsetof the speciesavailable, while the closeassociatesof three attendant species
were a nonrandom subsetof (mostly) other attendant species.The independentassociations
among flocks, which characterize most species,and the observation that nuclear species
were not closeneighborsmore than expectedfor any of three attendant speciessuggeststhat
foragingenhancementis not the principal benefit that attendantspeciesderive from flocking.
Key words: Mixed-species
flocks;spatialassociation;
Neotropicalmigrant:migratorybirds;
nuclearspecies,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 specioseflocks are composed
of forest-canopy insectivores, and may regularly
involve 20 or more species(Munn and Terborgh
1979; Hutto 1980, 1987). Two principal selective
advantagesare thought to favor the evolution of
mixed-species flocking behavior: decreasedpredation and increased foraging efficiency (see reviews in Morse 1977, Powell 1985). Although
the increased conspicuousnessof flocking birds
could offset any advantage they might gain
through early detection of an approaching predator, that possibility is unlikely becausean element of surprise is essential for a successfulattack (Lindstrom 1989). In fact, the available data
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(reviewed in Powell 1985) suggestthat flocking
birds sufferrelatively low predation risk because
of the increasedprobability that an approaching
predator will be detected.
Foraging benefits may accrueto a flocking bird
because:(1) it can use information or protection
provided by flockmates to exploit foraging locations, 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 provides additional time that can be devoted to otherwise similar foraging methods (but see Petit
and Bildstein 1987). Alternatively, flocking species may experiencereduced 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 costsor benefits when flocking,
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we need to devote more attention to testing predictions that necessarily follow from hypothesized feeding benefits and costs.For example, if
the proposed benefit is an increase in the efficiency of finding and using patchily distributed
food, then flock movement patterns should be
irregular. In contrast with such a prediction, insectivorous bird flocks appear to move at a relatively constant rate through the woods (usually
about 9 cm/set; Morse 1970, Jones 1977, Powell
1979, Gaddis 1983, Hutto 1988). Feeding benefits could still come from an enhanced ability
to copy the microhabitats or behaviors of neighbors, in which casewe might expect nonrandom
patterns of close association within flocks.
Unfortunately, with the exception of detailed
studiesof north temperate parid flocks(e.g.,Lima
1985; Alatalo et al. 1987; Ekman 1987, 1989,
1990; Ekman and Hake 1988; Gustafsson, 1988;
Hogstad 1988a, 1988b, 1989;SzCkelyetal. 1989;
Van Buskirk and Smith 1989), we still lack systematic studies of group memberships, movement patterns, and foraging behaviors of individual participants in many kinds of (especially
tropical) mixed-speciesflocks(but seeGreenberg
1984). Thus, it may be instructive to pay close
attention to the composition of, and spatial organization within flocks becausepatterns of association both between and within flocks may
enable us to better understand the costsand benefits associated with social foraging and, ultimately, the selectivepressuresleading to the evolution of mixed-species flocking behavior.
In this study, I determined the group membership of different mixed-species flocks within
a lowland deciduous forest in western Mexico in
winter to seeif there were consistent patterns of
associationamong species.Specifically, I focused
on the canopy insectivoresand tested(1) whether
all insectivorous specieswere equally likely to
participate, (2) whether somepairs of specieswere
nonrandomly associated among flocks, and (3)
whether the speciesshowed nonrandom spatial
associationswithin flocks.
STUDY SITE AND METHODS
I observed birds from mid-November to midDecember 1984, within the lowland tropical deciduous forest surrounding the Estacion de Biologia Chamela, Jalisco (19”30’N, 105’03’W). The
drought-deciduous vegetation of this area is
dominated by plants in the families Leguminosae,Euphorbiaceae,and Sapindaceae.The forest

was undisturbed exceptfor the presenceof about
10 km of accesstrails. Most trees were less than
10 m tall, and most had begun to lose their foliage, which facilitated bird observations.
Bird counts.I estimated the abundances of all
landbird speciesthrough the use of point counts
(Hutto et al. 1986). I positioned 70 count points
along the permanent accesstrails so that each
was at least 200 m from the next nearest point.
At each point, I recorded the number of individuals of each speciesdetected (excluding nocturnal and aerially-feeding species)within a 25-m
radius. I also recorded the presence of any additional 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:OO 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 foraging 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 following one another. The bird was assumedto be
participating in a monospecific flock if all potential flockmates were of the same species.In the
absenceof leading and following movements between the subject bird and additional individuals, I categorized the bird as a solitary forager.
Flock compositions.Becausethe forestwas impenetrable exceptthrough the use of accesstrails,
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 observations to those flocks that were close enough
for good visibility of participants. By traveling a
different route each day, I was able to ensurethat
the sampleswere largely, if not wholly, independent.
Foraging neighbors.After flock compositions
were determined, I spent additional time recording whether haphazardly selected focal individuals had “close” neighborsor not. The procedure was to selectthe first bird that came into
view and determine whether any other individual was within about 3 m of the focal bird. If so,
I noted the two (or more) speciesand recorded
each as the others’ close neighbor; if there was
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Histogram showing the number of canopy insectivore speciesand other speciesthat occurredin

each of 10 categoriesrepresentingdifferent proportions of time that a bird was observed foraging in a mixedspeciesflock.

no close neighbor, I recorded that along with the

speciesidentity of the focal bird.
RESULTS
I recorded a total of 54 landbird specieson 70
independent lo-min point counts; half (27) of
those speciesare principally canopy insectivores
(Table 1). All of the canopy insectivores were
observed foraging in mixed-species flocks on at
leasthalf ofthe occasionsthat they were detected,
and eight (30%) of those specieswere never observed outside of heterospecificflocks (Table 1).
In contrast, speciesusing 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) foragedin mixed-species
flockson occasion,and one bush-insectivore species (Rosy Thrush-Tanager, Rhodinocichla rosea) was never detected outside a mixed-species
flock. Nevertheless, no group of speciesappears
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 specieswas detected acrossall 57
flocks (Table 2), and the number of speciesdetected in a single flock ranged from 2-17, and
averaged 7.7 (Appendix I). Six canopy insectivore species[Pale-billed Woodpecker (Campephilus guatemalensis), Least Flycatcher (Empidonax minimus), Bright-rumped Attila (Attila
spadiceus), Thick-billed Kingbird (Tyrannus

crassirostris),Masked Tityra (Tityra semifasciata), and Black-capped Vireo (Vireo atricapillus)]
were not detected in any of the 57 flocks, althoughthey were observedas participants in other 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-species flocks within which any of the 27 canopy
insectivore specieswas observed (Table 2) could
be predicted on the basis of its index of abundance (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 difficulty detecting non-flocking frugivores, omnivores, granivores, and nectarivores (Table 1); (2)
my concentrated effort from a single point probably assured that most of the active birds were
detected, whether in flocks or not; (3) I mistnetted 148 birds and never caught a speciesthat
went undetected on the counts. Thus, thesecanopy insectivore flocks do not appear to be comprised of a special subset of all canopy insectivores, as has been suggestedto be the case for
some Old World flocks (Croxall 1976, Herrera
1979, Greig-Smith 1978).
In addition to how frequently a speciesforaged
in flocks (Table I), 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 speciesacross
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TABLE 1. The feeding zone, diet, abundance,flocking propensity, and number of times each of 54 wintering
landbird specieswas encounteredin the tropical deciduousforest of Chamela, Jalisco.

Species

Mnemonic
code

Wagler’s Chachalaca(Ortalis poliocephala)
Inca Dove (Columbina inca)
Common Ground-Dove (Columbina passerina)
White-tipped Dove (Leptotila verreauxi)
Orange-fronted Parakeet (Aratinga canicularis)
Lilac-crowned Parrot (Amazonafinschi)
Squirrel Cuckoo (Piaya cayana)
Groove-billed Ani (Crotophaga sulcirostris)
Fork-tailed Emerald (Chlorostilbon canivetii)
Cinnamon Hummingbird (Amazilia rutila)
Citreoline Trogon (Trogon citreolus)
Golden-cheeked Woodpecker (Melanerpes chrysogenys)
Pale-billed Woodpecker (Campephilus guatemalensis)
Ivory-billed Woodcreeper (Xiphorhynchusjlavigaster)
Northern Beardless-Tyrannulet(Camptostoma imberbe)
Least Flycatcher (Empidonax minimus)
Western Flycatcher (Empidonax dljicilis)
Bright-rumped Attila (Attila spadiceus)
Dusky-capped Flycatcher (Myiarchus tuberculifer)
Ash-throated Flycatcher (Myiarchus cinerascens)
Brown-crestedFlycatcher (Myiarchus tyrannulus)
Flammulated Flycatcher (Deltarhynchusflammulatus)
Thick-billed Kingbird (Tyrannus crassirostris)
Rose-throated Becard (Pachyramphus aglaiae)
Masked Tityra (Tityra semifasciata)
San Blas Jay (Cyanocorax sanblasianus)
Sinaloa Wren (Thryothorus sinaloa)
Happy Wren (Thryothorus felix)
White-bellied Wren (Uropsila leucogastra)
Blue-gray Gnatcatcher (Polioptila caerulea)
Swainson’s Thrush (Catharus ustulatus)
White-throated Robin (Turdus assimilis)
Rufous-backedRobin (Turdus rufopalliatus)
Blue Mockingbird (Melanotis caerulescens)
Black-cappedVireo (Vireo atricapillus)
Solitary Vireo (Vireo solitarius)
Golden Vireo (Vireo hypochryseus)
Warbling Vireo (Vireo gilvus)
Nashville Warbler (Vermivora rufzcapilla)
Tropical Panda (Parula pitiayumi)
Black-throated Gray Warbler (Dendroica nigrescens)
Black-and-white Warbler (Mniotilta varia)
Wilson’s Warbler ( Wilsonia pusilla)
Red-breasted Chat (Granatellus venustus)
Scrub Euphonia (Euphonia a&is)
Summer Tanager (Piranga rubra)
Grayish Saltator (Saltator coerulescens)
Rosy Thrush-Tanager (Rhodinocichla rosea)
Yellow Grosbeak (Pheucticus chrysopeplus)
Blue Bunting (Cyanocompsa parellina)
Varied Bunting (Passerina versicolor)
Orange-breastedBunting (Passerina leclancherii)
Streak-backedOriole (Icterus pustulatus)
Yellow-winged Cacique (Cacicus melanicterus)

CHAC
INDO
COGD
WTDO
OFPA
LCPA
SQCU
GBAN
FTEM
CIHU
CITR
GCWO
PBWO
IBWO
NOBT
LEFL
WEFL
BRAT
DCFL
ATFL
BCFL
FLFL
TBIU
RTBE
MAT1
SBJA
SIWR
HAWR
WBWR
BGGN
SWTH
WTRO
RBRO
BLMO
BCVI
SOVI
GOVI
WAVI
NAWA
TRPA
BTGW
BAWW
WIWA
RBCH
SCEU
SUTA
GRSA
ROTT
YEGR
BLBU
VABU
OBBU
SBOR
YWCA

Zone1

Diet’

G
G
G

0
S

C
C

E
G
B
B
C
C
C
C
C
C
C
C
C
:
C
C
C
:
B
B
:
B
C
C
B
C
C
C
C
C
C
C
C
C
B
C
C
G
B
G
G
G
G
C
C

S
F
F
Z
S
N
N
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
0
I
I
I
I
F
F
F
I
I
I
I
I
I
I
I
I
I
I
F
I
S
H
S
S
S
I
F

Abund’

14.3
0.0
1.4
8.6
0.0
0.0
2.9
0.0
10.0
21.4
7.1
8.6
4.3
7.1
17.1
4.3
50.0
1.4
25.7
31.4
30.0
0.0
0.0
2.9
2.9
7.1
17.1
8.6
27.1
60.0
2.9
1.4
4.3
1.4
1.4
7.1
2.9
18.6
101.4
27.1
20.0
5.7
47.1
0.0
2.9
1.4
2.9
1.4
1.4
20.0
8.6
4.3
12.9
11.4

P

0.00

0.28
0.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.64
0.77
0.50
0.82
1.00
0.50
0.70
0.56
0.92
0.87
1.oo
0.67
0.50
0.83
0.86
0.80
0.00
0.00
0.00
0.94
0.17
0.20
0.50
0.00
0.50
1.oo
1.oo
1.oo
0.93
1.00
1.00
1.00
0.58
0.00
0.50
0.60
0.00
1.00
0.25
0.00
0.00
0.00
0.80
0.50

.I

17
18
10
12
28
26
9
5
8
22
14
13
6
11
22
6
47
9
39
23
23
6
2
6
7
10
29
17
25
51
12
5
6
8
2
21
4
26
55
37
23
19
48
5
2
5
6
3
8
22
12
9
15
26

I Based on my own observations; G = ground, B = bush-level, C = canopy-level.
my own observations and Hutto et al. (1985); F = fret, I = insects, N = nectar, 0 = omnivore, S = seeds.
’ Mean number of birds detected (x 100) wthin 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 (II) 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. Proportionof 57 flocksoccupiedby eachof the canopyinsectivorespeciesas a functionof its
absoluteabundancewithin the studyarea.Abundanceis definedasthemeannumberof birdsdetectedperpoint
count( x 100).
a large number of flocks. The Nashville Warbler that reported by Jones(1977) and Powell (1979),
(Vermivora rujicapilla) and Blue-gray Gnatwho each found that greater than 90% of the
catcher (Polioptila caerulea) not only had a high associationsin their Central American flockswere
propensity to flock (Table l), but were the two positive. In contrast, Bell (1980, 1983) found the
most regular participants; each was detected in number of significant associations among New
greater than 80% of the flocks (Table 2). The Guinea flock participants to be few-no more
Nashville Warbler and Blue-gray Gnatcatcher than would be expected due to chance.
were also intraspecifically gregarious, as eviEach flock occurred in one of two easily recdenced by frequent vocalizations and obvious ognized habitat “types” (moist washes and dry
intraspecificjoining and following behavior. Their hillsides). Roughly 60% of the flocks that I obgregariousnessis also reflectedin mean numbers served were located on dry hillsides and all but
of individuals per flock that were largerthan those four species (Flammulated Flycatcher [DeltaSolitary Vireo [ Vireo
rhynchus jlammulatus],
of the other participant species(Table 2).
Particular speciespairs could have been as- solitarius], Black-and-white Warbler [Mniotilta
sociatedmore (or less)often than expectedif they varia], and Wilson’s Warbler [ Wilsonia pusilla])
participated independently of one another. For were equally likely to be detected in hillside and
example, if each of two speciesparticipated in wash flocks (Table 3). Each of the four nonranhalf the flocks and they participated indepen- domly distributed speciesoccurred in relatively
dently of one another, we would expect them to more wash and fewer hillside flocks than exhave occurredtogetherin one-fourth of the flocks. pected.
The averagespeciesrichnessof flocksoccupied
Of the 2 10 possiblepairwise comparisonsamong
the 2 1 species,there were 40 significant positive by nearly half of the canopy insectivore species
associations and no significant negative associ- was significantly greater than the overall mean
ations (Table 2). Thus, no two speciesappeared richness of 7.7 speciesper flock, and no species
to be avoiding each other at this level of spatial participated in a series of flocks that averaged
resolution. Instead, many of these flocking spe- fewer than the overall mean number of particicies occurred with other speciesmore than ex- pant species(Table 3). In other words, most spepected if they joined flocks independently of one cies were detected in small flocks some of the
another. (With 2 10 independent tests of associ- time, but no speciesoccurredexclusively in small
ation, we would expect only 11 to be significant flocks.
I recorded the presence of “close” neighbors
simply due to chance.) This result is similar to
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TABLE 3. The distribution of occurrencesbetween two types of habitat (dry hillsides and moist washes),and
the mean speciesrichnessof flocks occupied by each of the 2 1 speciesdetected in canopy insectivore flocks.
Flock type
Dry hill

Citreoline Trogon
Golden-cheeked Woodpecker
Ivory-billed Woodcreeper
Northern Beardless-Tyrannulet
Western Flycatcher
Dusky-capped Flycatcher
Ash-throated Flycatcher
Brown-crestedFlycatcher
Flammulated Flycatcher
Rose-throated Becard
Blue-gray Gnatcatcher
Solitary Vireo
Golden Vireo
Warbling Vireo
Nashville Warbler
Tropical Panda
Black-throated Gray Warbler
Black-and-white Warbler
Wilson’s Warbler
Summer Tanager
Streak-backedOriole
All flocks

3
6
5
15
14
18
15
11
0
27
I
2
11
31
20
10
6
10
1
6
35

Moist wash

G’

6
4
4
I
19
18
5
12
3
4
21
14
2
15
20
17
13
13
18
1
6
22

NS
NS
NS
NS
NS
NS

NS
NS
*
NS
NS
*
NS
NS
NS

NS
NS
*
*
NS
NS
-

Mean species
richness (+ SE)

I’

9.8 (1.2)
11.4 (1.2)
11.6 (1.4)
8.0 (0.9)
9.5 (0.6)
9.7 (0.5)
8.4 (0.8)
9.8 (0.8)
13.7 (2.4)
13.6 (1.9)
8.5 (0.5)
11.5 (0.8)
9.8 (2.5)
10.0 (0.7)
8.1 (0.5)
8.8 (0.7)
10.4 (0.8)
11.2 (0.8)
9.8 (0.7)
10.5 (6.5)
11.7 (1.2)
7.7 (0.5)

NS
*
*
NS
*
*

NS
*
*
*
NS
*
NS
*
NS
NS
*
*
*
NS
*

-

I Scientific names given in Table I.
indicates a distribution that differs significantly from that of all flocks combined (G-tests with Williams’ correction; I’ < 0.05)
indicates a mean species richness that differs significantly from the grand mean based on all 57 flocks (I-tests; P < 0.05).

2Asterisk
’ Asterisk

(individuals foraging less than 3 m from a focal
bird) for a series of 13 speciesand found that
those specieswere 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 closeneighborsof Blue-gray Gnatcatcher
and Nashville Warbler were no different from
those expected on the basis of proportions derived from point count data. In contrast, the
Dusky-capped Flycatcher Myiarchus tuberculifer) and Black-throated Gray Warbler (Dendroica nigrescens)had each other as close neighbors
more than expecteddue to chance, and the Warbling Vireo (Vireo gilvus) had other Warbling
Vireos nearby more than expected.
DISCUSSION
THE STRUCTURE AND ORGANIZATION
OF FLOCKS

Becausemany canopy insectivore speciesparticipate in mixed-speciesflocks 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 significanceof
flocking behavior.
In terms of the structure and spatial organization of Chamela flocks, how do we interpret
TABLE 4. For each of severalspecies,the number of
times a flocking individual was observed to have another flock participant within 2-3 m. The distribution
of occurrenceswith and without close neighborsdoes
not differ significantlyamong species(usingthe species
for which there were 25 observations,G = 11.3; NS).
With
close
neighbor

Species’

Northern Beardless-Tyrannulet
Western Flycatcher
Dusky-capped Flycatcher
Ash-throated Flycatcher
Brown-crestedFlycatcher
Blue-gray Gnatcatcher
Solitary Vireo
Warbling Vireo
Nashville Warbler
Tropical Parula
Black-throated Gray Warbler
Black-and-white Warbler
Wilson’s Warbler

ISaentific

names given in Table

I.

2
0
17
0
1
23
6
16
52
9
13
9
1

Without
close
neighbor

0
4
1
1
0
5
2
2
7
6
4
0
1
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TABLE 5. Valuesindicatethe numberof timesa particularspecieswasobservedas a closeneighborof the
specieson the left. The identity of near neighborsdifferssignificantlyamongspecies(G = 78.1; P < 0.001).
Neighboring
Focal species’

Dusky-capped
Flycatcher(DCFL)
Blue-grayGnatcatcher(BGGN)
Warbling Vireo (WAVI)
NashvilleWarbler(NAWA)
Black-throated
Gray Warbler(BTGW)
Scientific names given in Table I.
G-test, with expected numbers based on the proportions

1From

n

17
23
16
52
13

DCFL

0
4
0
4
7

BGGN

4
2
0
9
1

WAVI

0
0
10
:

species

NAWA

4
9
4
18
2

BTGW

7
1
0
2
0

Other

2
7
2
15
3

p?

0.040
0.564
0.001
0.988
0.048

derived from point count data.

the presenceof a larger than expectednumber of
positive associationsand the absenceof negative
associationsamong flock participants? The positive associationscould result from either of two
phenomena: (1) two speciesinteract in someway,
and at least one member of the species-pair is
more likely to join if the other is present; or (2)
the associationis an indirect consequenceof two
speciesbeing restricted to the same part(s) of the
study area. In the latter case, participation by
some specieswould be restricted to the subsetof
flocks that occurred in, say, a particular habitat
type, and the positive associationbetween a pair
of those specieswould be a reflection of their
similarity in habitat use.
Unfortunately, mutual habitat dependency
may be difficult to recognize becauseit requires
knowledge of the habitat parameters that two
speciesmight be co-dependent upon. Nonetheless,as an attempt to test the importance of mutual habitat dependencies, I divided the flock
data into two sets,which correspondedwith two
habitat “types” (moist washesvs. dry hillsides).
Four speciesused the wash habitat more than
expected on the basis of the number of flocks
detectedin 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 similar, 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, unlessthe other positively associatedpairs
are similarly but independently restricted to
within-forest habitat patchesthat are not readily
apparent to me, it is likely that the positive associations are due, instead, to either mutual or
one-sided species’dependencies.
An absolute dependency would require one

speciesto be present in the flock before its associate was able to join. It is noteworthy that
only 5 of the 40 significant positive associations
involved a one-sided conditional probability
where one specieswas always present, given the
other; in all other instances, each species occurred in the absenceof the other at least some
of the time (Table 2). The positive associations
do not, therefore, result from speciesbeing absolutely dependent on the presenceof others before they join.
Is there an identifiable core or nucleus of intraspecifically social speciesin these flocks? In
Moynihan’s (1962) original terminology, a nuclear speciesis one that is capable of influencing
the formation and cohesion of flocks; they are
the speciesaround which foraging activity is organized. 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 (Moynihan 1962, Munn and Terborgh 1979). Consequently, they tend to be positioned in the front
offlocks (Rand 1954, Greig-Smith 1978); (2) they
are intraspecifically gregariousand 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 propensity”), and they tend to be relatively numerous,
averaging a greater number of individuals per
speciesthan any of the other flock participants
(Winterbottom 1943, 1949; Rand 1954; Short
196 1; 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-species 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 (Moynihan 1962, Austin and Smith 1972, Chipley
1977, Greig-Smith 1978, Munn and Terborgh
1979, Powell 1985); (5) they are year-round residents (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 speciesin the tropical deciduous
forest flocks of Chamela: (1) these two species
are intraspecifically social, and averagedthe largest numbers of individuals per specieswhile in
flocks. Each could also be found foraging in
monospecific groupsand, while the intraspecific
group size may not have been large, I rarely saw
individuals of either speciesforaging alone. They
showed clear evidence of joining and following
one another, and vocalized with chips or buzzes
frequently; (2) they were regular flock participants. 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
speciesdo not appear to be absolutely dependent
on the presence of another speciesbefore they
will join a flock, most species(18 of 2 1) had a
least one other speciespresent more than 90%
of the time. The most frequent associateof every
one ofthose 18 specieswas either Nashville Warbler or Blue-gray Gnatcatcher (Table 2). Moreover, the mean probability that either a Nashville
Warbler or Blue-gray Gnatcatcher would be present, given an individual of any other species,was
0.95 and 0.91, respectively (based on data in
Table 2); and (4) they were conspicuousin their
movements and calls, and often provided the
first indication of the presenceof a flock.
Even though a speciescan be classified as a
nuclear speciesaccording to objective data such
as these, what does this mean in terms of the
behavior of flock participants? Are nuclear speciesreally needed for the formation of flocksand
for the maintenance of their cohesion,as implied
by Moynihan’s (1962) original qualitative definition? Data on flock composition from this and
other studies show that intraspecifically social,
nuclear speciesare usually, but not necessarily,
present. In the strictest sense,then, nuclear speciesare probably not needed for flock formation.
On the other hand, nuclear speciesmay be necessaryfor the maintenanceofflock cohesion.The
latter possibility is supportedby the observation
that flocks without nuclear speciesbreak 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 conspicuousnessof a number of active, vocal individuals foraging in close proximity.
In all but one instance of which I am aware
(Greenberg 1984) mixed-species flocking species 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 (199 1) described flocks on the Virgin Islands that were composedalmost entirely of migratory warblers, but the abundant Bananaquit
(Coereba flavda) may still have acted as the
nucleusof thoseflocks.In general, migrants comprise a minor component of mixed-speciesflocks
(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 migrants (see Appendix I). This makes the organization 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 speciesare small-flock specialistsand others 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 < 0.00 1). Thus, small flocks appear to be randomly composed subsetsof available individuals, and no specieswas restricted to small flocks
(the averageflock size of no specieswas lessthan
the overall average). In contrast, a few species
might qualify as large-flock specialistsbecause,
in general, the fewer the number of flocks a species participated in, the larger its average flock
size (Y = -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 attendantswere usually additions onto
that core, or if infrequent attendants participated
only in flocksthat exceededsome minimum size.
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Otherwise, those speciesthat occurred in only a ing through association with virtually any other
few flocks would be expected to occur in some speciesand without a highly structured spatial
small and some large flocks, and their flock sizes organization within the flock.
should be no different from the overall average.
Is the spatial organization among and within
Do some species really need large flocks to the mixed-species flocks I observed more conjoin, or is that pattern a consequenceof the fact sistentwith the nonrandomness expectedif feedthat they are patchily distributed and merely oc- ing benefitswere the primary selectiveadvantage
casional “add-ens” to a usually-present core?To
of flocking, or more consistent with a loose spaanswer this, we must know whether small flocks tial organization that might be expectedif predper se are avoided. All but one of the 10 most ator protection were the primary selective adinfrequent participant specieswere recorded in
vantage? The independent associationsof most
at least one flock of less-than-average richness, pairs of speciesamong flocks suggeststhe latter
and six occurred in flocks of five speciesor fewer as a generalization, while the 40 habitat-inde(see Appendix I). Therefore, small flocks are pendent, positive associations among species
probably not actively avoided by any species. suggeststhat at least some may join flocksto gain
Rather, the infrequent participants are probably feeding benefits. If the positive associationsrerestrictedin distribution relative to the more reg- sult from at least one member of a speciespair
ular participants. They will, on average, be ad- gaining feeding benefits from the other, the same
ditions to an existing core and, therefore, occur pairs should also have occurred as close associin richer-than-average flocks. The restriction of atesmore often than expected.Indeed, the Duskysome speciesto the moister wash habitats, for capped Flycatcher and Black-throated Gray
example, was responsiblefor the richer-than-avWarbler co-occurred in flocks more than exerage flocks that occurred there (the mean numpetted (Table 2) and were also each other’s close
ber of speciesin hillside flocks was 6.2, in com- neighbors more often than expected (Table 5).
parison with a mean of 10.1 for flocks in washes; Becausethe behaviors of these speciesare quite
t = 4.23, df = 55, P -c 0.001). Thus, except for different, however (flycatching vs. gleaning), it is
the presenceof a well-defined nucleus, other par- unclear what the benefit might be unless the flyticipants appear to be collections of whichever catcher benefits from insects flushed by the warspecies happen to co-occur within the “home
bler. Interestingly, the flycatcher was often present (in 14 flocks) without the warbler, which
range” of the nuclear species.
diminishes the likelihood of an obligate relaTHE SELECTIVE ADVANTAGES
tionship. Warbling Vireos were each other’s
OF FLOCKING
neighbors more than expected, but there were
One potential feedingbenefit associatedwith flock not always two or more present in a flock (the
foraging is that an individual within a group may
mean number of Warbling Vireos per flock was
discover and use widely scattered, patchily dis1.27; Table 2). Close neighborsofthe two nuclear
tributed food more efficiently than if it foraged species (Blue-gray Gnatcatcher and Nashville
independently. This kind of benefit may accrue Warbler) were no different from those expected
frugivores that flock, but is unlikely to apply to on the basis of the relative abundance of species.
insectivorous birds, which move more-or-less If speciesare gaining feeding benefits from flockcontinuously through the woods (Krebs et al. ing, they are not doing so by using the same close
1972). Instead, potential feeding benefits are neighbor because the distribution of neighbors
probably derived from use of insects that are differed significantly among the five species(Taflushed by flockmates or from copying the be- ble 5).
havior of others. In either case, the presenceof
The patterns of association could also result
just any species as a flockmate would not be from adjustments of some speciesto minimize
satisfactory;a specieswould probably require the the cost of foraging in a flock. Specifically, flockpresenceand close proximity of another species ing could have a detrimental (rather than benethat employed a specifickind of foraging behavficial) effect on the foraging behavior of particiior (much more specificthan “insectivorous” be- pants because flockmates could decrease each
havior). In contrast, becausewarnings about the other’s chanceof capturing prey. If so, the effects
presence or approach of avian predators come of such competition for food are not mitigated
primarily from auditory cues (Sullivan 1984, in the present situation by selective avoidance
1985) birds can reap the benefits of early wamof flockswith competitors. This is clear from the
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lack of negative associations among flocking speties. Instead, smaller-scale patterns in the use of
spaceor in foraging tactics may be the primary
mechanism of mitigating such competition, if it
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thank SteveBullockand the rest of the staffat Chamela
for logisticalsupport, and Laura Marquez Valdelamar
for assistancein the field. Finally, I am grateful to Jeff
Brawn, RussGreenberg,Erick Greene,and anonymous

exists(Hutto 1988). Whether the patternsof close
associationreflecteffortsby somespeciesto avoid
competition is unknown.
Several lines of evidence suggestthat, aside
from the nearly ever-presentnuclear species,these
flocks are variable collections of whatever canopy insectivore speciesoccur in the same area:
(1) the probability of occurrence in a flock can
be accurately predicted from a species’ abundance, (2) most speciesare distributed independently of one another among flocks, and (3) only
a few of the significant positive associationsresulted from one species always being present,
given the other. These flocks are not mutually
integrated functional units that require a particular membership in order to exist. Nonetheless,
these and other mixed-species flocks may need
one or more intraspecifically gregarious,nuclear
speciesto maintain flock cohesion and structure
(Bell 1983).
This leaves us with the question of what sort
of benefit a variety of attendant speciescan accrue from a predictable setof nuclear speciesplus
a compositionally lesspredictable group of other
attendant species.I suggestthat predator protection is much more likely than foraging enhancement to be such a benefit, at least for most species. For some species, however, the close
associationsof some attendants with a nonrandom subsetof other attendant speciesmay reflect
a spatial organization that has evolved in response to additional feeding costs or benefits.
Moreover, the costsand benefits associatedwith
flocking are likely to differ among species,as implied by the significant difference in the identity
of closeassociatesamong participant species(see
also Moynihan 1962, Croxall 1976, MacDonaRl
and Henderson 1977). Only through a more thorough study that couples behavioral observation
of interactions with spatial associationsof participants can we come to understand the particular costsand benefits of flocking for any single
speciesand, therefore, the evolutionary reasons
for flocking behavior.
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