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FORAGING ECOLOGY OF SEVEN SPECIES OF
NEOTROPICAL IBISES (THRESKIORNITHIDAE)
DURING THE DRY SEASON IN
THE LLANOS OF VENEZUELA

PETER C. FREDERICK! AND KEITH L. BILDSTEIN?

ABSTRACT.— We describe the relative abundance, foraging habitat, and feeding behavior
of seven sympatric species of ibises (Threskiornithidae) in the Venezuelan llanos during the
dry season of 1989. Scarlet (Eudocimus ruber), Glossy (Plegadis falcinellus), and Bare-faced
(Phimosus infiscatus) ibises were the most common species. White (E. albus), Green (Me-
sembrinibis cayennensis), Sharp-tailed (Cercibis oxycerca), and Buff-necked (T heristicus cau-
datus) ibises together made up less than 8% of individuals surveyed. Multivariate analyses
showed that differences in use of foraging habitat partitioned the foraging niche during the
dry season, a time when little aquatic habitat is available to the birds. Foraging habitats
used by the seven species were differentiated by decreasing distance to water, in the following
order: Buff-necked (dry land), Sharp-tailed and Bare-faced (moist soil, occasionally in stand-
ing water), Green (water’s edge), and Scarlet, White, and Glossy ibises (nearly always in
standing water). Probing depth, prey size, and height of vegetation further partitioned the
niche. Large differences in capture, probing, and stepping rates were found among all species.
There were no differences in foraging behavior or in foraging habitat between congeneric
White and Scarlet ibises. Considerable overlap in foraging habitat in space and time was
seen among the three aquatic foragers (White, Scarlet, Glossy), and aggression and occasional
food robbery occurred among these species. Scarlet Ibises were most aggressive and were
most likely to attempt food robbery. Received 10 Dec. 1990, accepted 26 Sept. 1991.

Of the approximately 25 species of ibises recognized worldwide (Anon-
ymous 1984), seven occur sympatrically in the central wetland plains, or
llanos, of Venezuela. This species diversity is unmatched elsewhere in the
world and is sufficient to distinguish the ciconiiform avifauna of the region
from that of other Central and North American wetlands (Kushlan et al.
1985). The Scarlet Ibis (Fudocimus ruber), White Ibis (Eudocimus albus),
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Seven neotropical ibis species occurring sympatrically in central Venezuela. Top, left to
right: Green Ibis (Mesembrinibis cayennensis), Scarlet Ibis (Eudocimus ruber), White Ibis
(Eudocimus albus). Center left: Buff-necked Ibis (Theristicus caudatus), center right: Glossy
Ibis (Plegadis falcinellus). Bottom left: Sharp-tailed Ibis (Cercibis oxycera), bottom right:
Bare-faced or Whispering Ibis (Phimosus infuscatus). Painting by Douglas Pratt.
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Green Ibis (Mesembrinibis cayennensis), Bare-faced or Whispering Ibis
(Phimosus infuscatus), Sharp-tailed Ibis (Cercibis oxycerca), Buff-necked
Ibis (Theristicus caudatus), and Glossy Ibis (Plegadis falcinellus) all occur
in the llanos (Gochfeld 1973, Blake 1977, Meyer de Schauensee and Phelps
1978, Thomas 1979). Although the Scarlet and White ibis, when sym-
patric, are known to interbreed regularly (Ramo and Busto 1987), they
are not formally recognized as a single species (AOU 1983). The breeding
ecology and life-histories of the Scarlet, White, Bare-faced, and Glossy
ibises in the llanos are reasonably well known (ffrench and Haverschmidt
1970, Blake 1977, Meyer de Schauensee and Phelps 1978, Luthin 1983).
Little is known of the basic life histories of the other three species (Ar-
chibald et al. 1980, Luthin 1983, Ogden and Thomas 1985, Thomas and
Strahl 1990). Previous work on the best-studied of the species, the Scarlet
Ibis, has concentrated on breeding ecology and distribution during the
wet season (ffrench and Haverschmidt 1970; Spaans 1975, 1990; Luthin
1983; Ramo and Busto 1988; Bildstein 1990; Brouwer and van Wieringen
1990; Hislop and James 1990; van Wieringen and Brouwer 1990).

The foraging ecology of this guild is of interest for several reasons. First,
the diversity of ibis species in the llanos raises questions of niche sepa-
ration and behavioral foraging competition among sympatric species.
Foraging niche characteristics of all seven species have been summarized
qualitatively by Kushlan (1978), Ogden and Thomas (1985), and Kushlan
et al. (1985). However, quantitative comparisons are lacking. Kushlan et
al. (1985) suggested that similar foraging behavior and habitat use among
these ibis species was likely, particularly during the dry season when
receding surface water greatly reduces both potential foraging habitat and
the number of prey species available. In contrast, Ogden and Thomas
(1985) suggested that considerable partitioning occurred through differ-
ential use of microhabitat and probing depth during the dry season.

Second, considerable variation has been noted in the timing, numbers,
and location of breeding in Scarlet, White, and Bare-faced ibises (ffrench
and Haverschmidt 1970, Kushlan 1977a, Ramo and Busto 1988, Bildstein
1990, Bildstein et al. 1990, Spaans 1990). An understanding of dry season
foraging ecology may contribute to an understanding of species-specific
breeding parameters and, eventually, to the conservation of these species
(Archibald et al. 1980, Luthin 1983, Morales 1990, Bildstein 1990).

Here, we summarize behavioral observations and counts of mixed-
species foraging flocks of ibises made at 166 locations in the central llanos
of Venezuela during the dry season of 1989. Specifically, we describe
relative abundances and foraging behavior of each of the species, intra-
and interspecific competitive interactions, foods eaten, social interactions,
foraging habitats used, and flock dynamics.
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METHODS

Data were collected from 26 March 1989 to 15 April 1989 in the llanos of Venezuela, a
large seasonally inundated tropical savanna (Sarmiento 1984), near the end of the dry season
when surface water was confined to rivers, irrigation impoundments, natural ponds, roadside
borrow pits, and oxbows. Observation sites and survey routes were located between Cala-
bozo, San Fernando, and Bruzual in Apure state. We conducted surveys to determine species
composition of foraging flocks at 166 locations along approximately 300 km of trails, roads,
and highways, stopping whenever we saw ibises. Counts were made only once along each
portion of the route; sizes of flocks, kinds of foraging associates, and numbers of individuals
of each species were recorded during each observation. We defined foraging flocks as two
or more birds foraging within 50 m of each other; singletons were birds foraging at least 50
m from other ibises. We believe our survey counts were representative of ibis populations
in the llanos during the 1989 dry season because the roads we used traversed a wide variety
of habitats, and because roadside ponds, ditches, and borrow pits are the last concentration
points for birds during the dry season (Thomas 1979).

A number of areas along the same survey route were repeatedly sampled for (1) prey types
captured and handling time of prey items (2 locations, 4 days), (2) activity as a function of
time of day (96 locations, 17 days), and (3) foraging flock associates (110 locations, 11 days).

The foraging behavior of individual birds was sampled using 4-min focal observations of
individuals (cf, Bildstein 1983). During each observation, a focal bird was watched through
a 15-60x telescope or 10x binoculars, and its behavior recorded on a tape recorder.
Recordings were transcribed within two days of each observation. The duration of each
behavioral pattern was timed by stopwatch during transcription, and the number of steps,
probes, gapes, lookups, captures, and aggressive interactions counted for every focal bird.
Probes were typified by a forward and downward thrust of the bill into the water or substrate
(Kushlan 1978, Petit and Bildstein 1987). During gapes (=head swinging, sensu Kushlan
1978) the bill was held slightly open and was swept with a side-to-side motion through the
water in an arc pivoting about the birds’ legs. Lookups were defined as an alert, nonfeeding
posture with head held upright for >3 sec. Focal samples that included > 30 sec of lookups
(N = 16) were not used in our summaries of foraging rates. Captures were readily identified
by a distinctive backward jerk of the head accompanied by swallowing motions. Prey size
was estimated as a fraction of bill length or gape width, which, in turn, were measured on
museum specimens.

For each focal sample, we recorded flock size and composition, distance to surface water,
distance to and species of nearest neighbor, vegetation type and height, and foraging habitat
type. Height of vegetation and depth of water were estimated in fractions of tarsometatarsal
length, based on mean measurements from museum skins. Overall, we recorded the foraging
behavior of 484 birds in 37 locations on 19 days of observation. Intra- and interspecific
comparisons were made possible by taking focal observations of two individuals (a paired
observation, sensu Petit and Bildstein 1987) in the same flock, either simultaneously by two
different observers or within 10 min of each other by a single observer.

We used three types of multivariate analyses to determine the extent of differences among
the seven species, using data from the 4-min individual observations of foraging behavior.
Species was the dependent variable in all cases, with flock size, numbers of species in the
flock, depth of water, height of vegetation, distance to water, time spent looking up, and
numbers of steps, probes, captures, lookups, and gapes as independent variables. Because
variance increased with sample size for all independent variables, data were log-transformed
prior to analysis. All analyses were performed using the PC-SAS statistical analysis package
(SAS Institute 1985).

Canonical variates analysis determines which linear combinations of variables best sep-
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arate two or more groups. We used this method in an attempt to describe sources of variation
among species and to reduce dimensionality for other analyses (James and McCulloch 1985).
We also performed a multiple analysis of variance (MANOV A) to look for specific differences
among the centroids of species along multivariate axes. Finally, we used discriminant func-
tion analysis to evaluate the use of the habitat and behavioral variables in distinguishing
among species through reclassification.

RESULTS

Species composition. —Scarlet, Glossy, and Bare-faced ibises (in that
order) were by far the most common species of ibises seen in surveys
(92% of all individuals, Table 1). The other four species made up a total
of less than 8% of the ibises seen. Juveniles and sub-adults made up 13%
of the Scarlet Ibises seen (Table 1); small sample sizes and lack of a
distinctive juvenal plumage precluded the determination of age compo-
sition in the other species.

Size of foraging flocks and numbers of foraging associates. — Bufft-necked
and Sharp-tailed ibises were usually found in small, conspecific flocks,
often well away from other species (Table 2). Flocks of Buff-necked Ibises
usually comprised 2-6 individuals, with courtship activities seen in more
than half of the flocks. We found three active nests of this species in the
vicinity of Hato El Frio near Mantecal between 11 and 14 April, suggesting
that at least small numbers of Buff-necked Ibises breed late in the dry
season (Ogden and Thomas 1985). Buff-necked Ibises were more likely
to be found in single-species flocks and as singletons than other species,
and this species had the greatest mean nearest-neighbor distance (Table 3).

Despite a tendency for Sharp-tailed Ibises to feed in small single-species
flocks with large nearest-neighbor distances, individuals of this species
rarely foraged as singletons (2.9% of flocks, the lowest of any species).
Forty-two percent of the Sharp-tailed Ibis flocks we saw (N = 24) were
composed of two adults, often of discernibly different body sizes and
facial coloration, suggesting the individuals were male-female pairs (Blake
1977). Twenty-five percent of Sharp-tailed Ibis flocks also included a
third, notably smaller individual, with relatively drab and undeveloped
facial coloration, possibly a juvenile (Luthin 1983). We observed frequent
calling among presumptive pair and family members, as well as gentle
bill-pecking of the larger birds by smaller individuals, sometimes followed
by allopreening of smaller birds by the larger individuals.

Glossy, Bare-faced, and Scarlet ibises were consistently seen in larger
flocks than were the other species. All three species were frequently found
with other species of ibises (Table 2) as well as with domestic animals
(Table 3), and White, Glossy and Scarlet ibises were often found feeding
near other species of waterbirds (Table 3). Bare-faced Ibises, which often
associated with other species of ibises and domestic animals, almost never
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TABLE 3
SUMMARY OF NEAREST-NEIGHBOR ASSOCIATIONS IN FEEDING FLOCKS OF SEVEN SPECIES OF
NEOTROPICAL IBISES, SHOWING NEAREST-NEIGHBOR ASSOCIATIONS AND MEAN
NEAREST-NEIGHBOR DISTANCES

Focal species

SCIB WHIB GLIB GRIB BFIB BNIB STIB
(N=50) (N=12) (N=14 N=36) (N=2) (N=44 ({N=19

Nearest neighbor species

SCIB 722 92 43 8 8 2 0

WHIB 1 0 0 0 0 0 0

GLIB 8 0 57 0 3 0 5

GRIB 0 0 0 9 0 2 5

BFIB 6 8 0 0 83 5 21

BNIB 0 0 0 0 0 91 0

STIB 2 0 0 0 6 0 68
Nearest neighbor

Distance (m)

Mean 2.4 2.4 1.4 4.2 3.4 8.2 6.6

SD 3.79 1.97 0.64 4.97 2.95 8.88 8.25

N 45 11 11 19 32 35 17
Flocking Associates (% of flocks)

Domestic animals® 16 17 4 8 18 3

Other waterbirds® 43 33 73 18 0 16 21

= Percent of total nearest-neighbor observations for focal species.

b Primarily cattle and horses, occasionally swine or burros.

¢ Primarily White-faced Whistling-Ducks (Dendrocygna viduata), Black-bellied Whistling-Ducks (D. autumnalis), Great
Egrets (Casmerodius albus), Snowy Egrets (Egretta thula), Rufescent Tiger-Herons (Tigrisoma lineatum), Wood Storks
(Mycteria americana), Jabiru Storks (Jabiru mycteria), Cattle Egrets (Bubulcus ibis), and Roseate Spoonbills (4jaia ajaja),
with occasional Crested Caracaras (Polyborus plancus), Horned Screamers (Anhima cornuta), Comb Ducks (Sarkidiornis
melanotos), and Black-necked Stilts (Himantopus himantopus).

foraged with non-ibis waterbirds. Glossy, Scarlet, and Bare-faced ibises
maintained the smallest nearest-neighbor distances within foraging flocks,
with Glossy Ibises occurring most often in conspecific-only flocks, and
tolerating the most dense packing. Although White Ibises were almost
always associated with Scarlet Ibises (91% of flocks, 92% of nearest neigh-
bors), this species tended to be found in flocks containing fewer birds,
and fewer species of ibises than were Scarlet Ibises. Green Ibises usually
fed in a dispersed fashion on the periphery of mixed-species flocks, usually
with other Green Ibises as their nearest neighbor.

Time of day and feeding activity.—Scarlet and Glossy ibises were more
active during the early morning hours than later in the day (Fig. 1), a
trend which was not as pronounced in Green Ibises. Bare-faced Ibises
showed a peak in activity during mid-day. Although sample sizes were
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Fic. 1. Feeding behavior of Scarlet, Glossy, Bare-faced, and Green ibises as a function
of time of day.

small, Sharp-tailed Ibises also appeared to be most active during the
morning, while Buff-necked Ibises seemed to be active at all hours of the
day. We did not search for ibises after sundown, and the possibility exists
that some species forage at night as well.

Foraging habitat. —All of the sites at which we watched ibises were
relatively open, with trees generally spaced at least 100 m apart. Although
we checked other habitats on a number of occasions, we never saw ibises
foraging in gallery or riverine forest habitats as has been reported for
Green and Sharp-tailed ibises during the wet season (Wood 1923, Luthin
1983). Buff-necked Ibises almost always foraged in parched, dusty fields
and recently burned areas in relatively short stubble or other low vege-
tation. Even so, Buff-necked Ibises foraged within 200 m of water. The

—

Fig. 2. Summary of habitat types in which foraging ibises were observed during 4-min
focal samples. Esteros are oxbows of permanent or temporary river containing pools of
standing water and green vegetation. Ponds were naturally occurring roadside ponds or
depressions at least 5 cm deep. Borrow pits were roadside ditches from which large amounts
of material had been taken for roadbuilding.
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TABLE 4
SUMMARY OF FORAGING HABITAT CHARACTERISTICS OF FOCAL INDIVIDUALS?

Percent
of indi-

viduals Distance to water Water depth Vegetation height
Species N in water (m) (cm) (cm)

SCIB 153 93 3.4 £ 127 4.6 £ 3.5 17.5 £ 11.0
WHIB 33 78 10.0 = 24.1 3.1 +£28 19.6 = 9.5
GLIB 55 94 0.2+ 1.0 42 +27 12.8 + 7.6
GRIB 55 94 114 £ 221 1.0+ 14 114 £ 5.5
BFIB 67 17 63.2 = 81.8 0.8 £1.9 12.5 + 84
BNIB 71 2 1229 + 95.8 0.1 £0.3 83+ 53
STIB 50 46 474 + 78.9 1.6 £ 2.2 6.3 + 7.7

= All values are means + one SD.

other six species of ibises were more closely associated with moist soil
and standing water. Esteros (moist to shallowly flooded oxbow meadows)
were commonly used by all species, except Buff-necked and Sharp-tailed
ibises. Both Sharp-tailed and Green ibises used the moist edges of pools,
ponds, and wetlands, although both species were rarely found feeding in
water deeper than 2 cm (Fig. 2, Table 4). Although Green and Bare-faced
ibises fed at similar sites, Bare-faced ibises foraged in somewhat taller
vegetation than did Green Ibises and were rarely found foraging in water.
We noticed an increase in relative numbers of Sharp-tailed Ibises in the
flatter and more open south-western llanos, where they often fed in borrow
pits that were usually devoid of emergent vegetation. This species seemed
to prefer shorter vegetation than did either Green or Bare-faced ibises
(Table 4).

Scarlet, White, and Glossy ibises foraged in similar habitats overall
(Fig. 2). They often foraged in relatively deep water, and when foraging
on dry ground were very close to open water. Scarlet and White ibises
were found in somewhat taller vegetation than other species of ibises,
although the differences in mean vegetation height were not large among
the three aquatic species (Table 4). These three species were distinct from
the others in having relatively long legs for their body size (Fig. 3).

Foraging behavior. —Buff-necked Ibises had by far the highest stepping,
and lowest probing rates of any species (Table 5). Probing behavior in
this species consisted of shallow probes and pecks directed at the surface
of the hard, dry substrate. Sharp-tailed Ibises had the second highest
stepping rates, the lowest probing efficiencies (captures/probe), low cap-
ture rates, and probed more rapidly and deeply than any other species.
As a result, then, their bills were often covered with mud to the gape, a
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Fic. 3. Mean ratios of the length of tarsometatarsus to wing chord in seven species of
ibises. Measurements are from museum specimens collected in the llanos. Vertical lines are
+ one standard deviation.

phenomenon seen rarely in only one other species, the Green Ibis. Green
Ibises showed high capture rates and probing efficiencies, coupled with
intermediate rates of stepping and probing. Glossy Ibises had the highest
capture rates of any of the species, as well as very high probing rates and
probing efficiencies. Glossy Ibises exhibited relatively slow stepping rates
because they intensively probed the small area around their bodies. Bare-
faced, White, and Scarlet ibises had nearly identical capture and probing
rates, although Scarlet Ibises stepped less often than Bare-faced or White
ibises.

Comparisons of the foraging behavior of paired White and Scarlet ibises
feeding in the same flocks (N = 17 pairs) showed no significant differences
(Wilcoxon Matched-Pairs Signed Ranks tests, P > 0.05) except for prob-
ing efficiency, in which White Ibises were more efficient than were Scarlet
Ibises (P = 0.04). No significant differences were found in the foraging
behavior of paired Glossy and Scarlet ibises (N = 13 pairs).

Multivariate analyses. — All six potential composite variables construct-
ed by the canonical correlates analysis were highly significant (P < 0.0001),
and no reduction in dimensionality was possible using this analysis. The
first three canonical correlates accounted for over 97% of the total vari-
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TABLE 5
SUMMARY OF THE MEAN FORAGING RATES OF FOCAL INDIVIDUALS OF SEVEN SPECIES OF
IBISES
Cap- Cap- Cap- Look-
Steps/ Probes/ Probes/ tures/ tures/ tures/ ups/
Species min. min. step min. probe step min. Ne
SCIB 16.2 34.6 2.2 1.5 0.04 0.10 1.20 124 (10)

WHIB 24.4 34.2 1.4 1.4 0.04 0.06 0.89 30(7)
GLIB 12.5 41.5 33 33 0.08 0.27 0.81 48 (5)
GRIB 17.6 30.0 1.7 1.9 0.06 1.06 0.89 58(9)

BFIB 23.1 35.0 1.5 1.4 0.04 0.06 0.81 60 (10)
BNIB 62.5 26.4 0.4 0.5 0.02 0.007 0.24 32(17)
STIB 26.7 44.8 1.7 0.7 0.01 0.24 0.54 41 (11)

2 Numbers of individuals (numbers of sites).

ation in the model and were weighted heavily by habitat variables, and
relatively little by behavioral variables. Scatter plots of the seven species
along these three axes did not result in distinct separations of species, and
are not presented. The overall MANOVA model showed a significant
effect of species (P < 0.0001), as did all 21 pairwise combinations of
species (P < 0.0001), indicating that the centroids of each species separate
distinctly along the multivariate axes. Each of the habitat and behavioral
variables also showed significant effects, with the exception of gaping (P
= 0.226).

Discriminant function analysis revealed relatively low reclassification
ability to species, using the behavioral and habitat variables (Table 6).
While the discriminatory abilities of the model were significantly different

TABLE 6
PERCENT OF OBSERVATIONS OF EACH SPECIES RECLASSIFIED CORRECTLY TO SPECIES BY THE
DiISCRIMINANT FUNCTION ANALYSIS

Species Percent classified correctly
SCIB 66.6
WHIB 84.4
GLIB 61.2
GRIB 54.5
BFIB 50.0
BNIB 75.0
STIB 51.2

Total percent correct 63.3




Frederick and Bildstein « FORAGING OF NEOTROPICAL IBISES 13

TABLE 7
SUMMARY OF Sizes OF PREY EATEN BY SEVEN SPECIES OF NEOTROPICAL IBISES DURING THE
DRy SEASON®
SCIB WHIB GLIB GRIB BFIB BNIB STIB
Total captures 866 166 91 482 329 63 103
Percent

<1 cm® 87 93 91 98 98 85 90
>1cm 11 8 9 1 2 13 10
1-2 cm 4 2 8 1 3 3
2-3cm 1 <1 0 <1 0 <1
>3 cm 6 5 1 <1 1 10 6

* Compiled both from four-minute focal animal samples and ad lib surveys of flocks.

from a random reclassification scheme (x2 = 668, df = 6, P < 0.0001),
only 63% of all observations were classified correctly, and in only White
and Buff-necked ibises did the reclassification efficiency exceed 75%.

Prey characteristics.—In most cases, we were unable to identify prey
because most items were very small (<1 cm), and were swallowed within
2 sec of capture (Table 7). From their shape, size, and the manner in
which they were handled, we believe most small prey items were arthro-
pods, along with small numbers of annelid worms and (in the case of
Green and Glossy ibises), small gastropods.

Buff-necked and Scarlet ibises included a greater proportion of large
prey in their diets than did the other species (14 and 11% of captures over
1 c¢cm, respectively), while almost all of the diet of Green and Bare-faced
ibises consisted of prey <1 cm (Table 7). The most commonly identified
large items were hemipteran water beetles (Belostomatidae, Naucoridae,
Corixidae) and aquatic beetles (Gyrinidae). Giant water bugs, (3—10 cm)
accounted for 90% of Scarlet Ibis captures over 1 cm in length. Because
of their large size and escape tactics, giant waterbugs were associated with
long handling times and frequent piracy attempts.

Aggressive interactions and prey robbery. — Aggressive interactions were
rare among foraging Buff-necked or Sharp-tailed ibises, perhaps because
both species tended to feed in dispersed, single-species flocks and family
groups (Table 8). Similarly, Green Ibises rarely engaged in aggressive
interactions, probably because they rarely came into contact with other
species.

Scarlet, White, Bare-faced, and Glossy ibises all were regularly involved
in aggressive encounters. Scarlet Ibises engaged in aggression most fre-
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TABLE 8
SUMMARY OF AGGRESSIVE TENDENCIES OF SEVEN SPECIES OF IBISES IN FORAGING FLOCKS

Attacks Attacks
Species Minutes observed® performed®/min received/min Aggression ratio®

SCIB:

Males 460 8.8! 2.912 3.09

Females 70 7.742 6.0! 1.00

Both sexes 538 8.7 3.4! 2.52
WHIB:

Males 60 7.0! 1.012 7.00

Females 52 0.0? 8.12 0.00

Both sexes 122 4.42 6.4! 0.69
GLIB 194 1.23 313 0.40
GRIB 246 0.5%4 1.0? 0.50
BFIB 237 1.823 1.5%3 1.17
BNIB 219 0.0 0.5? 0.00
STIB 171 0.4° 0.02 0.00

= Minutes of observation of focal birds in flocks only.

* Column entries with different superscript numbers differ significantly from one another (P < 0.05, x? goodness of fit
test, 1 df with Yates correction).

< Attacks performed/attacks received.

quently and initiated aggressive interactions at higher rates, and in higher
proportion than did the other species. Glossy Ibises were particularly
unaggressive towards conspecifics, even though this species foraged in
tight conspecific groups. On one occasion, we observed a Glossy Ibis
foraging for over 30 sec with its neck extended over that of its nearest
neighbor.

Despite their close association with Scarlet Ibises, White Ibises initiated
aggressive interactions only half as often as did Scarlet Ibises (P = 0.073,
x2 goodness of fit test), and were recipients of aggression twice as often
as were Scarlet Ibises (P = 0.0048). The species difference is largely the
result of the behavior of female White Ibises. Although male Scarlet Ibises,
female Scarlet Ibises, and male White Ibises did not differ in raies of
aggression, all initiated aggression at significantly higher rates than did
female White Ibises (Table 8). Female White Ibises also were recipients
of aggression significantly more often than were female Scarlet Ibises.

While Scarlet Ibises were more likely to attack other species, these did
not always result in displacement (Table 9). Glossy Ibises attacked and
displaced Scarlet Ibises in 18% of their aggressive interactions, and White
Ibises displaced Scarlet Ibises in 45% of their aggressive interactions.
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TABLE 9
NUMBERS OF AGGRESSIVE INTERACTIONS AMONG SEVEN SPECIES OF IBISES IN FORAGING
FLocks THAT Dip NoTt INVOLVE PREY

Aggressor
Recipient SCIB WHIB GLIB GRIB BFIB Other*

SCIB 52 10 0 3 0 2
WHIB 12 2 0 0 0 0
GLIB 13 0 0 0 1 0
GRIB 5 0 0 0 0 0
BFIB 2 0 0 0 12 0
Other® 4 0 0 2 0 0

* Includes White-faced Whistling-Duck and Wattled Jacana (Jacara jacana).

* Includes STIB, Southern Lapwings (Vanellus chilensis), White-faced Whistling-Ducks, and Great Egrets.

Scarlet Ibises were socially dominant to Green and Bare-faced ibises.
Among species, rates of aggression were negatively correlated with mean
nearest neighbor distances (Rg = 0.75, 0.86, P < 0.005 for initiating and
receiving aggression, respectively) (Tables 3 and ).

Of a total of 158 aggressive intra- and interspecific interactions, 33%
occurred when the recipient of aggression had food in its bill or was
actively pursuing prey. In 18 of these cases (1 1% of the total), the aggressor
clearly attempted to snatch prey from the recipient. Attempts at food
robbery were successful in at least three cases (a minimum success rate
of 13%). Scarlet Ibises were the most likely species to attempt food robbery
(67% of all attempts), with White (17%) and Glossy (16.6%) ibises being
the only other two species to attempt food robbery. All attempts at piracy
by Scarlet and White ibises were made by males, and only Scarlet Ibises
were successful. Scarlet Ibises were victims of attempted piracy 15 times
(83% of the total, 2 females, 10 males), Glossy Ibises twice (11%), and
Bare-faced Ibises once (6%).

Food robbery was used by some male Scarlet Ibises more than others.
Four individuals at one site attempted to steal giant water bugs on a total
of five occasions from Glossy Ibises foraging in groups, and apparently
also captured several beetles as a result of the beater effect of the flock.
Each of the four Scarlet Ibises also repeatedly chased conspecifics from
the flock of Glossy Ibises, suggesting that the pirating ibises were defending
the flocks as a resource.

We also observed four Crested Caracaras (Polyborus plancus) and one
Savanna Hawk (Heterospizias meridionalis) closely following mixed-spe-
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cies ibis foraging groups, attempting to steal giant water beetles from
Scarlet and Glossy ibises. Only one of these attempts was successful,
directed at a Scarlet Ibis which had in turn stolen the beetle from a Glossy
Ibis.

Other foraging techniques. — Foraging flocks of Scarlet, White, and Bare-
faced ibises were over twice as likely as those involving other ibis species
to include domestic animals (Table 3), and on several occasions, we noted
groups of Scarlet, White and Bare-faced ibises closely (<3 m) following
domestic cows and horses, apparently capturing insects disturbed by the
animal’s footsteps. We also observed Scarlet Ibises closely following flocks
of 3-50 White-faced Whistling-Ducks (Dendrocygna viduata) on 10 oc-
casions, apparently feeding on aquatic insects disturbed by the ducks. The
ibises occasionally pecked at the closest ducks, which appeared to keep
the flock moving. Groups of 2-16 White-faced Whistling-Ducks similarly
foraged behind individual Scarlet Ibises on four occasions, repeatedly
displacing one another to gain a spot immediately behind the ibis.

On six occasions, we noted single Bare-faced Ibises foraging alternately
in two areas of less than 1 m? each, 2-6 m apart in medium to tall grass
on moist ground. Individuals probed intensively in one of the areas for
1-6 min, then walked rapidly to the other site and began probing. Three
to five trips between the two sites occurred during each observation. We
were unable to identify prey items extracted from these intensively worked
sites.

DISCUSSION

Species composition. — The relative abundances of the seven ibis species
we report differ little from those found by Kushlan et al. (1985), Aguillera
(unpubl. data), and Ogden and Thomas (1985). In all three of the previous
studies, Scarlet Ibises were the most abundant, with White, Buff-necked
and Sharp-tailed ibises making up a very small percentage of the ibis
community. Green Ibises comprised less than five percent of the ibises
seen by Aguillera (unpubl. data) and ourselves, and Ogden and Thomas
(1985) describe them as common in pairs or small groups. In contrast,
Kushlan et al. (1985) reported that Green Ibises represented over 36% of
the ibises they observed. This considerable departure from the other stud-
ies suggests that the species concentrates in certain areas during the dry
season, that Green Ibises leave portions of the area entirely during the
dry season, or that other species decrease in proportion seasonally. There
is also considerable variation in relative abundances of Glossy Ibises
among studies, suggesting a slow increase in the abundance of this species
since Gochfeld’s first report of abundance (Gochfeld 1973, Kushlan et al.
1985, Aguillera unpubl. data from 1981-1982, this study).

Foraging niche relationships. —Our descriptions of foraging habitat and
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behavior confirm earlier reports by Luthin (1983), Kushlan et al. (1985),
firench and Haverschmidt (1970), Ogden and Thomas (1985), and Brou-
wer and van Wieringen (1990), and support the idea that these seven
species of ibises coexist with considerable partitioning of the foraging
resource even during the dry season (Ogden and Thomas 1985). Our
multivariate analyses suggest (1) that variation in habitat and behavior
is sufficient to separate any species-pair along multivariate axes, (2) over-
lap in the centroids of species on these axes is t0o extensive to permit an
accurate reclassification using the variables we recorded, and (3) taken
together, none of the habitat and behavioral variables we used can be
excluded as a significant source of variation among species.

The most obvious mechanism partitioning the feeding niches of ibises
during the dry season appears to be habitat. Buff-necked Ibises were the
only ibis species that regularly foraged on dry land. This species was rarely
seen feeding in standing water, even in the absence of other species. Sharp-
tailed Ibises also were distinctive in their use of habitat, almost never
being found in esteros or broad areas of open water. Two species-assem-
blages could be further distinguished along an aquatic-terrestrial gradient.
Sharp-tailed, Green, and Bare-faced ibises were often found foraging in
moist soil as well as along the edge of standing water. Although each of
these three species was occasionally found foraging in water, they did so
only when other ibis species were absent, suggesting behavioral avoidance.
White, Scarlet, and Glossy ibises were the three species with the largest
legs in proportion to wing length, were rarely found out of water, and
usually foraged in depths of at least 3 cm. Thus on the basis of habitat
alone, the potential for direct competition for food seems limited to the
Sharp-tailed—Green—Bare-faced group, and the Scarlet-White-Glossy
group.

The three species that foraged in moist, but rarely inundated, areas
differed in their use of microhabitats. Bare-faced Ibises were rarely (17%)
found foraging in standing surface water, and appeared to be restricted
to moist areas. Green Ibises were a water’s-edge specialist, being found
in shallow water 94% of the time, and nearly always within two meters
of the shoreline. Sharp-tailed Ibises fed in moist soil and at the water’s
edge. Their preference for areas with little or no vegetation may be im-
portant in limiting contact with Bare-faced and Green ibises. We suspect
that the potential for niche overlap with Green Ibises in water’s-edge
habitat also is reduced by a noticeable difference in probing depths (first
suggested by Ogden and Thomas [1985]), that probably results in the
higher proportion of large prey consumed by the deeper-probing Sharp-
tailed Ibises. Behavioral avoidance also appears to be an important mech-
anism for reducing dry-season foraging overlap among the three moist-
ground species. Green, Sharp-tailed, and Bare-faced ibises had relatively
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high probabilities of foraging in single-species flocks, and all showed large
nearest-neighbor distances while feeding.

The three aquatic feeders (White, Scarlet, and Glossy ibises) exhibited
fewer differences in foraging habitat use. All three foraged in essentially
the same habitats (deep, open water), and all used the same foraging
techniques (probing rapidly into the surface layer of substrate). Foraging
niche overlap between White and Scarlet ibises, and Glossy Ibises may
be a relatively recent phenomenon, if, as Gochfeld (1973) suggests, Glossy
Ibises have only become abundant in the llanos during this century. Ag-
gressive behavioral interactions among these three aquatic species were
certainly the most noticeable of any species combination, the majority of
which (>60%) did not involve disputes over captured or pursued prey.
Tendencies to interact aggressively were inversely related to nearest-neigh-
bor distances, possibly as a result of the tremendous reduction in available
foraging habitat during the dry season.

Despite incomplete dominance, Scarlet Ibises were clearly more ag-
gressive than Glossy Ibises within the same habitat. The increased ag-
gressive tendency of Scarlet Ibises during feeding appears to be a sexually
selected feature of the genus (Rudegeair 1975, Kushlan and Kushlan 1975,
Ramo and Busto 1985, Frederick 1987), but may also be of selective
advantage during feeding. While we were unable to measure the extent
to which Scarlet Ibises might have benefited from food robbery, we suggest
that their aggressiveness provides them with access to large prey, both
directly via prey robbery and indirectly via defense of groups of hetero-
specific beaters.

Although Glossy, White, and Scarlet ibises may compete for small,
predominantly arthropod prey, Glossy Ibises took fewer large prey than
did Scarlet Ibises or White Ibises.

White and Scarlet ibises showed little separation in habitat use, foraging
behavior, or size and type of prey eaten. White Ibises foraged in slightly
shallower water, more often on dry ground, farther from open water and
were generally in smaller flocks than Scarlet Ibises. Despite these differ-
ences, White Ibises almost always fed with Scarlet Ibises (over 90% of
flocks). Similarly, 92% of nearest neighbors of White Ibises were Scarlet
Ibises, and White Ibises were never observed with another White Ibis as
their nearest neighbor. Considerable aggression occurs between those two
species during foraging, and neither species dominates. While Scarlet
Ibises seemed to be more aggressive as a whole, this difference is largely
the result of smaller female White Ibises (cf. Kushlan 1977b) being less
aggressive than Scarlet Ibises of either sex. Overall, our observations do
not suggest that substantial differences exist in the foraging ecology of the
two species, supporting the idea that Scarlet and White Ibises in the llanos
are races of the same species (Ramo and Busto 1987).
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Both Kushlan et al. (1985) and van Wieringen and Brouwer (1990)
reported that during the wet season Scarlet Ibises in the llanos often foraged
on moist ground that was not inundated by standing water. We almost
never saw Scarlet Ibises foraging out of water, suggesting that the dynamics
of soil-dwelling prey may limit dry-season foraging to inundated areas.
If true, the niche of Scarlet Ibises may be considerably reduced during
the dry season. Similarly, the inundated gallery-forest described as for-
aging habitat for Green and Sharp-tailed ibises during the wet season
(Luthin 1983) and those reported here indicate these species also shift
foraging habitat with season.

Our observations confirm that the majority of foods eaten during the
dry season by all seven species are insects, together with small numbers
of anurans, crustaceans, gastropods, and oligochaetes (Ogden and Thomas
1985, Kushlan et al. 1985, Luthin 1983, and Brouwer and van Wieringen
1990). Despite the locally high densities of fishes during the dry season
(pers. obs., Kushlan et al. 1985, Morales and Pacheco 1986), we never
saw ibises consume fishes, even though the three aquatic species we watched
often foraged together with piscivorous storks, herons, egrets, and tiger-
herons.

Our observations of courtship and nesting of Buff-necked Ibises in the
southwestern llanos confirm that at least one peak of nesting in this species
occurs near the end of the dry season (Ogden and Thomas 1985, Aguillera,
unpubl. data). This is particularly intriguing, in light of the fact that this
species had the lowest rate of captures of any species (0.49/min). It is
possible that more productive foraging by this species occurs in habitats
(such as burning fields) which were not sampled during our surveys.

Finally, we caution that as our observations were made during a single
dry season, our results may not be representative of foraging behavior
and habitat use in the wet season (above) or in other years.
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