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ABSTRACT.—I studied the foraging habitat use of Roseate Terns (Sterna dougallii) and Sand-
wich Terns (S. sandvicensis) in southwestern Puerto Rico from 1991 to 1994, and determined
foraging success of each species in three distinct habitat types: blue water, inshore shallows,
and along reefs. The proportion of Roseate Tern foraging flocks differed significantly among
the three habitat types, with over one-half of the flocks occurring in blue water. The pro-
portion of Sandwich Tern flocks did not differ significantly among the three habitats. A
higher proportion of Roseate Tern (84%) than Sandwich Tern (59%) foraging flocks occurred
over schools of predatory fish, and mean flock size of Roseate Terns, but not of Sandwich
Terns, was greater in the presence of predatory fish. Capture success (no. successful dives/
no. attempts) of Roseate Terns was highest in shallow-water habitats, when they pirated fish
from Brown Pelicans (Pelecanus occidentalis) or used diving pelicans to scare fish to the surface.
However, both capture rate (no. fish caught/min) and relative profitability (g fish caught/
min) were highest in blue-water flocks over predatory fish. Foraging success of Sandwich
Terns was measured only for shallow-water habitats, and did not differ when foraging with
or without pelicans. These results suggest that Roseate Terns in Puerto Rico forage primarily
in habitats that result in the highest rate of prey capture. Moreover, Roseate Terns may rely
heavily on predatory fish or pelicans to increase prey availability to them during the breeding
season, whereas Sandwich Terns rely less on these sources to facilitate prey capture. Received

24 March 1995, accepted 20 June 1995.

THEORETICALLY, an animal should forage most
frequently in a habitat or patch where its cap-
ture success or net energy gain is maximized
(Krebs and Cowie 1976). Some studies of ter-
restrial birds have confirmed this prediction
(Smith and Dawkins 1971, Wakeley 1978). In
recent years, much attention has been devoted
to studies of foraging habitat preferences among
seabirds (Abraham and Ankney 1984, Haney
1986, Safina 1990a, Ainley et al. 1993, Becker et
al. 1993). However, few studies have determined
the relationship between foraging success in
patches of variable quality and relative patch
use (but see Brandt 1984). In marine ecosystems,
patches are temporally unstable, as prey usually
are mobile. Thus, most investigators studying
foraging habitat selection in seabirds have con-
fined themselves to the larger habitat scale rath-
er than to prey patches (but see Safina 1990a).

Previous studies of Roseate Terns (Sterna dou-
gallif) indicate that this species is relatively spe-
cialized in both its use of foraging habitat and
in the diversity of prey adults feed to chicks.
For example, both Safina (1990a) and Heine-
mann (unpubl. 1992 report) found that foraging
Roseate Terns are attracted to specific features,

such as tide rips and shoals, that bring prey
close to the water surface. At several mixed-
species colony sites, prey delivered by Roseate
Terns to chicks were less diverse than prey de-
livered by Common Terns (S. hirundo; Richards
and Schew 1989, Safina et al. 1990, Shealer and
Kress 1994). Thus, the limited diversity of prey
taken by Roseate Terns may be a consequence
of foraging habitat specialization, rather than
diet preference per se.

I studied foraging habitat use and profitabil-
ity in tropical Roseate Terns and, to a lesser
extent, Sandwich Terns (S. sandvicensis) in
southwestern Puerto Rico. I characterized the
habitats in which Roseate and Sandwich terns
typically foraged, and determined whether the
frequencies at which Roseate Terns occurred in
specific habitats were related to foraging suc-
cess or profitability. Previous studies have in-
dicated that Roseate Terns in Puerto Rico forage
over schools of predatory fish (Shealer 1992,
Shealer and Burger 1993), but the extent of this
association has not been quantified. Roseate and
Sandwich terns are the only two plunge-diving
terns that breed in the study region. This sit-
uation provided an opportunity to compare
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Fig. 1. Map of study area in southwestern Puerto Rico, showing cayos of La Parguera (with tern colonies
in white). Routes of boat surveys conducted in 1993 indicated by lines.

habitat use and foraging success of these spe-
cies, and to examine potential negative inter-
actions between them.

Roseate Terns breed in both temperate and
tropical areas (Cramp 1985). However, the
worldwide breeding range of this species is
fragmented (Gochfeld 1983), with small, isolat-
ed breeding populations that fluctuate drasti-
cally in number and colony-site selection among
years (Britton and Brown 1974, Hulsman 1977,
Avery 1991, Shealer 1995). Temperate Zone Ro-
seate Tern populations in northwestern Europe
have declined to critical levels (Avery 1991), in
South Africa have been reduced to just two
breeding sites (Randall and Randall 1981), and
in northeastern North America recently have
been listed as endangered (U.S. Fish and Wild-
life Service 1987). The stronghold of this species
is in tropical areas, particularly in the Indian
Ocean (Gochfeld 1983), but little is known about
its breeding biology or foraging ecology in the
tropics.

STUDY AREA AND METHODS

I studied Roseate and Sandwich terns near several
colony sites (Fig. 1) in southwestern Puerto Rico
(17°56'N, 67°05'W) from mid-May to mid-July in 1991
through 1993, and from mid-May to mid-June 1994.
Roseate and Sandwich terns nested together on two
cays each year, but birds shifted colony sites among

years. The two species arrived in the area in early
May and foraged in the surrounding waters. Colony
selection and the onset of egg laying usually occurred
by the third week of May. The breeding season was
short, with most adults and fledglings departing the
area by early August.

In 1993, I conducted boat surveys through all po-
tential foraging habitats for Roseate and Sandwich
terns near breeding colony sites (Fig. 1). Each survey
consisted of one to five linear transects run through
discrete habitats: mangrove channels (n = 28 tran-
sects); inshore shallows (n = 28); inshore (n = 28) and
offshore (n = 33) reef zones; and blue water (n = 19).
Mangrove channels were defined as shallow (<3 m),
turbid waters adjacent to shore that were lined with
red mangroves (Rhizopora mangle). Inshore, shallow-
water areas were defined as calm, clear water less than
10 m deep. Reef zones encompassed shallow water
surrounding inner and outer reefs, extending to a
distance of approximately 20 m from the reef and to
a 10-m depth. Blue water was defined as deeper oce-
anic water, more than 10 m deep, and characterized
by sea swells and strong currents. Inshore, reef, and
blue water habitats were easy to distinguish because
of sharp contrasts in water color.

At five-day intervals during the breeding season,
two surveys were made each day at a constant boat
speed of 5 km/h, one in the morning (0700-0800 AST),
and the other in the afternoon (1600-1700), at times
when terns were feeding actively. Transect length
was approximately 1 km for each habitat, and transect
width was approximately 100 m on either side of the
boat. During a given survey period, only one transect
was run through a particular habitat, but routes were
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such that not all habitats were sampled during each
survey. However, transect lengths and durations were
similar among all habitats; thus, the number of tran-
sects provided a comparable index of total time and
area coverage for each habitat. During each transect,
location, species composition and flock size of for-
aging terns were plotted on a nautical chart. The pres-
ence or absence of predatory fish also was noted. When
present, predatory fish were conspicuous at the water
surface, feeding on smaller prey fish. Due to the mo-
bility of feeding flocks, a single flock potentially could
have been included in two adjacent transects (e.g.
inshore shallows and reef); when this situation arose,
I recorded flock characteristics and location only dur-
ing the first time the flock was encountered. In 1991,
1992, and 1994, 1 also observed foraging flocks from
an offshore cay where, during a 360° scan, I could
sample all habitats except mangrove channels. Data
collected in 1993 initially were analyzed separately
from the other years.

In addition to surveys, foraging success of individ-
ual Roseate and Sandwich terns was recorded in dif-
ferent habitats on an opportunistic basis. I conducted
these observations (=trials) by selecting a single in-
dividual from the flock and watching it through bin-
oculars for the duration of its feeding bout or until I
lost sight of it. I timed each trial with a stopwatch,
recording success and failure of all foraging attempts.
Roseate and Sandwich terns plunge dive for fish from
variable heights and emerge from the water with the
fish held crosswise in the bill before swallowing; thus,
foraging success was easy to quantify. Capture success
was defined as the number of captures divided by the
number of attempts. I excluded from analyses any
trial in which I could not determine the outcome for
all observed attempts of a single individual. In ad-
dition, each trial was standardized such that attempts
and captures were expressed as a rate. Attempt and
capture rates were defined as the number of attempts
and captures per minute. This procedure weighted
the foraging performance of each individual equally,
regardless of the length of time I followed it or the
number of attempts it made. However, only terns that
made five or more attempts were included in the
analyses. This minimum criterion was used to reduce
the contribution of a single attempt to an individual’s
overall performance, and should not have biased the
results toward less successful birds, because the mean
number of fish caught per foraging trip for Roseate
Terns was 11.8 and for Sandwich Terns was 4.1 (Sheal-
er 1995).

In 1993, I sampled prey fish of the terns in two
ways. In shallow-water areas, I observed with bin-
oculars the species and sizes of prey caught by for-
aging terns. The length of each fish was estimated by
comparing it to the length of the tern’s bill (ca. 35
mm). Following these observations, I used a cast net
(2.5 m diameter, 0.6 cm mesh) to catch fish under
foraging terns. Prey samples were stored temporarily
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Fig.2. Regression of wet mass on standard length
of dwarf herring caught by cast net in Turrumote
lagoon in 1993. Best-fit curve is second-order poly-
nomial (F, ¢ = 506.8, P < 0.001, R? = 0.937). Equation
is y = 0.307 — 0.028x + 0.00089x%, where y is wet
mass in grams and x is standard length in millimeters.

in ethanol and transported to the laboratory. I sorted
the fish by species, weighed each fish (to nearest 0.01
g) using an electronic balance, and measured with
calipers the standard length (to nearest 0.05 mm) from
the tip of the snout to the posterior end of the caudal
peduncle. 1 then regressed wet mass on standard length
for each species to estimate the mass of each fish
caught by terns in shallow-water areas. Figure 2 shows
the mass/length relationship for dwarf herrings (Jen-
kinsia lamprotaenia). 1 sampled fish from blue-water
habitats by concealing myself in a blind in the middle
of a ternery, locating individual terns returning from
blue-water feeding flocks that were visible from the
colony, and then capturing the terns on the nest using
a wire-mesh treadle trap placed over the eggs. This
procedure often caused terns to regurgitate. Regur-
gitated boluses were collected and analyzed as above.

Dwarf herrings were the primary prey items taken
by Roseate Terns, comprising over 85% of all catches
in all habitats (Shealer 1995). For this reason, I esti-
mated profitability (g of fish ingested/min) to Roseate
Terns foraging in different habitats, using data only
on dwarf herrings. This analysis was not conducted
for Sandwich Terns because this species fed on a
greater diversity of prey, both within and among hab-
itats, than did Roseate Terns (Shealer 1995).

Data on habitat use were analyzed using chi-square
values computed from contingency tables. Data on
flock size differences among habitats often had dis-
parate sample sizes and were resistent to normalizing
transformation, necessary to meet the assumptions of
analysis of variance. Thus, I opted to analyze these
data using the nonparametric Kruskal-Wallis test (So-
kal and Rohlf 1981:429). When variances between two-
sample analyses were heteroscedastic, I used an un-
equal-variances t-test, which calculates an approxi-
mate f-value and compares it to a critical value of f,
determined from the weighted average of the critical
values of ¢ based on the degrees of freedom from the
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TaBLE 1. Number of transects conducted and loca-
tions of Roseate and Sandwich tern foraging flocks
encountered during boat surveys in southwestern
Puerto Rico, 1993.

No. flocks (%) with

DAvVID A. SHEALER

No.
tran- Roseate  Sandwich
Location sects Terns Terns

Mangrove channel 28 0(0.0) 0 (0.0)
Inshore shallows 28 6 (21.4) 5(17.9)
Inshore reef 28 2(7.1) 9(32.1)
Outer reef 33 2(6.1) 1(3.0)
Blue water 19 11 (57.9) 6 (31.6)

two samples (Sokal and Rohlf 1981:408). I used re-
gression analysis to explain variation in mean flock
size of the two tern species throughout the nine weeks
of the breeding season.

RESULTS

Foraging habitat use and flock size.—During 48
boat surveys (136 transects) in 1993, I encoun-
tered 31 tern flocks: 10 flocks containing only
Roseate Terns, 10 flocks containing only Sand-
wich Terns, and 11 flocks containing both spe-
cies. Both Roseate and Sandwich terns were ob-
served foraging in all habitats except mangrove
channels. Habitat use by Roseate Terns differed
among inshore shallows, reefs, and blue water
(X?=24.5,df = 2, P < 0.001; Table 1). One-half
of Roseate Tern flocks occurred in blue water.
In contrast, the frequency of Sandwich Tern
flocks did not differ among the three habitats
(X2=278,df =2, P > 0.20; Table 1).

Association of Roseate and Sandwich tern
flocks with different habitats in 1993 did not
differ from all other years combined (Roseate
Tern, X? = 0.30, df = 2, P > 0.80; Sandwich
Tern, X2 = 4.11, df = 2, P > 0.10; Table 2). I
pooled all flock data (1991 to 1994) to increase
sample size in subsequent analyses. Blue-water
and reef flocks of Roseate Terns were, on av-
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erage, twice as large as inshore flocks (Fig. 3),
but because of one inshore flock of over 100
Roseate Terns, no statistical difference was ev-
ident (Kruskal-Wallis test, H = 4.43, df = 2, P
= 0.11). Flock size of Sandwich Terns also did
not differ significantly among habitats (H = 0.71,
df =2, P =0.70).

A greater proportion of Roseate Tern forag-
ing flocks was associated with predatory fish
(66/79 flocks, 83.5%) than were Sandwich Tern
flocks (38/65 flocks, 58.5%; X2 =99,df =1, P
< 0.001). For all habitats combined, the mean
flock size of Roseate Terns was greater in as-
sociation with predatory fish (23.9 = SE of 2.8)
than when not (13.4 + 4.5; unequal variances,
t =2.22, df = 44, P = 0.032). Flock size of Sand-
wich Terns did not differ significantly in the
presence (6.8 + 1.4) or the absence (4.0 = 1.1)
of predatory fish (t = 1.57, df = 58, P = 0.121).

Over the nine weeks of the breeding season
(all years pooled; week one = 14 to 20 May),
flock size of Roseate Terns increased (linear re-
gression, F,;; = 6.05, P = 0.017, Fig. 4A). Flock
size in Sandwich Terns reached a peak between
weeks 5 and 7 (11 to 30 June), coinciding with
the chick-rearing period in most years, and then
decreased after this period (Fig. 4B). However,
the linear relationship was not significant (F, ,
=3.26, P = 0.078). The second-order polynomial
regression increased the R*-value {from 0.07 to
0.09), but decreased the significance level (P =
0.124).

Foraging success and profitability.—The success
of prey capture by Roseate Terns differed sig-
nificantly among the four situations in which
it was measured (Kruskal-Wallis test, H = 13.7,
df = 3, P = 0.003). Roseate Terns achieved the
highest capture success in inshore shallow wa-
ter when associated with Brown Pelicans (Pe-
lecanus occidentalis; Table 3). Diving pelicans
served as beaters, churning fish to the surface
where terns could capture them. Success was
significantly lower in the absence of pelicans

TABLE 2. Locations of Roseate and Sandwich tern foraging flocks in three general habitats in 1993, compared

to all other years (1991, 1992, 1994).

No. flocks (%) with

Roseate Terns

Sandwich Terns

Location 1993 All other 1993 All other
Inshore shallows 6 (28.6) 14 (24.1) 5(23.8) 15 (34.1)
Reef 4 (19.0) 9 (15.5) 10 (47.6) 10 (22.7)
Blue water 11 (52.4) 35 (60.3) 6 (28.6) 19 (43.2)
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Fig. 3. Sizes (¥ with whisker indicating SE and n
given at base of each bar) of Roseate and Sandwich
tern foraging flocks in three habitats in southwestern
Puerto Rico, 1991-1994.

and in blue-water flocks both with and without
predatory fish. I was unable to measure capture
success of Roseate Terns foraging over reefs.
However, as most of the reef flocks occurred
over predatory fish, I assumed that capture suc-
cess did not differ appreciably from blue-water
situations over predatory fish. Both attempt rate
(H=30.7, P < 0.001) and capture rate (H = 20.4,
P < 0.001) also differed among the four situa-
tions. Attempt and capture rates were signifi-
cantly higher for Roseate Terns in blue-water
flocks when over predatory fish compared to
when predatory fish were absent (Table 3). For-
aging in association with pelicans improved
capture rate significantly for Roseate Terns, but
not attempt rate.

Foraging success of Sandwich Terns was de-
termined only in shallow-water areas where
they foraged either with or without pelicans.
No significant differences for any measure of
foraging performance were evident for Sand-
wich Terns in these two situations (Table 3),
perhaps due to the small sample size of this
species foraging with pelicans.

Dwarf herring caught by Roseate Terns dif-
fered in body size between shallow- and deep-
water areas. Estimated mean mass of individual
prey fish caught by terns in inshore shallows
was 0.59 + 0.06 g (n = 122), whereas regurgi-
tations of adult Roseate Terns that had been
foraging in blue water averaged 0.20 *+ 0.06
g/fish (n = 84). This size differences of prey fish
between habitats resulted from the larger adult
clupeids (dwarf herrings, sardines [Harengula
spp-]) moving to inshore waters to spawn,
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Fig. 4. Sizes of individual foraging flocks for (A)
Roseate and (B) Sandwich terns during the nine weeks
of the breeding season, with week 1 beginning 14
May and week 9 beginning 8 July. Data pooled for
all years (1991-1993). Regression equations where y
is size of foraging flock and x is week of breeding
season, were: for Roseate Tern, y = 1.73 + 4.25x (R?
= 0.140); and Sandwich Tern, y = —4.05 + 3.32x —
0.26x2 (R* = 0.067).

whereas juveniles were strictly pelagic (Shealer
1995). Profitability to Roseate Terns feeding in
each situation was calculated by multiplying
mean capture rate by the mean mass of an in-
dividual dwarf herring (0.59 g in shallow water,
0.20 g in blue water), expressed as grams of fish
ingested per minute.

The mean profitability for Roseate Terns dif-
fered among the four situations (Kruskal-Wallis
test, H = 21.1, df = 3, P < 0.001). In inshore
shallows, profitability was greater when terns
fed with (0.42 £+ 0.11 g/min) than without (0.18
+ 0.04) Brown Pelicans (Mann-Whitney U =
103.5, P = 0.036). Profitability in blue water also
differed markedly, when terns fed with (0.45 *
0.07 g/min) or without (0.09 = 0.03) predatory
fish (U = 33.5, P < 0.001). Thus, in both blue-
and shallow-water foraging situations, profit-
ability to Roseate Terns was increased by for-
aging over predatory fish and in association with
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TABLE 3. Summary of Roseate and Sandwich tern foraging success (¥ = SE) in different habitats, 1991-1994.
Mann-Whitney U-statistics are presented with associated probabilities for comparisons within habitats

(inshore shallows, blue water).

No. Obser-
indi- Capture vation
Habitat viduals success (%) time (min)  Attempts/min Captures/min
Roseate Tern
Inshore shallows
Without pelicans 23 26.2 + 6.2 66.8 1.48 + 0.27 0.31 + 0.07
With pelicans 15 63.7 £ 10.7 29.7 1.52 + 0.25 0.72 + 0.19
Mann-Whitney U 85.5%* 154.5 104.1*
Blue water
Without predatory fish 29 18.0 + 4.8 394 2.46 + 0.31 0.46 + 0.13
With predatory fish 10 28.5 + 4.7 11.3 9.58 + 1.38 227 +0.35
Mann-Whitney U 80.5 5.0%** 33.5%**
Sandwich Tern
Inshore shallows
Without pelicans 18 415+ 6.7 65.2 1.57 + 0.24 0.61 + 0.11
With pelicans 7 524 + 13.1 33.8 1.23 + 0.32 0.52 + 0.12
Mann-Whitney U 55.5 79.0 67.5

*, P <0.05 **, P <001, ***, P < 0.001.

pelicans, respectively. I was unable to make
comparisons of profitability for Sandwich Terns.

DiscussiON

Roseate Terns in southwestern Puerto Rico
showed distinct preferences for foraging in blue
water compared to all other habitats, whereas
Sandwich Terns used all foraging habitats, ex-
cept mangrove channels, in approximately
equivalent proportions. Most Roseate Tern for-
aging flocks, but a smaller proportion of Sand-
wich Tern flocks, occurred in association with
predatory fish. Foraging habitat had no signif-
icant effect on mean flock size of either Roseate
or Sandwich terns. However, Roseate Tern flocks
over predatory fish were significantly larger
than those feeding in the absence of predatory
fish. Mean flock size of Sandwich Terns was not
affected by the presence of predatory fish. These
results indicate that: (1) Roseate Terns are more
strongly attracted to the activities of predatory
fish than are Sandwich Terns; and (2) Roseate
Terns in southwestern Puerto Rico did not ex-
hibit the same preferences for physical features
of the ocean, as found by Safina (1990a) and
Heinemann (unpubl. 1992 report), for this spe-
cies in northeastern North America. Although
a majority of Roseate Tern flocks occurred in
blue water, there was no predictable daily pat-
tern to the specific location of Roseate Tern for-

aging flocks in this habitat, except that terns
usually were located over predatory fish, which
were highly mobile. If the blue-water habitat
surrounding the tern colonies had some inher-
ent physical attributes attractive to foraging
terns, I would have expected to find flocks in
the same locations on different days. The evi-
dence from this study indicates that Roseate
Terns specialized on a biotic factor, namely the
presence of predatory fish, to make prey avail-
able to them.

Despite the high capture success in inshore
shallows, Roseate Terns foraged primarily in
blue-water flocks. Clearly, this was because mean
capture rate for Roseate Terns in blue-water
flocks over predatory fish was four times as high
as in any other situation. Even though capture
success was low and the fish were smaller in
blue-water habitats, profitability (mean mass of
fish ingested per unit time) to Roseate Terns
was high. Sandwich Terns showed less of a pro-
pensity than Roseate Terns to forage in blue-
water flocks over predatory fish. I attribute this
difference to the small size of individual prey
in these situations. Sandwich Terns select larger
prey than Roseate Terns, both for themselves
and for their chicks (Shealer 1995). The mean
bolus mass regurgitated by adult Sandwich
Terns was 8.3 g. Assuming that the capture rate
for Sandwich Terns is at least as high as that of
Roseate Terns in blue-water flocks over pred-
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atory fish, Sandwich Terns would have to catch
41.5 fish to obtain 8.3 g of fish. This would
require 18 min of continuous foraging, assum-
ing that prey are constantly available during
the entire period. The mean bolus mass regur-
gitated by adult Roseate Terns was 3.2 g, indi-
cating that they would have to catch 16 fish,
requiring only 7 min of continuous foraging.
However, observations of blue-water flocks in
1991 indicated that prey actually were available
only about 33% of the time that flocks were
cohesive. That is, there would be a period of
fierce activity, during which terns would re-
peatedly plunge to the surface, followed by a
period of no plunging while terns tracked fish
schools below the surface. Thus, Sandwich Terns
would need to associate in these flocks for near-
ly an hour at a time to catch 8.3 g of fish, while
Roseate Terns could catch 3.2 g of fish in about
20 min.

Although data on foraging habitat selection
in Roseate Terns are scant, three previous stud-
ies are relevant to this one. Hulsman (1989)
found that Roseate Terns in Australia fed pri-
marily in the open sea and at greater distances
from the colony, on average, than did other
sympatric species of inshore terns. This infor-
mation suggests to me that Roseate Terns were
tracking schools of predatory fish offshore, but
Hulsman did not mention this in his paper.
Heinemann (unpubl. 1992 report) noted that
Roseate Terns in Massachusetts traveled up to
30 km from the breeding colony to forage and
were attracted both to biotic (predatory fish), as
well as physical (shoals and tide rips) features.
Safina (1990a) found that most Roseate Tern
flocks he observed occurred in association with
physical, rather than biotic, features of the ocean.
Thus, the important common factor is some ex-
trinsic mechanism that forces fish to the surface.
In Puerto Rico, this factor was the activities of
predatory fishes.

The association of foraging seabirds with oth-
er marine animals has been well documented
in both temperate and tropical seas (see chapters
in Burger 1988), and seabird feeding flocks are
recognized by fishermen as cues to locating
larger game fishes (Erdman 1967). Presumably,
these relationships either facilitate prey loca-
tion for, or enhance the foraging success of,
seabirds that engage in them. Until recently it
was thought that these associations were inci-
dental, or facultative at best (Evans 1982). How-
ever, new evidence suggests that some species
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of seabirds rely heavily on foraging associations
with subsurface animals, and that these rela-
tionships may be obligatory during certain pe-
riods of the year, particularly in the tropical seas
(Au and Pitman 1986, Pitman and Ballance 1992).
Since tropical oceans are more resource-depau-
perate than temperate seas, these associations
may be critical for foraging seabirds to find
enough food to survive or to rear chicks. How-
ever, the actual benefit to seabirds engaged in
these associations, relative to foraging on their
own, has not been documented conclusively
until my study.

Foraging Roseate Terns may rely heavily on
predatory fish in the Caribbean. First, as I have
reported, Roseate Terns experience a much
higher prey-capture rate when foraging over
predatory fish than all other situations. Second,
although the breeding season for Roseate Terns
in the Caribbean is seasonal (May to July), prey
fish are present in coastal waters throughout
the year, with the best catches by humans re-
ported in autumn (Wagner and Wolfe 1974,
Kimmel 1991). However, nearshore abundance
of larger predatory fishes may coincide with the
terns’ breeding season. In the Dry Tortugas, ju-
venile scombrids (mackerels, tunas) were ab-
sent from the diet of Sooty Terns (Sterna fuscata)
in April, but became more common in June and
July, suggesting that spawning occurs in that
area in the spring (Potthoff and Richards 1970).
Major sport-fishing tournaments are held in
Puerto Rico every year in June and July, when
scombrids and other predatory fishes are landed
close to shore. Since 1991, the first predatory
fish activity around the tern colonies has been
between 15 and 25 May (pers. obs.), in close
parallel to laying of first eggs of the season for
Roseate Terns. Thus, there may be a causal re-
lationship between the inshore arrival of pred-
atory fishes and the onset of egg laying in terns.
However, additional years of data are needed
to confirm such a relationship.

One problem that Roseate Terns encounter
in some parts of their breeding range is for-
aging-flock competition with other species.
Physical or biotic situations that cause prey to
be brought to the surface attract not only Ro-
seate Terns, but other species as well. In areas
where they have been studied, Roseate Terns
do not appear to be good competitors in dense
foraging flocks. Duffy (1986) showed that Com-
mon Terns (Sterna hirundo) in New York force
Roseate Terns to peripheral areas of the flock,
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where prey are less dense. As a result, foraging
success of Roseate Terns is depressed in flocks
containing Common Terns over predatory fish
(Safina 1990Db). Shealer and Burger (1993) found
that Roseate Terns in Puerto Rico have lower
attempt rates in flocks with Brown Noddies (An-
ous stolidus) relative to monospecific flocks and,
thus, tend to avoid large noddy flocks. Noddies
in Puerto Rico appear to form large flocks only
when predatory fish are active, and the mutual
attraction to this situation is detrimental to Ro-
seate Terns (Shealer and Burger 1993). Thus,
interference by other species in foraging flocks
can depress foraging success of Roseate Terns
and may be one reason why breeding popula-
tions are small and fragmented throughout most
of the species’ range (Gochfeld 1983).

Brown Noddies do not breed in southwestern
Puerto Rico and, except for occasional tran-
sients, they are absent from the area during the
Roseate Tern’s breeding season. As Roseate
Terns are the only species in the area that forms
large flocks over predatory fish, they are not
affected drastically by interspecific competition,
and there are apparently no negative intraspe-
cific effects in foraging flocks (Shealer and Bur-
ger 1993). Mean flock size of Roseate Terns for-
aging over predatory fish was nearly twice as
great than that of flocks in the absence of pred-
atory fish. Moreover, capture success and cap-
ture rate were both higher in blue-water flocks
over predatory fish relative to flocks in the ab-
sence of predatory fish. The disparity between
my results and those of Safina (1990b) is most
likely due to the effects of interspecific foraging
competition in New York, a factor not found in
southwestern Puerto Rico.
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