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Resumen. — Dieta del Gaviotin golondrina (Sterna hirundo) en la estacién no reproductiva en la
Laguna de Mar Chiquita, Buenos Aires, Argentina. — El Gaviotin golondrina (Sterna hirundo) se
reproduce ampliamente a lo largo del Hemisferio Norte en colonias distribuidas en América del Norte,
Europa y Asia. Los gaviotines que se reproducen en la costa Atlantica de Estados Unidos de Norteamérica
migran durante el invierno boreal hacia el Hemisferio Sur, mostrando una extensa distribucién no
reproductiva que incluye la costa Atlantica de Argentina y Brasil. Particularmente, la costa de la Provincia
de Buenos Aires (Argentina) constituye la principal area de distribucién no reproductiva de la especie en
Sudamérica. En la Laguna de Mar Chiquita se estudié la dieta de los gaviotines mediante el andlisis de
egagrépilas (bolos con restos no digeridos de las presas). Fueron analizadas 538 muestras, que contu-
vieron 1092 presas. El 88% de las presas (en importancia numérica) estuvo constituida por peces, el
11,4% por insectos adultos y el 0,5% fueron crusticeos. Los insectos hallados en la dieta fueron
adultos de Coleoptera, Odonata, Orthoptera, Hemiptera y Lepidoptera. Se identificaron un total de
nueve especies de peces. La anchoita (Engranlis anchoita) representé el 70% del total de peces y el 51%
de la biomasa total de peces consumida. El tamafio promedio de las presas fue 80.1 = 17.0 mm.
En relacién a los habitat frecuentados por los gaviotines, el 78% de las presas provinieron de ambientes
marinos mientras que el 22% restante de ambientes estuariales. Futuros estudios incluiran el desa-
rrollo de metodologfas alternativas que permitan analizar posibles variaciones de la dieta en una escala
temporal mas fina y analizar también las variables ambientales que puedan estar involucradas en dichas
variaciones.

Abstract. — The Common Tern breeds widely across the Northern Hemisphere in colonies all along
North America, Europe and Asia. Common terns breeding in the Atlantic coast of North America migrate
during the boreal winter to the Southern Hemisphere, showing a wide nonbreeding distribution that
includes the Atlantic coasts of Argentina and Brazil. The coast of Buenos Aires Province (Argentina) con-
stitutes the main wintering area of the species in South America. In Mar Chiquita Lagoon, their diet was
assessed by the analysis of regurgitated casts collected on nonbreeding grounds. A total of 538 pellets were
analyzed, containing 1092 prey. About 88% by number of prey were fish, 11.4% were adult insects and
0.5% were crustaceans. Adult Coleoptera, Odonata, Orthoptera, Hemipthera and Lepidoptera was the
main insects found in the diet. A total of nine fish species were identified. Argentine anchovy (Engranlis
anchoita) represented 70% by number and 51% of the consumed biomass of fish. The average length of
fish prey was 80.1 = 17.0 mm. With respect to habitat, 78% of the prey came from marine foraging habi-
tats while the other 22% were from estuarine environments. Forthcoming studies will include the develop-
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ment of additional methods in order to analyze to a finer scale the temporal variations in the diet and
environmental variables involved in such changes. Accepted 6 June 2003.
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INTRODUCTION

The Common Tern (Sterna hirundo) breeds
widely across the Northern Hemisphere in
colonies all along North America (Nisbet
2002), Europe and Asia (Gochfeld & Burger
1996). In North America, it breeds in colo-
nies on barrier beaches and islands of the
Atlantic coast (e.g, on Great Gull Island,
Hays ez al. 1997), and on inland waters (Kress
et al. 1983, Gochfeld & Burger 1996, Nisbet
2002). During the boreal winter, terns migrate
southward to the Southern Hemisphere,
showing a wide nonbreeding distribution that
includes Central (Erwin e a/. 1986) and South
America, including both the Pacific (e.g,
Peru, Blokpoel ef al. 1989) and Atlantic coasts
(e.g,, Lagoa do Peixe, Brasil, and Somborom-
bon Bay, Argentina; Harrington ez al. 1986,
Hays ez al. 1997, 1999; Mauco ¢ al. 2001).
The diet of Common terns
mainly in small fish such as Atlantic herring
(Clupea harengns) and sprat (Sprattus sprattus) in
Germany and United Kingdom (Wendeln
1997, Robinson & Hamer 2000), menhaden
(Brevoortia sp.), anchovies (Anchoa sp., Stolepho-
rus sp.) and herring (Clupea harengus, Etrumens
sp.) in the United States (Erwin 1977, Safina
& Burger 1988, Gochfeld & Burger 1996,
Nisbet 2002). During the nonbreeding sea-
son, other items have been reported in their

consists

diet such as insects, small squids, polychaete
worms and crustaceans (Cramp 1985,
Blokpoel e al. 1989, Mauco et al. 2001).
At Punta Rasa (Samborombén Bay,
tina), clupeiform fish [Argentine anchovy,

Argen-

(Engranlis  anchoita) and anchovy (Anchoa
marinij)] constituted the bulk of their diet by
mass, although adult insects (Coleoptera,
Odonata, Orthoptera and Hemiptera) were
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also important prey by number (Mauco ef .
2001).

The coast of Buenos Aires Province con-
stitutes the largest roosting area of Common
Terns in South America (e.g., 30,000 birds at
Punta Rasa) (Hays ez a/. 1997, Mauco et al.
2001). This high abundance could be related
to high food availability in the area, together
with foraging opportunities both in marine,
estuarine and freshwater environments. Dur-
ing austral summer, a maximum of 3000
Common Terns were reported roosting at
Mar Chiquita Lagoon (35 km from Mar del
Plata city, Buenos Aires Province) (Favero ef
al. 2001a). A total of 28 fish species have been
reported in the lagoon, and their occurrence
and abundance showed different spatial and
temporal patterns throughout the year (Cous-
seau ¢/ al. 2001). Some of these fish species
(e.g., anchovies, silversides, drums and hakes)
have been reported in the diet of other sea-
birds which use Mar Chiquita Lagoon as a
breeding, roosting and or refueling area
(terns, skimmers, gulls and oystercatchers,
among others) (Martinez & Bachmann 1997,
Bachmann & Martinez 1999, Favero ef al.
20004, Favero e# al. 2000b, An6énimo 2001).

In this paper, we report the first detailed
information of the diet of Common Terns in
Mar Chiquita ILagoon and its variation
through the nonbreeding season. We made
estimates of total fish consumption during
the season and the foraging areas used by the
species.

STUDY AREA AND METHODS
Mar Chiquita Lagoon (37°46°S, 57°27°W), sit-

uated 40 km North from Mar del Plata city in
Buenos Aires Province, Argentina, is a MAB-
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FIG. 1. Study area at Mar Chiquita Lagoon (37°46°S, 57°27°W), Buenos Aires Province, Argentina.

UNESCO Reserve. This lagoon has a mean
surface of 46 km® and is divided into a wide
northern and narrow southern part, the latter
opening to the sea. A few small rivers feed it
constantly with freshwater, while seawater
enters and leaves it periodically with semidiur-
nal high tides, passing over a shallow sandbar
at the mouth of the lagoon (Fasano ef al. 1982,
Spivak ez al. 1994) (Fig. 1).

The diet of Common Terns was assessed
by analysis of regurgitated casts collected
monthly from December 2000 to March
2001. Pellets were kept at —20°C, dissected

and hard remains have been analyzed. Insects,
crustaceans and other remains (head, elytra,
legs, wings, etc.) were identified using a stereo
microscope (x 20). To estimate the biomass of
insects, 1 g was assigned to each specimen fol-
lowing Bé et al. (1996) and Bé (1999). Fish
otoliths were identified using descriptions in
the literature (Volpedo & Echevertia 1995)
and reference material from our own collec-
tion. Otoliths of each species were separated
into right and left and the most abundant was
considered representative of the total number
of prey in each pellet. Otolith length was mea-
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TABLE 1. Frequency of occurrence percentages of insects in samples (F%) and importance by number (N%) of insects in diet samples of Common Terns
in Mar Chiquita Lagoon (sample size in parentheses).

December (57) January (246) February (104) March (131)
F% N% F% N% F% N% F% N%
Coleoptera
Dynastidae
Beetles (Dyscinetus rugifrons) 12.3 14.5 3.7 26.5 1.0 100.0
D. gagates 6.1 78.6
Scarabaeidae
Ground beetle (Cyclocephala signaticollis) 1.8 1.3 8.5 61.8
Curculionidae: snout beetles 1.8 1.3 12 8.8
Chrysomelidae: leaf beetles 1.8 1.3
Odonata
Aeshnidae: dragonflies (Aeshna sp.) 1.8 1.3
Orthoptera
Gryllidae: crickets 3.5 2.6
Tettigoniidae: katyddids 0.4 2.9
Gryllotalpidae: mole cricket (Scapteriscus sp.) 1.8 5.3
Hemiptera
Bellostomatidae
Giant water bugs (Bellostoma elegans) 53 11.8 0.8 21.4
Lepidoptera
Noctuidae: moths 211 60.5

Total insects 76 34 1 14
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sured with a digital caliper (to nearest 0.01
mm) and used to estimate fish size (total
length) and mass using regressions in Favero
et al. (2000a). Fish urostyles in samples with
otoliths and without them were used to esti-
mate the type of prey (i.e., identification to
Family level) using reference material from
our own collection.

The importance of each prey category was
quantified 1) by the frequency of occurrence
percentage (F%), referring to the percentage
of samples in which a particular food type
appeared, 2) by the importance by number
(N%) as the percentage of prey items of one
type among all prey items, and 3) by impor-
tance by mass (M%) as the percentage of
mass of prey items of one type among total
mass (Duffy & Jackson 1986, Rosenberg &
Cooper 1990). Variations in the importance of
preys through the study were analyzed by
using chi square ()’) a prioti hypothesis test.
Means ate given *one standard deviation.

The number of Common Terns present at
the roosting area (at the sandbar at the mouth
of the lagoon, Fig. 1) was determined by the
average of point counts performed at 05.00 h
early in the morning, and during the after-
noon after 20:00 h for each month. The total
consumption of fish by terns was estimated
through the calculation of daily energy expen-
diture (Duffy es al. 1987), using terns average
mass of 120 g (Erwin 1977) and an energy
content of 6.37 kj g reported for the
engraulid fish Engranlis capensis (Dufty et al.
1987), since engraulids constituted the bulk of
the diet of Common Terns (see Mauco ef al.
2001).

RESULTS

A total of 538 pellets were analyzed, contain-
ing 1092 prey items. About 88% of prey were
fish, 11% were adult insects and less than 1%
were crustaceans. Fish was the most frequent
prey through the study (occurrence > 97%).

excepting December, when fish occurred in
67% of the samples, while insects had 97% of
occurrence. Crustaceans were occasionally
found in the diet in December, January and
February (F less than 1% in all months). Iso-
pods were found in January, while unidenti-
fied crustaceans (Decapoda) were found in
December and February.

Insects in the diet. A total of 64 pellets contained
125 insects (Table 1). Significant differences
were observed in importance by number of
insects vs. fish (%, = 1357. 23, P < 0.001) in
all months, being more frequent in December
(60.8% out of all insects). In this month,
moths (Lepidoptera, Noctuidae) had 60.5%
of importance by number while the beetles
Discinetus  rugifrons (Coleoptera: Dynastidae)
accounted for 14.5% of insect prey. Ortho-
ptera (crickets, Gryllidae, and mole crickets,
Gryllotalpidae) and Hemiptera (gigant water
bugs Bellostoma elegans, Bellostomatidae) were
also found in December, but in lower percent-
ages. Ground beetles, Cyclocephala signaticollis
(Sacarabaeidae, N% 61.8 and F% 8.5), and the
beetles Discinetus rugifrons (N% 26.5 and F%
3.7) were also found in the diet in January, and
Discinetus gagates (N% 78.6) were abundant in
March (Table 1).

Fish in the diet. A total of 510 pellets (94.8% of
the total) contained fish remains (961 fish
prey). Some 286 of them contained 776
otoliths (corresponding to 588 fishes), and
255 had 521 urostyles (equivalent to 373
fishes through combined with
otoliths). Eighty three samples contained uni-
dentified fish remains (e.g., scales)

Ortoliths were from nine species belonging

analysis

to six families, and urostyles were from three
families (Table 2). Considering only the
Engraulidae, Atherinidaec and Sciaenidae, a
significant difference was observed in impor-
tance by number (}*, = 441.98, P < 0.001) of
those fish prey species through the study.
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TABLE 2. Frequency of occurrence percentage (F%) and importance by number (N%) of fish prey in diet samples of Common Terns in Mar Chiquita

Lagoon (sample size in patenthesis).

December (57) January (246) February (104) March (131)

F% N% F% N% F% N% F% N%
Engraulidae
Argentine anchovy (Engraulis anchoita) 28.1 39.7 54.9 52.2 10.6 11.9 3.1 7.5
Anchovy (Anchoa marinii) 53 3.8 14.6 10.2 13.5 9.7 1.5 2.5
Unidentified Engraulidac* 14.0 41.0 20.3 30.4 26.9 28.1 1.5 2.5
Clupeidae
Menhaden (Brevoortia aurea) 0.4 0.2
Atherinidae
Cornalito silverside (Odonthestes incise) 10.5 10.3 0.4 0.3 28.8 25.9 14.5 20.0
Pejerrey silverside (O. argentiniensis) 0.4 0.3 2.9 2.7 2.3 4.2
Unidentified Atherinidae* 3.5 3.8 33 1.7 18.3 20.0 28.2 47.5
Phycidae
Squirrel hake (Urgphycis brasiliensis) 1.2 0.5
Pomatomidae
Bluefish (Pomatomus saltatrix) 1.6 0.7 2.9 1.7 10.7 1255
Sciaenidae
White craoker (Micropogonias furniers) 2.4 1.4
Stripped weakfish (Cynoscion guatucnpa) 4.9 2.1 0.8 0.8
Unidentified Sciaenidae* 2.3 2.5
Unidentified fish remains 7.0 5.3 15.4 382
Total prey 78 578 185 120

*Identified to family level by using urostyles.
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Figure 2. Average total length (TL % one SD) of fish prey found in the diet of Common Terns in Mar
Chiquita Lagoon. Inset: Average total length (TL * one SD) of anchovies (Engraulis anchoita and Anchoa

mariniz) and cornalito silversides (Odonthestes incisa and O. argentiniensis) in the diet.

Anchovy (Anchoa mariniy) and Argentine
anchovy (Engraulis anchoita) were the most
important  prey, accounting  together
(engraulid fish) for the 74% of the fish and
the 75% of the total mass consumed during
the season. Cornalito silverside (Odonthestes
incisa) were more important in February and
March (N = 26% and 20.0%, respectively),
while bluefish (Pomatomus saltatrix) showed the
highest values in March (Table 2). The com-
bined analysis of samples containing otoliths
and urostyles shows Engraulids as constitut-
ing the bulk of the diet during December and
January (84%) being less important in Febru-
ary and March (50%), when Atherinids
increased in number (49% of total prey).

The average length of fish prey was 80.1 £
17.0 mm (range 26—125 mm, mode 95 mm, n
= 552). Significant differences in prey size
were found between months (ANOVA, F; .,

= 19.49, P < 0.0001). No differences were
found in prey size between December and
January (87.9 and 83.7 mm, respectively) or
between February and March (71.6 and 72.7
mm, respectively) (Tukey post-hoc compari-
sons, P > 0.7 in both comparisons). However
prey sizes observed during the period Decem-
ber—January differed significantly from those
observed in February—March (Tukey post-hoc
comparison, P < 0.01). Such differences could
be attributable to the dominance of
Engraulids in the first period (N > 80%) and
Atherinids in the second one (N > 50%). The
average length of Engraulids (85mm % 14 SD,
N = 428) was significantly larger (t;s = 11.95,
P < 0.0001) than Aterinids (64 mm 1 16, N =
79) (Fig. 2).

A maximum of 3000 1 200 Common
Terns were found roosting in February in Mar
Chiquita, while 2200 were present in January,
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700 in March and 170 in December. Field
observations carried out at the mouth of the
estuary (LM unpubl.) showed that most terns
foraged in marine habitats along marine
coastline south of Mar Chiquita, while few of
them used the lagoon to fish. Through a daily
energy expenditure model (see Dufty ef al.
1987), we estimated that a Common Tern
needs 256 kj d™, which means roughly 40 g of
fish per day. Linear extrapolations to all the
population give a total consumption of 10 * 2
tons of fish along the whole season.

DISCUSSION

As reported in previous studies in the United
States and Europe (Cramp 1985, Gochfeld &
Burger 1996), the diet of Common Tern in
Mar Chiquita Lagoon was mainly composed
of fish, insects and crustaceans. The strong
temporal variation in the occurrence of
insects in the diet could be due to strong dif-
ferences in their local availability (Carmona
etal. 1994; A. Cicchino unpubl). Among
insects, moths predominated in December
and January, and beetles in March. Ground
beetles predominated among insects in Janu-
ary. During its annual cycle, burrowing C. sig-
naticollis larvae (commonly known as white
grubs) feed on commercial crops (potato,
wheat and corn) in Pampa agrosystems (Mon-
dino ez /1997, Ghys 2002). Adults emerge in
mid-December being more abundant in Janu-
ary (Remedi de Gabotto 1964). On the other
hand, adult Dyscinetus gagates feed on commer-
cial crops of wheat and trees from March
onwards (Bosq 1945) when they are abundant
in the diet of Common Terns.

All along their coastal distribution, the
diet of Common Terns include a variable
number of crustaceans such as isopods,
euphausiids, shrimps and crabs (Nisbet 2002).
In this study, crustaceans (Decapoda and Iso-
poda) were found occasionally, occurring only
in one percent of the samples and constitut-
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ing the first record of any crustacean in the
diet of the species in Argentina. This low fre-
quency disagrees with abundances reported
by Muller (1976 fide Blokpoel et al. 1989) for
North Carolina, and Blokpoel e a/. (1989) for
Peru, where the diet of the species involved
exclusively crustaceans [mole crab (Ewerita
talpoidea) and sand crab (E. analoga), respec-
tively].

Becker e7 al. (1997) reported strong differ-
ences between foraging in freshwater and sea-
water areas in the German Wadden Sea. In
sea water, prey availability is constrained and
influenced by tides and weather (Frank 1992).
Therefore, flight times have to be longer and
food intake per trip higher (Massias & Becker
1990, Wendeln 1997). On the other hand, in
freshwater habitats, prey availability is not
restricted and seems to be stable in time and
space. Terns can forage at any time using less
effort per trip and both mates can be present
more frequently at the breeding territory
(Becker e al. 1997). In this study, abundant
estuary-dependent fishes in Mar Chiquita
[e.g, Cornalito white
(Micropogonias  furnieri),

Lagoon silverside,

croaker menhaden
(Brevoortia aurea) and mullet (Mugil platanus)
(see Cousseau e al. 2001)] accounted for 4%
by number in the diet of terns, while “marine”
prey [e.g, Argentine anchovy, striped weak-
fish (Cynoscion guatucupa) and Cornalito silver-
side] accounted for 78% of total prey. Other
estuarine “non dependent” fish prey account-
ing for 18% of total prey could not be used as
indirect indicators of foraging areas. Marine
preys tend to occur in waters averaging salini-
ties higher than 25 UPS (Hansen 2000, Rico
2000); these results and our direct field obser-
vations constitute indirect evidence of the use
of coastal marine habitats as main foraging
areas of Common Terns overwintering in the
Mar Chiquita Lagoon area.

Common Terns exploit seasonally abun-
dant prey by concentrating feeding upon

them [e.g, Atlantic silversides (Menidia
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menidia) in Virginia, stickleback (Gasterostens
sp.) in Finland, or American sand eel
(Ammodytes americanus) in New York (Erwin
1977). In Punta Rasa, (Mauco e a/. 2001), as
well as in Mar Chiquita Lagoon (this study),
the Argentine anchovy was the most frequent
fish prey. The northern population of the
Argentine anchovy shows seasonal migration
cycles, reaching the coast of Buenos Aires
Province at the peak of its reproductive
period (October—November), and leaving the
coast for the continental shelf and the shelf
break in autumn (Hansen & Madirolas 1996).
This pattern of migration could explain, at
least partially, the higher frequencies of this
prey observed early in the season, and the
lower frequencies observed during February—
March, when anchovies were mainly replaced
by other species such as Cornalito silversides
and bluefish.

Common Terns share almost the same
range of fish prey species with other seabirds
in the area (Favero e¢f al. 2000a). The closely
related South American Tern (Sterna hirundina-
cea), with a similar body size, is a dominant
species during the austral winter in Mar Chi-
quita. The average prey size of this species (76
mm * 42.9) (Favero et a/. 2000b) was similar
to that reported for Common Terns in this
study, but both species are temporally segre-
gated. Despite their large size, Black Skimmer
(Rynchops niger) generally feed on smaller fishes
(72.5 mm * 17.0) (Favero et al. 2001b) than
those taken by Common Terns. Both species
co-occur (Erwin 1977) during the austral
summer in the study area, but diet segregation
includes not only prey size but also prey types,
since the former species feeds mainly upon
estuarine fish (Mariano-Jelicich ez a/ 2003.) .

Sampling diet indirectly through by-prod-
ucts allows large sample sizes with minimal
disturbance. The diet inferred from pellets
analyses could be biased because of the over-
representation of indigestible hard parts of
some food types, and the lack of hard parts in

others pellets. Moreover, hard remains such as
otoliths could be partially eroded and otoliths
from smaller fish may be under-represented
because of their complete erosion or lost
through the gastrointestinal tract (see Duffy
& Jackson 1986). However, pellets are useful
to identify main food items consumed by sea-
birds away form colony sites during the non-
breeding season (Brown & Erwins 1990).
Some of the potential biases can be overcome
by the large sample sizes in studies using this
methodology (Casaux e a/ 1998). In this
work, we provide the first information on the
diet of Common Tern in Mar Chiquita
Lagoon. Forthcoming studies will include the
development of additional methods in order
to analyze to a finer scale the temporal varia-
tions in the diet and environmental variables
involved in such changes.
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