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RESEARCH ARTICLE

Temporal variation on the diet of the South American Tern (Sterna
hirundinacea, Charadriiformes: Laridae) on its wintering grounds

Variacion temporal en la dieta del Gaviotin Sudamericano (Sterna hirundinacea,
Charadriiformes: Laridae) en los sitios de invernada
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ABSTRACT

The diet of the South American Tern (Sterna hirundinacea) and its seasonal variation during the 2005 and 2006
non-reproductive seasons in the Uruguayan Atlantic coast was analyzed. Diet was assessed by the analysis of pellets
collected in the Rocha lagoon sandbar, a major tern roosting area in Uruguay, aiming to analyze the hypothesis that
terns feed mainly on the Argentine Anchovy (Engraulis anchoita) during the wintering period. A total of 844 pellets
were collected, 442 in 2005 and 402 in 2006. Diet was composed of fish (88 %), insects (9 %) and crustaceans (3 %).
The main fish species consumed was the Argentine Anchovy (77.7 %), followed by Marini’s Anchovy (Anchoa marinii)
(7.9 %) and the Striped Weakfish (Cynoscion guatucupa) (3.6 %). Insects and crustaceans were the main items in two
of the groups of pellets collected during the study period. Despite this temporal variation in the diet, the Argentine
Anchovy was the main prey item consumed during both seasons. These results support the hypothesis that South
American Terns strongly depend on anchovies as trophic resource.

Key words: feeding ecology, migration, temporal variation, terns, Uruguay.

RESUMEN

En este trabajo se analizé la dieta del Gaviotin Sudamericano (Sterna hirundinacea) y su variacion estacional durante
las temporadas no reproductivas de 2005 y 2006 en la costa atlantica uruguaya. La dieta fue estudiada por medio del
analisis de bolos colectados en la barra de la laguna de Rocha, una importante zona de descanso para la especie en
Uruguay, con el propdsito de analizar la hipotesis de que el gaviotin se alimenta principalmente de Anchoita Argentina
(Engraulis anchoita) durante el periodo de invernada. Un total de 844 bolos fueron colectados, 442 en 2005 y 402 en
2006. La dieta estuvo compuesta por peces (88 %), insectos (9 %) y crustaceos (3 %). La principal presa consumida
fue la Anchoita Argentina (77.7 %), seguida de la Anchoa (Anchoa marinii) (7.9 %) y la Pescadilla de Red (Cynoscion
guatucupa) (3.6 %). Los insectos y los crustaceos fueron el item principal en dos de las muestras (grupos de bolos)
colectadas durante el periodo de estudio. A pesar de esta variacion temporal en la dieta la Anchoita Argentina fue la
presa principal durante las dos temporadas de estudio. Este resultado apoya la hipdtesis planteada de que la anchoita es
el principal recurso alimenticio del Gaviotin Sudamericano.

Palabras clave: ecologia tréfica, gaviotines, migracion, variacion temporal, Uruguay.

INTRODUCTION Camphuysen 1997). The composition

of seabirds’ diet is usually variable among

Seabirds are top predators that can provide  years, seasons or even weeks (Shealer 2002).
substantial information about changes in Long-term quantitative studies on the diet
lower trophic levels, which is fundamental  of seabirds, which detail prey size and their
for the comprehension of marine ecosystems energetic contents, are important in order
(Montevecchi & Myers 1996, Furness & to provide information on diet variations in
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relation to the availability and abundance of
prey (Barrett et al. 2007). The diet of many
species of migratory seabirds, including terns,
is well known during the breeding season, but
information is scarce during the non-breeding
season (Barrett et al. 2007). However, the diet
of terns can be studied relatively easy in their
roosting areas through pellet analysis (Barrett
et al. 2007).

The South American Tern (Sterna
hirundinacea Lesson) is a migratory species
endemic to South America. In Uruguay it
is a winter visitor (March-September) that
uses the coastal areas along the Atlantic
coast for roosting and feeding (Escalante
1970, Azpiroz 2003, Alfaro & Clara 2007).
Migratory movements of this species, as well
as the origin of the flocks observed in Uruguay
and in the region during winter, are poorly
known. However, due to their phenology some
authors have proposed that they come from
the breeding colonies in Patagonia, Southern
Argentina (Escalante 1970, Favero et al. 2000,
Bugoni & Vooren 2005, Alfaro & Clara 2007,
Gatto et al. 2009). Rocha lagoon is one of the
most important roosting areas for this species
in Uruguay, where flocks of approximately
2000 individuals are common during the austral
winter (Alfaro & Clara 2007).

Favero et al. (2000) studied the diet of
the South American Tern in three different
wintering areas in Buenos Aires Province,
Argentina, and determined that the diet
was composed of fish (mainly the Argentine
Anchovy), crustaceans and insects. Temporal
variation was not analyzed by these authors
but they found significant variation in the
proportion of fish consumed between the
localities analyzed. Diet on breeding grounds
in Patagonia has not been published yet, but
unpublished information confirms it is mainly
composed of the Argentine Anchovy (Gatto &
Yorio 2009).

The Argentine Anchovy (Engraulis anchoita
Hubbs & Marini) is distributed in neritic areas
of the south-western Atlantic Ocean from Rio de
Janeiro (Brazil) to San Jorge Gulf (Argentina)
(Hansen 2000). This species reproduces in
Uruguayan coastal areas during winter (June-
August), then, during spring and summer
adults migrate southward to Patagonia, but
larval and juvenile age classes stay in the area
(Nion & Rios 1991). Although it is recorded

during the entire year in Uruguayan waters, its
abundance is significantly higher during winter
and mainly composed of adults (Ehrhardt et
al. 1977, 1978, Sanchez & de Ciechomskil995,
Hansen & Madirolas 1996, Hansen et al. 1996,
Cousseau & Perrotta 2000).

Because the Argentine Anchovy was the
main prey consumed by the South American
Tern in Argentina and their seasonal
movements between the breeding and non-
breeding areas coincide with tern movements,
the possibility of a predator-prey relationship
between these two species was suggested
(Favero et al. 2000, Silva Rodriguez et al.
2005). Similar predator-prey relationships
have been observed in the breeding areas of
pelicans and terns (e.g., Anderson et al. 1982,
Schaffner 1986). In these cases, a positive
relationship between anchovy abundance and
the reproductive success and abundance of
seabirds was observed (Anderson et al. 1982,
Schaffner 1986).

Favero et al. 2000 suggested that during
migration between breeding areas in Patagonia
and wintering areas in Buenos Aires and
Uruguay, South American Terns are taking
advantage of the anchovies, following
this abundant resource. According to this
suggestion, we tested the hypothesis that
South American terns feed mainly on Argentine
Anchovies during the non-breeding season in
Uruguay. To evaluate this, we determined diet
composition, main prey, temporal variation, and
feeding strategy of the South American Tern
during two years in the Atlantic coast of Rocha,
Uruguay. The technique used to assess the diet
was the analysis of terns’ pellet content, which
has some biases associated that were also
evaluated.

METHODS

Diet of the South American Tern was assessed by the
analysis of regurgitated pellets collected during two
consecutive winter seasons (2005 and 2006) in their
roosting areas on Rocha lagoon sandbar (34°31- 34°38” S
and 54°12’-54°22’ W) (Fig. 1). Rocha lagoon is a coastal,
shallow and saline lagoon with a sandbar in the southern
part. This sandbar is temporarily connected with the
Atlantic Ocean through a mouth located at the south-
western tip of the sandbar (Fig. 1).The tern’s roosting
areas are located on the sandbanks that appear inside
the lagoon close to the mouth (where the lagoon water
level is shallow) and in the sand dunes and shorelines
along the sandbar.
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Pellet analysis is a common, relatively easy and
non-invasive way of studying the diet of many species
of seabirds. Biases associated with this technique
include pellet identification, digestibility of the otoliths,
underrepresentation of soft prey species, identification
of the prey, and sample fidelity (Duffy & Jackson 1986,
Barrett et al. 2007). All of these biases were considered
in this study as described in the following methodology.

A total of 844 pellets was collected from May to
September, 442 in 2005 and 402 in 2006 non-breeding
seasons. To determine the temporal variation of the
diet during each season, pools of pellets were collected
throughout the season. Dates and number of pellets
collected at each sampling date are as follows: 1 June
(27), 20 July (102), 5 August (161), 16 August (75) and 9
September (77) in 2005, and 25 May (105), 3 July (116),
3 August (141) and 5 September (40) in 2006. All pellets
were collected from mono-specific flocks in order to
avoid confusion with pellets of other, similar species.

Pellets were individually stored in plastic bags and
frozen at -20 °C until analysis. Total length and width
of 107 pellets and the dry weight of 224 pellets were
recorded as part of pellet description and separation
from other species. A stereomicroscope (14x) was used
to separate and identify the remains found in each pellet
(e.g., insect’s jaws and heads, and fish’s otoliths). Sagitta
otoliths, crustacean and insect remains were identified

Argentina

34°20° A

Rocha
4080 lagoon

34°40° \ A " Atlantic Ocean

63°60" 53°40"

Fig. 1: Map of the study area. The circle shows the
South-West tip of the Rocha lagoon sandbar where
South American Terns’ pellets were collected in 2005
and 2006.

Mapa del area de estudio. El circulo muestra la punta sur-
oeste de la barra de la laguna de Rocha donde los bolos del
Gaviotin Sudamericano fueron colectados en 2005y 2006.

using bibliography (Torno 1970, Freyre & Mollo 1987,
Martinez & Monasterios de Gonzo 1991, Volpedo &
Echeverria 1997) and compared with reference material
from three scientific collections: INIDEP (Instituto
Nacional de Investigacion y Desarrollo Pesquero, Mar
del Plata, Argentina), UNMLP (Universidad Nacional del
Mar del Plata, Argentina) and UDELAR (Universidad de
la Republica, Facultad de Ciencias, Uruguay).

The number of fish per pellet was estimated using
the maximum number of hypural bones, otolith pairs
or eye lense pairs. The total number of insects was
estimated counting the maximum number of heads,
proboscis, and pairs of eyes or jaws. Finally, the number
of crustaceans was estimated using pairs of crab’s
chelipeds, number of entire heads or crustacean’s
juveniles or estimating the number of adults considering
a minimum of one adult per pellet if only exoskeleton
remains were present. Other soft prey species that could
be detected in the diet are Cephalopods that can be
detected and identified using their beaks. With all the
items used to identify soft prey species, we expected no
significant underrepresentation of them.

Otolith length was measured to estimate the total
length and mass of each fish species using regression
equations previously described (Baldas et al.1997,
Bugoni 2001, Bugoni & Vooren 2004, Saccardo et al.
2005, Mauco 2006) (Table 1). When an otolith was
broken or eroded, the total length was estimated
comparing them with well preserved otoliths of the
same species. For fish species without regressions
available and with less than 1 % of the abundance (N %)
in the diet, their mass was estimated to be the same as
the mean weight of the other fishes. Crustacean mass
was estimated using the mean mass of fresh adults and
juveniles collected in the study area. Insect mass was
estimated in a similar way, weighing fresh insects of
different taxonomic categories and assigning to each
prey insect the mean mass which corresponds to its
species.

For each item, the frequency of occurrence (F)
(calculated as the number of pellets in which the item
was found), the abundance by number (N), and the mass
(M) (estimated by the above equations) was calculated
(Duffy & Jackson 1986, Bugoni & Vooren 2004). The
importance of each item in the diet was determined
using the index of relative importance IRI = F % (M %
+ N %), where F %, M % and N % are the percentage of
frequency of occurrence, mass and abundance by
number in the pooled sample (Bugoni & Vooren 2004).
Inter-annual variation of each category N %, F %, M % and
IRI % of the most important species was analyzed using
the G-test of independence (G = 2 ¥ [observed values x
In (observed values/expected values)]) based on the null
hypothesis of no significant differences between years
(Sokal & Rohlf 1987).

To analyze the feeding strategy (specialist-
generalist) of the South American Tern, we used the
modification of Costello’s graphical analysis as proposed
by Amundsen et al. (1996). In this method the prey-
specific abundance and the frequency of occurrence
are plotted in a two-dimensional graph. Prey-specific
abundance (P;) is the percentage of a prey taxon among
all prey items in only those pellets in which the prey
occurs, P; = (3Si/3Sy) 100 where S;is the pellet content
(in terms of number) of prey i, and S; the total pellet
content in only those pellets with prey i. The distribution
of the points on the graph indicates the feeding strategy,
prey importance, and niche width of the predator. The
method was designed to analyze stomach contents but in
this case it is used to analyze pellet content.
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Sample rarefaction curves (sample vs. prey species
richness) were built to test sample fidelity (if the number
of pellets collected per sample was enough to reach
prey richness) (Gotelli & Colwell 2001). Temporal
variability of the diet was analyzed using Shannon
diversity index H (H = -3 (ni n?) In(ni n!), where ni =
number of individuals of the species i in a sample, and n
= total number of individuals registered in the sample)
and Shannon equitability (H/In(S), S = total richness
of the sample). We compared the confidence intervals
of each index through Boostrap analysis using PAST
software (Hammer et al. 2001). Temporal variation in the
importance by number (N %) of the main fish items was
analyzed with a G-test of independence (Sokal & Rohlf
1987).

RESULTS
General aspects of the diet

The pellets contained fish remains
(scales, vertebrae, otoliths, eye lens, jaws
and undigested fish tails), insect remains,
crustacean remains and feathers. Fish remains
were found in 83.6 % of all pellets, otoliths in
50.2 %, insects in 16.1 %, and crustaceans in 12.4
%. The mean number of prey species per pellet
was 4.27 + 5.33 (SD) (N = 832). This amount
was biased by a high abundance of insects
found in the diet in 2005. Considering only fish

and crustaceans, the mean number of prey
species per pellet is 3.02 + 2.13 (SD) (N = 771).
Mean pellet length and width was 18.68 + 3.26
mm (SD) (N =107) and 11.84 + 1.9 mm (SD) (N
= 107), respectively. Mean dry weight was 0.57
£0.21 g (SD) (N =224).

The diet was composed of 11 fish species,
16 insect and one crustacean species (Table
2). The most important items were: Argentine
Anchovy (IRI % = 77.7 %), Marini’s Anchovy
(Anchoa marinii Hildebrand) (7.9 %), Giant
Water Bug (Belostoma sp. Hinton) (5.9 %),
Mole crab (Emerita brasiliensis Schmitt)
(4.5 %) and Striped Weakfish (Cynoscion
guatucupa Cuvier) (3.6 %). Fish was the most
important item in the diet in both years,
followed by insects in 2005 and crustaceans
in 2006. Fish’s N %, F %, M % and IRI % did not
present significant differences between years
(N % G=2.655F% G=0.379;M%, G=0.177;
IRI %, G = 0.045; all tests df = 1 and P > 0.05).
However, insect and crustacean N %, F% and
IRI % differed between years (N %, G = 54.35;
F %, G = 14.13; IRl %, G = 23.15; all tests df = 1
and P < 0.01 for insects).

Ten fish species and 13 insect items were
found in the diet during the 2005 season. The

TABLE 1

Regressions (otolith-total length, otolith-body mass, total length-body mass) used for the main fishes
found in the diet of the South American Tern. TL = total length, OL = otolith length, M = body mass.
*Baldas et al. (1997), °Bugoni (2001), *Mauco (2006), »Saccardo et al. (2005).

Regresiones (otolito-largo total, otolito-masa corporal, largo total-masa corporal) utilizadas para los principales peces

encontrados en la dieta del Gaviotin Sudamericano. TL = largo total, OL = largo del otolito, M = masa corporal. *Baldas
et al. (1997), °Bugoni (2001), *Mauco (2006), "Saccardo et al. (2005).

Species

Total length (mm)

Body mass (g)

Anchoa marinii*
Engraulis anchoita*
Macrodon ancylodon®

Cynoscion guatucupa™

Odonthestes argentinesis*
Porichthys porosissimus®
Trachurus lathami

Urophysis brasiliensis®

TL =27.08 OL + 26.99
TL=32.62 OL + 17.87
TL = 18.451 OL - 6.412
TL=18.84 OL-2.15
Paralonchurus brasiliensis* TL =27.57 OL - 29.09
TL =43.88 OL-3.75
TL = 26.734 OL - 8.335
OL =2.85TL + 0.036
TL =-22.65 + 24.254 OL

M = 0.93 OLL99
M = 0.39 OL297
M = 1.633 (10°6) TL3:3014
M = 0.06 OL307
M = 0.0097 OL422
M = 0.48 QL3501

M =6.1769 (10-6) TL3.0948
M = 0.000014 TL?1
M =2 (107) TL3-7386
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TABLE 2

Composition of the diet and frequency of occurrence (F, F %,), abundance (N, N %), mass (M, M %)
and Index of relative importance (IRI, IRI %) for each of the items in the diet of the South American
Tern in Rocha, Uruguay. Items in bold have more than 1 % of the IRI in the diet. Asterisk * shows
the species which had their body masses estimated using the mean mass of all other fishes.

Composicion de la dieta y frecuencia de ocurrencia (F, F %), abundancia (N, N %), masa (M, M %) e indice de
importancia relativa (IRI, IRI %) para cada uno de los items encontrados en la dieta del Gaviotin Sudamericano en
Rocha, Uruguay. Los items en negrita fueron los que presentaron mas del 1 % del IRI en la dieta. El asterisco * indica

las especies en las cuales la masa corporal tuvo que ser estimada utilizando el promedio de la masa de todo el resto de
los peces encontrados en la dieta.

ftem F F% N N % M M % IRI IRI %
Fishes
Fam. Engraulidae Anchoa marinii 145 17.18 304 10.49 1562.04 14.06  421.83 7.91
Engraulis anchoita 368 4360 629 21.71 8155.76  73.41 414753  77.75
Fam. Scianidae Macrodon ancylodon Bloch & 1 0.12 1 0.03 36.73 0.33 0.04 0.00
Schneider
Cynoscion guatucupa 144 17.06 209 7.21 448.90 4.04 192.03 3.60
Paralonchurus brasiliensis 2 0.24 2 0.07 8.32 0.07 0.03 0.00
Steindachner
Fam. Atherinopsidae Odonthestes argentinesis 21 2.49 31 1.07 32.90 0.30 3.40 0.06
Fam. Ophiididae Raneya brasiliensis Kaup * 1 0.12 1 0.03 7.41 0.07 0.01 0.00
Fam. Batrachoididae Porichthys porosissimus 3 0.36 3 0.10 199.92 1.80 0.68 0.01
Cuvier
Fam. Carangidae Trachurus lathami 20 2.37 21 0.72 8.18 0.07 1.89 0.04
Fam. Phycidae Urophysis brasiliensis Kaup 6 0.71 6 0.21 38.49 0.35 0.39 0.01
Fam. Merluccidae Merluccius hubbsi Marini * 1 0.12 1 0.03 4.00 0.04 0.01 0.00
Insects
Order Coleoptera Coleoptera not identified 4 0.47 3 0.10 0.63 0.01 0.05 0.00
Coleoptera not identified 1 0.12 2 0.07 2.73 0.02 0.01 0.00
Coleoptera not identified 1 0.12 1 0.03 0.42 0.00 0.00 0.00
Fam. Hidrophylidae 5 0.59 6 0.21 1.26 0.01 0.13 0.00
Fam. Curculionidae 14 1.66 20 0.69 20.44 0.18 1.45 0.03
Fam. Dysticidae, Rhantus 16 1.90 33 1.14 0.37 0.00 2.17 0.04
sigatus
Fam. Scarabaeidae, 21 2.49 59 2.04 36.54 0.33 5.89 0.11
Dyscinetus gagates
Order Hemiptera Fam. Belostomatidae, 73 8.65 1058 36.52 2.52 0.02 316.07 5.93
Bellostoma sp.
Order Odonata Fam. Aeshnidae, Aeshna sp. 10 1.18 12 0.41 0.62 0.01 0.50 0.01
Order Orthoptera Orthoptera not identified 1 0.12 1 0.03 4.96 0.04 0.01 0.00
(Grasshopper)
Fam. Acrididae 5 0.59 8 0.28 0.21 0.00 0.16 0.00
Fam. Gryllidae 1 0.12 1 0.03 0.62 0.01 0.00 0.00
Fam. Gryllotalphidae 1 0.12 1 0.03 188.85 1.70 0.21 0.00
Order Lepidoptera Lepidoptera not identified 3 0.36 3 0.10 1.86 0.02 0.04 0.00
Order Diptera Diptera not identified 1 0.12 1 0.03 0.00 0.00 0.00 0.00
Not identified Insects not identified 15 1.78 13 0.45 0.21 0.00 0.80 0.02
Crustaceans
Fam. Hippoidea, Emerita 105 1244 467 16.12 344.90 3.10  239.17 4.48
brasiliensis
844 2897 11109.79 5334.52
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most important prey species was the Argentine
Anchovy (70.2 %) followed by the Giant Water
Bug (16 %) and Marini’s Anchovy (9 %) (Fig.
2). In 2006 the diet was composed of nine fish
species, six insect species, and one crustacean
species. The most important prey species was
again the Argentine Anchovy (63 %) followed
by the Mole crab (24.4 %), the Striped Weakfish
(7 %) and Marini’s Anchovy (4.6 %) (Fig. 2).
There were no significant differences between
the IRI % of the Argentine Anchovy (EAN) and
Marini’s Anchovy (AMA) between years (EAN,
G = 0.396; AMA, G = 1.464; df = 1, P > 0.05 for
both), however, the Striped Weakfish IRI %
differed between years (G = 5.963, df = 1, P <
0.05).

Fish mean total length was 103.6 + 30.6
mm (SD) (N = 453), and 89.6 + 35.8 mm (SD)
(N = 491) in 2005 and 2006, respectively.
The largest insect found in the diet was the
Giant Water Bug, with a total body length of
20.8 mm, and the smallest corresponded to
a species of the Family Curculionidae (4.6
mm total body length). The Mole crab was
the only species of crustacean found in the
diet. Its estimated mean size was 20 mm total
body length and 3.0 g mass in adults, and 5.5
mm and 0.05 g in juveniles (we considered
juveniles to those crabs whose exoskeleton
was still soft).

Fish mean body mass consumed during
the 2005 season was 9.8 + 6.8 g (SD) (N =
453), while it was 7.7 + 6.9 g (SD) (N =491) in
2006. Insects body mass ranged from 0.02 to
0.62 g; however, the most abundant insect in
the diet was the Giant Water Bug with a mass
0f 0.2 g.

The feeding strategy diagram for the South
American Tern (N = 844 pellets) shows an
accumulation of points in the lower left corner
with a spread to the upper left and to the center
of the graph (Fig. 3). According to the model,
this demonstrates a situation in which there is
a high between-phenotype contribution (BPC)
to the niche width, which means that individual
predators have specialized on different prey
types, the Giant Water Bug, the Mole crab
and the Argentine Anchovy. However, there is
a clear dominance of the Argentine Anchovy
but also many rare prey species. In general,
the graph shows a mixed feeding strategy,
with varying levels of specialization and
generalization on different prey types.

Sample fidelity

Most of the species accumulation curves
were uniform with around five to six expected
species (Fig. 4). However, samples (one
sample means the pool of pellets collected on
one day) from July 2005 and September 2006
showed a trend to increase, indicating that

80

M . 2005

e [ 2006

40 -

IRl %

20

Fig. 2: Index of relative importance (IRI %) of the
most important prey species in the South American
Tern diet during 2005 and 2006 seasons.

Indice de importancia relativa (IRI %) de las especies mas
importantes en la dieta del Gaviotin Sudamericano durante
las temporadas 2005 y 2006.
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Fig. 3: South American tern’s feeding strategy
diagram. EAN = E. anchoita, BEL = Bellostoma sp.,
AMA = A. marinii, EBR = E. brasiliensis, CGU = C.
guatucupa.

Diagrama de estrategia alimenticia del Gaviotin Sudameri-
cano. EAN = E. anchoita, BEL = Bellostoma sp., AMA = A.
marinii, EBR = E. brasiliensis, CGU = C. guatucupa.
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sample size (number of pellets collected per
day) was insufficient. Those samples had lower
number of pellets than the others: 27 in July
and 40 in September. According to the shape
of the curves, between 60 and 80 pellets would
have been required to reach 60 to 100 % of
the expected species richness. Nevertheless,
depending on the species of prey ingested
lower samples sizes could be enough. The
sample of 5 August 2005 (161 pellets) showed
the highest richness, caused by a great variety
of insects consumed. In contrast, May 2006 (105
pellets) showed the lowest expected richness,
due to the consumption of almost exclusively
one species, the Mole crab.

20 2005
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Fig. 4: Rarefaction curves showing the expected
richness for each group of pellets (sample) collected
during the 2005 and 2006 seasons.

Curvas de rarefaccion mostrando la riqueza esperada para
cada grupo de bolos (muestra) colectados durante las tem-
poradas 2005 y 2006.

Temporal variation

The Shannon diversity index was not significantly
different between most of the samples from 2005
(Boot P < 0.05), while in 2006 the diversity of
May and July were statistically different from the
majority of the samples (Boot, P < 0.05) (Table
3). The low evenness and diversity of 5 August
2005 and May 2006 samples was due to the
dominance in abundance of the Giant Water Bugs
in August (44.5 % IRI) and the Mole crab in May
(IRT % 99.9). September and June 2005 were also
different from the others because of their high
diversity and evenness of fish prey.

During the 2005 season the N % of the
Argentine Anchovy, Marini’s Anchovy and
Striped Weakfish (CGU) was statistically different
between samples (EAN, G = 67.865; AMA, G =
29.563; CGU, G = 7.977; df = 4 for EAN and AMA
and df = 3 for CGU, P < 0.05 for all) (Fig. 5).
However, in 2006 the proportion of fish consumed
was uniform along the season (EAN, G = 1.997,
AMA, G =5.345; df = 2, P > 0.05 for both), although
an increase in the abundance of the Striped
Weakfish by the end of the season was clearly
observed (G = 14.984, df = 2, P < 0.01) (Fig. 7).
The main difference in the N % of fish consumed
between years was the increase of the abundance
of the Rough Scad (Trachurus lathami Nichols)
and the South American Silverside (Odontestes
argentinensis Valenciennes) in 2006 (Fig. 5).

DISCUSSION

The diet of the South American Tern on the
Rocha coast during the two studied seasons
was mainly composed of the Argentine Anchovy
followed by other species of fish, insects and
crustaceans, as had already been observed
on the nearby Atlantic coast of Buenos Aires
Province by Favero et al. (2000). However,
during each season the proportion of anchovies
consumed was variable. Two other fish species,
Marini’s Anchovy and Striped Weakfish, were
also important in the diet, being occasionally
found in the same or in higher proportions than
the Argentine Anchovy.

The distribution of the Argentine Anchovy
along the coast of Argentina and Uruguay
varies throughout the year as a consequence of
reproductive and feeding migrations, resulting
in differential distribution patterns of age
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classes (Ehrhardt et al. 1977, 1978, Hansen &
Madirolas 1996). Those variations in Anchovy
abundance are probably the cause of the
variations observed in the diet of the terns
between years and seasons. Many seabirds are
generalist and opportunistic; consequently their
diet correlates positively with the abundance of
their prey (Montevecchi & Myers 1996, Furness
& Camphuysen 1997). According to the feeding
strategy diagram, the South American Tern
has a mixed feeding strategy, which according
to the approach by Amundsen et al. (1996) can
be considered a generalist strategy but with
different individuals specialized on different
food types (Amundsen et al. 1996). Therefore,
the consumption of prey other than the Anchovy
could be the consequence of a combination
between an increase in the abundance of the new
prey, better accessibility to it and/or a decrease
in the relative abundance of the Anchovy.

Two other important species consumed by
the South American Tern on the Rocha coast
were the Giant Water Bug and the Mole crab.
The consumption of insects and crustaceans
found in some of the samples could be due to an
elevated abundance of them in the area, but not
necessarily due to a decrease in the Anchovy’s
abundance. Many studies about the diet of
Common Terns (Sterna hirundo Linnaeus) in
the region also found large quantities of insects
during certain periods (Mauco et al. 2001, Bugoni
& Vooren 2004, Mauco & Favero 2004, Mauco
2006). In those cases the presence of insects
in the diet has been explained by the effect of
meteorological and/or biological factors which
generate increases in their abundance (Mauco et
al. 2001, Bugoni & Vooren 2004, Mauco & Favero
2004, Mauco & Favero 2005, Mauco 2006).

Mole crabs were previously recorded in
the diet of gulls and terns (Mueller 1976,
Blokpoel et al. 1989, Blokpoel et al. 1992).
In fact, this feeding behavior is not unusual
and occurs when there is an increase in the
abundance of this crustacean species (Muller
1976, Blokpoel et al. 1989, Blokpoel et al.
1992). The preference for Mole crabs instead
of fish is because they are easier to catch when
they are abundant and they comprise a good
quality meal (Mueller 1976). Studies about
the Mole crab in Uruguay conclude that their
reproductive cycle is complex and variable
and depends on the physical characteristics of
the environment where they live (Delgado &
Defeo 2008). Periods of high abundance of this
species have been detected mainly between
February and April and less frequently between
May to June (Delgado & Defeo 2006). Terns
consumed Mole crabs in May 2006, suggesting
high abundance of them around these dates.

Rarefaction curves showed that samples
from June 2005 and September 2006 did not
reach the asymptote, indicating that the sample
size at these days was insufficient. However, the
number of pellets needed to reach the expected
species richness of prey depends on the type of
prey eaten, which varies between samples. On 5
August, if we had collected 80 pellets we could
only had reached 60 % of the expected richness.
However, this sample size is sufficient to reach the
expected richness for most of the other samples
collected. This rarefaction analysis showed two
key points to take into account when developing
diet studies; it is important to calculate how many
pellets are needed to detect most of prey species,
and it is necessary to collect samples throughout
the season because of prey variability.

TABLE 3

Shannon’s diversity index and evenness from 2005 and 2006 samples.

Indice de diversidad de Shannon y equitatividad para cada una de las muestras de 2005 y 2006.

2005 Shannon H Evenness 2006 Shannon H Evenness
Jun 1.119 0.5102 May 0.1077 0.2227
Jul 0.8357 0.3844 Jul 1.511 0.5664
Aug-05 0.8923 0.122 Aug 1.296 0.4568
Aug-16 0.9995 0.3881 Sep 1.238 0.4313
Sep 1.382 0.5689




DIET AND PREY PREFERENCE OF THE SOUTH AMERICAN TERN

Temporal variation in the diet of the South
American Tern was mainly due to the ingestion
of insects and crustaceans. This marked shift
in the diet shows the ability of terns to quickly
change their foraging strategy to exploit
an occasional resource. Despite these few
exceptions, the dominant species in the diet
of South American Terns was the Argentine
Anchovy. This result supports our hypothesis
about the Anchovy as the main item in the diet
of South American Terns in Uruguay, and also
supports the hypothesis that terns follow the
Anchovy’s migration and come from the tern
breeding colonies in Patagonia. Recent studies
about the diet of South American Terns in the
reproductive areas in Patagonia also found the
Argentine Anchovy as their main prey (Gatto
& Yorio 2009). This study confirms that there
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Fig. 5: Percentage of the monthly abundance (N %) of
the most important fish species separated by samples
during both seasons. AMA = A. marinii, EAN = E. an-
choita, CGU = C. guatucupa, OAR = O. argentinensis,
TLA = T. lathami.

Porcentaje de abundancia (N %) mensual de las especies de
peces mas importantes separadas por muestra durante las
dos temporadas. AMA = A. marinii, EAN = E. anchoita, CGU
= C. guatucupa, OAR = O. argentinensis, TLA = T. lathami.
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is a strong predator-prey interaction between
the South American Tern and the Argentine
Anchovy throughout their distribution.
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