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Abstract.—The diet of the Neotropical Cormorant (Phalacrocorax brasilianus) was evaluated in the Limay River 
basin, a freshwater system invaded by exotic salmonids. Analyses of 106 pellets showed that fish were the most im-
portant prey (79.9% by numerical frequency and 86.2% by frequency of occurrence), followed by two crustacean 
species. Among fish, the most common species were exotic salmonids, representing 84% by numerical frequency. 
Morphometric comparisons enabled differentiation of sagitta otoliths from Oncorhynchus mykiss and Salmo trutta
and permitted determination of similar contributions of these species to the diet. Although a wide prey-size range 
was found, 85% of fish were smaller than 150 mm in length. The results suggest that the Neotropical Cormorant 
has adapted to changes in the fish community after the introduction of salmonids. Flexible feeding strategies of the 
Neotropical Cormorant and/or its capacity to exploit different environments probably make it less vulnerable to 
environmental changes produced by introduction of exotic fish. Received 21 March 2011, accepted 17 November 2011.
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The Neotropical Cormorant (Phalacrocorax 
brasilianus) is widely distributed in Neotropi-
cal regions. This cormorant is one of the more 
abundant and adaptive Phalacrocorax species, 
occupying marine and continental environ-
ments from southern USA to Cape Horn 
(Telfair and Morrison 1995). Throughout 
its distribution, many different aspects of the 
Neotropical Cormorant’s biology have been 
studied (Orta 1992). Particularly, there are 
several dietary studies which have evidenced 
a generalist and opportunistic feeding pat-
tern (Oliveros and Beltzer 1983; Telfair and 
Morrison 1995; Regidor and Terroba 2001; 
Barquete et al. 2008). Although some of these 
studies were carried out in Argentina, there is 
little information on the feeding habits of the 
Neotropical Cormorant in continental Pata-
gonia (Casaux et al. 2008; Casaux et al. 2009). 
In this area, most freshwater systems support 
large exotic salmonid populations that ap-
pear to have severely altered native fish pop-
ulations (Macchi et al. 1999; Penaluna et al. 
2009). Casaux et al. (2010) in a study carried 
out on Imperial Shags (P. atriceps) in Nahuel 
Huapi Lake speculated that an increasing 
alteration of native fish populations could 
be forcing shags toward a lower-quality diet 
dominated by invertebrates. According to the 
authors, this situation would affect the chick 
food provisioning during the breeding period 
and negatively impact bird population trends.

The present work aimed to: (1) evalu-
ate the Neotropical Comorant diet in the 
upper Limay River for approximately one 
year and (2) determine its preferred prey 
sizes. In doing so, we provide the first 
information on the Neotropical Como-
rant’s diet in the Limay River basin, where 
typically fish-eating birds have already re-
placed fish with invertebrates in their diets.

METHODS

A total of 106 pellets (regurgitated casts) of the 
Neotropical Cormorant were collected between Janu-
ary and November 2008 from a communal roost (40° 
57’S, 71° 02’W) located approximately 20 km from the 
Limay River source in eastern Nahuel Huapi Lake (Fig. 
1). During this period, as many as 60 Neotropical Cor-
morants of different age classes used the roost simulta-
neously, although it was more common to observe 15-20 
adult birds.

Pellet constituents were analyzed under a binocu-
lar microscope. There were four main prey categories: 

Figure 1. Location of the roosting site of Neotropical 
Cormorants Feeding in the Limay River, Patagonia, Ar-
gentina.
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fish, crustaceans, molluscs and insects. However, given 
that the molluscs and insects recovered from pellets 
were so small (total length < 5 mm), they were not 
considered part of the cormorants’ diet, but derived 
from secondary or indirect consumption. The latter 
interpretation was supported by Vigliano et al. (2005), 
who found that molluscs and insects are common prey 
of the fish caught by Neotropical Cormorants in the 
study area.

Crustaceans were mainly identified by comparison 
of their chelae to our own reference collections. Also, 
in some cases, we recognized individuals of Freshwa-
ter Crayfish (Samastacus spinifrons) by means of their 
unique gastroliths (Rudolph 2002). Similarly, most 
fish species were identified by comparison of their sa-
gitta otoliths, scales and dentaries to reference collec-
tions provided by Grupo de Evaluación y Manejo de 
Recursos Ícticos (GEMaRI) of University of Comahue. 
To differentiate the salmonid species, discriminate 
functions of sagitta otolith measurements were ap-
plied (Table 1). To obtain such functions, otoliths of 
60 Rainbow Trout, Oncorhynchus mykiss, (total length 
range: 53-400 mm) and 54 Brown Trout, Salmo trutta,
(total length range: 48-400 mm) of GEMaRI collection 
were photographed with a digital camera. Then, the 
five otolith variables described by L`Abeé-Lund and 
Jensen (1993) were measured to the nearest 0.1 mm us-
ing an image analysis program (Image Pro Plus; Media 
Cybernetics, Silver Spring, MD, USA). Log transforma-
tion was applied to these five variables and distinct for-
ward discriminate analyses were performed (Sokal and 
Rohlf 1995) for three prey-total length ranges: small 
(40-140 mm); medium: (141-270 mm); large: (271-400 
mm). We proceeded in this way to avoid intraspecific 
variations in otolith morphology potentially induced 
by fish bodily growth (Popper and Coombs 1982; Tom-
bari et al. 2005). The effectiveness of these functions 
was assessed first in terms of percentage of otoliths of 
known species classified correctly using all samples in 
the analysis (self-test), and secondly by cross-validation 
procedure (each case is classified by the function de-
rived from all other cases than that case). The cut-off 
values for each function were calculated following 
Svagelj and Quintana (2007). Otoliths with discrimi-
nate scores lower than the cutoff value were assigned 
to Brown Trout and those with greater scores to Rain-
bow Trout. To determine which of the functions in 
Table 1 should be used for each otolith, we approxi-

mated the total lengths of unidentified salmonids ob-
tained from the pellets by means of equation 1,

              TL = 78.31*OW1.525, (R2 = 0.92)                 (1)

which simultaneously combined the measurements of 
otolith width (“OW”) with the fish total length (“TL”) 
of the same 60 Rainbow Trout and 54 Brown Trout 
used for the construction of the discriminate function. 
Once identified, paired structures of each taxon were 
separated into right and left and the most abundant 
was assumed as the number of individuals present in 
the sample.

Three otolith wear levels (slight, moderate or high) 
were defined following Bugoni and Vooren (2004): 
“slight”: no sign of digestion or otolith edges slightly 
worn but sulcus acusticus still well defined; “moderate”: 
otolith edges extremely worn, sulcus acusticus becoming
vague; “high”: sulcus acusticus worn away. To estimate the 
fish sizes only slightly eroded otoliths were used (Suter 
and Morel 1996) and equations 2 and 3 were applied.

     Rainbow Trout: TL = 76.20*OW1.50, (R2 = 0.93)     (2)

      Brown Trout: TL = 79.78*OW1.59, (R2 = 0.93)     (3)

The importance of different items in the diet was 
reported as absolute number (n), percentage of nu-
merical frequency (%F) and percentage of occurrence 
(%O).

RESULTS

Prey remains were identified in 89% (N 
= 94) of the analyzed pellets, while 11% 
(n = 12) were either empty (only mucus) 
or contained stones, sand, and remains of 
molluscs and insects assumed as derived 
from secondary consumption. From the 
total of pellets containing food remains, 
558 prey items were identified: 446 fish 
and 122 crustaceans. The fish belonged 
to five species and four taxonomic fami-
lies, while the crustaceans belonged to two 
taxonomic families (Table 2). The mean 
number of prey consumed per pellet was 
5.9 (SD = 9.4) varying between one and 70.

Table 1. Unstandardized coefficients (ln A, ln B, ln C) and constant, cut-off values and effectiveness of the three 
discriminant functions used to identify the salmonid species in the Neotropical Cormorant’s diet in the Limay River 
basin (Patagonia, Argentina).

Function ln A ln B ln C Constant Cut-off value

Effectiveness (%)

Self-test Cross-validation

D1
a (40-140 mm) -15.83 15.25 0.11 6.68 0.024 84.6 82.1

D2 (141-270 mm) -14.18 8.39 7.03 5.47 -0.174 87.5 82.5
D3 (271-400 mm) -10.12 4.47 6.92 3.44 -0.122 88.9 77.8

aD1, D2 and D3 correspond to discriminant functions for three fish size ranges: small, medium and large, respectively.
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Fish were the most important prey, be-
ing found in 86.2% of the samples and 
representing 79.9 % of numeric frequency 
(Table 2). Among fish, exotic species were 
the main fraction (Table 2). Salmonids 
(Rainbow Trout and Brown Trout) contrib-
uted equally to the diet and no statistical 
difference was found in mean number of 
individuals per pellet (Mann-Whitney: N = 
51; T = 8901.0; p = 0.96). Freshwater Crab 
(Aegla sp.) and Freshwater Crayfish were 
common and together contributed 20% 
of numerical frequency. Thus, crustaceans 
were even more important than the native 
Patagonian Silverside (Odonthestes hatch-
ery), Smallmouth Perch (Percichthys trucha)
and Inanga (Galaxias maculatus) (Table 2).

Size range of the prey eaten by Neo-
tropical Cormorants varied from 18 to 

348 mm in total length, with Freshwater 
Crab and Rainbow Trout being the small-
est and largest species, respectively. The 
total length range of the specimens cap-
tured was similar among salmonids. Nearly 
85% of salmonids were less than 150 mm 
in length, with peaks of consumption of 
the 50-100 mm – size classes, most evident 
in the case of the Rainbow Trout (Fig. 2).

DISCUSSION

The analysis of Neotropical Cormorants’ 
diet in the Limay River basin showed fish 
as main prey and two crustacean species as 
complementary prey. The fish-invertebrate 
combination in the diet of this species has 
been previously reported, so at this resolu-
tion level, our findings appear in line with 
the known diet composition for the spe-
cies (Oliveros and Beltzer 1983; Telfair 
and Morrison 1995; Barquete et al. 2008). 
Nevertheless, the Neotropical Cormorants 
in the study area fed almost exclusively on 
exotic fish, and it is here that our results 
differ from previous studies. Although Pata-
gonia supports large salmonid populations 
and they are the only fish species in some 
places (Pascual et al. 2002), there were no 
prior reports of intensive predation of ex-
otic fish by Neotropical Cormorants. Recent 
studies carried out at two Patagonian fresh-
water environments reported that salmonids 
are significantly less important in the diet 
of this cormorant compared to the native 

Table 2. Diet composition (n = absolute number, %F 
= percentage of numerical frequency %O = percent-
age of occurrence) of the Neotropical Cormorant 
(Phalacrocorax brasilianus) in the Limay River basin 
(Patagonia, Argentina) during the period January-No-
vember 2008.

Food items n F% O%

FISH
Salmonidae
Salmonidae

Oncorhynchus mykiss 206 36.9 46.8
Salmo trutta 131 23.5 52.1

Unidentified salmonids 38 6.8 17.0
Galaxiidae

Galaxias maculatus 20 3.6 9.6
Percichtyidae

Percichthys trucha 6 1.1 6.4
Atherinopsidae

Odonthestes hatchery 1 0.2 1.1
Unidentified fish 44 7.9 33.0

Fish total 446 79.9 86.2
CRUSTACEANS
Aeglidae

Aegla sp. 62 11.1 38.3
Astacidae

Samastacus spinifrons 47 8.4 27.7
Unidentified crustaceans 3 0.5 3.2

Crustaceans total 112 20.1 55.3
MOLLUSCS

Chilina sp. — — 41.5
Pisidium sp. — — 1.1

INSECTS — — 13.8
NEMATODES — — 6.4
(Contracaecum sp.)
Stones — — 43.6

Total 558 100.0

Figure 2. Total length frequency distribution of the On-
corhynchus mykiss and Salmo Trutta individuals captured 
by Neotropical Cormorant (Phalacrocorax brasilianus)
from January to November 2008 in the Limay river ba-
sin (Patagonia, Argentina).
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Patagonian Silverside (Odonthestes hatchery)
and Smallmouth Perch (Percichthys trucha)
(Casaux et al. 2008; Casaux et al. 2009).

Exotic fish have been found in the diet of 
fish-eating birds, including Phalacrocracidae 
species, in both Europe and North America 
(Lekuona 2007; Montesinos et al. 2008; John-
son et al. 2010). Introductions of exotic fish 
have been common around the world with 
alien species often becoming invasive, local-
ly abundant (Leprieur et al. 2008), and pro-
gressively an integral part of the diet of na-
tive piscivorous animals. For instance, owing 
to its rapid population increase in the Great 
Lakes region, USA, the exotic Round Goby 
(Neogobius melanostomus) become an main 
dietary item of the Double-crested Cormo-
rant (P. auritus) (Somers et al. 2003). Since 
its introduction, this fish species has clearly 
become the most important prey item for 
Double-crested Cormorants in some of the 
Great Lakes (Johnson et al. 2010). Similarly, 
as a consequence of high local abundance, 
the exotic Goldfish (Carassius auratus) domi-
nated the diet of the overwintering Great 
Cormorants (P. carbo) in Navarra, Spain, for 
two consecutive years (1999 and 2000) (Le-
kuona 2007). Phalacrocoracidae species are 
mainly opportunistic and generalist feeders 
(Orta 1992), whose diets often reflect rela-
tive abundance of fish species in environ-
ments. This seems to be the case of the Neo-
tropical Cormorant in the Limay River basin, 
since as Rechenq (2003), Lippolt (2005) 
and Vigliano et al. (2005) have demonstrat-
ed, salmonids are strongly dominant species 
and sometimes the only fish species in some 
environments of the Limay River basin.

In contrast to our results, Casaux et al.
(2010) showed that the Imperial Shag (P. 
atriceps) resident in Nahuel Huapi Lake 
concentrates its foraging efforts on captur-
ing crustaceans, whereas fish are rarely con-
sumed. Although the causes of this unex-
pected diet are unclear, Casaux et al. (2010) 
speculated that the important switch in the 
diet of the Imperial Shag could be generat-
ed by low availability of target fish in its envi-
ronments. Under this scenario, the intensive 
piscivory of the Neotropical Cormorant in 
Limay River basin might be favored by an 

extensive usage of multiple environments in 
comparison to the Imperial Shag. The latter 
species is rarely observed at sites other than 
Nahuel Huapi Lake, while the Neotropical 
Cormorant is found in many lotic and len-
tic environments of Nahuel Huapi National 
Park (personal observation). A wider range 
of foraging sites, probably differing in prey 
density and environmental structure, can 
provide more opportunity for predators to 
capture elusive prey (Gotceitas and Colgan 
1989). On the other hand, the different di-
ets of P. atriceps and P. brasilianus in Nahuel 
Huapi National Park might also be associ-
ated with different capabilities to forage on 
mid-water fish such as the Rainbow Trout 
and Brown Trout (Vigliano et al. 2005). 
Whereas species belonging to the “Blue-eyed 
Shag Group”, such as the Imperial Shag, are 
predominantly bottom feeders (Casaux and 
Barrera-Oro 2006), the Neotropical Cormo-
rant is able to obtain its food throughout 
the water column (Quintana et al. 2004).

There are many documented cases of 
adaptive responses of native organisms to a 
new invader species, some native species hav-
ing been favored and some harmed by the 
new species (Mooney and Cleland 2001). Our 
results indicate that Neotropical Cormorants 
inhabiting the Limay River have adapted to 
changes in the fish community, perhaps as 
a consequence of their plasticity relative to 
foraging techniques and/or use of habitat.

ACKNOWLEDGMENTS

We are grateful to the personnel of the Nahuel 
Huapi National Park for permission to obtain the sam-
ples and logistic support. Also, we thank the Grupo de 
Evaluación y Manejo de Recursos Ícticos of University 
of Comahue for reference material. We appreciate the 
improvements in English usage made by P. Whitfor 
through the Association of Field Ornithologists’ pro-
gram of editorial assistance.

LITERATURE CITED

Barquete, V., L. Bugoni and C. M. Vooren. 2008. Diet of 
Neotropic Cormorant (Phalacrocorax brasilianus) in an 
estuarine environment. Marine Biology 153: 431-443. 

Bugoni, L. and C. M. Vooren. 2004. Feeding ecology of 
the Common Tern Sterna hirundo in a wintering area 
in southern Brazil. Ibis 146: 438–453.



DIET OF THE NEOTROPICAL CORMORANT 153

Casaux, R. and E. Barrera-Oro. 2006. Shags in Antarctica: 
Their feeding behaviour and ecological role in the ma-
rine food web. Antarctic Science 18: 3-14.

Casaux, R., A. Ramón, I. Contreras and D. Szulkin. 2008. 
Composición de la dieta del Biguá Phalacrocorax oliva-
ceus en el Oeste de Chubut. Libro de Resúmenes de 
las I Jornadas de Ciencias Naturales de la Patagonia: 
Biodiversidad y Conservación. Esquel, Argentina.

Casaux, R., C. Di Prinzio, M. Bertolin and A. Tartara. 2009. 
Diet of the Neotropic Cormorant Phalacrocorax oliva-
ceus at West Chubut, Patagonia, Argentina. Waterbirds
32: 444-449.

Casaux, R., M. L. Bertolín, M. A. Tartara, P. Alarcón and G. 
Porro. 2010. The unexpected diet of breeding Impe-
rial Shags (Phalacrocorax atriceps) at the Nahuel Huapi 
Lake, Patagonia: Implications on population tends? 
Neotropical Ornithology 21: 457-462.

Gotceitas, V. and P. Colgan. 1989. Predator foraging suc-
cess and habitat complexity: Quantitative test of the 
threshold hypothesis. Oecologia 80: 158-166.

Johnson, J. H., R. M. Ross, R. D. McCullough and A. 
Mathers. 2010. Diet shift of Double-crested Cormo-
rants in eastern Lake Ontario associated with the ex-
pansion of the invasive round goby. Journal of Great 
Lakes Research 36: 242-247.

L`Abeé-Lund, J. H. and A. J. Jensen. 1993. Otolith as natu-
ral tags in the systematics of salmonids. Environmental 
Biology of Fishes 36: 389-393.

Lekuona, J. 2007. Cambios en la composición de la dieta 
invernal del cormorán Grande Phalacrocorax carbo
(1994-2004) en Navarra: efectos de la introducción de 
ictiofauna aloctona. Ardeola 54: 123-129.

Leprieur, F., O. Beauchard,, S. Blanchet,, T. Oberdorff,, 
S. Brosse. 2008. Fish invasions in the world’s river sys-
tems: When natural processes are blurred by human 
activities. PlosBiology 6: 404-410.

Lippolt, G. E. 2005. Dinámica de las poblaciones de 
salmónidos en arroyos tributarios del río Limay. M.Sc. 
Thesis, Facultad de Agronomía de la Universidad de 
Buenos Aires (FAUBA). Buenos Aires, Argentina.

Macchi, P. J., V. C. Cussac, M. F Alonso and M. A. Dene-
gri. 1999. Predation relationships between introduced 
salmonids and the native fish fauna in lakes and res-
ervoirs in Northern Patagonia. Ecology of Freshwater 
Fish 8: 227-236.

Montesinos, A., F. Santoul and A. J. Green. 2008. The diet 
of the Night Heron and Purple Heron in the Gua-
dalquivir marshes. Ardeola 55: 161-167.

Mooney, H. A. and E. E. Cleland. 2001. The evolutionary 
impact of invasive species. Proceedings of the National 
Academy of Sciences 98: 5446-5451. 

Oliveros, O. and A. Beltzer. 1983. Alimentación del “Biguá 
Común” (Phalacrocorax olivaceus) en el valle aluvial del 
Río Paraná Medio (Pelecaniformes: Phalacrocoraci-
dae). Neotropica 29: 225-230.

Orta, J. 1992. Family Phalacrocoracidae (Cormorants). 
Pages 326-353 in Handbook of the Birds of the World 
(J. del Hoyo, A. Elliot and J. Sargatal, Eds.), Vol. 1. 
Lynx Editions, Barcelona, Spain.

Pascual, M., P. Macchi, J. Urbansky, F. Marcos, C. Riva 
Rossi, M. Novara and P. Dell’Arciprete. 2002. Evalu-

ating potential effects of exotic freshwater fish from 
incomplete species presence-absence data. Biological 
Invasions 4: 101-113.

Penaluna, B., I. Arismendi and D. Soto. 2009. Evidence 
of interactive segregation between introduced trout 
and native fishes in Northern Patagonian rivers, Chile. 
Transactions of the American Fisheries Society 138: 
839-845.

Popper, A. N. and S. Coombs. 1982. The morphology and 
evolution of the ear in Actinopterygian fishes. Ameri-
can Zoologist 22: 311-328.

Quintana, F., P. Yorio, N. Lisnizer, A. Gatto and G. Soria. 
2004. Diving behavior and foraging areas of the Neo-
tropic Cormorant at a marine colony in Patagonia, Ar-
gentina. Wilson Bulletin 116: 83-88.

Rechencq, M. 2003. Uso de registros de pescadores vol-
untarios para el estudio de la pesquería recreacional 
del río Limay: Evaluación de metodología, calidad de 
datos y capturas. Licentiate Thesis. Universidad Nacio-
nal del Comahue. San Carlos de Bariloche, Argentina.

Regidor, H. and A. Terroba. 2001. Hábitos alimenta-
rios del Biguá Phalacrocorax brasilianus (Gmelin 1789) 
(Aves, Phalacrocoracidae) en el noroeste de Argenti-
na. Boletín de la Sociedad de Biología de Concepción, 
Chile 72: 121-123.

Rudolph, E. H. 2002. Sobre la Biología del Camarón de 
río Sammastacus spinifrons (Philippi 1882) (Decapoda, 
Parastacidae). Gayana 66: 147-159.

Sokal, R. R. and F. J. Rohlf. 1995. Biometry. 3rd edition. W. 
H. Freeman and Company, New York.

Somers, C. M., M. N. Lozer, V. A. Kjoss and J. S. Quinn. 
2003. The invasive Round Goby (Neogobius melanosto-
mus) in the diet of nesting Double-crested Cormorants 
(Phalacrocorax auritus) in Hamilton Harbour, Lake On-
tario. Journal of Great Lakes Research 29: 392-399.

Suter, W. and P. Morel. 1996. Pellet analysis in the assess-
ment of Great Cormorant Phalacrocorax carbo diet: Re-
ducing biases from otolith wear when reconstructing 
fish length. Colonial Waterbirds 19: 280-284.

Svagelj, W. S. and F. Quintana. 2007. Sexual size dimor-
phism and sex determination by morphometric mea-
surements in breeding Imperial Shags (Phalacrocorax 
atriceps). Waterbirds 30: 97-102.

Telfair, R. and M. Morrison. 1995. Neotropic Cormorant 
(Phalacrocorax brasilianus). Pages 1-22 in The birds of 
North America (A. Poole and F. Gill, Eds.), Vol. 137. 
The Academy of Natural Sciences, Washington, D.C. 
and The American Ornithologists’ Union, Philadel-
phia. 

Tombari, A. D., A. V. Volpedo and D. D. Echeverría. 2005. 
Desarrollo de la sagitta en juveniles y adultos de Odon-
testhes argentinensis (Valenciennes, 1835) y O. bonariensis
(Valenciennes, 1835) de la provincia de Buenos Aires, 
Argentina (Teleostei: Atheriniformes). Revista Chile-
na de Historia Natural 78: 623-633. 

Vigliano, P., P. Macchi, D. Milano, M. Alonso, G. Lippolt, 
M. Rechenq, E. Zattara, P. Alvear, V. Hougham and M. 
Danegri. 2005. Evaluación de los recursos ícticos del 
lago Nahuel Huapi: Módulo I, Informe Final. Universi-
dad Nacional del Comahue. Centro Universitario Bari-
loche (ed). San Carlos de Bariloche, Argentina.


