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Abstract.—White-headed Steamer-Ducks (7Tachyeres leucocephalus) are flightless waterfowl endemic to a small
section of coastline in Patagonia, Argentina. This study provides the first detailed information on White-headed
Steamer-Duck diet composition, foraging behavior and prey availability. This study was conducted in the northern
San Jorge Gulf, Patagonia, during 2007. Fifteen feeding territories were identified, and food availability was quanti-
fied within them and also within unused areas. A total of 45 feces were analyzed to determine diet composition,
and foraging behaviors of females were monitored. Benthic community diversity differed between territories and
non-territories. Overall, diversity and invertebrate abundance tended to be higher in territories. Ten invertebrate
prey taxa were identified in adult diets, and the most frequent prey in feces were crabs, mussels, and ragworms.
Head-neck dipping was the most common method of feeding. Our results improve the understanding of the rela-
tionship between diet, selection of areas with special invertebrate availability and foraging techniques used to access

and exploit the resources. Received 1 July 2013, accepted 21 October 201 3.
Key words.—Chubut Steamerduck, diet, food availability, foraging behavior, Patagonia, Tachyeres leucocephalus,
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White-headed Steamer-Ducks  (7achyeres
leucocephalus) (formerly Chubut Steamerduck)
are flightless marine waterfowl endemic to a
700-km section of coast of Chubut Province,
Patagonia, Argentina (Aguero et al. 2012).The
foraging ecology of White-headed Steamer-
Ducks (steamerduck) has rarely been studied.
Livezey (1989) analyzed the stomach contents
of 34 individuals and found that mollusks and
crustaceans were the main prey of steamer-
ducks. In addition, little is known about their
foraging behavior. Although reported to feed
almost exclusively by diving (Weller 1972;
Livezey and Humphrey 1984), Gatto et al
(2008) indicated that White-headed Steamer-
Ducks mostly fed using a head-submergence
technique. Finally, the availability and diversity
of invertebrates in steamerduck foraging areas
has never been examined. Additional informa-
tion about the trophic ecology of White-head-
ed Steamer-Ducks is needed to improve our
understanding of important factors in forag-
ing habitat selection and the underlying eco-
logical factors that may influence the unusual
natural history of this species.

Our objective was to study the trophic
ecology of White-headed Steamer-Ducks by

examining their foraging behavior and diet
and determining the availability of prey in
and outside feeding territories.

METHODS

Study Area

Our study was conducted along 22 km of mainland
coastline and six islands and islets in the northern San
Jorge Gulf, Patagonia, Argentina (Fig. 1), where ~25%
of the total estimated population of White-headed
Steamer-Ducks is found (Agtiero et al. 2012). We ob-
tained behavioral data and collected benthic and fecal
samples weekly during a period of 7 weeks (non-con-
secutive) from 2 October to 18 December 2007, during
the incubating period for White-headed Steamer-Ducks
(Agtiero and Garcia Borboroglu 2013).

Food Availability

We identified and determined the area of 15 inter-
tidal sectors where White-headed Steamer-Ducks were
observed foraging. These non-adjacent territories were
located just offshore from where nests were located.
During the incubation period when males were patrol-
ling territories (Agiiero and Garcia Borboroglu 2013),
we observed confused males that “steamed” across the
surface water flapping their wings at their own female
re-entering the territory after being chased away from
the nest. Immediately, the territorial pair adopted an ex-
treme form of the “alert” posture for a long time (about
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Figure 1. Coastal map of northern San Jorge Gulf showing the area where the foraging ecology of White-headed
Steamer-Ducks (Tachyeres leucocephalus) was studied. In the inset map, breeding distribution in the Chubut Province

is shown as a thick line.

30 min) swimming around the territory (see Moynihan
1958). Observations of this behavioral pattern allowed
us to determine the extent of each pair’s territory. We
delineated territory boundaries using physical referenc-
es of the landscape (i.e., headlands and exposed rocks),
and we calculated distances and angles from these ref-
erences to document territory boundaries and estimate
their areas (Gauthier 1985).

Because White-headed Steamer-Ducks feed only dur-
ing low tide (Gatto et al. 2008), we were able to access
the feeding territories during spring tides when low tides
were lower than average. To quantify food availability in
15 territories, we collected benthic samples using six ran-
domly placed 15 x 15-cm quadrats in each feeding territo-
ry. We selected quadrat locations using tables of random
numbers to generate x and y coordinates. We removed
all invertebrates and algae from each quadrat using a
scraper; we placed them in bags and preserved them in
a freezer until analyzed. To examine differences in prey
availability in territories and unused areas, we used the
same sampling protocol in 15 areas that were not used
by steamerducks. We selected these intertidal areas from
the areas where we found no presence of White-headed
Steamer-Ducks based on observations made during pre-
vious visits and surveys (Agtiero et al. 2010, 2012).

In the lab, we passed samples through 1-, 0.5-, and
0.25-mm-mesh sieves. On a white tray, we picked out
invertebrates retained by the l1-mm sieve and, using
10x magnifications, sorted the material caught by the
0.5-mm-mesh sieve. We found only sand and small grav-
el in the 0.25-mm sieve. We counted all invertebrates
and identified them using published guides (Harri-
son and Ellis 1991; Boschi et al. 1992; Forcelli 2000),
invertebrate collections at Centro Nacional Patagénico
(CENPAT), and consulting taxonomists. We preserved
a sample of hard body parts diagnostic of each identi-
fied invertebrate taxa in 70% alcohol and subsequently
used these to identify food items in fecal samples.

Diet

We collected fecal samples around 15 nests where
females were incubating. Because only females incubate
(Agtiero and Garcia Borboroglu 2013), we collected
fresh feces to ensure they corresponded to females.
Only three fresh feces were found for some nests; there-
fore, we standardized the sample size to that amount.
Each one was analyzed separately in the lab, but results
were combined by nest in recognition that these were
not independent samples and that our sampling unit
was the female. We dried and stored collected fecal sam-
ples in plastic bags until they could be analyzed.

In the lab, we passed each fecal sample through
1-, 0.5-, and 0.25-mm-mesh sieves under tap water. We
identified and counted at 8-64x magnification all frag-
ments resistant to digestion and diagnostic of inverte-
brate taxa (e.g., gastric mill, jaws and mollusk shells).
We identified fragments using Huespe (2005) and our
diagnostic body parts collection.

Foraging Behavior

We collected foraging behavior data using focal ob-
servations of 29 females. Due to logistical constraints,
we were only able to sample feeding territories and col-
lect feces for 15 of 29 observed females. Observations
were conducted from a fixed point on the coastline, al-
lowing us to see the sampled females while avoiding be-
ing detected by them. Following the methods of Gatto
et al. (2008), we observed them during low tide. Females
were observed for 1 hr, with foraging behavior observed
for periods of 10 min followed by periods of 5 min when
birds were not observed. Observations were made using
binoculars (10 x 40) or a spotting scope (25-40x). Each
female was observed seven times during the breeding
season (with at least 7 days between successive obser-
vations), with a total of 280 min spent observing each
female.
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We documented time spent using each of four feed-
ing techniques (Gatto et al. 2008), including filtering
(just the bill is under water), head-neck dipping (head
and part of the neck is under water), up-ending (the
front half of the body is submerged and only tail and
legs are visible) and diving (entire body is submerged).
We summed the number of minutes each technique was
used by each female across all observation periods, and
then determined the average number of minutes each
technique was used by each female (n = 29).

Analysis

We determined differences in the benthic commu-
nity between territories and unused areas using one-way
analysis of similarities (ANOSIM test; Alvarez-Cabria et
al. 2011). When ANOSIM results indicated differences,
we evaluated the contribution of each taxa for mean dis-
similarity between these groups using the SIMPER proce-
dure (Clarke and Warwick 1994). We also compared prey
abundance between territories and non-territories using
¢ tests with Bonferroni corrections for multiple compari-
sons. Prey abundance was defined as the number of indi-
viduals of each taxon counted in all quadrats by territory.

We calculated frequency of occurrence (FO) and
relative frequency (RF) for all food items found in the
feces to describe the diet of adults. Frequency of oc-
currence was expressed as the number of times a given
food item occurred in any of three fecal samples from a
given female, whereas relative frequency was expressed
as the ratio between the FO of each food item and the
total frequency of all observed food items.

REsuLTS

Territories (n=15) ranged in size from 40
to 800 m? (¥ = 247.5 + 59.9 m?). We found
significant differences in the benthic com-
munity between territories and unused areas
(ANOSIM; R=0.23, P=0.001), and SIMPER
analysis showed that seven taxa contributed
more than 50% to those differences (Table
1). Perumytilus purpuratus, Lasaea spp., tanaids
(Tanaidacea), isopods, and Cyrtograpsus spp.
were most abundant in territories, account-
ing for 97.4% of the total fauna. In unused
areas, 97.2% of the fauna consisted of P. pur-
puratus, Lasaea spp., and isopods. Overall,
invertebrate abundance tended to be higher
in territories, with significant differences for
tanaids (Tanaidecea; P< 0.001) and Cyrtograp-
susspp. (P=0.01). However, after Bonferroni
corrections (o = 0.002), only tanaid abun-
dance was higher in territories (Table 1).

We identified 10 prey types in the diet
of steamerducks, including seven mollusks

(Mitilidae, Lasaea spp., Chiton, Trophon
spp., Actionidae spp., Fissurella spp., and Na-
cella magellanica), two crustaceans (isopods
and Cyrtograpsus spp.), polychaetes (Nereii-
didae), and unidentified organic matter
(green, red, and brown algae). Prey most
often found in feces were Cyrtograpsus spp.
(15 sampling units, RF = 0.16), Mitilidae (13
sampling units, RF = 0.14), and Nereidiidae
(13 sampling units, RF = 0.14).

Head-neck dipping was the most com-
mon foraging technique used by female
steamerducks (143.1 + 10.8 min, 51.1% [of
280 min sampled per female]), followed by
filtering (88.2 + 12.6 min; 31.5%), diving
(47.6 £ 7.0 min, 17%), and up-ending (1.1 +
0.1 min, 0.4%). Dives were short in duration,
with birds generally under water < 30 sec (16
+ 6 sec; n =75 dives by nine individuals).

DiscussioN

Of 10 food items identified in the diet
of White-headed Steamer-Ducks, the most
frequent prey were Cyrtograpsus spp., Nerei-
didae, and Mitilidae. However, fecal analysis
may be subject to biases because softer, more
easily digestible components of the diet are
under-represented (Anderson et al. 2008).
Prey selected by adult steamerducks were
not the most abundant prey, suggesting that
abundance of consumed prey may be more
relevant for understanding habitat quality
for White-headed Steamer-Ducks than over-
all abundance of benthic invertebrates.

Several authors have suggested that food
resources are defended by some territorial
species of ducks (Nudds and Ankney 1982;
Livezey and Humphrey 1985). However,
some investigators have reported little evi-
dence to support the food hypothesis, where
food supply for adults and nestlings is the
major function of territoriality (Patterson
1982; Gauthier 1985). We did not quan-
tify a relationship between food availability
and territory size or breeding success, but
did find differences in benthic community
between used and unused areas. Notably,
the most abundant invertebrate in feed-
ing territories was not detected in the diet
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Table 1. Average abundance (+ SE) of available invertebrates in territories of White-headed Steamer-Ducks and un-
used areas. Prey that contributed > 50% to dissimilarity between used and unused areas (SIMPER) are underlined.
Tanaidacea abundance was significantly higher in territories (in bold).

Territories Unused Areas

Prey Item Mean Number of Individuals P
Tanaidecea 75.5 + 15.1 11.8 £ 4.0 0.003
Cyrtograpsus spp. 38.3 £8.5 12.6 +4.0 0.011
Lasaea spp. 248.3 + 34.4 141.3 + 39.3 0.050
Nacella magellanica 17.1+£85 09+0.3 0.067
Isopoda 75.2 +18.1 68.9 = 19.6 0.820
Crepidula spp. 16.3+6.1 23+1.4 0.033
Aulacomya ater 56+2.7 75+3.8 0.680
Perumytilus purpuratus 1,719.6 + 299.6 1,187.3 + 238.9 0.180
Mpytilus chilensis 23+1.1 25+0.9 0.880
P. purpuratus seeds 989.3 + 256.8 616.7 = 160.1 0.230
M. chilensis seeds 9.1+5.7 1.6 0.5 0.200
A. ater seeds 55+28 43+1.7 0.720
Chiton 09+0.2 1.4+04 0.320
Trophon spp. 0.7+0.3 2.0+0.4 0.022
Actionidae spp. 11.9+2.6 57+1.3 0.040
Fissurella spp. 2.4+0.8 0.7+0.3 0.056
Amphipoda 43+28 1.9+0.7 0.420
Betaeus spp. 4.4+29 1.4+08 0.320
Asteroidea 1.7+0.4 1.1£0.5 0.350
Nereididae 1.3+0.9 0 0.150
Total abundance 48,445 31,076

Species richness 20 19

“avalue (0.0025) based on Bonferroni corrections for multiple comparisons.

of steamerducks. Some possible explana-
tions for this are that small crustaceans are
quickly and almost completely digested and,
thus, are under-represented or absent in fe-
cal samples (Swanson and Bartonek 1970),
or tanaids could not be prey for adults, but
they may be prey for ducklings (Johnsgard
1978). Even though this study provides the
first evidence of higher diversity of benthic
community and invertebrate abundance in
territories, additional research is needed to
evaluate the hypothesis of territoriality as a
food defense.

McKinney (1965) hypothesized that the
degree of territoriality by species in the fam-
ily Anatidae was a function of the defend-
ability of food resources. Most duck species
using seasonal feeding areas where food
supply cannot be feasibly defended exhibit
little territorial behavior (Talent et al. 1982;
Duebbert and Frank 1984). Conversely,
species with strong territorial defense, like
steamerducks (Livezey and Humphrey

1985), occupy more predictable and stable
environments such as estuaries, rivers, or
permanent wetlands (Savard 1984; Gauthier
1985). White-headed Steamer-Ducks have
a restricted distribution in an area where
weather and physical conditions are proper
for recruitment and development of abun-
dant intertidal food resources (Hidalgo et
al. 2007; E. Schwindt, pers. commun.). In
this regard, strong territoriality of White-
headed Steamer-Ducks may be related to the
defense of predictable and abundant food
resources, although this has not been explic-
itly addressed.

We found that feeding methods other
than diving, especially head-neck dipping
and filtering, were commonly employed by
female White-headed Steamer-Ducks. In-
tertidal areas where steamerducks feed are
characterized by dense beds of mussels har-
boring a diverse assemblage of small mobile
invertebrates (Bertness et al. 2006; Hidalgo
et al. 2007). In this case, steamerducks prob-
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ably catch crabs or ragworms by head-neck
dipping when these invertebrates leave the
shelter or by removing Mitilidae from bot-
tom substrate using the bill with a heavy nail.
Furthermore, algae, like kelp beds, provide
a protected environment for small mobile
animals (Barrales and Lobban 1975). Steam-
erducks probably feed on these algae filter-
ing on the exposed laminae during low or
rising tides, or diving in deeper water (John-
sgard 1978; Livezey 1989).

The frequency of dives in our study
was similar to that reported by Gatto et al.
(2008). In addition, we occasionally found
that diving by steamerducks was linked
to the presence of kelp beds, consistent
with the findings of Johnsgard (1978) and
Livezey (1989). In accordance with Livezey
(1989), we believe the relatively infrequent
dives observed for steamerducks in our study
may be due, in part, to the sparseness of kelp
beds in the area.

This study provides the first detailed in-
formation about key aspects of the foraging
ecology of White-headed Steamer-Ducks. It
improves our understanding of the relation-
ship between diet, the selection and defense
of areas with special invertebrate availability
and the foraging techniques used to access
and exploit the resources. However, more
detailed information on trophic ecology
throughout the year, as well as for ducklings
and juveniles, is needed. Additional studies
should assess the effects of food availability
on demographic variation and further ad-
dress the role of food resources in territorial
behavior, spatial segregation and population
density regulation.

ACKNOWLEDGMENTS

We thank Soriano S.A., Direcciéon de Fauna y Flo-
ra Silvestre, Secretaria de Turismo de la Provincia del
Chubut, L. Reyes, M. Agiiero, and F. Abril and his family
for logistical support, and V. Savoya, C. Sueiro, P. Raffo,
E. Diez, E. Schwindt, S. Laurenti, and G. Bigatti for
their help identifying invertebrates. We thank A. Gatto
for statistical support. We are grateful to D. Villarreal,
N. Ortiz, R. Vera, N. Lisnizer, V. Roggio, M. Dherete,
L. Lopez, M. Mendez, P. Galesi, H. Herndandez and ]J.
and S. Kriegel for field assistance. Our research was
funded by grants from OAK Foundation Grant in Ma-
rine Conservation - Duke University Marine Lab, Ruf-

ford Small Grants Foundation, Wildlife Conservation
Society, Chubut Province Government and Neotropical
Bird Club.

LiTERATURE CITED

Agiiero, M. L. and P. Garcia Borboroglu. 2013. Breed-
ing biology of the Chubut Steamerduck (7achyeres
leucocephalus). Ornitologia Neotropical 24: 85-93.

Agiiero, M. L., P. Garcia Borboroglu and D. Esler. 2010.
Breeding habitat attributes and nest site selection
of Chubut Steamerducks in Patagonia, Argentina.
Emu 110: 302-306.

Agiiero, M. L., P. Garcia Borboroglu and D. Esler. 2012.
Distribution and abundance of Chubut Steamer-
ducks: an endemic species to central Patagonia,
Argentina. Bird Conservation International 22: 307-
315.

Alvarez-Cabria, M., J. Barquin and J. A. Juanes. 2011.
Macroinvertebrate community dynamics in a tem-
perate European Atlantic river. Do they conform to
general ecological theory? Hydrobiologia 658: 277-
291.

Anderson, E. M., J. R. Lovvorn and M. T. Wilson. 2008.
Reevaluating marine diets of Surf and White-winged
scoters: interspecific differences and the impor-
tance of soft-bodied prey. Condor 110: 285-295.

Barrales, H. L. and C. S. Lobban. 1975. The compara-
tive ecology of Macrocystis pyrifera with emphasis on
the forest of Chubut, Argentina. Journal of Ecology
63: 657-677.

Bertness, M. D., C. M. Crain, B. R. Silliman, M. C. Ba-
zterrica, M. V. Reyna and F. Hidalgo. 2006. The
community structure of western Atlantic Patagonian
rocky shores. Ecological Monographs 76: 439-460.

Boschi, E. E., C. E. Fischbach and M. 1. lorio. 1992. Ca-
talogo ilustrado de los crustaceos estomatopodos y
decapodos marinos de Argentina. Frente Maritimo
10: 7-94.

Clarke, K. R. and R. M. Warwick. 1994. Similarity-based
testing for community pattern: the two-way layout
with no replication. Marine Biology 118: 167-176.

Duebbert, H. and A. M. Frank. 1984. Value of prairie
wetlands to duck broods. Wildlife Society Bulletin
12: 27-34.

Forcelli, D. O. 2000. Moluscos Magallanicos, Guia de
los moluscos de la Patagonia y del Sur de Chile.
Vazquez Mazzini, Buenos Aires, Argentina.

Gatto, A., F. Quintana and P. Yorio. 2008. Feeding be-
havior and habitat use in a waterbird assemblage at
a marine wetland in coastal Patagonia, Argentina.
Waterbirds 31: 463-471.

Gauthier, G. 1985. A functional analysis of territorial be-
havior in breeding Buffleheads. Ph.D. Dissertation,
University of British Columbia, Vancouver, Canada.

Harrison, K. and J. P. Ellis. 1991. The genera of Sphaero-
matidae (Crustacea: Isopoda): a key and distribution
list. Invertebrate Taxonomy 5: 915-952.

Hidalgo, F.,, B. R. Silliman, M. C. Bazterrica and M. D.
Bertness. 2007. Predation on the rocky shores of



StEAMER-DUCK TrROPHIC ECcOLOGY 93

Patagonia, Argentina. Estuaries and Coasts 30: 887-
895.

Huespe, A. V. 2005. Estudio comparado de algunas es-
tructuras bucales y cavidades gastricas de cangrejos
de costas rocosas (Chubut, Argentina). Licenciatura
Thesis, Universidad Nacional de la Patagonia San
Juan Bosco, Puerto Madryn, Chubut, Argentina.

Johnsgard, P. A. 1978. Ducks, geese, and swans of the
world. University of Nebraska Press, Lincoln, Ne-
braska.

Livezey, B. C. 1989. Feeding morphology, foraging be-
havior, and foods of steamer-ducks (Anatidae: Tachy-
eres). Museum of Natural History, University of Kan-
sas: Occasional Paper No. 126.

Livezey, B. C. and P. S. Humphrey. 1984. Diving behav-
iour of steamer ducks Tachyeres spp. Ibis 126: 257-
260.

Livezey, B. C. and P. S. Humphrey. 1985. Territoriality
and interspecific aggression in steamer-ducks. Con-
dor 87: 154-157.

McKinney, F. 1965. Spacing and chasing in breeding
ducks. Wildfowl 16: 92-106.

Moynihan, M. 1958. Notes on the behavior of the Flying
Steamer-Duck. Auk 75: 183-202.

Nudds, T. D. and C. D. Ankney. 1982. Ecological cor-
relates of territory and home range size in North
American dabbling ducks. Wildfowl 33: 58-62.

Patterson, 1. J. 1982. The Shelduck. Cambridge Univer-
sity Press, Cambridge, U.K.

Savard, J. P. 1984. Territorial behaviour of Common
Goldeneye, Barrow’s Goldeneye and Bufflehead in
areas of sympatry. Ornis Scandinavica 15: 211-216.

Swanson, G. A. and J. C. Bartonek. 1970. Bias associated
with food analysis in gizzards of Blue-winged Teal.
Journal of Wildlife Management 34: 739-746.

Talent, L. G., G. L. Krapu and R. L. Jarvis. 1982. Habitat
use by Mallard broods in south-central North Da-
kota. Journal of Wildlife Management 46: 629-635.

Weller, M. W. 1972. Ecological studies of Falkland Is-
lands’ waterfowl. Wildfowl 23: 25-44.



