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Terrestrial birds living on marine environments: does dietary
composition ofCinclodesnigrofumosugPasseriformes: Furnariidae)
predict their osmotic load?
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ABSTRACT

Feeding on saline marine foods may be especially challenging for passerine birds that lack functional salt glands and
have a limited ability to concentrate urine. To reduce the salt load imposed by consumption of marine food these birds
may select food with low salt contents and/or increase their intake of freshwater. Th€ gehadesis particular

among passerines because it includes species that inhabit both inland and maritime shores. We analyzed the diet of
Cinclodesnigrofumosusnd explored the possible relationships between dietary composition and salt load at mesic and
arid coastal sites of Chile. From a biogeographical perspective, we hypothesized that freshwater availability is critical
to the relationship between diet composition and osmotic lo@dri§rofumosusOur analysis of prey abundance and
distribution indicated that the diet 6f nigrofumosuss composed mainly by marine prey, in spite of the availability

of terrestrial insects at both sites. Stomach content osmolality was higher in the arid site, but it was not correlated with
prey type, which suggests tl@ihclodesnigrofumosusvoid a high osmotic load, drinking fresh water when available.

Thus physiological constraints are modulating niche brea@iraflodes

Key words: Cinclodes dietary habits, osmoregulation, osmotic load.

RESUMEN

Alimentarse de presas marinas representa un desafio para aves paseriformes que no poseen glandula de la sal y tiene
unahabilidad limitada para concentrar orina. Para reducir la carga osmética asociada al consumo de presas marinas este
aves podrian optar por incluir presas con bajas concentraciones salinas en su dieta y/o aumentar la ingestion de agu.
dulce. El géner€&inclodeses particular entre los paseriformes debido a que incluye especies que habitan riberas de
lagos, rios y costas marinas. Analizamos la dietaidelodesnigrofumosuy exploramos la posible relacién entre la
composicién de éstay la carga salina en dos sitios costeros de Chile, uno mésico y otro arido. En este estudio planteamo
gue desde una perspectiva biogeogréfica, la disponibilidad de agua dulce es un factor que determina la relacién entre
la composicion dietaria y la carga osmotica de esta especie. Nuestro analisis de abundancia y distribucion de presas
indicé que la dieta d€. nigrofumosusestd compuesta principalmente por presas marinas independiente de la
disponibilidad de insectos terrestres en ambos sitios. La osmolalidad del contenido estomacal fue mayor en el sitio arido,
pero no se correlacioné con el tipo de presas consumidas, sugirietincjodesvita una alta carga osmoética a través

de ingerir agua dulce cuando esta disponible. Estos resultados apoyan que una restriccion fisioldgica seria el factor que
modula la amplitud de nicho &inclodes

Palabras clave:Cinclodes habitos alimentarios, osmoregulacién, carga osmética.

INTRODUCTION invertebrates) are in osmotic equilibrium with the

environment, imposing a salt load for consumers

For most birds and other air-breathing vertebrate§lohnston & Bildstein 1990, Janes 1997). Physi-
marine environments are osmotically stressfulological stress associated with life in marine and
This is so because birds generally have only sather saline habitats does not result from the
line water to drink and available prey (speciallyabsence of water, but from the necessity of elimi-
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nating excess electrolytes. Concentration of saltsThe genus Cinclodes (Passeriformes:
(e.g., K, CI, Na', SQ,?) is always high in the Furnariidae) is unique among passerine birds be-
marine environment. Seawater has sodium anchuse it includes species that live exclusively at
chloride concentrations of approximately 470 andnhtertidal zones (Goodall et al. 1946, Hockey et
548 mM, respectively, whereas these salts are at. 1987), and species that also inhabit inland
concentrations of 7 mM and 14 mkifreshwater terrestrial environments (Housse 1945, Goodall
habitats (Schmidt-Nielsen 1997). When birdset al 1946).Cinclodes nigrofumosu@’Orbigny
drink seawater or consume food with high osmo& Lasfrenaye, Seaside Cinclodes) inhabits inter-
lality, salts are absorbed by the small intestinetjdal zones and feeds almost exclusively on ma-
and their concentration in the body fluids in-rine invertebrates (Goodall et al. 1946, Paynter
crease (Purdue & Haines 1977, Simon 19821971, Hockey et al. 1987). The feeding ecology
Holmes & Phillips 1985). Body would becomeof Cinclodesspecies is scarcely known. Accord-
dehydrated unless birds can excrete fluids mori@g to preliminary reports, some species are car-
concentrated than the ingested water. Hence, osivorous and have a diet based mostly on aquatic
motic load imposed by the consumption ofinvertebrates including marine crustaceans and
osmoconformist prey (e.g., prey with a salt conmollusks (Paynter 1971, Hockey et al. 1987).
centration similar to that of their surrounding In Chile several species @inclodesare con-
environment), is probably the main physiologicalkpicuous components of marine coastal and river
factor limiting consumption of marine prey bybird assemblages. The latitudinal distribution of
terrestrial consumers. these species ranges from the dry Atacama Desert
Unlike mammalian kidneys that can produceegion in the north (18° S), to the cold-wet fjord
highly concentrated urine, avian kidneys have aegion (47° S) in the south (Araya et al. 1986).
poor concentrating ability (Dantzler & BraunWithin this geographical range, rainfall varies
1980, Braun 1981, Goldstein & Braun 1989)from less than 40 mm yeéin the north to almost
Some birds are able to cope with salt water using,000 mm yeat in the south (di Castri & Hayek
an extrarenal excretory system: the supraorbitdl976). Given this gradient in rainfall, birds living
or nasal gland. This gland excretes concentratexh the northern regions face a very different chal-
electrolyte solutions (Holmes & Phillips 1985)lenge as compared with birds living in central and
allowing marine birds to maintain a positive wa-southern areas. Freshwater in northern Chile is
ter balance while drinking hypertonic solutionsscarce, and since terrestrial productivity is re-
and while ingesting hypertonic prey, without hav4ated to rainfall (Lieth 1978), low levels of terres-
ing to consume freshwater. Nasal glands are vetyial prey are probably available for these birds.
efficient for salt excretion. For example, the gull The objective of this study was to determine the
Larus argentatusan secrete solutions contain-diet and osmotic load @inclodesnigrofumosus
ing 800 mmol ! of sodium and those of the petreland analyze the influence of these variables on
Oceanodroma leucorhoaan concentrate above both prey and freshwater availability of coastal
1100 mmol ! (Schmidt-Nielsen 1997). Consid- northern and central Chile. From a biogeographi-
ering that normal sodium concentration in thecal perspective, we hypothesized thatin the north-
blood plasma of marine birds is approximatelyern areas of Chile (where there is no freshwater)
150 mmol L, the concentrating ability of salt birds must have a higher osmotic load, and they
glands can reach from five to eight times. must ingest more terrestrial prey on their diet
Feeding on saline marine foods may be espavhen available to reduce stomach osmolality.
cially challenging for Passerine birds because
they lack functional salt glands (Shoemaker 1972)
and have a limited ability to concentrate urine MATERIAL AND METHODS
(Goldstein & Skadhauge 2000). In this situation,
salt stress may be avoided or minimized by feedStudy sites
ing in habitats of low salinity, by drinking fresh
water, by feeding on less saline food, and/oThe geographical distribution €. nigrofumosus
through increasing kidney volume and efficiencyranges from Arica (18° S) to Valdivia (39° S)
(Mahoney & Jehl 1985, Nystrom & Pehrsson(Araya et al. 1986, Fig. 1). The study was
1988). For example, savannah sparrowsonducted at two coastal sites of Chile: Taltal on
(Passerculus sandwichenjsiving in salt marshes the northern Atacama Desert (25°25’ S, 70°34’
with little fresh water, can tolerate this dry andw, Fig. 1) and El Quisco, on the central temperate
saline environment by feeding on terrestrial plantsegion (33°34’ S, 71°37’ W). Climatically, Taltal
seeds, and on terrestrial insects (Poulson & located in an arid-desert region (mean
Bartholomew 1962, Goldstein et al. 1990). precipitation 25.1 mm yead}, whereas El Quisco
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is located on a mesic-temperate region (meaved. Stomachs were manually compressed and
precipitation 441.3 mm yedr di Castri & Hajek the fluids collected in an eppendorf tube and
1976). frozen in liquid nitrogen. In the laboratory, fluids
were centrifuged (12.000 G, 5 min) and the
osmolality of the supernatant was determined by
Diet and osmotic load vapor pressure osmometry (Wescor 5130B).
Stomach contents were thawed and then deposited
In order to study bird diet and osmotic load, 16n a petri dish for further analysis. Prey items
individuals of C. nigrofumosuswere collected were separated, weighetl@.0005) and identified
while they were feeding on the intertidal rockyto the lowest possible taxonomic level.
shores of both sites either by the use of mist netsDietary composition was determined using the
or shot. Collection was done during summer seasdnequency of occurrence of each dietary item in
(December to February). After capture birds wer¢éhe guts (FO) measured as the number of birds
weighed & 0.05 g) and their stomachswhere the item was observed, and percentage of
(proventriculus and gizzard) immediately remo-weight of that item on the total gut content (%).
Stomach osmotic load of individuals captured
were compared using one-way analysis of vari-
ance (ANOVA). Site was considered as the main
1 factor with two levels. Normality, homogeneity
v M*— of variances and independence of the data were
§ verified using Shapiro-Wilk test (W), Levene’s
| and Durbing-Watson tests, respectively
AN (Wilkinson et al. 1996).
Taltal -I' e Dietary composition of the individuals cap-
{25.11 P tured at both sites were compared using the non-
Jr' parametric Kendall test of concordance (Siegel &
|

. nigrafminsus

Castellan 1988) on the calculated weight percent-
| [ i —  age of the dietary items (%). The test considers a
El Quisco ——) | null hypothesis of no-association for ranked vari-

(441 3 J ) ables. After the analysis, dietary items were pooled
' l|/! ) into three main categories: Crustacea, Mollusca
|

e

and Insecta. The relative contribution of those
T \ categories to diet composition at each site was
] j compared using one-way ANOVA. Normality,

N ( qr 44% = homogeneity of variances and independence of

\ the data were checked as explained above and

| standard procedures of data transformations (i.e.,
c.'ll arc-sin x) were used. The results are reported
4 using the original, untransformed data. Pearson
AN correlation tests were used to analyze the pos-
s sible relationships between the number of prey
b= _-'J items under each category, their contribution to
i A0 diet (% weight), and the osmotic load of each
e, bird.

Availability of prey

Al ln

i o We analyzed patterns of diversity and abundance
of mobile organisms in the rocky intertidal zone
F|g 1: Location of the two study SiteS, their at each site. To do thiS, during low tides, a series
average annual rainfall (mm yéarand the of 10 pIOtS 0f0.25x0.25 m were randomly placed

geographical distribution o. nigrofumosus parallel to the shoreline, between high and low
along the Chilean coast. intertidal levels. The high intertidal level was

Ubicacion de ambos sitios de estudio, precipitacion detgrmined.from the.d.istance between water level
promedio anual (mm affdy la distribucion geografica de  during low tide conditions and the zone where the
C. nigrofumosus lo largo de la costa chilena. surface stand dry under all tides conditions and
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receives water only during the most high tides ofompared using two-way analysis of variance
the year. The low intertidal level was determinedANOVA), considering sites and intertidal levels
considering the distance between water leveds random factors with two and three levels,
during low tide conditions and the belt of intertidalrespectively. Species composition of small and
kelps Lessonianigrescensthat was present in mid sized species occurring on the intertidal areas
both study sites. Mid intertidal level wasofeach site were compared using a non-parametric
established as the mid distance between low arndendall test of concordance (Siegel & Castellan
high intertidal levels. Intertidal levels were1988). This test considers the null hypothesis of
determined a priori using the high and low wateno-association between ranked variables (species
marks predicted by tide tables, during days oftomposition of each site).

similar tidal and sea conditions (Castilla 1988).

Small mobile species (i.e., less than 5 cm in body

length) occurring under each plot were identified RESULTS

to the lowest possible taxonomic level and

counted. Abundance and diversity of mid-sizedComposition of diet

(i.e., between 5 to 20 cm in body length) mobile

organisms were recorded during visual transects total of 12 different prey items were recognized
on the intertidal areas. In each transect, 100 m of the digestive tracts (Table 1). There was no
coastline were walked and individuals of eaclsignificant association between dietary composi-
species in the intertidal areas were recordedion of individuals at each site (Kendall coeffi-
Additionally, we estimated the abundance otient of concordance = 0.002%, ,= 0.036, P =
highly mobile-small organisms (i.e., Dipterous0.9012).

and Amphipods) by means of using tiding glue At El Quisco (mesic sitepAllopetrolisthessp.,
traps (Abepco, Orange, California) attached t&rustacean remains and Amphipoda-Gamaridae
rocky surfaces for 2 h. Each trap is a piece oshowed the highest occurrences (with 6, 4 and 3
cardboard with an 8.5 x 12.0 cm glued areaof FO, respectively), while in terms of percentage
Trapped insects and invertebrates were countexf weight, Allopetrolisthessp. and crustacean
and identified to the lowest possible taxonomicemains had the highest scores (with 33.64 and
unit. Abundances of captured organisms werd1.90 %, respectively). In Taltal (arid site)

TABLE 1

Dietary Composition ofC. nigrofumosusn the study sites: (FO) = frequency of occurrence
(number of individuals in which the dietary item was observed); (%) = item percentage of
weight on the total gut content; (n) = number of stomachs analyzed

Composicion dietaria d€. nigrofumosu®n los sitios de estudio: (FO) = frecuencia de ocurrencia (numero de
individuos en los cuales el item dietario fue observado); (%) = porcentaje del item en peso del total del contenido
estomacal; (n) = nimero de estbmagos examinados

Dietary item Site
El Quisco (n = 7) Taltal (n = 8)
FO % FO %
Crustaceans
Amphipoda-Gamaridae 3 4.16 6 2.73
Isopoda 2 1.68 3 2.21
Grapsusgrapsus - - 2 14.17
Leptograpsuwvariegatus 1 0.92 5 59.09
Allopetrolisthessp. 4 33.64 - -
Crustacea remains 6 41.90 - -
Mollusks
Scurria scurra - - 1 0.07
Nodilittorina peruviana 2 1.30 5 11.73
Littorina araucana 1 7.88 -
Prisogastemiger 1 0.22 - -
Insects
Diptera-Adults 2 8.26 1 3.13

Diptera-Larvae 1 0.04 3 6.87
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Amphipoda-Gamaridae\odilittorina peruviana

and the crableptograpsus variegatushowed

the highest occurrences (6, 5 and 5 of FO, resp
tively). In this siteGrapsus grapsud. eptograpsus

variegatusandNodilittorina peruvianahave the

highest scores on percentage of weight (59.(
14.17 and 11.73 %, respectively).

In spite of the above mentioned differences, t
analysis of dietary items using a higher tax
nomic resolution (i.e., pooling the results withi
Crustaceans, Mollusks and Insects) did not shi
significant differences between sites (Crustacea
F,.;=0.12, P >0.5; Insects; £E=0.78, P > 0.3;

1,13

Mollusks: F,,, = 0.14, P > 0.5; Fig. 2). At this ~ Taia El uini

level, diet ofCinclodesin both sites was com-

posed mainly of marine prey (crustaceans a..u

mollusks). Fig. 3: Stomach contents osmolality of two
populations ofCinclodes nigrofumosug\sterisk
denotes statistically significant differences among

Osmotic load populations, Tukey HSD test, P < 0.05. Vertical
lines represent 1 SE.

Stomach content osmolality was different amongsmolalidad del contenido estomacal de dos poblaciones

populations (E,,=4.77, P <0.05; Fig. 3Einclodes  deCinclodes nigrofumosusl asterisco denota diferencias

nigrofumosudrom Taltal had more concentratedestadisticas significativas entre poblaciones, prueba HSD

stomach fluids than individuals from El Quisco. Inde Tukey, P < 0,05. Las lineas verticales corresponden a 1

Taltal, the stomach content osmolality of two indi-EE:

viduals lightly exceeded seawater osmolality (i.e.,

1,000 mOsm kg).

L
x
T

I

rmalalily of gizzed content (mOsm ke )

Hibe

Availability of intertidal prey

A total of 25 mobile taxa were identified in both
sites (Table 2). There were significant differ-
ences in availability of mid and small sized spe-

e cies of Taltal and El Quisco (Kendall coefficient
B s of concordance = 0.0%%,,,=2.12, P = 0.696). At
El Quisco, the most abundant species in the high

.
1

i intertidal were the crustacea@yclograpsus

L] cinereus(13.4 ind 100 m) and the gastropod
B i Scurria scurria(7.2 ind 0.25 n¥). At this zone,

= Diptera adults (6.26 ind 0.01 ‘A, and

8 Nodilittorina peruviana(3.9 ind 0.25 n%) also

E_ I showed high abundances. In the Mid intertidal

zone, the crustaceanBetrolisthes violaceus
Allopetrolisthes punctatusand Petrolisthes
granosusshowed the highest abundances (10.61,
9.6 and 9.2 ind 100 ™ respectively), while at
low intertidal levels the crustaceafisantocyclus
gayi(5.2ind 100 n¥), Petrolisthes violaceu.0

Talra 1 ind 100 m?) andHomalapsis plang4.4 ind 100m

2) were the most abundant species. At Taltal, the
most abundant mobile organisms in the high in-
Fig. 2: Dietary composition o€. nigrofumosus  tertidal zone were the gastropobi®dilittorina
estimated by the use of high taxonomic categorieperuviana Littorina araucana(19.3 and 19.4 ind
Vertical lines represent 1 SE. 100 m?, respectively), and the crustacean
Composicion dietaria d€. nigrofumosugstimada a partir  AMphipoda-Gamaridae (5.1 ind 0.25mAt mid

del uso de categorias taxonémicas superiores. Las lineas intertidal zones, the crustaceans Amphipoda-
verticales corresponden a 1 EE. Gamaridae (12.1 ind/0.25 3n Leptograpsus

[Tt

Bive
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variegatus(6.6 ind 100 nf) and adults of Diptera Dietary composition and osmotic load
(10.3 ind 0.01 ni) were the most abundant spe-
cies. In contrast, solely the gastropbdtorina  No significant relationship was observed between
araucana(39.3 ind 100 nf) was the most abun- gut osmolality and the dietary composition®f
dant prey in the low intertidal level. nigrofumosus.Neither the number of items on
Captures on glue trap showed significant difeach dietary group (F 0.14, P = 0.19; = 0.04,
ferences in the abundance of flies between sités= 0.53; and r= 0.28, P = 0.60, for the number
(F 5= 7.548, P = 0.008) and for the interactionof prey items of crustaceans, mollusks and insects,
between site and intertidal level (£=14.45; P = respectively) nor their relative contribution to
0.0004). More flies were captured on Taltal thamiet composition (r= 0.02, P = 0.62; = 0.01, P
in El Quisco (7.6 and 4.3 ind 100-3nrespec- =0.69; ands=0.23, P =0.17, for the percentage
tively), and the abundance at mid intertidal level®f weight of crustaceans, mollusks and insects,
of Taltal was higher than all other site and interrespectively) showed any significant relation with
tidal level combinations (see Table 2). gut osmolality.

TABLE 2

Mobile species composition and densities recorded from ptotegn individuals 0.25 it 1
SD), visual transectgriean individuals 100 i+ 1 SD), and glue trapsnjean individuals
0.01 m? £ 1 SD) in different intertidal levels at both study sites

Composiciéon de especies moéviles y densidades registradas de las paimmiaedio de individuos 0,25t 1
DE), transectos visualedpfomedio de individuos 100 #+ 1 DE) y trampas de contactgp(omedio de individuos
0,01 m?+ 1 DE) en los distintos niveles del intermareal de ambos sitios de estudio

Species Site
El Quisco Taltal
High Mid Low High Mid Low
Mollusks
Polyplacophora 0.3 (1.32) - 0.5 (1.3) - - -
Prisogaster nigek - - - - - 1.8 (3.9)
Tegula atrd - - 0.1 (0.3) - - 0.03 (0.2)
Nodilittorina peruviand 3.9 (6.4) - - 19.3 (32.9) - -
Littorina araucand - - - 19.4 (30.0) 0.03(0.2) 39.3(59.2)
Collisella parasiticd 0.7 (1.7) 0.2(0.7) 0.7(1.4) 0.1 (0.4) 0.1 (0.7) -
Scurria scurrd 7.2 (6.6) 8.5 (8.2) 0.4 (0.9) - 0.1 (0.4) -
Collisella bohemitd - - 0.3 (0.9) 0.2 (0.6) 0.4 (0.9) -
Fissurella crassa - - 0.2 (0.5) - - -
Crustacea
Amphipodd 1.3 (0.2) 4.2 (2.5) - 5.1(10.8) 12.1(20.7) -
Acariil - - - 0.2 (0.6) - -
Grapsus grapsis - - 1.8 (0.4) 5.2 (0.8) 1.6 (0.5)
Leptograpsus variegatds - 0.4 (0.5) 0.2 (0.4) 5.2 (1.1) 6.6 (2.3) 1.2 (0.4)
Cyclograpsus cinereds 13.4 (3.1) 9.6 (0.9) 0.2 (0.4) - - -
Homalapsis plan& - 0.4 (0.5) 4.4 (1.5) - - -
Acantocyclus gayi - 2.4 (1.5) 5.2 (2.1) - - 0.2 (0.4)
Paraxanthus barbiger - 0.2(0.5) 0.2(0.4) - - -
Allopetrolistes punctati#s 0.4 (0.5) 9.4 (2.8) 3(2.0) - 0.4 (0.5) -
Liopetrolisthes mitrd - 1.6 (1.1) 0.4 (0.5) - - -
Petrolisthes violace#s 0.5 (0.6) 10.6 (1.1) 5.0(2.0) - - -
Petrolisthes granosds 1.8 (2.5) 9.2 (1.8) 1.4 (1.3) - - -
Petrolisthes tuberculatds 0.4 (0.5) 7.2 (1.3) 3(1.4) - - -
Insecta
Diptera adult3 6.26 (6.1) 2.4 (1.8) - 5.0 (5.3) 10.3 (4.3) -
Echinodermata
Stichaster striatus - - - - - 1.2 (1.4)
Heliaster helianthus - - - 0.2 (0.5) 1.0 (1.3) 0.2 (0.4)
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Dietary and intertidal species composition trials, as in our study, the stomach content osmo-
lality is similar to that of prey consumed by birds
Dietary composition ofC. nigrofumosus(Table (Mahoney & Jehl 1985, Janes 1997). Hence, we
1) mirrored abundances of marine prey recordedre confident in that osmolality of stomach con-
at both sites (Table 2). In particular, prey with theéents provides a good relative estimate of in-
highest abundances at high and mid intertidajested osmotic loads. However, dilution by gas-
zones showed the highest dietary representatiotr®intestinal secretions probably render it a poor
(FO and % weight) at El Quisc@llopetrolistes estimate of absolute osmotic load.
punctatusandAmphipoda-Gamaridgeand Taltal The relationship between stomach prey content
(Nodilittorina peruvianaAmphipoda-Gamaridae, and osmolality could be affected by consumption
Leptograpsus variegatuandGrapsus grapsus of freshwater. At El Quisc€. nigrofumosupre-
On the other hand, there was no relation betweesumably have more access to fresh water and their
the abundance of insects (adults of Diptera) in thetomach content exhibited a lower osmolality
field (higherin Taltal, Table 2) and theirincidencethan expected for a diet composed mainly by
on the diet ofCinclodes(higher in El Quisco, marine prey. Indeed, birds from El Quisco occa-
Table 1). sionally drink (P. Sabat unpublished results) in
temporary pounds containing a mix of seawater
and human-settlement discharges (with osmolali-
DISCUSSION ties as lower as 50 mOsm Kg However, where
presumably no fresh or dilute water is available,
A few passerines exploit marine habitats ands in the coastal desert site of Taltal, these birds
present adaptations to cope with high salt loadsad a higher stomach content osmolality, and
such as drinking fresh water, feeding on lesesmolality in some individuals reached values as
saline food, and/or increasing kidney volume andhigh as 1,200 mOsm Kg This might explain why
efficiency. Based on the broad geographical ranghere was no relationship between diet composi-
of C. nigrofumosu®n the Chilean coast, and intion and osmolality. Our results support the hy-
concordance with differences in fresh watepothesis thatC. nigrofumosusfrom El Quisco
availability, we predicted that birds from morereduce their osmotic load by means of drinking
arid regions would exhibit higher osmotic loadsfresh water.
and include (when available) more terrestrial prey Several birds use prey selection to diminish
on their diet to reduce stomach osmolality thamsmotic load when feeding in saline habitats
birds of more mesic sites. Our study revealed thgfohnston & Bildstein 1990). Madsen (1954) docu-
C. nigrofumosudgrom El Quisco (mesic site) and mented that the long-tailed duclkClangula
Taltal (arid site) have similar dietary preferenceshyemali$ included 47 % of bivalves (which have
Overall, these birds forage at mid and lowhigh content of salt in relation to other prey) in
intertidal levels, consuming marine prey in directheir diet when feeding in sites of moderate salin-
relation with their environmental availability. ity, but took near to 65 % of such prey when
Although the incidence of crustacean and infeeding in low-salinity sites. lonic concentration
sects in the diet of. nigrofumosuslid not differ of stomach contents can be diluted by drinking
between populations (more than 80 % of crustafreshwater and through the ingestion of prey items
ceans), osmolality of stomach contents at the Blith low osmolality. The ability to choose less
Quisco population was lower than at Taltal. Thesealty prey (insects) and/or drinking dilute water
birds ingested primarily osmoconforming inver-to decrease the osmotic load, may explain the
tebrates, but osmolality of their stomach contentsuccess of these birds to exploit such a prey-rich
remained lower than that of seawater. Althougkenvironment. Alternatively, physiological fea-
osmolality of dietary fluids may have decreasedures, as higher plasma osmolality and urine con-
because food in the stomach is mixed with gaszentration (Sabat & Martinez del Rio 2002), are
trointestinal secretions (Chang & Rao 1994an additional response to high osmotic loads im-
Denbow 2000), our measures were good estim@osed by a diet comprised mainly of marine in-
tors of the osmotic load. Two reasons support thigertebrates.
idea. First, osmolality of stomach content in Diet of birds are influenced by individual pref-
Cinclodesspecies is positively correlated witherences, physiological limits and environmental
urine osmolality in the field (Sabat & Martinez availability. Most maritime prey consumed By
del Rio 2002), and urine osmolality is a goodhigrofumosus(mollusks and crustaceans) are
estimator of osmotic load in birds (Goldstein &osmoconformers (Gilles 1987) and hence salt-
Braun 1989, Goldstein & Zahedi 1990). Secondloaded. Theoretically, the proportion of maritime
when samples are collected just after feedingrey might be correlated with the stomach con-
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tent osmolality. However, the stomach contenwhere fresh water is presumably not available,
osmolality of marine populations dfinclodes eat high salinity prey, and handle the high salt
that forage on marine invertebrates at intertiddlbad. On the contrary, other members of the genus
zones is typically lower than the concentration(e.g.,C. patagonicusand C. oustalefj could be
expected for a marine prey-eater. Only two indiless effective at handling marine prey, and their
viduals of C. nigrofumosusfrom Taltal had a dietary preferences and habitat use may be con-
stomach content osmolality comparable to seastrained by their osmoregulatory physiology
water. The stomach content of birds from E(Sabat & Martinez del Rio 2002). These differ-
Quisco had a lower osmolality than seawaterences in the osmoregulatory features observed
Such differences between stomach content arminongCinclodesspecies may partially explain
seawater strongly suggest that these birds amehy no otherCinclodesspecies occurs in arid
capable of selecting prey with lower osmolalitysites, even though other species occur at same
and/or to drink more dilute water. This may exdatitudes but only in Andean streams. Similarly,
plain why, in spite of the differences on the availsuch differences also may account for the sea-
ability of Diptera (higher at Taltal than at Elsonal migration ofC. oustaletifrom coastal to
Quisco), individuals from both sites consume simistream habitats during hot and dry summers in
lar amounts of insects (10 % of their dietarymesic regions, when the availability of fresh wa-
composition), probably as a way of diluting theter decreases (December to March, Sielfeld et al.
high salt content of marine prey. 1996, Jorge et al. 1998). Further studies are needed

Several studies have shown that salt-marsh pat» elucidate how seasonal differences in precipi-
serines are not able to tolerate drinking fultation and temperature on the one end, and physi-
strength seawater (Poulson 1969, Basham &logical limits on the other, determine diet
Mewaldt 1987) Cinclodesspecies, especiallg. breadth, dietary selection, and influence migra-
nigrofumosusre able to tolerate osmoconformingtory behavior of maritimeinclodesspecies.
invertebrates, but their ability to tolerate seawa-
ter remains unknown. It may be well that specific
solute composition of prey is important. Inverte- ACKNOWLEDGEMENTS
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