Revista de Biologia Marina y Oceanografia
Vol. 51, N21: 147-159, abril 2016
DOI 10.4067/S0718-19572016000100014

ARTICLE
Benthic food distribution as a predictor of the
spatial distribution for shorebirds in a
wetland of central Chile

La distribucion del alimento bentonico como predictor de la distribucion
espacial de playeros en un humedal de Chile central

Alfredo D. Pérez-Vargas'?3, Mariano Bernal*, Camila S. Delgadillo,
Eduardo F. Gonzélez-Navarro and Mauricio F. Landaeta*

1Facultad de Ciencias del Mar y de Recursos Naturales, Universidad de Valparaiso, Avenida Borgofio 16344, Refiaca, Vifia del Mar,
Chile. alfredo.perez@uv.cl

2Programa de Doctorado en Ciencias mencion Recursos Naturales Acuéticos, Facultad de Ciencias del Mar y de Recursos Naturales,
Universidad de Valparaiso, Avenida Borgofio 16344, Refiaca, Vifia del Mar, Chile

3Programa de Magister en Oceanografia, Facultad de Ciencias del Mar y de Recursos Naturales, Universidad de Valparaiso (Programa
conjunto con la Pontificia Universidad Catélica de Valparaiso), Avenida Borgofio 16344, Refiaca, Vifia del Mar, Chile

4Laboratorio de Ictioplancton (LABITI), Facultad de Ciencias del Mar y de Recursos Naturales, Universidad de Valparaiso, Avenida
Borgofio 16344, Refiaca, Vifia del Mar, Chile

Resumen.- Los ambientes costeros de Chile central son sitios importantes para playeros residentes y migratorios. Los ambientes
estuarinos son habitats criticos que proveen sitios de descanso y recursos alimentarios para playeros que recuperan energia
durante su migracién. Se hipotetizé que los playeros escogen habitats especificos en el humedal del Rio Aconcagua, Chile central,
basados en la disponibilidad de alimento. Para probar esta hipotesis se evalué la composicion, abundancia y distribucion
espacial del ensamble bentdénico en dreas de alimentacidn. La prediccidn principal fue que el tipo de alimento reflejaria la
distribucion espacial de playeros. El total de invertebrados benténicos fue 11.514 individuos, correspondiente a 25 taxa, siendo
crustdceos, poliquetos, oligoquetos e insectos los grupos taxondmicos mayores. El total de playeros fue 2.105, y 1.136 individuos
en actividad alimentaria correspondiente a 18 especies de las Familias Charadriidae, Haematopodidae, Recurvirostridae y
Scolopacidae. Las planicies intermareales del area de estudio exhiben distribuciones espaciales no aleatorias de playeros en
actividad alimentaria, relacionadas a la disponibilidad de alimento al interior del humedal del Rio Aconcagua. El analisis
integrado mostro diferencias significativas entre planicies intermareales basadas en la abundancia y composicion del ensamble
bentdnico (mediado por las caracteristicas del sedimento), y también algunas relaciones entre playeros en actividad alimentaria
y grupos troficos en planicies intermareales particulares. Estos resultados tienen implicancias para la conservacion de playeros
y la gestion de humedales, principalmente en relacién a cambios ambientales, pérdida y destruccién de habitat relacionados con
la declinacion de poblaciones de playeros a nivel mundial.
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Abstract.- Coastal landscapes of central Chile are important places for species of resident and migratory shorebirds. Estuarine
environments are critical habitats that provide resting places and food resources for large concentrations of shorebirds to
replenish their energy during their migration. We hypothesized that shorebirds choose particular habitats based on food
availability in a tidal wetland of Aconcagua River, central Chile. We evaluated composition and abundance of benthic ensemble
in foraging areas, and its local spatial distributions in these foraging areas. The main prediction was that selected trophic items
may reflect the main distribution of shorebirds. The total benthic invertebrates registered were 11,514 individuals, corresponding
to 25 taxa, being crustaceans, polychaetes, oligochaetes, and insects the major taxonomic groups. The total and foraging shorebirds
registered were 2,105 and 1,136 individuals, respectively; corresponding to 18 species belonged to 4 Families: Charadriidae,
Haematopodidae, Recurvirostridae and Scolopacidae. Tidal flats around the study site exhibit non-random spatial distributions
of feeding shorebirds, responding to food availability within the Aconcagua river wetland. Our integrated analysis showed
significant differences between tidal flat areas based on abundance and composition of benthic trophic items (mediated by
sediment characteristics), and some relationships between foraging shorebirds and trophic items in particular tidal flat areas.
These results have implications for shorebird conservation and future wetland management, mainly in relation to environmental
changes and other causes of habitat loss and destruction linked with worldwide decline in many shorebird populations.
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INTRODUCTION

Coastal landscapes of central Chile are important places for
at least 27 species of resident and migratory shorebirds
(Schlatter & Sielfeld 2006). During the austral winter and the
spring season, these environments include austral species
travelling northward and boreal long distance migratory species
during southward migration to temperate grounds respectively
(Morrison & Myers 1987, Sallaberry et al. 1996, Aparicio
2006).

Estuarine environments with diverseamount of available tidal
flats are critical habitats that provide resting places and food
resources for large concentrations of shorebirds that use them
as wintering staging areas where they need to stay for long
periods or just few days as stopover sites to replenish their
energy (Piersma 1987, Skagen 2006, Warnock 2010) during
their south and northward migration (Myers et al. 1987,
Morrison & Ross 1989).

Shorebirds detect prey by visual and tactile sensory
mechanisms, been pecking and probing the main methods (Baker
& Baker 1973), and flexible foraging strategies that can shift
their diet to exploit locally abundant invertebrate resources
(Skagen & Oman 1996, Quinn & Hamilton 2012). During non-
breeding seasons many shorebirds often forage across flats
following tidal exposure and generally distribute themselves on
specific habitats based on availability, distribution and abundance
of macrobenthic invertebrates (Wilson 1990, Colwell &
Landrum 1993, Butler et al. 2001), according to the physical
characteristics of tidal flats (Yates etal. 1993, Colwell 1993,
Finn et al. 2008). Then, they move to supratidal areas to rest
when the tide rises (Burger et al. 1977).

Despite the abundant literature for the Northern Hemisphere
and the recent studies in South America, the shorebird usage of
coastal habitats and prey resources has been scarcely studied
in Chile (Tabiloetal. 1996, Aparicio 2006, Estades et al. 2009,
Gonzélezetal. 2011). Along Chilean coast, these environments
are discontinuous and small in size (< 10 ha), and their average
number and extension increase in a north-south direction
(Marquet et al. 2012), being important for shorebirds during
their migration. The coastal wetlands of central Chile are
characterized by smooth gradients both in terms of physical
properties, such as sediment grain size distributions, and
biological properties, such as density of meio- and
macrozoobenthic species (Kraan et al. 2009, Ge et al. 2011,
Suazo et al. 2012). Oligochaetes, polychaetes, ostracods,
amphipods, and chironomids are the main taxa found in these
environments (Jaramillo etal. 1985, Richter 1985, Quijon &
Jaramillo 1993, Torres et al. 2012).
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We hypothesized that shorebirds choose particular habitats
based, at least, on food availability. The goal of this study is
to test that food availability is a predictor of the spatial
distributions of shorebirds species in a tidal flat from central
Chile. To examine how food availability determines the spatial
distributions of shorebirds, specifically we evaluated (1)
composition (richness) and abundance of meio- and
macrobenthic trophic items in foraging areas, and (2) its local
spatial distributions in these foraging areas. The main prediction
is that selected trophic items may reflect the main distribution
of shorebirds. The hypothesis was tested during the austral
winter and spring season in the wetlands of Aconcagua River,
central Chile.

MATERIALS AND METHODS

STUDY SITE

The study site was located at wetlands of Aconcagua River
(32°55’03”S, 71°30°20”W) (Fig. 1), a microtidal estuary (1.7
m tidal average) in central Chile (Martinez & Cortez 2007).
The wetland of Aconcagua River is shallow and contains narrow
soft-sediment flats that are exposed during low tide on a semi-
diurnal basis. The tidal flats are utilized by shorebirds for both
resting and feeding. We established 5 intertidal sand flat areas
(ca. 285 m length, 2 m width each) around the lagoon formed
at wetland of Aconcagua River. ‘Playa Sur (PS)’ correspond
toa sand flat located immediately south of river mouth. ‘Playa
Norte (PN)’ correspond to a sand flat area located immediately
north of river mouth. ‘Brazo Norte (BN)’ was the most sheltered
of the group; it was bordered on the landward side by emergent
vegetation at the northeast margin of the lagoon. ‘Totoral La
Isla (TLI)’ located front of river mouth and bordered on the
landward side by emergent vegetation. ‘Totoral Sur (TS)’
located at the south margin of the lagoon, and bordered on the
landward side by emergent vegetation.

SHOREBIRDS SAMPLING

Shorebird surveys were conducted on 12 dates, as sampling
units, between July and December 2013 by 2 observers. In
order to support statistical analysis we used additional 10 dates
between August and December 2012 utilizing the same
methodology as explained above. During the present study we
considered only foraging shorebirds occurring on intertidal flats
or wadding in the near shore of each flat. Shorebird surveys,
made on days without rainfall, and with good conditions of
visibility were conducted by point count at 3-m height from 2
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Figure 1. Map showing the study site atwetlands of Aconcagua River and intertidal sand flat areas (PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte;
TLI: Totoral La Isla; TS: Totoral Sur). Gray depict main tidal flats appearing at low tides. Green depict emergent vegetation. Black dots depict bird point
counts / Sitio de estudio en el humedal del Rio Aconcagua y planicies intermareales (PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La
Isla; TS: Totoral Sur). Gris denota las planicies intermareales que emergen en baja marea. Verde denota la vegetacion emergente. Puntos negros

indican los puntos de observacion y conteo de aves

vantage points (Bibby et al. 2000) over 60-min intervals
beginning, as possible, one hour before low tide, and ending
one hour after low tide. Because every flat was fully visible
from these vantage points, double-counting of birds moving
between flats was avoided. If a bird did move between flat
areas, its prior location was the one recorded. Observations
and identification were made using 7x50 binoculars, 60x spotting
scope and tally counter for counting birds at a minimum distance
of ~20 m from foraging birds. This distance was sufficient to
avoid disturbing the birds.

BENTHOS SAMPLING

We determined composition and abundance of meio- and
macrozoobenthos in the wetland of Aconcagua River between
July and December 2013. Benthos sampling was performed
monthly over 5 intertidal sand flat areas. The sampling stations,
located on the water line of each flat, were visited by foot during
low tide on next day of the shorebird survey. Three sample
units were collected at each area. Each sample unit consisted
of sediment taken down to a depth of 10 cm with a core of
0.002 m2. The 10-cm depth was selected to capture benthic
organisms related to longest bill range of probing shorebirds
(Johnson et al. 2007, VanDusen et al. 2012). In order to obtain
a general composition of benthic ensemble the sample units were
notsieved. The 90 sample units were carried to the laboratory

onice with contents fixed using 4% diluted formalin with distilled
water. After sorting and enumerating by taxonomic groups,
organisms were preserved in 80% diluted ethanol with distilled
water.

SEDIMENTS SAMPLING

Sediment sample units were collected concurrently with benthic
organisms. Three sample units were collected at each station.
Each sample unit consisted of sediment taken down to a depth
of 10 cm with a 5-cm diameter core. All sediment sample units
were taken at low tide. Each sediment sample unit was dried
for 48 hat 70°C in the laboratory and then weighed and sieved
through 7 meshes. Grain sizes were binned into 7 groups based
on the Udden-Wentworth scale (Udden 1914, Wentworth
1922) (silt/clay: < 0.063 mm, very fine sand: < 0.125 mm, fine
sand: <0.250 mm, medium sand: < 0.500 mm, coarse sand: <
1.000 mm, very coarse sand: < 2.000 mm, gravel: > 2000 mm),
and percent composition was computed for each sample unit
using GRADISTAT software package v4 (Blott & Pye 2001).

DATA ANALYSIS

In order to consider seasonal variability of biological matrices,
the database was analyzed separately as austral winter and
spring periods. Very small size benthic taxa (< 0.4 cm) were
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excluded for all analysis. Response variables (i.e., benthos
abundance, shorebirds abundance, and grain size of sediments)
were log(x+1)-transformed to prove statistical assumptions of
normality (Lilliefors test) and homogeneity of variance (Levene
test) (STATISTICA 7.0)%. In all cases, it was not possible to
reach the assumptions for parametric statistical procedures. To
determine whether benthic and shorebirds abundances differed
among flats, we performed Kruskal-Wallis test, with flat area
as the independent variable and individual sampling units as
replicates. To test for among-flat differences in grain-size group
means, we performed Kruskal-Wallis test, with flat area as the
independent variable and individual sampling units as replicates
(STATISTICAT7.0). Significant differences were followed by
Mann-Whitney test with Bonferroni correction test a posteriori
contrasts to compare benthic abundance, foraging shorebirds
abundance, and the grain-size group means distribution at each
tidal flat (PAST 2.17¢, Hammer et al. 2001).

To determine whether shorebirds ensemble composition
differed among flats, we performed one-way ANOSIM based
on Bray-Curtis similarity matrix computed on abundance
(log(x+1) transformed), with flat area as the independent variable
and individual sampling units as replicates. Todetermine whether
benthic community composition differed among flats, we
performed one-way ANOSIM based on Bray-Curtis similarity
matrix computed on abundance (log(x+1) transformed), with
flat area as the independent variable and individual sampling
units as replicates. To test for among-flat differences in grain-
size distribution, we performed a one-way ANOSIM based on
a Euclidean distance resemblance matrix with flat area as the
independent variable and grain-size distributions from individual
sampling units as replicates.

The relationship between benthic community structure and
the shorebird ensemble was assessed using the BEST procedure
(PRIMER-E 6.1.6, Clarke & Gorley 2006). BEST searches
for high rank correlations between a fixed similarity matrix and
resemblance matrices produced from a subset of possible
explanatory variables that come from a second “active’ similarity
matrix. The degree to which the multivariate patterns of the
fixed matrix match the patterns of the optimized subset matrix
is the degree to which the subset variables “‘explain’ the patterns
in the fixed matrix. This analysis was performed using the
shorebird and benthic abundances datasets, with the similarity
matrix from the shorebird dataset serving as the fixed matrix.
We performed a BEST analysis using the fixed shorebird Bray-
Curtis similarity matrix and the active benthic Bray-Curtis
similarity matrix from the reduced species set to major

1StatSoft Inc. 2004. STATISTICA (data analysis software
system), version 7.
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taxonomic groups. Our fixed matrix was the Bray-Curtis
similarity matrix produced from the shorebird ensemble dataset
previously log(x+1)-transformed. The BEST procedure was
used to assess the relationship between sediment grain-size
composition and the shorebird ensemble. The shorebird
abundance data were log(x+1)-transformed, and their Bray-
Curtis similarity matrix served as the fixed matrix for the BEST
analysis. Both benthic and sediment datasets were reduced by
averaging sampling units. A final BEST analysis drew upon all
three datasets. The composited sediment and benthic
macrofauna datasets were combined on a single spreadsheet
to form an active matrix that supplied explanatory variables from
both datasets at the same time. Again, the Bray-Curtis similarity
matrix from the shorebird dataset served as the fixed matrix for
the BEST analysis.

To determine spatial distribution of foraging shorebird species
we examined the relationship between X abundance and s2in
each intertidal flat area. Finally, in order to show which foraging
shorebird species, and benthic food items, are associated with
which particular tidal flat area, we performed the chi-square
contingency table analysis.

REsuLTs

SHOREBIRDS ANALYSIS

The total and the foraging shorebirds registered were 2,105
and 1,136 individuals, respectively, corresponding to 18 species
belonging to 4 Families: Charadriidae, Haematopodidae,
Recurvirostridae and Scolopacidae. Species recorded were 4
residents, 12 boreal migrants and 2 austral migrants.

The more common and abundant foraging shorebirds were
the resident black-necked stilt Himantopus mexicanus
(Recurvirostridae) (27%), southern lapwing Vanellus chilensis
(Charadriidae) (21%), american oystercatcher Haematopus
palliatus (Haematopodidae) (5%) and the migrants: greater
yellowlegs Tringa melanoleuca (13%) and whimbrel
Numenius phaeopus (Scolopacidae) (10%). Other shorebirds
occurred irregularly: golden plover Pluvialis dominica, black-
bellied plover Pluvialis squatarola, semipalmated plover
Charadrius semipalmatus, ruddy turnstone Arenaria
interpres, sanderling Calidris alba, Baird’s sandpiper Calidris
bairdii, pectoral sandpiper Calidris melanotos, hudsonian
godwit Limosa haemastica, willet Tringa semipalmata, lesser
yellowlegs Tringa flavipes, snowy plover Charadrius nivosus,
collared plover Charadrius collaris and rufous-chested dotterel
Charadius modestus (Table 1).
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Table 1. Abundance (mean £ SD) of foraging shorebirds registered by sand flat area during austral winter and spring seasons. PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La lsla;
TS: Totoral Sur / Abundancia (media + DE) de aves playeras alimentandose registradas por planicie costera durante las estaciones de invierno y primavera. PS: Playa Sur; PN: Playa Norte;
BN: Brazo Norte; TLI: Totoral La Isla; TS: Totoral Sur

AUSTRAL WINTER AUSTRAL SPRING
PS PN BN TLI TS PS PN BN TLI TS
Mean (SD) Mean (SD) Mean (SD) Mean (SD)  Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Visual foragers

Pluvialis dominica 0.1 (0.29) 0.1(0.29)

Pluvialis squatarola 0.1 (0.29)

Charadrius semipalmatus 0.2 (0.58) 0.1(0.29)

Arenaria interpres 0.1(0.32)

Calidris alba 0.5 (1.58) 1.1 (3.75) 1.0 (2.89) 0.6 (1.73)

Calidris bairdii 5.6 (17.71) 1.5 (2.80) 0.3 (0.67) 1.3 (3.28) 1.5(3.12) 2.6 (5.11) 0.5(1.73)

Calidris melanotos 0.1(0.32) 1.0 (3.16) 0.3 (0.62) 1.0 (2.00)

Charadrius nivosus 0.1(0.29)

Charadrius collaris 0.3 (0.48) 1.5(3.24) 0.6 (1.07) 0.2 (0.63) 0.3 (0.62) 1.9 (1.62) 1.1(1.51)

Charadrius modestus 0.1(0.32) 3.0(5.35) 1.6 (2.50) 0.1(0.32)

Vanellus chilensis 1.8 (1.48) 1.3 (1.42) 1.7(1.57) 2.7(1.57) 0.6 (0.97) 3.5(2.97) 4.1(6.73) 2.3(3.62) 22(2.12) 0.7 (0.98)
Tactile foragers

Himantopus mexicanus 2.9(3.57) 2.9 (5.40) 5.5(7.31) 1.3 (3.47) 5.8(7.16) 1.7 (1.50) 2.1 2.07) 2:5(2:11) 2.5(3.80) 1.8 (1.82)

Haematopus palliatus 0.1(0.32) 1.2 (2.10) 0.4 (1.00) 2.8(5.37) 0.7 (0.89)

Numenius phaeopus 2.3(3.16) 2.5(5.84) 0.3 (0.95) 0.1(0.32) 1.0 (1.71) 1.7 (1.87) 1.9 (1.88) 0.8 (0.97) 0.1(0.29)

Limosa haemastica 0.2 (0.39)

Tringa semipalmata 0.3 (0.95) 0.2 (0.63)

Tringa melanoleuca 0.1(0.32) 0.4 (1.26) 0.3 (0.48) 0.1(0.32)  0.5(1.58) 0.2 (0.58) 0.1 (0.29) 1.3 (1.66) 0.7 (1.50) 1.3 (3.45)

Tringa flavipes 0.2 (0.63) 0.6 (0.70) 0.2 (0.63) 0.1 (0.29) 0.4 (0.67) 0.8(1.22)

SD: standard deviation
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Table 2. Abundance (mean £ SD) of benthic organisms found by sand flat area during austral winter and spring seasons. PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La Isla; TS:
Totoral Sur / Abundancia (media + DE) de organismos bentdnicos encontrados por planicie costera durante las estaciones de invierno y primavera. PS: Playa Sur; PN: Playa Norte; BN: Brazo
Norte; TLI: Totoral La Isla; TS: Totoral Sur

AUSTRAL WINTER AUSTRAL SPRING
PS PN BN TLI TS PS PN BN TLI TS
Mean (SD) Mean (SD) Mean(SD) Mean (SD)  Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Polychaeta
Nereididae 1.2 (1.09) 2.4 (3.91) 7.9 (3.69) 5.2(4.12) 0.4 (1.01) 19.1 (18.18) 18.2 (14.90) 31.7 (20.83) 20.6 (15.39) 4.7 (6.65)
Spionidae 7.7(7.02) 1.4 (1.59) 10.7(11.51)  4.8(5.78) 3.4 (4.64) 21.4 (24.19) 4.0 (4.85) 6.9 (9.68) 11.9 (11.15) 7.2 (8.20)
Syllidae 0.1 (0.33) 0.1(0.33)
Oligochaeta 4.1(6.35) 1.0(1.73) 4.2(7.31)  10.4(13.38) 13.1(22.03) 18.9 (47.26) 2.9(3.98) 7.4 (14.04) 10.1 (26.63) 20.9(21.27)
Nematoda 32.2(23.33) 19.9(28.32) 53.6(23.73) 54.7(92.48) 2.6(3.09) 104.3(78.59) 94.0(95.80)  144.4 (181.84) 177.1 (158.12) 28.9(51.49)
Gastropoda 0.7 (0.71) 0.1(0.33) 0.3 (0.50) 0.3(0.71) 1.2 (1.48) 1.0 (1.66 2.7 (5.07)
Crustacea
Amphipoda undet. 0.1(0.33)
Corophiidae 0.1 (0.33) 0.1(0.33) 0.2 (0.44)
Orchestoidea tuberculata 0.1 (0.33)
Ostracoda 0.9(1.36) 0.6 (1.13) 17.4(16.60)  1.7(2.92) 1.1 (2.67) 16.8 (43.40) 8.4 (9.80) 110.7 (122.88) 3.0 (5.00)
Copepoda 1 1.1 (2.09) 0.1(0.33) 0.2 (0.44) 1.7 (3.04)  18.7(33.33) 8.9(23.35) 0.2 (0.44) 0.9 (2.67) 63.1(68.51)
Copepoda 2 0.1(0.33) 0.4 (0.53) 0.2(0.44) 0.2 (0.44) 0.1 (0.33) 0.2 (0.44)
Collembola 0.1(0.33) 0.2 (0.44) 0.2 (0.67) 0.3 (0.50) 3.0 (3.64)
Granuloreticulosa 0.1 (0.33)
Tardigrada 0.1(0.33)
Insecta
Chironomidae (L) 0.1(0.33) 0.1(0.33)  1.1(2.09)  0.9(1.59) 1.9 (4.01) 0.6 (0.88) 1.6 (3.32) 1.8 (4.97) 3.7(5.02)
Brachycera 1 (L) 0.1(0.33) 0.2 (0.67) 0.1 (0.33) 0.1 (0.33)
Brachycera 2 (L) 0.1(0.33) 0.3 (0.71) 0.1(0.33) 1.2 (3.67) 0.1 (0.33)
Dolichopodidae (L) 0.2 (0.67)
Diptera undet. 0.2 (0.67)
Coleoptera 0.1(0.33) 0.2 (0.44)
Lepidoptera (L) 0.1(0.33)
Insecta undet.1 (L) 0.1 (0.33)
Insecta undet. 2 (L) 0.1 (0.33)
Insecta undet. 3 (L) 0.3 (1.00)

(L): Larvae. SD: standard deviation



Table 3. Results of Kruskal-Wallis statistical test and post hoc contrasts using Mann-Whitney test with Bonferroni correction test comparing sedimentgrain size average, benthicinvertebrate
abundance and foraging shorebird abundance among intertidal sand flats, during austral winter and spring seasons / Resultados de la prueba estadistica de Kruskal-Wallis y los contrastes
a posteriori mediante la prueba de Mann-Whitney con la correccion de Bonferroni comparando promedio de tamafio de grano de sedimento, abundancia de invertebrados benténicos y
abundancia de aves playeras alimentandose entre planicies costeras, durante las estaciones de invierno y primavera

AUSTRAL WINTER AUSTRAL SPRING
Matrix Descriptor Statistical comparisons between areas (0= 0.05) Statistical comparisons between areas (a= 0.05)
H(df,n)  P-value a posteriori test Uy  P-value H(df,n)  P-value aposterioritest Uy,  P-value
Sediments  Average 16.60(4;45) <0.05* PN#TS 5.0 <0.05*% 8.49(4; 45) n.s.
BN £TS 7.0 <0.05*%
Benthos Abundance  21.05(4;45) <0.05* PN#BN 0.5 < 0.05% 11.71(4;45) <0.05 PN £ BN 11.0 <0.05
PN # TLI 7.0 <0.05* PN #TS 11.5 <0.05
PN #TS 8.0 <0.05* TLI#TS 17.5 <0.05
PN #PS 10.5 <0.05%
BN #PS 5.0 <0.05%
Shorebirds ~ Abundance  5.83(4; 50) n.s. 15.67(4;60) <0.05* PN # TLI 31.0 <0.05
PN £TS 13.5 <0.05*
BN #TS 23.5 <0.05%
TS #PS 34.0 <0.05
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H: Kruskal-Wallis statistic; gf: degree of freedom; a posteriori test Uzy: Mann-Whitney test with Bonferroni correction; n.s.: not significant; *: P-value < 0.01;
PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La Isla; TS: Totoral Sur



154

@ Austral winter
O Austral spring

200 *
[} p—
= 150
ol 1
[hs
oc
£m
w2 100 *
23 *
&8
ST 50
(T8
0 T T T 1
PS PN BN TU TS

Sand flat areas

Figure 2. Total abundance of foraging shorebirds by sand flat areas
during austral winter (gray column) and spring (white column) seasons.
PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La Isla;
TS: Totoral Sur. * indicates significant differences (P < 0.01) /
Abundancia total de aves playeras alimentdndose por planicie
intermareal durante las estaciones de invierno (columna gris) y
primavera (columna blanca). PS: Playa Sur; PN: Playa Norte; BN: Brazo
Norte; TLI: Totoral La Isla; TS: Totoral Sur. * indica diferencias
significativas (P < 0,01)

In terms of seasonal variability there was no difference among
flats in shorebird abundance in winter. In contrast, the major
difference among flats in shorebird abundance emerged during
spring. PN (190 individuals) and TS (46 individuals) had
significantly higher and lower shorebird abundances, respectively
(Table 3). In addition a simple graphic view between winter
and spring seasons had significant differences of total foraging
shorebird abundance ratios (Yates’ chi-square: PNy . =10.1;
TLIxGgsa= 7-7; TSx},s,= 7.3; P < 0.01 for all) (Fig. 2).

In austral spring, PS flat registered almost all species and
TS flat only registered individuals of the more abundant
species: black-necked stilt, southern lapwing, greater
yellowlegs and whimbrel. Considering the whole wetland, our
survey shows that neighborhood of tidal flats around the study
site exhibit non-random spatial distributions of feeding
shorebirds (s2x>> 1, for almost all species).

The shorebird ensemble showed highly significant variability
among all flats in winter (ANOSIM, global R=0.32, P=0.001).
Individual pairwise comparisons of flats (Table 4) revealed
significant differences between TLI and PN-BN-TS flats. In
spring, the shorebird ensemble showed highly significant
variability among all flats (ANOSIM, global R=0.162, P=
0.001). Pairwise comparisons (Table 4) revealed significant
differences between TS and PN-BN flats.
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Figure 3. Total abundance of benthic macrofaunal taxa by sand flat
areas during austral winter (gray column) and spring (white column)
seasons. PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral
La Isla; TS: Totoral Sur. * indicates significant differences (P < 0.01) /
Abundancia total de taxa macrobentdnicos por planicie intermareal
durante las estaciones de invierno (columna gris) y primavera
(columna blanca). PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte;
TLI: Totoral La Isla; TS: Totoral Sur. * indica diferencias significativas
(P<0,01)

BENTHOS ANALYSIS

The total meio- and macrobenthic invertebrates registered were
11,514 individuals, corresponding to 25 taxa (Table 2).
Excluding nematodes, foraminiferans and tardigrads, almost all
(98%) invertebrates considered belonged to 4 major taxonomic
groups ranging from 0.4 to 5.0 cm of total length: crustaceans
(45%), polychaetes (34%), oligochaetes (16%), and insects
(3%). Crustaceans consisted mostly of ostracods (62%) and
copepods (37%), but also contained a few amphipods (1%).
Within the 3 families of polychaetes identified, 58.3% of
individuals were nereidids, 41.6% were spionids, and 0.1%
were syllids, being the most of them of small size. Oligochaetes
were considered as a major taxonomic group. Insects were
mainly represented by larvae of chironomids (75%), and
brachycers (16%), but also contained a few minor groups (9%:
coleopters, dolichopodids, lepidopters, and others not
identified).

The major difference among flats in benthic invertebrate
abundance emerged from the analysis. PN (52 individuals)
and PS (136 individuals) had significantly lower benthic
invertebrate abundances than other flats in winter (Table 3),
being PN the flat with markedly lower abundances in both
seasons. BN (1,453 individuals) and TS (959 individuals) had
significantly higher benthic invertebrate abundances than other
flats in spring (Table 3). In addition a simple graphic view
between winter and spring seasons had significant differences
of total benthic invertebrate abundance ratios (Yates’chi-square:
PNy2,,= 185.2; BNy2 = 636.1; TLIy2 = 72.3;
TS5 45,= 280.1; PSy; o = 462.3; P < 0.01 for all) (Fig. 3).



Table 4. Results of analysis of similarity (ANOSIM) and post hoc pairwise comparisons on sediment grain size composition, benthic invertebrate
composition and foraging shorebird composition among intertidal sand flats, during austral winter and spring seasons / Resultados del analisis de
similitud (ANOSIM) y las comparaciones a posteriori de a pares sobre la composicién del tamafio de grano de los sedimentos, composicion de
invertebrados bentdnicos y composicion de aves playeras alimentdndose entre planicies costeras, durante las estaciones de invierno y primavera

AUSTRAL WINTER AUSTRAL SPRING
Matrix ANOSIM between areas (a=0.05) ANOSIM between areas (a= 0.05)
R global test ~ P-value R pairwise tests P-value R global test ~ P-value R pairwise tests P-value
Sediments 0.51 <0.05* PN-TLI 047 <0.05* 0.46 <0.05* PN - TLI 0.40 <0.05*
PN-TS 098  <0.05* PN-TS 0.77 <0.05*
BN -TS 0.75  <0.05* BN-TS 0.72 <0.05*
TLI- TS 0.56  <0.05* TLI-TS 0.81 <0.05*
TLI-PS 036  <0.05* TLI-PS 0.47 <0.05*
TS -PS 096  <0.05*% TS-PS 0.84 <0.05*
Benthos 0.15 <0.05* BN -TS 0.53  <0.05* 0.24 <0.05* PN -TS 0.64 <0.05*
BN-TS 0.71 <0.05*
TLI- TS 0.41 <0.05*
TS-PS 0.42 <0.05*
Shorebirds 0.32 <0.05* PN-TLI  0.60  <0.05* 0.16 <0.05* PN -TS 0.34 <0.05*%
BN-TLI 0.60 <0.05* BN -TS 0.37 <0.05*
TLI- TS 0.70  <0.05*

*: P-value < 0.01; PS: Playa Sur; PN: Playa Norte; BN: Brazo Norte; TLI: Totoral La Isla; TS: Totoral Sur

The benthic macrofaunal communities showed highly
significant variability among all flats in winter using abundances
of major taxonomic groups (ANOSIM, global R=0.146, P=
0.004). Individual pairwise comparisons of flats (Table 4)
revealed significant differences between BN-TS flats. In spring,
the benthic macrofaunal communities showed highly significant
variability among all flats (ANOSIM, global R=0.238, P=
0.001). Pairwise comparisons (Table 4) revealed significant
differences between TS and all other flats.

SEDIMENTS ANALYSIS

The sediment sampled was classified as sand, ranging from fine
to very fine sand. The majority of intertidal sand flat areas were
dominated by fine sand (PN, BN, TLI, and PS). TS was
dominated by very fine sand.

The majoramong-flat differences in grain-size group medians
emerged during winter. The most clearly distinguishable flat from
the others was TS, which had significantly the finest sediments
by far (phi units > 3.3). There were no among-flat differences
in grain-size group medians during spring (Table 3).

Results of analysis of similarity conducted on complete grain
size distributions of each tidal flat revealed a significant difference

among the flats (winter: ANOSIM, global R=0.511, P=0.001;
spring: ANOSIM, global R= 0.462, P= 0.001). Pairwise
comparisons (Table 4) revealed significant differences between
TLI-TS and PN-PS flats in both seasons.

INTEGRATED ANALYSIS

Global BEST match analysis between active matrices (i.e.,
sediments and benthos), composite active matrix and shorebirds
fixed matrix were not significant in winter. On the other hand,
when all 3 composited datasets were used concurrently
(correlating sediment size composition and benthic macrofaunal
composition with shorebird ensemble patterns), the BEST
analysis optimized at p= 0.99 (P= 0.007) with 5 variables
(Insecta, Oligochaeta, silt/clay, fine sand and very fine sand) in
spring (Table 5).

Chi-square contingency table analysis between foraging
shorebird species, and benthic trophic items, associated with
particular tidal flat area were significant during both seasons
(winter: foraging shorebird species ¢ . .= 469.6; benthic
trophicitems y; . .,= 247.3; spring: foraging shorebird species

Xoosss= 212.5; benthic trophic items y7 . .=1,114.2).
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Table 5. Results of Global BEST analysis on shorebird fixed matrix using sediment, benthos and composite
(sediment and benthos taken together) active matrices, during austral winter and spring seasons / Resultados
del analisis BEST sobre la matriz fija aves playeras usando las matrices activas sedimento, bentos y compuesta
(sedimento y bentos en conjunto), durante las estaciones de invierno y primavera

AUSTRAL WINTER AUSTRAL SPRING
Fix§d Active matrix Global BEST match test Global BEST match test
matrix (a=0.05) (0= 0.05)
rho  P-value Variables rho  P-value Variables
Shorebirds ~ Sediments  0.15 n.s. 0.87 n.s.
Shorebirds ~ Benthos 0.09 n.s. 0.43 n.s.
Shorebirds ~ Composite  0.25 n.s. 0.99 <0.05* Insecta
Oligochaeta
Silt/clay
Fine sand
Very fine sand

*: P-value < 0.01; rho: Spearman correlation coefficient; n.s.: not significant

DiscussioN

Both the total abundance of feeding shorebirds as well as the
species composition varied across flats mainly in spring due to
omnipresence of the residents black-necked stilt, southern
lapwing and migrants like whimbrel and greater yellowlegs, with
the intermittent presence of american golden plover, black-
bellied plover, semipalmated plover, sanderling, hudsonian
godwit, ruddy turnstone and willet, related to their southward
migration, and the rufous-chested dotterel returning to their
southern breeding areas (Aparicio 2006).

Visual foraging shorebirds (i.e., plovers, and rufous-chested
dotterel) were registered mainly in BN and PN flats. BN and
PN were characterized by the presence of chironomids, high
abundance of ostracods and also polychaetes, all of them preys
that have been registered in studies of dietary composition of
shorebirds conducted in South America (Schlatter & Jaramillo
1983, Meerhoff et al. 2013, Isacch et al. 2005, Martinez-
Curci et al. 2015). The southern lapwing was registered in all
flats, mainly in PS, BN and TLI where were abundant
oligochaetes and insects that are part of their diet (Schlatter &
Jaramillo 1983, Gantz et al. 2009).

On the other side, tactile and visual foraging shorebirds (i.e.,
black-necked stilt, whimbrel, greater yellowlegs, lesser
yellowlegs, hudsonian godwit and american oystercatcher) were
seen mainly in BN, PN and TLI. These tidal flats showed high
abundance of nereid polychaetes and oligochaetes, all of them
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registered as preys on the diet of these shorebirds (Skagen &
Oman 1996, Tuckwell & Nol 1997, Velasquez & Navarro
2003). In addition, BN flat showed high abundance of
ostracods, also registered as preys on the diet of hudsonian
godwit (Martinez-Curci et al. 2015). During this study the
rufous-chested dotterel, collared plover and Baird’s sandpiper
were seen occasionally capturing polychaete worms in the water
line, and hudsonian godwit, black-necked stilt, whimbrel,
greater yellowlegs and american oystercatcher were seen on
shallow water also capturing polychaete worms, the more
abundant benthic invertebrates registered in all tidal flats.

Based on some earlier studies of feeding shorebirds (Colwell
& Landrum 1993, Yates et al. 1993), the strong relationship
between benthic invertebrates as prey and feeding shorebirds
as predators is predictable. Shorebirds exhibit a great dietary
flexibility and combine specific prey selection and opportunism
to select the most abundant prey locally available (Skagen &
Oman 1996, Davis & Smith 2001). We suggest that polychaete
and oligochaete worms abundance, and seasonal abundance
of copepods, ostracods and insects, play an important role for
the small numbers of shorebirds that use this place as stopover
site in winter and spring season during their migration along the
coast of central Chile.

Global BEST analysis demonstrated that the shorebird
ensemble distribution correlated strongly with local variation in



the benthic invertebrate communityand on sediment grain-size
distribution taken together, explaining a large portion of the
pattern in shorebird foraging habitat use only in spring. It is
plausible that many species respond to food availability within
Aconcagua River wetland. Although statistical analysis argues
mainly insects and oligochaetes explain the pattern of distribution
of shorebirds we consider that other groups of benthic
invertebrates with locally high abundance also support the food
requirements of shorebirds (Davis & Smith 2001). In addition,
grain size distributions, in that case the smaller fractions of
sediments, also contribute to explain the pattern of distribution
of shorebirds due to its influence over benthic invertebrate prey
availability and their distributions.

Chi-square contingency table analysis, applied separately
upon foraging shorebird and benthic invertebrate matrices,
showed that the patterns of distributions of benthic taxa and
foraging shorebirds are related to particular flat areas in the
study site, suggesting that shorebirds prefer particular flats areas
based on availability of benthic invertebrates present in there.
During winter PS was dominated by Baird’s sandpiper and
sanderling, and also it was characterized by high abundance of
spionid polychaetes; PN tidal flat was dominated by rufous-
chested dotterel, collared plover and whimbrel, and also it was
characterized by high abundance of nereidid polychaetes; BN
was dominated by american oystercatcher and whimbrel, and
alsoit was characterized by the presence of spionid and nereidid
polychaetes, oligochaetes and high abundance of ostracods;
TLIwas dominated by pectoral sandpiper and southern lapwing,
and also it was characterized by high abundance of oligochaetes;
and TS was dominated by black-necked stilt, and also it was
characterized by the presence of oligochaetes and high
abundance of copepods. During spring PS was dominated by
sanderling and southern lapwing, and also itwas characterized
by high abundance of oligochaetes, spionid polychaetes,
nereidid polychaetes and ostracods; PN tidal flat was dominated
by american oystercatcher and collared plover, and also it was
characterized by high abundance of nereidid polychaetes; BN
was dominated by pectoral sandpiper and Baird’s sandpiper,
and also it was characterized by the presence of spionid
polychaetes and high abundance of ostracods; TLI was
dominated by lesser yellowlegs and black-necked stilt, and also
it was characterized by high abundance of nereidid and spionid
polychaetes; and TS was dominated by greater yellowlegs and
black-necked stilt, and also it was characterized by the presence
of oligochaetes, collembolans and high abundance of copepods.

Many species of birds, particularly migratory birds, have
enormous routes from their summer nesting grounds to their
temperate grounds with stopovers in between. As we remark,
in Chile the coastal environments are discontinuous and small in

size, and the wetland of Aconcagua River is not the exception,
playing an important role for birds as stopover and feeding site
to replenish their energy during migration. The loss or
degradation of habitat at any component of these wetland
systems, including the beginning and the end, vastly increases
the already hazardous journeys. These results have important
implications for shorebird conservation considering the variation
in spatial and temporal use of habitat by a large variety of resident
and migrant shorebird populations. Italso would be considered
for future wetlands management to ensure that critical and
sensitive feeding areas are adequately protected, mainly in
relation to environmental changes and other causes of habitat
loss and destruction linked with worldwide decline in many
shorebird populations (Colwell 2010).

In conclusion, our results showed some differences between
tidal flat areas based on abundance and composition of benthic
trophic items in both seasons (mediated by sediment
characteristics), and also some relationships between foraging
shorebirds and trophic items in particular tidal flat areas.
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