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Abstract Diet compositions of Patagonotothen cornu-
cola and Harpagifer bispinis were studied from two
localities, one with continental influence in a wind-pro-
tected area (Puerto Riquelme) and another with oceanic
influence in a wind-exposed area (Puerto Williams). The
dietary analysis performed showed intra-specific differ-
ences among contrasting intertidal areas, with greater
richness and diversity of prey types in fish from Puerto
Riquelme than in Puerto Williams. Gammarid amphipods
and Tanaidae dominated the diet of P. cornucola and H.
bispinis in Puerto Riquelme, whereas the diet of both fish
species in Puerto Williams was characterized by the crus-
tacean isopod Exosphaeroma gigas and gammarids. The
dietary overlap was quantified using two similarity indexes
(Sorensen and Morisita-Horn), and the results obtained
revealed a high diet overlap among the species in each
locality. Diet composition did not show significant differ-
ence between sexes in both species, while P. cornucola
from Puerto Riquelme presented significant differences in
fish size in the diet, supporting the existence of some food
partitioning. Dissolved oxygen and salinity were important
factors in the diet variability of P. cornucola and
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H. bispinis, since both species showed greater richness and
diversity of prey types in intertidal areas with higher dis-
solved oxygen and lower salinity levels (Puerto Riquelme).
In conclusion, the dietary patterns of these two sympatric
rocky intertidal species in the Patagonian channels and
fjords appear to be regulated by the different environmental
conditions that influence the availability and abundance of
potential prey in the diet.

Keywords Perciformes - Feeding habits - Spatial
variation - Magellan region

Introduction

The channel and fjord ecosystems of southern Chile are
characterized by great diversity and heterogeneity of coastal
marine habitats, mainly due to the high degree of geomor-
phological and hydrographic complexity that have been
molded by ice expansion and contraction during the Qua-
ternary glacial period (Hulton et al. 2002; Sudgen et al.
2002). Habitat heterogeneity is also influenced both by
freshwater discharge from the melting of the Southern
Patagonia Ice Field (48°20'-51°30'S) and by oceanographic
factors related to sub-Antarctic Pacific waters that mix with
Atlantic waters through the Strait of Magellan and Beagle
Channel (Andrade 1991; Antezana 1999; Rignot et al. 2003;
Porter and Santana 2003; Sievers and Silva 2006). The
rocky intertidal area is a highly variable habitat because of
physical factors associated with wave exposure, wind and
tidal fluctuations, affecting temperature and nutrient con-
centration (Menge and Branch 2001). For example, rocky
intertidal communities in channels and fjords of southern
Chile are subjected to intense physical stress due to severe
weather conditions, characterized by westerly winds
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between 20 and 40 km h™' and annual rainfall ranging from
2000 to 8000 mm (Zamora and Santana 1979; Andrade
1991). The climatic conditions in these rocky intertidal
areas cause variations in salinity related to the drying effects
of wind and freshwater runoff caused by heavy rainfall.
Despite the adverse climatic conditions of the rocky inter-
tidal environment, the abundance of fish that live in this area
is striking, primarily species of the family Nototheniidae
(Lloris and Rucabado 1991; Pequeifio et al. 1995; Hiine and
Ojeda 2012). The nototheniid fish inhabiting high latitudes
of the Southern Hemisphere play important ecological roles
in the marine ecosystem, utilizing a broad variety of trophic
niches that in other regions are used by fish belonging to
several taxa (Eastman 1993; Klingenberg and Ekau 1996).
Many authors outlined the importance of nototheniid fish as
predators on benthic, zooplanktonic and nektonic organ-
isms, while as prey they are a key food resource for most top
predators (Birt et al. 1987; Leopold et al. 1998; Barrera-Oro
2002; La Mesa et al. 2004). In the channels and fjords south
of the Gulf of Penas (48°S), the rocky intertidal ichthy-
ofauna is dominated by the nototheniids Harpagifer bispinis
and Patagonotothen cornucola (Moreno and Jara 1984;
Lloris and Rucabado 1991; Hiine and Ojeda 2012). They are
benthic species inhabiting shallow subtidal areas (<15 m
depth) along the southern extreme of South America (Lloris
and Rucabado 1991; Hiine and Ojeda 2012; Reyes and
Hiine 2012). Adults of H. bispinis reach 10 cm total length
(TL), although most are < 7 cm, while the size range of P.
cornucola is from 5 to 13 cm TL (Lloris and Rucabado
1991; Reyes and Hiine 2012). Both species have two
spawning periods per year in the Beagle Channel, during the
austral winter and summer (Rae and Calvo 1995, 1996). The
diet of these fishes consists mainly of benthic invertebrates
such as isopods and polychaetes (Moreno and Jara 1984;
Hidalgo et al. 2007; Hiine and Rivera 2010). However, there
is no information about the factors that influence their
feeding behaviors, changes in their diet between size groups
or trophic overlap among these species.

The partitioning of resources (e.g., food and habitat)
may be viewed as one of the key factors in the diversifying
process, which promotes the coexistence of closely related
and ecologically equivalent species (Colwell and Fuentes
1975). Partitioning of resources results in maximization of
habitat availability and facilitation of species coexistence,
which contribute to determine the community structure
(Pianka 1974). On the other hand, as proposed by Zander
and Berg (1984), coexistence of dissimilar species in the
ecosystem can be explained based on the separation of the
species into different ecological niches. Niche overlap may
cause the competitive exclusion of a species, or species
may avoid exclusion by employing isolation mechanisms
(Diamond 1978). In the case of food resources, this sepa-
ration avoids possible competition among consumers on
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the same trophic levels, with coexisting fish species pre-
senting differences in their diet composition (Morton et al.
2008). The analysis of dietary overlap provides key infor-
mation on the similarity in the use of resources and the
degree of trophic competition among the species (Colwell
and Futuyma 1971; Mayr and Berger 1992). Therefore, the
degree of species overlap in the utilization of resources has
become a valuable approach in studying both community
structure and species coexistence.

Considering that H. bispinis and P. cornucola share the
same intertidal habitats, exhibiting similar feeding behav-
ior and reproductive activity (Moreno and Jara 1984; Lloris
and Rucabado 1991; Rae and Calvo 1995; Rae and Calvo
1996; Hidalgo et al. 2007; Hiine and Rivera 2010; Hiine
and Ojeda 2012; Reyes and Hiine 2012), in this study we
attempt to (1) determine whether the dietary composition
of these two sympatric species exhibits variations between
two rocky intertidal areas with different environmental
conditions, identifying those environmental variables
influencing feeding behavior of both species; (2) assess the
degree of diet overlap between H. bispinis and P. cornu-
cola; and (3) determine the influence of body size and sex
in the composition of the diet. The analysis of prey
diversity and the degree of dietary overlap among the
species will help us to better understand the different
interspecific patterns in the use of resources depending on
fish size, sex and type of environment.

Materials and methods
Study area and sampling

The study was performed in two localities of the Magellan
Province: (1) Puerto Riquelme (PR) (51°49'S, 72°38'W) in
the Almirante Montt Gulf, close to the Ultima Esperanza
fjord, an area influenced by the freshwater discharge from
the melting of the Southern Patagonia Ice Field and pro-
tected from waves and westerly winds and (2) Puerto
Williams (PW) (54°56'S, 67°35'W) on Navarino Island, an
area associated with the Beagle Channel with oceanic
water influence and exposed to waves caused by westerly
winds (Fig. 1). The samples of H. bispinis and P. cornu-
cola were collected between September 5, 2008, and
September 20, 2008. At each locality, the main oceano-
graphic variables of the water column were measured with
a multiparameter instrument (YSI model 6600 V2),
obtaining measurements every 3 s between 0 and 10 m
depth. During the study, the tidal range varied between
0.5 m (PR) and 1.3 m (PW) (SHOA 2008). All fish were
captured by hand and with hand nets during diurnal low-
tide periods. All individuals caught were measured for total
length (TL, cm) and total weight (g) and sexed. After
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Fig. 1 Study area and location of samples in black circles: PR Puerto Riquelme and PW Puerto Williams

dissection, the stomach was removed, labeled and pre-
served in a solution of 80 % ethanol for subsequent anal-
ysis. In the laboratory, all stomachs were put in Petri plates
and washed and drained, then weighed (g) with and without
contents. Stomach contents were identified to the lowest
possible prey taxon, counted and weighed.

Diet composition

In order to assess sample sufficiency, randomized cumu-
lative prey curves were constructed for each species in each
locality. Stomach contents of H. bispinis and P. cornucola
were randomized 1000 times, using EcoSim version 7.72
(Gotelli and Entsminger 2008). The mean cumulative
number of prey types and Shannon diversity index were
plotted as a function of the number of non-empty stomachs
(Gotelli and Colwell 2001; Magurran 2004). According to
Hurtubia (1973), sample size is considered sufficient to
describe diet if the cumulative Shannon diversity index
reaches an asymptote. To compare the Shannon diversity
index and prey richness among fish species and localities,
we calculated a rarefied estimate of this index, i.e., the
mean expected number of prey types and diversity
observed given a fixed number of stomachs (Gotelli and
Colwell 2001). For each species at each location, we rar-
efied all samples to the least number of stomachs analyzed
using EcoSim. The contribution of different prey items to
the diet of H. bispinis and P. cornucola in each locality was
determined by the frequency of occurrence (%F),

numerical importance (%N) and mass (% W) (Cortés 1997).
The index of relative importance (IRI) was calculated as
IRI = %F (%N + %W) and expressed as a percentage
(%IRI) (Hyslop 1980).

Diet overlap and feeding habits

Diet composition was first evaluated using univariate
measures of diet similarity. Two similarity indices were
selected, the Sorensen similarity index (Ss) and the Mor-
isita-Horn index (Cg). The Sorensen similarity index
measures overlap in prey taxa between pairs of consumers
(A and B), irrespective of the number of prey items of each
taxon consumed (Magurran 2004):

_ 2a
T 2a+b+ec

s

where @ = number of taxa in the diets of both species A and
B; b = number of taxa in the diet of species B but not in the
diet of species A; ¢ = number of taxa in the diet of species
A but not in the diet of species B. In contrast, the Morisita-
Horn index (Cp) quantitatively assesses diet overlap in prey
numbers between two species (Magurran 2004):

2 Z?:l PiADiB
Y Ph X Pl
where p;a; pia = proportion consumed of taxon i out of the

total number of prey consumed by fish species A and B,
respectively; n = total number of prey taxa. EstimateS

Cy =
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version 8.2 (Colwell 2009) was used to calculate both
indexes of diet overlap. Differences in diet composition were
additionally investigated using multivariate ordination
analysis. A Bray—Curtis coefficient similarity matrix was
obtained from the square root-transformed data set. A cluster
analysis was then applied to determine groupings among
species and localities. The significance of these groupings
was assessed using a similarity profile test (SIMPROF)
implemented in PRIMER version 6 (Clarke and Warwick
2001; Clarke and Gorley 2006; Clarke et al. 2008).

To determine whether species, localities, body size and
sex affect significantly the diet of H. bispinis and P. cor-
nucola, we used PERMANOVA, a linear permutation test
based on 9999 permutations of the matrix of distances
calculated with the Bray—Curtis similarity index (Anderson
2001), implemented in the VEGAN R-package in R ver-
sion 3.0.2 (R Core Team 2013). Regarding their length
composition (total length = TL), we chose arbitrarily two
group sizes depending on the total range observed in each
species: H. bispinis, small (3.5-5.5 cm) and large
(5.6-7.6 cm); P. cornucola, small (5.1-9.0 cm) and large
(9.1-13.0 cm). Group sizes of H. bispinis and P. cornucola
were expressed in 2.1- and 4.0-cm intervals, respectively.
A dissimilarity analysis was performed to determine the
relevant contribution of each prey species to the diet
composition between species and localities using the
SIMPER routine of the PRIMER software. Finally, in order
to analyze the relationship between variations in diet
composition and environmental factors, a non-metric
multidimensional scaling (nMDS) was applied. The simi-
larity matrix of fish species and localities was analyzed in a
two-dimensional plane according to their diet composition.
Environmental variables (salinity, temperature, dissolved
oxygen) were also superimposed with the ordisurf function
of the VEGAN R-package, to fit a generalized additive
model (GAM) surface to the ordination plot (Oksanen et al
2010). The correlations of the environmental variables with
the nMDS plot were projected as vectors on the ordination
to visualize their relationship with diet variability. The
vectors point in the direction of the most rapid change in
the environmental variable, and their length is proportional
to the correlation between diet composition and the envi-
ronmental variable. The significance of correlations was
tested with a randomized permutation test using 10,000
permutations.

Results
Diet composition

Of the total 80 and 24 specimens of P. cornucola examined
from PR and from PW, 29 (36 %) and 2 (8 %) had empty
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stomachs, respectively. New types of prey continued to be
identified with increasing sample size in PW (Fig. 2a).
However, the diversity curve reached an asymptote, indi-
cating that the sample was large enough to describe the
diversity of the diet (Fig. 2b). The sample size was large
enough to describe the diet adequately in PR, as the
cumulative number of prey types and diversity curves
reached an asymptote (Fig. 2a, b). Fish size of P. cornu-
cola with stomach contents was composed of 28 females
ranged between 6.8 and 12.9 cm TL, with an average
(£SD) of 9.0 &+ 1.6 cm, and 45 males ranged between 5.1
and 12.9 cm TL, with an average of 9.2 & 2.0 cm (Fig. 3a)
(Online Resource 1).

Of the total 42 and 75 specimens of H. bispinis exam-
ined from PR and from PW, 3 (7 %) and 10 (13 %) had
empty stomachs, respectively. In both localities, the
cumulative number of prey types and diversity curves
reached an asymptote, showing that the sample size was
large enough to describe the diet (Fig. 2c, d). Fish size of
H. bispinis with stomach contents was composed of 47
females ranged between 3.8 and 7.6 cm TL, with an
average (£SD) of 5.6 & 0.8 cm, and 57 males ranged
between 4.3 and 7.2cm TL, with an average of
5.5 + 0.8 cm (Fig. 3b) (Online Resource 1). We rarefied
all samples to 22 stomachs, the number of stomachs
observed in the least abundant location. Rarefied estimates
of prey richness ranged between 20.79 (P. cornucola in
PR) and 7.58 (H. bispinis in PW), while estimates of the
Shannon diversity index varied between 2.06 and 0.99 in
the diet of P. cornucola in PR and H. bispinis in PW,
respectively (Online Resource 2 and 3). The diet of P.
cornucola in PR was characterized by the dominance of
gammarid amphipods (IRI = 35.25 %) and Tanaidae
(IRI = 25.30 %). In contrast, the main prey in PW were the
crustacean isopod Exosphaeroma gigas (IRl = 72.82 %)
and gammarids (IRI = 26.46 %) (Online Resource 2). The
main prey in the diet of H. bispinis in PR were Tanaidae
crustaceans (IRI = 44.66 %) and gammarid amphipods
(IRI = 34.66 %), while in PW the diet was characterized
by the dominance of the isopod E. gigas (IRl = 75.67 %)
and gammarids (IRI = 13.26 %) (Online Resource 3).

Diet overlap and feeding habits

Sorensen similarity results suggested that P. cornucola and
H. bispinis diets from PR were most similar, whereas the P.
cornucola diet between localities was least similar
(Table 1). Morisita-Horn similarity results, on the other
hand, suggested that greatest overlap was between P.
cornucola and H. bispinis diets of PW, followed by the
diets of both species from PR. The diet of H. bispinis
between localities was the least similar (Table 1).
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Cluster analysis (using SIMPROF) revealed the pres-
ence of two spatial clusters within which the diet compo-
sitions were similar and significantly different between the
groups (P < 0.05, Fig. 4). Diet composition between spe-
cies from PR showed the highest similarity, followed by
the diets of P. cornucola and H. bispinis from PW (Fig. 4).
Diet composition showed significant differences among
localities in both species (PERMANOVA P. cornucola,
F = 17.76, P < 0.001; H. bispinis, F = 38.85, P < 0.001).
Diet composition showed significant differences between
the species in PR (PERMANOVA, F = 8.65, P = 0.001),
but not in PW (PERMANOVA, F =232, P =0.09).
Regarding fish size, the composition of the diet showed
significant differences between size groups of P. cornucola
in PR, whereas PW did not show significant differences
(PERMANOVA PR, F = 3.87, P < 0.01; PW, F = 0.56,
P = 0.55). The comparison between small and large size
groups of H. bispinis in each locality did not show a sig-
nificant difference in diet composition (PERMANOVA PR,
F =123, P=031; PW, F =0.68, P = 0.55). In addi-
tion, there was no significant difference between sexes in
diet composition of P. cornucola (PERMANOVA PR,

(using the Shannon H' index of diversity). Broken lines indicate the
95% confidence intervals

F =214, P = 0.06; PW, F = 0.31, P = 0.73) or H. bis-
pinis (PERMANOVA PR, F=0.88, P =0.52; PW,
F =038, P =0.73).

The SIMPER analysis showed greatest dissimilarity
between P. cornucola from PR and H. bispinis from PW,
followed by the diet of P. cornucola among localities, with
an average dissimilarity of 89.27 and 89.07, respectively
(Table 2). In contrast, the diet of the two species in PW
showed low level of dissimilarity, with an average of
49.87. Crustaceans such as isopods (E. gigas) and gam-
marid amphipods were the main prey responsible for dis-
similarities in diet composition, followed by ostracods,
Tanaidae and polychaetes (Nereidae) (Table 2).

The non-metric multidimensional scaling (nMDS)
showed that the composition of the diet was correlated with
environmental factors and the differences in the diet among
localities, with a stress level of 0.12 (Fig. 5). Ordination
was significantly correlated with dissolved oxygen, salinity
and temperature (P < 0.001), with correlation coefficients
(r*) of 0.68, 0.54 and 0.31, respectively (Fig. 5). A non-
linear influence of environmental variables associated with
diet composition was fitted to the ordinations, reflecting a

@ Springer
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Table 1 Similarity results based on pairwise comparisons among
species and sites in Patagonia

H. bispinis

6 7 8 9 10 1 12 13
Total lenght, cm

H. bispinis (PW)

1 2 3 4
P. cornucola PR (1) - 0.438 0.750 0.611
P. cornucola PW (2) 0.422 - 0.500 0.417
H. bispinis PR (3) 0.755 0.364 - 0.563
H. bispinis PW (4) 0.147 0.823 0.131 -

Sorensen index (above diagonal) and Morisita-Horn index (below
diagonal). PR Puerto Riquelme, PW Puerto Williams

greater level of dissolved oxygen and lower salinity in PR
than in PW (Fig. 5).

Discussion
Our study indicated that P. cornucola and H. bispinis
exhibited spatial differences in diet composition among

different environmental localities and showed greater
richness and diversity of prey types in PR than in PW.
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P. cornucola (PR)
sttt h}

40 60 80 100

Fig. 4 Dendrogram resulting from the cluster analysis performed on
stomach content data in the different species and sites. Each dashed
line represents a significant cluster (SIMPROF P < 0.05)

Rarefied estimates of prey richness and diversity were
higher in PR in the diet of P. cornucola (20.79 prey items
and H' = 2.06) and H. bispinis (18 prey items and
H' = 1.77). In contrast, the level estimates of richness and
diversity of prey types were surprisingly low in PW in the
diet of P. cornucola (9 prey items and H' = 1.15) and H.
bispinis (7.58 prey items and H = 0.99). A plausible
explanation for this low level of richness and diversity of
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Table 2 Relative contributions of each prey taxon to Bray—Curtis dissimilarities among species and sites in Patagonia

SIMPER data

Average P. cornucola PR—P. cornucola PW P. cornucola PR—H. bispinis PW P. cornucola PR—H. bispinis PR
dissimilarity
89.07 89.27 82.74
Prey taxon Av. Av. Contrib. Av. Av. Contrib. Av. Av. Contrib.
Abund. Abund. (%) Abund. Abund. (%) Abund. Abund. (%)
Pc-PR Pc-PW Pc-PR Hb-PW Pc-PR Hb-PR
Exosphaeroma 0.00 1.01 21.74 0.00 1.16 22.16 - - -
gigas
Gammaridae 0.78 0.82 17.30 0.78 0.76 15.17 0.78 0.99 15.46
Ostracoda 0.53 0.00 7.78 0.53 0.02 7.60 0.53 0.37 9.86
Tanaidae 0.41 0.05 6.37 0.41 0.00 5.46 0.41 0.69 12.66
Nereidae 0.07 0.14 3.04 0.07 0.49 9.53 0.07 0.24 4.76
A. albatrossis 0.34 0.00 7.40 0.34 0.00 7.02 0.34 0.05 6.78

SIMPER data

Average P. cornucola PW—H. bispinis PR P. cornucola PW—H. bispinis PW H. bispinis PR—H. bispinis PW
dissimilarity
82.92 49.87 81.62
Prey taxon Av. Av. Contrib. Av. Av. Contrib. Av. Av. Contrib.
Abund. Abund. (%) Abund. Abund. (%) Abund. Abund. (%)
Pc-PW Hb-PR Pc-PW Hb-PW Hb-PR Hb-PW
Exosphaeroma 1.01 0.00 21.40 1.01 1.16 26.89 0.00 1.16 22.53
gigas
Gammaridae 0.82 0.99 17.10 0.82 0.76 31.54 0.99 0.76 15.14
Ablabesymyia sp. 0.00 0.78 13.65 - - - 0.78 0.00 13.34
Tanaidae 0.05 0.69 12.49 0.05 0.00 2.07 0.69 0.00 11.86
Nereidae 0.14 0.24 6.55 0.14 0.49 20.35 0.24 0.49 10.52
Cyclopoida 0.05 0.18 3.75 0.05 0.05 2.95 0.18 0.05 3.66

P. cornucola PR (Pc-PR), P. cornucola PW (Pc-PW), H. bispinis PR (Hb-PR), H. bispinis PW (Hb-PW). Average abundance (Av. Abund.)

prey types in the diet of these fish species from the rocky
intertidal of PW could be reduced availability of potential
prey species conditioned by the desiccation stress during
low tides due to westerly winds in the Beagle Channel
(Santana et al. 2006). These severe climatic conditions are
not present in PR, owing to the position of the rocky
intertidal in a wind-protected area, while the PW study site
is a wind-exposed area.

Our results showed that the dominant prey species in the
diet of P. cornucola and H. bispinis in PR were crustacean
gammarids and Tanaidae. In contrast, the dominant prey in
PW was the crustacean isopod Exosphaeroma gigas, with
72.82 and 75.67 % of the IRI in the diet of P. cornucola
and H. bispinis, respectively. These important levels of the
IRI suggest the lack of other potential prey or high abun-
dance of E. gigas. In this regard, Moreno and Jara (1984)
found isopods such as E. gigas in the diet of P. cornucola
and H. bispinis in the belt of kelp forest (Macrocystis
pyrifera) on the east coast of Navarino Island. According to

these authors, the high abundances of detritivorous crus-
taceans (i.e., isopods and amphipods) consuming algal
detritus could be linked to the importance of these prey in
the diet of both fish species in the kelp forest. Also, the
isopod E. gigas represents an important food for other fish
species that frequent the intertidal zone of Navarino Island
such as Paranotothenia magellanica and Patagonotothen
tessellata (Moreno and Jara 1984). The benthic isopod E.
gigas has been found in the wind-exposed shoreline of the
Strait of Magellan in Tierra Del Fuego Island, an area
mainly dominated by mussel beds (Mytilus edulis platensis
and Perumytilus purpuratus) (Rios and Mutschke 1999).
According to Bertness et al. (2006), P. purpuratus beds
provide shelter from lethal desiccation stress with associ-
ated organisms such as E. gigas and gammarid amphipods.
These sessile mollusks (M. edulis platensis and P. purpu-
ratus) exhibit high abundance in the intertidal zones of
Navarino Island over the whole year (Ojeda et al. 2014). In
addition, the isopod E. gigas has been reported in high

@ Springer
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dissolved oxygen (a), temperature (b) and salinity (c)

abundance associated with these mollusks in a wind-ex-
posed intertidal area of the Beagle Channel (Navarino
Island) (Jaime Ojeda, pers. comm.). Mussel beds of P.
purpuratus are highly abundant in the rocky shoreline of
the Atlantic Patagonia, a system extremely exposed to
desiccation by wind, where it has been documented that the
diet of P. cornucola is similar to that at PW (i.e., small
isopods, amphipods and polychaetes) (Hidalgo et al. 2007).

@ Springer

In habitats such as the rocky intertidal of PW with intense
climatic stress, theory predicts that predation should be less
important in structuring communities (Menge and Suther-
land 1987). Physical environment factors appear to be the
dominating structuring force regulating community struc-
ture and prey availability in rocky shorelines that are
subjected to severe climatic conditions (Bertness et al.
2006; Hidalgo et al. 2007).

High levels of dietary overlap between intertidal fish
species were found in both localities using two similarity
indices (Table 1). However, these degrees of diet overlap
may include some uncertainty, since some proportions of
prey types could not be identified to lower taxonomic levels
and might be taken as a potential overestimation of diet
overlap between sympatric species. Differences were found
between the indices (i.e., greater similarity in PR according
to the Sorensen index and a higher level of diet overlap in PW
according to the Morisita-Horn index). These differences
could be explained because the Sorensen index considers
similarity in prey taxa, whereas the Morisita-Horn index
considers similarity in number of prey of a given taxon
(Magurran 2004). Our cluster analysis was consistent with
the similarity indices and indicated an interspecific dietary
overlap between P. cornucola and H. bispinis in each
locality. In addition, there was an intra-specific difference in
diet composition between localities in both intertidal fish
species. These results were confirmed with the PERMA-
NOVA analysis and indicated significant spatial differences
in diet composition of both species. The PERMANOVA
analysis did not show significant differences in fish size in the
diet of H. bispinis in either locality, whereas P. cornucola
presented significant differences in the diet among size
groups in PR, supporting the existence of some food parti-
tioning in PR. In this regard, gammarid amphipods were
primarily preyed on by small fish, while the decapod Acan-
thocyclus albatrossis and fish eggs were eaten preferentially
by large fish. This dietary change between fish group sizes
has been recorded in Patagonotothen longipes from Chiloé
Island in southern Chile, where small fish feed on
euphausiids and ostracods, while large fish feed mainly on
decapods and mollusks (Murillo and Oyarziin 2002).

According to the SIMPER analysis, dissimilarity in the
diet between P. cornucola and H. bispinis was higher in PR
than in PW (Table 2). Several authors have proposed that
segregation of microhabitats is an important factor for
reducing the effects of the competition for trophic resour-
ces (Ross 1986; Grossman et al. 1987; Rincon and Lobon-
Cervia 1993). In our case, the differences among fish
species could be related to the intertidal zone where they
inhabit. For example, we found that P. cornucola mainly
occupy the lower level of the intertidal zone, while H.
bispinis are abundant at the lower and medium levels. This
might be attributed to the high tolerance to variation in
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salinity and temperature of H. bispinis due to morpholog-
ical modification in their kidneys and the presence of
antifreeze activity in their blood (Pérez et al. 2003; Hiine
et al. 2015). Thus H. bispinis could occupy the medium
level of the intertidal zone, an area often frozen during
winter and exposed to variation in salinity caused by heavy
rainfall and desiccation by wind, especially during spring
and summer. Another factor that might reduce the effects
of the competition is related to differences in the diel
activity patterns of fish (Hansen and Closs 2005; David
et al. 2007). In our case, we did not observe feeding
preferences in certain periods of the day to reduce inter-
specific competition, mainly because the intertidal fish
remain under rocks during low tide. However, this feeding
strategy has been observed in other nototheniid species
such as P. tessellata, which showed nocturnal activity
patterns in the subtidal waters of Patagonian channels
(Salas-Berrios et al. 2013; Hiine and Vega 2015).

We also identified with the nMDS analysis visual dif-
ferences in diet composition between different environ-
ments (PR and PW), indicating dissolved oxygen, salinity
and temperature as important factors in the diet variability
of P. cornucola and H. bispinis (Fig. 5). During our study,
PR exhibited higher dissolved oxygen and lower salinity
than PW. Consequently, P. cornucola and H. bispinis
showed greater richness and diversity of prey types in
environmental conditions with higher dissolved oxygen
and less salinity. This could be attributed to higher avail-
ability of prey in the wind-protected intertidal of PR, or
alternatively, high abundance of few potential prey in the
wind-exposed intertidal of PW. According to Prince and
Goodyear (2006), low levels of dissolved oxygen, as
recorded in PW, could also restrict the movement of
predators, implying a lower catch of mobile prey. How-
ever, we did not observe such restriction in PW, as both
fish species feed mainly on E. gigas, a highly mobile iso-
pod. On the other hand, the estimated higher level of
richness and diversity of prey types in P. cornucola of PR
could be related to a size factor, because larger specimens
were recorded in this locality. In this regard, numerous
studies indicate that many fish species change their diet
from smaller, easier to access prey, to larger prey or to prey
more difficult to catch and with higher nutritive value
(Hanson and Chouinard 2002; Nakamura et al. 2003).

Finally, considering the diet composition of P. cornu-
cola and H. bispinis from two rocky intertidal areas in the
channels and fjords of southern Chile, our results suggest
intra-specific difference in trophic dynamics among con-
trasting environmental localities and interspecific dietary
overlap between these species in each rocky intertidal area.
The dietary patterns of these two sympatric species appear
to be regulated by the different environmental conditions
that influence the availability and abundance of potential

prey in the diet. However, this preliminary result should be
confirmed with seasonal sampling effort in other localities
of Patagonia to understand better the trophic ecology of
these important intertidal fish.
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