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Abstract The black southern cod, Patagonotothen tes-

sellata, is the most important notothenioid fish species in

terms of abundance in southern Chilean Patagonia.

However, studies on its trophic ecology are scarce. Here

we assessed the spatial variation in the diet of P. tessel-

lata between two localities, one with oceanic influence

(Staples Strait) and another with continental influence

(Puerto Bories). We used permutation analysis combined

with non-metric multi-dimensional scaling to evaluate

spatial differences in diet. In addition, generalized addi-

tive models were used to identify the most significant

environmental, biological and spatial predictors of vari-

ability in diet. The black southern cod presents spatial

differences in diet composition among contrasting envi-

ronmental localities. The diet in Staples Strait was char-

acterized by the dominance of the polychaete Platynereis

australis, whereas diet in Puerto Bories was characterized

by crustaceans, mainly ostracods, gammarids and algae,

mainly the filamentous green alga Rhizoclonium sp. and

the red algae Polysiphonia sp. Diet composition did not

show significant difference between sexes, whereas diet of

small, medium and large fish differed to some degree.

Smaller-sized P. tessellata were most likely to contain

food. Salinity and temperature had significant influence

on diet variability, suggesting that P. tessellata showed a

greater diversity of prey items in environmental condi-

tions with greater temperature and lower salinity. The

results provide evidence of two dietary patterns depending

on the type of environment in which they are distributed,

highlighting the potential role of the environmental vari-

ables on the availability and abundance of potential prey

and in structuring diet.

Keywords Patagonotothen � Feeding habits �
Southern Patagonia ice fields � Magellan region

Introduction

The occidental shore of southern South America is formed

by a series of channels and fjords that present heteroge-

neous environmental conditions, mainly due to the high

levels of freshwater discharge from the melting of the

Southern Ice Field (48�200–51�300S), the largest glacier in

Patagonia (Porter and Santana 2003; Rignot et al. 2003). In

addition to the effect of melting glacier ice, these channel

and fjord ecosystems are influenced by high precipitation

rates, coastal runoff and sub-Antarctic Pacific waters that

mix with Atlantic waters through the Strait of Magellan

(Andrade 1991; Antezana 1999). Sievers and Silva (2006)

indicated that surface currents flow westward and are

supported by freshwater influx from continental sources

(eastern sector) adjacent to the Southern Ice Field, forming

an extensive fjord estuarine system. For example, the water

column of the eastern sector near the continental glacier is

characterized by a remarkably low-salinity surface layer
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and relatively low temperature (salinity 1 psu and tem-

perature *3 �C, respectively; Silva and Calvete 2002).

The notothenioid fish distributed in the high latitudes of

the Southern Hemisphere play a key role in the ecosystem,

occupying most of the available trophic niches. As preda-

tors, they feed on benthic, zooplanktonic and nektonic

organisms; as prey, notothenioids are important resources

for most top-level bird and mammal predators. Therefore,

they represent the major link between lower (invertebrates)

and higher (bird and mammal) levels of the food web (Birt

et al. 1987; Leopold et al. 1998; La Mesa et al. 2004). In

the channel and fjord ecosystems from southern Chile,

notothenioids are represented by the genera Dissostichus,

Notothenia, Paranotothenia and Patagonotothen.

Patagonotothen is the most diverse with 14 species, which

live from the intertidal area to the upper continental slope

(Navarro and Pequeño 1979; Hureau 1985; De Witt et al.

1990; Eastman and Eakin 2000). According to Hüne and

Ojeda (2012), one of the most important notothenioid

species in terms of abundance in the southern Chilean

Patagonia is the black southern cod Patagonotothen tes-

sellata (Richardson 1844). This species inhabits shallow

subtidal areas (\15 m depth) along the southern extreme of

South America and Falkland/Malvinas Islands (Nakamura

et al. 1986; Lloris and Rucabado 1991; Reyes and Hüne

2012). P. tessellata is widely distributed in the channel and

fjord ecosystems and exhibits a high degree of plasticity to

inhabit different environments influenced by oceanic

(western sector) and continental (eastern sector) conditions

(Sielfeld et al. 2006; Hüne and Ojeda 2012). Adults of

black southern cod reach 11–28 cm total length (TL),

although most are \20 cm (Navarro and Pequeño 1979;

Vanella et al. 2007). Females spawn twice a year, during

the austral winter and summer (Rae and Calvo 1995, 1996).

The diet of P. tessellata consists mainly of benthic inver-

tebrates such as crustaceans, polychaetes and mollusks

(Moreno and Jara 1984; Laptikhovsky 2004; Hüne and

Rivera 2010). However, there is no information about the

factors that influence their feeding habits and ontogenetic

changes in diet.

In this study, we seek to determine whether the dietary

composition in P. tessellata exhibits spatial differences

associated with major oceanographic variables, and then we

identify those environmental variables influencing feeding

behavior. For this purpose, we compared the diet of two

localities, one with oceanic influence (Staples Strait) and the

other with continental influence (Puerto Bories). Addition-

ally, regarding the ecological implications associated with

sex and fish size and its role in their feeding activity, we

tested the ability of different predictors, including the envi-

ronmental predictors, sex and fish size, to describe the

observed variability in the diet of black southern cod.

Materials and methods

Study area and sampling

Individuals of P. tessellata were collected in two localities

of the Magellanic Province: 1) Staples Strait (54�020S,
71�160W) in Captain Arancena Island, an area associated

with the Strait of Magellan with oceanic water influence

and 2) Puerto Bories (51�410S, 72�330W) in the Última

Esperanza fjord, an area with continental water influence

(Fig. 1). The samples were collected between March 10

and May 11, 2007. 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 15-m

depth. All fish were captured using a gill net (length 60 m;

height 3 m; mesh size 2.5 cm) from the bottom to surface

with 12-h resting periods. All individuals caught were

sampled for standard length (SL, cm) and total weight

(g) and sexed. After dissection, the stomach was removed,

labeled and preserved in a solution of 80 % ethanol for

subsequent analysis. In the laboratory, all stomachs were

put in Petri plates to wash and drain, then weighted (g) with

and without contents. Stomach contents were identified to

the lowest possible prey taxon, counted, and weighted.

Diet composition

To conduct analyses of diet variability, the prey items were

aggregated into taxonomic categories. In order to assess

sample sufficiency, stomachs sampled were randomized

1000 times, using EcoSim 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. The contri-

bution of different prey items to the diet 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).

Effects of environmental variables, body size and sex

on diet

To determine whether the locality, body size and sex affect

significantly the diet of P. tessellata, we used PERMA-

NOVA (Anderson 2001), a linear permutation test based on

9999 permutations of the matrix of distances calculated

with the Bray–Curtis similarity index. Pairwise comparisons
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between fish group sizes were performed with Tukey’s HSD

test (Zar 2010). The length compositions (Total

length = TL) of the fish are expressed in 6.3-cm intervals.

We defined three group sizes: (1) 9.5–15.7 cm, (2)

15.8–22.0 cm and (3) 22.1–28.3 cm. The analyses were

performed with the VEGAN package in R version 3.0.2 (R

Core Team 2013). To investigate the presence of spatial

differences in diet composition, multivariate ordination

analysis was performed using non-metric multi-dimensional

scaling (nMDS). Environmental variables (salinity, tem-

perature, dissolved oxygen) and diet variability were

superimposed with the ordisurf function of the VEGAN

R-package, to fit generalized additive model (GAM) sur-

faces 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 to 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 environmental variable.

The significance of correlations was tested with a random-

ized permutation test using 10,000 permutations. Only

significant relationships were plotted over the nMDS ordi-

nation. To determine the relevant contribution of each prey

species to the diet composition between localities, body size

and sex, an analysis of dissimilarity was carried out using

the SIMPER routine implemented in PRIMER software

version 6 (Clarke and Warwick 2001; Clarke and Gorley

2006).

Finally, to understand the importance and role of the

environment, body size and sex predictors in describing the

diet composition of P. tessellata, a GAM analysis was

performed using the MGCV R-package (Wood and

Augustin 2002; Wood 2006). GAMs are an improvement

of generalized linear models, in which for each covariable

added to the model, a spline function is applied to data to

perform a smooth (i.e., nonlinear) fitting (Hastie and Tib-

shirani 1990; Wood 2006). We used as response variables:

(1) the proportion of stomachs containing prey; (2) the

number of prey items in the stomachs and (3) the weight of

the stomach contents as a percentage of total weight (%S).

The latter was calculated as %S = W/(T - F ? E) 9 100,

where W is the weight of the sorted prey, T is the total fish

weight (including full stomach), F is the weight of the full

stomach, and E is the weight of the empty stomach (Dunn

and Forman 2011). Models with the presence/absence of

prey had a binomial distribution, due to the binary nature of

the response variable. Models with numbers of prey and the

%S as response variables were specified to have a negative

binomial distribution, due to the large dispersion of the

data (Zuur et al. 2009). Salinity, temperature, dissolved

oxygen, weight and SL predictors were all treated as

continuous and fitted in the GAM using cubic splines,

while sex and locality were treated as discrete variables.

The analysis of the significance of predictors was con-

ducted in two ways: (1) models were fitted including only

continuous variables (‘‘simple model’’); and (2) models

which also included the discrete variables, generating the

Fig. 1 Study area and location

of samples in black circles:

Puerto Bories and Staples Strait
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‘‘full model’’ which followed the guidelines of Wood and

Augustin (2002) and Wood (2001). According to these

authors, each final predictor should be significant

(P B 0.05) and explain at least 0.1 % of deviance. Com-

parisons of models were based on values of the Akaike

information criterion (AIC) (the lowest AIC is the best

model; Franklin et al. 2001).

Results

Diet composition

Out of 126 and 175 specimens of P. tessellata examined

from Staples Strait and from Puerto Bories, 32 (25 %) and

18 (10 %) had empty stomachs, respectively. Fish size

from Staples Strait, excluding those with empty stomach,

ranged between 15.3 and 29.5 cm TL, with an average

(±SD) of 23.1 ± 2.8 cm, while in Puerto Bories, fish size

varied between 9.5 and 20.0 cm TL (14.5 ± 2.5 cm). P.

tessellata from Puerto Bories were smaller than individuals

from Staples Strait. However, both locations comprised

similar fish size with stomach contents in the medium size

range (15.8–22 cm) (36 and 32 specimens in Staples Strait

and Puerto Bories, respectively). This allows a comparison

between the diets of similar medium size groups from two

locations with an equivalent number of individuals, and to

compare ontogenetic size range in this species.

New types of prey continued to be identified with

increasing sample size in Staples Strait (Fig. 2a). However,

the diversity curve reached an asymptote, indicating that the

sample was large enough to describe the diversity of the diet

(Fig. 2b). In Puerto Bories, the sample size was large

enough to describe the diet adequately, as the cumulative

number of prey types and diversity curves reached an

asymptote (Fig. 2c, d). A total of 52 prey items were iden-

tified (Online Resource 1). The diet in Staples Strait was

characterized by the dominance of the polychaete Platy-

nereis australis (IRI = 92.18 %), exceeding by far the

second most common prey (Gammaridae; IRI = 1.89 %).

In contrast, the main prey in Puerto Bories were crustacean

ostracods (IRI = 30.48 %), amphipod gammarids

(IRI = 24.41 %), the filamentous green algae Rhizoclonium

sp. (IRI = 18.43 %) and the red algae Polysiphonia sp.

(IRI = 12.68 %, Online Resource 1).

Effects of environmental variables, body size and sex

on diet

Diet composition showed significant differences among

localities in the medium fish size range (PERMANOVA,

F = 29.15, P\0.001). In contrast, there was no significant

difference between sexes (PERMANOVA, F = 0.0062,

P = 0.15). Regarding ontogeny, the composition of the diet

showed significant differences between size groups of P.

tessellata (PERMANOVA, F = 21.99, P\0.001). How-

ever, the comparison between small (9.5–15.7 cm) and

medium size (15.8–22 cm) groups did not show a significant

difference in diet composition (Tukey-HSD, P = 0.42).

In the multi-dimensional scaling ordination plots of

localities, the diet compositions were clearly separated,

with a stress level of 0.11 (Fig. 3). Ordination was signif-

icantly correlated with salinity and temperature

(P\ 0.001, Fig. 3), with correlation coefficients (r2) of

0.56 and 0.53, respectively. In contrast, dissolved oxygen

showed low correlation (r2 = 0.0038, P = 0.65). A non-

linear influence of salinity and temperature associated with

diet composition was fitted to the ordinations, reflecting the

lower salinity and higher temperature in Puerto Bories than

in Staples Strait (Fig. 3).

Applying the SIMPER analysis, we obtained the relative

contributions of each prey taxon to average dissimilarity

between localities in the medium fish size range, fish sizes

and sexes. The polychaete P. australis, gammarids and

ostracods were the main contributors to the dissimilarity

between localities and sexes, with an average dissimilarity

of 95.93 and 82.68, respectively (Table 1a, b). The same

three prey taxa contributed to the dissimilarity between fish

sizes, with greater average dissimilarity (93.32) between

small fish (9.5–15.7 cm) and large fish (22.1–28.3 cm;

Table 1c).

GAM analysis was further used to identify the size, sex

and environmental factors that explained the variability in

black southern cod diet. GAMs with continuous variables

(‘‘simple model’’) of the proportion of stomachs containing

prey indicated that SL, temperature and salinity had signif-

icant influence (Table 2). The GAM ‘‘full’’ model which

included discrete variables (sex and locality) showed as

significant predictors sex (P\ 0.01) ? SL (P\ 0.001) ?

weight (P\ 0.05), explaining 18.2 % of the variability. The

model suggested a steady decrease in the proportion of

stomachs containing prey with increasing fish length and

that the proportion of stomachs containing prey showed a

slight increase with increasing fish weight (Fig. 4a, b). The

simple GAM on the number of prey items in the stomachs

indicated that environmental predictors and fish size had a

significant influence. Temperature had the lowest AIC

(1034.75) and the greatest deviance (21.9 %; Table 2). The

full GAM on the number of prey items in the stomachs

showed significant as predictors sex (P\ 0.05) ? location

(P\ 0.05) ? salinity (P\ 0.05) ? temperature (P\
0.001) ? SL (P\ 0.01), explaining 26.7 % of the vari-

ability. The model suggested a decrease in the number of

prey items in the stomachs with increasing salinity, while the

number of prey items showed a slight increase with

increasing temperature and a steady decrease in the number
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of prey items with the increase in SL (Fig. 4c, d, e). The

simple GAM on stomach contents (%S) indicated that

environmental predictors and fish size had a significant

influence (Table 2). The full GAM included only the salinity

predictor (P\ 0.01) and locality (P\ 0.01), explaining

17.8 % of the deviance. The model suggested an increase in

%S with increasing salinity (Fig. 4f).

Discussion

Diet composition

Our results showed that black southern cod presents spatial

differences in diet composition among different environ-

mental localities. The dominant prey species in the diet of

Fig. 2 Cumulative curves based on non-empty stomachs of

Patagonotothen tessellata from Staples Strait (a, b) and Puerto

Bories (c, d). a, c Mean cumulative number of prey types identified,

and b, d mean cumulative diversity of prey categories (using the

Shannon H’ index of diversity). Broken lines indicate the 95 %

confidence intervals

Fig. 3 Plot of diet composition in ordination space (first 2 nMDS)

overlaid on a fitted environmental surface (black contour lines).

Samples localities are marked with circles: Patagonotothen tessellata

from Puerto Bories (gray) and P. tessellata from Staples Strait

(black). The arrow points to the direction of most rapid change in the

variable: salinity (a) and temperature (b)
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P. tessellata differed between localities, presumably

influenced by local abundances (i.e., availability) of

potential prey species conditioned by environmental fac-

tors. The dominant prey in Staples Strait was the poly-

chaete P. australis, with 92.18 % of the IRI, suggesting the

lack of other potential prey or high abundance of P. aus-

tralis. A plausible explanation to this elevated dominance

of P. australis in the diet could be related to the presence of

reproductive aggregations of this polychaete (Read 2007;

Fischer et al. 2010). Also, Cañete et al. (2013) found

nocturnal pelagic swarms of adult individuals of P. aus-

tralis throughout the year in the Fueguian and Magellan

channels. In this respect, P. australis constitutes an

important trophic link in the diet of other coastal

Table 1 Relative contributions of each prey taxon to Bray–Curtis dissimilarities among sites in the medium fish size range (a), sex (b) and size

(c) in Patagonotothen tessellata

Average dissimilarity Station group (A)

Bories–Staples

95.93

Male–female

Sex group (B)

82.68

Prey taxon Av. Abund. Bories Av. Abund. Staples Contrib. (%) Av. Abund. male Av. Abund. female Contrib. (%)

P. australis 0.07 0.91 19.54 0.51 0.30 13.80

Gammaridae 0.63 0.17 10.83 0.54 0.60 13.30

Ostracoda 0.50 0.00 8.56 0.45 0.57 12.23

Rhizoclonium sp. 0.38 0.00 7.52 0.30 0.26 8.16

Polysiphonia sp. 0.44 0.00 7.46 0.18 0.23 5.48

Chironomidae 0.49 0.00 8.35 0.16 0.29 5.52

Average

dissimilarity

Fish length group (C)

Small–medium

86.06

Small–large

93.32

Medium–large

74.90

Prey taxon Av. Abund.

small

Av. Abund.

medium

Contrib.

(%)

Av. Abund.

small

Av. Abund.

large

Contrib.

(%)

Av. Abund.

medium

Av. Abund.

large

Contrib.

(%)

P. australis 0.12 0.60 13.39 0.12 1.01 19.74 0.60 1.01 22.00

Gammaridae 0.69 0.55 13.00 0.69 0.28 12.13 0.55 0.28 13.85

Ostracoda 0.75 0.38 13.30 0.75 0.00 12.01 0.38 0.00 6.09

Rhizoclonium

sp.

0.45 0.18 9.15 0.45 0.00 9.07 0.18 0.00 4.26

Polysiphonia

sp.

0.28 0.21 5.89 0.28 0.00 4.65 0.21 0.00 3.64

Chironomidae 0.26 0.27 5.88 0.26 0.00 3.55 0.27 0.00 4.75

Average Abundance (Av. Abund.)

Table 2 Percentage deviance and the AIC criterion (in brackets)

explained by predictors in the simple (continuous variables) gener-

alized additive model (GAM) analyses for the stomach containing

prey, diet composition and the weight of the stomach contents as a

percentage of total weight (%S)

Predictor Stomach containing prey Diet composition %S

Salinity (psu) 3.42** (255.87) 12.9*** (1061.49) 11.9*** (559.99)

Temperature (�C) 4.26*** (253.68) 21.9*** (1034.75) 10.9*** (568.30)

Dissolved oxygen (mg/l) 4.71NS (262.03 17.8*** (1058.84) 13.3*** (565.36)

Standard length (cm) 3.31** (256.17) 11.2*** (1067.85) 8.22*** (571.34)

Weight (g) 4.26NS (257.59) 9.45*** (1074.39) 6.92*** (573.71)

Approximate significance of predictors: NS[ 0.05; ** B 0.01; *** B 0.001
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notothenioids such as Patagonotothen cornucola (Hüne

and Rivera 2010). Moreover, Moreno and Jara (1984)

reported in the diet of P. tessellata the presence of other

pelagic prey such as calanoid copepods in the Beagle

channel, suggesting that P. tessellata preys on pelagic

organisms when they are available in the environment.

Considering feeding specialization on specific prey types,

similar patterns have been found in Antarctic notothenioid

fish such as Harpagifer georgianus and Harpagifer

antarcticus, which feed mainly on gammarids amphipods

(Burchett et al. 1983; Casaux 1998). In this case, special-

ization on specific prey items would be the result of a fit

between the availability of prey and the feeding strategy of

predators (Duarte and Moreno 1981). In spite of the

absence of a swim bladder, the notothenioids have been

able to prey on pelagic organisms of the water column due

to modifications in buoyancy through a reduction in the

skeleton ossification and/or lipid deposits (Eastman 1993;

Eastman and Sidell 2002; Fernández et al. 2012). In

addition, Fernández et al. (2012) determined that P. tes-

sellata has the second greatest buoyant capacity within the

notothenioids of Patagonian channels. This condition

would explain the presence of P. tessellata in the water

column of the kelp beds (Macrocystis pyrifera; Vanella

et al. 2007), coinciding with the consumption of pelagic

organisms in the area (Moreno and Jara 1984). In Puerto

Bories, the ostracod crustaceans, gammarid amphipods, the

filamentous green alga Rhizoclonium sp. and the red alga

Polysiphonia sp. were the most frequently occurring prey

types, as also found in the previous study by Moreno and

Jara (1984), suggesting an association in the consumption

of amphipods and algae. In this regard, Iken et al. (1997)

argued that consumption of algae would be independent of

the epifauna associated with algae. Several authors have

documented that consumption of algae is an important

feeding strategy and is the main food of notothenioids such

as Notothenia coriiceps and Notothenia rossii, species that

dominate the shallow subtidal waters of the Antarctic

Peninsula (Barrera-Oro and Casaux 1990; Casaux et al.

1990; Iken et al. 1997; Casaux et al. 2003). Similar patterns

of consumption of algae by notothenioids have been found

in Patagonotothen wiltoni, Patagonotothen longipes and

Eleginops maclovinus in the shore of southern South

America (Lloris and Rucabado 1991; Murillo and Oyarzún

Fig. 4 Generalized additive model (GAM) analyses for the stomachs

containing prey (a, b), number of prey items in the stomachs (diet

composition) (c, d, e) and the weight of the stomach contents as a

percentage of total weight (%S) (f). The solid line is the function

estimated by the GAM, and dashed lines are 95 % confidence

intervals
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2002; Licandeo et al. 2006; Martin and Bastida 2008), as

well as in Gobionotothen gibberifrons, Lepidonotothen

kempi, Lepidonotothen nudifrons and Trematomus ber-

nacchii around Antarctica (Hureau 1985; Casaux and

Barrera-Oro 2013). The importance of the algae Rhizo-

clonium sp. and Polysiphonia sp. in the diet of P. tessellata

from Puerto Bories could be explained by lower salinity

conditions of the area influenced by the effect of glacier

melting and costal runoff from the Última Esperanza fjord,

considering that they are typical inhabitant of low-salinity

environments (\20 psu) in shallow coast of the channel

and fjord ecosystems (John et al. 2003; Soto et al. 2012).

Effects of environmental variables, body size and sex

on diet

Visual differences in diet composition between different

environments were found in the ordination plots (Staples

Strait and Puerto Bories; Fig. 3). The nMDS analysis

indicated salinity and temperature as important factors in

the diet variability of P. tessellata. The influence of envi-

ronmental conditions on diet composition has also been

reported for the nototheniid Trematomus newnesi in

Antarctica, where seasonal differences in ice cover and

subsequent light intensity affected the availability of prey

(La Mesa et al. 2000). Moreover, our results showed

ontogenetic differences in diet related to major prey con-

tribution of the polychaete P. australis, gammarids and

ostracods to the dissimilarity between fish sizes. Small-

sized P. tessellata exhibit benthic feeding behavior,

preferably preying on ostracods and gammarids, while

larger specimens mainly feed on the polychaete P. australis

in the water column. In this regard, the effect of spatial

changes in diet could be masked by a size factor, because

most of the larger specimens were recorded in the locality

of Staples Strait. However, the PERMANOVA analysis

indicated significant spatial differences in diet composition

between similar medium size ranges. This result was

confirmed with the SIMPER analysis that showed high

dissimilarity in diet among localities with similar fish size.

We also identified the environmental and biological

variables that influence the variability in black southern

cod diet. The physical and biological factors involved and

associated with the diet composition are normally nonlin-

ear. In this respect, we used the nonlinear model-building

approach of GAMs to describe the relationships between

the response variables and each predictor. We found that

the continuous environmental predictors and fish size could

explain significant variability in P. tessellata diet. How-

ever, when we included the categorical variables in the

model (sex and locality), the variability explained by the

predictors decreased. The effect of SL over the number of

stomachs with prey indicated that larger fish had higher

proportion of empty stomachs. The decrease in the number

of stomachs with prey in relation to fish size has been

documented in mesopelagic fish and may be associated

with a less frequent consumption in larger fish linked to a

decrease in metabolic rate compared with smaller fish (Post

and Lee 1996; Connell et al. 2010; Dunn and Forman

2011). Another factor that could have influenced the

absence of prey in larger fish would be related to the

reproductive activity of P. tessellata. According to Rae and

Calvo (1995, 1996), P. tessellata attains sexual maturity at

about 15 cm and has two spawns in both austral summer

and winter. As our sampling period partially coincided with

their breeding season (i.e., March), the energy investment

in reproduction of larger and mature females could have

determined the absence of prey in their stomachs (Kamler

1992; Rae and Calvo 1996; Kamler 2002). The environ-

mental predictors salinity and temperature were highly

influenced as indicators of diet variability, suggesting an

increase in the number of prey with increasing temperature

and decreasing salinity. During our study, Puerto Bories

exhibited lower salinity and higher temperature than Sta-

ples Strait. Thus, P. tessellata showed a major diversity of

prey items in environmental conditions with higher tem-

perature and less salinity. This could be attributed to

greater availability of prey in Puerto Bories. However,

several authors have documented less diversity of benthic

invertebrates in the eastern sector of the channels and

fjords with continental water influence from southern

Chile, related to the high stress due to glacial sedimentation

(Thatje and Mutschke 1999; Rı́os et al. 2005; Häussermann

2006). A plausible explanation for the increase in the

number of prey items in Puerto Bories could be attributed

to the increase in metabolic rate of P. tessellata in waters

with higher temperature (Clarke and Johnston 1999).

Increased activity patterns have been documented in

notothenioid fish from southern Patagonia related to the

increase of temperature, which may allow the capture of

more mobile prey (Fernández et al. 2002; Vanella and

Calvo 2005). Finally, the effect of salinity on the weight of

the stomach contents (%S) was significant and suggests an

increase in large prey or, alternatively, more prey per

stomachs in the locality with higher salinity. In this respect,

the results are consistent with the larger size of P. tessellata

recorded in Staples Strait, a locality with oceanic influence

associated with higher salinity.

In conclusion, the black southern cod showed two

dietary patterns depending on the type of environment in

which it is distributed, highlighting the potential role of the

environmental variables on the availability and abundance

of potential prey and in the structuring diet. However, other

processes such as predation, competition and change in the

physical conditions may also influence the feeding behav-

ior of P. tessellata. In this context, seasonal studies
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including temporal variation and using different predictors

are required for a better understanding of the trophic

dynamics in this species.
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