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The seasonal variation of the inshore fish assemblage of Anegada Bay, North Patagonia, Argentina is described here. Three
areas were seasonally sampled from 2007 to 2009 by means of a gang of bottom gill-nets. We found 21 coastal fish species, but
species richness and fish number and weight changed throughout the year. The six species classified as dominant have
national and regional value for artisanal and recreational fishing and were responsible for the seasonal variation in the
fish assemblage. Both cluster and non-metric multidimensional scaling analyses based on fish number and fish weight indi-
cated two major sample groups encompassing spring and summer (the warmer seasons) and autumn and winter (the colder
seasons). The fish assemblage had higher species richness, dominance and abundance during the warmer seasons than during
the colder seasons in the same years and at the same sites. Water temperature was the main environmental factor structuring
the fish assemblage in Anegada Bay. We suggest that partial breeding migration toward the bay during warmer months could
explain the seasonal pattern observed. Nevertheless, variation in temperature conditions agreed well with the pattern of sea-
sonal changes, leading to an interaction between abiotic and biotic influences in determining the variability in this seasonal
fish assemblage. We conclude that an understanding of species temporal and spatial patterns in areas of high ecological and
economic value, as exemplified by Anegada Bay, are essential for the implementation of a management approach oriented

toward ecosystem sustainability.
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INTRODUCTION

Commonly fish of a particular species do not occur in isolation
from others, but as members of assemblages. A fish assemblage
is defined as a group of fish that are present in the same space
and at the same time and, irrespective of whether they interact
or not, are phylogenetically related (Wootton, 1991; Fauth et al,
1996). Assemblages have their own emergent properties that
can be measured, quantified and analysed, such as species rich-
ness, abundance, biomass and biological indices (Magurran,
2005). Moreover, the study of the temporal variation in
species within biological assemblages yields primary infor-
mation that is needed for an understanding of the patterns of
coexistence and interaction among the members so as to
enable a management policy based on the structure of a given
ecosystem (Jaureguizar ef al., 2006).

Variations in the patterns of distribution and abundance—
that, in turn, determine the composition and hierarchical
dominance of species within site-specific assemblages—
emerge as natural responses to the fluctuations in environ-
mental conditions (Junk et al., 1989; Baber et al., 2002). The
gradual change hypothesis predicts that temporal shifts in
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environmental conditions are coupled with variations in the
structure of the fish assemblages (Connell, 1978). For this
reason, temperate marine areas are suitable systems for evalu-
ating the effect of seasonal changes on fish assemblages, and
how those variations are coupled with the influence of
environmental conditions (Galvan, 2009). In the south-
western Atlantic Ocean the key environmental parameters
that have been reported as influencing the ichthyofaunal
structure are water temperature, salinity and depth
(Jaureguizar, 2004; Jaureguizar et al., 2006; Galvan et al,
2009; Garcia et al, 2010). Those studies, however, were
done on the inner Argentine marine shelf and were based
on samples of fish caught by trawling with commercial gear
because of the great economic relevance of such fish as
resources for commercial fisheries. In contrast, less consider-
ation has been given to fish assemblages within inshore coastal
areas (i.e. at <20 m depth) even though these areas (including
bays) provide critical habitats for many valuable artisanal and
recreational fish species because they are used as spawning
and nursery sites (Blaber & Blaber, 1980; Miller ef al, 1984).

These shallow systems are well represented along the
coastal areas of Patagonia and, particularly Anegada Bay, act
as feeding and nursery grounds for both teleosts and cartilagi-
nous fish (Lucifora, 2003; Lucifora et al, 2009a, b; Llompart,
2011; Molina & Lopez Cazorla, 2011). Moreover, recreational
and artisanal fisheries occur simultaneously in this bay
(Colautti et al, 2010; Llompart et al, 2012). Nevertheless,
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despite the significance of this coastal ecosystem, little is still
known about how inshore fish assemblages respond to
environmental variability on temporal and spatial scales and
how this information might be useful to species conservation
and resource management.

The objective of the present study was, therefore, to
describe the coastal fish assemblage of Anegada Bay and its
main ecological attributes, and to relate that structure to sea-
sonal fluctuations in the environmental variables.

MATERIALS AND METHODS

Study area

Anegada Bay (from 39.96°-40.60°S and from 62.10°-
62.46°W) comprises a reserve designated in 2001 as a
multiple-use zone and encompasses the southern part of
the Buenos Aires Province (Argentina), North Patagonia
(Figure 1). This bay, within the coastal area called El
Rincdn, includes several types of coastal environment—
for example, marshes, tidal plains and sandy beaches
(Penchaszadeh et al, 2003)—and also contains small
islands. The bay’s banks are connected by a diffuse network
of channels, whose depths range from 10 to 30 m (Lucifora,
2003; Cuadrado & Gomez, 2010). The water temperature
varies from 5°C in winter to 19.2°C in summer, and the sal-
inity values fall between 32.5 and 35.0 psu (Borges, 2006).
The climate is dry (precipitation 300 mm/yr), with the prevail-
ing winds coming from the north-west.

America

In the bay the tidal regime is predominantly mixed semi-
diurnal with a maximum amplitude of 2.56 m and
minimum of 1.73 m (Servicio de Hidrografia Naval, 2009).
The coastal sediments are composed of sand and gravel,
with wave-cut platforms and marshes being present.
Sandbars lie in the southern part of Anegada Bay and can
become exposed during low tides.

A distinctive characteristic of the area is the presence of a
tidal-inlet system connecting Anegada Bay with the outer
sea and designated the San Blas Channel. This channel is
2.5 km wide and 12 km long with a maximum depth of
28 m. The current velocities therein reach 2 m/s during
flood tides and drop to 1.8 m/s during ebb tides. The
channel bottom is covered with unconsolidated sediments in
the central regions and cohesive sediments toward the
mouth (Cuadrado & Gomez, 2011).

Anegada Bay is located near the boundary between the two
major biogeographic provinces proposed for the Argentine
Sea: the Argentine (from 30°-32°S to 41°-44°S) and the
Magellanic (from 41°-44°S to 56°S) provinces (Balech &
Erlich, 2008). Because of this proximity, in Anegada Bay,
three kinds of fish associations can be found (Llompart
et al., 2010): (a) typical cold-water or temperate - cold-water
fish (e.g. Eleginops maclovinus (Cuvier, 1830) (Lopez,
1964)); (b) temperate —warm-water species occasionally enter-
ing into the Magellanic Province (e.g. Myliobatis goodei
Garman, 1885, Pomatomus saltatrix (Linnaeus, 1766),
Sympterygia acuta Garman 1877 and Sympterygia bonapartii
Miiller & Henle, 1841 (Lopez, 1964; Krefft, 1968)); and (c)
typical warm-water fish belonging to the Argentine Province
(e.g. Micropogonias furnieri (Desmarest, 1823), Paralichthys
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Fig. 1. Geographical location of the study area and the sampling sites.
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orbignyanus (Valenciennes, 1839), Brevoortia aurea (Spix &
Agassiz, 1829) and Lycengraulis grossidens (Agassiz, 1829)
(Lopez, 1964; Krefft, 1968)).

Sampling procedure

Three main sites were chosen for sampling the fish assemblage
(Figure 1): (a) San Blas (SB; 40.53°S 62.22°W), located in the
north flank of the San Blas Channel, a high-current environ-
ment near the channel’s opening to the outer sea; (b) Punta
Ramirez (PR; 40.52°S 62.31°W), located at the mouth of a sec-
ondary tidal channel, a tributary of the San Blas Channel; and
(¢) Los Pocitos (LP; 40.46°S 62.36°W), located in the south
flank of the San Blas Channel in a lower-current environment
and situated within Anegada Bay.

Each area was sampled seasonally from October 2007 to
February 2009 by using seven bottom gill-nets, each with a
length of 25 m and a height of 2 m. The gill-net gang contained
different sizes between opposite knots, namely: 64, 70, 80, 105,
135, 150 and 170 mm. Sampling was always carried out during
a nocturnal tidal cycle. After each haul, all the fish captured
were identified to the lowest possible taxonomic level following
Menni et al. (1984), counted and weighed.

The water depth (m), temperature (°C), and salinity (psu)
were measured at the beginning of the experimental fishing
with a Horiba U-50 multiparameter water-quality meter.

Data analysis

Fish number (N) and weight (W) were estimated by standar-
dizing each haul to 12 h of fishing time for the entire gang of
gill-nets.

The ecological status of each fish species within the assem-
blage was established by means of the Olmstead Tukey’s test
(Sokal & Rohlf, 1979), where the (log) average of relative
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abundance of each fish is compared to their (log) percentage
frequency of occurrence. This analysis enables the establish-
ment of a quantitative classification of the species within the
area on the basis of four ecological-use functional categories:
(a) dominant: species with values of both the relative abun-
dance and the relative frequency of occurrence higher than
the respective arithmetic means for the two parameters; (b)
common: species with only the relative frequency of occur-
rence higher than the corresponding arithmetic mean; (c)
occasional: species with only the relative abundance higher
than the corresponding arithmetic mean; and (d) rare:
species with values of both the relative abundance and the
relative frequency of occurrence lower than the respective
arithmetic means for the two parameters.

The samples from each date and site were grouped by means
of a CLUSTER analysis and then arranged in a 2-dimensional
space through the use of a non-metric multidimensional
scaling (nMDS) based on the Bray-Curtis (dis)similarity
index. These matrices were calculated on log (x + 1) for the
N and W data set, where x is species’ value, in order to
reduce the influence of the dominant species (Legendre &
Legendre, 1998; Podani, 2000). Both multivariate techniques
were applied simultaneously to give a greater robustness to
the analysis, as suggested by Clarke & Warwick (2001). To
test statistically for fuzziness in cluster groups a P(G° < G*)
analysis was used (Pillar, 1999). The resulting probability indi-
cates whether the groups in the partition are sharp enough to
reappear consistently in bootstrap re-sampling (N = 1000)
where Ho means that the partition level is sharp.

The assemblage variables such as the total number of
species (S), the Shannon-Wiener index (H), and the Pielou
evenness (K) were calculated according to Magurran (2005)
with the subroutine DIVERSE of PRIMER 6 computer
package (Clarke & Warwick, 2001). These attributes were
obtained for each group identified by the CLUSTER and

Table 1. List of species comprising Anegada Bay fish assemblage, their specific name abbreviated and ecological status: RA, rare; DO, dominant;

CO, common.

Family Species Abreviation OLM Status
Pomatomidae Pomatomus saltatrix (Linnaeus, 1766) Po.sa RA
Engraulidae Lycengraulis grossidens (Agassiz, 1829) Ly.gr RA
Sciaenidae Menticirrhus americanus (Linnaeus, 1758) Me.am RA
Myliobatidae Myliobatis goodei (Garman, 1885) My.go DO
Sciaenidae Micropogonias furnieri (Desmarest, 1823) Mi.fu DO
Hexanchidae Notorynchus cepedianus (Péron, 1807) No.ce RA
Triakidae Mustelus schmitti (Springer, 1939) Mu.sc DO
Paralichthyidae Paralichthys sp.? Pa.sp RA
Pleuronectidae Oncopterus darwinii (Steindachner, 1874) On.da RA
Mugilidae Mugil platanus (Ghiinter, 1880) Mu.pl RA
Batrachoididae Porichthys porosissimus (Cuvier, 1829) Po.po RA
Carangidae Parona signata (Jenyns, 1841) Pa.si RA
Stromateidae Stromateus brasiliensis (Fowler, 1906) St.br CcO
Atherinopsidae Odontesthes argentinensis (Valenciennes, 1835) Od.ar DO
Sciaenidae Cynoscion guatucupa (Cuvier, 1830) Cy.gu DO
Squatinidae Squatina guggenheim (Marini, 1936) Sq.gu DO
Callorhynchidae Callorhynchus callorynchus (Linnaeus, 1758) Ca.ca CO
Percophidae Percophis brasiliensis (Quoy & Gaimard, 1825) Pe.br RA
Arhynchobatidae Sympterygia sp.” Sy.sp RA
Eleginopsidae Eleginops maclovinus (Cuvier, 1830) Elma RA
Clupeidae Brevoortia aurea (Spix & Agassiz, 1829) Br.au CcO

%, Paralichthys orbignyanus + P. patagonicus; °, Sympterygia acuta + S. bonapartii
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Table 2A. Standardized species abundance per year, season and sampling station: PR, Punta Ramirez; LP, Los Pocitos; SB, San Blas.

Abrev. PR LP SB

2008 2009 2007 2008 2009 2007 2008 2009

Autumn Winter Spring Summer Spring Summer Autumn Winter Spring Summer Spring Summer Autumn Winter Spring Summer
Po.sa - - - 1.85 - - - - - - - 3.13 - - - 4.29
Ly.gr - - - 1.85 - - - - - - - - - - - -
Me.am - - - - - 0.92 - - - - - 1.04 - - - 0.86
My.go - 0.75 60.92 7.38 3.75 48.92 - - 18.29 8.31 45 55.30 - - 47.08 24
Mi.fu - - 12 14.77 - 2.77 - - 4 9.23 - 0.75 - - - 5.14
No.ce - - - - - - - - - 0.92 - 1.04 - - - -
Mu.sc 1.41 - 52.62 71.08 222.75 184.62 34.43 69.18 228 106.15 225 102.26 263.20 36.75 142.15 71.14
Pa.sp 0.71 0.75 8.31 0.92 - - - - - - - - 2.40 - - -
On.da - - - - - - - - - - - 1.04 - - - -
Mu.pl - - 1.85 - - - - - - - - - - - - -
Po.po - - 0.92 - 4.50 0.92 - - 2.86 - 2 - - - 1.85 -
Pa.si - - - - 1.50 - - - - 0.92 - - - 0.75 0.92 -
St.br 0.71 - - - - - 2.09 23.29 - 0.92 - - - 8.25 - 0.86
Od.ar 7.76 28.50 8.31 10.15 - 12 12.52 165.88 2.29 - 2 12.52 16 9 - 19.71
Cy.gu 4.24 - 10.15 11.08 29.50 23.08 20.87 - 6.86 57.23 283 15.65 - 1.50 18.46 4.29
Sq.gu - - 12 0.92 4.75 8.31 1.04 - 5.71 - 1 4.17 0.80 - 3.69 0.86
Ca.ca - - - - - - - - 1.14 - 7 - 1.60 - 12.92 -
Pe.br - - - 0.92 - - 0.52 - - - 1.04 - - - 3.43
Sy.sp - - 0.92 1.85 - - - - - - - - - - 3.69 -
El.ma - - 0.92 - - - - - - - - - - - - -
Br.au - - 4.62 - 3.75 0.92 - - - - 101 29.22 - - 13.85 -
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Table 2B. Standardized species weight (kg) per year, season and sampling station: PR, Punta Ramirez; LP, Los Pocitos; SB, San Blas.

Abrev. PR LP SB

2008 2009 2007 2008 2009 2007 2008 2009

Autumn Winter Spring Summer Spring Summer Autumn Winter Spring Summer Spring Summer Autumn Winter Spring Summer
Po.sa - - - 0.51 - - - - - - - 0.70 - - - 0.35
Ly.gr - - - 0.18 - - - - - - - - - - - -
Me.am - - - - - 0.37 - - - - - 0.42 - - - 0.24
My.go - 3.88 114.89 24.87 7.94 65.47 - - 34.50 16.04 91.99 92.36 - - 90.10 43.63
Mi.fu - - 13.82 3.70 - 3.58 - - 8.67 2.08 - 0.51 - - - 5.01
No.ce - - - - - - - - - 0.17 - 0.66 - - - -
Mu.sc 0.33 - 32.56 25.22 95.94 82.10 6.38 13.27 117.70 45.22 163.89 36.66 62.78 7.41 65.77 27.16
Pa.sp 0.30 0.46 5.76 0.05 - - - - - - - - 0.69 - - -
On.da - - - - - - - - - - - 0.10 - - - -
Mu.pl - - 0.92 - - - - - - - - - - - - -
Po.po - - 0.13 - 0.56 0.06 - - 0.28 - 0.43 - - - 0.46 -
Pa.si - - - - 1.93 - - - - 1.02 - - - 0.75 0.58 -
St.br 0.15 - - - - - 0.48 5.02 - 0.32 - - - 1.69 - 0.47
Od.ar 2.13 8.07 2.41 2.63 - 3.14 3.41 46.58 0.61 - 0.85 4.17 4.42 2.88 - 6.14
Cy.gu 2.30 - 5.48 6.09 10.32 15.01 13.98 - 3.30 32.28 116.86 10.74 - 0.92 12.80 2.68
Sq.gu - - 17.61 0.79 10.57 7.85 0.49 - 2.76 - 0.36 1.04 0.21 - 5.72 3.12
Ca.ca - - - - - - - - 1.62 - 12.38 - 3.42 - 15.46 -
Pe.br - - - 0.68 - - 0.36 - - - - 0.05 - - - 2.43
Sy.sp - - 0.37 0.96 - - - - - - - - - - 1.52 -
El.ma - - 0.22 - - - - - - - - - - - - -
Br.au - - 1.03 - 1.12 0.05 - - - - 40.06 4.38 - - 3.77 -
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nMDS analyses, and the existence of significant differences
between sample groups evaluated by the Student’s f-test
(Zar, 2010).

To determine whether or not significant shifts in assem-
blage structure had occurred between the fish assemblage
groups, a non-parametric permutational multivariate analysis
of variance (PERMANOVA) was used (Anderson, 2001;
McArdle & Anderson, 2001). A 10,000 permutation pro-
cedures was selected to obtain the null hypothesis distribution
(indicated as ‘pseudo’ F) and P-values for the tests. The fish
species most responsible for the multivariate pattern were
identified by means of a similarity-percentages analysis
(SIMPER). Species that contributed greatly to the dissimilarity
were selected as those responsible for the assemblage differ-
ences. This multivariate technique was done with the
PRIMER 6 statistics package (Clarke & Warwick, 2001).
Both tests were done using the Bray-Curtis (dis)similarities
index applied on the N and W data set.

In addition, the variation in the fish assemblage over time
in relation to the environmental variables measured was eval-
uated by direct gradient-redundancy analysis (RDA) through
the use of the CANOCO 4.5 software package (Ter Braak &
Smilauer, 2002). The decision to use the linear RDA was

made in view of the lengths of the gradients in the DCA
(<4; Leps & Smilauer, 2003). The global model contained
environmental variables (water temperature, salinity, and
depth) transformed to log (x + 1), while the year and the
sample location were used as covariates. Fish-abundance
data were log-transformed, scaling was focused on interspe-
cies correlations, the model was centred around the species,
the species scores were divided by the standard deviation
and the samples were not modified. The significance (P <
0.05) of the RDA gradient was assessed by Monte Carlo
permutation tests (Ter Braak & Verdonschot, 1995). These
techniques yielded a so-called triplot, where the fish and
species abundances and the sample stations (represented by
acronyms), together with key environmental variables (rep-
resented by vectors) were displayed in an ordination diagram.

RESULTS

Fish-sample composition and representation

The samplings in spring 2007 and summer 2008 at the site PR
and during autumn 2009 at the sites PR and LP were not
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Fig. 2. Upper panels: CLUSTER analysis corresponding to fish number (A) and fish weight (B) for the fish assemblage in Anegada Bay. The dotted line represents
the similarity level of the two main groups. Lower panels: nMDS analysis in number (C) and weight (D). The circles include the warmer-season group, the
diamonds represent the colder-season group, and the grey scales correspond to the sampling sites. Codes: the first two letters represent the sampling stations
(PR, Punta Ramirez; SB, San Blas; LP, Los Pocitos), the second ones indicate the sampling seasons (WI, winter; AU, autumn; SU, summer; SP, spring) and the
three numbers correspond to the sampling years (07, 2007; 08, 2008; 09, 2009).
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completed because of bad weather conditions and thus were
not included in the analysis. The use of experimental gill-
nets provided a total of 4061 individuals and 21 marine
coastal species (six chondrichthyans and 15 osteichthyans
taxa) belonging to 21 genera and 19 families (Table 1).
Chondrichthyans accounted for 67% of the abundance (N)
and 77% of the weight (W; Table 2A, B). The Patagonian
smoothhound (Mustelus schmitti Springer, 1939) was the
most highly represented species in terms of both N (55%)
and W (41%), followed by the eagle ray (Myliobatis spp.) at
9% and 30% N and W, respectively. Among the bony fish
the most abundant species was the striped weakfish
(Cynoscion guatucupa (Cuvier, 1830)) with respect to both
N (14%) and W (12%), followed by the marine silverside
(Odontesthes argentinensis (Valenciennes, 1835)) at respective
N and W values of 9% and 4%. The Olmstead Tukey analysis
indicated that 28% of the species should be considered as
abundant, 14% as common, and 57% as rare, without any
species being classified as occasional (Table 1).

Seasonal pattern based on abundance
and biomass

The CLUSTER analysis for the sampling sites as a function of
fish number and weight defined two main groups following an
intra-annual pattern (Figure 2A, B). The first group was com-
posed of samples taken in the spring and summer (hereafter
referred to as the warmer season) and the second by
samples obtained during the autumn and winter (hereafter
referred to as the colder season). This pattern, however, was
practically independent of the sampling sites. The probability
of P (G° < G*) = 0.32 for the second partition level indicated
that null hypothesis is accepted and the groups are really
sharp. Moreover, the nMDS showed the same intra-annual
pattern as the dendrogram with no overlap between groups
and a stress value of 0.1, corresponding to a good ordination
with no real prospect of a misleading interpretation (Clarke &
Warwick, 2001; Figure 2C, D).

Difference between the warmer- and the
colder-season groups

The species richness showed a strong pattern of annual vari-
ation, where the highest values were recorded during the
warmer season (mean = 9.3, standard error +0.59) and the
lowest in the colder season (mean = s5.14, standard error
+0.76), with these values being statistically different
(t= —4.32, P < 0.05). The minimum species richness was
obtained at PR and LP during the winter (S = 3), whereas
the maximum was found at PR during the summer (S=
12). In addition, the H and K indices were significantly differ-
ent between the two groups (f = —2.13, t = 2.38, P < 0.05),
with the former parameter being higher during the warmer
season (mean 1.25, standard error 4+ 0.1 and mean 0.87, stan-
dard error +0.08) and the latter higher during the colder
season (mean 0.53, standard error +0.06 and mean 0.39,
standard error +0.02). Finally, the fish compositions of the
assemblages were significantly different between the two
groups as well (PseudoF = 5.72 in N and PseudoF = 7.75 in
W, P < 0.05).

The SIMPER analysis indicated that the average similarity
of each seasonal fish assemblage ranged between 64.43% in N
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Table 3. Species contribution to similarity between the seasons based on
fish number and weight as assessed by the SIMPER procedure.

Similarity within groups

‘Warmer seasons

Number Weight
Species Contribution Species Contribution
(%) (%)

Mustelus schmitti 35.1 Mustelus 33.2
schmitti

Myliobatis goodei 20.1 Myliobatis 29.5
goodei

Cynoscion guatucupa 18.9 Cynoscion 17.4
guatucupa

Squatina guggenheim 6.5 Squatina 6.9
guggenheim

Total 80.7 Total 87.3

Colder seasons

Number Weight

Species Contribution Species Contribution

(%) (%)

Odontesthes argentinensis 49.8 Mustelus 48.1
schmitti

Mustelus schmitti 33.3 Myliobatis 33.2
goodei

Cynoscion guatucupa 6.0 Cynoscion 8.1
guatucupa

Stromateus brasiliensis 0.5 Stromateus 3.7
brasiliensis

Total 89.7 Total 93.3

and 64.42% in W for the warmer period and between 51.97%
and 43.33%, respectively, for the colder. Mustelus schmitti,
Myliobatis spp., and Cynoscion guatucupa were the species
that mostly accounted for seasonal differences in the assem-
blage both in terms of N and W (Table 3). These species,
along with Odontesthes argentinensis and Squatina guggen-
heim Marini, 1936, were, furthermore, those that mostly con-
tributed to the dissimilarity between seasonal groups with
respect to both N and W (Table 4).

Table 4. Species contribution to dissimilarity between the seasons based
on species number and weight as assessed by the SIMPER procedure.

Dissimilarity between groups

Number Weight
Species Contribution Species Contribution
(%) (%)

Myliobatis goodei 16.6 Myliobatis 22.9
goodei

Cynoscion guatucupa 12.7 Mustelus 15.7
schmitti

Mustelus schmitti 12.3 Cynoscion 12.7
guatucupa

Odontesthes argentinensis 9.2 Squatina 8.3
guggenheim

Brevoortia aurea 7.61 Odontesthes 7.7
argentinensis

Micropogonias furnieri 7.21 Micropogonias 7.5
furnieri

Total 65.8 Total 75.1
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Relationship between fish assemblages and
environmental variables

All the environmental parameters considered by RDA signifi-
cantly influenced the fish assemblage (P < 0.05). The first two
axes of the RDA on the number of data set accounted for
45.5% of the total variance, with both the first axis and the
sum of all canonical being significant (P = 0.002). The first
ordination axis accounted for 80.5% of the variance in the
relationship between the species and environmental data,
while the second axis explained only 13% (Table 5). Since
after manual selection the third environmental variable
(depth) added to the model entered with a limited o and
was mainly correlated with the second canonical axis, the sig-
nificance of this axis was evaluated by partial RDA (P > 0.05).
Then, from the RDA-ordination diagram a single gradient
observed separated the fish primarily on the basis of tempera-
ture, where the warmer seasons were located on the right side
of the diagram and the colder on the left (Figure 3; only the
species well-fitting to the gradient are shown). Here, only
O. argentinensis and Stromateus brasiliensis Fowler, 1906

Table 5. Summary statistics of the redundancy analysis for the fish assem-
blage and environmental factors in Anegada Bay.

RDA Axis 1 Axis 2 Axis 3
Eigenvalues 0.31 0.05 0.02
Species-environment correlation 0.92 0.77 0.68
Cumulative variance % species 39.2 45.5 48.7
Cumulative variance % species-variables 80.5 93.5 100
Interset correlations temperature (°C) 0.81 0.10 0.34
Salinity (psu) —0.76 0.34 0.18
Depth (m) —0.20 0.74 —0.09
LPSPO7
Depth
LPALOS LPSPO8
LPSUD9
LPWI08
Salinity
Mi.sc LPSUO8
SBSU09
. 2l
T J{ﬁ‘iberature
Mi.fu
SBSU08
Oclar Posa—  Myvgo
PRAUOS .
SEAUOS Mu.pl
SBAUGY Br.au
Sv.spSBSP08
SBWI08 PRSF08
PRWI08 PRSU09
SBSPO7

Fig. 3. Triplot diagram of the redundancy analysis for environmental variables
and fish assemblages in Anegada Bay. The sample codes are as defined in
Figure 2, while for the fish the first two letters of the genus plus the first two
letters of the species name are used, separated by a period (see the species
names listed in Table 1).

https://doi.org/10.1017/50025315413001045 Published online by Cambridge University Press

showed preferences for cold water, while the majority of the
species appeared during the warm-water period. Within this
group, the species most related to the high temperatures
were M. goodei, C. guatucupa, S. guggenheim and M. schmitti.
Salinity, in turn, appeared to be correlated with the first cano-
nical axis but opposite to water temperature, while depth
appeared as the least related variable and not strongly corre-
lated with any particular species although Parona signata
appears to use mid-depths.

DISCUSSION

This study investigated changes in the marine shallow-water
fish assemblage from Anegada Bay over time in terms of vari-
ations in species richness, fish number and fish weight, in
three different locations. Although species composition did
not depart strongly from patterns predicted by zoogeographic
studies for this region (Balech & Erlich, 2008), very shallow
areas such as Anegada Bay can present distinctive patterns
or new recorded species (Llompart et al., 2010). The core
members of the Anegada Bay fish assemblage were rep-
resented by only a few species. Among those present,
Mustelus schmitti, Micropoganias furnieri, and Cynoscion gua-
tucupa belong to the varied coastal (variado costero) fishing
group that consists of species inhabiting the coastal areas
between 34° and 41°S and up to 50 m depth (Angelescu &
Prenski, 1987; Carozza et al., 2001a). These three species—
identified as the most typical ones for the inner coastal assem-
blage of Argentina (Jaureguizar et al, 2006)—exhibit great
economic relevance in Brazil and Uruguay (Haimovici et al,
1989; Nion, 1999; Miranda & Vooren, 2003; Vasconcellos &
Haimovici, 2006) as well as in Argentina, both nationwide
(Carozza et al, 2001b; Massa & Hozbor, 2003; Perrota &
Ruarte, 2009) and at the local level, since the three are targeted
by both recreational and artisanal fishing within Anegada Bay
(Colautti et al., 2010; Llompart et al., 2012). Another two
abundant species in the Anegada fish assemblage were
Myliobatis spp.—also well represented in the outer area of
the Rio de la Plata estuary (Rico 2000; Jaureguizar et al,
2004)—and Odontesthes argentinensis—quite common in
the coastal areas of Brazil, Uruguay, and Argentina (de
Buen, 1953; Chao et al, 1985; Moresco & Bemvenuti 2006;
Sampaio, 2006). These last two species also represent a valu-
able fishery resource within Anegada Bay (Llompart, 2011;
Llompart et al., 2012). Finally, Squatina guggenheim—classi-
fied as an endangered species by the International Union for
Conservation of Nature (Chiaramonte & Vooren, 2007),
despite still being one of the most common fish in the national
market (Massa et al., 2003)—was not relevant to fishing in the
present study area.

The composition of the coastal-fish assemblages at the
three sites in Anegada Bay showed strong seasonal differences.
These changes in fish composition allowed us to differentiate
two groups, corresponding to the autumn-winter and the
spring-summer seasons. The pattern of variation observed
in the assemblage attributes along with several indices
suggested the existence of two periods: one of warmer
months (the spring—summer) when the species-abundance,
diversity, dominance, and richness values were higher than
those found during the second colder season (autumn-
winter). This pattern was similar throughout the three years
of the study—2007, 2008 and 2009—and at the three sampling
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sites, thus exhibiting a consistency over time and reproducibil-
ity among the three locations.

Since the temporal pattern assemblage species, should be in
part to the population dynamics of each of them, we suggested
that this intra-annual seasonal pattern can be produced by an
admixture of oceanodromous migrant species and/or by sea-
sonally breeding partial migrants (Chapman et al, 2012a, b).

Temporal variations in fish assemblages related to repro-
ductive activities of particular species were mentioned in the
temperate False Bay in South Africa, where abundance and
species richness were highest during the period when most
species recruit (Clark et al, 1996). Similarly, in
Ardmucknish Bay on the west coast of Scotland, an increase
in both numbers and species were caused mainly by the
recruitment of young of the year (Gibson et al, 1993). In
addition, Layman (2000) working on the north end of Hog
Island Bay in North America, showed that fish species rich-
ness and total abundance peaked in summer and were
lowest in the winter due to migration of certain species to
deeper waters or southward during cooler months.
Furthermore, movements to inshore areas as a result of repro-
ductive behaviour during the warmer months could have been
one of the main influences on the coastal-fish assemblage, as
had been previously noted by several studies done in the
south-west Atlantic Ocean. Pinheiro et al. (2009) and
Rodrigues & Vieira (2013) worked in temperate and subtropi-
cal marine coastal areas of Brazil, respectively, and found
intra-annual variation of fish assemblage related to seasonal
presence of juveniles and reproductive adults due to the
high reproduction activity in the spring/summer months. In
our study, M. schmitti and C. guatucupa exhibited a well
defined pattern characterized by the highest abundance
during the warmer months and a decrease during the
autumn and winter. Moreover, the seasonal migration of
Mustelus schmitti in Anegada Bay had been investigated by
Colautti et al. (2010) who found that adult smoothhounds
entered the bay during the spring and remained until the
summer for mating and reproduction, only to leave the area
and return again the following year. The neonates and juven-
iles of this species, however, because of food availability, per-
sisted during the entire year until reaching sexual maturity
(Colautti et al, 2010). For this reason Anegada Bay should
be considered a nursery area (Molina & Lopez Cazorla,
2011). Moreover, certain authors have suggested that the con-
centration of C. guatucupa through seasonal migration into
the coastal areas between November and April likewise
occurs for reproduction (Cosseau et al, 1986; Lopez
Cazorla, 1996). Similarly, a seasonal presence during the
warmer part of the year, but an absence in autumn, was
detected for S. guggenheim in Anegada Bay in the present
study. This pattern could be related to a migration of part of
the population towards shallower coastal waters (<40 m),
where copulation and parturition take place between
November and December (i.e. spring; Sunye & Vooren,
1997; Colonello et al., 2007). Myliobatis sp., for its part, was
identified as a marine migrant (Rico, 2000) and was therefore
more abundant during the spring season, as in the outer area
of the Rio de la Plata estuary (Jaureguizar et al., 2004)—there,
however, the breeding site of this species remains unknown.
The euryhaline and migrant species Brevoortia aurea, a
spring—summer spawner (Acha & Machi, 2000), and
Micropogonias furnieri—which reproduce between October
and April (Militelli et al,, 2012)—were not present in the
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bay during the colder seasons. Evidence was found for the
presence in the bay of juveniles of C. guatucupa, S. guggen-
heim, Myliobatis goodei, B. aurea, and Micropogonias furnieri
during the period of the sampling programme. By contrast,
the marine silveride O. argentinensis evidenced the highest
abundance during the autumn-winter season, even though
reproducing in the spring (Llompart et al., 2013). The hypoth-
esis that Anegada Bay is used seasonally during the warmer
months by migrants entering for reproduction likewise
agrees with the recorded arrival of the four large coastal
sharks ((Carcharias taurus Rafinesque 1810, Carcharhinus
brachyurus (Giinther, 1870), Galeorhinus galeus (Linnaeus,
1758) and Notorynchus cepedianus (Perdn, 1807)) from the
outer areas during the spring-summer seasons for mating
and breeding (Lucifora et al., 2002, 2005, 2006, 20093, b).

The limited proportion of dominant species found in the
fish assemblage of Anegada Bay agrees with a widespread
and general pattern described for various taxa, including fish
in shallow bay areas, estuaries and other coastal environments
(Clark et al., 1994; Valesini et al., 1997) in which few species
are dominant, others only moderately common, and the rest
either uncommon or rare (Magurran et al, 2011). The
species classified as dominant (e.g. Myliobatis spp., C. guatu-
cupa and Mustelus schmitti) were also those that most
greatly contributed to the dissimilarities between the fish
fauna of the spring-summer and autumn-winter groups.
Nevertheless, M. schmitti also made a high contribution to
the similarities in both the warmer and the colder seasons
since age-class abundances indicated great seasonal variation.
According to this pattern, individuals smaller than 40 cm are
present throughout the year, but the occurrence of individuals
of length greater than 47 cm had been observed almost exclu-
sively in the spring—summer seasons (Colautti et al., 2010).

The RDA indicated that changes in the attributes of the
assemblage were positively correlated with water temperature,
and this parameter was therefore selected as the main environ-
mental variable of relevance to the seasonal structuring of the
Anegada Bay fish assemblage. Accordingly, water temperature
had also been seen as the most consequential determinant of
the structuring of the fish assemblages along the south-west
continental shelf (Menni & Gosztonyi, 1982; Menni &
Lopez, 1984). For example, Jaureguizar et al. (2006) showed
that the spatial distribution of the spring fish assemblages in
the northern Argentine marine shelf (between 34° and 41°S)
was explained mostly by the general water temperature,
while Menni et al. (2010) found that depth and the bottom
water temperature were the variables selected for their func-
tional relevance in determining chondrichthyan-species com-
position (between 22° and 54°S). Salinity, in turn, plays a
major role in structuring fish assemblages in estuarine
environments (Jaureguizar et al., 2003; Barletta et al., 2005),
but it is only of secondary relevance in coastal systems
(Menni et al, 2010). Since these variables covary, the
interpretation of the effect of each one alone is difficult to
assess (Jaureguizar et al, 2004).

Anegada Bay is influenced by the so-called Patagonian
current (Brandhorst & Castello, 1971) that flows along the
shoreline from south to north. That marine water mass
receives the influence of freshwater discharges from the
Negro River and, to a much lesser extent, from the
Colorado River, both of which decrease the salinity levels
(Guerrero & Piola, 1997). Despite this influence, the differ-
ences in the water-temperature conditions noted in our
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study reflect complex interactions and possible combinations
of natural warming phenomena through seasonal changes
(Boltovskoy, 1981) and/or as a result of the warm marine
current coming in a south-southwest direction that reaches
the coast of the Buenos Aires province in the spring during
October (Balech, 1971, 1986; Martos & Piccolo, 1988).
Those seasonal changes appear to be well reflected by the
domination of the fish-assemblage composition by the pres-
ence of species adapted to migrate in accordance with temp-
erature (and salinity) fluctuations. We thus suggest that the
core species enter into the bay in the early spring as
warming occurs abruptly during the warmer months and
then leave the bay during the early autumn until the beginning
of winter because the cooling process is more uniform and
prolonged (Bianchi et al, 1982). These modifying environ-
mental conditions coupled with a shallow depth furthermore
provide suitable habitat characteristics for the accommo-
dation of species that move to coastal areas for reproduction,
so that the influences of both the biotic and the abiotic vari-
ables are seen to come into play in combination. The relative
influence of the abiotic and biotic factors in structuring fish
communities has received much attention in recent years.
Large-scale distribution patterns of fish are believed to result
primarily from species responses to their physical environ-
ment (Martino & Able, 2003), but biotic interactions and bio-
logical responses could influence the fish-distribution patterns
and structure on a smaller geographical scale (Menge & Olson,
1990).

Knowledge about the temporal and spatial distributions of
marine species in areas of high ecological and economic value
such as Anegada Bay is a significant issue, particularly if those
patterns involve habitats that are critically linked to the
species’ life history cycles. Moreover, since the core species
of the Anegada Bay assemblage represent valuable commercial
and recreational targets sustaining different kinds of inshore
fishing activities over the entire distribution range, studies
related to those species’ natural movements and abundance
patterns can provide valuable information for developing
regional conservation programmes within an ecosystem-
based fisheries management framework. Specifically, as was
showed in this study since the core assemblages species use
the bay seasonally mainly for reproduction, a comprehensive
management plan should include not only the Anegada Bay as
a protected area but also other shelf areas that become critical
to complete species life cycles. This is specially relevant in the
case of Chondrichthyan species where size of reproductive
stocks are a key factor for successful recruitments (Massa,
2013).

In addition, San Blas Bay is considered as the most impor-
tant marine recreational fishery in Argentina where the
highest catch per unit effort values, fishing effort and
monthly catches occur during warmer months (Llompart
et al, 2012). These facts are directly related to the present find-
ings of fish arrival during spring and their permanence until
late summer. Therefore further studies should be oriented to
relate fish assemblage attributes to specific management
guidelines in Anegada Bay to accommodate anglers’ and
local economy requirements, but at the same time to assure
that fish assemblages structure and natural environmental
conditions are not impaired. To achieve such goal a
co-management and adaptative framework is encouraged as
a sound strategy to protect key species and promote new regu-
lations mainly during the time periods where the Anegada Bay
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is used as a nursery ground and recruitment area (Colautti
et al, 2010). Such an approach, still unexplored for rec-
reational and artisanal coastal marine fisheries in Argentina,
could represent an innovative but suitable strategy to maintain
the sustainability of coastal fisheries in healthy environments.
Thus this contribution provides the first guidelines to
approach a new management strategy for coastal fisheries
settled in a protected area within the Argentinean seas.
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