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Understanding the dynamics of a fishery is a key ingredient to successful fishery management. The objec-
tive of this study was to improve the understanding of the dynamics of the trawl demersal fishery that
operates in San Matias Gulf (Patagonia, Argentina). This system offers an opportunity to explore different
issues of fishery dynamics and management because it is a simple system with a few well-characterised
active vessels and a stock of Argentine hake (Merluccius hubbsi) that seems to have been well preserved

IF(%W;’“LS: i since the beginning of the fishery in 1970. This study combined different sources of information to analyse
Trivslsf’isgeri/ © the seasonality of landings, the link between catch and landing profiles, and the association between sea
Catch profile surface temperature and the spatio-temporal variability in catch profiles. The monthly species composi-
Patagonia tion of the catch fell into three fishing seasons, each with a distinct landing profile. During warm months,

M. hubbsi dominated the catch, and bottom trawl activity was concentrated in a thermal frontal zone.
In winter, the fishing activity was more dispersed over the surface of the gulf, and yields were minimal.
From August to October, the landings increased rapidly due to the catch of Seriolella porosa, and the dis-
tribution of the fishing effort was partially concentrated in the northeastern area of the gulf. The seasonal
pattern observed would be related to the resource availability and the commercial opportunities. These
factors were significant in determining what, when, and where to fish in the trawl demersal fishery of
San Matias Gulf.

Fishery management

© 2012 Elsevier B.V. All rights reserved.

1. Introduction behaviour of fishermen has been increasingly included in the analy-
sis of stock assessments and currently represents an essential issue

One of the great challenges in ocean management is managing in management recommendations. Models that ignore the fisher

fish stocks and conserving the communities on which those stocks
depend. The concerns of fisheries management extend beyond
overfishing and include environmental, ecological, and biodiver-
sity considerations (Grafton et al., 2008; Squires, 2009). In this
context, analyses of fisheries dynamics and fisher behaviour have
received widespread attention during the last decade (Salas and
Gaertner, 2004; Branch et al., 2006; Davie and Lordan, 2011). The
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behaviour and fleet dynamics provide a fragmented vision of the
impact that a fishery has on the ecosystem (Pelletier and Ferraris,
2000; Branch et al., 2006). This problem is particularly conspic-
uous in multispecies, multifleet fisheries, where more than one
species is caught in the area, and different fleets simultaneously
or sequentially exploit the same stocks. Because various species
may be exploited at the same time, the fishery management of one
stock influences the management of all other target and non-target
stocks. Thus, for management advice in mixed fisheries, a fleet- or
fishery-based approach is more appropriate than the conventional
single-species approach (Holley and Marchal, 2004; Katsanevakis
et al., 2010).

Integrated fishery management requires an understanding of
the complexity that is introduced by multispecies and multifleet
properties. The approach requires accurate knowledge of which
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species are consistently caught together, information about the
fleet composition and flexibility, and a complete understanding
of the way fisheries respond to management. These properties
may vary depending on the season, areas, management measures,
market conditions, and fisher behaviour (Marchal et al., 2006;
Katsanevakis et al., 2010). In addition, the different fleets that oper-
ate in a fishery can generate technological externalities that should
be considered as another factor that drives the fishery dynamics
(Seijo et al., 1998).

Defining fishing tactics is the first step in analysing fleet dynam-
ics. The term “fishing tactics” is used in the fisheries literature to
describe the combination of fishing location, gear used, and one
or several target species, and this term should reflect the fishing
intention (Pelletier and Ferraris, 2000; Pech et al., 2001). Several
methods based on uni- and multivariate procedures have been pro-
posed to identify fishing tactics (Pelletier and Ferraris, 2000; Holley
and Marchal, 2004; Castro et al., 2010). Most methods are based on
the catch profile and assume that this profile reflects the fishing
intention. However, Marchal (2008) provided two reasons why the
fishing intention may not be reflected by the species composition:
the catch profile is estimated from landings, so the discard fraction
is ignored, and all species caught in the same fishery do not nec-
essarily have the same temporal and spatial dynamics. This author
also recognised that landing profiles are often the only source of
information available to classify fishing tactics. In contrast, a full
understanding would require tracking the activity of each fishing
unit through the year in time and space; however, there are few
studies addressing this issue (e.g., Fonseca et al., 2008; Katsanevakis
et al., 2010). After characterising the fisheries, the next step is
identifying groups of fishing vessels that share a similar activity pat-
tern and/or technical features, i.e., participate in the same fisheries
(Ulrich and Andersen, 2004).

In Argentine waters, fishing practices are diverse in terms of
gear, target species, seasonality, and fishing areas. The main tar-
get species in the Argentine Economic Exclusive Zone (AEEZ) is the
Argentine hake (Merluccius hubbsi), which is also the most impor-
tant in economic terms. According to the FAO (2012), Argentina
dominates global hake landings (0.4 million metric tonnes [t]). Two
main stocks of M. hubbsi have been identified in the AEEZ (Ehrlich,
1998; Macchi et al., 2004), and both are considered overexploited
(Aubone et al., 2004; Vaz-dos-Santos et al., 2010). A third stock,
located within the San Matias Gulf (SMG, Fig. 1), constitutes an
independent demographic unit (Sardella and Timi, 2004; Gonzélez
et al,, 2007; Machado Schiaffino et al., 2011), with a population
structure that seems to have been well preserved since the begin-
ning of the fishery in 1970 (Gonzalez et al., 2007; Ocampo Reinaldo,
2010).

Both industrial bottom trawl and artisanal midwater longline
fleets conduct fishing activity in the SMG. Both fleets are well char-
acterised in terms of gear, target species, and fishing grounds, and
they are managed as two separate fishing units (Gonzalez et al.,
2007; Romero et al., 2010). The artisanal longliners operate in an
areareserved exclusively for their activity (Fig. 1). This fleet consists
of 40 and 50 vessels of less than 10 m in length with an average fish-
ing effort of 3000-4000 hooks per day (Gonzalez et al., 2007). The
bottom trawl fleet is composed of approximately 10 industrial ves-
sels longer than 18 m in length, which are allowed to operate only
within the SMG (except in the artisanal exclusive zone). During the
last decade, the total annual landings of the demersal fishery have
fluctuated between 5000 and 15,000t, of which 90% were trawl
fleet landings (Millan, 2011).

From an oceanographic point of view, the SMG is a semi-
enclosed basin with relatively isolated waters (Rivas and Beier,
1990; Gagliardini and Rivas, 2004). Studies performed in the last
two decades have identified oceanographic phenomena and envi-
ronmental patterns that appear to modulate ecological processes.

The most important oceanographic feature is the formation of a
thermohaline front that crosses the SMG near 41°50’S during the
warmest months (Piola and Scasso, 1988; Gagliardini and Rivas,
2004). This frontal system divides the ecosystem into two distinct
water masses: the northern, composed of relatively warmer and
saltier water with strong vertical stratification; and the southern,
characterised by cold and lower salinity water (Piola and Scasso,
1988). Recent studies (Williams et al., 2010) have identified some
seasonal patterns of use in certain areas of the gulf by trawl vessels,
and these patterns are hypothesised to follow the annual migra-
tions of the fishing resources.

The SMG demersal fishery is well known in terms of landings,
fleets, and gear and has been managed as a multispecies and mixed
fishery (Gonzalez et al., 2007; Romero et al., 2010). Biological and
ecological information on the fishing resources and the associated
communities is available, and the main oceanographic patterns
have been recently characterised (Williams et al., 2010). Our new
understanding of these factors and the existence of a healthy hake
stock provide a unique opportunity to investigate the correlation
among fishery dynamics, biological variables and environmental
conditions. Therefore, the aim of this study is to improve the under-
standing of the dynamics of the SMG trawl fishery by assessing the
fishing performance and practices using a holistic approach that
combines different sources of information. Statistical data were
combined with oceanographic and biological information to char-
acterise the seasonality of landings, the link between catch and
landing profiles, and the human responses to a changing environ-
ment.

2. Materials and methods

The research strategy included: (1) a description of the sources
of information and data collection, (2) an analysis of seasona-
lity based on catch and landing profiles, and (3) a compilation of
oceanographic and fishery information to improve the understand-
ing of fishery dynamics and human responses.

2.1. Data collection

The fishery data were obtained from two sources. The first data
set was obtained from the Fishery Statistics compiled by the Fish-
eries Directorate (Millan, 2011) and consisted of information on the
total weights of species landed by the trawl fleet each month from
2006 to 2008 (1030 fishing trips). Ranges, plots, and charts of the
data were examined, and outliers that were obvious errors were
removed. To analyse the landing profile, the species that composed
the bottom trawl fishery landings in the study area were consid-
ered, bearing in mind that the less abundant species were recorded
together in the official logbooks (Table 1).

The second data set was obtained from the regular reports of
the Fishery Observer Programme (FOP) of Rio Negro Province. This
programme provided data about the monthly catch composition of
the trawl demersal fishery. Fishing trips lasted from 3 to 6 days,
and the number of hauls ranged from 2 to 5 per fishing day (haul
duration ~2-5 h). For each haul, observers collected a random sam-
ple from the unsorted catch (at least six 40 kg boxes) to evaluate
the catch composition. The fish sampled were subsequently sorted,
counted, and weighed by species. This routine was repeated for at
least one haul per fishing day. The species composition of the sam-
ples was then raised to the fishery level to estimate the total catch
using a ratio-estimator based on auxiliary variables that served as
a proxy for fishing activity (Romero et al., 2010). Hake landings
(ratio-estimator of total landings to landings sampled) were chosen
to estimate the monthly catch. The fish sampled per species (fipox)
were raised to the haul level f;; by the ratio-estimator of total hake
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Fig. 1. Study area: San Matias Gulf, showing the seasonal thermohaline front and the polygon of the exclusive fishery area for the artisanal fleet.

landings () to the hake landings sampled (lj,y) according to the
following equation (adapted from Romero et al., 2010):

l
Jhei = li fibox (1)
box

The data set used to estimate the catch profile was pooled for
2006 and 2007 (Table 1). This period was selected for analysis
because the FOP had the highest percentage of observer coverage
during those years (2006 = 14 fishing trips; 2007 = 10 fishing trips).

2.2. Analysis of seasonality in the catch and landing profiles

To identify the seasonal pattern in the catch and landing profiles
(i.e., relative species composition), both hierarchical clustering
analysis and non-metric multidimensional scaling [nMDS] were
applied to the log(x +1)-transformed data on the relative weight
of each species by year (to reduce the contribution of the most
abundant species). A hierarchical clustering analysis was selected
because the natural hierarchical structure in the data was reflected
in the classification scheme. The ordination technique, nMDS,
is itself a complex numerical algorithm, but it is conceptually
simple. It makes few assumptions about the data set or the inter-
relationship of the samples, and the link between the final picture
and the original data is relatively transparent and easy to explain
(Clarke and Warwick, 2001). These methods were employed using
the Bray-Curtis similarity index (Clifford and Steptlenson, 1975)
because this index has a number of biologically desirable prop-
erties and is a particularly robust measure of ecological distance
(Faith et al., 1987). Complete linkage was performed to link similar
samples into clusters (Clarke and Warwick, 2001). Similarity per-
centage analysis (SIMPER) was also applied to identify the species
that contributed most to each group (Clarke, 1993). This method is
based on the analysis of Bray—Curtis (dis) similarity matrices that

are derived from monthly species compositions. This procedure
uses the standard deviation of the Bray-Curtis dissimilarity matrix
attributed to a species for all pairs of species and compares it
with the average contribution of a species to the dissimilarity.
In addition, this method quantifies the average contribution of
each species to the measure of dissimilarity between monthly
groups (Clarke and Warwick, 2001). The analyses were performed
separately for the catch and landing profiles, and the results were
then compared to offer a first approximation of fisher behaviour.

After the seasonal pattern was described, the mean trophic level
(mTL) of the trawl demersal catch for each month was estimated as
an index of how the fishery may affect the flow of biomass across
tropic levels in a year. The mTL for a given month j was estimated
by multiplying the catch (Y;) by the trophic level of an individual
species/groups i and then taking a weighted mean (Pauly et al.,
1998). That is,

__ TL; x Yj;
= =Y 2)

Y

where TL; is the mean trophic level of catch in month j; Yj is
the catch of species i in month j, and TL; is the trophic level of
species i. Trophic levels of each species were obtained from Fish-
Base (Froese and Pauly, 2012), CephBase (Wood and Day, 2006),
and Cortés (1999) (Table 1). When multiple species were grouped
under a common name in the Fishery Statistics (e.g., flounder), we
used the trophic information for the genus (i.e., Paralichthys) as the
value for each species (i.e., P. patagonicus and P. isosceles, Table 1)
and the mTLs of each species as the representative value for the
species groups. The exploited species were separated according to
their taxonomic group (mollusc, fish, or crustacean), size (small,
medium, or large) and habit (pelagic, benthopelagic, or demersal).
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Table 1

Species or taxonomic groups listed in the periodic reports of the Fishery Observer
Programme and/or reported in Fishery Statistics (commercial species are denoted
with an asterisk) which were included in the seasonality analysis of landing and
catch profile. Functional categories (FC): CB (Chondrichthyan Benthic), CD (Chon-
drichthyan Demersal), CP (Chondrichthyan Pelagic), C (Crustaceans), LD (Large
Demersal), LP (Large Pelagic), MD (Medium Demersal), MP (Medium Pelagic), M
(Molluscs), SD (Small Demersal), SP (Small Pelagic), SBP (Small Benthopelagic). TL:

trophic level.

Common name Scientific name FC TL
Argentine seabass* Acanthistius patachonicus MD 4.01
Elephant fish* Callorhinchus callorhynchus cD 3.23
Castafieta™ Nemadactylus bergi MD 3.18
School shark* Galeorhinus galeus CD 4.21
Pink cusk-eel* Genypterus blacodes LD 4.34
Argentine short-fin squid* Illex argentinus M 3.20
Hoki* Macruronus magellanicus LD 3.93
Argentine hake* Merluccius hubbsi LD 4.23
Smooth-hound shark*® Mustelus schmitti cD 3.59
Flounders* Paralichthys spp., MD 3.44

Xystreurys rasile
Parona leatherjack* Parona signata MP 3.40
Argentine sandperch* Pseudopercis semifasciata LD 3.88
Silver warehou™* Seriolella porosa MP 3.40
Angular angel shark* Squatina guggenheim cD 4.39
Horsefish Congiopodus peruvianus SBP 3.27
Cocherito Dules auriga SBP 3.59
Rays Dipturus chilensis, CB 3.95

Atlantoraja platana,

Psammobatis lentiginosa
Argentine anchovy Engraulis anchoita SP 2.51
Octopus Enteroctopus M 3.20

megalocyathus, Eledone

massyae
Squids Loligo gahi, L. sanpaulensis M 3.20
Whitemouth croaker Micropogonias furnieri MD 3.26
Argentine goatfish Mullus argentinae SD 3.45
Southern eagle ray Milyobatis spp. CB 3.27
Broadnose sevengill shark Notorhynchus cepedianus CD 4.60
Red Porgy Pagrus pagrus SBP 3.65
Brazilian flathead Percophis brasiliensis MD 4.33
Crab Platyxanthus sp., Ovalipes C 2.52

trimaculatus
Pejesapo Porichthys porosissimus SD 3.73
Red searobin Prionotus nudigula SD 4.20
Banded cusk eel Raneya brasiliensis SD 3.57
Tadpole codling Salilota australis MD 443
Patagonian redfish Sebastes oculatus MD 3.62
Picked dogfish Squalus acanthias CD 4.30
Southwest Atlantic butterfish Stromateus brasiliensis MP 3.40

2.3. Association between the seasonal pattern, fishing location,
and environmental conditions

The seasonal patterns of the catch and landing profiles were
analysed with respect to the spatial dynamics of the trawl fleet.
Then, the temporal and spatial variability of the fleet was related
to oceanographic information to integrate different points of view
on the dynamics of the system. One interesting issue in this anal-
ysis is the potential to link information from different sources, in
this case data from Fishery Statistics (landing profile) and the FOP
(catch profile) with information obtained through the use of satel-
lite technology (climatological maps made from satellite-derived
environmental data and fishing operations recorded by a vessel
monitoring system (VMS)).

The sea surface temperature (SST) was the environmental vari-
able considered to best describe the oceanographic patterns and
processes of the SMG because the distributions of several fish
species are associated with thermal structure and specific ther-
mal conditions (Perrota et al., 2001; Alemany et al., 2009; Gonzélez
et al,, 2010). In addition, the SST has already been used to describe
important seasonal changes in this gulf (Williams et al.,2010,2012).
Data from the Daily Level 1B local area coverage (LAC) AVHRR,

which is on board the NOAA-N polar orbiting satellites, were
acquired through the Argentine National Commission of Space
Activities (CONAE) for the period 2006-2008. Relatively cloud-free
AVHRR scenes were processed by applying the Multichannel Sea
Surface Temperature (MCSST) algorithms (McClain et al., 1985)
and were further processed using Erdas Imagine 8.7 software. The
SST products were mapped to a WGS 84 reference system (datum
WGS84, ellipsoid WGS84) on the cartographic Transverse Mercator
projection (zone 4) at 1100 m of spatial resolution at nadir and co-
registered with respect to a reference landmark. Land and cloudy
pixels were flagged to zero and not considered for the computa-
tions. Monthly composite images were obtained by averaging the
temperature of the corresponding five-day SST composites at each
pixel, and seasonal variability was examined by creating seasonal
composites from monthly climatological images (2006-2008).

The dynamics of the trawl fleet were characterised in terms
of the spatial distribution of effort (location of hauls). The source
of data was the VMS known as SIMPO (Gonzélez et al., 2004) for
the period 2006-2008. The VMS provided real-time data of ves-
sel location, bearing, and speed (approximately every 90 min) from
on board Inmarsat D+ satellite transceivers. Criteria of speed were
used to select the VMS records that corresponded to fishing activ-
ity (all speeds less than 2.5 knots and higher than 4.0 knots were
excluded because they were not associated with fishing activity).
All data were inspected to remove additional invalid records (e.g.,
speed records in the range of fishing activity but linked with adverse
weather conditions or arrival at port).

Fishing activity maps were obtained by calculating the den-
sity of the filtered location data on a 1000 m grid. The plots were
then mapped as topographic representations using the same refer-
ence system as the environmental data, with Z giving the density
of vessel location per unit area on a 1000 m grid. The data were
grouped according to the results obtained from the multivari-
ate analysis of landing profiles (pooled by monthly groups from
2006 to 2008). The haul density distributions were then compared
between monthly groups to examine seasonal patterns using the
Kolmogorov-Smirnov test for two independent samples. After-
wards, a multivariate Partial Mantel test was performed for each
dataset to evaluate the association between SST and the fishing
activity maps (Euclidean distance, 999 permutations, Bonferroni’s
corrected @=0.017). Mantel’s test consists of a partial regression
on three distance matrices: hauls density dissimilarity, SST dissim-
ilarity, and geographic distance (Smouse et al., 1986; Legendre and
Fortin, 1989) per monthly group (MG). This test is similar to a par-
tial correlation coefficient and can account for the spatial position
of sampling points, allowing us to evaluate whether the distribu-
tion of haul densities along the sampling area is independent of the
values of SST. The analyses were conducted using the R software
environment (http://www.R-project.org/).

3. Results
3.1. Catch and landing composition

During 2006 and 2007, 297 fishing hauls (sampling coverage:
2006=5.59%, N=167; 2007 =3.61%, N=130) were sampled by the
FOP to assess the catch composition of the trawl demersal fleet
that operates in SMG waters (total fish sampled: 48,040 individ-
uals). Thirty-four taxonomic groups were identified in the catch
(Table 1). When classification at the species level was not possible,
species were pooled by their taxonomic proximity. Fish, with 30
taxonomic groups recognised, were the dominant group, followed
by molluscs and crustaceans. Other taxa, including annelids, tuni-
cates, and cnidarians, were also mentioned in the FOP reports but
with low frequencies of occurrence.
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Table 2
Monthly groups identified from cluster analysis in the catch and landing profiles (similarity level: 75%).

Jan Feb Mar Apr

Catch (2006-2007)
Landing (2006)
Landing (2007)
Landing (2008)

Monthly group: - -1, - - 11 - 1IL

The comparison between caught and landed species indicates
that only 15 taxonomic groups have commercial importance and
are traditionally listed in the Fishery Statistics. The commer-
cial species include teleost fishes, sharks, rays, and squids with
demersal or benthic habits. Some other species are landed by the
trawl demersal fleet but have always been reported together in
logbooks (denoted as “assorted fish”), and there is no formal infor-
mation about their taxonomic identity. The highest percentage
likely corresponds to rays (Dipturus chilensis, Atlantoraja platana,
and Psammobatis lentiginosa) because they have traditionally been
listed in the Fishery Statistics in conjunction with other less abun-
dant but commercially important species such as the Brazilian
flathead (Percophis brasiliensis); the Southwest Atlantic butterfish
(Stromateus brasiliensis); and some species of squids (Loligo gahi,
L. sanpaulensis), octopus (Enteroctopus megalocyathus and Eledone
massyae), and sharks (Squalus acanthias and Notorynchus cepedi-
anus).

The Argentine hake (M. hubbsi) was the main species caught
and landed by the trawl demersal fleet. During the last decade, its
landings have fluctuated between 4000 and 8000 t. Although M.
hubbsi was the only target species throughout the history of the
fishery in the gulf, the diversity of the landings has clearly increased
in recent years (Romero et al., 2010).

3.2. Seasonal pattern in the catch and landing profiles

The monthly percentage composition of catch and landings
showed a pattern throughout the year, following a similar trend
for each year of the study period (Fig. 2). M. hubbsi was landed
every month. It was the most important species caught in sum-
mer (December-March) and less important in winter and spring
(May-October). The silver warehou (Seriolella porosa) could be con-
sidered as the second target species of the fishery because this
species was intentionally fished from August to October. The pat-
tern of non-target but commercial species was the inverse of that
described for hake, with greater importance during the cold months
(May-July) (“Others” Fig. 2).

Three main monthly groups were delineated at a high similarity
level (75%) by the hierarchical cluster analysis of catch and landing
profiles (Table 2). The nMDS showed a low stress, varying between
0.01 and 0.09, which was sufficient to provide a useful representa-
tion of the data. In two dimensions, the nMDS gave the same sample
distribution as the cluster analysis (Table 2 and Fig. 3). The agree-
ment in the results of these two methods confirms the ability of
the monthly groups to define a clear seasonal pattern in catch and
landing compositions from 2006 to 2008 (Fig. 3). It is also important
to highlight the correspondence between the seasonal patterns in
the catch and landing profiles; each has three well-discriminated
groups.

The monthly groups in the catch profile ranged in similarity
between 84.3% and 89.0%, while the monthly groups in the land-
ing profile showed a similarity range between 72.4% and 95.0%
(SIMPER, Table 3). In both cases, the monthly groups were char-
acterised by several common and diagnostic species (SIMPER,
Table 4).

May Jun Jul Aug Sep Oct Nov Dec

Table 3

Average similarities among months composing each group (landing or catch) are
shown in the diagonal. The percentages of dissimilarity between monthly groups
(MG) are listed in the subdiagonals (SIMPER procedure).

MG I 1l il
Catch
2006-2007

1 84.33

Il 15.41 89.40

11 50.81 44.72 89.00
Landing
2006 [ 92.57

1 25.55 87.61

111 64.05 61.22 89.71
2007 [ 95.04

1 22.57 83.06

111 32.37 30.12 72.44
2008 | 88.45

1l 21.25 86.64

11 35.71 30.42 77.69

Monthly Group I (MG I) was fished mainly in the warmest
period of the year, from November to April, although the period
was slightly longer in the catch profile, extending from October to
May (Table 2). M. hubbsi was the species that contributed most

Table 4

Contributions (%) of each species (or taxonomic group) to the similarity within time
blocks (SIMPER procedure). Cumulative percentage of landing/catch contributions:
90%. The cumulative percentages of 75% are shown in bold type.

Species [ 11 Uil
Catch
2006-2007 Merluccius hubbsi 89.05 85.60 43.73
Flounders 5.41 3.62
Stromateus brasiliensis 4.34 13.33
Seriolella porosa 36.02
Landing
2006 Merluccius hubbsi 87.36 65.85 21.54
Callorhinchus 5.63 12.92 6.26
callorhynchus
Assorted fish 8.29
Flounders 4.85
Seriolella porosa 64.03
2007 Merluccius hubbsi 90.14 69.78 65.97
Callorhinchus 8.96 3.80
callorhynchus
Assorted fish 5.58 4.94
Flounders 4.86
Seriolella porosa 16.68
Galeorhinus galeus 2.88
2008 Merluccius hubbsi 87.56 69.55 55.28
Callorhinchus 6.07 11.67 4.71
callorhynchus
Assorted fish 7.03 15.81
Flounders 4.06
Seriolella porosa 18.20
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Fig. 2. Monthly percentage composition of landings (2006-2008) and catches (2006-2007) of the trawl demersal fleet that operates in San Matias Gulf. The target species
(the Argentine hake Merluccius hubbsi and the silver warehou Seriolella porosa) were discriminated individually while the remaining ones are shown together denoted as
“Others”. The solid line shows the total landings/catches per month (catches were weighted for 2006 and 2007 because the FOP, during those years, reached the highest
percentage of coverage of catch).

to the similarity between the catch and landing compositions catch profile (Table 2). Compared with the rest of the year, landings
(87.6-90.1%, Table 4). were most diverse in this period, and several species contributed

Monthly Group II (MG II) covered the coldest period of the year, to the 90% similarity among months. M. hubbsi, flounders (P. patag-
from May to July in the landing profile and June and July in the onicus, P. isosceles, and X. rasile), the Southwest Atlantic butterfish
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Fig. 3. nMDS (non-metric multidimensional scaling) two-dimensional diagram showing the resulting time blocks. The bubble size indicates the contribution of the Argentine

hake (Merluccius hubbsi) to catches/landings of each month.

(S. brasiliensis), the Elephant fish (Callorhinchus callorhynchus), and
“assorted fish” were the most common species (Table 4). The total
landings per month in this monthly group were lower than the
landings from the other seasons (Fig. 2).

Monthly Group III (MG III) was defined by the period from
August to October in the landing profiles from 2007 and 2008 but
comprised only August and September in the catch and landing
profiles in 2006 (Table 2). This time period was mainly typified
by large contributions from M. hubbsi and the silver warehou (S.
porosa). The latter was only caught and landed during this monthly
group (Table 4).S. porosa was mostly highly represented in the 2006
landings and accounted for 50% of the total landed catch. During
this period, the trawl demersal fleet recorded a peak in total annual
landings (Fig. 2).

The percentages of dissimilarity between monthly groups are
listed in Table 3. The highest percentage was recorded when com-
paring MG I and MG II and ranged between 15.4% and 25.5%.

The trend in the mTL of the catch throughout the year showed a
pattern clearly associated with the results of the multivariate analy-
sis (Fig. 4). During MG I and II, the mTL of the catch varied between
4.0 and 4.2 due to the prevalence of M. hubbsi, a species with a
relatively high trophic level (Table 1). In MG III, the presence of S.
porosa (a medium pelagic species, trophic level: 3.4) in catch led to
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Fig. 4. Mean trophic level (mTL) of the catch of the trawl demersal fleet throughout
the year, weighted for the period 2006-2007.

areduction in the mTL, which reached values between 3.7 and 3.8
(Fig. 4).

3.3. Associations among the seasonal pattern, fishing location,
and environmental conditions

The fishing activity density maps (haul records km=2) for the
three monthly groups are shown in Fig. 5a. During MG I, the bottom
trawl activity was concentrated in the southern and southeastern
zones of the SMG. From May to July (MG II), the fishing activity
was more evenly spread over the surface of the gulf, with a low
haul density in the southern area. In MG III, fishing hauls were con-
centrated in the northern and southwestern region (Fig. 5a). The
absolute frequency of haul records was different for each monthly
group when plotted as a function of location (Fig. 5b). The com-
parison of the haul density maps showed significant differences
between seasons (MG I-MG II, Dppax: 0.4478, KS: 0.0216; MG II-MG
III, Dmax: 0.1468, KS: 0.0279; MG I-MG III, Dpax : 0.4952, KS: 0.0240;
N:9691; P<0.0001).

Seasonal composites were produced according to the results
of the multivariate analysis (Fig. 5c). The fleet activity in sum-
mer (MG I) was mostly between the 18.0°C and 19.5°C isotherms
(Fig. 5¢), corresponding with the frontal zone. The results of the
Partial Mantel test confirm that there was an association between
SST and fishing density in this season (Table 5). During the cold
period (MG II and III), the fishing activity was conducted in a more
homogeneous environment in relation to SST (Fig. 5¢), and an asso-
ciation between these variables was not detected by the Partial

Table 5

Results of the Partial Mantel test (Euclidean distance, 999 permutations, Pearson’s
correlation, Bonferroni’s corrected «=0.017). The variables used to calculate the
first and second distance matrix were SST and the “absolute frequency of fishing
records”. The third distance matrix used was based in the geographical position of
each pixel. Significant tests are shown in bold and p values between parentheses.

Season MG1 MG2 MG3
Mantel statistic 0.1317 —0.04938 —0.04646
0.001 1 1
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monthly group (2006-2008). (b) Distribution of absolute frequency of fishing records in relation to location. (c) NOAA/AVHRR Sea Surface Temperature (SST, °C).

Mantel test (Table 5). The fleet dispersed when the thermal front
disappeared.

4. Discussion

There is general agreement that managing fisheries is man-
aging people. Therefore, a key ingredient to successful fisheries
management is a clear understanding of fishermen behaviour and
their incentives, through the aggregated behaviour of fishing fleets
(Hilborn, 2007). Improving the knowledge of fishing fleet dynamics
is crucial to change from single species to fishery/fleet-based advice
and to advance towards biological and social sustainability and
higher economic profitability (Vinther et al., 2004; Hilborn, 2007).

In this study, information on fishing fleet activity and satellite-
derived SST data were combined to examine the seasonal dynamics
of the SMG trawl fleet. Data about fishing activity were obtained
from the Fishery Statistics and the periodic reports of the onboard
observer programme (FOP). In addition, remote sensing and VMS
technologies allowed us to gather environmental information
together with the spatio-temporal distribution of the fishing effort
and catch composition. Therefore, in a system where scientific data
are not abundant, this study focused on combining information
from different sources as a useful tool to move towards a better
understanding of the system dynamics.

The SMG trawl fleet is a typical mixed-species fishery that
exploits a diversity of species (almost 50), but only a few species
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account for 95% of the total catch. The main target species is M.
hubbsi, which represents 80-90% of the landings in summer but
ranges only between 30% and 60% during the cold period. Although
the fleet intention is primarily directed to target M. hubbsi, there
are several other species with commercial importance, including
teleost fishes, sharks, rays, and cephalopods such as squids and
octopus. Among these species, the silver warehou (S. porosa) was
the second most important target species. Some vessels shifted
their fishing intention to catch S. porosa during certain months of
the year.

The analysis of the catch profile and catch composition high-
lighted three interesting issues. First, commercial species (target
and non-target) accounted for 90.5% of the total catch. This distri-
bution indicates that the discard practices generated by selecting
certain species were relatively few, although it does not mean that
discarding practices by length selection was similarly uncommon.
Romero et al. (2010) reported that discards of juvenile hake were
relatively high (near 30% of the total catch) and have increased over
the last 20 years. Secondly, a seasonal correspondence between
the catch and landing profiles was observed. Therefore, bearing in
mind the discard fraction, the landing profile may reflect the fisher’s
intentions and could serve as a good proxy to the relative abun-
dance and distribution of species. This information is particularly
useful when the operating cost to support an onboard observer
programme is high, and landings are used instead for stock assess-
ments. Thirdly, analysing the mTL of the catch as part of a more
comprehensive study of the fishery behaviour may elucidate how
changes in resource availability, the environment, and/or fishing
intention can affect the community and the food web through-
out the year. Because S. porosa has been registered in landings
since 1998 (Romero et al., 2010; Ocampo Reinaldo et al., 2012),
an analysis of the mTL trend over the years is needed to deter-
mine whether the fleet is “fishing down marine food web” (Pauly
etal., 1998) or “fishing through marine food webs” (Essington et al.,
2006).

The changes in the spatial allocation of the fishing effort reflect
changes in fisher behaviour. The decision on what, when, and where
to fish depends on numerous factors, including recent yield pat-
terns, the income earned from a particular species, the skipper’s
empirical knowledge, the availability of resources (which might
be seasonal), the distance to fishing grounds, weather conditions,
and fisheries management regulations (Pelletier and Ferraris, 2000;
Christensen and Raakjaer, 2006; Marchal, 2008). In the SMG, there
were significant differences in the distribution of the fishing effort
between monthly groups. During the warm season (MG I), the trawl
fleet fished for hake near the thermal front, with high yields. From
May to July, the fishing effort and yields were reduced to mini-
mum levels (Williams et al., 2010), although, during MG III, the
landings increased rapidly due to the catch of S. porosa. In this
ecosystem, the seasonal variation in resource availability (mainly,
targeted species) would be an important factor to determine the
fleet dynamics.

Williams et al. (2010) and Ocampo Reinaldo et al. (2012) studied
the association between the oceanographic conditions in SMG and
the distribution and biological features of M. hubbsi. During sum-
mer, the thermal front increases the vertical mixing of water in the
southern area, resulting in higher primary productivity (Williams
etal., 2010).In biological terms, the appearance of the thermal front
is concurrent with the peak of hake spawning, followed by a period
when adults feed actively (Hart, 1946, sensu Podesta, 1990; Ocampo
Reinaldo et al., 2011). This synchrony between high primary pro-
ductivity and active feeding may cause the dense hake schools
that have been reported in the frontal zone (Williams et al., 2010;
Ocampo Reinaldo et al., 2012). Despite the long distance to port
(located in San Antonio Bay, see Fig. 1), fishers have traditionally
operated on these schools, motivated by high yields. This behaviour

is clear in the maps of fishing activity. In autumn, the lack of vertical
stratification may encourage the hake to disperse through the water
column in search of food (Ocampo Reinaldo et al., 2011, 2012). The
low hake yields may encourage captains to seek better catch in
coastal sectors, where there may be greater species diversity.

The biology of S. porosa has been poorly studied in the SMG, and
the causes of its seasonal occurrence remain unknown. Perier and
Di Gidcomo (2002) analysed the catch of S. porosa over four seasonal
surveys and reported dense reproductive schools during August
and September in the northern area of the gulf. Fishers are now
taking advantage of this seasonal resource, given its high availabil-
ity and commercial opportunities. This change in fishing intention
has resulted in additional working hours because hake is fished
during daylight hours but S. porosa is caught at night (Romero,
2010). However, the average duration of fishing trips during win-
ter has been reduced from 6 to 1.5 days because of the S. porosa
harvest.

The spatio-temporal variability in fleet behaviour of the SMG
trawl fishery has implications for fishery economics and conse-
quently for fishery management. Analysing and modelling the
fishing activities with reference to fishing location and season-
ality is necessary to quantitatively assess the consequences of
alternative management measures on stock dynamics and fisher
behaviour in a context of uncertainty (Pelletier and Ferraris, 2000).
In a system where change is the rule, fishers must deal not only with
spatio-temporal variations in resource availability but also with
rising fuel costs, fluctuating stock levels, regulations, and market
conditions (Fulton et al., 2011; Tidd et al., 2012).

In summary, the implementation of a holistic approach that
combines information from different sources allowed us toimprove
the knowledge about the dynamics and behaviour of the trawl
demersal fleet that operates in the SMG. Our results suggest that
the resource availability and commercial opportunities are signif-
icant factors in determining what, when, and where to fish. These
findings agree with results from the Argentine Continental Shelf,
where seasonality in landings of demersal species was primarily
correlated with the migratory cycle of the target species and market
demands (Fernandez Ardoz et al., 2005).

This study provides new information that can be used to identify
other drivers (e.g., commercial opportunities, regional and large-
scale economic dynamics) that also determine fisher behaviour.
Future research and fishery management decisions should attempt
to take advantage of some features of the system, such as the pres-
ence of a healthy hake stock, a semi-enclosed ecosystem, and a
simple fishery model with a well-known fleet, to ensure the sus-
tainability of the SMG ecosystem.
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