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a b s t r a c t

Long-term interannual changes in abundance, biomass, diversity and structure of littoral fish assem-
blages were examined between 1993 and 2009 by experimental trammel net fishing up to six times per
year, within the warm period eMay to September, at multiple areas along the eastern Adriatic coast with
the aim of testing for the consistency of patterns of change across a large spatial scale (w600 km). The
results revealed spatially consistent increasing trends of total fish abundance and biomass growing at an
average rate of 15 and 14% per year, respectively. Of the diversity indices analysed, the same pattern of
variability was observed for Shannon diversity, while Pielou evenness and average taxonomic distinct-
ness measures D* and Dþ showed spatial variability with no obvious temporal trends. Multivariate fish
assemblage structure underwent a directional change displaying a similar pattern through time for all
the areas. The structural change in fish assemblages generally involved most of the species present in
trammel net catches. A large pool of fish species responsible for producing the temporal pattern of
assemblage change was relatively different in each of the areas reflecting a large geographic range
covered by the study. An analysis of 4 fish species (Symphodus tinca, Pagellus erythrinus, Mullus surmu-
letus, Scorpaena porcus) common to each of the study areas as the ones driving the temporal change
indicated that there were clear increasing trends of their mean catches across the years at all the study
areas. A common pattern among time trajectories across the spatial scale studied implies that the factor
affecting the littoral fish assemblages is not localised but regional in nature. As an underlying factor
having the potential to induce such widespread and consistent improvements in littoral fish assem-
blages, a more restrictive artisanal fishery management that has progressively been put in place during
the study period, is suggested and discussed.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mediterranean coastal areas, mostly represented by shallow
rocky habitats, have high diversity of littoral benthic communities
at very small spatial scales which imply high biodiversity and
trophic complexity. Although total species richness is probably
lower than that of tropical seas, food-web topology and structure
can be as complex as coral reefs (Sala, 2004). Since ancient times
fishing has played a role in shaping the Mediterranean food webs,
becoming more and more crucial at present times (Farrugio et al.,
1993; Sala, 2004; Guidetti et al., 2010) as the growth of human
populations along Mediterranean coasts necessitates ever larger
harvests of marine resources (Goñi et al., 2000; Juanes, 2001).

Much of the fishery in the coastal Mediterranean is artisanal in
character (Farrugio et al., 1993; Battaglia et al., 2010). The very

characteristics of such fishery, i.e. numerous boats using diverse
fishing gears, multi-species catches and extremely heterogeneous
landing sites and marketing, put scientific research in a particularly
complex context (Farrugio et al., 1993). Therefore, despite its
importance, the Mediterranean artisanal fishery and the extent of
impacts it has on littoral ecosystems have been poorly investigated
until now (Lleonart and Maynou, 2003; Battaglia et al., 2010).

Although numerous anthropogenic impacts may be responsible
for changes in littoral fish assemblages, fisheries mismanagement
can produce the most far-reaching consequences (Jennings et al.,
2001). The scope of fisheries management changes in Croatia
over the last 10 years have been the type and quantity of fishing
gear with which commercial and subsistence artisanal fishing can
be undertaken. Specifically, legislative changes of artisanal fishing
regulations have mostly been aimed at trammel nets and encom-
pass the increase in minimum inner layer mesh size of trammel net
from 28 to 40 mm in 1999 and excluding the trammel net from
subsistence artisanal fishing in 2002. Additionally, in 2002 for
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artisanal subsistence fishing legal provisions proclaimed a daily
catch limit of 5 kg and reduced the allowed quantity of most types
of gillnets, orienting it thus much more to trap and line fishing.

Many anthropogenic impacts besides fishing, i.e. pollution or
climate change, may considerably affect Mediterranean rocky-reef
fish assemblages. Several authors observed that fish assemblages
and/or populations may respond to disturbances like sewage
discharges, thermal pollution and alterations to benthic substrates.
Sewage, for instance, was demonstrated to affect diversity, abun-
dance, mortality, fecundity of fish and increase the susceptibility to
infections and parasite infestation (see Guidetti et al., 2002 and
papers therein). On the other hand, climate change acts on a much
wider scale having the potential to alter fish species distribution
range, abundance and consequently the structure of ichthyo
communities (Occhipinti-Ambrogi, 2007; Rijnsdorp et al., 2009).

In general, the kind of impacts fishing induces in marine
ecosystems are relatively well known and wide-ranging encom-
passing both direct (abundance decrease, changes in size and
species composition, modifications of population parameters) and
indirect effects (trophic shift, bottom disturbance) which act on
short and long-term temporal scales (Pauly et al., 1998; Jennings
et al., 1999). When assessing the impact of fishing on marine
ecosystems fish assemblages are an important level to consider
since they are directly impacted by fishing, either as target species
or through bycatch and discards. Also, much more expertise has
been accumulated for the assessment of populations during the
century of fishery science and more time series data are available
on fish than on any other group of marine organisms (Rochet and
Trenkel, 2003).

Especially long-term time series data are needed in order to
estimate the real status of exploited resources and their evolution
over time, but even for fish those are rarely available (Battaglia
et al., 2010). Data have mostly been obtained from scientific
research projects which are typically short in duration, �3 years
(Lleonart and Maynou, 2003). Unfortunately, longer time series
(>10 years) are difficult to maintain and keep funded (Lleonart and
Maynou, 2003; Rochet and Trenkel, 2003). Even when the collec-
tion of data has occurred for so long it often suffers from incon-
sistencies in sampling design or sampling methods (Rochet and
Trenkel, 2003; Rochet et al., 2005). Also, sampling designs often
tend to be incomplete, lacking either randomization or replication,
and as such can never conclusively demonstrate the causes of
observed changes in resources failing to disentangle the effects of
fishing from those of other plausible factors (Kenchington et al.,
2007). More readily-available time series of landing data or offi-
cial statistics of commercial catches should also be takenwith care.
These data are often very far from reflecting the reality since
underestimation of total catch is widespread due to misreporting
and/or not quantifying discards (Farrugio et al., 1993;
Papaconstantinou and Farrugio, 2000; Lleonart and Maynou,
2003). In addition, commercial catch is not representative of the
whole community as it is dominated by commercial species,
compared with scientific surveys (Rochet and Trenkel, 2003 and
references therein). Although it has been shown that most existing
community indicators are only sensitive to long-term changes or to
the effects of developing fisheries (Rochet and Trenkel, 2003 and
references therein), the effects of fishing and management actions
are still assessed over very short time scales.

In this paper we present a long-term study, specifically planned
to provide consistent time series, with the aim of elucidating trends
in littoral fish communities along the eastern Adriatic coast.
Changes in fish community abundance, biomass, diversity and
structure are examined from experimental trammel net fishing
surveys conducted between 1993 and 2009 at multiple areas
spanning 600 km of eastern Adriatic coast. Corresponding with the

study period the aforementioned more restrictive fishing regime
regarding the minimum mesh size of trammel net inner layer
banning the use of trammel nets in subsistence artisanal fishing has
progressively been put in place (Mati�c-Skoko et al., 2011a, 2011b).
Although legislative changes of gear specific regulations are the
most commonly used management provisions they have rarely
been accompanied by long-term studies of fisheries resources
(Lleonart and Maynou, 2003; Battaglia et al., 2010). Hence, the data
about the extent and dynamics by which fish assemblages respond
to conventional methods of fisheries regulation are lacking
throughout the Mediterranean region. Overlap between the time
frame of our study and the implementation of a more restrictive
fishing regime has enabled us to determine whether there have
been any effects. In addition, encompassing both temporal and
spatial replication, the study provides an invaluable opportunity to
test for the generality of any potential patterns of change in littoral
fish assemblages.

2. Material and methods

2.1. Study area and sampling procedure

Sampling was carried out at four areas spread over 600 km of
coastline along the eastern Adriatic (Fig. 1) where comparable
conditions in terms of habitat type and general environmental
conditions (depth, slope, wave exposure, temperature and salinity)
can be found. Further, chosen sampling areas encompass the range
of main fishing ports in the region. The bulk of the fishery practiced
in the region is artisanal. In this fishery, many different fishing gears
are used, with trammel nets, gill nets and long lines being the
dominant ones. The catches are highly varied although the fishery
is mostly sustained by few commercially most valuable species e

Mullus surmuletus, Scorpaenide and Sparidae species. The fishing
fleet exploiting the fishing grounds of four sampling areas is similar
in size and structure and has remained fairly stable (unchanged) in
the period examined (for a comprehensive review of Croatian
artisanal fisheries see Mati�c-Skoko et al., 2011b).

Fig. 1. Map of the eastern Adriatic coast showing the four study areas delimited by
a solid line.
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The areas were sampled according to a structured two-way
crossed sampling design. Each year from 1993 to 2009, within the
warm period (May to September), at each area, four to six sites
were randomly chosen (separated by 100 s of metres to kilometres)
where fish were sampled by experimental fishing using sets of
trammel net of same construction and technical features which
were operated in the same manner. Ten 1.5 m high and 32 m long
‘poponica’ trammel nets with an inner panel mesh size of 28 mm
and 150mmmesh size of outer panels were tied together and set in
the evening before sunset and retrieved in the morning after
sunrise (fishing hours x � s.d. ¼ 10.52 � 2.24). Moreover, nets
covered the same bathymetric range from about 10 down to 40 m
depth and were placed over a similar biotope characterized mainly
by rocky substrata covered by photophilic algae alternating with
patches of sand and Posidonia ocaenica seagrass beds. For each of
the trammel net catches all fish individuals were identified to
species level, measured (total length, to the nearest 0.1 cm) and
weighed (total body weight, to the nearest 0.1 g).

2.2. Data analysis

From the catch data a number of indices were calculated and
a variety of approaches used in order to assess the changes in
littoral fish assemblages over the study period. All the statistical
analyses were performed using the PRIMER 6 and
PERMANOVA þ b20 software (Clarke and Gorley, 2006; Anderson
et al., 2008) considering ’Year’ as a random factor, ’Area’ as
random and orthogonal to ’Year’, while catches realized at each of
the sites were taken as replicates.

Total fish abundance and biomass were expressed as catch per
unit effort (CPUE) in terms of number of individuals (NCPUE) and
weight in kilos (BCPUE) per one piece (32 m) of trammel net. The
ShannoneWiener diversity index H0 was used for species diversity,
and Pielou’s evenness index J0 was used for evenness. We also
calculated diversity indices D* (quantitative) and Dþ (presence/
absence) based on taxonomic distinctness. All of the aforemen-
tioned univariate indices were analysed (according to the above
reported sampling design) using distance based permutational
analyses of variance (PERMANOVA) based on the Euclidean
distance measure. Although indices are univariate, PERMANOVA
has been employed because the null distribution of the test statistic
in PERMANOVA is produced by permutation, thus avoiding the
usual normality assumptions of ANOVA, and also permitting
interpretation of interaction terms within random factors. The
F-statistic of PERMANOVA is analogue to the traditional parametric
F-statistic as the construction follows the conceptual framework of
ANOVA partitioning the variability across the factors of sampling
design. Specifically, in the case of univariate tests basing the anal-
ysis on Euclidean distance PERMANOVA F-statistic is equivalent to
that of traditional ANOVA, although the P-values are obtained using
permutations instead of traditional tables (Anderson, 2001). All
analyses were based on 9999 permutations of residuals within
a reduced model and Type III sums of squares to cope with the
unbalanced design (Anderson et al., 2008). Inter-annual changes in
multivariate patterns have been visualized using non-metric
multidimensional scaling (nMDS) ordinations based on
BrayeCurtis dissimilarity matrices calculated from square root
transformed species biomass data in order to reduce the weighting
of dominant species to the similarities calculated between samples
(Clarke and Gorley, 2006). Temporal change of littoral fish assem-
blages in the different areas was tested by comparing yearly
average points on an MDS to a linear sequence or seriation. The
degree to which community development within each of the areas
corresponds with a linear sequence was tested using the PRIMER
routine RELATE. RELATE statistic, coefficient r, assesses the extent

to which samples follow a linear trend, with adjacent samples
being the closest in species composition, samples two steps apart
the next closest, and so on. If there is no tendency to seriation then
rwill be close to zero (Clarke andWarwick, 2001). The consistency
of temporal patterns of assemblage changes across areas was tested
by one-way ANOSIM test carried out on the second-stage similarity
matrix. In order to determine themain species driving the temporal
change, the BVSTEP routine was applied. This uses a ‘forward
selection backward elimination’ algorithm to find the smallest
possible subset of species describing the pattern in the full data set
at a r > 0.95 level of Spearman’s rank correlation (see Clarke and
Warwick, 1998 for a detailed explanation of BVSTEP routine).
Mean values of total catches of fish species identified by the BVSTEP
routine were then firstly subjected to a two-way crossed univariate
PERMANOVA based on Euclidean distance to assess their spatial
and temporal variation, while the precise nature of temporal
change in catches of those species e whether the variation corre-
sponds to a clear long-term temporal trend in any of the sampling
areas, or is a result of more stochastic year to year fluctuations e

was examined using linear regression analyses in MINITAB v. 15
statistical package.

3. Results

A total of 13 205 fish weighing 1626.20 kg, comprising 37
families and 110 species were recorded in trammel net catches
between 1993 and 2009. The Sparidae and Labridae were the most
important families, represented by 15 and 10 species, respectively.
During the study the most frequently observed species was black
scorpionfish, Scorpaena porcus, which was present in 83% of
trammel net catches. Most species (95%) were present in less than
50% of trammel net catches.

Our results clearly indicate that the littoral fish assemblages
along the eastern Adriatic coast changed continuously during the
study period. PERMANOVA analysis on univariate measures,
summarized in Table 1, revealed spatially consistent temporal
variation in total fish abundance (NCPUE) and biomass (BCPUE).
Trends in NCPUE and BPUE indicated significant increases over time
growing at an average rate of 15 and 14% per year (Fig. 2), respec-
tively. Of the diversity indices analysed, the same pattern of vari-
ability was observed for ShannoneWiener diversity, while Pielou
evenness and average taxonomic distinctness measures D* and Dþ

showed spatial variability with no obvious temporal trends
(Table 1). Increasing ShannoneWiener diversity arose as a result of
greater number of species being caught in the trammel nets
throughout the years. However, it is not the case that certain fish
species have occurred only later on in the study period, but more or
less the same fish species that were only incoherently present in
the early years, became ubiquitous in the later years of the study.
Furthermore, a variety of species such as chondrichthyans Scylio-
rhinus canicula, S. stellaris, sparids Spondyliosoma cantharus, Pagrus
pagrus, Diplodus puntazzo and Sarpa salpa and thermophilic species
Synodus saurus and Sparisoma cretense were characterized by
a progression of sporadic occurrence in the trammel net catches
during the early years to a more frequent occurrence or omni-
presence later on in the study period. The distribution of individ-
uals among different species present in trammel net catches has
remained stable resulting in no significant time trends of Pielou
evenness.

Multivariate RELATE analysis revealed that littoral fish assem-
blage structure underwent a directional change across the years at
all the areas (p � 0.01 in all cases). Similarity in patterns of inter-
annual assemblage change across the locations seen in MDS ordi-
nations (Fig. 3) has proven to be significant by a one-way ANOSIM
test carried out on a second-stage similarity matrix (R ¼ 0.49;
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p < 0.01). Temporal pattern of assemblage change was general and
attributable to a relatively large and different pool of species in each
of the areas, which is to be expected since due to a large geographic
range covered by the study the baseline fish assemblages at
different locations are inevitably different. On average 24.5% of fish
species recorded in an area correlated at the 95% level with the
pattern of temporal change. However, of the fish species identified
by BVSTEP routine as the ones driving the temporal change, 4 were
in common to all of the 4 studied areas. Mean catches of peacock
wrasse, Symphodus tinca, common pandora, Pagellus erythrinus,
striped red mullet, M. surmuletus, and black scorpionfish, S. porcus,
differed between the areas (Table 2) but temporal change was
consistent (no significant Year � Area interaction was detected)
with increasing trends (Table 3, Fig. 4) over the study period at all
the areas.

4. Discussion

Throughout the whole Mediterranean, not only long-term
studies and monitoring programmes are lacking but also no accu-
rate assessment of fishing effort or catch statistics can be found.
Fortunately, our long-term data sets of experimental trammel net
catches allows us to analyse and determine the state of littoral fish
communities along the eastern Adriatic coast. Trammel nets are
among the most important gears that artisanal fishers use in the

Mediterranean Sea (e.g. Goñi et al., 2008). Although, artisanal
fisheries are generally perceived as highly efficient low impact
fisheries that generate few discards (Stobart et al., 2009 and
references therein), these fisheries affect numerous species due to
continuous substantial fishing despite having preferred target
species. Illustrative of the aforementioned trammel nets are often
target specific, but important part of the catch consists of multi-
species bycatch (Stergiou et al., 2006) because they are highly
unselective and thus giving us a good insight in community
structure. Also, fishes are considered important biological indica-
tors as they are a dominant and highly visible component of the
marine and estuarine fauna, capable of reflecting both natural and
anthropogenic alterations to the environment (Elliott et al., 1988;
Whitfield and Elliott, 2002).

The results of the present study provide evidence that littoral
fish assemblages along the eastern Adriatic went through profound
changes over the time period studied. Overall, the variability in
analysed littoral fish assemblages was determined mainly by
temporal changes and, to a lesser extent, by spatial differences.
Trends in univariate indices of NCPUE, BCPUE and ShannoneWi-
ener diversity were characterized by spatially consistent significant
increases over time. NCPUE and BCPUE of caught littoral fish
assemblages grew at an average rate of 15 and 14% per year,
respectively, during the study period. Such a steady increase in
catches indicates that a continued decline observed throughout the
eastern Adriatic from the 1970s onwards (Jardas, 1999 and refer-
ences therein) may have finally been reversed. Although this study
and the one of Jardas (1999) have largely not covered the same
sampling areas, hence introducing an element of variability asso-
ciated with spatial patterns, a comparison has been made to
provide a general idea on the evolution of the status of eastern
Adriatic littoral fish assemblages over larger time scales. Addi-
tionally, both studies employed the same ’metier’, meaning that
fishing operations through which the data were obtained used
fishing gear of same type and characteristics operated in the same
manner over a similar habitat (see Materials and Methods for
details), thus alleviating the bias in comparing the different
sampling areas. Low BCPUE values of up to 0.5 kg/32 m net char-
acterizing the eastern Adriatic trammel net catches in the first half
of 1990s (Jardas, 1999), continued to be present also in the second
half of 1990s. In the latter half of our study period, especially from
2002 onwards, BCPUE increased faster reaching on average values
greater than 1 kg/32 m net in the last couple of yeas. The wide-
spread reappearance of catches exceeding 1 kg/32 m is promising
since the last time the trammel net catches were consistently that
good was when scientific analysis first started in the late 1960s. A
major decline in BCPUE by 48e64% compared to 1960s values was
observed in 1970s throughout the eastern Adriatic. BCPUE values
continued to decline, albeit at a slower rate, until 1990s (Jardas,
1999). This study for the first time (in almost 50 years) has seen
a spatially consistent reversal of the trend. Further positive effects
we observed, inspecting in detail what brought about highly
significant increases of ShannoneWiener diversity over time, is the
increase in occurrence frequency of most species in trammel net
catches, which is especially notable in the case of vulnerable
species such as chondrichthyans or highly commercially valuable
species like sparids. An almost ubiquitous presence later on in the
study period was also noted for S. saurus and Sparisonma cretense,
fish species with pronounced thermophilic characteristics. Spatially
the variability is evidenced through biodiversity indices describing
the evenness and taxonomic breadth of littoral fish assemblages.
Marked spatial variation of the aforementioned indices is a reflec-
tion of the large geographic range covered by the study. In terms of
structure littoral fish assemblages were not stable, but underwent
directional change with similar time profiles at all the studied

Table 1
Summary of two-factor PERMANOVA test on univariate indices (NCPUE abundance
catch per unit effort (N/32 m net); BCPUE biomass catch per unit effort (kg/32 m
net); H0 ShannoneWiener diversity index; J0 Pielou’s evenness index; D* taxonomic
distinctness, quantitative form;Dþ taxonomic distinctness, presence/absence form),
testing for the effects of factors Y ¼ Year and A ¼ Area in a 1993e2009 study of
littoral fish assebmblages at four sampling areas along eastern Adriatic coast.

Source of variation df SS MS pseudo - F p (perm)

NCPUE
Y 16 5.0917E5 31823 3.1608 0.003**
A 3 34113 11371 1.0491 0.425 ns
Y � A 48 4.7792E5 9956.6 0.53091 0.977 ns
Residual 217 4.0696E6 18754
Total 284 5.1327E6
BCPUE
Y 16 3.4314E9 2.1447E8 2.5933 0.003**
A 3 1.635E8 5.45E7 0.63151 0.703 ns
Y � A 48 3.9446E9 8.2179E7 0.66642 0.788 ns
Residual 217 2.6759E10 1.2331E8
Total 284 3.469E10
H0

Y 16 13.345 0.83404 3.9345 0.001**
A 3 0.91969 0.30656 1.4665 0.237 ns
Y � A 48 10.196 0.21241 1.1878 0.204 ns
Residual 217 38.806 0.17883
Total 284 63.064
J0

Y 16 0.40217 2.5136E-2 1.917 0.057 ns
A 3 0.23801 7.9338E-2 6.0172 0.001**
Y � A 48 0.62889 1.3102E-2 0.9404 0.605 ns
Residual 217 3.0233 1.3932E-2
Total 284 4.3303
D*
Y 16 1279.8 79.985 1.2409 0.276 ns
A 3 2109.6 703.2 11.13 0.001**
Y � A 48 3102.8 64.641 1.2912 0.139 ns
Residual 217 10863 50.062
Total 284 17140
Dþ
Y 16 1149.9 71.871 1.7884 0.058 ns
A 3 2052 683.99 17.181 0.001**
Y � A 48 1931.6 40.242 1.1199 0.304 ns
Residual 217 7797.7 35.934
Total 284 13183

Significance level: ns ¼ not significant; *P < 0.05; **P < 0.01.
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areas. Structural changes in fish assemblages along the eastern
Adriatic coast again involved most of the species present in the
trammel net catches. An analysis of 4 fish species - peacock wrasse,
S. tinca, common pandora, P. erythrinus, striped red mullet,
M. surmuletus, and black scorpionfish, S. porcus - common to each of
the study areas as the ones responsible for producing the temporal
pattern of assemblage change, indicated that changes were in
a positive direction with clear increasing trends of their mean
catches across the years at all the study areas. Owing to their
restricted tomoderate mobility and wide distribution in the coastal
zones of the Mediterranean region on the one hand and high
catchability on the other, all of those 4 fish species have the
potential to be regarded as indicator species. In fact, for S. porcus
(Rudneva et al., 2005) andM. surmuletus (Uiblein, 2007) it has been
previously reported that their status is indicative of the fishing
pressure and status of littoral fish assemblage as a whole.

In summary, littoral fish assemblages along the eastern Adriatic
coast are characterised by continuous change throughout the study
period evidenced patently through trends in abundance, biomass,
diversity and structure which all indicate that fish assemblages are
being restored. A common pattern among time trajectories of
studied areas implies that the factor affecting the littoral fish
assemblages is not localised but regional in nature. Since positive
effects are seen at multiple levels and are so consistent and wide-
spread, we suggest that the most plausible causative factor is
a stricter fisheries management implementation of which coin-
cided with the study period.

Other impacts known to affect fish assemblages probably have
not played a significant role in the pattern of change we have
observed in our study. Numerous authors investigating spatial and
temporal variations in fish assemblages in relation to sewage
pollution (Bell and Harmelin-Vivien, 1982; Grigg, 1994; Hall et al.,

Fig. 2. Time series of total fish abundance (NCPUE) and biomass (BCPUE) combined over all four study areas (eastern Adriatic coast; from 1993 to 2009). Arrows indicate the timing
of management changes: 1999 e increase in mesh size of trammel nets from; 2002 e exclusion of trammel nets from subsistence artisanal fishing.
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1997; Smith et al., 1999; Guidetti et al., 2003 and references
therein) reported that this anthropogenic impact significantly
influences assemblage structures, total fish abundance and density
of individual species. Data from the Mediterranean Sea show
similar responses with planktivorous species and particulate

feeders displaying increased abundances at impacted locations
whilst the abundance of other groups of species, such as some
sparids and labrids, can be negatively influenced (Bell and
Harmelin-Vivien, 1982; Guidetti et al., 2002, 2003; Azzurro et al.,
2010). Furthermore, all of the studies suggest that discharges of
sewage effluents represent a point source disturbancewith impacts
localized around the source of discharge since impacted and
control locations are generally within a distance of several kilo-
metres. The aforementioned does not support the perspective that

Fig. 3. MDS ordination plots showing time profiles of change in littoral fish assemblages for each of the 4 sampling areas (eastern Adriatic coast; from 1993 to 2009). Values of the
seriation coefficient (Spearman correlation r) are given for each ordination (p � 0.01 in all cases).

Table 2
Summary of two-factor PERMANOVA test on catches for fish species common to all
four study areas as the ones driving the temporal change, testing for the effects of
factors Y ¼ Year and A ¼ Area (eastern Adriatic coast; from 1993 to 2009).

Species df SS MS Pseudo - F p (perm)

Symphodus tinca
Y 16 1.8461E7 1.1538E6 4.5299 0.002**
A 3 3.9511E6 1.317E6 5.18 0.004**
Y � A 48 1.2229E7 2.5478E5 1.0211 0.454 ns
Residual 217 5.4146E7 2.4952E5
Total 284 9.1692E7
Pagellus erythrinus
Y 16 1.3895E7 8.6846E5 5.4398 0.001**
A 3 3.1679E6 1.056E6 6.5627 0.001**
Y � A 48 7.6545E6 1.5947E5 0.9176 0.612 ns
Residual 217 3.7712E7 1.7379E5
Total 284 6.3964E7
Mullus surmuletus
Y 16 7.7881E7 4.8676E6 7.4676 0.001**
A 3 9.739E6 3.2463E6 5.154 0.004**
Y � A 48 2.1858E7 4.5537E5 1.3752 0.136 ns
Residual 217 7.1856E7 3.3114E5
Total 284 1.2444E8
Scorpaena porcus
Y 16 6.4477E7 4.0298E6 2.9293 0.005**
A 3 3.641E7 1.2137E7 8.6856 0.002**
Y � A 48 6.5884E7 1.3726E6 0.84763 0.755 ns
Residual 217 3.514E8 1.6193E6
Total 284 5.2852E8

Significance level: ns ¼ not significant; *P < 0.05; **P < 0.01.

Table 3
Linear regression analyses results of biomass (BCPUE ¼ kg/32 m net) catch per unit
effort as a function of time (1993e2009) for fish species common to all four study
areas as the ones driving the temporal change.

Factor R2 Slope b t-statistic p value

Symphodus tinca
Area 1 0.237 0.003 4.59 <0.001**
Area 2 0.152 0.005 3.49 0.001**
Area 3 0.150 0.003 3.52 0.001**
Area4 0.214 0.007 4.39 <0.001**

Pagellus erythrinus
Area 1 0.243 0.006 4.67 <0.001**
Area 2 0.086 0.003 2.53 0.014*
Area 3 0.151 0.003 3.52 0.001**
Area4 0.140 0.003 3.41 0.001**

Mullus surmuletus
Area 1 0.133 0.005 3.23 0.002**
Area 2 0.223 0.011 4.42 <0.001**
Area 3 0.078 0.004 2.43 0.018*
Area4 0.368 0.008 6.44 <0.001**

Scorpaena porcus
Area 1 0.315 0.009 5.59 <0.001**
Area 2 0.005 0.001 0.61 0.545
Area 3 0.077 0.011 2.42 0.018*
Area4 0.083 0.004 2.53 0.013*

Significance level: ns ¼ not significant; *P < 0.05; **P < 0.01.
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sewage pollution might have contributed to trends seen in multi-
variate and univariate indices in littoral fish assemblages in the
eastern Adriatic. All of our sampling locations are much further
from known sources of sewage pollution (min. 10 km) exceeding,
thus, the spatial scale where detectable effects may be found. The
response to sewage pollution is partially caused by the attraction of
large schools of planktivorous and particulate organic matter
feeders (Guidetti et al., 2003). Overall, the observed changes in both
abundance and multivariate structure of eastern Adriatic fish
assemblages are not coherent with such investigations. Resolving
the effect of climate change on fish populations is much more
complicated as climate change affects amultitude of environmental
factors that may affect various processes at different levels of bio-
logical organization (Rijnsdorp et al., 2009 and references therein).
The climate changes in the Adriatic Sea have been evidenced
through its changed hydrographic nature. The Adriatic Sea shows
strong interannual variability of temperature and salinity caused by
the presence of warmer and saltier Levantine Intermediate Water
(LIW) (Vilibi�c and Orli�c, 2002). Climate change provokes higher
occurrence and intensity of water exchange between the Adriatic
and the eastern Mediterranean. Moreover, years with higher inflow
of LIWare related to higher primary production. In the last 50 years
irregular shifts of increasing and decreasing periods of primary
production (PP) are reported by Grbec et al. (2009) and Nin�cevi�c
Gladan et al. (2010). Our study coincided with the low primary
production period from 1987 to 1996 and again from 2005 to 2007.
Hence, there is no linear trend in the PP increase that can be
directly linked with increase or recovery in littoral fish assem-
blages. Climate-driven biotic changes are tightly linked to the
alterations in distribution of fish populations, e.g. increased

occurrence of thermophilic species and their northward extensions
(Francour et al., 1994). Regarding the thermophilic species in our
catches (S. saurus and Sparisoma cretense) their more frequent
presence throughout the years contributed to increase in SW index.
Since it was always the case of only one or few specimens, their
occurrence did not have any weight in any other analysis we did e

abundance, biomass of the catch or multivariate composition.
Future studies should aim to comprehensively explore the effects of
legislative fisheries restrictions in conjunction with other anthro-
pogenic impacts.

The specific legislative changes in Croatia, aforementioned in
Introduction section, have the potential to redirect the artisanal
fishery towards sustainability as it has been already shown in an
offshore Adriatic region (Mati�c-Skoko et al., 2011a). The effective-
ness was observed through positive changes of littoral fish
resources’ abundance, biomass and structure as well as through
community indices and catch structure. Coincidence between the
studies is the recovery of specific indicator species, M. surmuletus
after 2002 when the trammel net were excluded from subsistence
artisanal fishing.

Thus, although we emphasise that only legislative changes in
fishing regime could initiate community changes of such magni-
tude, producing a decisive conclusion about the effectiveness of
applied management measures requires further analysis investi-
gating issues such as enforcement, compliance, structure and
abundance of fishing fleet as well as the type and scale of artisanal
fishing activities. Lack of enforcement and noncompliance are
common, however for specific management changes we believe it
is not an issue since trammel nets are completely forbidden to
subsistence fishermen, while for commercial fishermen use of

Fig. 4. Mean annual biomass catch per unit effort (BCPUE) as a function of time for fish species common to all four study areas as the ones driving the temporal change (eastern
Adriatic coast; from 1993 to 2009).
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trammel nets with small mesh size is not profitable due to the high
proportion of bycatch and discards resulting in overly prolonged
operational time. Regarding the fishing effort in Croatian artisanal
fisheries it is probably very high as in southern Italian coastal area
(Colloca et al., 2004) but remained steady throughout the entire
study period. The number of vessels more or less remained
constant in the last 20 years and has consistently been composed of
multipurpose vessels smaller than 10 m. The only positive trend
was in early 1990s during the war period when socio-economic
reasons led to high number of people engaging in fishing. After
1995 more restrictive fishing regime forbid an issue of new licenses
and from there on the number remained constant (Jardas, 1999).

In principle, reliable data on the type, dimension and quantity of
fishing gear needed for accurate assessment of fishing effort in
artisanal fisheries worldwide as well as in Mediterranean and
Adriatic Seas, even if they exist, are unsystematically monitored
and taken thus making them practically unusable for any detailed
analysis (Farrugio et al., 1993; Colloca et al., 2004; Battaglia et al.,
2010). Fishing effort is complex to measure especially given the
diversity of gears and vessel types characterizing artisanal fisheries,
so management assessment has been based mainly on the number
of boats and/or number of fishers, thus implying the limitation on
the evaluation of the actual fishing pressure on the resources (Salas
et al., 2007). Moreover, the reliability of catch statistics is also
questionable since it is based on fishermen logbooks and has never
been validated by systematic observer programmes or sampling at
landing (Farrugio et al., 1993).

The above suggests that in-depth scientific research together
with reliable official statistics would provide a comprehensive
understanding of artisanal fishing activities and the impact they
have on resources. However, such an approach is simply not
feasible to implement. Given so many species, such complex and
diverse habitats, so many fishers, gear types, landing sites and
distribution channels it would require significant, continuous
funding, trained personnel for collecting and processing gathered
data and giving recommendations for management initiatives.
Therefore, the solution, at least in the short term, would be a sort of
‘‘data-less’’ management approach, building on available data, to
a large extent relying on the knowledge held by local fishermen
(Johannes, 1998). Silvano and Valbo-Jørgensen (2008) have
demonstrated that value of fisher knowledge is especially high for
complex fisheries where species diversity is high, and funds for
carrying out biological research are very limited. An initiative about
involvement of fishers in management process is advocated more
and more. However, it is not clear how precisely this involvement
should be realised. Several studies have shown that fishers’
participation in management processes can contribute to the
conservation of small-scale fisheries through their valuable
knowledge on the biology and ecology of fish and fisheries as well
as social and human capital (e.g., networking and collective action)
that is critical for effective management (Costello et al., 2009 and
references therein). In addition, to be useful for management
purposes, fishermen’s knowledge should be properly recorded,
analyzed and interpreted as suggested by Silvano and Valbo-
Jørgensen (2008). Such an approach could be effective solution
for managing Mediterranean type artisanal fisheries. In any case, it
is high time for the management to become more adaptive, prac-
tical and objective oriented if we are to maintain and/or restore
littoral marine resources.
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