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Abstract – Unsuitable management of fisheries may lead to overexploitation of marine resources. Oceanic islands
with narrow continental shelves, in particular, are sensitive to unsustainable levels of fishing intensity. Fish traps are the
modality of artisanal professional fishing more important in the coastal waters of the Canary Islands (eastern Atlantic)
to capture demersal resources, which are deployed all year-round and allow a release of undersized captures. We aimed
at studying the structure of nearshore fish assemblages through deployment of benthic bottom traps carried out at
Gran Canary Island. A quantitative description of catches, in terms of abundance, biomass and sizes, of traps deployed
from May to October 2009, between ca. 20 to 50 m depth, was carried out. We used this information to test whether the
structure of nearshore fish assemblages at the island scale varied between three zones located at the NW, NE and E of the
island with varying habitat structure. A total of 58 species (22 families) were collected for the overall study from a total
of 2568 deployed traps. The species Sparisoma cretense (25% of the total biomass), the family Sparidae (16 species,
44%) and Mullus surmuletus (4%) accounted for more than 73% of the total catch in terms of biomass. The parrotfish,
S. cretense, was the fish with the largest catches in terms of number of individuals, followed by Dentex gibbosus,
Diplodus vulgaris, Stephanolepis hispidus, Chromis limbata and Mullus surmuletus. Differences in the structure of the
fish assemblage at the island scale were not predicted by differences in the type of bottom. Fishing yields were similar
between the NW (0.16 ± 0.02 kg trap−1 day−1) and NE side of the island (0.19 ± 0.01 kg trap−1 day−1), being lower at
the E zone (0.15± 0.01 kg trap−1 day−1). The most abundant species, the parrotfish S. cretense, had a mean size close to
its first maturity sizes (SFM50), while both D. gibbosus and D. vulgaris were below SFM50. In general, the mean size of
Sparids was well below SFM50, an indication of overexploitation, while M. surmuletus and S. hispidus reached a mean
size beyond their first maturity sizes.
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1 Introduction

In the last century, unsuitable management of fisheries, in-
cluding artisanal, industrial and recreational, has led to over-
exploitation of marine resources in most of the world’s coastal
areas (Mitcheson et al. 2013; Chiappone et al. 2004; Pauly
2008; FAO 2012), while fishing methods such as trawling are
contributing to a continuous degradation of marine habitats
worldwide (Messieh et al. 1991; Collie et al. 1997; Watling and
Norse 1998; Eno et al. 2013). In many areas of the globe, how-
ever, promotion of sustainable fisheries is complex, e.g. not
all landings of fisheries are controlled and the use of multiple
gear types create an unfavourable regulation, particularly for
coastal fisheries (Hernández-García et al. 1998; McClanahan
and Mangi 2001). In addition, recreational fishing may be an
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uncontrolled source of fishing and contribute to depauperate
certain fishery resources. This situation is especially worrying
at oceanic islands with reduced continental shelves, where re-
duced coastal habitats provide finite resources that are easily
threatened by unsustainable levels of fishing intensity (Rhodes
et al. 2011; SPC 2013; Menezes et al. 2013).

The Canary Islands is an archipelago located between ca.
100–450 km off the northwest African coast. Its volcanic ori-
gin is manifested in the absence, or very narrow, coastal shelf,
particularly in the westernmost islands, what affects topo-
graphic and hydrographical features of the coast, and hence the
distribution of marine species (Brito 1984, 1991; Falcón et al.
1996; Landaeta et al. 2012). Nearshore ecosystems are char-
acterised by a high biodiversity and fragility, resulting from
the reduced representation, in terms of abundance, of most
species (Pascual 2004; Tuya et al. 2014). In this archipelago,
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Fig. 1. Map of the three zones at Gran Canaria island: NW – Agaete, NE – Las Palmas, and E – Taliarte; the percentages of each bottom type
is included for each zone, hard (i.e. rocky reefs), medium (i.e. cobbles-dominated bottoms) and soft (i.e. sandy bottoms).

over 100 fish species are exploited by small-scale fisheries
using multiple gears, such as seine nets, traps and hand-
lines (García-Cabrera 1970; Pascual 1991; Bas et al. 1995;
Pajuelo and Lorenzo 1995; Mancera-Rodríguez and Castro
2004, 2015; Martín-Sosa 2012). The structure of the Canarian
fishing fleet shows a high social and economic dependency on
small-scale fishing (FAO 2011; EU Fisheries in Canary Islands
2013). The assessment and further management of these re-
sources is complicated, because the knowledge of biologi-
cal parameters is restricted to the main commercial species
(González and Lozano 1992; Pajuelo and Lorenzo 1995, 1996,
1999; García-Díaz et al. 1997, 2006; Méndez-Villamil et al.
1997; Pajuelo et al. 2006; González et al. 2012). Importantly,
there are no available historical, temporal, series of catches and
fishing effort for all gears and ports (Hernández-García et al.
1998), what avoid proper evaluation of fishing trends through
decades.

Deployment of fish traps is the modality of artisanal pro-
fessional fishing more important in the coastal waters of this
archipelago, which is practised all year-round (Bas et al. 1995;
Melnychuk et al. 2001; Martín-Sosa 2012). This is a passive
capture technique, whose advantages in relation to others gears
are the simplicity in their design, construction and use in the
case experienced fishermen (Hubert et al. 2012). Moreover,
this is one of the few gears that can be used when strong
winds and swells occur in the coast and there is the possibil-
ity of fish selection on board to release part of captures (i.e.
undersized individuals). Although there is a high variability
between islands and fishing ports, Couce-Montero (2009) es-
timated through surveys an average number of fish traps per
vessel of 180 units. Still, few studies using fish traps as a
way to describe fishery resources have been published in the
world (Smolowitz 1978; Matsuoka et al. 2005; Erzini et al.
2008; Newman et al. 2011; Langlois et al. 2015). In this study,
we initially aimed at improving the knowledge of small scale
fisheries through bottom traps at Gran Canary Island (Canary
Islands) by providing a quantitative description of catches in
terms of fish abundances and biomasses. We analysed the
structure of fish sizes of targeted species, as a way to evalu-
ate the status of populations. We finally sought to determine

whether the structure of nearshore fish assemblages at the is-
land scale varied spatially between zones with varying habitat
structure.

2 Materials and methods

2.1 Study area

This study focused on Gran Canary Island, which is lo-
cated at the centre of the Canarian Archipelago, being the third
largest island (1532 km2) with 45 km of diameter and a maxi-
mum elevation of 1950 m above the sea level (Carracedo et al.
2002). Each island within the Canarian Archipelago consists
of an independent large volcanic structure. The shallow sub-
tidal platforms around each island are not continuous except
between the islands of Lanzarote and Fuerteventura, and as
a result each island has its own independent shallow benthic
populations (Sangil et al. 2013). Sediments and rocky reefs
mainly compose nearshore bottoms, with a high variability in
the distribution and complexity of these habitats, which can
be colonized by a range of canopy-forming species (Tuya and
Haroun 2006; Tuya et al. 2014). By taken advantage of a pub-
lished marine cartography for the entire island (GRAFCAN
2008), we grouped the bottom types in three categories: hard
(i.e. rocky reefs), medium (i.e. cobbles-dominated bottoms)
and soft (i.e. sandy bottoms).

Data were collected at three zones which are located in
the vicinity of 3 ports within each area (Fig. 1). In the north-
western coast (NW, Agaete), artisanal fishing is performed in
an area mainly dominated by soft bottoms (86%) with a wide
offshore platform relative to the other two zones Commercial
fishing is performed when sea conditions are adequate, since
this stretch of the coast is very exposed to strong trade winds
and oceanic swells from the N and NW. In the north-eastern
coast (NE, Las Palmas), fishing is also majorly carried out in
an area dominated by soft bottoms (70%), but on a much re-
duced offshore platform. In the eastern coast (E, Taliarte), bot-
toms are also dominated by soft substrates (77%). This zone
has a narrow offshore platform.
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(a)

(b)

Fig. 2. Fish trap used by the artisanal fishing fleet (a) and long-line
method, joining 2 traps together in a gang (b).

2.2 Fishery data collection

Data on catch and effort (number of days and boats) of
fish trapping were provided by the local authority of Gran
Canary Island (Cabildo de Gran Canaria) and was collected
by fisheries officials on board. Still, governance and erection of
laws is regulated through the fisheries authority of the Canary
Islands (Viceconsejería de Pesca y Aguas). This database is
composed by the captures of 609 (NW), 1138 (NE) and 821
(E) fish traps deployed by the artisanal commercial fishing
fleet between May and October 2009. All captured individu-
als were brought inland; a special permit was provided by the
Viceconsejería de Pesca y Aguas in this regard. In all cases,
traps were circular, ranging between 130–300 cm in diameter,
and 30–100 cm in height, which were built with wire mesh
(32–51 mm of mesh size) and a single funnel entrance; a door
is used to include bait and extract catches (Fig. 2a). Traps were
located between ca. 20 to 50 m depth (mean depth = 31 m) at
the 3 zones, either individually or using a long-line method
that joins 2–3 traps together in a gang (Fig. 2b). The number
of days that traps were placed on the seafloor varied between 3
and 30 days, depending on oceanographic (wind and swell)
conditions and target species. The entire fish catch for each
trap (commercial plus the discarded fraction, which is usually
returned alive to the sea) was retained for further analyses. The
species were then identified, classified (Fischer et al. 1981),
weighted and placed within a taxonomic hierarchy according
to Nelson’s Fishes of the World (Nelson 2006).

2.3 Statistical analysis

Data of abundance and biomass were firstly standardized
using the catch per unit effort (i.e. per trap and day, CPUE). To

test for differences in the multivariate structure of fish assem-
blages (CPUEs) between the 3 geographical zones, the non-
parametric ANOSIM test was performed (Clarke and Warwick
1994; Tuya et al. 2006a). This analysis compares the average
rank similarities within the predefined groups of samples with
the average similarity between groups. Values of R close to
1 indicate strong separation in terms of assemblage structure,
while values close to 0 indicate a lack of differences (Pusch
et al. 2004). When a significant difference (p < 0.05) was de-
tected, a similarity percentage breakdown (SIMPER) (Clarke
and Warwick 1994) was conducted to determine which species
were representatives of specific assemblages (i.e. within each
zone) and their contribution to dissimilarities between each
pair of zones (Clarke and Warwick 1994).

A permutational analysis of variance via the PER-
MANOVA package (Anderson et al. 2008) was run on a
Euclidean distance matrix to test for differences in catch per
unit effort (CPUE) in terms of the total biomass. Although
PERMANOVA was originally designed for analysis of mul-
tivariate data, it can also be used to analyse univariate data
and, unlike ANOVAs, do not assume that data are normally
distributed (Anderson et al. 2008; Garside et al. 2014). We
performed 9.999 random permutations of the raw data under
a reduced model.

To evaluate whether variation in the amount of bottom
types (rocky, medium and soft) between the 3 zones con-
tributed to explain variation in the structure of fish captures
between zones, a multivariate multiple regression model, us-
ing the DISTLM routine (Anderson 2001), was implemented.
This analysis tested the significance of these relationships by
fitting a linear model based on Bray-Curtis dissimilarities from
square-root transformed data and using a “forward” selection
procedure.

Finally, for the main commercial fish species in terms of
abundance, the mean size per zone was compared via a t-
student test with the size at first maturity (SFM50), as pro-
vided by the local literature. This is an indicator of the level
of species’ specific exploitation (Sharpe and Hendry 2009).

All multivariate procedures were carried out via the
PRIMER v6 (Clarke and Gorley 2006) and PERMANOVA+
(Anderson et al. 2008) statistical package.

3 Results

3.1 Composition and abundance of the fishery

A total of 45 species belonging to 20 families were col-
lected in the NW coast (Table 1). The species Sparisoma
cretense (33% of the total biomass), the family Sparidae (12
species, 30%) and Mullus surmuletus (13%) accounted for
more than 75% of the total catch in terms of biomass. Nev-
ertheless, species of low weight, such as Similiparma lurida
and Chromis limbata, were important in terms of abundance
(17%). In the NE coast, 37 species (16 families) were cap-
tured, where Sparidae (13 species, 43% of the total biomass)
and Sparisoma cretense (35%) accounted for >75% of catches
in terms of biomass (Table 1). Stephanolepis hispidus was
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Table 1. Fish species collected between May and October 2009. Total abundance (n: number of individuals); total biomass (kg); size range
(TL, cm); N, number of fish traps in each area. The first maturity sizes (SFM50) is included according to González et al. (2012). * non-
commercial species, ^ endemic species of the Macaronesian region.

Species First NW-Agaete (N = 609) NE-Las Palmas (N = 1138) E-Telde (N = 821)
maturity

Biomass
Size

Biomass
Size

Biomass
Size

SFM50 n
(kg)

range n
(kg)

range n
(kg)

range
(cm) (cm) (cm) (cm)

Aulostomidae
Aulostomus strigosus * 4 1.200 51–66 – – – – – –
Balistidae
Balistes capriscus 20.0 FL 27 18.980 27–43 111 25.180 20–43 34 11.068 18–39
Bothiidae
Bothus podas * 62 2.670 10–20 18 1.102 15–21 9 0.330 13–22
Carangidae
Pseudocaranx dentex 37.0 – – – 6 10.833 44–52 10 10.181 40–62
Seriola dumerili – – – – – – 1 1.752 55
Seriola fasciata 3 18.000 71–93 – – – 2 3.776 52–55
Seriola rivoliana 1 7.990 80 – – – 1 0.594 36
Trachurus trachurus 25.0 35 7.320 17–23 – – – – – –
Congridae
Conger conger 200.0 2 6.290 86–115 3 10.138 73–104 3 7.898 13–93
Haemulidae
Parapristipoma octolineatum 13 2.140 21–29 5 0.832 20–24 13 1.426 19–24
Pomadasys incisus 97 7.750 15–22 104 7.827 15–24 65 5.007 14–23
Labridae
Bodianus scrofa ^ 4 3.078 31–41 3 3.334 38–42 – – –
Coris julis * 2 0.288 23–23 – – – – – –
Thalassoma pavo * 1 0.072 18 – – – 3 0.135 21
Xyrichtys novacula * – – – 1 0.100 19 – – –
Monacanthidae
Aluterus scriptus * – – – – – – 1 1.400 57
Stephanolepis hispidus 14.9 3 0.190 13–16 737 69.193 9–27 201 16.457 10–26
Mugilidae
Liza aurata * – – – – – – 8 3.058 31–37
Mullidae
Mullus surmuletus 16.6 231 43.160 15–28 152 17.980 11–28 113 14.393 18–32
Muraenidae
Enchelycore anatina 4 1.490 71–86 – – – – – –
Gymnothorax unicolor 56.5 11 8.710 69–88 – – – – – –
Muraena augusti 55.8 7 4.920 64–88 – – – – – –
Muraena helena 75.1 – – – – – – 2 3.608 85–98
Phyciidae
Phycis phycis 37.0 1 3.948 41 – – – – – –
Pomacentridae
Similiparma lurida *^ 56 1.278 11–14 137 6.028 10–16 105 4.604 11–15
Chromis limbata *^ 511 23.417 11–17 54 4.692 11–14 344 12.361 11–15
Scaridae
Sparisoma cretense 23.3 634 100.850 15–42 1716 253.450 16–36 564 67.790 15–37
Scianidae
Argyrosomus regius – – – – – – 5 4.774 44–50
Umbrina canariensis 1 0.180 23 2 0.360 20–21 1 0.130 22
Scorpaenidae
Scorpaena porcus – – – 12 1.262 14–25 12 1.452 15–26
Scorpaena scrofa 3 0.230 14–15 3 0.254 13–15 – – –
Serranidae
Epinephelus marginatus 2 1.524 42–44 4 3.118 36–52 6 8.667 36–51
Mycteroperca fusca ^ 33.5 3 3.750 39–42 9 16.451 25–42 6 13.360 15–42
Serranus atricauda 19.3 24 4.195 13–30 21 3.221 20–34 21 1.847 19–24
Serranus cabrilla 16.6 1 0.060 17 – – – – – –
Serranus scriba 17.3 10 1.054 20–24 99 8.414 17–23 64 6.163 16–24
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Table 1. Continued.

Species First NW-Agaete (N = 609) NE-Las Palmas (N = 1138) E-Telde (N = 821)
maturity

Biomass
Size

Biomass
Size

Biomass
Size

SFM50 n
(kg)

range n
(kg)

range n
(kg)

range
(cm) (cm) (cm) (cm)

Sparidae
Boops boops 13.4 75 6.840 10–33 24 2.590 20–25 41 3.639 18–27
Dentex dentex 50.0 – – – – – – 4 7.368 72
Dentex gibbosus 38.6 186 41.795 16–61 284 84.737 12–71 735 95.360 15–44
Diplodus annularis 12.8 – – – 78 3.679 13–18 5 0.290 14–18
Diplodus cervinus cervinus 32.7 6 2.046 22–29 31 14.816 15–36 3 0.430 18–28
Diplodus puntazzo 29.2 4 2.404 26–38 4 0.780 18–32 58 5.010 24–36
Diplodus sargus cadenati 21.6 97 10.180 16–26 138 19.610 15–31 416 27.760 13–33
Diplodus vulgaris 20.9 243 25.300 13–28 343 36.213 12–24 521 46.495 11–29
Lithognathus mormyrus 24.6 – – – 1 0.410 31 – – –
Oblada melanura – – – – – – 6 1.386 24–28
Pagellus acarne 19.4 19 2.760 14–24 37 4.530 18–27 16 1.738 19–23
Pagellus erythrinus 23.2 10 2.156 15–32 80 9.814 17–31 220 24.560 16–32
Pagrus auriga 53.3 27 11.601 17–33 61 6.581 8–34 65 8.294 12–27
Pagrus pagrus 26.7 9 22.138 21–50 60 23.990 8–52 63 14.286 13–44
Sarpa salpa 29.4 51 20.615 18–27 525 64.550 19–34 84 21.009 18–38
Sparus aurata 40.0 1 0.124 31 – – – 2 0.802 26–34
Spondyliosoma cantharus 22.7 160 22.354 10–29 282 35.409 15–28 212 19.758 14–37
Synodontidae
Synodus saurus * 1 0.032 34 – – – – – –
Tetraodontidae
Canthigaster capistrata * 2 0.089 10–13 2 0.034 11–13 3 0.056 10–12
Sphoeroides marmoratus * 3 0.190 13–17 2 0.052 13–14 1 0.082 15
Triglidae
Trigloporus lastoviza 29.6 – – – 1 0.154 23 – – –
Zeidae
Zeus faber 1 0.357 39 – – – – – –

only relevant in terms of abundance (14% of the total abun-
dance). Finally, a total of 43 species (17 families) were col-
lected from the E coast (Table 1). The family most representa-
tive, in terms of biomass, was Sparidae (16 species, 60% of the
total biomass), followed by Sparisoma cretense (15%); Simili-
parma lurida and Chromis limbata were, again, important in
terms of abundance (11%). Other species (i.e., Mycteroperca
fusca or Epinephelus marginatus) or families (Serranidae or
Haemulidae) with a high commercial value were exclusively
captured occasionally.

The fish assemblage from the E zone was not different, in
terms of assemblage structure, relative to those fish assem-
blages from the NW and NE zones (ANOSIM, R = 0.042
and R = 0.085; p > 0.05, respectively). The fish assem-
blage from the NW differed relative to that from the NE
(R = 0.185; p < 0.05). The parrotfish, Sparisoma cretense,
was the fish species with the highest number of individuals
at the three zones, followed by Mullus surmuletus in the NW,
Stephanolepis hispidus in the NE and Diplodus vulgaris in the
E zones (Table 1). S. cretense contributed to more than 10%
of dissimilarities within each zone. In terms of biomass, S.
cretense and Dentex gibbosus attained the highest values at the
three zones, contributing to more than 30% of dissimilarities
between zones. These species were followed by M. surmuletus
in the NW and E zones, and S. hispidus in the NE (Table 2).

Differences in the structure (composition and abundance) of
the fish assemblages between zones were not predicted by dif-
ferences in the type of the bottom (rocky, soft, medium) (all
terms, p > 0.05).

3.2 Fishing yields

The catches of commercial species (González et al. 2012)
represented a 91% in the NW, 99% in the NE and 96% in the
E, respectively, i.e. only nine species were considered as “dis-
card” (Table 1). Significant differences in the average catch per
unit effort (CPUE) were detected between zones (permutation-
based ANOVA; pseudo − F = 109.9, p < 0.001). A pos-
teriori pairwise tests indicated that fishing yields were simi-
lar between the NW (0.16 ± 0.02 kg trap−1 day−1) and NE
(0.19 ± 0.01 kg trap−1 day−1), being lower at the E zone
(0.15 ± 0.01 kg trap−1 day−1).

3.3 Mean size of capture

We evaluated the level of fish overexploitation, in terms
of fish sizes relative to their corresponding first maturity sizes
(SFM50), for nine Sparids (Dentex gibbosus Diplodus sargus
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Table 2. Results of the SIMPER routine testing for dissimilarities between each pair of zones, based on abundance data. The species are in
decreasing order of contribution. δi, mean dissimilarity; δi%, contribution of each species to mean dissimilarity; SD: standard deviation.

Agaete vs. Las Palmas Agaete vs. Telde Las Palmas vs. Telde
δi = 82.11 δi = 84.41 δi = 81.65
Species δi% SD Species δi% SD Species δi% SD
S. cretense 1.06 14.17 S. cretense 0.99 12.02 S. cretense 1 14.49
M. surmuletus 0.86 9.55 M. surmuletus 0.82 9.61 S. hispidus 0.94 9.48
S. hispidus 0.81 7.67 D. vulgaris 0.88 9.1 D. gibbosus 0.74 9.43
D. vulgaris 0.87 7.67 D. gibbosus 0.64 8.04 D. vulgaris 0.83 8.69
S. cantharus 0.93 6.29 C. limbata 0.61 6.44 S. cantharus 0.92 6.34
D. gibbosus 0.61 5.66 S. cantharus 0.86 6.2 D. sargus cadenati 0.63 5.42
C. limbata 0.55 5.3 D. sargus cadenati 0.67 5.71 P. erythrinus 0.62 5.17
S. salpa 0.55 4.63 P. erythrinus 0.54 4.5 M. surmuletus 0.73 4.9
D. sargus cadenati 0.69 4.28 P. incisus 0.52 4.06 S. salpa 0.51 4.84
P. incisus 0.54 4.04 S. hispidus 0.5 3.84 C. limbata 0.47 3.39
P. erythrinus 0.48 3.42 B. boops 0.54 3.33 S. lurida 0.58 3.36
S. lurida 0.6 3.11 S. salpa 0.51 3.16 B. capriscus 0.42 2.92
B. boops 0.51 3 S. lurida 0.61 2.99 P. pagrus 0.52 2.84
B. podas 0.48 2.32 P. auriga 0.54 2.57 S. scriba 0.58 2.84
P. auriga 0.56 2.32 B. podas 0.46 2.25 P. auriga 0.58 2.65
B. capriscus 0.39 2.3 B. capriscus 0.41 2.14 P. incisus 0.42 2.34
S. scriba 0.48 1.96 P. pagrus 0.48 1.8 S. atricauda 0.41 1.24
P. acarne 0.4 1.85 P. acarne 0.4 1.69
P. pagrus 0.38 1.72 S. scriba 0.44 1.47

Diplodus vulgaris Pagellus acarne Pagellus erythrinus Pa-
grus auriga Pagrus pagrus Sarpa salpa and Spondyliosoma
cantharus), the parrotfish (S. cretense), the goat fish (M. sur-
muletus) and the filefish (S. hispidus). Independently of the
zone, the mean size of Sparids was below the first maturity
sizes (SFM50), except for P. acarne from the NE and E zones
(Fig. 3). The most abundant species, the parrotfish S. cretense,
had a mean size close to its first maturity sizes (SFM50), while
M. surmuletus and S. hispidus reached a mean size at the three
zones larger than their SFM50. All t-tests indicated significant
differences in mean sizes of all fishes with regard to the SFM50,
except both P. erythrinus(NW) and S. cretense (NW).

4 Discussion

Our study has demonstrated that the artisanal trap fish-
ery at Gran Canaria Island is highly unselective, catching a
wide variety of fishes (37–45 species) from many families (16–
20). In addition, only a reduced number of families (Scari-
dae, Sparidae, Mullidae, Pomacentridae and Monacanthidae)
and species provided relatively high fishing yields, in terms of
biomass, in particular: S. cretense, D. gibbosus Diplodus spp.,
M. surmuletus, Pagrus spp., Pagellus spp. and S. salpa. De-
spite low weights, three small-sized species were relevant in
terms of abundance: S. hispidus, C. limbata and S. lurida. In
this sense, small-sized species are not usually considered as of
commercial relevance (Golani et al. 2002), but in the Canary
Islands these species are appreciated and found in some local
markets

Local variation in the structure and abundance of fish
assemblages were detected between the NW and NE sec-
tors of Gran Canaria Island. The fish assemblage of the
NW zone was differentiated by the abundance of micro-
carnivores and meso-carnivores species (e.g. C. limbata, M.

surmulletus, P. acarne and Pomadasys incisus), which typ-
ically feed on benthic organisms, i.e., shrimps, amphipods,
polychaetes, molluscs (Tuya et al. 2004; Domanevskaya and
Patokina 1984; Fehri-Bedoui and Gharbi 2008). In contrast,
three herbivorous/omnivorous fishes, S. cretense, S. hispidus
and S. salpa (Clements and Livingston 1983; Petrakis and
Papaconstantinou 1990; Jadot et al. 2000, 2002), dominated
the fish assemblage from the NE zone. S. salpa is a species
that may opportunistically feed upon the POM produced by an-
thropogenic activities (Boyra et al. 2004; Dempster et al. 2004;
Tuya et al. 2005, 2006b), while S. hispidus is associated with
bottoms of fine sediments (Mancera-Rodríguez and Castro-
Hernández 2004, 2015). In addition, this variation could be
also related to the presence and abundance of dominant algal
functional groups. For example, frondose fucoid species are
more dominant on swell-exposed shores (NW) than on swell-
protected shores, whereas turf-algae show a reversal pattern
(Tuya and Haroun 2006).

Several studies have concluded that the coastal resources
off the Canary Islands have long been over-exploited (Bas
et al. 1995; Pajuelo and Lorenzo 1995; Falcon et al. 1996;
Tuya et al. 2004). Most likely, this is the result of several
interplaying factors, such as the improvement in materials
for building traps, a large capability and autonomy of arti-
sanal boats, better port infrastructures, increased local mar-
ket demands and, importantly, the advent of recreational fish-
ing in the last decades, which may capture up to 60% of the
total capture at some islands, for example in Gran Canaria
Island (RESPESCAN 2008; Castro and Hernández-García
2012). This has been reflected in a progressive decline in
the mean fishing yields at Gran Canary island in the last 4
decades, from 2.2 kg trap−1 day−1 in the 1970s at the south
of the island (Castro and Hernández-García 2012) to 0.14–
0.18 kg trap−1 day−1 (this study) at the north-east of the island,
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Fig. 3. Mean size of captured fish species at each zone; the SFM50 (red line) is included, according to González et al. (2012). All t-tests indicated
significant differences in mean sizes of all fishes with regard to the SFM50, except both P. erythrinus (NW) and S. cretense (NW).
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although this value is similar to that provided by Hernández-
García et al. (1998) for the eastern side of Gran Canary island
(0.15 and 0.21 kg trap−1 day−1) from 1989 to 1996. In any case,
the average number of fish traps per artisanal fishing vessel has
decreased (approximately from 275 in the 1990s to 180), fol-
lowing a 65% reduction in the size of the operating fleet from
1996 to nowadays (Bas et al. 1995; Hernández-Garcia et al.
1998; Couce-Montero 2009). Despite a lack of specific studies,
the regional government (through the local fisheries authority)
and fishermen are aware that fishing yields have severely de-
creased in the last 4 decades (REPESCAN 2008), but relevant
management implications have not been accomplished, as a
result of a lack of political willingness.

Fisheries regulations are often difficult to enforce in ar-
eas facing overexploitation; the size of fishery species become
smaller through time, and fishermen claim for a decrease in
the minimum size of commercialization, despite local fisher-
men has also willingness to increase other minimum size of
captures (e.g. Mullus surmuletus and Epinephelus margina-
tus). However, a well-managed fishery is expected to use fish-
ing gears that catch most of the available species at sizes
that do not undermine sustainability (McClanahan and Mangi
2001). In our case study, the majority of commercially cap-
tured species were juveniles and sub-adults; in the case of
hermaphrodite species, most individuals have not reversed sex.
In any case, it is important to point out that, under normal con-
ditions, fishermen should have released these captures back to
the sea. Only those fish species maturing at small sizes, e.g.
M. surmuletus and S. hispidus (Pajuelo et al. 1997; Mancera-
Rodríguez and Castro-Hernández 2004, 2015), which have
short life-cycles and high turnover rates might be able to
withstand overexploitation. These species are trappable be-
cause their life history characteristics enable them to persist
despite high rates of fishing mortality. However, remaining
species, particularly in the case of Sparids, could be overex-
ploited, as previously indicated by other works (Pajuelo and
Lorenzo 1995, 1996, 1999; REPESCAN 2008). It is worth
noting, moreover, that the first maturity size (SFM50) of most
fish species were obtained many years ago, and might have
changed.

A limitation of this study is that data only corresponds
to a reduced temporal window (May to September 2009),
what could limit our conclusions and so our inference ca-
pacity to other circumstances. Nevertheless, at the light of
our results and previous studies in the study region, it is
recommended an effective management of resources, imply-
ing a reducing fishing pressure (professional and, importantly,
recreational), to study the proper use of fish traps (e.g. mesh
structure and redesign systems to reduce ghost fishing, sys-
tems to locate lost traps), study and update first maturity sizes
(SFM50) of the main commercial species, socio-educative pro-
grammes to raise awareness in the necessity of conservation
and a larger number of marine reserves providing essential
refuges for species that are particularly vulnerable to overex-
ploitation (Francour et al. 2001; Roberts 2005; Kellner et al.
2007; Kerwath et al. 2013; Buxton et al. 2014).
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