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Abstract

Catch and effort records of spear fishing competitions since 1975, in the Balearic Islands, have been used as a tool to study
the temporal evolution of rocky littoral fishery resources. Competition spear fishing affected over 30 species, among which
the most abundant weiplodus sargusSymphodus tingd_abrus merulaand Mugilidae. A decreasing trend over time for
the mean CPUE (kg fishermarh—!) was shownEpinephelus marginatusas a key species in the evolution of the CPUE,
since individuals weighing more than 4 kg diminished drastically after 1987. The species recorded as largest specimens clearly
changed since this date, showing a serial depletion process. These results taken as a whole describe a situation of overfishing
for some target fish inhabiting rocky bottoms between 0 and 40 m. Both recreational and competition spear fishing seem to have
had an important effect on these resources and probably contributed to the lack of profitability of some traditional and highly
selective fishing gears.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction an individual licence is required but the use of SCUBA
diving equipment and the commercialisation of the
Spear fishing is a very popular activity in most of catches have been prohibited since 1963 (B.O.E, No.
the western Mediterranean countries, where it is prac- 34, 8/02/1963).
tised at recreational and competition levels. In Spain,  On the coasts of the Balearic Islands, the environ-
mental conditions can be considered optimal for the
"+ Corresponding author. Tel.: +34 971 17 61 04: practice of this s_pprt throughout the year. Coast_al wa-
fax: +34 971 17 61 57. ters reach to minimum temperatures of 13<C4in
E-mail addressjcoll@dgpesca.caib.es (J. Coll). winter and maximum ones of 27-28 in summer;
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visibility normally exceeds 25m and rocky bottoms from 1975to the present day. Both objectives have been
are abundant. Moreover, spear fishing in the Balearic approached on the basis of information registered in of-
Islands increased significantly after the 1960s due to ficial spear fishing competitions that have taken place
the international success of the local spear fishermen.in the waters of the Balearic Islands.
At present, there are 2128 spear fishing licences regis-
tered, although these represent only around two-third
of the real number practising the sport. 2. Methods
Spear fishing is normally practised in the littoral
zone and it partially overlaps with the traditional fish- 2.1. Field framework and database
ing area of the professional artisanal fleet. This fleet
made up of 450 vessels, with length that ranges from 6  Spear fishing competitions are usually held on the
to 12 m, represents 84% of the total fishing fleet of the rocky shores of almost any area of the Balearic Islands,
Balearic Islands (according to data from the Fisheries in abathymetric depth range from 0 to 40—45Fiy( 1).
Department of the Government of the Balearic Islands). Currently, the location where the competition is going
This overlap and the effectiveness of spear fishermen to take place is previously studied by the Fisheries De-
at catching certain species forced the Fisheries Depart-partment to prevent the same area being used consec-
ment to establish a rule limiting the catches to 5 kg plus utively year after year, which has been a measure used
one fish per spear fisherman per day, as well as limit- since the early seventies.
ing the minimum size of some species. However, there  The practice of this activity is excluded in the 26,900
are still certain problems such as the illegal selling of ha, which make up the marine reserves of Cabrera Na-
the catches or the opposition of spear fishermen to thetional Park, north of Minorca and Ibiza and Formentera
prohibition of fishing in the newly protected areas of Straits. In the marine reserves of the Bay of Palma and
the Balearic Islands. the south of Majorca, with 19,453 ha, spear fishing is
As a consequence of the multifactorial nature of the allowed only on certain days for certain species, and
impacts that affect the littoral zone and the lack of data the minimum length of some vulnerable species is lim-
concerning the specific impact of each activity on re- ited. However, competitions are absolutely forbidden
sources, the fishermen’s associations rejected many ofin these areas3ofi and Coll, 2003.
the measures that should be established for fisheryman-  Spear fishing competitions are based on the catch
agement. The destruction of coastal habitats, pollution, of the maximum number of fishes and the maximum
overfishing, climatic change and spear fishing appear weight in a period of 5 or 6 h. The evolution of the fish-
as the main causes of impact on endangered speciesng technique in the last 25 years, always apnoea div-
in the Red Data Book of the fishes of the Balearic Is- ing, has been minimal. During the 1970s, the Tahitian
lands Mayol et al., 200D. However, isolating the ef-  speargun, propelled by rubber bands, was introduced
fect of a single factor from the rest is not an easy task, and it totally replaced the less effective air-compressed
although the existing literature in the western Mediter- spearguns.
ranean indicates that spear fishing is an important fac-  Spear fishing competitions include certain spe-
tor that can affect the composition of fish communities cific rules, which are more restrictive than in recre-
(Bell, 1983; Gar@-Rubies and Zabala, 1990; Moranta ational spear fishing. Except for conger eel®iiger
et al.,, 1997; Riones et al., 1997and the structure  congel), moray eels fluraena helenpand groupers
of certain fish populationdHarmelin and Marinopou-  (Epinephelusspp.), which must have a minimum
los, 1993; Gara-Rubies, 1997; Zabala et al., 1997; weight of 2kg, fishes weighing at least 300g are
Coll et al., 1999; Harmelin and Harmelin-Vivien, considered valid. The rule of the 2kg was estab-
1999; Rdéiones et al., 1999; Jouvenel and Pollard, lished in 1994, although in 1987 an agreement had
2001). been reached in order to invalidate groupers weighing
The aim of the present paper is to determine which less.
species were most affected by competition spear fish- The data used to undertake this study were ex-
ing, and, furthermore, to evaluate the health of fish re- tracted from the files that the Balearic Federation of
sources by means of describing the evolution of catches Subaquatic Activities (FBDAS) has registered for
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Fig. 1. Localization of the zones where spear fishing competitions were carried out between 1975 and 2001. The areas noted in grey are marine
reserves where spear fishing is forbidden (Ibiza and Formentera strait, north of Minorca, Cabrera) or regulated (Majorca).

most of the spear fishing competitions since 1975. The we considered only the local, regional and between-
available data corresponded to three different seriesislands competitions. This means that data were avail-
with different details. The first database collected able from 95 competitions between the years 1975 and
the total annual results of the competitions that took 2000. Higher-level competitions, such as the Spanish,
place in the Balearic Islands (number of participants, European or World championships, were excluded be-
total number of fish caught and total weight) from cause they were not held on aregular basis and because
1975 to 2001. The second database included the samehe level of the participants was much higher than that
yearly information, separated by competition and by of regional competitions. Similarly, it is clear that not
participant as well as the species and the weight of all participants have the same experience. Itis also ob-
the largest specimen of each participant from 1975 to vious that the best spear fishermen are the ones who
2000. However, these two databases are not complete catch greater number of fishes and largest fishes. This
since they include only data from the years 1975, 1977 is why the best-classified participants in each competi-
and 1980, and from 1985 to 2001. Finally, since 1994, tion can be considered as the best estimators of the state
the FDBAS added to the classification data a detailed of the resource they are exploiting. Therefore, and to
list of all the species caught in each competition and avoid excessive variations in the catches, depending
the number of fish for each species. In these lists, the on the number of participants, only the results of the
species are recorded by their common name. Due to participants classified in the first 10 places in each com-
the fact that the data relate to official competitions, the petition were considered, thereby obtaining a database
validity of the information is guaranteed and therefore of 950 record registers.
can be considered useful and of great interest for  To obtain a representative sample of the specific
examining the evolution of the affected resources composition of the catches in the different islands, we
during the last 25 years of the 20th century. have taken into account only those competitions in
From the detailed data available for each competi- which the number of fish was relatively high¥ 20).
tion and participant, we selected only those compe- With these data, obtained from 71 competitions and
titions that had been taking place over a long time 11,272 fishes caught during the period 1994—-2000, it
series on an approximately annual basis. Therefore, was possible to check which part of the littoral marine
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ichthyofauna was the most affected by competition
spear fishing.

2.2. Data treatment of species involved

From the list obtained by the federation (FBDAS),
the common names of the species, which are well
known in the Balearic Islands, were translated to the
corresponding scientific names using manuals written
by local authorsNlassut, 1980; Riera et al., 1995In
some cases, it was not possible to identify the taxo-
nomic level of species and the family level had to be
used. For instance, the family level was used in the
case of Mugilidae, where the name “llissa” was used
for three different speciehelon labrosusLiza ra-
madaandL. auratg and in the case of the large Ser-
ranidae that, except for the dusky grougepihephelus
marginatug, are denominated, using doubtful crite-
ria, as “anbs llis”, “xerna” or “anfos bord”, which
includes the specidspinephelus costagoung spec-
imens of E. caninusand Mycteroperca rubraln the
case of “barracuda’Sphyraenasp.), only the genus
was determined, which includ&phyraena sphyraena
andSphyraena viridensid he group of Labridae called
“tords” referred to two specied ébrus merulaand
Symphodus tindawhich were designated together as
L. merulaS. tinca The rest of the species included
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2.3. Treatment of the temporal evolution of the
catches

The relative values of the absolute data, i.e., the
mean number of fish and the mean weight of the catch
by participant as well as the mean weight per fish were
calculated. The temporal evolution (from 1975 to 2001)
of these variables was analysed by means of a linear re-
gression $okal and Rohlf, 1979; Zar, 1984

Using the detailed registers of each competition
(second data series), the catch weight of each of the
first 10 classified participants was divided by the com-
petition length of 6 h. In this way, an estimation of
the multispecies catch per unit of effort (CPUE, ex-
pressed in kg fishermah h—1) was calculated, which
was compared to other calculations already existing
in the literature Dalzell, 1996and references therein).
The mean CPUE per competition, per year, and the one
corresponding to each of the first ten classified partic-
ipants were the dependent variables in relation to time
(independent variable) for a linear regression model
(Underwood, 199y Due to the fact that the location of
the competition varied every year, both the total data
and the data referring to the first ten classified partici-
pants were considered as independent samples.

The weight frequency distribution and the annual
mean weight of the largest specimens, captured by the

in the study had a clear correspondence between thefirst ten classified participants, were also calculated.

common name and the scientific name.
To detect the existence of possible differences in

The frequency of large fish in the catches can be con-
sidered as a good indicator of the state of the popu-

the specific composition of catches, depending on the lation because these are the ones that tend to become

zone or the year (from 1994 to 2000), a hierarchic

grouping analysis was carried out, based on the ma-

trix formed by the number of fishes of each species
caught in each competition. With the aim of avoid-

ing chance dissimilarities, the species that appeared

with a frequency lower than 4% were not considered.
As a result, an initial matrix of 35 species, or higher-

level taxa, was reduced to one made up of 29 taxa.
Measurement of similarity between samples was de-

termined by the “percentage similarity” indeRg =
1-0,5) | Pxi — Pyil), with Pxi being the probabil-

ity of occurrence of the specié the sample X, and
Pyithe probability of occurrence of the specids the
sample Y, according t&ohn and Riggs (1982)The
hierarchic grouping of the samples was carried out by
means of the grouping algorithm UPGMAdgendre
and Legendre, 1984

scarcer more quickly when the pressure upon the re-
source increaseslénnings and Lock, 1996; Gaae
Rubies, 199Y.

3. Results
3.1. Species affected (period 1994—-2000)

In total, 71 competitions from 1994 to 2000 were
analysed. In these competitions, 11,272 fish belonging
to 31 species and 4 major taxa (Serranidae, Mugili-
dae Sphyraenapp. and Labridaeg, tinca-L. merulg)
were captured. Among these taxa, the majority of the
spatial and trophic ecological groups were represented,
except for the small pelagic planktivoreldarmelin,
1987 (Table ). In spite of the extensive spectrum of
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Table 1

Percentage species abundanc&f%aptured in spear fishing com-
petitions carried out in the Balearic Islands from 1994 to 2000

Species Majorca Minorca |biza and
(n=8661) (n=1918) Formentera
(n=693)
Coastal pelagic species
Oblada melanurd 0.16 010 029
Lichia amie? 0.21 021 -
Seriola dumerift 0.84 443 130
Sphyraenap? 0.28 042 -
C. hippurus - 0.26 -
Medium-large home-range demersal species
B. carolinensi8 1.80 036 014
D. volitans! 5.40 042 101
Dentex dentex 0.50 016 -
Dicentrarchus labra% 1.02 089 043
Lithognatus mormyrds 0.22 - 043
L. piscatorius 0.01 - -
Mugilidae 10.61 1277 1241
M. surmuletus 0.07 010 -
Pagellus erythrinus 0.05 - Q14
S. auratd@ 1.10 094 014
Spondyliosoma canthartis 0.12 005 058
Trigloporus lastoviza - 0.10 -
Z. faber 0.02 - -
Low-medium home-range demersal species
Diplodus puntazzb 0.01 - -
Diplodus cervinus 0.83 052 Q72
D. sargu$ 40.04 3796 3304
D. vulgaris 0.08 021 -
E. marginatu8 114 172 173
Epinepheluspp? 0.31 - Q72
L. viridis? 5.70 448 476
S. tincaL. meruld 11.30 1335 996
S. salp& 4.69 855 779
U. cirrosa 0.08 036 -
Low home-range benthic species
C. conger 0.51 047 Q72
M. helen&@ 197 156 231
P. phycig 222 078 332
Scorpaena porcus 0.13 — Q14
S. scrof& 3.82 339 6.06
S. umbr& 4.75 542 1183
U. scaber 0.01 - -

@ Species catalogued as largest specimens from 1975 to 2000.

the Mugilids C. labrosusandLizaspp.) showed simi-

lar importance in the catches and their abundance per-
centage was greater than 10%. The rest of the species
represented less than 10% of the catches and the most
abundant ones in this group wearpa salpaSciaena
umbrg Labrus viridis Scorpaena scrofand Phycis
phycis(Table J).

Abundance shifts of these species were not related
to spatial (island) or temporal (year) factors. The two
major groups that presented a greater similarity in the
dendrogram (groups 1 and 2) contained samples from
different zones, which were collected in different years
(Fig. 2). The differences between the two main groups
seemed to be related to the diversity of the samples,
which was highly correlated with the number of fish
captured R = 0.79;P < 0.001). Groups 3 and 4 were
composed of only one competition. These competitions
were differentiated from the rest due to the punctual
abundance of unusual species, suclDastylopterus
volitansandP. phycis respectively.

3.2. Temporal evolution for all competitions
registered from 1975 to 2001: without selection of
participants

During the period, between 1975 and 2001, the num-
ber of participants registered in spear fishing compe-
titions taking place in the Balearic Islands were 7692,
and they captured 45,695 fish with a total weight of
27,097 kg (FBDAS data). The relative data, i.e., the
number of fish and catch by participant (NFP and
CP, respectively) as well as the mean weight of fish
(MWF), showed a progressive temporal decrease. The
NFP fitted a linear function (NFP = 6.860 0.111 x
time; R2 = 0.39; P < 0.01) that responded to the pro-
nounced decline observed from 1975 to 199i@(3a).
The CP showed a similar tendency, also with a no-
table decrease from 1975 when the maximum value
of 8.2 kg/participant was observed until 1996, after
which it stabilised between 2.7 and 3.2 kg/participant
(Fig. 3b). Globally, this variable showed a decreasing
tendency that fitted a regression line defined by the

ecological niches represented, the greater proportionequation: CP = 5.39% 0.122 x time (R? = 0.45;P

of catches corresponded Riplodus sargusa dem-

< 0.001). The MWF decreased significantly and lin-

ersal omnivore species that shows vertical and hori- early with time, showing a marked slope with respect

zontal intermediate diel displacemerids sarguscom-

to the former variables, MWF = 789.720 7.554 x

prised 30—40% of the catches, irrespective of the island time (R? = 0.42;P < 0.01). From the seventies to the

(Table ). Large labrids §. tincaandL. merulg and

early nineties, mean weights of over 700 g/fish were
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Fig. 2. Dendrogram based on the cluster analysis of 71 competitions performed between 1994 and 2000 in the Balearic Islands.
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Fig. 3. Temporal patterns of (a) number of fish by participant (NFP); (b) catch by participant (CP); and (c) mean weight of fish (MWF) for all

competitions and all classified spear fishermen, analysed by means of a linear regression.
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Fig. 3. Continued.

frequently observed, but these values were not reached3.3. Temporal evolution for regional competitions:
between 1995 and 2001. The greatest annual differencewith selection of the first 10 classified

was observed between the maximum values observed

in 1988 and the decrease of 1989, although these cases These filtered data, referring only to the first 10 clas-
did not affect the overall pattern for the 27-year period sified participants of each competition, showed a more
studied Fig. X). accurate approximation to the evolution of resources

Table 2
Mean value and standard deviation of the number of fish (MNFP) and catch (MWC) by a participant and the mean weight of fish (MWF) from
1975 to 2000 for the first ten classifieds of each competition

Year MNFP S.D. MWC (kg) S.D. MWHRkg) S.D. n
1975 1646 944 1907 1537 1.24 0.81 50
1977 834 363 819 1009 1.01 0.98 70
1980 1316 623 1276 869 1.12 0.91 50
1985 1400 756 1188 7.80 0.92 0.66 50
1986 1190 641 1065 605 1.09 0.85 40
1987 296 504 911 515 1.06 0.80 50
1988 1098 502 873 538 0.86 0.68 50
1989 1118 586 723 411 0.65 0.20 40
1990 825 493 670 512 0.80 0.41 20
1991 1057 461 875 617 0.85 0.67 30
1992 990 469 782 597 0.79 0.33 50
1993 776 452 561 532 0.72 0.40 80
1994 1112 727 884 1308 0.78 0.76 70
1995 1478 1224 737 617 0.52 0.13 50
1996 1365 1148 684 574 0.57 0.20 40
1997 1355 685 985 680 0.77 0.42 80
1998 1118 559 690 414 0.65 0.41 50
1999 1247 634 692 413 0.61 0.55 30

2000 895 637 515 487 0.64 0.26 50
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Fig. 4. Temporal patterns of the catch per unit of effort (CPUE) grouped by the first 10 classified spear fishermen (a) and for each of the 10
places (b) for the regional competitions.

targeted by spear fishing competitions described above.porting the results obtained from the global data. The
The mean number of fish by participant (MNFP) did not decrease of the MWC led to a progressive reduction of
show a clear temporal pattern, while the mean weight of the CPUE (kg participant h—1), as shown by the sig-
the catch (MWC) tended to decrease during the period nificant negative slope of the regressiorfrig. 4a. The
studied (MWC =577666- 285.8x time;R% = 0.14;P mean CPUE for each of the first 10 classified com-
< 0.001). This decrease was due to the progressive de-petitors showed a decrease over time, especially for
crease of the MWF as a function oftime (MWF = 48464 the first classified, which had a regression line with a
— 23.94x time; R% = 0.25;P < 0.001) {Table 2, sup- greater slopeKig. 4b andTable 3.
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Table 3
Regression equations for the mean CPUE (kg fisherthan?) by
time and total for the first 10 classified per competition

CPUE Regression equation R2 P-level

1st 5.293- 0.140x time 0.53 <0.001
2nd 3.235- 0.067 x time 0.36 <0.004
3th 2.687— 0.058x time 0.36 <0.002
4th 2.400- 0.058x time 0.55 <0.001
5th 2.134— 0.053x time 0.47 <0.001
6th 1.744— 0.039x time 0.39 <0.003
7th 1.600— 0.037x time 0.36 <0.005
8th 1.331- 0.028x time 0.39 <0.003
9th 1.223— 0.027x time 0.39 <0.003
10th 1.167— 0.027x time 0.39 <0.003
Total 2.281- 0.053x time 0.50 <0.001

105

prohibition imposed from this date), the medium and
large specimens also became less important, especially
since 1988Fig. 6andTable 4. After this date, the com-
petitions carried out were characterized by the presence
of sub-adults, most of them weighing between 2 and
4kg. The presence of specimens larger than 6 kg was
sporadic and quite rare after 1995.

4. Discussion

4.1. Species affected

Spear fishing is a highly selective activity. In fact, it
is the only modality in which the fisherman can choose

E. marginatuseemed to be the key species in spear exactly the prey that will be captured. This implies that
fishing competitions. Due to its sedentary character, the valued species and individuals of large sizes will be the
great size that it can reach and its relative frequency in Preferred preysfalzell, 199§. The selectivity of spear
the Balearic Islands, this species was frequently the fishing is accentuated when it is competitive, since in

largest specimen of the better fishermEig(5). From

this case, only fishes that weigh more than 300g are

1987, the dusky grouper became less important as thevalid. This limitation means that the catches are bi-
|argest Specimen and there was an increase in the per_ased towards those SpeCies that ﬂorma"y exceed a total
centage of other species. In parallel to the disappear-length of 25cm Korey et al., 2008 The 41 species
ance of groupers of less than 2 kg (due to an unofficial that comprise the catches of competitions analysed in
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Fig. 6. Weight frequency distribution of the largest specimens of the spéciaarginatusor three time intervals.

Table 4
Mean, maximum and minimum weights (kg) Bf marginatusand mean number of fishes of this species in the catch of larger fishes collected
by the first 10 classified by year

Year Mean weight ~ Minimum weight ~ Maximum weight S.D.n Mean no. individuals ~ S.D.  No. of competitions
1975 930 0.80 2750 587 32 6.40 344 5
1977 673 1.00 2015 550 27 3.86 248 7
1980 718 1.19 2260 6.63 30 6.00 332 5
1985 713 1.37 2300 7.13 23 4.60 207 5
1986 571 1.12 1450 475 16 4.00 294 4
1987 437 1.13 1735 393 27 5.40 241 5
1988 928 2.29 2150 719 10 2.00 200 5
1989 307 2.36 469 1.00 5 1.25 050 4
1990 609 221 1212 5.29 3 1.50 071 2
1991 1025 231 2075 8.57 6 2.00 200 3
1992 351 2.28 550 1.01 8 1.60 114 5
1993 625 2.01 2075 7.13 11 1.38 141 8
1994 731 2.08 2015 6.96 10 1.43 127 7
1995 299 2.32 367 0.95 2 0.40 055 5
1996 339 2.01 850 2.30 7 1.75 236 4
1997 792 2.04 2250 7.44 12 1.50 120 8
1998 535 2.35 1900 5.33 9 1.80 148 5
1999 527 2.32 1630 6.17 5 1.67 058 3
2000 262 2.15 366 050 11 2.20 110 5
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this study represent only 50% of the species visually poral evolution of the exploited resource. A progressive
censused on the rocky bottoms of the Balearic Islands decline in number of fish caught and an even more no-
(Garda-Rubies, 1993; Moranta et al., 1997;fRees table decline of the mean weight catch per participant,
etal., 1997. as well as the mean weight per fish, have been shown.
Gobiidae, Blenniidae and small Labridae, amongst The total annual results are endorsed by the progres-
many others, are not subject to competition catches sive decline of the mean annual CPUE of the ten first
for obvious reasons of size. Other relatively abundant classified spear fishermen per competition, which is es-
species, which are an active target, catch for non- pecially marked among the best fishermen. Thus, the
competitive spear fishing, such Bsplodus vulgaris mean annual CPUE of those classified first in 1975
or large individuals ofSerranus scribdJ. Coll., pers. (7.44 + 4.73kg persont h—1) could be compared to
obs.) are practically absent in competitions. Larger the maximum CPUEs from especially rich fish ecosys-
individuals ofS. scribararely surpass 200 g, while. tems such as coral reefs (8.5 kg persbh~1; accord-
vulgaris reaches 300 g when it attains length of over ingtoDalzell, 1996and references therein). The mean
26 cm and is five years oldSpn@lves et al., 1997;  CPUE of those classified first in the year 2000 (1.91
Gordoa and Md| 1997; Morey et al., 2003 The + 1.09 kg persont h—1) would have hardly classified
frequency oD. vulgaris larger than 26 cm in the pop-  them in eigth position in 1975.

ulations of open fishing areas of the western Mediter-
ranean, is rather londarda-Rubies, 1997; Ballesteros
etal., 2000; Coll et al., 20Q@nd hardly represents 1%
in competition total catches. Other species with low
presence in competition catches, suctCasyphaena
hippurus Lophius piscatoriusTrigla lastoviza Zeus
faber, Umbrina cirrosaandUranoscopus scabgcan

The analysis of the total data series indicates that the
decline of the CPUE is due to the decline of the mean
weight of fish Eig. 3c), which is a variable greatly
influenced by the demographic structure of the popula-
tions. Itis also due to the decline in the number of fish,
which is influenced, furthermore, by a large number of
participants, the worst classified, that caught few or no

be considered as unusual on Mediterranean rocky fish in recent years.

littoral bottoms.

The detailed analysis of the first 10 classified fish-

On the other hand, some species that are normally ermen in regional competitions indicates that the de-
refused in non-competitive spear fishing because of cline of the mean fish weight is more important than

their zero or low gastronomic value (e.g., Mugilid&e,
salpa D. volitansandBalistes carolinensjs are usu-

variations in the mean number of fish for the temporal
evolution of the CPUE. The constant decline of the

ally caught during competitions due to their relatively mean fish weight is due to a notable scarceness of
large size. This selection due to size has an important the largest size fish, which ultimately determines the
effect on the clustering of differing samples related to first positions in the classifications. The dusky grouper
island, locality or year factors in the dendrogram, and E. marginatusis a key species for this observed pat-
thus shows a high homogeneity of the exploited ichthy- tern. This grouper, which can reach a size of 120cm,
ofauna. surpassing a weight of 40kg and an age of 50 years
Amongst all the species that can reach relatively (Chauvet, 1988 is substituted by other species with
large sizes, the main part of the catches relies on the much lower sizes and weights (e.D., sargus, S. um-
more abundant oneB. sargusand large Labridae, om-  bra, L. merulaand Mugilidae) in the marking as largest
nivorous species that are much more abundant thanspecimens since 198Fi@. 5. The progressive disap-
the strictly carnivorous species (large Serranidae, Scor- pearance oE. marginatusspecimens larger than 2 kg
paenidae, conger eels and moray eels), dominate thein the periods 1988-1994 and 1995—-2000 endorses this
composition of the competition catches in the period pattern and indicates that the agreement of not catch-
between 1994 and 2000. ing groupers of lower weight had only a partial effect
on CPUE evolution Kig. 6). However, spear fisher-
men not taking part in competitions are still catching
small groupers, a fact that indicates that the existing
Despite the bias inherent in competition rules, the data show only a sample of the decline of this speciesin
data obtained since 1975 are a good sample of the tem-the Balearic littoral zone. This decline has been demon-

4.2. Temporal evolution of the affected resource
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strated recently for a greater range of sizes by means ofvaluable rocky species between depths of 0 and 40 m
direct census in protected and unprotected ar€a$i (  is secondary or, in any case, indirect. Together with
etal., 1999; Raones et al., 1999 the species mentioned blayol et al. (2000)there
Competition spear fishing catches show the symp- is evidence that proves a high marginatuspopula-
toms considered as classic in the over exploitation of tion recovery in marine protected areas of the west-
a fishery resource. These are, the decline of the mainern Mediterranean, where only sport fishing, including
specieslE. marginatujcatches, partially forced by the  spear fishing, has been prohibitedo(l et al., 1999;
agreement for a minimum weight limitation, and its Culioli and Quignard, 1999; Rmnes et al., 1999;
substitution by other small sized and valued alternative Vacchi et al., 1999
species in order to maintain the yield, therefore clearly =~ The low scale fishing fleet in the Balearic Islands
reaching what is known as a serial depletion process has decreased from 698 vessels in 19&Grhany,
(Dugan and Davis, 1993 1980; Llabes and Martorell, 1984to currently not
Despite the importance of the dusky grouper, the fall more than 450 (Fisheries Department of the Balearic
of the CPUE was also notable between 1975 and 1987 Islands data). There does not exist any historical and
(Fig. 3 and this was probably influenced by the mean specific catch data series for this fleet, parallel to that
weight decline of other valuable species, although this obtained for sportive spear fishing. Nevertheless, con-
information is not detailed in the available database. textual data about the targets and fishing grounds of
Sport fishing and especially, spear fishing affect the this fleet Table § show that the specific techniques
mean density and size decrease of species suéh as that actually share areas and species with spear fish-
umbra D. labraxand the sparid fisD. sargusD. vul- ing are those related to the cuttlefiSlkepia officinalis
garis, D. puntazzoand S. aurata This has been re-  and to the red mullefullus surmuletusThese types
peatedly demonstrated in marine reserves where thisof fishing are carried out by means of trammel and gill
type of fishing has been prohibiteidll, 1983; Garta- nets, respectively, from the coast down to a depth of
Rubies and Zabala, 1990; Francour, 1991; Harmelin et 50 m, on soft or seagrass bottoms, where spear fishing
al., 1995; Jouvenel and Pollard, 2Q0The effect of is not effective. The effect of these gears and, coinci-
sport angling, both from the coast as well as by boat, dentally, the use of bottom long lines on coastal rocky
impacts especially on the sparid fish mentioned, al- bottoms deeper than 40 m, could be to prevent adult
though their frequency in catches rarely surpasses 5%recolonization of shallower rocky zones.

of fish (Garda et al., 2003 The implication of a wider Recent studies carried out in the Balearic Islands in-
number of species in the temporal CPUE decline can dicate that the most vulnerable species to spear fishing
also be deduced accordinghtayol et al. (2000)who represent less than 5% of trammel net catckzsl et

included the specids. costagM. rubra, E. caninusS al., 2000; Morey et al., 20Q@nd less than 2% of gill
umbrg U. cirrosa, L. merulaandL. viridis under the net catchesGonzlez-Serrano et al., 1996; Ram et
concept of species threatened by spear fishing, tram-al., 200Q. Only S. umbraandL. merulaappear with
mel nets and long lines, following thgICN (1994) values of 7.5 and 6.1% with respect to the total catch

andHudson et al. (199&)riteria. biomass in the islands of Formentera and Menorca, re-
spectively Morey et al., 2000
4.3. Is spear fishing the main impact source? Historically, it is significant that several highly se-

lective traditional gears focused on the same resources

The results extracted from our data allow us only as spear fishing have progressively disappeared since
to explain the temporal evolution of resources and not the middle of the 20th century. These professional
to empirically attribute it to any supposed external fac- gears, which operated in the rocky littoral zone,
tor. Thus, implying that the progressive decline of the were directly focused on catching groupers (fish
most sought after species was solely due to spear fish-baited traps, small hook lines or spears used onboard
ing could be critical. In fact, the area where this ac- during the night) or oD. sargus S. aurataand other
tivity is carried out is partially shared with the low sparid fish (bottom-surface long lines baited with
scale professional fleet, although important reasons ex-sea-cucumber)Rrats, 1997 J. Coll, pers. obs.). It
ist for thinking that the impact of this fleet on the main should be underlined that the effectiveness of such
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Table 5
Use of fishing gears by small scale vessels in the Balearic Islégiésias and Martorell, 1992; Iglesias et al., 1994; Gdez-Serrano et al.,
1996; Massut 1998)

Target species Period of fishing Fishing gear Bathymetry (type of bottom)

Aphia minuta December—March Jonquillera 0-35m (sand—seagrass)

S. officinalis February—June Trammel net 0-50 m (sand—seagrass)

Palinurus elephas April-August Trammel net, fish trap 40-100 m (rocky—calcareous algae)

M. surmuletus September—November Gill net 0-50m (patched of sand, seagrass and rock)
C. hippurus September—November Llampuguera >70 m (Pelagic)
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