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An attempt to quantify spear
fishing catches in
a French Riviera Mediterranean area

Olivier CHAVOIN *, Charles-Frangois BOUDOURESQUE?

Abstract: Spear fishing was sludied during the iow season {May and Juns) and {he
high season (fuly and August) on a 7.5 km long stretch of the French Mediterranean coast
situated betwsen Toulon and Sairt-Tropez (Rayol-Canadei-sur-Mer and Cavalaire, French
Rivieral. The study area is difficult of access for spear fishermen and can be considered
as a modei of less visited parts of the French Maditerranean coast. Nevertheless, the area
is overexploited by professional fishermen. Frequentation and catches were quantified on
the basis of a 46 day random sampling. The number of spear fishermen is 2-4 times
greater on Salurdays and Sundays than on the other days. Mean duration of a spear
fishing outing is 2h 35 min, Most species caught are Cephatopoda, Labridas, Sparidae and
the scorpion fish Scorpaena porcus. Gephalopoda account for 51% of wet waight catches,
The mean vields range from 1.0 kg wet massfishermanth (fow season) to 1.4 kg/
fisherman/h (high season) on wesak-ends, and from 2.0 to 1.3 kgffisherman/h respectively
on sther days. During the studied period, spear fishermen caugh! about 2 500 individuals
{1 330 kg). This represents, when extrapolated over the whols year {on the basis of
frequentation data), about & 100 individuals {3 050 kg, i.e. 1.3 km?).

Résumé: Essal de quantification de la chasse sous-marine dans un secteur de
la Cote d’Azur (Méditerranée, France). La chasse sous-marine au fusil-harpon a été
étudiés en basse saison (mal-juin} et en haule saisen {juillet-acit) le long d’'un secteur de
chte de 7.5 km de longueur situé dans le Var {Rayol-Canadel-sur-Mer et Cavalaire,
France), entre Toulon ! Saint-Tropez Ce secteur, difficile d'accds, est représentatif des
Zones tgs moins fréquentées du littoral méditerranéen frangais. Il est toutefols surexploité
par la péche professionneile. La quantitication de la fréquentation et des prises a été
réaliséa par un échantiionnage aiéatoire portant sur 46 jours au tolal Le nombre de
chasseurs ast 2-4 fois ptus important fe samedi et le dimanche gque les avtres jours de Ja
semaine, La durde moyenne d'une chasse est de 2h 35 min. Les espéces les plus péchées
sort des Céphalopodes, des Labridae, des Sparidae et |a rascasse Scorpaena porcus. En
masse, les Céphalopodes représentent 51% des prises. Le rendemeri moyen de la
chasse, le week-end, est de 1.0 kg masse humide/chasseur/h en basse saison of de 1.4
kg/ehasseur/h en haute saison ; en semainsg, il est respactivement de 2.0 of 1.3 kg/
chasseurh. Pour la période étudide, les chasseurs socus-marins ont capturé enviren 2 500
individus et 1 330 kg, ce qui représenta, en exirapolant & une année enlidre (a parlir des
dornées sur la fréguentation), 5 100 individus et 3 050 kg, soit 1.3 1/km*.

Keywords: Spear fishing, Catch per unit effort (CPUE), Mediterranean.

1 QIS Posidonia, case 901, Parc sciantifique af lechnologique de Luminy, 13288 Marseilie cedex 2,
France.

2MR 6540 CNRS, Centre d'Océanologie de Marseilla, Pare scientifique et fechnelogique de Luminy,
13288 Marseille cedex 8, France.
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INTRODUCTION

A large number of studies have been carried out which deal with the
professionai fishing industry. Data are available on fish catches even
though these values are probably unreliable and under-estimated for
arfsanal (= small scale) Mediterranean fishing. Hecreational (amateur)
fishing, however, has raeceived very lithe attention in the Mediterranean
whether this be spear fishing or angling.

The Mediterranean is an oligotrophic sea in which the ichthyological
resources are lower than they are in other parls of the world. The
catches of the professional fishing industry are between 1 200 000 and
1 300 000 Vyear, or in other words 1.5% of totai world wide catches.
Since the mid 1980s, the landed caiches has remained constant or has
declined, particulary in the Gulf of Lions (Caddy, 1980; Stamatopoulos,
1993, Griffiths, 1996), The French fishing industry is responsible for only
about 7% of the landed catch in the Mediterranean {(FAO-CGPM data).
This catch doas not meet the demand of the coastal populations
{4 Mt/year). As supply is iess than demand, due to the fact that fishing in
the Mediterranean is often on a small-scale, and as a large part of the
fish caught are high value species, the Mediterranean fishing industry
represents 5% of the world’s fishing income. The same is true for the
French fishing industry: the Mediterranean catch represents 8% of the
national production while accounting for 14% of the national fisheries
income (Rodriguez, 1982; Charpentier et al, 1895; Rey, 1996).

The volume of recreational fishing as compared to the professional
fishing industry is not known. It is possible that it is relatively low by
comparison. Under conditions of resource overexploitation, however,
such as those found in the Mediterranean, the recreaticnal fishing catch,
when added to the professional fish catch, may play an important role in
the overexplcitation of resources.

The aim of the present study is to propose a method for assessing
the recreational fish catch and to provide preliminary data on the least
studied methed of recreational fishing, underwater spear fishing. The site
chosen for this study was a stretch of coast of low frequentafion situated
in the Var (French Riviera). This particular site was selacted so that the
extrapolations performed could not be suspected of being overesti-
mations: frequentation {density of casual users of the coastline) at siles
in the neighbouring localities is 5 times higher than that of the studied
site.

MATERIALS AND METHODS

The studied area is a 7.5 km stretch of the coastline (measured from
a 1/50 000° scale map) located between Le Rayol-Canadel-sur-Mer and
Cavalaire-sur-Mer (Var, France: 6°27'E, 43°09°'N and 6°38'E, 43°10'N,
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respactively). The surface area of the site studied (from the shore to the
5Q m isobath) is about 7.8 km_. Spear fishing is always carried out at
less than 30 m depth. This type of fishing is thus fully covered by this
study. The site is difficult of access by land and is distant from the large
urban and tourist centres of Provence and the French Riviera and, as a
result, {evels of frequentation are relatively low.

The study period was from May 1 to June 30 (“low season”) and
from July 1 to August 15, 1996 {*high season”). Observations were made
over 23 days for both the iow and high seasons. The days were chosen
at random but with tha same number of day sessions for each day of the
week (Monday, Tuesday, ... Sunday}). Observations were made from a
small boat, weather permitting. For days when sea conditions did not
allow navigation, the observations were performed from the coast,
particutarly from elevated areas which gave an overview of the studied
area. The “sampled papulation” (N) is made up of all the spear fishermen
observed during the studied period {132 fishermen outings). The
“investigated population” {n) is that fraction of the sampled population for
which catches were guantified and who were asked to answer a few
guastions (33 fishermen oufings). A survey card was filled in for each
spear fisherman which included information on: (1} the duration of the
fishing activity up to the moment of questioning, (2} the estimated time
of departure, (3) fishing technique, (4) apnea duration and depth
attained, (5) age and sex, (6} place of residence, {7) holiday address for
tourists, if necessary, (8) the regularity of frequentation, (9) knowledge of
the regulations related to spear fishing, { 10) level of technical skills, (11)
subjective impressions on changes in the diversity and size of the
species caught. The number of fishes and cephalopods caught (and
other caiches when these occurred), the species and size (to the
nearest cm) of each individual were noted. For the fish, size measu-
rement were taken as being the longest length between the head and
the tip of the caudal fin (lotal length) while for the cephalopods size
measurement was the distance between the top of the “head” and the tip
of the longest tentacle.

The quantification of catches and the guestioning were only perfor-
med for a fraction of the fishermen observed due to the time needed to
carry out these operations and to the necessity of covering the entire
study area. On the basis of the total number of spear fishemen present,
the quantification and guestioning operations involved nearly of the
fishermen samplad; the decision of whether to quantify and interrcgate
depended on the order in which they were encountered during the East-
Woest or West-East survey passages of the study area.

The mean length of a spear fishing outing is relatively short in our
study area (2 to 3 h). Given the time interval during which the survey was
conducted, the time between two survey passages in the study area and
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the duration of daylight hourst, a certain number of spear fishermen may
have escaped observation. A correction coefficient {(c = 1.5} was
therefore estimatad.

in order to calculate the “theoretical population” TP (in terms of

spear fishermen outings), which represents the total number of
fishermen outings in the studied area for a given period of ime (low
season or high season, during the week or at week-ends), from the
sampled popuiation, we used the following equation: TP = N*¢*A/B
where

N = the sampled population {(number of spear fishermen outings),

¢ = corraction coefficient,

A = total number of days for a given period of time,

B = total number of days studied for a given period of time.

In order to transform the fish size data into wet weight results, the size-
mass relationships present in the literature for each species or group of
species were used {L.dpez-Capont, 1977; Maxim, 1982; Dorel, 1986;
Guerra and Manriquez, 1980; Francour, 1990; Miniconi, 1994).

In ordar to estimate total catches IC (in number of individuals) or MC {in
biomass) for a given period of time, we used the following equation: IC
or MC = CPUE*TP*D, where

CPUE = catch per unit effort (hour-spear fisherman) in numbers
of individualg or in wet weight,

D = mean duration (in hours) of a spear-fishing outing.

RESULTS

Throughout the study period {(May to August), 420 spear fisherman
outings were recorded in the study area; 50% of these came from the
Var, 256% came from neighbouring departments and only 25% were
tourists. The great majority {75%) of the fishermen frequent the area
requiarly {(from 8 to 50 days per year). They are almost exciusively men
{98%). Daily fraquentation levels are higher over the week-end (Saturday
and Sunday) than during the rest of the week: 4 times higher during the
fow season and twice as high in high season. On week-days, howaver,
there is no significant difference between low and high season
frequentation,

Most of the spear fishermen (2/3) use a Tahifian arrow (singie
arrowhead) while the others use a trident. Their fishing gear is relatively
simple which confirms the leisure activity nature of this sport. This is
substantially differant from ihe situation in other parts of the Westemn
Mediterranean where a number of spear fishermen practice this activity
in a semi-professional manner barely within the taw. The single
technigue used is *hole spear fishing™ fish are driven back into a hole
where they are speared. Apnea lasts 50 s on avarage (sd = 27) and the
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mean depth attained is in the order of 7 m. The spear fishermen
examined in the present study never dove deeper than 20 m so that the
surface area actually exploited is only 2.4 km®.

Knowledge of the fishing regulations are quite limited: possession of
a lishing permit or licence {15%), minimum distance authorized for a
boat or a professional fishing davice (26%), miiviv m Catchpsires T
protected species, the prohibited catching of crustaceans (80%), the
prohibition of the use of compressed air spear guns {50%) and the
compulsory use of a fishing buoy (57%). The catching of a protected
crustacean Scyllarides latus (Decree of November 22%, 1892} was
observed.

Locating fish from a boat is quite common {in approximately 10% of
cases); one spear fisherman steers the boat while the other keeps his
head under water. This practice makes it possible to increase both the
duration of the fishing outings and the probability of finding fish. There is
no legisiation regarding this practice, although it should perhaps be
banned.

The mean number of individuals caught per fisherman per hour
(catch per unit effort, CPUE) is between 1 and 3. The CPUE value is
significantly greater at week-ends than on week-days (Mann-Whitney U
test: o = 0.02) and during low season than during high season (o = 0.02)
(Table [). Conversely, the caught biomass per fisherman per hour
(CPUE), and the mean duration of a spear fishing outing (2 h 35 min) do
not significantly differ with the days or the season.

Table 1. Catch per unit effort (CPUE) in tarms of numbers of individuals and we! welght
(bicmass) as well as the mean duration of a spear fishing outing. () = standard deviation.

Pariod CPUE (number of CPUE (blomass in | Mean duration of a spear
individualsfishermanth} gfisherman/h) fishing euting {min)
Week-day i Low season 28 1962 (2 270) 113 {60)
High season i) 1 257 (2 853) 153 (68]
Week-snd | Low season KRk} 974 (625) 186 {101
High season 2{2) 1 368 (1 383) 193 (78)

In number of individuals {Table II), the most caught species or groups
of species are cephalopods (Octopus vuigaris: 16%), Labridae
(especially Symphodus tinca: 28%), black scorpion fish Scorpaena
porcus (20%) and Sparidae (12%, mainly Boops boops and Diplodus
annularis). In biomass (Table II), the catches mostly consist of cepha-
lopods (51%) followed by the Labridae (8%); catches of Mustelus
mustelus are to be regarded as incidental.
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Table Il. Amount {expressed as a percentage) of caphalopod and fish specias in the
calches. + = < 1%. The five most abundant taxa are In boid-type. Not taking into consi-
deration Mustelus mustelus (see lext} would accentuate the cephalopod dominance.

Specles Number of individuals (%) Biomass (%)
Cephalopods
Octopus vulgaris
Sepia officinalis
Fishes

Boops boops
Conger conger
Dentex dentex
Diplodus annularis
Diplodus puntazzo
D¥plodus sarqus
BGobius sp.

Labrus meruia
Labrus viridis
Mullus surmuleius
Mustelus mustelus
Muraena helena
Sarpa saipa
Scorpaena porcus
Seriola durnerili
Serranus scriba
Symphodus tinca
Synodus saurus

Snd
()]

28
23

o
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The total catches ({in temms of biomass but especially in terms of the
number of individuals} are higher in iow season than in high season
(Table Hi). During the study period (May to August), spear fishermen
caught 1 330 kg (wet weight; confidence interval: 650-2 000; a = 5%) it
wauld clearly be hazardous to try to extrapolate a yearly value2 from our
rasults which cover anly the months from May to August. By assuming
that the values obtained for the low season can be applied to the months
of Aprl, September, October and November and by considering
underwater spear fishing activity to be nil from December to March
{which is probably an underestimate), the total annual caiches wouid be
in the order of 5 100 individuals and 3 050 kg. This would represent a
bicmass of 1.3 Vkm*year if we consider the 2.4 km” surface area which
is actually exploited.

Table Hl. Exirapoiation, for the period of May 1 to August 15, of the number of spear
fishermen outings, the number of individuals caught and tha biomass (wet weight) caught
by spear fishermen. week = week-days, w.end = week-end {Saturday and Sunday).

Fishermen outings Individuals caught Biomass caught (kg)
week iwend | tolal |week jwend | tolal |{week {wend | total
Low season a9 150 | 268 | 376 11481 11857 { 369 | 481 850
High season 88 74 162 | 224 412 840 | 287 197 | 48B4
TOTAL 187 ¢ 233 | 420 | 604 11803 {2407 | 656 | 678 (1334
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DISCUSSION

Generally, the spear fishing pressure is greater in the rocky zones
than in the Posidonia oceanica seagrass beds. This is due to the fact that
rocky zones are richer in target fish species than are the seagrass beds
(see Francour, 1989, 1992, 1994, among others). In addition, the rocky
areas are shallower and thus easier of access from the shore and favour
*hole spear fishing” (the technique the most frequently used in the study
area). The fact that fishermen are less numerous during the summer
(high season) than during low season can be explained by the
interaction with pleasure boating activities which are much more
frequent during the summer {Chavoin, unpublished resuits),

As a general rule, species diversity of the fish in the study area is
low. The reason for this seems to be overexploitation by professional
fisheries but also the high levels of Posidonia oceanica bottom cover
which reduces habitat diversity (J.G. Harmelin, pers. comm.). in another
region of the French Riviera {between Cap Lardier and Cap Camarat),
where habitat diversity is higher, the number of fish species (in particular
farget species) is indeed greater (S. Sartoretto, pers. comm.).

The spear fishermen at the site siudied are, for the most part, true
amateurs which is in contrast with other areas of the Mediterranean
where some spear fishermen are semi-professional and sell their fish
(which is illegal). In addition, their level of technical skill is somewhat
limited. This fact, together with the poomeass in fish of the area, helps to
explain why caiches are mostly made up of the octopus Oclopus
vulgaris and of the black scorpion fish Scorpaena porcus, a relatively
common pray which is easy to catch. In underwater spear fishing
competitions, cephalopods and crustaceans are forbidden and fish
weighing undar 300 g are not taken into considerations, Conversely, the
moray eel Muraena helena and the European conger Conger conger are
authorised despite the fact that these species are relatively easy to caich
(S. Ruitton, pers. comm.). The low catch levels for the latter species in
the present study (Tables Il and V) can be explained by their scarcity in
the region studied. In Haly, at the end of the 1970s, the brown grouper
Epinephelus marginatus represented 25% of all catches while the
Sparidae Diplodus sargus, D. vulgaris and D. puntazzo also made up
25% of catches (Battiato, 1981). i is assumed that the importance of
these species in today's catches has greally decreased.

if we compare the results of the present study with those from a
spear fishing competition, and if we eliminate the octopus data from our
results, since caitching them is forbidden in competitions (Table 1V}, then
we observe that the mean biomass caught per fisherman and per day is
substantially lower. Furthermore, for the competition examined, the
mean mass caught per fisherman hides huge differences between good
spear fishermen who caught between 10 and 30 kg/day and poorer
fishermen (over one gquarter of the fishermen) did not catch anything
(S. Ruitton, pers. comm.).
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Table IV, Comparison betwean the mean quantilies fished at the study site (May 1o August,
1996} and during a spear fishing competition at Marseilies (iwo days in June, 1997). The
corrected blomass {the last column} corresponds to the elimination of cephalopods from

the gross biomass caught {previous columns).

Tyae of fishing | Number of Species most Biormass | Main species ] Biomass caught
calches per often caught caught per [caughtin terms| per fisherman
fisherman fisherman | of biomass per day.
per day per day (kg} {kg) corected (ky)
Recreational 4 Octopus and Labridae 39 Cetopus (28%) 1.5
{present study) Sapia (23%;
Musteius {25%)
Compatition 4 Labridas, Conger, 6.8 Conger (71%) 6.8
Dipladus, Mugliidas, Muraena (12%})
Phyeis

in ltaly, the number of spear fishermen at the end of the 1970s was
estimated at 249 000 {(15% of which used SCUBA). The tonnage landed
was estimated to be in the order of 824 t/year (Cinelli and Fresi, 1979,
Battiato, 1981). A few data values are also available for recreational
angiing. in the Pori-Cros National Park {Var, France), Combelies {1991)
assessed these caiches as representing 10tyear (Table V). If we
consider the surface area of the park, these catches are in the order of
0.6 Ykm?year, which is less than the estimates that we propose for the
spear fishing catches in the study area {1.3 tkm?year). In the Var (which
represents 362 km of coastline), professional fishing catches (fish,
cephalopods and crustaceans) vary around 1 000 t (Charmoille-Durand
and Ponzio, 19925). If we consider that our estimates are based on only
7.5 km of coast, that the site studied has low frequentation levels and
that angling catches should alsc he taken into consideration {fishing
from the shore or from a boat), it would appear that recreational fishing
is far from negligible as compared fo the professional fishing industry.

Table V. Estimates of fish catches by recreational angling (exprassed in metric tons of wet
weightfyear) from a boat and from the shore in the Port-Cros National Park (from
Gombeltes, 1991). I should be noted that spear fishing is prohibited in Port-Cros and that,
since this study, recreational angling has also been banned.

Fishing from a beat | Fighing from shore Tolal

H:gh season (3 months) 2.0 1.5 35
Low season {9 months) 3.5 3.0 6.5
| Tetal 55 45 10.0

QOutside the Mediterranean, several studies have examined spear
fishing {Bohnsack, 1983; Johnson, 1985a, 1985b; Jennings and Polunin,
1995). Their objectives, however, were different and they thus cannot
serve for comparison with our results, Nevertheless it is interesting to
note that in Australian spear fishing competitions, mean catches range
from 0.6 to 1.7 fish/fisherman/h (Johnson, 1985a, 1985b).
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in hermaphrodite species (protogynous or protandrous), the overex-
ploitation of ichthyological resources can lead to the disappearance of
breading stocks and to an increase of the relative amount of juveniles in
the population concerned (Frontier and Pichod-Vialle, 1991). This
phanomenon has been cbserved by anglers for the Labridae and in
particutar for the rainbow wrasse Coris julis {Chavoin, unpublished
results). On the basis of observations made by the spear fishermen
questioned, it would appear that the species usually sought after have
become scarcer and that the size of caught individuals has decreased
over the last fifleen years. Tha decline in the European conger Conger
conger populations has been cbserved over tha last ten years.

The regulations concerning spear fishing seem to be poorly known.
However, we recorded only one catch of the Mediterranean locust
lobster Scyflarides latus and no catches of the brown grouper
Epinephelus marginatus for which spear fishing is prohibited (Decree of
the Préfet de la Région Provence-Alpes-Cote d'Azur, April 2r, 1993).

CONCLUSIONS

The aim of the present study was 1o propose a method lor qualita-
tive and guantitative assassing of spear fishing, rather than to provide
representative results adaptable for large scale extrapolation. Our results
concern only one part of the year. Furthermore, a substantially larger
sampling effort would be required in order to take into consideration rare
catches. As a result, these results are o be considered with caution.

Despite the relatively fow frequentation levels occurring at the study
sitg, it would appear that underwater spear fishing catches (1.3 Ykm?/year)
are not negligible as compared to those of the professional fishing
industry, especially within the context of resource overexploitation. In
addition, spear fishing represents only a fraction of recreational fishing
catches: it is necessary to add angling catchas (fishing from a boat or
from the shore). It is evident that the spear fishing caiches in areas
attracting a greater number of tourists, or in areas exploited by semi-
professional spear fisharmen, will gsnerate catch levels per km? or per
kilometre of coastline which are greater than those presented hare.

Knowledge of the existing regutations for spear fishing seems rather
limited both from a technical and a species preservation point of view. A
publicity policy is therefore necessary. In addition, the enforcement of
these regulations calls for greater efficiency on the part of the
surveillance authorities at sea (Affaires maritimes and Coast Guard): in
46 days spent at sea, no representatives of these authorities was seen.
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t Spear tishing by night is prohibited,

2 Qutside MMAs (Marine Protected Areas), the spear fishing Is authorized year-round in
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4 During an European underwater spear fishing competition held at Marsellies {June 1897},
speared fishes weighing less than 300 g amounted for 5% of total catches (S.
Ruitton, pers. comm.).

4 Measured from 1/25 000° to 1/14 000° scals maps (Mainesz et al,, 1981).

§ Data dealing with the year 1991,
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