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ABSTRACT
Harmelin /.-C., M. Harmelin-Vivien, 1999 - A  review on habitat, diet and growth o f  the dusky grouper Epinephelus margina­
tus (Lowe, 1834). Mar. Life, 9 (2) : 11-20.
The dusky g ro u p e r  (Epinephelus marginatus,) inhabits  a lm ost exc lus ive ly  coasta l rocky bottom s (m ostly  < 5 0  m  
depth). The pre ferred  hab ita t o f  adults is characterized by  large boulders w h ich  p ro v id e  shelters fo r aggregating 
during  the warm  season, often in  sh a llo w  waters in  un fished  areas. Juveniles o ccu r w ith in  a na rrow er depth range 
(<15 m ) a n d  o ften  d isp lay c ryp tic  behaviour d u ring  the  firs t year. Site f id e lity  is genera lly  m arked fo r o ld  males 
a n d  lo w  to r young females. Seasonal m igrations in vo lv in g  a large p a rt o f  the  p o p u la tio n  seem to  occur, as sug­
gested b y  an apparent decrease in  abundance in  w inter. However, there is no data on the habitats used during  
winter. Food categories used b y  E. marginatus change w ith  the  size o f  ind iv idua ls . Juvenile dusky g ro u p e r consu­
m e firs t sm a ll crustaceans (am phipods, isopods, shrimps), a n d  then essentia lly  crabs. Ind iv iduals rang ing from  20  
cm  to  60  cm  TL feed e q u a lly  on  crabs a n d  fish, a n d  occas iona lly  on m olluscs w hen > 3 0  cm  TL. Preys o f  larger 
dusky g rouper (> 60  cm  TL) are in  order o f  im portance  cephalopods a n d  fish. S ize-w e igh t relationships are know n  
from  11 samples o f  d iffe ren t geograph ic o rig in  (2 A tla n tic  a n d  9 M editerranean sites). For a g iven in d iv id u a l size, 
the  w e igh t can doub le  acco rd ing  to  the s ite  considered o r  the m ethod  used. S im ilarly, g row th  appears to  have a 
m arked site variability. The low est g row th  rate has been recorded in  Southern Tunisia and  the  h ighest rate in  
Western A lgeria. The estim ated age o f  the largest s tud ied  ind iv idua ls  (34 kg) was 3 6  yrs. However, E. marginatus 
is lik e ly  to  live  m uch longer as ind ica ted  b y  fished ind iv idua ls  w e igh ing  m ore  than 5 0  kg. Special a ttention shou ld  
be p a id  to  the  youngest stages fo r w h ich  eco log ica l a n d  b io lo g ica l data are scarce.

RÉSUMÉ
Harmelin J.-C., M. Harmelin-Vivien, 1999 -  (Bilan des connaissances sur l'habitat, l'alimentation et la croissance du mérou 
brun, Epinephelus marginatus (Lowe, 1834)]. Mar. Life, 9 (2) : 11-20.

Le m érou brun  (Epinephelus marginatus,) fréquente presque exclusivement les fonds rocheux côtiers (<50 m), souvent 
à fa ib le  p rofondeur quand i l  n'est pas pêché. Les zones de gros blocs sont l'hab ita t préféré des adultes, de nom breux  
abris leu r perm ettant de se rassembler pendant la période chaude. Les juvén iles vivent dans les 15 prem iers mètres et 
semblent très cryptiques au cours de leu r prem ière année. La fidé lité  aux sites est grande p o u r les vieux mâles e t géné­
ralement fa ib le  p o u r les jeunes femelles. Pour une grande partie  de la popula tion, i l  semble y  avo ir des mouvements 
saisonniers, mais l'hab ita t h ivernal est m a l connu. Le régime alim entaire de E. marginatus évolue avec sa taille. Les 
petits mérous consom m ent d 'abord  de petits crustacés (isopodes, amphipodes, crevettes), pu is  surtout des crabes. 
Entre 20  et 60 cm  LT, ils se nourrissent à parts égales de crabes e t de poissons, les mollusques n'apparaissant que dans 
le régime des individus de plus de 3 0  cm. Les plus gros mérous (>60 cm  LT) capturent préférentiellem ent des m o l­
lusques céphalopodes pu is des poissons. La re lation ta ille-poids est connue dans 11 sites (2 en Atlantique, 9 en 
Méditerranée). Selon le site e t la méthode employée (poids to ta l ou éviscéré), le  po ids peu t a lle r du s im ple au double  
pour un m érou de mêm e taille. D e  la mêm e façon, la croissance varie fortement d 'u n  site à l'autre. La croissance la 
plus fa ib le a été enregistrée chez des ind iv idus du  sud tunisien e t la p lus forte  dans l'ouest algérien. L'âge des plus gros 
individus étudiés (34 kg) a été estimé à 36 ans. I l est probable que E. marginatus puisse vivre beaucoup plus long­
temps puisque des individus de p lus de 50  kg o n t été capturés. Une attention particu lière  do it être m aintenant portée 
aux p lus jeunes stades p o u r lesquels i l  n'existe que très peu  de données.
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INTRODUCTION

The dusky grouper, Epinephelus marginatus 
(Lowe, 1854) is one o f the seven species o f  grouper 
recorded in the Mediterranean sea, w h ich  inc lude tw o 
lessepsian migrants, E. coioides and £  malabaricus 
(Golani, 1996). Epinephelus marginatus has long been 
mistaken in the literature fo r the Haifa grouper, E. hai­
fensis Ben-Tuvia, 1953 (Heemstra, 1991), under the 
names £  guaza o r £  gigas (Bauchot, Pras, 1980; 
Bauchot, 1987). The geographical range o f the dusky 
grouper inc ludes the  M editerranean, the Eastern 
A tlantic  from the Southern coasts o f the British Isles to 
South Africa, and part o f the coasts o f Brazil (Heemstra, 
Randall, 1993). Epinephelus marginatus, like  a ll grou­
per, is a protogynous herm aphrodite species. The first 
sexual m aturity occurs at 5 yrs and sex reversal bet­
ween 9 and 12 yrs (Chauvet, 1988; Heemstra, Randall, 
1993). Since the first review  on the b io logy o f the dusky 
grouper w ritten by Bruslé (1985), research on this fish 
species has developed in several Mediterranean coun­
tries, particularly thanks to  the impetus given by the 
GEM (Groupe d'Étude du  M érou) founded in 1986. The 
present review  was presented at the First International 
Symposium on the Mediterranean grouper (Embiez, 
France, 5-7/11/98) w ith  the aim o f  identify ing the major 
gaps concerning the habitat, feeding behaviour and 
grow th o f the dusky grouper.

HABITAT

General features and sources
of temporal variability
The dusky grouper is a necto-benth ic  species 

ch ie fly  associated w ith  coastal rocky bottom s and 
presenting a c lear preference fo r shelter-rich sites. As 
fo r m any fishes o f the  coastal zone, its depth range 
increases w ith  age, firs t lim ite d  to  the  shallow er 
waters o f the in fra litto ra l zone and afterwards exten­
d ing  across the w h o le  con tinen ta l shelf. The tem po­
ral va riab ility  o f  hab ita t fréquentation is induced by 
three m ain types o f factors: (i) ontogenetic  changes, 
(ii) pe riod ic  movements, ( iii)  in traspecific  in terac­
tions.

Ontogenetic changes
There is an age-related hab ita t shift, w h ich  is 

determ ined by the necessity o f  fu lf il lin g  several 
requirements: (i) a better m atch between habita t and 
fish size, (ii) the ava ilab ility  o f food resources speci­
fic  to  the d iffe ren t age phases, ( iii)  the  search fo r part­
ners fo r c o n s titu tin g  re p ro d u c tive  aggregations 
(Chauvet, Francour, 1989; Zabala  et al., 1997). The 
la tter case concerns ch ie fly  young females whose site 
fid e lity  appears to  be lim ited .

The habitat o f  0 + juven iles  (on average < 13 
cm  TL, see be low ) is o n ly  know n from  very few  
records. Shallow  waters (upper in fra litto ra l) and the 
occurrence o f sm all cavities a llo w in g  c ryp tic  shelte­
ring  appear to  be constant features o f th is habitat. 
However, by  contrast w ith  juven iles o f other species

o f the same general assemblage o f coastal rocky bo t­
toms, the  hab ita t range o f ( r  dusky grouper is not 
lim ited  to  a na rrow  depth range. They have been c o l­
lected in  tide  pools at P ico, Azores (Azevedo e t al., 
1995) and in the  shallow est part (0-1 m depth) o f 
rocky creeks o f the  Lavezzi Is lands, Corsica 
(Bouchereau e t al., 1992; Bouchereau, Lam Hoaï,
1997), and o f Brusc, Var, France (P. Lelong, personal 
com m un ica tion ). Juveniles o f 3 to  10 cm  TL w ere 
recorded in sha llow -w ate r Zostera and C ym odocea  
meadows at C astig lione, A lgeria (D ieuze ide , Goëau- 
Brissonnière, 1951). However, 0 +  juven iles  were 
also co llected  deeper, a 2 cm  long ind iv idua l at 15 m 
depth in a cave near Toulon (Var, France) (Lelong, 
1993; Louisy, 1996: figu re  3), and a 1.5 cm  in d iv i­
dual in  a Posidonia  bed  o ff  Brusc at 10 m depth (P. 
Lelong, personal com m un ica tion ). Juveniles occur­
red in large num bers in 1990 in oyster-spat collectors 
(ro lls o f  w ire  mesh) deployed a t 12 m and 20 m 
dep th  on a sandy b o tto m  a t M aresm e, near 
Barcelona (F.X. Llaurado, personal com m un ica tion ).

The hab ita t o f young ind iv idua ls  o lde r than 
one  year (13 to  40  cm  TL) is also located in the upper 
in fra litto ra l, genera lly at depths sha llow er than 15 m, 
as attested by several authors (e.g. Grange, Grange, 
1991; Russino e ta !., 1991; GEM, 1993; C o li e t al., 
1995; D erbal, Kara, 1995; La Mesa, Vacchi, 1999; 
Vacchi e t al., 1999). Dusky grouper o f this size may 
also be found  in  tid e  pools (Azores: Azevedo e t al.,
1995; Provence: Louisy, 1996: figu re  4). The prefer­
red habitat com prises rocks covered w ith  photophy- 
lic  algae and p ro v id in g  cavities, like  masses o f 
m edium -sized b iocks and boulders.

Mean habitat depth: 14.0 m

M-Boulders L-Boulders Coral.bioherm Walls Caves

Figure 1 - Habitat distribution of Epinephelus marginatus at 
Medes Islands. Percentage o f occurrence calculated on 75 
specimens of 72.7 cm TL mean size (from Garcia i Rubies, 
Zabala i Limousin, 1993). M-Boulders: medium-sized 
blocks: L-Boulders: large-sized blocks; Coral.: coralligenous 
bioherm. /  Habitat ¿'Epinephelus marginatus aux fles 
Medes. Pourcentage calcule sur 75 spécimens de taille 
moyenne = 72,7 cm TL (données de Garcia i Rubies, Zabala 
i Limousin, 1993). M-Boulders : blocs rocheux de taille 
moyenne ;  L-Boulders : blocs rocheux de grande taille ; 
Coral. : fonds coralligènes ;  Walls : tombants ;  Caves ; 
grottes.
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A d u lt dusky grouper have a m uch broader 
depth d is tribu tion , w h ich  ranges from  the v ic in ity  o f 
the surface to  the shelf break (250 m in S ic ily  and 
C alabria: Bolognari et al., '1971; Bruslé, 1985). 
However, the ir frequency decreases considerab ly 
beneath 50 m depth. The preferred habita t consists in 
rocky bottom s w ith  com p lex  topography and o ffering 
num erous c ryp tic  shelters, e.g. small caves and tun ­
nels, crevices, cavities underneath blocks (N e ill, 
1967; Chauvet, 1991; H a rm e lin , Robert, 1992; 
G arcia i Rubies, Zabala i L im ousin, 1993; Derbal, 
Kara, 1995). A round  M edes Islands m ost dusky g rou ­
per (74.5% ) dw e ll in areas w ith  large boulders 
(Garcia i Rubies, Zabala i L im ousin , 1993) w h ile  the 
rest o f the  popu la tion  is associated w ith  cora llige- 
nous b ioherm , w a lls  w ith  steep slope, caves and tun ­
nels, and m edium -sized b locks (figure 1). The dusky 
g ro u p e r are scarcer w h e n  rocky  bo ttom s and 
Posidonia  patches are m ixed  (D erba l, Kara, 1995) 
and th e ir  frequency becom es very lo w  w hen 
Posidonia beds are dom inan t (B ou-A in  et a i ,  1983).

Because o f  the shallow-water distribution o f the 
small- and medium-sized individuals, there is a positive 
relationship between the mean size o f individuals and 
the depth at w h ich  they are encountered. This general 
trend is stronger in fished sites, particularly when 
impacted by spearfishing. Spearfishing tends to  exclude 
adult individuals from  shallow-water bottoms (Derbal, 
Kara, 1995; C oli e ta/., 1999). In marine protected areas 
where protection has been effective for a long time, as 
in the national park o f Port-Cros, France (founded in 
1963), large grouper (90-110 cm  TL) may be observed 
in shallow  sites (< 15 m  depth) when shelters are avai­
lable (GEM, 1993, 1996; Harmelin, 1999). Recovering 
such natural behaviour patterns takes several years. It 
was not observed in the national park o f Cabrera, Spain
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Figure 2 - Changes in depth distribution patterns o f the 
various size classes o f Epinephelus marginatus at Port-Cros 
between 1993 and 1996. Mean depth + standard deviation. 
Numerals w ith in  histobars: number of individuals obser­
ved. /  Modification de la distribution bathymétrique des d if­
férentes classes de taille e/'Epinephelus marginatus à Port- 
Cros entre 1993 et 1996. Profondeur moyenne + déviation 
standard. Le nombre d'individus observés est indiqué dans 
les barres de l 'histogramme.

after tw o  years o f protection (Coli e t al., 1995). In both 
the marine reserve o f Medes Islands (Garcia-Rubies, 
Zabala, 1997, 1999) and the national park o f Port-Cros 
(GEM, 1996; Harmelin, 1999), medium-sized indivi 
duals (i.e. mostly potentia lly reproductive females) have 
increased m arkedly in number since the late 90s and 
tend to  spread into deep waters. A  clear increase in the 
average habitat depth o f small-medium (45-60 cm) and 
medium-large (65-85 cm) individuals was observed at 
Port-Cros between O ctober 1993 and O ctober 1996 
(GEM, 1996), whereas no change was recorded fo r the 
smallest (20-40 cm) and the largest (90-110 cm) size 
classes (figure 2). This new  pattern is assumed to  result 
from  the com bined effects o f protection and a general 
increase in the population dynamics o f E. marginatus in 
the Northern parts o f the Western Mediterranean, which 
entails reproduction events never recorded before 
(Lelong, 1993; Francour et al., 1994; Zabala et al., 
1997; Harmelin, 1999).

Periodic habitat changes
Periodic movem ents o f  ind iv idua ls com prise 

seasonal and d a ily  hab ita t changes. These tw o  types 
o f cyc lic  movem ents are poo rly  docum ented, espe­
c ia lly  changes o f habitat during  w in ter. Population 
abundance in sites located at 0 -50  m depth is m axi­
m um  du ring  the w arm  season and drops in  w in te r 
(e.g. Bruslé, 1985; Chauvet, Francour, 1989; Chauvet 
e t al., 1991; G arcia i Rubies, Zabala i Limousin, 
1993; Zabala et at., 1997). These seasonal fluc tua­
tions in  abundance, w h ich  m a in ly  invo lve  m edium ­
sized ind iv idua ls, m ay correspond to  tw o  types o f 
behavioural re lationships w ith  the  habita t (Zabala et 
a i,  1997): (i) w in te ring  on the spot w ith in  c ryp tic  
shelters tha t lead the fish to be inaccessible to  visual 
census; (ii) m igra tion  towards o ther sites, w h ich  can 
be located in deep water. N e ither o f  these hypotheses 
is supported by d irect observation. A t M adeira, dusky 
grouper apparently reside perm anently a ll year round 
at the same site (W aschkew itz, W irtz , 1990). By 
contrast, in  the same area some ind iv idua ls  o f a group 
o f E. costae (= E. alexandrinus) m igrate seasonally. 
The departure and return to  the  same site o f one of 
these ind iv idua ls, easily identified by its xanthistic 
co lou r pattern, have been recorded during 8 conse­
cutive years. In th is case, reproduction seems to be 
the  induc ing  fac to r as suggested by the  tim ing  o f 
m igration (summer) (W aschkew itz, W irtz , 1990). The 
die l va riab ility  o f  hab ita t fréquentation by the dusky 
grouper is also poo rly  know n. This fish has been rare­
ly  observed at n igh t bu t some in fo rm ation  about its 
feeding behaviour indicates that it  is m ostly active 
du ring  daytim e and a t dusk, b u t can also occasional­
ly feed at n igh t (see below). Therefore, it is like ly  that 
there is no noticeable  nycthem eral habitat shift.

Movements induced by intraspecific
interactions
The occurrence o f large numbers o f in d iv i­

duals coexisting  c lose ly in pa rticu la r sites is com ­
m on ly  observed in  unfished areas. These aggrega­
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tions im p ly  e ither neutral re la tionships betw een in d i­
v idua ls o r precise habitat sharing and te rrito ria l 
behaviour. Both patterns are observed am ong dusky 
grouper. Tracking experim ents using hydroacoustic 
te lem etry on m edium -sized dusky grouper o f Ustica 
Island, Ita ly  (Lem bo e t al., 1999) have demonstrated 
that these fishes displayed a m arked site fid e lity  over 
several months. Territoria lity  is p a rticu la rly  evident 
fo r large dusky grouper, a lthough several ind iv idua ls  
m ay shelter in  the  same cavity, p a rticu la rly  between 
re p ro d u c tio n  periods (Zabala e t a l., 1997). 
O bservations over several years in protected areas 
attest tha t some o ld  ind iv idua ls  iden tified  by pa rticu ­
lar scars o r head spot design (Lelong, 1999) present a 
long-term  sedentarity in th e ir territory. The surface 
area o f  these territories can reach several thousand 
square meters fo r o ld  males (C u lio li, Q uignard, 
1999), w h ich  defend them active ly  and d isp lay ago­
n is tic  behav iou r against in trude rs  (N e ill,  1967; 
Chauvet, Francour, 1989; Zabala e t a l., 1997). Site 
d isp lacem ent o f males, attested b y  m ark ing  expe ri­
ments (Chauvet, Francour, 1989; Chauvet et al., 
1991), is like ly  to  result from  change in th e  d o m i­
nance hierarchy between males, as suggested by in  
situ  observations o f aggressive behaviour am ong 
males o f a structured group  (Chauvet, Francour, 
1989: Port-Cros; unpublished observations by A. 
Garcia-Rubies a t Medes Islands).

These natural patterns o f hab ita t sharing and 
site displacem ents are obv ious ly  d isrupted by human 
interference, especia lly spearfishing, w h ich  is a 
m a jo r de term inant o f changes in behaviour patterns 
am ong  dusky g rouper and o th e r target-species 
(H arm elin  e ta /., 1995; La Mesa, Vacchi, 1999).

FEEDING BEHAVIOUR
The dusk)' grouper is a carnivorous fish w h ich  

feeds essentially on crustaceans, fish, and molluscs 
(Cadenat, 1954; N e ill, 1967; Bouain, 1984; Smale, 
1986). The most detailed inform ation was given by 
Azevedo e t a I. (1995): 71 young ind iv idua ls (47 w ith  
food items; 4-36 cm TL) from  a tide  pool o f Pico, 
Azores Islands; Derbal, Kara (1996): 68 ind iv idua ls (35 
w ith  food items; 16-98 cm TL) from  Eastern Algeria; 
Barreiros, Santos (1998): 57 ind iv idua ls (35 w ith  food 
items; 60-138 cm  TL) from  Terceira, Azores Islands.

D iet variablility w ith individual size
As in most carnivorous fishes, the  d ie t o f E. 

m arginatus  changes w ith  the  size o f ind iv idua ls. 
Ind ica tions o f this size-related change are given by 
the  stomach content analysis o f young A zorean in d i­
v iduals m ade by Azevedo et al. (1995). The d ie t o f 0 + 
specimens (4-7 cm  TL) was dom inated by crusta­
ceans, both in  num ber (am phipods, isopods and 
cumaceans) and in w e igh t (shrimps and crabs). 
Polychaetes were occasional prey o f these juveniles. 
In specimens o f the size class 13-25 cm  TL (1+/2 + ), 
crabs w ere c lea rly  the dom inan t prey, bo th  in num ­
ber and in w eight (N =  53.2% , W  =  69.1% ) and 
fishes, captured by about 30%  o f  the specimens, now

reached the second rank (N  =  19.4% , W  =  22.8% ). 
Fish species iden tified  in stomach contents were: 
Tripterygion delaisi, Thalassoma pavo, G ob ius paga­
nellus, C helon labrosus, and sm aller ind iv idua ls  o f  E. 
marginatus. Shrimps also he ld  an im portan t p lace  in 
the d ie t o f dusky grouper o f th is size class, whereas 
polychaetes, bivalves, gastropods and sm all crusta­
ceans w ere o n ly  occas iona lly  preyed upon. The o n ly  
m edium -sized specim en co llected (36 cm  TL) had 
fed on fish and crabs.

The same size-related d iet sh ift was found  fo r 
larger ind iv idua ls  from  Eastern A lgeria  by D erbal, 
Kara (1996). Dusky grouper o f 16-30 cm  TL had 
ingested m ostly fish (69 .8%  o f prey w e igh t), crabs 
(23.4%  W ), and m ore occasionally shrim ps (1.6%  
W ). However, crabs w ere the  most frequent (present 
in 62 .5%  o f  stomachs) and num erous prey (N  =  
41.7% ). Ind iv idua ls  o f size class 30-60  cm  TL had fed 
equa lly  on fish (33 .6%  W ), crabs (33 .0%  W ), and 
m olluscs (31 .5%  W ). Crabs w ere still the most fre­
quen t and the most num erous prey w h ile  som e iso­
pods were occas iona lly  ingested. The d ie t o f in d iv i­
duals o f 60-100 cm TL was dom inated by m olluscs 
(72.6%  W ) w h ile  fish and crabs decreased m arked ly 
in im portance (respectively 18.8%  and 6 .5%  W ). In 
consequence o f d igestion, on ly  one fish species has 
been identified  (C hrom is chrom is). Crabs w ere  repre­
sented by fo u r brachyuran genera (S cy lla rides , 
Parthenope, M aja, Cancer) and m olluscs by  tw o  spe­
cies (O ctopus vulgaris, H a lio tis  tubercu la ta ). The 
fragments o f Posidonia  and algae found  in stomach 
contents had p robab ly  been acc identa lly  ingested 
w ith  anim al prey. A  s im ila r feeding behav iou r pattern 
was docum ented by Barreiros, Santos (1998) at 
Terceira, Azores Islands, w ho  observed a size-related 
shift in food  preferences. Fish w ere the  dom inan t 
food  o f sm aller ind iv idua ls  (60-90 cm  TL), fo llo w e d  
by  m olluscs (O ctopus vulgaris) and crustaceans 
(.Scyllarides latus, Scyllarus arctus). Larger ind iv idua ls  
(90-138 cm TL) c lea rly  preferred O ctopus vu lgaris  to 
fish and crustaceans. A ccord ing  to  Barreiros, Santos 
(1998), em pty H a lio tis  shells in  stomach contents 
may have been sw allow ed w ith  Octopus.

Therefore, the  d ie t o f  the  dusky grouper com ­
prises essentially (i) small crustaceans (am phipods, 
isopods, shrimps) du ring  the first year (< 12 cm  TL),
(ii) crabs and fish w hen  size ranges from  13 to  60 cm  
TL, and (iii) m olluscs (ch ie fly  cephalopods) and fish, 
w hen size exceeds 60 cm  TL.

Feeding p e rio d ic ity
A ll data on the  feeding o f Epinephelus m arg i­

natus correspond to  fishes captured d u ring  daytim e. 
Thus, it is im possib le  to  infer any conc lus ion  from  
those data abou t actual feeding rhythm . A cco rd in g  to  
N e ill (1967), the dusky grouper w o u ld  appear to  feed 
a ll day long, w h ile  Abei (1959, 1962) th inks tha t it is 
m a in ly  active a t crepuscular periods. Ghafir, Guerrab 
(1992) have observed that troph ic  a c tiv ity  peaked 
between 5 h and 13 h. The occurrence o f H a lio tis  
am ong prey items (Cadenat, 1954; N e ill, 1967;
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Table I - Lenglh-weight relationships and parameters o f the Von Bertalanffy growth curve equation (L°°, K, t0) in the dusk)- grou­
per, Epinephelus marginatus. N= number o f fish studied; W= total weight o f fish; *W = eviscerated weight; TL= total length; 
ST= standard length; R= correlation coefficient o f the length-weight relationship. /  Relation taille-poids et paramètres de 
l'équation de la courbe de croissance de Von Bertalanffy (Loo, K, y  pour le merou brun, Epinephelus marginatus. N  = nombre 
de poissons étudiés ; W  = poids total du poisson ;  *147 = poids éviscéré ;  TL =  longueur totale ;  ST = longueur standard ; 
R = coefficient de corrélation de la relation taille-poids

Sites and authors N Length-weight relationship R Age range Size range 
(W=aLb) (years) (cm)

'o

SENEGAL 
(Franquevillc, Fréon, 1976)

35 W=0.00748TL)22' 0.999 ? 35 - 103 ? /  ?

AZORES 
(Azevedo et al., 1995)

175 W=0.0139TLJO65 0.998 0+- 4 4 - 36 ? ? ?

W. ALGERIA 
(Chalabi eta/., 1992)

60 W=0.0243TL29” ? 1 -8 25 -9 0 177.43 0.073 -1.24

E. ALGERIA 
(Kara, Derbal, 1995)

33 W=0.0081 TL)0U 0.996 1 - 7 1 8 - 7 5 78.53 0.160 -0.73

N. TUNISIA 
(Bruslé, Prunus, 1980)

167 *W=0.00783TLU57 0.975 ? 2 0 -  120? ? ? ?

NE. TUNISIA 
(Chauvet, 1988)

270 *W=O.OI256TL!0” 0.996 3 - 3 6 2 9 - 1 1 8 114.49 0.093 -0.75

S. TUNISIA 
(Bouain, 1984)

109 *W=0.0195TL2” ? 1 - 1 9 1 8 - 9 5 197.79 0.025 -1.45

EGYPT 
(Rafail eta!., 1969)

251 W=0.00692TLJ222 ? 1 - 7 20 - 80 80.00 0.112 -1.08

S. ITALY 
(Spedicato, Lembo, 1996)

96 W=0.019046TL2 972 0.989 ? ? ? ? ?

S. CORSICA - Lavezzi 
(Bouchereau et al., 1999)

22 W=0.125TL“ ° 0.949 1 - 14 20 - 120 135.91 0.079 -0.80

BARCELONA 
(Castello-Orvay ef a/., 1992)

190 W1 =0.079SL2SS3 
W2=0.046SL28"’ 

W3=0.0285SL2,5t

0.948
0.976
0.992

0+
0+
0+

5 - 1 1  
5 - 1 1  
5 - 11

? ? ?

Ghafir, Guerrab, 1992; D erbal, Kara, 1996) may 
ind icate  that the  dusky grouper feeds a t least pa rtia l­
ly du ring  crepuscular periods o r a t n igh t as this gas­
tropod is noc tu rna lly  active and remains cryp tic  
during  daytime.

W ith  regard to  the occurrence o f seasonal 
va riab ility  in tro p h ic  activ ity, Chauvet (1991) in d i­
cates a peak in autum n, but w ith o u t specify ing  the 
corresponding fie ld  data. Besides, the  d iet described 
by Derbal, Kara (1996) deals o n ly  w ith  ind iv idua ls  
captured du ring  summer.

Thus, at present, there is no re liab le  data o ffe ­
ring a basis fo r dep ic ting  precise ly the  nycthem eral 
and seasonal feed ing rhythms o f the  dusky grouper.

GROWTH

The data presently ava ilab le  on size-w eight 
relationships and on g row th  o f E. marginatus are 
com p iled  in tab le  I. These data are qu ite  heteroge­
neous as the num bers o f ind iv idua ls  considered, the 
types o f measurement perform ed (total vs. standard 
length, to ta l vs. eviscerated w eight), as w e ll as the 
size ranges taken in to  account are d iffe ren t o r not 
known. The ava ilab le  size-w eight relationships cam e

from  11 sites, tw o  in the A tlan tic  and 9 in the 
M editerranean. A cco rd in g  to  these data grow th 
apparently varies trem endously between sites: the 
w e igh t corresponding to a particu la r size can double  
from  one site to  another (figure 3). However, as the 
s ize-w e igh t re la tionsh ip  varies m arkedly in the cou r­
se o f the  life  cyc le  and accord ing  to  the environm en­
ta l conditions, the season, and the ind iv idua l physio­
log ica l state, this param eter cannot be considered fo r 
com paring  d iffe ren t populations.

In most studies, the age o f ind iv iduals has been 
determ ined from  the coun ting  o f annu li on scales co l­
lected beneath the pectoral fins. A ccord ing  to Bouain 
(1986) and Chauvet (1988) these rings are form ed in 
June. The age determ ination com b in ing  the study o f 
both scales and sagitta (the largest o to lith ) after bur­
n ing has on ly  been perform ed by Chauvet (1981, 
1988). The parameters o f the  von Bertalanffy's grow th 
equation (L, K, and y  have been calculated for 
samples from  six M editerranean sites (tabic I). The bet- 
ween-site differences observed for these parameters 
m ay resu lt essentia lly  fro m  sam pling  bias. 
C alculations from  samples lacking in large-sized in d i­
v iduals underestimate strongly the value o f L, w hich 
o therw ise has no real b io log ica l significance. Thus,
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accord ing  to the available data the size o f an in d iv i­
dual dusky grouper at a given age can double  from 
one site to  another (figure 4). The lowest linear g row ­
th has been recorded for ind iv iduals from  Southern 
Tunisia (Bouain, 1984) and from  Egypt (Rat'aïl et al., 
1969) w h ile  the highest grow th rate has been obser­

ved fo r dusky grouper from  Western A lgeria (Chalabi 
et al., 1992). Specimens from  Southern Corsica also

TL (cm)

Figure 3 - Length-weight relationships in the dusky grouper 
Epinephelus marginatus according to different geographic 
locations. Data from Franqueville, Freon, 1976 (Senegal); 
Chalabi et al., 1992 ( W. Algeria); Kara, Derbal, 1995 (E. 
Algeria); Bruslé, Prunus, 1980 (N. Tunisia); Chauvet, 1988 ( 
NE. Tunisia); Bouain, 1984 (S. Tunisia); Rnfaïl et al., 1969 
(Egypt); Bouchereau et al., 1999 (Corsica); and Azevedo ct 
a i,  1995 (Azores). /  Relation taille-poids du mérou brun, 
Epinephelus marginatus dans différentes zones géogra­
phiques. Données de Franqueville, Fréon, 19/6 (Sénégal) ; 
Chalabi et al., 1992 ( W. Algérie) ;  Kara, Derbal, 1995 (E. 
Algérie) ;  Bruslé, Prunus, 1980 (N. Tunisie) ; Chauvet, 1988 
( NE. Tunisie) ; Bouain, 1984 (S. Tunisie) ;  Rafai! et alv 1969 
(Égypte) ; Bouchereau et al., 1999 (Corse) ; et Azevedo et 
al., 1995 (Açores).

present a high linear g row th  rate (Bouchereau e t al., 
1999), w h ich  exceeds s ligh tly  those o f ind iv iduals 
from  the S icilian Strait (Chauvet, 1988) and from  
Eastern A lgeria (Kara, Derbal, 1995).

The grow th rate o f E. m arginatus  is pa rticu la r­
ly  high du ring  the first year and decreases m arkedly 
thereafter. The average absolute increase o f size (dTL, 
in cm) as a function  o f age has been ca lcu la ted  from  
five curves ava ilab le  fo r E. m arginatus (figure 5). The 
grow th  rate decreases in  average from  8 c m .y r ’ to  4 
c m .y r1 betw een the 2,,l! to  the 10lh year. A t 25 years, 
the grow th  rate w o u ld  be o n ly  1 c m .y r1 (Chauvet, 
1988). A  decrease in g row th  has been recorded at 
five  years o ld  (age o f firs t sexual m aturity) by Chauvet 
(1988) fo r grouper in Tunisia. However, th is pheno­
m enon has not been observed in the o ther sites 
(Rafaïl e t al., 1969; Bouain, 1984; C halabi e t al., 
1992; Kara, Derbal, 1995). The age o f the largest stu­
d ied dusky grouper (118 cm  TL, total w e igh t =  34 kg, 
Tunisia) has been estim ated as 36 years by Chauvet 
(1988). The heavier w e igh t reached by some in d iv i­
duals (e.g. 54 kg fo r a specimen fished at Vis Island, 
Croatia, docum enta tion  from  Komiza fisheries) sug­
gests that the  po tentia l age the dusky grouper can 
reach is very great (>60 yrs?).

The w ide  range o f varia tion observed fo r in d i­
v idua ls younger than 8 yrs (cf. standard deviations: 
figu re  5) reflect between-sites differences b u t also the 
high va ria b ility  o f ind iv idua l size at a given age, as 
noticed by Bruslé (1985). Sizes ranging from  13 to  20 
cm  TL w e re  found  fo r ind iv idua ls  o f class 1+  by 
A zevedo e t al. (1995), and from  18 to 25 cm  TL for 
those o f class 2 + . The mean size backcalcula ted fo r a 
one-year o ld  ind iv idua l (figure 5) is pa rticu la rly  ove­
restim ated as ind icated by the few  actual measure­
m ents ava ilab le  in  the lite ra tu re . A cco rd in g  to  
Bouain's estimates (1984) in Tunisia, aquaculture

Weight (g)

40000 *  Senegal 

*» -  W . A lg e ria  

o  - E. A lg e ria

N . Tunis ia 

NE. Tunis ia  

S. Tunis ia  

Egyp«
■•>• C ors ica

♦  Azores

30000

20000

10000

Size (cm) 

1 2 0

C ors ica
W . A lg e ria
t .  A lg e ria

N L  Tunisia
S. Tunis ia

dTL (cm) 
20

16

12

ii i Î 1 1 , 1 i  Ï

Years

Figure 4 - Growth curve of Epinephelus marginatus in dif­
ferent regions of the Mediterranean Sea. Sources of data: 
see figure 3. /  Courbe de croissance c/Tpinephelus margi­
natus dans différentes légions de la Méditerranée. Sources 
des données : voir figure 3.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Years

Figure 5 - Mean absolute increase in size (mean dTL in cm 
±  standard deviation) in Epinephelus marginatus during the 
first 14 years of life (calculated from the growth curves of 
figure 4, excepted W. Africa). /  Accroissement moyen de la 
taille dTp i nephel us marginatus (dTL moyen en cm ± dévia­
tion standard) au cours des 14 premières années de vie (cal­
culé à partir des courbes de croissance de la figure 4, 
exceptées celles d'Afrique de l'Ouest).
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experiments o f juven iles perform ed at Barcelona by 
Caste llo-O rvay e t al. (1992), and ageing o f  young 
specimens co llec ted  in Azores Islands by Azevedo et 
al. (1995), the  mean size o f E. m arginatus at one  year 
w o u ld  be a round 11 cm  SL (= 13 cm  TL).

DISCUSSION AND PERSPECTIVES 

Habitat
The precise characteristics o f the hab ita t o f 

juven ile  dusky grouper are still poo rly  know n. A  bet­
ter know ledge o f  the  depth at w h ich  settlement 
occurs and o f the physical and b io tic  characteristics 
o f the nursery sites should  make it possible to  esti­
mate the va ria b ility  in tim e and space o f recru itm ent 
intensity. C oncern ing  the habita t o f juven iles, issues 
o f m a jo r interest fo r the m anagement o f the  dusky 
grouper popu la tions are: (i) Does the geographical 
d is tribu tion  o f settlem ent sites present any re la tion ­
ship w ith  the  loca tion  o f adu lt aggregations? Precise 
know ledge o f the  dura tion  o f the  pe lag ic larval stage 
and o f the coastal c ircu la tion  w ou ld  be necessary to  
answer th is question, (ii) W ha t an thropogen ic pertu r­
bations p a rticu la rly  act on post-settlement m ortality? 
Am ong these perturbations, one has to  take into 
account hab ita t m od ifica tions  induced by po llu tio n  
and its secondary effects, pa rticu la rly  on m acrophyte 
cover, bu t also the  im pact o f  line  fish ing  on  juveniles,
(iii)  Is it possib le to  enhance the  recru itm ent in tensi­
ty through hab ita t management, e.g. spec ifica lly  
designed a r t if ic ia l reefs? The d iscove ry  in  the  
Barcelona region o f m any juveniles o f E. m arginatus 
in  immersed structures designed fo r co llec ting  oyster 
spat may p rov ide  useful ind ica tions on the feas ib ility  
o f such m anagem ent measures. In V irg in  Islands, 
Beets, H ixon  (1994) have noted a h igher recru itm ent 
success fo r Nassau grouper (£. striatus) on sm all a rti­
fic ia l reefs than on natural substrates.

An unresolved question concern ing  the habi­
tat eco logy o f subadults and females is th e ir site fide ­
lity. Is site f id e lity  dependent on the distance bet­
ween nursery areas and loca lities  where males aggre­
gate? The m arked differences in popu la tion  abundan­
ce and structure between w arm  and co ld  season 
raise the p rob lem  o f  the  loca tion  o f pa rt o f the  popu ­
la tion in w in ter. Does it correspond to  a vertica l 
m igration towards deep-w ater sites p o o rly  accessible 
to d irec t observation? O r do  grouper stay on the  spot 
perm anently h idden in holes? This c ryp tic  behaviour 
and apparent d ec line  in  abundance have been obser­
ved in w in te r am ong fish on rocky bottom s in the 
N orthern A d ria tic  (Kotrschal, Reynolds, 1982) and in 
sum m er in Provence w hen w ind -induced  upw e llings 
cause abrupt tem perature drops (unpublished perso­
nal observations). Periodic observations o f the  beha­
v io u r o f  a s ign ifican t num ber o f ind iv idua ls  du ring  
the period  preceding the  m in im um  in water tem pe­
rature should  be inform ative. The use o f  hydroacous­
tic  track ing  co u ld  produce results if  m igra tion  is not 
too  sudden, bu t w o u ld  be ine ffic ien t if  the grouper 
stay h idden beneath rocks.

Feeding
The ava ilab le  data on the  feed ing behaviour o f 

E. m arginatus  ind ica te  that the dom inan t food cate­
gories consist in  small crustaceans fo r juveniles, 
crabs and  fish fo r m edium -sized ind iv idua ls, and in 
cepha lopod m ollusks and fish fo r large grouper. A 
s im ila r on togenetic  shift has been observed in seve­
ral species o f  trop ica l grouper (H arm elin -V iv ien , 
Bouchon, 1976; Brûlé, Rodriguez Canche, 1993; 
Brûlé et al., 1994). However, as the d ie t o f the  dusky 
grouper has been docum ented o n ly  from  few  speci­
mens, there is no  in fo rm ation  on  its reg ional variab i­
lity  and on  the  d a ily  and seasonal feeding rhythms. 
A ll studies on  the  feeding habits o f th is grouper were 
perform ed on  specimens co llected  du ring  daytime. 
Some p rey  found  in stomach contents suggest that 
the dusky grouper feeds at least p a rtia lly  du ring  cre­
puscu lar periods o r at n ight. O n  the cora l reefs o f 
Madagascar, m ost grouper species feed in the dayti­
m e as w e ll as at n igh t on the  same food categories 
(H a rm e lin -V iv ie n , B ouchon, 1976) w ith  o n ly  
changes in  the ir re lative proportions: fish are the 
most frequent p rey du ring  the  day, and crabs and 
cephalopods at n ight. O ther authors have observed a 
peak in feeding ac tiv ity  at crepuscular periods in 
o ther trop ica l g rouper species (Parrish, 1987; Sluka, 
Sullivan, 1996). Therefore, the  feed ing behaviour o f 
the  dusky grouper needs to be better docum ented.

Growth
The grow th  o f E. marginatus has been studied 

on ly  in some M editerranean sites, m a in ly  along the 
coast o f A lgeria (Chalabi et al., 1992; Kara, Derbal, 
1995), o f Tunisia (Bruslé, Prunus, 1980; Bouain,
1984; Chauvet, 1988), and Egypt (Rafail et al., 1969). 
O n ly  one  recent study deals w ith  ind iv idua ls from  
Northern M editerranean (Corsica: Bouchereau et al., 
1999). Several aspects concern ing the grow th o f £  
marginatus rem ain poo rly  docum ented. There is a 
particu la r need fo r re liab le  in form ation on size-age 
relationships w ith in  the w ho le  size range o f th is spe­
cies. The tim e o f  fo rm ation  o f  annu li and the re lia b ili­
ty  o f th e ir reading remain uncertain. The possib ility  o f 
de term in ing the age o f indiv iduals from  otoliths, at 
least fo r younger specimens, has no t been fu lly  eva­
luated. M oreover, the ageing o f  large dusky grouper is 
prob lem atic, as fo r every long-lived species (Crabtree,
1998). It w o u ld  be interesting to  know  w hether the 
technique o f o to lith  w e igh t cou ld  be used fo r deter­
m in ing  the age structure o f the dusky grouper popu­
lations as was done fo r the Australian coral trout, 
Plectropom us leopardus  (Russ et al., 1998). The grow ­
th rate o f  £. m arginatus during  its larval stage and the 
first years o f  its benth ic  life  is unknow n, as is the  dura­
tion  o f the p lankton ic  larval stage.

Some results on the grow th rate o f th is species 
from  d iffe ren t regions are co n flic tin g  and it is not 
clear w he ther the  differences observed result from  
study pro toco ls o r reflect actual geographical d iffe ­
rences (e.g. differences in  p roductiv ity , o r in prey 
ava ilab ility ). Thus, it w o u ld  be useful to  perform  a
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m ore thorough assessment o f  links that may exist bet­
ween geography and g row th  rate. This study should  
encompass com parisons betw een northern and sou­
thern popu la tions in the  w estern and eastern basins 
o f  the M editerranean, western and eastern popu la ­
tions a long the  coasts o f  M aghreb, and in the  eastern 
A tlan tic , betw een popu la tions  from  West A frica  and 
those from  South A frica .

In conclus ion , despite the  fact tha t the  dusky 
g roupe r is an e m b le m a tic  species in  the  
M editerranean, w here  it has been fished since pre­
h istoric times (Desse, Desse-Berset, 1999), many 
aspects o f its b io logy  and eco logy rem ain poo rly  
know n, p a rticu la rly  conce rn ing  larvae and juveniles. 
A  better know ledge o f th is species should  help 
towards understanding the  changes observed in  the 
northern popu la tions over the  past decade (Chauvet, 
Francour, 1989; H a rm e lin , Robert, 1992; Francour e t 
a/., 1994; Zabala e t a l., 1997).
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