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ABSTRACT
In this study, the diet 05. megalops andS. blainvillei in the Gulf of Gabés (Central Mediterranean Sea$ w
investigated between 2007 and 2009, by collectimgthly samples of these two species from localirigh
vessels. In the stomachs of both species, telegsts the dominant prey items, and crustaceansustd] and
annelids, were found in lower abundance. A thre¢efa multivariate analysis of variance (MANOVA)
demonstrated significant differences in diet ralaie size, season and sexdrmegalops but not related to size
in S blainvillel.

RESUME
Le régime alimentaire d8 megalops et deS. blainvillei dans le golfe de Gabés (mer Méditerranée centaale)
été étudié de 2007 a 2009, en recueillant des &tbas mensuels de ces deux espéces sur des Ratequéche
locaux. Dans l'estomac des deux especes, les tddgsétaient les proies dominantes, et les ceéstdes
mollusques et les annélides étaient moins abondéimie analyse de variance multivariée a trois faste
(MANOVA) a révélé des différences significativesdd'alimentation en fonction de la taille, de #ssn et du
sexe ches. megalops, mais pas en rapport avec la taille cBelalainvillei.
Keywords: Squalus megalops, Squalus blainvillel, feeding ecology, Gulf of Gabes, Tunisia, MED.

INTRODUCTION commercial trawlers operating over 70 m depth
between January 2007 and May 2009.
The piked spurdogSgualus megalops (Macleay, All specimens were sexed, weighed and measured for
1881) and the longnose spurdBgblainvillei (Risso,  total length (TL) to the nearest millimeter. Stomsc
1827)are two viviparous aplacental demersal sharkswere dissected for analysis. Prey items were
that occurred in the Gulf of Gabés (Tunisia) identified to the lowest possible taxonomic level,
(Marouaniet al.2012). counted and weighed.
Feeding studies can provide researchers withVacuity index (VI) was calculated as the number of
important insights towards understanding potentialempty stomach divided by the total number of
fishery impacts on marine systems. Besides, knowingexamined stomachs multiplied by 100. The variation
what a species eats can provide information abouin VI was tested using a chi-square test over a
possible distribution and its position in food webs contingency table of the number of empty stomachs
(Ebertet al. 1992). The importance of each prey was determined by
Relatively little information is available on the calculating the index of relative importance (IRI)
feeding study of both species. Concerning theafiet (Pinkaset al. 1971). The IRI values were converted
S. megalops, scarce studies were carried out in theto a percentage to facilitate comparisons between
Australian waters (Braccirgt al., 2005) and in the prey items (Cortés, 1997). IRI% is the index of the
West coast of South Africa (Ebestal., 1992). Few relative importance:

studies on the feeding ofS. blainvillei were ) . )
undertaken off the Turkish waters (Kabasakal, 2002) %JIRI = 100 x IRL/ Z IRIi
and offthe coast of PortugaMartinhoet al., 2011). =1

To date no similar work has been reported from theWhere %F, %N and %M are the percentage
Mediterranean Sea. This present study providegontributions of a prey category in terms Of_ frw
information concerning the diet & megalops andS. of occurrence, number and mass, respectively,en th

blainvillei from the Gulf of Gabeés. stomachs with food.
Dietary shifts with sex, predator's size (TL) and
MATERIAL AND METHODS season were evaluated using Multivariate analysis o

variance (MANOVA). Statistical analyses were
Sampling was carried out from 17 stations located i carried out considering the main prey categgries:
the territorial waters of the Gulf of Gabés (Fig.A)  Ccrustaceans, teleosts, cephalopods and annelids. In

total of 630 specimens o8 megalops and 232 addition, according to Marouani (2013) three size
specimens of Sblainvillei were landed by the classes were designated to assess a possible dhange
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Fig.1. Map of the Gulf of Gabés (Tunisia, Central Medi#gean Sea) illustrating samples locations.

the diet with respect to length: class | (Juvepiles significantly among size classeg@(= 117.53, d.f. =
TL<40 cm; class Il (Subadults): 40<TL<55cm and 2, P <0.05) but did not varied over the yeg? €
class Il (Adults): TL>55cm forS. megalops and  1.87, d.f. = 3, P>0.05).

class I: TL<40 cm; class Il: 40<TL<55cm and class The vacuity index ofs. blainvillei was 26.72%. The
Ill: TL>55cm for S. blainvillei. VI was not significantly different between males
The number of each prey category was considere@24.07%) and females (29.03%pR(= 10.73, d.f. = 1,
and the dependent variables and seasons (winteR <0.05) and among the yeg2(= 1,69 ; dI=3 ;
spring, summer and autumn); sex (F or M) and sizep<0,05) but differed significantly among size ckss
class (I, 1l Il) were defined as factors. The y2 =68,63; dI=2 ; p<0,05).

multivariate F value (Wilks’ lambda) based on a Both species were found to prey on a wide variéty o
comparison of the error variance/covariance matrixinvertebrates and teleosts (Table 1). Prey items
and the effect variance/covariance matrix was agdpli belonging to four major zoological groups were
to test differences in the diet. An ANOVA was found in their stomachs (Table 1). The average
further performed to identify the main prey groups number of prey and mass per stomack.afiegalops
responsible for the major differences among factorsandS. blainvillei were 1.59 (+0.54) and 12.62 (+4.54)
sex, season and size class. The significance leved and 0.53 (£0.51) and 3.62 (+3.38) g respectively.

adopted was 5%. Teleosts were the most frequently observed prey in
the diet of both species, constituting 80.32% & th
RESULTS total % IR, followed by cephalopods (% IRI = 11)96

and crustaceans (%IRI = 7.68) while annelids (%IRI
In total, 630S. megalops specimens were measured in = 0.05) were minor components (Table 1), and
this study. Females (n= 307) ranged from 18.8 t0 76 82.59% of the total % IRI followed by crustaceans
cm TL and 30.26 — 2870 g while males (n=323) (%IRIl = 17.06) while cephalopods (% IRI = 0.34)
ranged from 19.80 to 69.0 cm TL (42.61 + 5.86 cm)and annelids (%IRIl = 0.01) were minor components
and 35.0- 1570g. Of the 232 specimens ®f (Table 1) respectively inS megalops and S
blainvillei, 108 males ranged from 23.20 to 83.40 cmblainvillei. Among teleosts, Sparidae was the most
TL and 42.40 — 2275g M; while 124 females rangednumerous and frequently occurring family (Table 1).
from 24.70 to 100.0 cm TL and 52.35 - 4520 g M.  The MANOVA results demonstrated the existence of
Length—-mass relationships were not significantly differences in the diet o megalops according to
different between males and femalesSoimegalops size, season and sex (Table 2). The ANOVA
(Student'st-test: t= 0.49; d.f =62,P> 0.05) (Sexes performed for each dependent variable (group taxa)
combined : TM = 0.002xTi*3 (r? =0.98,n = 630), indicated that teleosts and crustaceans were
but significantly different between males and fessal responsible for the statistical difference justsife
of S blainvillei (t-test = 4.11; d.f =232; P < 0.05) classes and sexes whereas cephalopods were
(Male: M = 0.002xTE%(R? =0.99, SE = 0.03, n = responsible for the difference between size classes
108); Female: M = 0.003xTFL° (R*> =0.95, SE = sexes and seasons (Table 2). There is a significant
0.12, n = 124)). difference on the crustacean intake through sex and
The vacuity index ofS. megalops was 30.63%. The season. The sex-size classes interaction was caused
VI of males (24.77%) and females (36.81%) wereby teleosts. Moreover, all interactions were caused
significantly different 42 = 10.73, d.f. = 1, P <0.05). cephalopods. Concerning the dietSfblainvillei, it
The proportion of empty stomachs differed differs according to size but not according to seas
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Table 1. Diet composition oSqualus megalops andS. blainvillei off the Gulf of Gabés. %F, frequency of occurrence
%N, percentage in number; %M, percentage in welgtiRl, index of relative importance of prey item.

Squalus megalops Squalus blainvillei
%FE %N %M  %IRI  %F %N %M %IRI
Crustacea 26.32 23.39 6.77 7.68 42.94 38.204.16 17.06
Penaeidae 1854 16.36 522 14.97 31.18 29.44 9.52 32.75
Melicertus kerathurus (Forsskal, 1775) 275 359 173 085 588 451 177 3.58
Parapenaeus longirostris (Lucas, 1846) 137 129 042 014 529 477 2.08 352
Metapenaeus monoceros (Fabricius, 1798) 481 445 168 171 1294 12.48.42 19.95
Trachypenaeus curvirostrus (Stimpson, 1860) g3 029 016 001 529 6.37 1.62 4.10
Unidentified 938 674 123 434 176 133 063 0.34
Sycioniidae 412 344 066 063 588 531 1.45 1.07
Sicyonia carinata(Brunnich, 1768) 412 344 066 098 588 531 145 3.85
Mysidacea 069 129 0.02 0.03 - - - -
Unidentified 069 1.29 002 005 -~ -
Amphipoda 023 029 000 000 - SR
Unidentified 023 029 000 000 - -
Isopoda 023 014 000 0.00 - -
Unidentified 023 014 000 0.00 -~ - -
Majidae 183 115 036 010 235 133 139 0.17
Maja verrucosa(Briinnich, 1772) 046 029 004 001 1.18 0.80 098 0.20
Maja squinado(Herbst, 1788) 069 043 022 003 059 027 021 0.03
Unidentified 069 043 010 002 059 027 020 0.03
Squillidae 092 072 050 004 412 212 181 0.44
Squilla mantis(Linnaeus, 1758) 092 072 050 006 412 212 181 157
Teleosts 68.19 56.24 6551 80.32 77.06 57.8283.38 82.59
Sparidae 12.81 10.76 17.77 13.69 21.18 17.5131.50 27.98
Diplodus annularis(Linnaeus. 1758) 481 445 621 297 647 477 935 8.87
DipIodusvngaris(Geoffroy Saint-Hilaire. 1817) 1.83 1.29 1.25 0.27 2.35 1.59 1.19 0.64
Diplodus sp 092 057 065 007 176 0.80 0.89 0.29
Pagellus erythrinus(Linnaeus. 1758) 229 1.87 384 076 6.47 3.18 835 7.24
Pagellus sp 1.83 115 329 047 059 053 046 0.06
Sarpa salpa(Linnaeus. 1758) 0.23 0.14 0.16 0.00 -- . -- --
Boops boops(Linnaeus. 1758) 1.60 1.29 237 034 353 531 041 504
Dentex sp - - - - 059 106 159 0.15
Pagrus sp. - - - - 059 027 0.25 003
Centracanthidae 046 029 030 001 176 1.33 1.813
Spicara smaris(Linnaeus. 1758) 023 014 021 000 1.18 0.80 0.93 0.20
Spicarasp 0.23 0.14 009 000 059 053 0.38 0.05
Congridae 366 287 356 0.88 588 318 543 1.37
Conger conger (Linnaeus. 1758) 366 287 356 136 588 318 543 4.92
Serranidae 1.83 115 1.06 015 412 212 187 0.44
Serranus hepatus(Linnaeus. 1758) 092 057 034 005 1.18 053 0.37 0.10
Serranus scriba(Linnaeus. 1758) 046 029 049 002 176 1.06 1.28 0.40
Serranus sp 046 029 023 001 118 053 018 0.08

67



Bull. Inst. Natn. Scien. Tech. Mer de Salammbd, 2018 (Numéro Spécial)

Table 1 Continued

Carangidae

Trachurustrachurus(Linnaeus. 1758)

Trachinusdraco(Linnaeus. 1758)
Trachurus sp
Caranx crysos (Mitchill. 1815)

Clupeidae

Sardinella auritaValenciennes. 1847

Sardina pilchardus(Walbaum. 1792)
Unidentified

Mugildae
Liza aurata (Risso. 1810)
Unidentified

Mullidae
Mullus barbatus (Linnaeus. 1758)

M. surmuletus(Linnaeus. 1758)
Unidentified

Scorpaenidae

Scorpaena elongata Cadenat. 1943

Soleidae
Solea aegyptiaca(Linnaeus. 1758).

Unidentified
Scyliorinidae

Scyliorinussp
Merluccidae

Merluccius

1758)
Sciaenidae

Sciaenaumbra(Linnaeus. 1758)

Gobiidae
Gobius sp

merluccius

Triglidae
Aspitrigla cuculus (Linnaeus. 1758)
Unidentifiedteleosts
Molluscs
Cephalopods
Octopodidae
Octopus vulgaris
Eledone moschata
Loligolinidae
Loligovulgaris
Sepiolidae
Sepia officinalis
Unidentified
Ommastrephidae
Illexcoindetti
Unidentifiedcephalopods

Annelids
Nereids

Nereis sp

(Linnaeus.

4.81
2.97
0.69
0.92
0.23

9.15
4.58
0.92
3.66

0.46
0.23
0.23
2.75
0.69
1.60
0.46

1.37

1.37

0.46
0.23
0.23

0.23
0.23

2.06

2.06
0.23
0.23
0.23
0.23
0.23
0.23
32.95
26.77
26.77
6.86
4.58
2.29
6.18
5.95
2.97
2.75
0.23
0.23
0.23
10.53
2.52
2.52
2.52

4.73
3.01
1.00
0.57
0.14

7.46
4.02
1.00
2.44

0.29
0.14
0.14
2.44
0.43
1.72
0.29
0.86

0.86

0.29
0.14
0.14

0.14
0.14
1.87

1.87
0.14
0.14
0.14
0.14
0.14
0.14
22.67
18.51
18.51
4.73
3.16
1.58
4.59
4.45
2.15
2.01
0.14
0.14
0.14
6.89
1.87
1.87
1.87

8.10
5.70
1.74
0.44
0.22

6.35
4.22
1.12
1.01

0.20
0.16
0.04
2.86
0.25
2.21
0.40

2.17

2.17

0.36
0.31
0.05

0.26
0.26
4.58

4.58
0.82
0.82
0.22
0.22
0.15
0.15
16.76
27.66
27.66
14.99
13.64
1.35
5.50
5.13
2.46
2.32
0.14
0.31
0.31
4.39
0.06
0.06
0.06

231 6.47 371 9.63 2.33
150 412 2.65 6.89 3.81
011 059 027 0.57 0.05
005 059 027 0.22 0.03
000 118 053 1.95 0.28
473 7.65 6.90 511 248
218 471 477 3.44 3.75
011 235 159 1.38 0.68
073 059 053 0.29 0.05
001 1.18 053 0.49 0.03
000 059 027 0.39 0.04
000 059 027 0.10 0.02
054 412 3.45 6.37 1.09
003 118 1.06 1.00 0.24
036 294 239 537 221
002 - - - -
0.16 294 1.33 3.145 0.3
024 294 133 3.14 128
001 353 1.59 230 0.37
001 294 1.33 221 1.01
000 059 027 0.09 0.02
000 - - - -
001 -~ - = =
050 353 212 499 068
077 353 212 499 244
001 - - - -
001 -~ - = =
000 - - - -
000 -~ < = =
000 - - - -
000 - -~ - -
48.65 28806 11.23 19.65
11.96 7.65 3.45 2.42 403
11.96 7.65 3.45 2034
5.07 11.7837 13.43 6.28
445 647 345 950 8.13
039 529 292 393 3.52
234 529 318 5.23201.
330 529 3.18 523 4.32
051 471 3.18 536 1.08
069 353 239 422 226
000 118 080 114 0.22
000 1.18 080 2.169 0
001 1.18 080 216 0.34
444 ~ - - -
005 1.18 053 0.04 001
018 1.18 053 0.04 0.02
028 118 053 0.04 0.07
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Table 2. Multivariate analysis of variance (MANOVA) tablé Wilks’ lambda and group response to analysisasfance (ANOVA). (df, degrees of

freedom; W. L, value of Wilks lambda; F, approxim&tvalue; Sig, significant; crust: crustaceanphceephalopods;Ann: Annelids).

Squalus megalops Squalusblainville
MANOVA ANOVA MANOVA ANOVA

Effect W.L F Sig. Crust Teleosts Ceph Ann|  W.L F Sig. Crusteleosts Ceph Ann
Season 0.94 3.04 0.00 0.99 0.43 0.00 0j44 0.88 1®BQ9 0.24 0.13 0.86 0.07
Sex 0.88 1893 1.00%6 0.00 0.00 2011 084 | 097 1.02 040 0.11 0.77 0.93 0.25
TL 048 6542 4181 000 1461¢° 4.0810° 006 | 0.74 598 0.00 0.84 0.00 0.78 0.32
Season * Sex 0.92 4.07 0.00 0.02 0.65 2.38100.79 | 094 075 070 0.60 0.20 095 048
Season * TL 090 264 0.00 0.77 0.05 0.00 0/15 0.9B6 0.89 0.22 0.98 0.97 0.50
Sex * TL 0.9 6.13 8931% 0.08 0.02 0.00 0.77 093 134 022 011 0.80 0.4413
Season*Sex*TL 0.89 278 8.36%0 0.07 0.52 40318 097 | 089 091 0.58 0.60 0.40 0.98 0.09

and sex (Table 2). The ANOVA analysis showed thatdecreasing and cephalopods and teleosts increiasing
the ingestion of teleosts varies with size. Ondtieer  importance with shark size. Braccief al. (2005)
hand, there is no significant trend in ingestion of reported similar ontogenetic dietary shifts B
crustaceans and molluscs by combining all themegalops off the Australian waters where large and

dependent factors (Table 2). small exploited different resources. In fact, dibtft
with size is a pattern widely observed in
DISCUSSION elasmobranchs (Luciforaet al., 2009). These

ontogenetic differences may be attributed to
The relatively low index of vacuity recorded foreth morphological limitations of small sharks, better
Squalidaecaptured in the Gulf of Gabes has also beerforaging ability of large fish, or food preferenagth
reported in other diet studies of same specks( growth and swimming capacities of the species (Eber
megalops: in the Australian waters (VI = 34.7 % , etal., 2002).
Braccini et al.,, 2005) and off South African coasts
(VI=39.77%, Ebertt al., 2002);S. blainvillei: in the  BIBLIOGRAPHY
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