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SUMMARY: The present work attempts to study the spatio-temporal distribution of Mullus barbatus and M. surmuletus in
the Mediterranean Sea by using a time series of data from an international bottom trawl survey that covered a wide area of
the Mediterranean Sea. The experimental surveys were accomplished annually from 1994 to 2000 on approximately 1000
pre-defined sampling stations distributed in 15 major areas. Selection of stations was based on a depth-stratified random
sampling scheme that included five depth strata: 10-50, 50-100, 100-200, 200-500 and 500-800 m. The examined species
were found throughout the studied region, mostly in depths down to 200 m. Abundance differences among major areas were
found to be statistically significant and were attributed to the different exploitation patterns, as well as the different abiotic
and biotic conditions prevailing in each area. Although both species undergo high fishing pressure, results did not demon-
strate any decreasing trends in their abundance indices suggesting the existence of a good stock-recruitment relationship
over the studied period. However, the dominance of young fish that has been found, makes the stocks highly vulnerable to
recruitment changes; hence protection of spawning and nursery areas seems to be essential for their conservation.
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INTRODUCTION

The red mullet (Mullus barbatus L., 1758) and
the striped red mullet (Mullus surmuletus L., 1758)
are common demersal fish of the Mediterranean
Sea, mostly found in depths down to 200 m. The red
mullet inhabits sandy and muddy bottoms and is dis-
tributed all around the Mediterranean basin, includ-

*Received November 9, 2000. Accepted January 17, 2002.

ing the Black Sea, and also in the eastern Atlantic
from Scandinavia to Senegal (Fischer et al., 1987).
The striped red mullet is generally found on bottoms
with heterogeneous granulometry and often in Posi-
donia beds. Apart from the Mediterranean, it inhab-
its the Eastern Atlantic from the North Sea to Sene-
gal (Fischer et al., 1987).

Both species have a high commercial value and
are the main target species of many demersal fish-
eries operating in the Mediterranean Sea (Hadjis-
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tephanou, 1992; Stergiou et al., 1992; Caddy, 1993;
Fiorentini et al. ,1997; Relini et al., 1999). It is gen-
erally considered that their stocks undergo high fish-
ing pressure, which is in most cases directed towards
young fish (Larrafieta and Rodriguez Roda, 1956;
Hadjistephanou, 1992; Stergiou et al., 1992; Vas-
silopoulou and Papaconstantinou, 1992a, b;
Vrantzas et al., 1992; Farrugio et al., 1993;
Demestre et al., 1997; Voliani et al., 1998b).

In the past, several authors have studied the dis-
tribution of M. barbatus and M. surmuletus in dif-
ferent Mediterranean areas and have commented
on their bathymetrical distribution (Suau and
Vives, 1957; Gharbi and Ktari, 1979; Vas-
silopoulou and Papaconstantinou, 1992a; Golani,
1994; Tursi et al., 1994; Machias et al., 1998; Reli-

TABLE 1. — List of the major areas covered by the surveys.

Area Code Area name

111 Alboran Sea

112 Alicante sector

113 Catalan Sea

114% Morocco

121 Gulf of Lions

131 Corsica

132 Ligurian and N Tyrrhenian Sea
133 Sardinia

134 Sicily and S Tyrrhenian Sea
211 N Adriatic

221 S Adriatic and W Ionian Sea
222 E Ionian Sea

223 Argosaronikos

224 N Aegean Sea

225 S Aegean Sea

*Area 114 was not included in the analysis as only one-year data
were available

TABLE 2. — Mullus barbatus: Mean abundance (in number of individuals per square km) estimated from the MEDITS trawl surveys per depth
stratum, geographical sector and year (1994-1999). Not sampled strata are indicated by ‘*°. Values higher than 10000 individuals/km? are
presented in bold.

1994 1995 1996
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
111a Alborén Sea 113 675 109 0 0 93 2573 32 0 0 103 534 6 0 0
112a Alicante 0 241 0 0 0 427 639 177 0 0 106 328 52 0 0
113a Catalan Sea 34 822 1803 0 0 39 854 508 0 0 155 660 383 0 0
1 143 w MOrOCCO * ES * ES & * ES ES * & * * ES ES ES
1 14b E MOrOCCO * * * * * * * * * * * * * * *
121a W Gulf of Lions 22 163 281 0 0 51 478 793 0 0 430 881 489 0 0
121b E Gulf of Lions 156 22 57 0 0 71 83 197 0 0 687 126 511 0 0
131a NE Corsica * 1510 844 83 0 * 50 3750 0 0 * 2079 1379 0 0
131b SE Corsica * 8862 2340 0 0 * 4731 0 0 0 * 6992 1977 0 0
132a N Ligurian Sea 643 482 333 0 0 2061 638 327 0 0 427 396 391 0 0
132b E Ligurian Sea 422 533 385 21 0 743 958 468 49 0 918 1368 1140 75 0
132¢ N Tyrrhenian Sea 1910 21 36 0 0 4643 38 118 0 0 3967 3 227 4 0
132d Centr. Tyrrhenian 34 7 95 0 0 192 0 160 2 0 168 7 438 3 0
133a SE Sardinia 242 1337 1536 11 0 226 1109 2355 0 0 1354 55 183 20 0
133b NE Sardinia 0 657 11 0 0 0 739 0 0 0 13 217 225 0 0
133¢ N Sardinia 0 1151 0 6 0 16 57 0 0 0 24 8187 0 0 0
133d NW Sardinia 0 9955 168 0 0 * 815 210 0 0 0 246 26 0 0
133¢ W Sardinia 914 0 415 0 0 493 806 428 30 0 684 126 233 0 0
133f SW Sardinia 0 522 80 93 0 10636 1180 224 64 0 649 495 182 0 0
133g S Sardinia 200 0 0 0 0 671 * 453 0 0 308 0 155 0 0
134a SE Tyrrhenian 1821 64 0 0 0 1286 47 88 1 0 1226 157 112 0 0
134b SW Tyrrhenian 872 3955 553 0 0 3101 2427 880 3 0 1657 2436 949 0 0
134c¢ Sicilian Channel 24 109 151 0 0 134 183 87 1 0 172 611 160 1 0
211a N Adriatic Sea 58 427 * * * 154 1268 * * * 261 696 * * *
211b Central Adriatic 570 171 221 2 0 340 205 322 2 0 163 241 89 32 0
211c N Adriatic-Slov * 0 * * * 0 * * * * 0 * * * *
211d NE Adriatic-Croat * 0 * * * * * * * * 465 1199 407 0 *
221a E Sicily 1325 649 266 0 0 11319 938 42 0 0 745 896 40 0 0
221b NW Ionian Sea 1839 1796 157 0 0 4657 958 335 0 0 5139 577 440 0 0
221c¢ N Ionian Sea 63 8 0 0 0 86 0 0 0 0 962 0 0 0 0
221d N Ionian Sea * 0 49 0 0 922 0 100 0 0 0 0 175 0 0
221e SW Adriatic Sea 0 6 27 0 0 * 0 21 0 0 0 0 3 0 0
221f SW Adriatic Sea 0 0 0 0 0 8 0 0 0 0 7 0 0 0 0
221g SW Adriatic Sea 100 0 42 * 0 0 0 0 * 0 0 0 0 * 0
221h SW Adriatic Sea 69 0 57 0 0 49 0 26 5 0 1147 0 0o 23 0
221i SE Adriatic Alban * 0 * * * * * * * * 1307 427 101 1 0
222a E Ionian Sea 103 1103 0 0 0 35 635 272 0 0 563 620 23 0 0
223a Argosaronikos 19 0 144 0 0 5271 26 0 18 0 1849 855 144 0 0
224a N Aegean Sea 1374 768 385 0 0 514 350 403 11 0 1267 454 398 0 0
225a S Aegean Sea 907 1633 466 3 0 356 388 234 22 0 252 1290 242 70 0
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ni et al., 1999; Tserpes et al., 1999; Lombarte et
al., 2000). However, the use of different sampling
schemes did not allow direct spatio-temporal com-
parisons that would give a much better picture of
their distribution pattern in broad Mediterranean
areas. In general, the horizontal distribution of
Mediterranean fish populations has been poorly
studied and the existing information is scarce (Far-
rugio et al., 1993).

The main objective of the present work is to
examine the distribution of M. barbatus and M. sur-
muletus in the Mediterranean through the utilisation
of a time series of data from a standardised interna-
tional Mediterranean bottom-trawl survey (MED-
ITS). Our findings are discussed in relation to a
rational management scheme for the Mediterranean
M. barbatus and M. surmuletus resources.

MATERIALS AND METHODS
Sampling

Within the frame of the “MEDITS” project
(Bertrand et al., 2000, 2002), six annual bottom
trawl surveys were performed from 1994 to 1999 in
the Mediterranean Sea, covering 40 sub-areas local-
ized in 15 major areas (Table 1). The surveys, which
were mainly aimed at obtaining estimates of relative
abundance indices for a series of target species, were
accomplished from late spring to middle summer
and each included sampling at approximately 1000
pre-defined stations. Trawling was made by means
of a standard net GOC 73 having a cod-end mesh
opening of 20 mm. Selection of stations was based
on a depth-stratified sampling scheme that included

TABLE 2 (Cont.). — Mullus barbatus: Mean abundance (in number of individuals per square km) estimated from the MEDITS trawl surveys
per depth stratum, geographical sector and year (1994-1999). Not sampled strata are indicated by “*’. Values higher than 10000 ind./km? are
presented in bold.

1997 1998 1999
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
I11a Alborén Sea 154 121 69 0 0 84 615 81 0 0 144 233 21 0 0
112a Alicante 37 270 145 0 0 544 336 29 0 0 636 254 155 13 0
113a Catalan Sea 14 231 307 0 0 165 371 1287 * 0 190 446 599 0 0
114a W Morocco * * * * * * * * * * 0 5 0 0 0
114b E Morocco * * * * * * * * * * 520 30 18 0 0
121a W Gulf of Lions 108 199 452 0 0 70 558 224 16 0 146 578 1234 0 0
121b E Gulf of Lions 198 37 153 0 0 532 88 398 0 0 445 72 500 37 *
131a NE Corsica * 94 * 10 0 * 14887 636 0 0 * 3603 874 1 0
131b SE Corsica * 0 0 0 * * 14250 175 0 0 * 4384 2044 0 0
132a N Ligurian Sea 563 1560 24 0 0 2464 127 519 0 0 2568 720 295 0 0
132b E Ligurian Sea 1447 858 721 15 0 1864 1447 1097 1 0 1851 1734 1200 15 0
132¢ N Tyrrhenian Sea 4199 46 165 0 0 1443 43 184 0 0 5475 12 112 0 0
132d Centr. Tyrrhenian 180 25 202 1 0 371 136 301 0 0 315 3 170 2 0
133a SE Sardinia 44 0 565 0 0 276 2296 0 0 0 773 428 39 0 0
133b NE Sardinia 0 1017 297 0 0 26 175 1357 0 0 0 359 326 0 0
133¢ N Sardinia 0 1663 0 0 0 123 596 0 0 0 6710 5566 0 0 0
133d NW Sardinia 0 651 194 0 0 0 222 424 0 0 0 290 174 0 0
133e W Sardinia 307 208 219 0 0 66 135 o614 0 0 500 146 924 0 0
133f SW Sardinia 1459 4022 290 0 0 2407 1540 106 0 0 7132 2452 707 0 0
133g S Sardinia 0 0 211 0 0 0 4614 464 0 0 17 2654 378 0 0
134a SE Tyrrhenian 1050 193 61 1 0 3151 621 264 0 0 2028 503 89 0 0
134b SW Tyrrhenian 1249 4564 279 0 0 2144 2551 642 0 0 1308 868 156 0 0
134c Sicilian Channel 299 256 132 5 0 197 211 271 6 0 194 426 205 1 0
211a N Adriatic Sea 143 652 #* #* * 28 934 * * * 5937 986 * * *
211b Central Adriatic 208 545 72 0 0 139 236 113 47 * 12524 772 70 4 *
211c N Adriatic-Slov 0 * * * * 0 * * * * 139 * * * *
211d NE Adriatic-Croat 1224 1547 760 0 * 594 884 393 0 * 0 * * * *
221a E Sicily 397 711 401 0 0 1884 1234 987 11 0 175 364 244 0 0
221b NW Ionian Sea 408 719 256 0 0 1085 1258 583 0 0 274 280 431 12 0
221c N Ionian Sea 52 0 0 0 0 252 44 0 3 0 15 7 0 0 0
221d N Ionian Sea 606 0 0 0 0 88 240 0 0 0 51 0 8 0 0
221e SW Adriatic Sea 0 80 31 0 0 0 0 11 0 0 0 75 19 0 0
221f SW Adriatic Sea 0 0 0 0 0 0 38 0 0 0 19317 0 0 0 0
221g SW Adriatic Sea 0 0 0 * 0 0 0 0 * 0 8491 0 0 * 0
221h SW Adriatic Sea 0 0 0 12 0 0 0 0 6 0 4342 4 72 110 0
221i SE Adriatic Alban 58 673 70 0 0 484 545 379 0 0 417 638 279 0 0
222a E Ionian Sea 4020 666 0 0 0 2779 1987 706 0 0 1420 1623 1314 11 0
223a Argosaronikos 10176 1929 21 0 0 4236 1913 565 109 0 3550 2744 222 115 0
224a N Aegean Sea 820 819 426 0 0 2778 683 867 0 0 1183 840 398 9 0
225a S Aegean Sea 24334 510 258 16 0 54076 3533 447 149 0 113895 1568 467 30 0
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TABLE 3. — Mullus barbatus: Mean biomass (in kg / km?) estimated from the MEDITS trawl surveys per depth stratum, geographical sector
and year (1994-1999). Not sampled strata are indicated by ‘*’. Values higher than 200 kg/km? are presented in bold.

1994 1995 1996
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
111a Alborén Sea 52 225 73 00 00 2.7 101.1 22 0 0 35 18.0 0.1 0 0
112a Alicante 00 76 00 00 00 153 215 69 0 0 51 125 23 0 0
113a Catalan Sea 0.8 224 41.7 0.0 0.0 1.2 272 17.8 0 0 43 246 15.0 0 0
1 14a w MOrOCCO * * * * * * * * * * * * * 3k *
1 l4b E Morocco * ES & ES * * ES ES ES * * * £ * *
121a W Gulf of Lions 09 80 156 0.0 0.0 1.6 174 27.1 0 0 123 245 13.1 0 0
121b E Gulf of Lions 31 08 35 00 00 25 22 17 0 0 16.7 33 167 0 0
131a NE Corsica * 537 573 1.8 00 * 0.8 1329 0 0 * 47.0 49.6 0 0
131b SE Corsica * 2490 956 00 0.0 * 1127 0.0 0 0 * 2185 755 0 0
132a N Ligurian Sea 176 219 199 0.0 0.0 529 273 12.1 0 0 50 132 115 0 0
132b E Ligurian Sea 223 233 235 20 0 264 286 239 3.7 0 285 356 447 55 0
132¢ N Tyrrhenian Sea 539 09 25 0 0 1446 16 70 0 0 1252 0.1 11.0 03 0
132d Centr. Tyrrhenian 1.5 02 63 0 0 7.4 0 82 02 0 78 03 190 02 0
133a SE Sardinia 102 71.6 19.1 1.0 0 6.7 452 815 0 0 370 33 171 1.6 0
133b NE Sardinia 0 247 05 0 0 0 2638 0 0 0 0.6 113 16.1 0 0
133¢ N Sardinia 0 729 0 038 0 0.1 40 0 0 0 1.2 1914 0 0 0
133d NW Sardinia 0 293.6 84 0 0 * 257 8.8 0 0 0 85 14 0 0
133e W Sardinia 39.8 * 211 0 0 134 314 256 2.0 0 339 54 75 0 0
133f SW Sardinia 0 169 46 52 0 286.6 346 98 32 0 212 135 8.6 0 0
133g S Sardinia 4.5 0 0 0 0 26.0 *16.8 0 0 0.7 0 47 0 0
134a SE Tyrrhenian 54.5 1.5 0 0 0 40.1 12 35 0.1 0 366 53 52 0 0
134b SW Tyrrhenian 243 164.3 25.5 0 0 69.0 645 268 0.1 0 40.6 58.8 30.8 0 0
134c Sicilian Channel 14 53 45 0 0 4.1 85 40 0 0 64 216 6.6 0 0
211a N Adriatic Sea 1.6 13.5 * * * 36 322 * * * 7.6 189 * * *
211b Central Adriatic 100 7.0 82 0.1 0 84 50 10.1 0 0 51 85 35 31 0
211c N Adriatic-Slov * * * * * 0 * * * * 0 * * * *
211d NE Adriatic-Croat * * * * * * * * * * 17.1 402 154 0 *
221a E Sicily 29.6 29.5 194 0 0 292.7 244 1.6 0 0 24.8 26.8 1.4 0 0
221b NW Ionian Sea 546 628 52 0 0 102.6 253 119 0 0 124.1 174 11.6 0 0
221c N Ionian Sea 26 0.8 0 0 0 2.8 0 0 0 0 235 0 0 0 0
221d N Ionian Sea * 0 11.0 0 0 21.0 0 81 0 0 0 0 14.1 0 0
221e SW Adriatic Sea 0 02 28 0 0 * 0 25 0 0 * 0 04 0 0
221f SW Adriatic Sea 0 0 0 0 0 0.2 0 0 0 0 0.3 0 0 0 0
221g SW Adriatic Sea 3.2 0o 1.7 * 0 0 0 0 * 0 0 0 0 * 0
221h SW Adriatic Sea 0.1 0 39 0 0 0.2 0 15 04 0 2.0 0 0 15 0
221i SE Adriatic Alban * * * * * * * * * * 354 147 53 0 0
222a E Ionian Sea 1.3 558 0 0 0 1.7 284 93 0 0 141 19.0 1.1 0 0
223a Argosaronikos 0.3 0 6.5 0 0 2235 1.2 0 21 0 515 253 74 0 0
224a N Aegean Sea 8.1 2I.1 158 0 0 17.0 100 137 09 0 395 11.8 16.7 0 0
225a S Aegean Sea 20.0 533 302 0.1 0 8.2 14.1 10.7 1.2 0 1.7 412 132 44 0

five depth zones: 10-50, 50-100, 100-200, 200-500
and 500-800 m. Collected data included number,
weight, gonad maturation stage and total length
measurements for the target species. The same sam-

pling protocol was used in all cases (see Bertrand et
al., 1997, 2000, 2002, for details).

Data analysis

From the collected data, relative abundance
indices by sub-area, year and depth stratum were
computed for both M. barbatus and M. surmuletus,
and expressed in terms of both number and weight
per square kilometre. In addition, based on the total
length (cm) measurements taken from a representa-
tive number of animals, the summary statistics
together with the percentage length frequency distri-
butions were estimated by year, sub-area and major
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depth stratum (10-200, 200-800 m). Estimates were
made by means of specifically developed software
taking into account the surface of each sub-area and
depth stratum (Souplet, 1996). The above estimates
indicated that the abundance of both species was
negligible in waters deeper than 200 m (Tables 2-5).
This was particularly true for M. barbatus where
abundance indices had zero values in more than 60%
of the total cases. For this reason further analysis
was confined to depth strata up to 200 m (three in
total: 10-50, 50-100 and 100-200 m).

In order to examine the effects of year and major
area on abundance, and identify overall trends, the
detailed relative abundance indices, i.e. catch per
unit effort (CPUE) by sub-area and depth stratum,
were standardised using General Linear Model
(GLM) techniques (Gulland, 1956; Kimura, 1981).
CPUE indices were expressed in g/km? and the gen-



TABLE 3(Cont.). — Mullus barbatus: Mean biomass (in kg / km?) estimated from the MEDITS trawl surveys per depth stratum, geographical

sector and year (1994-1999). Not sampled strata are indicated by ‘*’. Values higher than 200 kg/km? are presented in bold.

1997 1998 1999
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
111a Alborén Sea 69 45 39 0 0 3.1 258 54 0 0 51 95 1.6 0 0
112a Alicante 20 162 114 0 0 322 163 1.6 0 0 257 123 84 0.5 0
113a Catalan Sea 0.7 10.8 14.8 0 0 6.9 169 495 * 0 6.7 183 250 0 0
114a W Morocco * * * * * * * * * * * 0.3 0 0 0
114b E Morocco * * * * * * * * * * 243 1.8 1.4 0 0
121a W Gulf of Lions 27 72 238 0 0 19 175 69 33 0 36 194 440 0 0
121b E Gulf of Lions 55 1.4 75 0 0 154 29 162 0 0 82 2.1 192 1.7 *
131a NE Corsica * 48 #0020 0 * 405.6 20.5 0 0 *100.1 323 0.2 0
131b SE Corsica * 0 0 0 * * 605.6 6.1 0 0 * 131.4  68.0 0 0
132a N Ligurian Sea 176  60.7 1.5 0 0 111.0 6.7 233 0 0 88.8 20.0 16.8 0 0
132b E Ligurian Sea 43.1 287 315 1.1 0 659 470 552 02 0 589 60.7 750 19 0
132¢ N Tyrrhenian Sea 132.8 1.7 9.2 0 0 540 1.5 99 0 0 2669 0.7 6.8 0 0
132d Centr. Tyrrhenian 82 09 94 0 0 133 53 11.8 0 0 12.8 0.1 89 02 0
133a SE Sardinia 1.1 0 36.1 0 0 82 88.1 0 0 0 19.5 11.8 39 0 0
133b NE Sardinia 0 40.0 22.0 0 0 0.7 6.7 113.9 0 0 0 18.5 23.7 0 0
133¢ N Sardinia 0 722 0 0 0 49 259 0 0 0 232.4 188.8 0 0 0
133d NW Sardinia 0 279 114 0 0 0 7.7 206 0 0 0 132 176 0 0
133e W Sardinia 123 119 134 0 0 35 4.1 153.1 0 0 454 4.1 434 0 0
133f SW Sardinia 329 1219 13.1 0 0 88.8 484 6.3 0 0 193.6 738 38.7 0 0
133¢ S Sardinia 0 0 108 0 0 0 184.6 14.3 0 0 0.7 536 100 0 0
134a SE Tyrrhenian 331 64 20 0 0 83.8 132 10.0 0 0 544 174 43 0 0
134b SW Tyrrhenian 443 1123 104 0 0 60.5 79.6 22.6 0 0 418 365 7.7 0 0
134¢ Sicilian Channel 10.1 97 46 02 0 70 85 102 03 0 72 18.1 83 0.1 0
211a N Adriatic Sea 43 224 * * * 0.8 29.6 * * * 115.6 189 * * *
211b Central Adriatic 52 180 32 0 0 40 77 54 38 * 149.0 209 1.1 04 *
211c¢ N Adriatic-Slov 0 * * * * 0 * * * * 3.7 * * * *
211d NE Adriatic-Croat 46.5 64.4 264 0 * 206 379 16.2 0 * 0 * * * *
221a E Sicily 13.6 237 17.0 0 0 289 303 383 04 0 6.1 167 10.7 0 0
221b NW Ionian Sea 9.8 21.8 9.6 0 0 282 344 20.1 0 0 9.7 9.8 194 08 0
221c¢ N Ionian Sea 1.6 0 0 0 0 104 1.7 0 04 0 04 0.1 0 0 0
221d N Ionian Sea 21.6 0 0 0 0 22 175 0 0 0 1.0 0 0.1 0 0
221e SW Adriatic Sea * 36 22 0 0 * 0 09 0 0 * 42 20 0 0
221f SW Adriatic Sea 0 0 0 0 0 0 22 0 0 0 88.1 0 0 0 0
221g SW Adriatic Sea 0 0 0 * 0 0 0 0 * 0 28.2 0 0 * 0
221h SW Adriatic Sea 0 0 0 1.2 0 0 0 0 05 0 49.3 0 43 96 0
221i SE Adriatic Alban 0.5 23.0 3.3 0 0 13.1 13.1 175 0 0 109 11.6 106 0 0
222a E Ionian Sea 33.1 303 0 0 0 724 60.8 275 0 0 51.3 50.0 459 09 0
223a Argosaronikos 288.2 529 1.1 0 0 146.2 687 29.1 7.2 0 1504 836 82 55 0
224a N Aegean Sea 23.1 258 175 0 0 822 16.1 243 0 0 403 255 120 04 0
225a S Aegean Sea 105.5 21.8 12.7 1.7 0 109.3 655 180 7.0 0 3420 47.0 155 1.6 0

eral model used was of the form:
ln(CPUEijk +D=u+A+ Yj + D, + interaction + €4

where W: overall mean

A effect of major area i

Y effect of year j

D,: effect of depth stratum k

Interaction: any possible combination of
two effect interaction

€: error term assumed to be distributed nor-
mally

As the surveys did not strictly coincide in all

areas and were accomplished at the end, or just after
the reproduction period, full recruitment to the fish-
ery of the newly born individuals was not performed
and could be traced only in some areas in certain
years. For this reason, the use of biomass indices

was preferred as they are expected to be less sensi-
tive to spatio-temporal fluctuations, than number
indices owing to the irregular presence of recruits.
The constant 1 was added to all CPUE rates to
account for few zero observations and the surface of
the corresponding sub-area depth stratum was used
as a weighting factor in order to take into account
the relative size importance of each sub-area.

The measure of goodness of fit of the models was
the coefficient of determination (R?) and the propor-
tion of the variation attributed to each factor was
indicated by the eta-square statistic (Dixon and
Massey, 1985) All statistical inferences were based
on the 95% confidence level.

The percentage length frequency distribution of
the catches was calculated on an annual basis, sepa-
rately for each major area, from the corresponding
sub-area estimates using as weighting factors the
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TABLE 4. — Mullus surmuletus: Mean abundance (in number of individuals / km?) estimated from the MEDITS trawl surveys per depth stra-
tum, geographical sector and year (1994-1999). Not sampled strata are indicated by ‘*’. Values higher than 3000 individuals /km? are
presented in bold.

1994 1995 1996
Depth (m) Depth (m) Depth (m)
Sector code Sector 1050 50-100 100-200 200-500 500800 1050 50-100 100-200 200-500 500-800 1050 50-100 100-200 200-500 500-800
111a Alborén Sea 38 473 0 3 0 0 568 51 2 0 184 285 107 1 0
112a Alicante 3 24 6 0 0 173 72 418 17 0 41 112 0 25 0
113a Catalan Sea 6 42 8 0 0 16 5 27 0 0 4 42 42 0 0
1 l4a W Morocco % * * * % k3 * k3 £ % * * * sk %
1 14b E MOrOCCO * * * * * * * * * * * * * 3k *
121a W Gulf of Lions 0 28 10 0 0 3015 19 2 0 0 2 0 0 0
121b E Gulf of Lions 0o 2 9 6 0 0 3 18 0 0 16 0 14 10 0
131a NE Corsica * 122 157 0 0 36 184 20 * 319 59 4 0
131b SE Corsica * 377 8 0 0 * 361 485 0 0 * 1169 80 0 0
132a N Ligurian Sea o 0 0 2 0 0 4 6 0 0 0 8 0 0 0
132b E Ligurian Sea 3 325 3 0 9 10 35 2 0 41 0 30 4 0
132¢ N Tyrrhenian Sea 12 46 2 5 0 25 21 6 4 1 0 25 4 0 0
132d Centr. Tyrrhenian 0o 0 3 0 0 0 13 12 1 0 1m0 12 0 0
133a SE Sardinia 139 245 12 0 0 43 623 52 7 0 8 144 0 4 0
133b NE Sardinia 0 169 0 0 0 0 20 0 0 0 251 28 118 49 0
133¢ N Sardinia 30 38 0 0 0 32 57 540 0 0 16 144 7 0 0
133d NW Sardinia 2822 83 0 0 0 0 43 20 0 488 10 32 0 0
133e W Sardinia 239 0 35 6 0 783 0 69 23 35 150 25 11 6 0
133f SW Sardinia 0 49 0 159 0 3501 511 14 179 0 549 296 209 163 0
133¢ S Sardinia 0 0 0 13 0 159 = 0 3 0 6177 0 0 0 0
134a SE Tyrrhenian 6 0 0 2 0 17 0 7 1 0 0 0 0 0 0
134b SW Tyrrhenian 0 32 7 5 0 o 0 17 7 0 6 0 3 1 0
134¢ Sicilian Channel 48 153 195 61 2 34 246 87 70 1 11 347 125 472 7
211a N Adriatic Sea 1 0 % * o 0 ¢ o 0 0 ®
211b Central Adriatic 0 4 3 4 0 0 0 4 0 0 0 2 0 2 0
21lc N Adriatic-Slov o0 o o * T 0 ¥ ® o
211d NE Adriatic-Croat % 0 % % * LA S o 0 0 o0 @
221a E Sicily 450 0 7 40 81 33 7 66 0 102 288 182 0 0
221b NW Ionian Sea 0 0 0 0 0 2 0 1 0 1 1m0 558 0 0
221c N Ionian Sea 0o 0 0 0 0 0 0 0 0 0 0o 0 0 0 0
221d N Tonian Sea * 0 0 0 0 05 0 12 0 0 20 38 40 0 0
221e SW Adriatic Sea 0 64 5 0 0 * 42 13 0 0 0 15 0 0 3
221f SW Adriatic Sea 80 14 4 0 0 38 7 4 0 0 0 0 0 0 0
221g SW Adriatic Sea 75 11 0 * 0 0o 0 0 * 0 0 0 0 * 0
221h SW Adriatic Sea 2 4 3 17 0 13 0 3 45 2 8 4 0 52 0
221i SE Adriatic Alban % 0 % % * SO 0 0 0 0 0
222a E lonian Sea 240 0 0 0 0 0 0 8 0 0 30 0 0 0
223a Argosaronikos 10824 0 7 0 0 2405 171 5 0 0 185 78 42 43 0
224a N Aegean Sea 10 0 10 0 0 153 4 29 0 0 313 2 145 10 0
225a S Aegean Sea 5696 449 607 1 0 27 41 145 30 0 5523 556 269 46 0
sub-area surface and relative abundance were highly significant for both species (Table 6).

(number/km?). Subsequently, by averaging the annu-
al estimates the mean percentage length frequency
distribution for the sampled period was estimated.
Finally, summary statistics, including minimum,
maximum, mean and standard deviation were calcu-
lated by major area and year.

RESULTS
Abundance indices

The applied GLMs explained 45% and 61% of
the total variance for M. barbatus and M. surmuletus,

respectively. The Analysis of Variance (ANOVA)
results revealed that differences among major areas
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The same was true for the depth-major area interac-
tion, indicating that the species did not follow the
same depth distribution pattern in all major areas.
Differences among years and depth strata were also
significant in the case of M. barbatus as well as the
year-major area interaction in the case of M. sur-
muletus. The latter indicated that the inter-annual
CPUE pattern differed among major areas.

The computed eta-squared statistics showed that,
for both species, the highest proportion of the varia-
tion in the CPUE indices was attributed to differ-
ences among major areas. This was particularly true
in the case of M. surmuletus where major area
explains as much as 43% of the total variation.

Overall yearly fluctuations seemed to be greater
for M. barbatus than for M. surmuletus (Fig. 1).



TABLE 4 (Cont.). — Mullus surmuletus: Mean abundance (in number of individuals / km?) estimated from the MEDITS trawl surveys per depth
stratum, geographical sector and year (1994-1999). Not sampled strata are indicated by ‘*’. Values higher than 3000 individuals /km? are
presented in bold.

1997
Depth (m)

Sector code Sector 10-50  50-100 100-200 200-500 500-800

10-50  50-100 100-200 200-500 500-800

1998
Depth (m)

1999
Depth (m)
10-50  50-100 100-200 200-500 500-800

111a Albordn Sea 77 13 75 0 0
112a Alicante 164 20 23 0 0
113a Catalan Sea 7 63 32 0 0
114a W Morocco * * * * *
114b E Morocco * * * * *
121a W Gulf of Lions 5 18 18 0 0
121b E Gulf of Lions 0 0 26 3 0
131a NE Corsica * 94 * 0 0
131b SE Corsica * 0 0 0 *
132a N Ligurian Sea 724 8 24 1 0
132b E Ligurian Sea 153 6 20 3 0
132¢ N Tyrrhenian Sea 24 20 2 3 0
132d Centr. Tyrrhenian 234 7 9 0 0
133a SE Sardinia 192 43 0 0 0
133b NE Sardinia 2336 125 33 0 0
133c N Sardinia 60 78 0 0 0
133d NW Sardinia 2092 8 23 0 0
133e W Sardinia 100 194 93 0 0
133f SW Sardinia 13 246 42 0 0
133¢g S Sardinia 2188 0 11 141 0
134a SE Tyrrhenian 76 4 0 0 0
134b SW Tyrrhenian 0 5 7 0 0
134c Sicilian Channel 62 418 193 51 2
211a N Adriatic Sea 0 0 * * *
211b Central Adriatic 0 10 4 13 0
211c N Adriatic-Slov 0 * * * *
211d NE Adriatic-Croat 0 0 0 0 *
221a E Sicily 0 0o 47 25 0
221b NW Ionian Sea 0 0 0 0 0
221c N Ionian Sea 0 0 0 0 0
221d N Ionian Sea 43 0 53 0 1
221e SW Adriatic Sea 0 22 3 0 0
221f SW Adriatic Sea 24 0 9 0 0
221g SW Adriatic Sea 0 0 0 * 0
221h SW Adriatic Sea 18 0 7 50 0
221i SE Adriatic Alban 0 2 2 0 0
222a E Ionian Sea 0 3 0 0 0
223a Argosaronikos 1862 203 42 2 0
224a N Aegean Sea 4 2 119 2 0
225a S Aegean Sea 8372 195 817 30 0

63 117 220 0 0 0 9 29 0 0

0 68 88 1 0 562 31 95 8 1

4 50 28 * 0 9 27 4 0 0

* * * * * 0 0 35 0 0

* * * * * 414 426 3 0 0

3 31 2 24 0 6 10 7 5 0

0 3 7 0 0 11 0 92 5 *

* 853 47 0 0 * 126 332 6 0

* 509 17 0 0 * 844 47 5 0

33 7 0 0 0 43 21 0 0 0

3 9 14 0 0 0 3252 1 0
260 40 4 21 1 2543 27 6 1 1
22 4 12 0 0 0 0 10 0 0

0 2203 115 4 0 118 360 19 52 7
1308 324 330 3 0 0 988 568 41 0
106 69 82 0 0 117 294 2044 90 0
1883 245 228 0 0 864 0 123 127 10
81 135 256 6 0 559 3317 160 0 0
1210 347 746 15 0 387 216 606 103 0
43 369 41 59 0 43 0 269 3 0
11 0 0 0 0 11 3 4 1 0

0 6 3 0 0 0 0 38 0 0

17 504 79 32 1 0 254 14 3 5

8 0 2 0 * 90 15 3 14 *

10 5 46 10 * 0 * * * *

0 11 92 36 0 0 0 59 0 0

0 0o 74 7 0 11 0 43 0 0

0 0 21 3 0 0 0 0 0 0

88 0 231 54 1 0 0 60 17 0

0 15 3 0 0 0 22 0 0 0

72 23 0 0 0 255 0 13 0 0
33 8 7 * 0 1063 0 0 * 0
47 11 12 15 0 13 19 28 218 0

0 2 0 0 0 46 5 5 0 0

7 0 0 2 0 0 2 0 9 0
372 29 274 15 0 7 24 326 275 0
4 0 285 4 0 0 0 38 2 0
57552 101 450 135 2 59198 159 116 123 0

The spatial distribution of both species followed
a rather complex pattern and there were noticeable
fluctuations among areas particularly for M. sur-
muletus (Fig. 2). M. barbatus was more abundant
than M. surmuletus in all major areas and particular-
ly in the northern Adriatic, eastern lonian and north-
ern Aegean seas. The lowest indices for M. barbatus
were computed for Alicante, Sardinia, southern
Adriatic and western lonian seas and the highest for
the northern and southern Aegean seas, as well as,
the waters of Corsica. M. surmuletus was far less
abundant in the Adriatic and Ionian seas while the
highest indices were estimated for two areas of the
eastern basin, the Argosaronikos gulf and the south-
ern Aegean Sea.

The highest abundance index of M. surmuletus
was estimated for the deepest stratum (100-200) of

CPUE

1994 1995 1996 1997 1998 1999
Year

FiG. 1. — Standardised CPUE estimates by year, for Mullus barba-

tus (continuous line) and Mullus surmuletus (dashed line). Esti-

mates are expressed in In (g/km?) and vertical lines indicate their
95% confidence intervals.

the shelf zone while M. barbatus seemed to prefer
the more coastal strata (Fig. 3).
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TABLE 5. — Mullus surmuletus: Mean biomass (in kg/km?) estimated from the MEDITS trawl surveys per depth stratum, geographical sector
and year (1994-1999).Not sampled strata are indicated by ‘*’. Values higher than 100 kg/km? are presented in bold.

1994 1995 1996
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
111a Alborén Sea 22 509 0 038 0 0 347 30 07 0 89 314 267 0.1 0
112a Alicante 18.1 25 1.1 0 0 100 64 352 27 0 24 10.8 0 44 0
113a Catalan Sea 02 29 09 0 0 1.7 56 27 0 0 0.8 40 58 0 0
1 14a W MOrOCCO * * * * * * * * * * * * * ES *
1 l4b E Morocco * ES & ES * * ES ES ES * * * £ * *
121a W Gulf of Lions 0 34 17 0 0 03 16 15 07 0 0 0.1 0 0 0
121b E Gulf of Lions 0o 02 17 17 0 0 07 29 0 0 1.4 0 28 1.1 0
131a NE Corsica * 94 9.1 0 0 * 1.2 4.1 0.4 0 * 221 22 12 0
131b SE Corsica * 120 04 0 0 * 13.6 323 0 0 * 364 43 0 0
132a N Ligurian Sea 0 0 0 0.1 0 0 34 13 0 0 0 038 0 0 0
132b E Ligurian Sea 02 02 07 03 0 01 05 21 02 0 2.4 0 24 03 0
132¢ N Tyrrhenian Sea 14 27 04 10 0 28 19 15 04 0 0 23 05 0 0
132d Centr. Tyrrhenian 0 0 04 0 0 0 11 18 03 0 0.7 0o 1.7 0 0
133a SE Sardinia 88 123 1.8 0 0 1.5 323 47 06 0 05 89 0 04 0
133b NE Sardinia 0 82 0 0 0 0 135 0 0 0 16.1 1.9 107 59 0
133¢ N Sardinia 1.9 235 0 0 0 2.1 34 397 0 0 09 82 07 0 0
133d NW Sardinia 167.0 4.5 0 0 0 * 0 37 3.1 0 244 07 39 0 0
133e W Sardinia 11.7 * 30 0.6 0 45.8 0 53 22 52 92 19 08 1.1 0
133f SW Sardinia 0 32 0 175 0 1547 223 1.1 113 0 299 17.8 16.1 22.0 0
133g S Sardinia 0 0 0 15 0 2.7 * 0 038 0 18.3 0 0 0 0
134a SE Tyrrhenian 0.3 0 0 02 0 0.7 0 04 0.1 0 0 0 0 0 0
134b SW Tyrrhenian 0 22 06 05 0 0 0o 1.1 038 0 0.6 0 03 04 0
134c Sicilian Channel 21 98 115 80 0.1 21 170 56 53 0.1 1.2 208 81 344 05
211a N Adriatic Sea 0 0 * * * 0 0 * * * 0 0 * * *
211b Central Adriatic 0 03 02 02 0 0 0 04 0 0 0 02 0 02 0
211c N Adriatic-Slov * * * * * 0 * * * * 0 * * * *
211d NE Adriatic-Croat #* * * * * * * * * * 0 0 0 0 *
221a E Sicily 18.9 0 04 60 0 57 13 05 5.6 0 69 185 155 0 0
221b NW Ionian Sea 0 0 0 0 0 0.6 0 038 0 0.1 0.2 0 93 0 0
221c N Ionian Sea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
221d N Ionian Sea * 0 0 0 0 7.3 0 13 0 0 1.2 1.9 30 0 0
221e SW Adriatic Sea 0 50 1.1 0 0 * 29 19 0 0 * 1.3 0 0 03
221f SW Adriatic Sea 44 12 02 0 0 21 05 03 0 0 0 0 0 0 0
221g SW Adriatic Sea 39 09 0 * 0 0 0 0 * 0 0 0 0 * 0
221h SW Adriatic Sea 21 01 01 27 0 1.1 0 02 69 02 05 03 0 82 0
221i SE Adriatic Alban * * * * * * * * * * 0 0 0 0 0
222a E Ionian Sea 10.6 0 0 0 0 0 0 05 0 0 0 0 0 0 0
223a Argosaronikos 175.5 0 0.1 0 0 624 132 0.6 0 0 92 57 31 45 0
224a N Aegean Sea 0.3 0 07 0 0 32 02 12 0 0 141 01 7.1 038 0
225a S Aegean Sea 246 232 417 0.1 0 1.0 22 89 27 0 149 340 13.1 3.6 0
TABLE 6. — ANOVA table for the GLMs fitted to the CPUE (g/km?) indices.
Source Sum of Squares Df Mean Square F Sig. Eta Squared
M. barbatus (R> = 0.45)
Intercept 39.5%10° 1 39.5%10° 3478.55 .00
Year 230190.14 5 46038.02 4.06 .00 0.04
Depth 98180.25 2 49090.12 4.32 .01 0.02
Major area 2.1%10° 13 159698.44 14.08 .00 0.27
Year * Depth 109717.99 10 10971.79 0.96 A7 0.02
Year * Major area 818904.40 65 12598.52 1.11 27 0.12
Depth * Major area 905510.05 25 36220.40 3.19 .00 0.14
Error 5.7*%10° 508 11340.40
Corrected Total 10.4%10° 628
M. surmuletus (R> =0.61)
Intercept 20.6*10° 1 20.6*10° 1192.84 .00
Year 65992.88 5 13198.57 0.76 .58 0.01
Depth 45601.94 2 22800.97 1.31 29 0.01
Major area 6.5%10° 13 500274.80 28.84 .00 0.43
Year * Depth 294280.21 10 29428.02 1.69 .08 0.03
Year * Major area 2.28*10° 65 34007.61 1.96 .00 0.20
Depth * Major area 1.7%10° 25 67492.42 3.89 .00 0.16
Error 8.8%10° 508 17341.08
Corrected Total 22.6%10° 628
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TABLE 5 (Cont.). — Mullus surmuletus: Mean biomass (in kg/km?) estimated from the MEDITS trawl surveys per depth stratum, geographi-
cal sector and year (1994-1999).Not sampled strata are indicated by ‘*’. Values higher than 100 kg/km? are presented in bold.

1997 1998 1999
Depth (m) Depth (m) Depth (m)
Sector code Sector 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800 10-50  50-100 100-200 200-500 500-800
11la Albordn Sea 50 1.0 129 0 0 29 9.0 303 0 0 0 98 46 0 0
112a Alicante 171 2.8 3.1 0 0 0 60 85 02 0 373 35 76 12 03
113a Catalan Sea 09 57 40 0 0 02 43 3.0 * 0 0.8 3.1 0.5 0 0
114a W Morocco * * * * * * * * * * * 0 65 0 0
114b E Morocco * * * * * * * * * * 343 636 0.6 0 0
121a W Gulf of Lions 05 20 21 0 0 0.1 46 02 103 0 05 13 10 29 0
121b E Gulf of Lions 0 0 53 04 0 0 03 10 0 0 0.9 0 176 0.7 *
131a NE Corsica * 39 * 0 0 *30.1 26 0 0 * 41 33 05 0
131b SE Corsica * 0 0 0 * * 174 0.7 0 0 * 460 2.6 1.1 0
132a N Ligurian Sea 03 05 21 0.1 0 22 0.1 0 0 0 21 29 0 0 0
132b E Ligurian Sea 13 06 1.7 03 0 02 04 20 0 0 0 02 185 0.1 0
132¢ N Tyrrhenian Sea 31 1.8 02 06 0 52 31 04 24 01 41 27 07 03 02
132d Centr. Tyrrhenian 14 04 10 0 0 1.8 04 15 0 0 0 0 13 0 0
133a SE Sardinia 26 1.6 0 0 0 0 1160 92 04 0 59 191 15 95 14
133b NE Sardinia 1268 72 33 0 0 649 238 207 03 0 0 648 537 6.0 0
133¢ N Sardinia 45 7.6 0 0 0 84 39 52 0 0 6.3 15.1 204.0 10.1 0
133d NW Sardinia 128.7 05 20 0 0 1239 10.3 20.1 0 0 37.0 0 121 129 12
133e W Sardinia 51 164 7.1 0 0 47 74 204 06 0 30.3 185.7 122 0 0
133f SW Sardinia 0.6 126 44 0 0 632 17.0 476 25 0 16.8 108 422 112 0
133g S Sardinia 6.9 0 08 175 0 22 173 25 11.0 0 2.2 0 241 04 0
134a SE Tyrrhenian 05 02 0 0 0 0.3 0 0 0 0 07 02 03 0.1 0
134b SW Tyrrhenian 0 03 05 0 0 0 03 0.1 0 0 0 0 25 0 0
134¢ Sicilian Channel 45 275 125 44 0.1 14 350 57 29 0 0 191 14 02 03
211a N Adriatic Sea 0 0 * * * 0.1 0 * * * 5.1 0 * * *
211b Central Adriatic 0 04 03 20 0 0.9 0 02 0 * 1.6 09 03 21 *
211c N Adriatic-Slov 0 * #* * #* 0 * * N * 22.8 * * #* *
211d NE Adriatic-Croat 0 0 0 0 * 05 03 25 14 * 0 * * * *
221a E Sicily 0 0 59 21 0 0 06 63 40 0 0 0 30 0 0
221b NW Ionian Sea 0 0 0 0 0 0 0 122 1.0 0 0.6 0 43 0 0
221c N Ionian Sea 0 0 0 0 0 0 0 1.0 04 0 0 0 0 0 0
221d N Ionian Sea 1.3 0 67 0 0.1 6.6 0 164 35 0 0 0 30 1.1 0
221e SW Adriatic Sea * 14 03 0 0 * 08 03 0 0 #0026 0 0 0
221f SW Adriatic Sea 1.6 0 05 0 0 29 13 0 0 0 6.4 0 15 0 0
221g SW Adriatic Sea 0 0 0 * 0 1.6 04 04 * 0 61.4 0 0 * 0
221h SW Adriatic Sea 0.8 0 05 69 0 33 06 07 10 0 05 07 28 241 0
221i SE Adriatic Alban 0 01 04 0 0 0 0.1 0 0 0 09 02 05 0 0
222a E Ionian Sea 0 02 0 0 0 0.4 0 0 02 0 0 0.1 0 15 0
223a Argosaronikos 121.0 159 22 0.1 0 235 1.2 143 1.1 0 05 1.2 232 202 0
224a N Aegean Sea 02 01 68 02 0 0 0 106 03 0 0 0 18 02 0
225a S Aegean Sea 56.2 13.1 43. 2.7 0 1788 22 242 95 03 185.0 42 6.2 9.1 0
13 4
10 4
11 Mullus barbatus
9 4
w 9 4 " 8
= 2
5 5
7 71 {
6 { ----------------- { .
5
5 :
3 . | 10-50 50-100 100-200
Depth stratum (m)
12 —‘
10 Mullus surmuletus FiG. 3. — Standardised CPUE estimates by depth stratum, for Mul-
}: lus barbatus (continuous line) and Mullus surmuletus (dashed line).
8- L. { N { ) I b Estimates are expressed in In (g/km?) and vertical lines indicate
w . i : i their 95% confidence intervals.

T T T

Area code

111 112 113 121 131 132 133 134 211 221 222 223 224 225

FiG. 2. — Standardised CPUE estimates by area, expressed in In
(g/km?). Area codes correspond to the area names mentioned in
Table 1. Vertical lines indicate their 95% confidence intervals.
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Length frequencies
Mullus barbatus
The mean percentage length-frequency distribu-

tions by area are shown in Figure 4. Results indicat-
ed that in most cases more than 70% of the catches

was composed of animals lesser than 15 cm of total
length.

In the western Mediterranean, length distributions
appeared to be generally uni-modal and positively
skewed, with the exception of the Alboran Sea,
where three components could be identified. The
length distribution patterns in the eastern Mediter-

Mullus barbatus
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FIG. 4. — Mean percentage length frequency distributions (TL, cm), of Mullus barbatus by major areas. Numbers in brackets indicate the mean
relative abundance for the sampled period expressed in number of individuals /km?.
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Mullus barbatus
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FIG. 5. — Minimum, maximum and mean length estimates (TL, cm) for Mullus barbatus by major area and year. Vertical lines indicate the
standard deviation of the corresponding mean estimates.

ranean were more complex, with the occurrence of
two modal classes. The smallest modes correspond-
ed to young of the year, i.e. recruits, while the largest
ones to relatively older animals. The highest percent-
age of recruits was recorded in the southern Aegean

followed by those of western Ionian and southern
Adriatic. Signs of recruitment could be perceived in
the samples from the eastern Ionian, northern
Aegean and Argosaronikos. Finally, a remarkable
shape characterised the northern Adriatic distribu-
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tion, where two modal classes of similar strength,
were observed at 9 and 12 cm, respectively.
Time series of minimum, maximum and mean

lengths by year and
Mediterranean are

area in the western and eastern
shown in Fig 5. In the West,

minimum values ranged between 9 and 11 cm,

with the exception

of Sardinia in 1996. The high

value recorded in Corsica in 1997 was based on a

%

%

%

FiG. 6. — Mean percentage length frequency distributions (TL, cm), of Mullus surmuletus by major areas. Numbers in brackets indicate the

very scanty sample of only 6 specimens. In the
East, generally lower minimum sizes were record-
ed, ranging mostly from 4 to 10 cm.

Maximum lengths ranged between 15 and 27 cm
and were generally higher in the western Mediter-
ranean areas. In most of the cases values ranged
from 20-24 and 18-22 cm in the western and eastern

Mediterranean, respectively.
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Mullus surmuletus
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F1G. 7. = Minimum, maximum and mean length estimates (TL, cm) for Mullus surmuletus by major area and year. Vertical lines indicate the
standard deviation of the corresponding mean estimates.

Mean lengths ranged mostly between 13 and 15 Mullus surmuletus
cm. Smaller mean lengths ought to the high pres-

ence of recruits were evident in certain eastern The mean percentage length-frequency distribu-
Mediterranean areas, such as southern Adriatic, tions by area are shown in Fig. 6. The main bulk of
eastern Ionian and southern Aegean seas. catches, which was more than 80% in several areas,

No trends over time were identified regarding was composed of animals having a total length up to
minimum, maximum and mean lengths. 17 cm.
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The western Mediterranean length distributions
generally appeared to be polymodal. However, apart
from Ligurian, northern Tyrrhenian and Sardinian
regions, where recruits were clearly distinguishable,
in the other areas only relatively older animals were
found.

Similarly, in the eastern Mediterranean, length
distributions were also polymodal and the presence
of recruits was clearly evident in all areas except the
northern Adriatic and northern Aegean seas. The
presence of recruits is responsible for the generally
higher mean abundance indices -in terms of num-
ber/km? - that were observed in the above areas.

Time series of minimum, maximum and mean
lengths by year and area in the western and eastern
Mediterranean are shown in Figure 7. Apart from
the cases where recruits were found, minimum val-
ues mostly ranged from 10 to 17 cm. The presence
of recruits was much more common in the eastern
Mediterranean and particularly in the southern
Aegean Sea.

Maximum lengths were higher in the western
Mediterranean, ranged mostly from 22 to 33 cm.
The corresponding range for the eastern Mediter-
ranean was 15 to 28 cm.

Mean lengths mostly ranged from 15 to 21 and
15 to 19 cm in the central and eastern Mediterranean
areas, respectively. Smaller mean lengths ought to
the high presence of recruits were evident in certain
years, particularly in Ligurian, northern Tyrrhenian
and southern Aegean seas. As in the case of M. bar-
batus, no time trend was identified on minimum,
maximum and mean lengths.

DISCUSSION

The common sampling scheme followed in the
present study gave, for the first time, the opportuni-
ty for a global study of the distribution of M. barba-
tus and M. surmuletus in the Mediterranean waters.
In addition, the computation of standardised abun-
dance indices permitted direct spatio-temporal com-
parisons as it removed effects that could bias nomi-
nal indices (Hilborn and Walters, 1992).

The spatial distribution pattern of both species
was rather complex and, at least to a certain extent,
this can be attributed to the different biotic and abi-
otic conditions prevailing in each area. Past studies
have shown that certain geological characteristics,
such as the structure of the shelf, affect the species
distribution. M. surmuletus prefers rough substrates,
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while M. barbatus is more abundant in muddy bot-
toms (Hureau, 1986; Fischer et al., 1987). Lombarte
et al., (2000), who studied the spatial segregation of
M. barbatus and M. surmuletus in the western
Mediterranean, have also reported that M. barbatus
shows a clear preference for the areas where the shelf
becomes wider, while M. surmuletus prefers narrow
shelf areas with rocky or sandy bottoms. In addition,
ecomorphological studies suggest the existence of
adaptive morphological and anatomical characteris-
tics that allow M. barbatus to exploit better than its
congeneric species resources from muddy and turbid
bottoms (Lombarte and Aguirre, 1997).

Apart from the habitat characteristics, the level of
the different fishing activities should also affect the
spatial distribution pattern of the species. For
instance, the particularly long-lasting intense fishing
exerted in some productive areas, such as the Adri-
atic (Papaconstantinou and Farrugio, 2000) may be
responsible for the low indices computed for those
areas. On the other hand, the groundfish trawling
prohibition up to one mile from the coastline, oper-
ating in Greece since the mid 1960’s, may at least
partially explain the high abundance indices
observed in the 0-50 m depth stratum of an area of
low primary production such as the southern Aegean
Sea (Dugdale and Wilkerson, 1988).

Maximum lengths in the western Mediterranean
were generally higher than those recorded in the
eastern part. Similar findings for other demersal
species were also reported in the past and attributed
to productivity differences among areas (Azov,
1991; Stergiou, 1993). Indeed, oceanographic stud-
ies have shown that the primary production in the
western basin is double of that in the eastern (Mar-
galef, 1985; Dugdale and Wilkerson, 1988).

The MEDITS results indicated that M. barbatus
was more abundant than M. surmuletus in all exam-
ined areas. However, this may not always be true, as
the abundance of M. surmuletus may have been
underestimated due to its preference for rough bot-
toms not always accessible by a trawl net. Although
both species were found in all shelf strata, M. sur-
muletus showed maximum abundance in the 100-
200 m depth stratum while M. barbatus showed
maximum abundance in the 50-100 m depth stra-
tum.. This finding is in agreement with the statement
that M. surmuletus has a wider bathymetric range
(Lombarte et al., 2000).

Past growth studies suggested that M. barbatus
and M. surmuletus individuals of lengths up to 15
and 17 cm, respectively, have not completed their



second year of life (Andaloro and Prestipino Giarrit-
ta, 1985; Livadas, 1988; Morales-Nin, 1991; Levi et
al., 1992, 1993; Vassilopoulou and Papaconstanti-
nou, 1992a, 1992b; Vrantzas et al., 1992; Ardizzone
et al., 1994; Relini et al., 1994; Spedicato and
Lembo, 1994; Tursi et al., 1994, 1996; Refiones et
al., 1995; Demestre et al., 1997; Fiorentino et al.,
1998a; Voliani et al., 1998a; 1998c). The high pres-
ence in the samples of fish up to those lengths
implies that they were mainly composed of one and
two year old fish.

Assuming that the size composition of our catches
was representative of the population at sea it can be
concluded that young fish dominated the stocks. Such
a dominance, that makes the Mullus stocks extremely
vulnerable to recruitment fluctuations, may be, at
least partially, attributed to the high fishing pressure
historically applied on the Mediterranean shelf area
(Caddy, 1993; Farrugio et al., 1993).

Our data failed to demonstrate any overall time
trends on the abundance indices of both species sug-
gesting the presence of at least stable recruitment
rates during the studied period. Overall, it seems that
the stocks are under a “stable overfishing” condi-
tion. The durability of some fisheries that are large-
ly based on massive catches of juvenile fish is not
rare in the Mediterranean and can be explained by
the hypothesis of a good stock-recruitment relation-
ship for low levels of spawning stock biomass (Far-
rugio et al., 1993). In the present case, it can be
speculated that the increased productivity of the
Mediterranean basin during recent years (Papacon-
stantinou and Farrugio, 2000) has supported recruit-
ment rates that compensate for the high fishing pres-
sure. The ability of some Mullus species, such as M.
barbatus, to delay their settlement until they reach
suitable substrates (Kendall et al., 1984), may also
contribute towards successful recruitment

Although no decreasing trends were identified,
neither in the abundance indices nor in the maxi-
mum and modal lengths, the fact that Mullus stocks
are so highly dependent on recruitment, makes the
employment of measures to protect spawning and
nursery areas necessary. Measures that include
closed areas and seasons to bottom-trawl fisheries,
and an increase of the mesh size of the net, would be
beneficial and have also been suggested by several
past authors (Hadjistephanou, 1992; Stergiou et al.,
1992; Levi et al., 1993; Demestre et al., 1997). The
employment of such measures gave promising
results in certain areas of the Italian seas (Potoschi
et al., 1995; Pipitone et al., 1996; Relini et al., 1996;

Ardizzone, 1998; Fiorentino et al., 1998b). Conse-
quently, it is expected that the recently applied ban
of trawling in European Mediterranean waters at
depths of less than 50 m, and the increase of the
trawl cod-end mesh size, will favour the recruitment
of Mullus species.

Areas of recruitment could not be traced from the
presently collected data, as the surveys were accom-
plished (depending on the area and year) within or
just after the reproductive period, occurring from
May to July for M. barbatus (Larrafieta and
Rodriguez Roda, 1956; Livadas, 1988; Vrantzas et
al., 1992; Tursi et al., 1994) and April to June for M.
surmuletus (Morales-Nin, 1991; Vassilopoulou and
Papaconstantinou, 1992b). Consequently, recruit-
ment was not generally evident, apart from certain
years, in eastern Mediterranean areas.
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