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Abstract. The object of the study was to determine
whether the composition of the diet of sole Solea solea
Linnaeus, 1758 throughout the year is influenced only by
the presence and abundance of prey or whether in addi-
tion it is influenced by a selection procedure resulting
from its energetic and nutritional needs. Feeding habits
were established by examining the stomach contents of
males and females throughout the year. We recorded the
presence or absence of each prey item and identified dom-
inant, occasional and accidental prey. Differences in the
seasonal composition of the basic diet were analysed (chi-
square). Throughout the year, the diet consisted mainly
of crustaceans, except in autumn when polychaetes were
the most abundant prey. Significant differences (chi-
square) in feeding habits were established between sea-
sons and between sexes in each season. Some of the dom-
inant prey (Ampeliscidae and Callianassidae) live
exclusively in estuaries and bays, and occur in highest
abundance during winter, the season in which sole enter
estuaries to spawn. These prey items were present in
higher numbers in the stomach contents of the sole dur-
ing this period, reflecting the dependence of its diet on
prey availability.

Introduction

The composition of a species’ diet can be influenced both
by its own population dynamics and those of its prey. The
former can display diet variations consistent with differ-
ences in energetic and nutritional needs such as during
periods of active growth and reproduction, together with
differences in capture strategies, the latter determine the
presence or absence of a certain prey in the habitat as well
as its relative abundance in each season.

The composition of the diet of Solea solea Linnaeus,
1758 has been studied by several authors (Braber and
de Groot 1973, Quiniou 1978, Ramos 1981, Lagardére
1987). Similar prey species have been recorded in the sole
diet both in the Atlantic Ocean and the Mediterranean

Sea, and variations in the importance of the individual
prey items probably arise from regional and seasonal
variations in their relative abundance.

The purpose of the present study was to determine
whether seasonal variations in the composition of the
basic diet of Ebro sole are simply a consequence of prey
selection resulting from energetic and nutritional require-
ments. Feeding habits were established by examining the
stomach contents of males and females throughout the
year. The presence or absence of each prey item was
recorded, and dominant, occasional and accidental prey
were identified. Differences in the seasonal composition
of the sole’s diet were statistically analysed.

Materials and methods

Solea solea Linnaeus, 1758 were collected from the Ebro estuary
(40°37'-40°48' N; 0°21'-0°40" E) Tarragona, Spain, each month
(January—December) throughout 1987; 461 individuals were ex-
amined. The fish were weighed, measured, and their sex was de-
termined. Stomach and intestinal tracts were frozen at —40°C.
(Herein, “stomach” is defined as including the stomach and entire
intestinal tract.) Stomachs were cut open under a stereoscopic mi-
croscope; empty stomachs were recorded for calculation of the
vacuity index and were then discarded. Food items were divided
into general groups, identified, assigned to taxonomic categories,
and counted.

Prey items were identified to the family level only, since it was
often impossible to identify some prey items beyond this category,
and since calculation of the dominance index and subsequent com-
parisons must be made at hierarchically homogeneous levels. Al-
though this resulted in less detailed information on prey consumed,
the data were thus more valid in comparisons between different
groups of samples.

Stomach contents were analysed for the sample as a whole and
for males and females separately throughout the year using four
indexes.

(1) Numerical abundance (%N): the number of each prey item
in all non-empty stomachs in a sample, expressed as the percentage
of the total number of food items in all stomachs in a sample.

(2) % frequency of occurrence (%F): based on the number of
stomachs in which a food item occurred: this is expressed as a
percentage of the total number of non-empty stomachs.
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(3) Simpson’s dominance index (1)= X Pi*, where Pi is the num-
ber of prey types (i) in any one stomach divided by the total number
of prey items in that stomach. This index constitutes a measure of
the expected commonness of a particular prey and provides an
estimate of the dominance of a given prey category in the predator’s
diet (Pielou 1975, Ruiz and Jover 1981, 1983). In order to render the
index independent of sample size, A'=(4/z) x 100 was calculated
(z=total number of non-empty stomachs). Finally, dominance val-
ues were expressed as a percentage 4" =(A'/Z ') x 100. Simpson’s
dominance index gives an assessment of the predator’s principal
prey.

(4) Vacuity index (V/): number of empty stomachs divided by
total number of stomachs x 100.

In order to determine the size of the requisite sample, an analysis
of diversity established the point (“#””) at which the diversity value
of prey in the stomach contents became stabilized, resulting in a
saturation of information, which meant that the addition of another
stomach would not add new information. The sample size (non-
empty stomachs) was too small in some months, so fish were
grouped according to season for this analysis.

Sex ratio and age-class composition were determined for each
season, since preliminary studies (Molinero and Flos 1991) had
revealed significant differences related to sex and age class.

The amount of any important prey item in the stomach contents
or its absence for either sex or in any particular season will reveal
significant differences in diet composition. In order to discover
whether other differences exist, only common prey species present
during all seasons were considered to constitute the basic diet.

Statistical analysis

Statistical differences (P<0.05) in basic diet composition among
seasons and statistical differences between sexes in each season were
established by a chi-square test of the frequency of occurrence of
common prey species for all seasons.

Results

In spring, both male and female Solea solea displayed
their lowest vacuity index (FI=20%) (Fig. 1); in sum-
mer, autumn and winter the V1 was similar for both
sexes. The ratio females : males was: 1:1.7 in winter, 1:1.8
in spring, 1:1.3 in summer and 1:1.2 in autumn; however,
for the non-empty stomachs alone, it was 1:1 in winter,
spring and summer and 1.3:1 in autumn. Some prey
items were present throughout the year (Table 1): Nerei-
dae, Eunicidae, Glyceridae, Phyllodocidae, Terebellidae,
Ampharetidae, Ampeliscidae, Leucothoidae, Corophi-
idae, Donacidae and Semelidae were present in the stom-
achs of at least one sex in all seasons. On the other hand,
Nephthydidae, Paraonidae, Cirratulidae, Serpulidae,
Aoridae, Ischyroceridae, Cumacea, Crangonidae, Turri-
tellidae, Cardiidae and Trochidae were present only in
stomachs in one season. Throughout the year, the diet of
the whole sample (males and females) was based mainly
on crustaceans, except in autumn when polychaetes were
more abundant (cf. Tables 2—4 with Table 5). The Am-
phipoda and Tanaidacea were the most abundant crus-
taceans in stomachs, except in winter (Table 2), when the
Decapoda were the most abundant crustacean group.
Apseudidae disappeared from the stomach contents in
winter. Errant polychaetes were more important than
sedentary polychaetes in summer, but in spring and
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Fig. 1. Solea solea. Vacuity index (VI, %) of males and females as
a function of season. V'T=number of empty stomachs < total num-
ber of stomachs x 100
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Fig. 2. Solea solea. Prey abundance as a function of sex and season,
determined from contents of 291 non-empty stomachs

autumn the situation was reversed; in winter, the propor-
tion of sedentary and errant polychaetes was similar.
The numerical abundance of the molluscs increased in
spring (Table 3). The basic diet was established on the
presence of prey items common to all seasons: Nereidae,
Eunicidae, Glyceridae, Phyllodocidae, Terebellidae, Am-
pharetidae, Ampeliscidae, Leucothoidae, Corophiidae,
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Table 1. Solea solea. Prey recorded in stomach contents as a func-
tion of sex and season. F: females; M: males; +: present; —: absent

Prey Winter Spring Summer  Autumn

F M F M F M F M

Polychaetes
Neureidae
Eunicidae
Glyceridae
Phyllodocidae
Aphroditidae
Nephthydidae
Syllidae
Terebellidae
Sabellidae
Sternaspidae
Spionidae
Paraonidae
Cirratulidae
Serpulidae
Ampharetidae
Maldanidae

Crustaceans
Ampeliscidae
Leucothoidae
Corophiidae
Aoridae
Ischyroceridae
Caprellidae
Apseudidae
Isopoda
Cumacea
Alpheidae
Callianassidae
Grapsidae
Processidae
Portunidae
Crangonidae
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Moilluscs
Donacidae
Tellimdae
Turritellidae
Naticidae
Nassariidae
Cardiidae
Semelidae
Cardiidae
Philinidae
Pyramidellidae
Nuculidae
Nucularidae
Cerithiidae - -
Trochidae - -

L+ + 1 ++ 1+
| \
|
I+ +
I+
|1+
P+

'+ 1+ 1+ 1
|

|
|

I+ + 1 +++ 1

|
!
|
|

|
!
|
|
|

+
L+ 0+ +4 1+ 1+ 4+
I+
L4+ | +++++ |

|
|
|
|+
++
|

Donacidae and Semelidae. A chi-square test was applied
to the data to ensure that any differences did not arise
merely from the presence or absence of a prey in the
stomachs.

Influence of season on male diet

Season significantly affected the basic diet of males (chi-
square test). The numerical abundance (%N) of crus-
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taceans and polychaetes displayed an inverse relationship
(Fig. 2): %N of crustaceans increased from winter to
summer, diminishing in autumn, whereas that of poly-
chaetes decreased from winter to summer, increasing in
autumn — at which time it was at the same level as that of
the crustaceans. %N of molluscs was fairly constant
throughout the year, although slightly higher numbers
were recorded in autumn. The importance of the indi-
vidual crustacean groups varied during the year (Tables
2-5): decapods were more abundant in winter (% N=
43.7), Amphipoda in spring (% N=35.9) and summer
(% N=060.9), and Amphipoda (% N =25.0) and Tanaida-
cea (% N=16.2) in autumn.

Influence of season on female diet

Season also significantly affected the basic diet of females
(chi-square test). %N of crustaceans fluctuated through-
out the year (Fig. 2). Polychaetes were constant in abun-
dance throughout the year except in autumn, when their
numbers increased steeply, %N of molluscs was also
quite constant throughout the year, except in spring,
when numbers increased. Among the crustaceans, the
Decapoda were most abundant in winter (% N=62.5);
thereafter, they decreased, being replaced in dominance
by Tanaidacea in spring (% N =22.8) and by Amphipoda
in summer (%N =42.8). Molluscs were more abundant
(%N) in the female than in the male diet.

Comparison of male and female diet as a function
of season

Winter

The chi-square test revealed significant differences
(P<0.001) between male and female diets in winter.
Simpson’s dominance index showed Nereidae, Terebelli-
dae and Callianassidae to be the dominant prey items for
both sexes, but with different dominance-index values for
each sex (Table2). Ampeliscidae and Alpheidae were
dominant in the male diet (1" =12.1 and 6.5%, respec-
tively), but not in the female diet (A"=0.83 and 3.2%,
respectively). Their frequency of occurrence (%F) in
stomach contents was similar, but their numerical abun-
dance (%N) differed. As a result, their dominance in-
dexes (1") were different.

Spring

Significant differences (P <0.001) were found between
the basic diet of males and females in spring (Table 3).
Callianassidae was again the dominant prey, with similar
A" values for male (44.23%) and female (45.6%) diets.
Apseudidae had become dominant in the male (1" =
19.8%) and female (1" =12.7%) diets. Terebellidae again
constituted a numerically dominant prey, but with a
lower dominance index than in winter.



Table 2. Solea solea. Prey recorded in stomach contents in winter. N: total numbers counted; % N: number of prey items in all non-empty
stomachs as % of total number of food items; %F: percentage of frequency of occurrence; 4”: Simpson’s dominance index; —:absent

Prey Females Males

N %N WF A N %N %F AT

Polychaetes

Errant
Nereidae
Eunicidae
Glyceridae
Phyllodocidae
Aphroditidae
Nephthydidae
Syllidae - -
(total errant) 27 14.5

Sedentary
Terebellidae 19 10.3 23.5 6.74 29 20.1 51.4 25.16
Sabellidae - - - - - - - -
Sternaspidae 2 1.0 5.8 0.20 3 2.0 5.7 4.12
Spionidae - - - -
Paraonidae - - - - — - - -
Cirratulidae - - - - — - - -
Serpulidae - - - - - — - -
Ampharetidae - - - - 2 1.3 5.7 0.16
Maldanidae - - -
(total sedentary) 21) 11.3

Total polychaetes 48 259 58 40.1

Crustaceans
Amphipoda
Ampeliscidae 5 2.7 8.8 0.83 16 11.1 174 12.16
Leucothoidae 3 1.6 8.8 492 2 1.3 2.8 0.25
1 _ _
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Corophiidae 0.5 2.9 0.09
Aoridae
Ischyroceridae - ' - - - - - - -
Caprellidae - - - - - -
(total amphipods) 9) 438 (18) 12.5
Tanaidacea - - - - - - - -
Apseudidae - - - - - - - -
Isopoda 2 11 5.8 1.0 1 0.6 2.8 0.25
Cumacea - - - - - - - -
Decapoda
Alpheidae 9 49 23.5 3.2 12 83 25.7 6.50
Callianassidae 94 51.9 67.6 62.5 47 32,6 34.2 32.25
Grapsidae 4 22 8.8 2.30 2 1.3 5.7 0.11
Processidae 3 1.6 8.8 0.22 2 1.3 57 0.09
Portunidae 2 1.5 29 0.29 - -
(total decapods) (112) 62.5 (63) 437
Total crustaceans 123 68.7 82 57.0

Molluscs
Bivalvia
Donacidae 1
Tellinidae - - -
Cardiidae 2 1.7 2.9 1.17
Semelidae 3
Nuculidae -
Nucularidae - - - - - - - -
(total bivalves) ©) 33 ©)) 2.0
Gastropoda
Turritellidae 1 0.5 2.9 0.13 1 0.6 2.8 0.03
Naticidae - - - - - - — -
Nassariidae - - - - - - - -
Philinidae - - - - - .- - -
Barleiidae - - - - - - - -
Pyramidellidae - - - - - - - -
Cerithiidae - - - - - - - -
Trochidae - - - - -
(total gastropods) (@ i1 m 0.6
Total molluscs 8 4.4 4 2.7




Table 3. Solea solea.

Prey recorded in stomach contents in spring. *: P<0.01, Further details as in Table 2

Prey Females Males
N %N %F A N %N %NF A"
Polychaetes
Errant
Nereidae 13 114 111 3.33 3 0.3 4.6 0.23
Eunicidae 13 1.1 4.7 1.61 23 2.4 9.2 3.28
Glyceridae 6 0.5 9.5 0.12 9 0.9 123 1.23
Phyllodocidae 19 1.6 15.8 0.58 9 0.9 6.1 0.84
Aphroditidae - - - - 1 0.1 1.5 0.28
Nephthydidae - - - - - - - -
Syllidae 2 0.1 31 0.04 - - - -
(total errant) (53) 4.4 (45) 4.8
Sedentary
Terebellidae 103 8.9 42.8 8.00 138 14.8 353 8.85
Sabellidae 3 0.2 3.1 0.01 3 0.3 1.5 0.07
Sternaspidae - - - - - - - -
Spionidae - - - - 1 0.1 1.5 *
Paraonidae - - - - - - - -
Cirratulidae - - - - - - - -
Serpulidae - - - - - - - -
Ampharetidae 153 13.3 22.2 6.15 97 10.4 16.9 2.76
Maldanidae - - - - - - - -
(total sedentary) (259) 22.5 (239) 25.7
Total polychaetes 312 27.1 284 30.6
Crustaceans
Amphipoda
Ampeliscidae 174 15.1 333 6.89 77 8.2 24.6 3.59
I eucothoidae 5 0.4 4.7 0.40 13 14 9.2 1.23
Corophiidae 12 1.0 6.3 4.39 241 259 3.0 4.57
Aoridae - - - - 3 0.3 3.0 *
Ischyroceridae N - = - - - - -
Caprellidae 3 0.2 31 0.03 - - - -
(total amphipods) (194) 16.8 (334) 359
Tanaidacea
Apseudidae 263 22.8 38.1 12.79 178 19.1 44.6 19.84
(total tanaids) (263) 22.8 (178) 191
Isopoda - - - - 2 0.2 3.0 0.01
Cumacea - - - - — — — _
Decapoda
Alpheidae - - - - 1 0.1 1.5 2.53
Callianassidae 95 8.3 42.8 45.61 83 8.9 43.0 44.23
Grapsidae 2 0.1 31 0.07 2 0.2 3.0 0.63
Processidae - - - - 1 0.1 1.5 0.15
Portunidae 12 1.0 12.7 0.49 1 0.1 1.5 0.05
(total decapods) (109) 9.4 (88) 9.4
Total crustaceans 566 49.2 602 64.8
Molluscs
Bivalvia
Donacidae 1 * 1.5 0.07 1 0.1 1.5 0.15
Tellinidae 2 0.1 1.5 * - - - -
Cardiidae 1 * 1.5 0.02 - - - -
Semelidae 242 21.0 26.9 8.09 40 43 30.7 5.33
Nuculidae 1 * 1.5 * - - - -
Nucularidae 1 * 1.5 * - - — _
(total bivalves) (248) 21.5 41) 44
Gastropoda
Turritellidae - - - - — ~ _
Naticidae 1 * 1.5 * - — - —
Nassariidae - - - - - _ - _
Philinidae 23 2.0 7.9 0.99 - - -
Barleiidae — - - - - — - —
Pyramidellidae - - - - 1 0.1 1.5 *
Cerithiidae - - - - — — - -
Trochidae - - - - _ _ - -
(total gastropods) (24) 2.0 1) 0.1
Total moltuscs 272 23.6 42 4.5




Table 4. Solea solea. Prey recorded in stomach contents in summer. Further details as in Tables 2 and 3

Prey Females Males
N %N %F A N %N %F A
Polychaetes
Errant
Nereidae 33 7.9 21.5 6.34 24 44 26.5 2.69
Eunicidae 13 31 17.6 6.58 13 2.3 14.2 2.40
Glyceridae 14 33 17.6 6.74 5 0.9 8.1 1.05
Phyllodocidae 13 3.0 13.7 2.12 20 3.6 14.2 1.67
Aphroditidae 32 7.8 1.9 2.90 1 0.1 2.0 0.83
Nephthydidae 2 0.4 3.9 3.21 - - - -
Syllidae 2 0.4 39 0.10 - - - -
(total errant) (109) 26.7 (63) 12.4
Sedentary
Terebellidae 11 2.6 15.6 7.82 24 47 18.3 6.98
Sabellidae 0.2 1.9 0.77 - - - -
Sternaspidae 2 04 1.9 0.08 - - - -
Spionidae - - - - - - -
Paraonidae - - - - - — - -
Cirratulidae - - - - - - - -
Serpulidae - - - - - - - -
Ampharetidae 4 0.9 5.8 0.43 3 0.5 2.0 0.83
Maldanidae - - - - 1 0.1 2.0 0.70
(total sedentary) (18) 44 (28) 5.3
Total polychaetes 127 31.1 91 17.7
Crustaceans
Amphipoda
Ampeliscidae 132 31.8 31.3 24.02 245 48.3 489 37.44
Leucothoidae 41 9.6 333 5.09 64 12.6 34.6 9.35
Corophiidae 1 0.2 1.9 0.04 - - - -
Aoridae - - - - - - - -
Ischyroceridae - - -~ - - - -
Caprellidae 1 0.2 1.9 0.08 - - - -
(total amphipods) 175) 428 (309) 60.9
Tanaidacea
Apseudidae 10 2.4 11.7 0.63 39 7.7 32.6 7.30
(total tanaids) (10) 2.4 (39) 7.7
Isopoda 15 3.6 3.9 2.28 7 1.3 8.1 0.97
Cumacea - - - - - - - -
Decapoda
Alpheidae - - - - - - -
Callianassidae 25 6.8 17.6 12.87 25 49 16.3 7.54
Grapsidae 5 1.1 1.9 0.19 - - - -
Processidae - - - - - - - -
Portunidae - - - - - - -
Crangonidae 9 21 1.9 0.05 - - - -
(total decapods) (39 9.5 (25 49
Total crustaceans 239 58.5 380 74.9
Molluscs
Bivalvia
Donacidae 1 0.4 1.9 0.34 - - - -
Tellinidae 8 1.8 7.8 342 20 6.9 12.2 9.99
Cardiidae 8 1.6 5.8 1.03 - - - -
Semelidae 1 1.4 1.9 0.08 1 0.4 2.0 0.05
Nuculidae 1 0.8 19 0.12 - - - -
Nucularidae 1 0.9 1.9 0.01 - - - -
(total bivalves) (31 7.5 (25) 4.9
Gastropoda
Turritellidae - - - - - - - -
Naticidae - - - - - - - -
Nassariidae 6 1.9 9.8 1.25 6 0.4 4.0 0.03
Philinidae 5 2.9 5.8 0.44 5 1.6 8.1 5.26
Barleiidae - - - - - - - -
Pyramidellidae - - - - 1 0.3 2.0 *
Cerithiidae - - - - 3 0.6 2.0 0.05
(total gastropods) (11 2.6 an 2.1
Total molluscs 42 10.2 36 7.1




Table 5. Solea solea. Prey recorded in stomach contents in autumn. Further details as in Tables 2 and 3

Prey Females Males
N %N %F A" N %N %F A
Polychaetes
Errant
Nereidae 37 7.2 19.5 3.96 31 18.0 37.0 11.97
Eunicidae 3 0.5 4.8 0.01 2 1.2 7.4 0.75
Glyceridae 12 2.3 17.0 3.16 3 1.7 11.1 0.79
Phyllodocidae 8 1.5 14.6 4.50 3 1.7 111 332
Apbhroditidae 7 1.3 2.4 0.06 - - - -
Nephthydidae - - - - - - - -
Syllidae - - - - - - - -
(total errant) (67) 13.2 39) 22.6
Sedentary
Terebellidae 8 1.5 14.6 4.04 7 4.0 14.8 2.84
Sabellidae 31 6.1 7.6 1.24 - - - -
Sternaspidae - - - - - - - -
Spionidae 1 0.2 2.4 * 1 0.6 3.7 0.03
Paraonidae 15 2.9 14.6 1.35 12 6.9 111 4.40
Cirratulidae 4 0.7 4.8 0.13 2 1.2 37 0.15
Serpulidae 1 0.2 24 * - - - -
Ampharetidae 229 45.5 243 2371 17 9.9 18.5 12.63
Maldanidae 5 0.9 7.3 0.10 - - - -
(total sedentary) (294) 58.1 39) 22.6
Total polychaetes 361 71.3 78 45.3
Crustaceans
Amphipoda
Ampeliscidae 35 6.8 36.5 16.22 17 9.8 333 8.23
Leucothoidae 10 1.9 19.5 3.22 16 9.3 29.6 3.50
Corophiidae 21 41 7.3 4.87 2 1.2 7.4 0.05
Aoridae - - - - - - - -
Ischyroceridae 1 0.2 2.4 0.03 9 52 7.4 3.62
Caprellidae 4 0.7 7.3 0.83 2 1.1 3.7 6.39
(total amphipods) (€3] 14.0 (46) 26.7
Tanaidacea
Apseudidae 33 6.5 26.8 10.93 28 16.2 444 28.78
(total tanaids) 33 6.5 28 16.2
Isopoda - - - - - - - -
Cumacea 3 0.5 7.3 4.16 9 5.2 14.8 1.72
Decapoda
Alpheidae 1 0.2 2.4 4.04 - - - -
Callianassidae - - - - - - - -
Grapsidae - - - - - - - -
Processidae 2 0.3 4.8 8.08 1 0.5 3.7 6.39
Portunidae - - - - ~ - — -
(total decapods) 3) 0.5 (1) 0.5
Total crustaceans 110 21.7 84 48.8
Molluscs
Bivalvia
Donacidae 1 0.1 24 0.02 - - - -
Tellinidae - - - - - - - -
Cardiidae - - - - - - - -
Semelidae 4 0.7 4.8 0.56 - - - -
Nuculidae - - - — - - - -
Nucularidae - - - - - - - -
(total bivalves) 5) 0.9 - -
Gastropoda
Turritellidae - - - - - - - -
Naticidae - - - - 1 0.8 3.7 0.02
Nassariidae i1 21 12.2 0.56 9 52 74 4.05
Philinidae 2 0.4 4.8 4.07 — - - -
Barleiidae - - - - . - - -
Pyramidellidae - - - — - - - -
Cerithiidae 4 0.7 4.3 0.04 - - - -
Trochidae 13 2.5 4.8 0.34 - - - -
(total gastropods) ~(309) 5.9 (10) 5.8

Total molluscs 35 6.9 10 5.8
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Fig. 3. Solea solea. Age distribution (% of total individuals in each age class) as a function of season

Summer

The chi-square test revealed significant differences in the
basic diets of males and females in summer (Table 4).
Four families were predominant in both male and female
diets: Terebellidae, Ampeliscidae, Leucothoidae and Cal-
lianassidae. In the female stomachs, Nereidae, Eunicidae,
and Glyceridae were the other dominant prey items,
whereas Apseudidae, Tellinidae and Philinidae were the
other dominants in males. It is worthy of note that some
dominant prey in male stomachs, e.g. Apseudidae and
Philinidae, were only accidental prey items in female
stomachs.

Autumn

There were significant differences in the basic diets of
males and females in autumn (Table 5). Ampharetidae,
Ampeliscidae, Apseudidae and Processidae were the
numerical dominant prey items in both sexes, albeit with
differences in their dominant indexes. Nereidae and
Caprellidae were other dominant prey of males, whereas
in female stomachs Nereidac were only occasional and
Caprellidae only accidental prey items. In females, there
were no further dominant prey items.

Seasonal influences were also examined as a function
of age (Fig. 3). In winter, 74.5% of the sole in our sam-

ple were in Age Classes III and IV (Age 0=1 to 12 mo,
Age I=131t024 mo, Age I1=25t0 36 mo, Age [II=37to
48 mo, Age IV =49 to 60 mo); their diet consisted mainly
of crustaceans (% N=63.4). This is in accordance with
the results of Molinero and Flos (1991), who reported a
diet based mainly (50%) on crustaceans, principally de-
capods, for these age classes. Hence, diet composition,
age and season are related. In spring, 74.4% of our sam-
ple consisted of Ages Classes II and III, with a diet based
mainly on crustaceans (principally amphipods). In sum-
mer and autumn, similar age classes predominated (82.6
and 79.2% of Age Classes I, II and III in summer and
autumn, respectively). However, the basic diet was differ-
ent in these seasons: in summer it was based mainly on
crustaceans (%o N=167.6) (principally amphipods) and a
few polychaetes (% N=23.8); in autumn it was based on
polychaetes (% N=64.7) and a few crustaceans (% N=
28.6).

Discussion

The vacuity index (V1) of stomachs of Solea solea is esti-
mated as ~50%. The lower V1 value in both males and
females in spring could be due to an increased abundance
of prey as a consequence of favourable environmental
factors such as temperature and photoperiod resulting in
a higher availability of food for the prey. Also, having
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completed the process of reproduction, which takes place
principally in winter in the Ebro estuary, females must
recuperate their energetic resources. Since their gonad
volume will have decreased, the entire capacity of their
intestinal tract is available for food. Ramos (1981), in a
study on the diet of the sole, reported similar results for
the vacuity index: decreasing V1 values after the period of
reproduction. Similar data have been reported for other
flatfishes with similar modes of reproduction (Pitt 1973).

Some assumptions have been made in interpreting the
results: (1) Since the diet composition presumably reflects
environmental changes in prey availability, the most fre-
quent and abundant prey in the stomach contents should
be among the most abundant species in the environment.
(2) Size or other morphological/physiological predator-
prey characteristics can also restrict or facilitate preda-
tion in some scasons. (3) Age influences the feeding
habits of Solea solea (Molinero and Flos 1991), and
therefore age composition must be taken into consider-
ation when evaluating differences in diet. These are dis-
cussed below:

Prey availability. The life cycles of some of the dominant
prey items such as Ampeliscidae (Admpelisca typica) or
Callianassidae (Upogebia sp.) do indeed reflect their
abundance in the environment and in the stomach con-
tents of the sole. For example, Upogebia sp. lives exclu-
sively in protected environments such as estuaries and
bays (Dworschak 1987) and is very abundant in winter; it
is frequently found in sole stomachs in this season. Sole
in Age Classes I, II and III live in estuarine areas near the
coast, whereas Age Class IV individuals live some dis-
tance from the coast, coming into the estuaries in winter
to spawn (Molinero 1986). Hence, the higher abundance
of Upogebia sp. in sole stomachs in winter can be ex-
plained by the higher availability of this prey at a time in
the predator’s life cycle when the distributions of preda-
tor and prey coincide. A similar situation was noted for
Ampeliscidae by Lagardere (1987), who mentioned the
studies of Kaim Malka (1969) and Fincham (1971) con-
cerning the population dynamics of the Ampeliscidae. He
reported that their population increases in summer, and
it is in this season when Ampeliscidae were found more
abundantly in the stomach contents of sole from the Ebro
estuary (present study).

Morphological{physiological predator-prey interactions.
In a previous study (Molinero and Flos 1991), we report-
ed differences in the diets of sole as a function of sex and

age. Such differences emerge when the data for males and .

females are examined separately. Thus, if a prey item is
present in the stomach of one sex only, this indicates its
presence in the habitat, and the possibility of selective
capture. This is however relevant only when the prey is
dominant or occasional; accidental prey must be consid-
ered as casual. In the present study, Ampeliscidae were
dominant in the diet of males in winter, but were merely
accidental in the female diet, indicating that Ampelisci-
dae are actively selected by males because of some un-
known requirement by males for this particular dietary
item. Terebellidae and Corophiidae had similar domi-

507

nance indexes (4”) in both sexes but were more abundant
(% N) in males, although occurring more frequently in
females (% F). These data indicate an abundance of these
prey items in the environment, with the higher frequency
(% F) in females suggesting an increased requirement for
these particular prey items by the females.

Feeding habits as a function of age. In spring and winter,
the basic diet would seem to be a function of age of the
sole. This is not so for summer and autumn, where differ-
ences in the basic diet occurred between individuals of the
same age. The abundance of crustaceans in the habitat
may have decreased in autumn, since Callianassidae were
not found in any stomach during this season; instead, a
higher number of polychaetes was recorded.

During each season, diet was a function of the pres-
ence or absence of prey in the habitat, but also of the age
distribution of the sole. Thus, a relationship exists be-
tween the basic diet of the sole and its age. The basic diet
is also a function of the energetic and nutritional require-
ments of each particular age group as well as a function
of the strategy and capacity of capture.
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