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The diet of Sepia officinalis (Linnaeus, 1758)
and Sepia elegans (D’ Orbigny, 1835)

(Cephalopoda, Sepioidea) from the Ria de Vigo
(NW Spain)*

BERNARDINO G. CASTRO & ANGEL GUERRA

Instituto de Investigaciones Marinas (CSIC). Eduardo Cabello, 6. 36208 Vigo. Spain,

SUMMARY: The stomach contents of 1345 Sepia officinalis and 717 Sepia elegans caught in the Ria de Vigo have been
examined. The feeding analysis of both species has been made employing an index of occurrence, as other indices gave
similar results. The diet of both species is described and compared. Cuttlefish feed mostly on crustacea and fish,
S. officinalis shows 40 different items of prey belonging to 4 groups (polychacta, cephalopods, crustacea, bony fish)
and S. elegans 18 different items of prey belonging to 3 groups (polychaeta, crustacea, bony fish). A significant change
oceurs in diet with growth in 8. officinalis, but not in 8. elegans, within the range studied. The variety of prey decreases
with increase in size of 8. officinalis, but not in 8. elegans. Differences in feeding habits of male and female 8. officinalis
were not observed at any size, but were found in 8. elegans. The feeding intensity of females increases with sexual
maturity in S, efficinalis but notin §. elegans. No seasonal changes in diet were found in absolute values and in order of
importance of the prey clusters. 8. officinalis fed on a wider variety of prey than §. elegans. The value and significance
of some indices employed in feeding ecology is discussed.

Key words: Cephalopods, feeding, Sepia officinalis, Sepia elegans, Ria de Vigo.

RESUMEN: DIETA DE SEPIA OFFICINALIS Y SEPIA ELEGANS EN LA RIA DE VIGO (NO DE ESPANA). — Se estudia la alimenta-
cion de 1345 Sepia officinalis y 717 Sepia elegans, capturadas en la Ria de Vigo, a partir de sus contenidos estomacales.
Distintos indices alimentarios dieron informaciones similares por lo que se usa ¢l Indice de Ocurrencia de presas en la
descripeion de la dieta de ambas especies. Los peces teledsteos y los crustdceos son las presas principales de las dos
sepias. 8. officinalis presenta 40 tipos de presas pertenecientes a 4 phyla (Anélidos: poliquetos: Moluscos: cefalopodos:
Artropodos: crusticeos: Cordados: teledsteos) y S, elegans I8 tipos de presas correspondientes a 3 phyla (Anélidos:
poliquetos:  Artropodos:  crustiaceos: Cordados:  teledsteos). Hay un cambio significativo de la dieta de
5. officinalis con el tamano, no ocurre esto en 8. efegans. La variedad de presas disminuye con la talla de 8. officinalis.
En esta especie no hay diferencias en la dieta de machos y hembras, estas diferencias si existen en §. elegans. En el caso
de 8. efficinalis la intensidad de la alimentacion aumenta en las hembras con la maduracion, En esta misma especie no
hay cambios estacionales de la dieta. La alimentacion de S. officinalis presenta un espectro de presas mas amplio que la
de 8. elegans. Se discute la utilizacion de algunos indices empleados en ecologia de la alimentacion.

Palabras clave: Cefalopodos, alimentacion, Sepia officinalis, Sepia clegans, Ria de Vigo.
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INTRODUCTION

Cephalopods are carnivores exhibiting rapid
growth, high metabolic rates (O'DOR & WEBER,
1986) and. therefore, they have a great demand for
energy. Sepia officinalis and Sepia elegans are two
relatively abundant species in the Ria de Vigo
(GUERRA e¢r al., 1986): as a result, its feeding must
have a significant impact on prey species.

* Received October 27, 1989, Accepted November 29, 1990,

The only previous studies of the prey of Sepia of-
ficinalis Linnaeus 1758 in its natural habitat are those
by Najal & KTARI (1979) in the Gulf of Tunis,
SCALERA-LIACI & PISTICELLI (1982) in the Lesina
Lagoon (Italy)., GUERRA (1985) in the Ria de Vigo
(NW Spain), and LE MAO (1985) in the Gulf of St.
Malo (France). The first report on the natural diet of
Sepia elegans Blainville 1827 is by GUERRA (1985) in
the Ria de Vigo.
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All these studies were carried out employing
small numbers of stomachs, and for this reason they
give useful but limited information. Moreover, the
data of previous studies has not been analysed quan-
titatively to any significant extent. Apart from ex-
panding, on the information of GUERRA (1985), and
emphasizing quantitative aspects, present paper deals
with the effect of sexual maturation on feeding and
the possible existence of seasonal variations in diet.

MATERIAL AND METHODS

The stomach contents of 1345 S. officinalis and
717 S. elegans were examined. The animals were
taken in 572 trawl hauls (of 20 minutes maximum du-
ration) in the Ria de Vigo from April 1982 to Februa-
ry 1987. An otter trawl was used with a 6.3 m ground
rope, and a cod-end of 35 mm mesh size. The
sampling methods and gear used were described
by ALONSO-ALLENDE & GUERRA (1984) and GUE-
RRA et al. (1986). S. officinalis captured measured
14-237 mm dorsal mantle length (ML) and §. elegans
11-65 mm.

The material obtained was divided into two
groups (A and B) which received different
treatments; more quantitative information was re-
corded for group B.

Group A was made up of 525 S. officinalis and
379 §. elegans that were stored in labelled boxes on
board with the total capture of each haul, then stored
in the laboratory at 4 °C and frozen the following
night a —20 °C, and analyzed following criteria simi-
lar to those used by GUERRA (1985).

Group B was composed of 820 S. officinalis and
338 §. elegans that were removed on board from the
total capture, preserved in portable ice boxes and
frozen in the laboratory at —20 °C, within 6 hours of
capture. The dorsal mantle length (ML) in mm and
the total weight (BW) in g were recorded, after re-
moving excess fluid with blotting-paper. Animals
were sexed and the stage of sexual maturity de-
termined according to the maturity scale used by
RICHARD (1971) and ALONSO-ALLENDE & GUERRA
(1984). The digestive tract was removed and the
fullness of the stomach recorded using a subjective
scale of 0 to IV. Then the digestive tract was stored at
—20°C and later defrosted at room temperature. The
stomach cuticle was removed and the contents weigh-
ed (mg) using a H 80 Mettler balance. Regurgitation
was never observed.

For the study of the qualitative aspects of the diet
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and calculation of the occurrence index all specimens
(groups A and B) were considered, but only group B
was employed in the quantitative aspects of the diet.

Prey were identified to the lowest possible taxon.
When it was not possible to identify a prey, and it was
clearly different from others. it was placed in a dif-
ferent category and assigned to an arbitrary taxon. A
Digestion Stage Index (DSI) was used to classify each
prey within a four point scale (1. well digested — 4,
recently digested) from our own observations and
those of KARPOV & CAILLET (1978).

The following criteria were used in the identifica-
tion of material in the stomach contents: a) remains
of algae and marine phanerogams never showed
breakdown or digestion and were not considered as
prey: b) very small gastropods, ostracods. copepods
and bivalve molluscs were not taken into account;
¢) cephalopods were frequently observed to bite each
other in the net, the presence of cuttle-bones, beaks,
lenses and/or statoliths was required before being
considered as prey: d) crustacea were identified from
eyes, mandibles or appendages after comparison with
a reference collection of species known to inhabit the
Ria de Vigo, together with descriptions and drawings
of ZARIQUIEY-ALVAREZ (1968), INGLE (1980),
MCLAUGHLIN (1980) and GONZALEZ-GURRIARAN
& MENDEZ (1985); e) bony fishes were usually
identified from their otoliths after comparison with a
reference collection of 53 species found in the Ria de
Vigo, and with illustrations in CHAINE (1936),
CHAINE & DUVERGIER (1934), SANZ-ECHEVARRIA
(1937), BAUZA-RULLAN (1962), SCHMIDT (1968)
and HARKONEN (1986), but scales, bones an other
remains were also employed.

The number of individuals present in a single sto-
mach was taken as the smallest from which all of the
fragments could have originated.

Whole organisms were never encountered in the
stomachs examined. as both species break up the
prey during ingestion (GUERRA ef al., 1988). When
more than one type of prey was present it was practi-
cally impossible to sort out the stomach contents, in
which case the total stomach weight was divided by
the total number of items: this occurred in 154
(24.7 %) of the stomachs containing food in S. offici-
nalis, and 69 (18.9 % ) stomachs in S. elegans.

The following indices were used:

Occurrence Index (OCI). — The quotient in per-
cent between the number of stomachs with one type
of prey present and the total number of stomachs
examined which contained debris from one or several
types of prey, each stomach being counted as many



times as the number of different prey types it con-
tained.

Numerical Importance Index (NII). — The rela-
tionship in percent between the number of individu-
als in cach food category recorded for all stomachs
and the total individuals in all food categories.

Fullness Index (FUI). — A subjective index of
the fullness of the stomach. 0: empty. 1: up to 1/4 of
its volume. 2: from 1/4 to 1/2 its volume. 3: from 1/2
to 3/4 its volume, and 4: full.

Importance in Weight Index (IWI). — The weight
of one type of prey with respect to the total weight of
all prey present in one group of specimens as a per-
centage.

Fullness Weight Index (FWI). — The relationship
between the weight of the stomach contents (g) and
the total body weight (g) multiplied by 10 000.

Emptiness Index (EMI). — The number of empty
stomachs (FUI = 0) compared with the total number
of stomachs as a percentage.

These indices have been discussed by HYNES
(1950), BERG (1979), HANSSON (1980), HysLopr
(1980). STEVENSON & GREEN (1983) and JOBLING &
BREIBY (1986). Combined indices have not been
used in this study as their value has been criticized by
STEVENSON & GREEN (1983).

To avoid the inconvenience of the IWI, another
index was employed namely the “Importance of the
Food Ratio” (IFR), defined as the sum of all the FWI
of each specimen with a type of prey divided by the
total all FWI of one specimen group. The IFR
corrects for the effect of a few large prey in the sto-
mach contents, and also corrects for predator
weight.

To make a total comparison of the diets between
different groups of the two species of cephalopod, the
Chi-square test (CROW, 1982; LEGENDRE & LE-
GENDRE, 1979) was employed. The prey clusters
formed for comparisons were as many as the re-
quirements the Chi-square test allows. They are indi-
cated in each case.

The term ““Diet breadth™ is used here to indicate
the number of different prey fed upon by any group
of animals. As the number of animals compared in
each group can be different, in a direct comparison of
the number of distinct prey types found it is expected
that this number will increase as the size of the group
increases. To avoid of this, 20 samples of each group
were taken, each of them made up of 10 events (oc-
currence of one prey in one stomach). These samples
were randomly selected from each predator group.
The number of different prey types in each 10 events

was recorded, and the mean and the standard
deviation of each 20 samples calculated. These values
were employed in the comparison between the
groups considered. These comparisons were made
using an Anova, after testing the data for normality
and homogeneity of variance. If some of these statis-
tic requirements were not fullfilled, then different
data transformations were tested. Nonparametric
procedures were used when those statistic re-
quirements were not fulfilled even after these trans-
formations.

In order to compare the diet of S. officinalis of
various sizes, animals in group B were divided into
three categories: a) the first comprised immature
animals of ML << 65 mm, that is smaller or equal to
the maximum ML of S. elegans; b) the second
included maturing and mature (mainly males) speci-
mens of 65 = ML < 120 mm: ¢) the last was made up
of the largest animals, usually mature, of ML = 120
mm (GUERRA & CASTRO, 1988). Specimens of S, ele-
gans were divided into two categories. (a) those with
a ML < 45 mm and (b) ML = 45 mm were selected
because they represent the mean value of the size fre-
quency distribution; in the first size category 46 % of
the females and 57 % of males with food in the sto-
mach were mature, while in the second mature fe-
males and males with food in the stomach formed 80
to 95 % of the total, respectively (GUERRA &
CASTRO, 1989).

The diet of the two species was compared in
S. officinalis of MLL < 65 mm and S. elegans of all
sizes, when both species were captured in the same
trawls. The S. officinalis MLL means was 52.7 + 8.5
mm and the §. elegans ML was 39.1 + 8.6 mm, re-
spectively; these means are significantly different
(p < 0.01), but, nevertheless, comparisons were
made because they were closest in size. Gear selecti-
vity was probably not the cause of the differences in
mean sizes between the two species since when S. of-
ficinalis was captured in areas where S. elegans does
not appear, its size (40.5 + 7.0 mm ML) was similar
to that S. elegans (p > 0.05).

Comparison was made between the sexes of both
species using groups A and B. Animals in which sex
could not be determined were not considered.

To determine whether there was seasonal
variation in the prey eaten, 178 §. officinalis were
examined. The specimens were: captured in the same
year, in the same area of the Ria de Vigo (central
basin, where the bottom in mainly muddy), of similar
size (65 = ML< 120 mm), only captured within the
normal fishing period (8.30 to 14.30 h), enough
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animals available for each season of the year, and
males and females were grouped together as no dif-
ferences in feeding habits were detected (see below).
It was not possible to make a similar study of S. ele-
gans as there was insufficient material.

RESULTS

Table 1 shows the values for the Indices of Oc-
currence (OCI) and Numerical Importance (NII). In
order to compare them, a Chi-square was used,
grouping the types of prey having the same values,
but which separately did not fulfil the requirements
of this test. The results were X?> = 34.85 (f.d. = 35)
for S. officinalis and X* = 2.40 (f.d. = 15) for S. ele-
gans, and they show no significant differences be-
tween OCI and NII (p > 0.05). All the specimens of
both species were employed to make this compa-
rison.

OCI, IWI and IFR were also calculated for each
species and size of specimens in group B. Prey were
grouped in 11 and 8 clusters (Table 2-A and 2-B).
The Concordance Coefficient of Kendall (SIEGEL &
CASTELLAN, 1988) shows that the three indices give
similar information (p < 0.01). For this reason and
in order to simplify the presentation of the results
and the comparisons, only the OCI Index was em-
ployed.

Description of the diet of both species

Table 1 shows the diet and the OCI values for all
S. officinalis and the S. elegans specimens with re-
spect to all the types of prey in their stomachs. The
diet of S. officinalis was composed of 40 different
prey items belonging to 4 groups (Polychaeta; Ce-
phalopoda; Crustacea; bony fishes) and the diet of
S. elegans of 18 different prey items of 3 groups (Po-
lychaeta; Crustacea; bony fishes).

Considering only group B, the Emptiness Index
(EMI) calculated of S. officinalis was 46.1 % . Of the
remainder, one prey type was present in 40.6 % of
the stomachs, 10.4 % contained two types of prey,
2.6 % three, and 0.4 % four. In S. elegans EMI was
27.8 %, while 58.6 % of the stomachs contained one
type of prey, 12.1 % two types, and 1.5 % three
types.

When two types of prey were present in one sto-
mach they usually consisted of crustaceans and fish.
A Chi-square test showed that the presence of both
prey together was significantly larger than expected
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TABLE 1. — Values fot the Indices of Occurrence (OCI) and Nu-

merical Importance (NII) for each type of prey in the stomach

contents of Sepia officinalis and Sepia elegans. No.: total number
of specimens with food in te stomach.

Sepia officinalis ~ Sepia elegans

Taxon (o]@] NII  OCI NII
POLYCHAETA 0.4 0.3 0.2 0.2
CEPHALOPODA 1.0 0.9 — -
Sepia officinalis 0.4 0.3 - -
Sepia elegans 0.1 0.1 - -
Sepia sp 0.4 0.3 — —
Sepiola sp 0.1 0.1 - -
CRUSTACEA 57.8  57.1  82.0 830
AMPHIPODA 0.4 2.7 4.0 3.6
“aprellidea 0.1 0.1 0.2 0.2
Gammaridea 0.8 1.1 0.7 1.3
MYSIDACEA - — 0.2 0.2
DECAPODA CARIDEA 205 317 682  69.6
Palaemonidae 1.0 1.5 0.9 0.9
Palaemon sp 10.8 10.7 269 277
Palaemon serratus 4.4 6.2 — —
Palaemon adspersus 0.1 0.1 1.9 L7
Processa edulis 2.3 2.5 5.1 5.3
Crangonidae 0.1 0.2 — -
Crangon crangon 1.7 L6 17.1 16.4
Hippolytidae — =3 1.9 3.2
DECAPODA ANOMURA 10.3 88 145 145
Paguridae 0.4 0.2 — —
Porcellana platycheles 1.2 1.1 54 3.5
Pisidia longicornis 8.6 7.4 8.9 8.7
Galatheidae 0.1 0.1 — -
Galathea intermedia - == 0.2 0.2
DECAPODA BRACHYURA 256 214 8.6 8.1
Portunidae 10.1 8.7 1.4 1.3
Polibius henslowii 3.2 2.1 — -
Liocarcinus depurator 1.2 1.2 - -
Liocarcinus holsatus 0.9 0.4 - -
Liocarcinus marmoreus 0.9 0.8 - —
Liocarcinus sp 4.5 3.6 6.5 6.2
Atelecyclus undecimdentatus 0.9 0.7 =
Pilumnus spinifer 0.3 0.2 — -
Asthenognatus atlanticus 2.3 2.1 — -
Carcinus maenas 0.3 0.3 - -
Majidae 0.3 0.3 0.7 0.6
Inachus sp 0.9 1.0 - -
TELEOSTEI 38.7 39.7  16.0 15.1
Gobiidae 7.0 39 0.2 0.4
Gobius sp 0.1 0.4 -
Gobius niger 1.6 1.6 — -
Gobius paganellus 0.1 0.1 — =
Lesuerigobius friesii 9.8 9.1 — -
Pomatoschistus pictus 4.7 7.6 1.9 1.7
Pomatoschistus minutus 1.7 1.5 = —
Pomatoschistus sp 1.3 1.1 — -
Aphya minuta 35 53 133 126
Deltentosteus quadrimaculatus 0.3 0.2 -
Ammodytidae 0.8 0.7 — —
Ammodytes tobianus 0.3 0.2 —
Callionymus lyra 2.8 2.4 0.2 0.2
Syngnathidae 1.5 1.3 — —
Syngnathus sp 1.0 0.9 - -
Syngnathus typhle 0.3 0.2 — -
Trisopterus sp 0.1 0.1 - —
Labridae 0.5 0.4 - -
Symphodus sp 0.6 0.5 — -
Trachinus vipera 0.1 0.1 - -
Buglossidium luteum 0.1 0.1 — =
Lepadogaster sp 0.1 0.1 - -
Teleostean OD 0.1 0.2 - —
Teleostean OE 0.1 0.1 — -
Teleostean OP — = 0.2 0.2
Not identified 2.2 1.9 1.9 1.7
TOTAL 100 % 776 918 428 470
No. 623 366




TABLE 2. — Occurrence Index (OCT). Importance in Weight Index (IW1), Importance of the Food Ratio (IF1) and Kendall Concordance
Coefficient (W) values for each size group of Sepia officinalis (A) and Sepia elegans (B). ML: Mantle length in mm.

A
ML < 65 65 = ML < 120 ML = 120

Prey

cluster ocCl w1 IFI oclt Wi 1K1 ocl wi IF1

POLYCHAETA 1.8 0.3 0.3 — - — - - —

CEPHALOPODA 0.6 0.1 0.1 0.7 0.6 0.5 1.7 1.9 1.7

CRUSTACEA 25 64.8 75.4 53.3 53.5 55.6 36.8 55.9 46.7
Palaemonidae 22.2 22.7 26.4 24.7 18.8 213 5.1 2.8 4.3
Other Caridea 16.8 8.9 16.1 3.0 1.4 1.6 — — -
Anomura 9.0 7.0 4.7 1R 1.3 1.3 - - -
Portunidae 10.2 17.9 15.0 8.7 25.8 27.6 29.9 50.8 40.7
Other Brachyura 9.0 6.7 7.7 5.3 6.2 39 g 0.4 1.8
Other Crustacea 5.4 1,7 5.6 — - - - — -

TELEOSTEI 24.6 34.8 24.2 46.0 459 439 61.5 4.1 51.6
Gobiidae 19.2 3.9 19.8 38.0 38.2 35.5 51.3 398 46.0
Other Teleostei 5.4 2.8 44 8.0 7.8 8.4 10.3 4.3 5.6

Not identified 0.6 0.1 0.1 — - — - -

TOTAL 100 % 167 16.3 7215 300 86.6 9273 117 134.3 3136

w 0.9761 0.9894 0.9228

B

ML < 45 ML = 45

Prey

cluster ocr IWI IFI oci wi IFI

Polychaeta 0.5 0.1 0.1 - - —

Crustacea 82.7 95.1 94.9 81.0 85.8 86.6
Other Crustacea 3.7 1.3 1.5 29 0.7 0.5
Palaemonidae 22.5 304 399 28.6 55.1 435
Other Caridea 319 36.0 37.0 238 8.9 22.9
Anomura 17.8 14.5 12.3 14.3 kL3 10.9
Brachyura 6.8 4.0 4.3 11.4 9.9 8.8

Toleostel 16.8 4.9 5.1 19.1 14.2 13.4
Aphva minuta 13.6 2.8 31 10.5 2.7 3.0
Other Teleostei 3.1 2.1 2.0 R.6 11.5 10.3

TOTAL 100 % 191 5.8 7362 105 4.8 3446

W 0.9683 0.8175

in both Sepia species (p < 0.01), taking into account
the frequencies of both prey groups in all the speci-
mens with food present in the stomach.

Feeding in relation to size in S. officinalis

The OCI values for each prey type and size group
are given in table 3, in which all specimens were used.

Table 4-A gives the OCI values for the different
prey clusters for each size group, including all the
specimens of S. officinalis. The significance of the
values obtained by a test of difference between two
percentages (SOKAL & ROHLF, 1981) is given in the
same table. The test was applied to each prey cluster
between two consecutive size groups. Table 4-A also
gives the results of the comparison of total diet be-
tween consecutive size categories using a Chi-square
test.

S. officinalis changes its diet, the intake of
crustaceans decreasing (p < 0.01) and of fish increas-
ing (p < 0.01) with growth. There is a significant
increase in Portunidae eaten (p < 0.01 and
p < 0.05), and they are most frequently taken by the
largest cuttlefish. “Other crustaceans” were eaten
less often as cuttlefish grew larger (p < 0.05 and
p < 0.01), but the intake of “Other Brachyura™ did
not alter; the intake of Palaemonidae dropped only in
cuttlefish with ML = 120 mm. Of teleosts there was a
significant increase in Gobiidae (p < 0.01), but no
significant change (p > 0.05) in other fish eaten. Po-
lychaetes were taken only by Sepia of ML < 65 mm.
Cannibalism was infrequent but did occur in all sizes.

The maximum values of Fullness in Weight Index
(FWI) S. officinalis group B were 446.5 (4.5 % of the
BW), 235.5 (2.5 %) and 147.6 (1.5 %) for ML < 65,
65 = ML < 120 and ML = 120 mm, respectively,
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TABLE 3. — Occurrence Index (OCI) values for each prey item, species and size groups. No.: total number of specimens with food in the
stomach. In: number of different item prey. ML: mantle length in mm.

Sepia officinalis Sepia elegans

Taxon ML < 65 65 = ML < 120 ML = 120 ML < 45 ML = 45

POLYCHAETA 1.3 — — 0.4 —
CEPHALOPODA
Sepia officinalis = (1.5 0.6 = =
Sepia elegans — - 0.6 — =
Sepia sp 0.5 0.3 0.6 =
Sepiola sp - - 0.6 - -
CRUSTACEA
AMPHIPODA 1.3 0.3 — 2.
Caprellidea .5 = - 0.
Gammaridea 2.7 — —
MYSIDACEA = — —
DECAPODA CARIDEA
Palaemonidae 3.1 0.8 —
Palaemon sp 18.3 13.0 I.
Palaemon serratus 0.9 6.9 2.9
Palaemon adspersus - 0.3 —
Processa edulis 5.4 24 -
Crangonidae 0.9
Crangon crangon 5.8
Hippolytidae — - -
DECAPODA ANOMURA
Paguridae 0.5 = 0.6
Porcellana platycheles 3.6 —
Pisidia longicornis 10.3 9.0 0.6
Galatheidae 0.4
Galathea intermedia
DECAPODA BRACHYURA
Portunidae 4.9
Polibius henslowii —
Liocarcinus depurator —
Liocarcinus holsatus —
Liocarcinus marmoreus —
Liocarcinus sp 4.9
Atelecyelus undecimdentatus -
Pilumnus spinifer
Asthenognatus atlanticus
Carcinus maenas
Majidae
Inachus sp
TELEOSTEI
Gobiidae
Gobius sp
Gobius niger
Gobius paganellus
Lesuerigobius friesii
Pomatoschistus pictus
Pomatoschistus minutus
Pomatoschistus sp
Aphya minuta
Deltentosteus quadrimaculatus
Ammodytidae
Ammodytes tobianus
Callionymus lyra
Syngnathidae
Syngnathus sp
Singnathus typhle
Trisopterus sp —
Labridae —
Symphodus sp =
Trachinus vipera —
Buglossidium [uteum =
Lepadogaster sp 0.4
Teleostean OD -
Teleostean OE —
Teleostean OP =
Not identified 3.6

Total 100 % 224
No. 194
In 21
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TABLE 4. — Prey clusters used for total comparison of the diet

between size groups, OCI values, significance levels of the dif-

ferences and results of the Chi-square test. No.: total specimens

number with food in the stomach: ML: mantle length in mm; n.s.:
not significant; *: p < 0.05; **: p < 0.01.

A

Sepia officinalis

Prey clusters ML < 65 65=ML<120 ML = 120
POLYCHAETA 1.3 == — == ==
CEPHALOPODA .5 n.s. 0.8 n.s. 23
CRUSTACEA 710 ** 59.0 b 37.9

Palaemonidae 22.3  n.s. 21.0 b 4.0

Other Caridea 12.1 il 2.7 i -

Anomura 14.7 . 9.3 ca 1.2

Portunidae 9.8  #* 20.7 * 28.7

Other Brachyura 7.6 n.s. 5.1 n.s. 4.0

Other Crustacea 4.5 =5 0.3 n.s. -
TELEOSTEI 230 *3 37.8 b 59.8

Gobiidae 15.6 W 31.0 L 47.7

Other Teleostei 8.0 n.s. 6.9 n.s. 12.1
Not identified 3.6 - 2.4 — —
TOTAL 100 % 224 376 174
No. 194 306 123

X 63.4 55.6
f.d 8 7
P *3F e
B
Sepia elegans

Prey clusters ML < 45 ML = 45
POLYCHAETA 0.4 n.s. -
CRUSTACEA 81.3 n.s. 82.7

Palaemonidae 27.3 n.s. 32.7

Other Caridea 26.2 n.s. 21.0

Anomura 15.7 n.s. 12.4

Brachyura 7.1 n.s. 111

Other Crustacea 4.9 n.s. 5.6
TELEOSTEI 16.1 n.s. 16.1
Aphyva minura 14.2 n.s. 11.1
Other Teleostei 1.9 n.s. 4.9
Not identified 2.3 - 1.2
TOTAL 100 % 2 162
No. = 133

x? 8.7
f.d. 6
p n.s.

with newly ingested prey, and the EMI were 56.0 %,
41.6 % and 34.7 %, respectively for these groups.
The EMI value for the smallest animals was signifi-
cantly higher than in the other groups (p < 0.01).
The percentages with stomachs whose Fullness Index
(FUI) was 3 or 4 (FUI 3 + 4) were 14.87. 19.04 and
29.22 for the same three groups. Only the percentage
of the last group (ML = 120 mm) was significantly
higher than the others. The number of different prey
items ingested alters slightly with size: 21 for
ML < 65 mm, 28 for 65 < ML < 120 mm and 14 for

ML = 120 mm. However, the Diet breadth of S. offi-
cinalis (Table 5-A) does not show significant changes
(p > 0.05) between the size categories considered,
although it was higher for the smallest animals than
for the largest ones.

Feeding in relation to size in S. elegans

The OCI values for each prey type and each size
group of all §. elegans is given in table 3.

Table 4-B gives the OCI values for different prey
clusters considered for each size category of all speci-
mens, the significance of the differences between
percentages and the results of the total diet compari-
son between consecutive size categories using a Chi-
square test. The results suggest that S. elegans does
not change its diet with growth in the sizes examined.

The maximum FWI values were 531.9 (5.3 % of
BW) and 360.9 (3.6 % of BW) for ML < 45 and
ML = 45 mm, respectively from group B, and the
values of the EMI were 23.9 % and 34.1 %, re-
spectively. A significant rise of EMI (p < 0.05) was
observed. The FWI 3 + 4 were 32.5 % and 27.9 %
for each size group: these values showed no signifi-
cant difference (p > 0.05).

Table 5-B shows the Diet breadth, and indicated
that it is not significantly different for the size groups
(p = 0.05).

Feeding, sex and sexual maturation in S. officinalis

The OCI values obtained for the different prey
clusters by sex and size groups are given in table 6. In
this, the number of specimens with food from the
whole sample and the percentage of specimens of
group B with empty stomachs are recorded. Animals
whose sex could not be determined were not
included.

TABLE 5. — Mean (X) and standard deviation (S) of the Diet

Breath (see text) for each group and species: A) Sepia officinalis.

B) Sepia elegans. C) S. officinalis (ML < 65 mm) and all §_ elegans

captured in the same hauls. The significance of a comparison test

(sce text) between adjacent size group is shown. The number of
samples was 20,

Size group (mm ML) X s P

ML < 65 5.0 0.97

A 65 < ML < 120 48 133 2o
ML = 120 4.3 17 2
ML < 45 4.0 1.03

B ML = 45 43 116 >0W

. S. officinalis 4.7 0,81

. S. elegans 3.9 (15, <00
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TABLE 6. — Occurrence Index values, number of specimens with food in the stomach (No.), and percentage of empty stomachs (EMI) for
each size groups of Sepia officinalis. ML: mantle length in mm.

ML < 65 05 = ML < 120 ML = 120
Taxon Males Females Males Females Males Females

POLYCHAETA 1.0 I L8 — - —
CEPHALOPODA 1.0 — 1.7 - 4.9 1.5
CRUSTACEA

Palaemonidae 20.0 23.9 21.9 20.2 4.9 3.8

Other Caridea 14.3 11.0 2.8 2.5 - —

Anomura 13.3 15.6 9.6 9.1 2.4 0.8

Brachyura 17.1 18.4 24.7 26.8 26.8 34.6

Other Crustacea 1.9 4.6 — 0.5 - —
TELEOSTEI

Gobiidae 20.0 15.6 29.8 31.8 51.2 46.6

Other Teleostei 8.6 4.6 5.6 8.1 9.8 12.8
Not identified 2.9 4.6 3.9 1.0 - -
TOTAL 100 % 105 109 178 198 41 133
No. 89 g7 141 165 32 91
EMI 58.7 53.6 42.9 41.0 3.0 37.8

The percentage of S. officinalis males and fe-
males, with food present in the stomach, was similar
to that of the whole population (GUERRA &
CASTRO, 1988), females of ML = 120 mm being
more abundant than males (p < 0.01).

Results of the Chi-square test and the prey clus-
ters employed are indicated in table 7. These results
show no significant differences in the types of prey
taken by males and females of any size groups.

S. officinalis males and females of group B of each
size group with Fullness Index (FUI 3 + 4 and
FUI = 0 (EMI)) were compared using percentages
(Fig. la). No significant difference was obtained in
any case (p > 0.05), suggesting that feeding intensity
of this species is similar for both sexes at each size.

Within each sex, the percentage with empty sto-
machs (EMI) was significantly higher in males
(p < 0.01) and females (p < 0.05) of ML < 65 mm.

When a similar comparison was made taking into ac-
count only males whose FUI was 3 + 4, there were
no significant differences between size groups
(p > 0.05). In females a significant increase of the
specimens whose FUI was 3 + 4 was only found in
the largest size group (p < 0.01).

In order to try to understand the reason for this
difference, an analysis of the feeding following sexual
maturation of both sexes was made. Figure 1b shows
the number of animals and the FUI for both sexes of
mature and immature individuals of group B while
omitting animals in which sex could not be de-
termined. No significant difference was found be-
tween immature and mature males for EMI or FUI
3 + 4 (p > 0.05), but a significant increase of mature
females with FUI 3 + 4 was found (p < 0.01). No
significant difference between immature males and
immature females was observed with respect to EMI

TABLE 7. — Results of Chi-square test and prey clusters used in the total diet comparison between sexes for each species size group.
ML: mantle length in mm.

Sepia officinalis Sepia elegans
ML < 65 65 <ML < 120 ML = 120 ML < 45 ML = 45
X2 4.00 1.12 2.55 11.28 20.18
f.d. 6 - 3 5 6
p = 0.05 = 0.05 = 0.05 < 0,05 < 0.01
Palaemonidae Caridea (Cephalopoda + Other Crustacea Other Crustacea
Other Caridea Anomura Anomura + Palaemonidae Palaemonidae
Prey Anomura Brachyura Palaemonidae) Other Caridea Other Caridea
Brachyura Gobiidae Brachyura Anomura Anomura
clusters Other Crustacea Other Teleostei Gobiidae Brachyura Brachyura
Gobiidae Other Teleostei Teleostei Aphia minuta

Other Teleostei

Other Teleostei
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Fi. 1. — Percentage of stomachs with different Fullness Index

(FUT) for each sex and size group (a) and sex and maturity state
(b) of Sepia officinalis. Number of specimens is given above histo-
grams. ML: mantle length in mm.

and FUI 3 + 4 (p > 0.05). The number of mature
females with FUI 3 + 4 was significantly higher than
in mature males (p < 0.01).

These results indicated an increase in feeding in-
tensity with sexual maturity of female S. officinalis.

Feeding, sex and sexual maturation in S. elegans

The results of the Chi-square test used in the total
diet comparison between sexes of each species size
group and the prey clusters employed are shown in
table 7.

Table 8 gives the OCI values obtained for the
distinct prey clusters and the significance of their dif-
ferences for sex and size groups. The number of spec-
imens with food in the whole sample and the percen-
tage of specimens of the group with empty stomachs
is included. Animals whose sex could not be de-
termined were excluded.

These results show the existence of significant dif-
ferences in feeding for both size groups between mal-
es and females and a significant increase in Brachyura
eaten by females (p < 0.05 and p < 0.01). In the

specimens of ML = 45 mm the frequency of Palae-
monidae eaten increased, while “Other Caridea™
taken was significantly lower in females than males.
No significant differences were observed when males
of both size categories were compared, and the same
occured for females.

The EMI showed significant difference between
males and females of ML = 45 mm (p < 0.01), more
males being found with empty stomachs than fe-
males.

The FUI for S. elegans group B, excluding
animals whose sex could not be determined. is shown
in Fig. 2a. Both sexes with FUI 3 + 4 of each size
group were compared using a percentage (est, but no
significant differences were found (p > 0.05). This
indicates a similar feeding intensity in males and fe-
males at all sizes. No significant differences were
found when males or females of each size group were
compared.

The FUI for both sexes, immature and mature
groups is shown in Fig. 2b. The comparison was made
employing a percentage test and no significant dif-
ferences (p > 0.05) for FUI 3 + 4 and EMI were
found between immature and mature animals of
either sex. Thus, there is no significant increase in
feeding intensity with sexual maturity in 8. elegans.

Feeding of S. officinalis in relation to the seasons

The prey clusters, the OCI corresponding to each
cluster, the number of specimens with food and the
percentage of empty stomachs were used to compare

TABLE 8. — Occurrence Index values, number of specimens with
food in the stomach (No.) and empty stomach percent-
ages (EMI) for each sex and each Sepia officinalis size groups,
ML.: mantle length in mm: n.s.: not significant: *: p < 0.05; **:

p< 0.01.
ML < 45 Ml = 45
Prey »
clusters Males Females Males Females
POLYCHAETA 0.7 n.s. - — —
CRUSTACEA 80.8 82.8 74.0 86.6
Palaemonidae 30.5 n.s. 24.3 2.0 * 37.5
Other Carnidea 21.9 ns. 30.8 320 = 16.1
Anomura 20,5 n.s. 13.1 8.0 n.s. 14.3
Brachyura 33 * 11.2 2.0 ** 15.2
Other Crustacea 4.6 n.s. 2.8 10,0  n.s, 3.6
TELEOSTEI 15.2 16.8 24.0 12.5
Aphya minuta 13.9 n.s. 14.0 14.0 n.s. 9.8
Other Teleostei 1.3 n.s. 2.8 10,0 n.s. 2.7
Not identified 33 — 0.9 20 — 0.9
TOTAL 100 % 151 107 50 112
No. 132 93 47 86
EMI 21.2 26.9 50.0 24.7
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(b) of Sepia elegans. Number of specimens is given above histo-
grams. ML: mantle length in mm.

feeding of S. officinalis through the seasons of the
year (Table 9).

The prey clusters were Caridea, Brachyura and
Teleostei, which are permitted by the Chi-square test
employed. No significant differences in feeding pat-
terns were shown throughout the year (p > 0.05).

The EMI showed a significant difference taking
into account the whole year (p < 0.05), as the speci-
ments caught in winter had an elevated EMI.

TABLE 9. — Seasonal feeding of Sepia officinalis. Occurrence In-

dex values for each prey cluster. No.: number of specimens with

food in the stomach. EMI: empty stomach percentages. The prey
events not considered are indicated.

Prey clusters  Spring — Sunumer  Autumn Winter
Caridea 10.8 40.0 37.0 36.2
Brachyura 32.4 22.4 25.9 17.2
Teleostei 56.8 37.7 37.0 46.6
No. 34 22 21 11
EMI 47.7 38.9 47.5 70.2

I Anomura 1 no identified
2 Sepia sp

Not considered 1 Anomura -

The FWI of all the S. officinalis was used to
compare feeding throughout the year. A Kruskal-
Wallis test was applied between seasons. and the re-
sult of this was H=5.7840 (p< 0.05). These figures
indicate that no significant changes occur in FWI
throughout the year. A similar result was obtained in
the case of stomachs with FUI 3 + 4.

TABLE 10. — A) Occurrence Index values for cach prey type.
number of different prey item (In) and total number of specimens
(No.) with food in the stomachs of the Sepia officinalis (ML < 65
mm) and all Sepia elegans captured in the same hauls. B) Total diet
comparison between both groups. results of Chi-square test used
and significance of the differences between cach prey cluster of
both species. ML: mantle length; n.s.: not significant: *: p < 0.05:

*#ip < 001 L p < (L0O01.
A
Taxon S. officinalis S. elegans
Polychaeta 0.8
Crustacea
Amphipoda 0.8 2:9
Gammaridea - 0.6
Palaemomdae 32.8 429
Processa sp 4.2 12.4
Crangon crangon 34 11.2
Hippolytidae — 0.6
P. plathycheles .8 2.4
P. longicornis 16.0 6.5
Galatheidae 0.8
Brachyura
Portunidae 9.3 —
Liocarcinus sp 59 4.1
Majidae 3.4
Teleostei
Pomatoschistus sp 5.0 1.8
Other Gobiidae 1.7 1.2
Aphia minuta 34 12.4
Callionymus lyra 6.7 —
Syngnathidae 1.7 —
Ammodytidae 34 —
Not identified — 1.2
Total 100 % 114 170
In 16 12
No. [\ 9l
B
Prey clusters S. officinalis S. elegans
Polychaeta 0.8 n.5. -
Crustacea Theo mn.s. 83.5
Palaemonidae 328 n.s. 42.9
Other Caridea 7.6 i 24.1
Anomura 17.7 * 8.8
Portunidae 15.1 e 4.1
Other Brachyura 34 *H -
Other Crustacea 0.8 n.s. 3.5
Teleostei 21.8 n.s. 15.3
Gobiidae 10.1 n.s. 153
Other Teleostei 11.8 ok -
Not identified — - 12
X2 48.64
f.d 6
p EE Y
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Comparison of the diets of S. officinalis and S. elegans

The OCI for each prey type is given in table 10A.
The OCI for each prey cluster and the significance of
this difference between the two species is given in ta-
ble 10B. This table also shows the results of the total
comparison of their diets using these prey clusters,
with the exception of polychaetes (in only one speci-
men of S. officinalis), which were not considered,
and “Other Brachyura™, which were placed with
“Other Caridea™. Both prey cluster changes were
imposed by the requirements of the Chi-square test
employed.

From this data it is concluded that the clusters
“Other Caridea”, Anomura, Portunidae, “Other Bra-
chyura™ and “Other Teleostei” had significantly dif-
ferent frequencies (p < 0.01 and p < 0.05) between
the two species, but the remaining clusters did not.

Considering only group B, the EMI was 52.2 %
for §. officinalis and 24.5 % for S. elegans, giving a
significant difference (p < 0.01). A significantly
higher proportion of stomachs with FUI 3 + 4 was
found in S. elegans than in S. officinalis (p < 0.01).

The Diet breadth and the significant levels of
differences between the means test are given in table
5C. These results suggest that the feeding of
S. officinalis has a Diet breadth (16 different prey
types) significantly greater (p < 0.05) than S. ele-
gans (12 different prey types).

DISCUSSION

Crustacea and bony fishes are the main groups in
the diet of S. officinalis and S. elegans (NAJAT &
KTARI, 1979: SCALERA-LIACI & PISTICELLI, 1982:
GUERRA, 1985 and LE MAO, 1985). The presence of
decapod cephalopods and polychaetes was also ob-
served by NAJAl & KTARI (1979) and GUERRA
(1985). NAJAI & KTARI (1979) also found isopods,
copepods, ostracods, octopod cephalopods, lamelli-
branchs, gastropods, pteropods and nemerteam
worms in the diet of S. officinalis. PALMEGIANO &
SEQuUI (1984) also found bryozoans, foraminiferans
and insects. Foraminiferans, small gastropods, small
lamellibranchs, ostracods, copepods and remains of
algae and Zostera were also present in our samples,
but we consider these items to have been ingested by
chance with real prey,

S. officinalis is cannibalistc, capturing and eating
smaller animals (NAJAI & KTARI, 1979; LE MAO,
1985; GUERRA, 1985), but cannibalism seems to be

only incidental. The life style of this species (MAN-
GOLD-WIRZ, 1963; BOLETZKY, 1983; GUERRA &
CASTRO, 1988), and its relatively low metabolic rates
could be an explanation. O'DOR & WELLS (1987)
have found cannibalism to be common in late seasons
for squids, as they are otherwise unable to mantain
daily food intake.

The range of crustacea eaten by S. officinalis in
this study is very similar to that observed by LE MAO
(1985) and GUERRA (1985), any differences being
due to the habitat and the fact that ours was a larger
sample. In contrast to PALMEGIANO & SEQUI (1984)
and LE MAO'S (1985) observations, neither isopods
nor mysids have been found in the present study,
probably due to the scarcity of small specimens. LE
MAO (1985) found a great abundance of mysids in
specimens smaller than 20 mm ML.

LE MAO (1985) found demersal and pelagic spe-
cies (Dicentrarchus labrax, Spondilvosoma cantha-
rus, Atherina presbyter, Belone belone and Clupei-
dae) in the diet of large specimens of S. officinalis.
Although these species are relatively common in the
Ria de Vigo (GUERRA et al., 1986) they were not
present in the stomach contents examined here. A
comparison between zones is rather difficult because
of differences in habitat and size of the cuttlefish
(larger in the Gulf of Saint Malo). These factors can
lead to this disparity.

It is of note that the proportion of flatfish in the
stomach contents of S. officinalis is low, especially as
various species of all sizes of pleuronectiforms are
very abundant in the Ria, and frequently were caught
together in the same trawl haul as the cuttlefish
(GUERRA et al., 1986). Similar results were obtained
by GUERRA (1985) and LE MAO (1985), and agree
with the observations of RICHARD (1971), and with
our experiences in experimental tanks.

RICHARD (1975) observed in the aquarium the
need for diet changes between crustacea and fish, as
we have found in the wild. This could be due to nutri-
tional requirements or perhaps a need for copper as
was found in Ocropus vulgaris (GHIRETTI & VIOLAN-
TE, 1964), but this requires confirmation.

For the size groups employed, there are changes
in the diet of S. officinalis with the substitution with
growth of crustaceans by fishes, and species of both
prey groups with small maximum size for others with
greater maximum size. Thus, for crustaceans there is,
in this study, a fall of the proportion of Caridea and
Anomura, and an increase in Portunidae, although
BOUCHER-RODONI et al. (1987) found the opposite
for Caridea.
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Many Theutoidea alter their diet as they grow
from crustacea to fish and cephalopods (MANGOLD,
1983: SUMMERS, 1983: BOUCAUD-CAMOU, 1987; NI-
XON, 1987) and a similar change was found in S. offi-
cinalis (GUERRA, 1985). There may be several rea-
sons for this change: 1) Energetic ones, which can
explain why prey size increases within the same zoo-
logical group, as the group change, bearing in mind
that here we are comparing maximum size of the
prey, not actual sizes of the prey captured, which
were not measured. As a result, S. officinalis could
behave as an energy maximizer forager (SCHOENER,
1971). The finding that the larger part of the stomachs
with food had only one prey item supports this as-
sumption. 2) It may have special nutritional re-
quirements for sexual maturation; or 3) Availability of
prey. This last reason presupposes environmental
heterogeneity where prey were captured, which seems
improbable because only 4 % of the S. officinalis
specimens appeared isolated from other size groups.

No diversity indices were applied because they
are not suitable for a sampling process which does not
allow access to all species (FREISINGER et al., 1981).
This is the case of a subsampling process employing
the stomachs of that predator. Furthermore, even
good sampling does not correct the problem of the
availability of prey for the predators (GRIFFITHS,
1975; HYATT, 1979). For this reason the use of Diet
breadth has been prefered. Although this does not
have a direct ecological meaning, it may provide an
indication of the variety of resources employed by a
predator.

To make a total diet comparison of any two
groups, that is, to compare the interaction consumer-
environment (LAWLOR, 1980) the most widely used
procedures in feeding studies are the Contingence
Tables, the Spearman Rank Correlation Coefficient
(FriTZ, 1974) and the « Schoener Coefficient
(HURLBERT, 1978; ABRAMS, 1980; LINTON ef al.,
1981). Different conclusions about the diet similarity
can be obtained with each procedure. The former
two have statistical validity and the third involves the
use of a subjective decision on placing the limit to
consider if diet overlap exists. The Spearman method
does not account for frequency differences between
groups, but uses only their rank order. The Con-
tingency Tables, based on a Chi-square test, take into
account the magnitude of differences, and set some
restrictions on the minimum size of the groups to be
compared, which sometimes imposes the formation
of clusters not always totally comparable. In spite of
this shortcoming, if we consider the advantages indi-
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cated, this method has been selected to make total
diet comparisons.

The FWI decrease with size agrees with a fall in
the basal metabolism with respect to weight with
growth, and also with a possible allometric growth of
the stomach (O’'DOR & WELLS, 1987).

If the maximum FWI values in percentage of the
total S. officinalis body weight found are considered
as the daily ration, they are low in relation to those
found under aquarium conditions (PASCUAL, 1978).
and from oxygen consumption in quiescent condi-
tions (JOHANSEN er al., 1982). However, although
more than one meal per day may be taken, CASTRO
& GUERRA (1989) have suggested only one meal is
taken each day, and this is supported by the physiolo-
gy of digestion and the time taken to digest one meal,
of 15-20 hours, by this species (BIDDER, 1966; BOU-
CAUD-CAMOU & BOUCHER-RODONI, 1983). An-
other explanation may be that the initial stages of
digestion are rapid. A meal of Carcinus maenas eaten
by one of 100 mm ML, in an experimental tank, lost
38 % of its initial weight after 82 minutes (18 °C), and
two cuttlefish (90 and 95 mm ML) ate Palaemon
serratus, and lost 59 and 66 %, respectively, after 30
minutes at 18 °C (CASTRO, unpublished data). This
effect could be more pronounced in small specimens
with faster digestion processes (BOUCAUD-CAMOU et
al.. 1985). It may account for the larger number of
empty stomachs in animals of ML < 65 mm and noc-
turnal feeding in those captured between 8.30 and
14.30 hours (CASTRO & GUERRA, 1989).

The significant increase of the feeding intensity
observed in large sexually mature females is perhaps
related to sexual maturation: females of this species
would need greater food ingestion for egg produc-
tion. This contradicts reduction of feeding at the end
of the sexual maturation and during the spawning as
found in other cephalopods (MANGOLD, 1987), but is
supported by several observations which indicate that
the feeding continues while spawning (BOLEZTKY,
1987, 1988) and may even increase during this period
in Sepia (PALMEGIANO & SEQUI, 1984).

The S. elegans diet we found was similar to that
wich had been found earlier (GUERRA, 1985).

The absence of important changes in the diet, the
amount of food ingested and the Diet breadth with
growth may be due to the size range (11-63 mm ML)
examined. It is probable that feeding changes could
have been detected if smaller individuals had been
present in the samples, as it is known that feeding and
digestive processes do undergo changes during the life
cycle of cephalopods (BOUCHER-RODONI et al., 1987).



The significant rise of the EMI observed in §. ele-
gans could be related to a decrease of the metabolic
activity at great sizes. This effect could also explain the
maximum values of the Fullness in Weight Index (5.3
and 3.6 % of the BW) found, which are probably low.
being a daily ration, as was found also in S. officinalis.

The significant differences found in the diet be-
tween males and females of S. elegans may be due to
the small size of the sample.

A high level of empty stomachs found in males of
ML = 45 mm with respect to females of both size cate-
gories and smaller males was found. This may be due to
higher metabolism in the smallest specimens, and an
increase in feeding by females for egg production.

Both S. elegans and to S. officinalis seem to fed
upon the same resources, but they catch prey in dif-
ferent proportions.

The percentage of empty stomachs was signifi-
cantly higher in §. officinalis than in S. elegans
(p < 0.001), and the percentage of stomachs with
FUI 3 + 4 was significantly larger in S. elegans than
in §. officinalis (p < 0.01). Without information on
digestion rate and feeding periodicity in S. elegans we
cannot be sure whether there is a variation in intensi-
ty between them or whether the results simply reflect
scaling of feeding with growth.

Diets with similar prey types, although in dif-
ferent proportions, and different distribution area for
similar sizes, suggest trophic competition between
the small specimens of S. officinalis and S. elegans, as
indicated by GUERRA (1985). However, none of
these phenomena are either sufficient or necessary to
prove trophic competition. Furthermore, a qualita-
tively or quantitatively equal diet does not necessarily
involve trophic competition, unless there are insuffi-
cient turnover rates, low abundance and prey availa-
bility with respect to the potential competitor popula-
tions (LAWLOR, 1980: ABRAMS, 1980). However,
trophic competition could exist in unfavourable
cases. For these reasons, only well controlled experi-
ments are able to prove trophic competition and its
consequences (HASTINGS. 1987).
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