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Summary

The biology of the Canary Islands annular seabream Diplodus
annularis (Linnaeus 1758) was studied from samples collected

between January and December 1998. Fish ranged from 82 to
209 mm total length in size and from 8.7 to 137.1 g in weight.
The mean length showed an increase with increasing water

depth. Males showed a negative allometric growth and females
isometric growth. The species was characterized by protandric
hermaphroditism. The overall sex ratio was unbalanced in

favour of males (1 : 0.79). The reproductive season extended
from January to May, with a peak in spawning activity in
March±April. Males reached maturity at a smaller length
(103 mm, 1-year-old) than females (128 mm, 2-year-old). Fish

aged 0±6 years were found. The von Bertalan�y growth
parameters for all individuals were: L1� 247.9 mm,
k� 0.268 years±1, and t0� ±0.879 years.

Introduction

In the Canary Islands, the family Sparidae is represented by 10
genera, one of which is the genus Diplodus Ra®nesque 1810.
Only ®ve species of this genus are found in this area, one ofwhich

is the annular seabream Diplodus annularis (Linnaeus 1758).
Annular seabream is a demersal marine ®sh found in groups

on sandy bottoms and seagrass beds at depths ranging from 0
to 50 m. This species is distributed from the Gulf of Biscay to

Gibraltar, and around Madeira and the Canary Islands. It is
also present in the Mediterranean and the Black Sea (Bauchot
and Hureau 1990; Harmelin-Vivien et al. 1995).

In the Canary Islands, annular seabream is commercially
important. Despite this, no information on this species has
been published. The aim of the present work is to determine

the sexuality, reproduction, age, and growth of the Canary
Islands annular seabream population.
The ®ndings of this study are important as they can be used

to develop a management strategy for the species. The

importance of this work is enhanced by the fact that published
information on the biology and ecology of annular seabream is
very scarce throughout the world. Previously only aspects on

seabream morphometrics (DremieÁ re 1983), sexuality and
reproduction (D'Ancona 1945, 1949; Salekhova 1961, 1970;
Lissia-Frau 1968; DremieÁ re 1983) and feeding (Rosecchi 1985)

have been described.

Materials and methods

A total of 419 specimens of annular seabream, collected
fortnightly by a random strati®ed method from the commer-

cial catches of the artisanal ¯eet between January and
December 1998, was studied. Fish were caught with pots

deployed on the bottom at depths of 1±50 m o� Gran Canaria
(Canary Islands).
Analysis of the samples was completed immediately after

landing. For each individual, total length (TL) was measured
to the nearest mm and total weight (TW) to the nearest 0.1 g.
The sex and the stage of maturation were determined

macroscopically and the weight of the gonads was measured
to the nearest 0.01 g. The stages of maturation were classi®ed
as follows: I, immature; II, resting; III, ripe; IV, ripe and
running; and V, spent. Sagittal otoliths were extracted,

cleaned, and stored dry.
The total length±total weight relationship was calculated

over the entire period by applying a linear regression (Ricker,

1973). The mean length of ®sh by depth strata (0±10 and 10±
50 m) was calculated.
The sex ratios (males : females) for the entire sample and for

di�erent size classes (10 mm) were estimated. The reproductive
period was established following the evolution of the maturity
stages and the evolution of the gonadosomatic index. The

length at ®rst maturity (length at which 50% of the ®sh had
become mature) was estimated by means of a logistic function
that was ®tted to the proportion of the mature individuals
(stages III, IV, and V) using a nonlinear regression (Saila et al.

1988).
Age was determined by interpreting growth rings on the

otoliths. Whole otoliths were placed in a watch glass with a

blackened bottom and containing glycerine and examined
under a compound microscope with re¯ected light. Counts for
each specimen were performed twice and only coincident

readings were accepted. An index of average percentage error,
developed by Beamish and Fournier (1981), was used to
compare the precision of age determinations. Ageing was
validated indirectly by examination of monthly changes in

appearance of the edges of the otoliths (Morales-Nin 1987).
The von Bertalan�y growth curve was ®tted to data of the
resulting age±length key by means of the Marquardt's algo-

rithm for nonlinear least squares parameter estimation (Saila
et al. 1988).

Results

Fish ranged in size from 82 to 209 mm TL and weighed

between 8.7 and 137.1 g. Length of males ranged from 89 to
206 mm and mass from 9.3 to 114.7 g. Female length ranged
between 94 and 209 mm and mass between 13.2 and 137.1 g.
Intersexual individuals were found at sizes of 122±143 mm and
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masses of 33.9±51.7 g. Immature individuals ranged from 82 to
119 mm in length and from 8.7 to 29.6 g in weight. The

parameters of the total length to total weight relationship for
males and females separately, and for the population as a
whole, are given in Table 1. Signi®cant di�erences in the

allometric coe�cient of the regression was found between
sexes (t-test, t� 6.01 > t0.05,347� 1.65). Males exhibited neg-
ative allometric growth and females isometric growth.
Fish were caught at depths of 3±47 m, mainly between 5 and

30 m. The mean length showed an increase with increasing
depth. The mean length for depths below 10 m was 98 mm,
whilst in depths above 10 m it was 132 mm.

Of the total number of ®sh examined, 194 (46.3%) were
males, 155 (37.0%) females, and 14 (3.3%) intersexual
individuals. The sex of the remaining 56 (13.4%) ®sh could

not be identi®ed macroscopically because they were immature
and had very thin, translucent gonads. The overall ratio of
males to females was 1 : 0.79. A chi-square test revealed this to
be signi®cantly di�erent from a 1 : 1 ratio (Table 2). Males

predominated in smaller size classes and females in larger size
classes. Intersexual individuals were intermediate in size
between males and females. Sex ratios of males and females

by size classes departed signi®cantly from the 1 : 1 ratio for
most classes, except for the mid-size seabream (130±140 mm)
(Table 1).

Males and females with ripe gonads (stage III) were
recorded between January and March, being dominant in
February. Ripe and running ®sh (stage IV) appeared in

February and became dominant in March and April. Spent
®sh (stage V) were recorded from March to June (Fig. 1).
The gonadosomatic index showed the same temporal vari-
ation pattern for males and females. Lower values for males
than for females were observed. The highest values occurred

between February and May, with a maximum in March±
April (Fig. 2).

Figure 3 shows the sexual maturity ogives for males and

females separately. Signi®cant di�erences in length at ®rst
maturity were found between males and females (t-test,
t� 5.17 > t0.05,347� 1.65). A total of 50% of males and

females became mature at 103 and 128 mm, respectively.
Individuals smaller than 90 mm showed little evidence of
sexual activity.

Of the otoliths examined, 371 (88.5%) were readable and
used for the study of age and growth. The value of the index of
average percentage error was only 2.9%. Annual marks were
equal in both the anterior and lateral otolith ®elds. Annuli

were apparent, whereas non-annual marks usually were not
apparent. Edge zone analysis showed that one annulus was
formed per year (Fig. 4). The percentage of otoliths with an

opaque edge was high in the months from May to October,
and between June and August in particular.

Fish aged 0±6 years were recorded (Table 3). The param-

eters of the von Bertalan�y growth curve for males, females
and all individuals are shown in Table 4. Signi®cant di�erences

Table 1
Parameters of the length±weight relationship for Canary Islands males,
females and all ®sh of D. annularis and the possibility of isometry
tested by Student's t-test (January±December 1998)

a b se(b) n r2 t-test

Males 0.00002881 2.830138 0.088334 194 0.985 1.90*
Females 0.00002265 2.917807 0.191079 155 0.979 0.43
All ®sh 0.00002116 2.941783 0.059411 419 0.984 0.97

*(t>t0.05,n>150� 1.65).

Table 2
Number of male, female, intersexual and immature individuals of
Canary Islands D. annularis by 10-mm size class and sex ratio tested by
chi-square analysis (January±December 1998)

Length
(mm) Males Females

Inter-
sexuals Immatures

Sex
ratio v2

80 6
90 9 1 21 1 : 0.11 6.40*
100 21 2 17 1 : 0.10 7.84*
110 39 7 10 1 : 0.18 22.26*
120 49 12 1 2 1 : 0.25 22.44*
130 27 16 9 1 : 0.59 2.81
140 16 25 4 1 : 1.56 1.98
150 10 21 1 : 2.10 3.90*
160 7 17 1 : 2.43 4.16*
170 6 15 1 : 2.50 3.85*
180 4 12 1 : 3.00 4.00*
190 3 11 1 : 3.66 4.57*
200 2 9 1 : 4.50 4.45*
210 1 7 1 : 7.00 4.50*

Total 194 155 14 56 1 : 0.79 4.35*

*(v2>vt
2
1,0.05� 3.84).

Fig. 1. Monthly evolution of the maturity stages for Canary Islands
D. annularis males and females (January±December 1998)
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in the growth parameters were found between males and
females (Hotelling's T2-test, T2� 12.32 > T0

2
0.05,3,308� 7.93).

Males grew at a slightly slower rate than females.

Discussion

In the Canarian archipelago, the annular seabream D. annu-
laris is found between 3 and 47 m depth. Below this depth, it is
replaced by other species of the genus Diplodus present in the
area, such as D. cervinus, D. vulgaris, D. puntazzo and

D. sargus. The present work revealed that juveniles inhabit
the nursery in shallow water areas (<10 m). The presence of
juveniles in shallow waters has also been observed in other

sparids present in the Canary Islands, such as Spondyliosoma
cantharus (Pajuelo and Lorenzo 1999) and Pagellus acarne
(Pajuelo and Lorenzo 2000).

Diverse expressions of sexuality are found in the species of
the family Sparidae. In this family, protogyny, protandry,

Fig. 2. Monthly evolution of the gonadosomatic index (GSI) for
Canary Islands D. annularis males and females (January±December
1998)

Fig. 3. Sexual maturity ogives for Canary Islands D. annularis males
and females (January±December 1998)

Fig. 4. Monthly percentages of otoliths with opaque edge for D.
annularis of the Canary Islands (January±December 1998)

Table 3
Age length distribution for all Canary Islands D. annularis ®sh
(January±December 1998)

Age group (year)

Size (mm) 0 I II III IV V VI

80 6
90 19 8
100 14 20
110 13 27 4
120 8 12 36
130 1 9 37
140 5 23 12
150 1 11 16
160 4 20
170 2 14 7 1
180 4 9
190 6 5
200 1 7 3
210 2 4
n 61 82 117 66 23 15 7
x 93.4 110.6 134.3 159.4 181.5 199.8 205.1
SD 1.0 1.9 2.3 2.3 2.2 2.1 1.7

Table 4
Estimates of von Bertalan�y growth parameters for Canary Islands
males, females and all ®sh of D. annularis (January±December 1998)

L1 (mm) k (year)1) t0 (year) n r2

Males 245.7 0.271 )0.884 173 0.976
Females 250.2 0.243 )0.901 139 0.961
All ®sh 247.9 0.268 )0.879 371 0.985
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rudimentary hermaphroditism and true gonochorism were
recognized (Buxton 1989). This variability is probably linked

to the peculiar con®guration of the gonad, an ovotestis, that is
characteristic of all species of the family (Buxton and Garratt,
1990). The annular seabream of the Canary Islands exhibit

protandric hermaphroditism; the presence of individuals with
ovotestes and the predominance of males at smaller sizes
con®rm this. This characteristic has also been pointed out in
other studies which deal with the sexuality of the species

(Salekhova 1961, 1970). The appearance of intersexual indi-
viduals in a relatively short length range (120±140 mm)
suggests that the sex conversion occurs simultaneously for all

males. The scarcity of individuals with both developed ovarian
and testicular tissues indicates a rather brief transitory phase
between sexes for each individual. The presence of males in the

largest size classes suggests that sex conversion is not essential
for all individuals, and the presence of females in the smallest
size classes shows the existence of primary females (Sadovy
and Shapiro 1987).

The sex structure of the Canary Islands annular seabream
population, with a predominance of males over females, is
mainly determined by the nature of the sexual change. Related

to this, Smale (1988) indicated that the sex ratios of protandric
sparids may be skewed toward males. Sadovy and Shapiro
(1987) indicated that protandric species have a bimodal size or

age frequency distribution, where the modal size of males is
less than the modal size of females. In the present study, the
length range of males almost completely overlaps with that of

females because some of the females develop from a functional
male phase, while others develop directly as females.
The annular seabream o� the Canary Islands have a de®nite

reproductive period, extending from January to May, with

maximal gonadal activity in March±April. In the western
Mediterranean spawning takes place between April and June
(DremieÁ re 1983), in the northern Adriatic between May and

August (Lissia-Frau 1968), and in the Black Sea between July
and September (Salekhova 1961, 1970). Thus, there is a delay
in the time of spawning among the di�erent populations from

the eastern Atlantic to the Black Sea.
The di�erence observed in sexual maturity between males

and females may be explained adequately by protandry. Males
attain maturity at 1 year, and females at 2 years. DremieÁ re

(1983) pointed out that this species also attains sexual maturity
at 1 year in the western Mediterranean.
The length±weight relationship reveals that females are

heavier than males for a given length. This may be explained
by protandry, because males predominated in smaller size
classes and females in larger size classes.

Otoliths of the annular seabream of the Canarian archipel-
ago show the ring pattern common to teleost ®shes. One
opaque and one translucent ring are laid down each year on

the otoliths, allowing age determination with relative ease.
These rings are deposited owing to alternating periods of rapid
and slow growth (Williams and Bedford 1974). Seasonal
growth cycles might be related to physiological changes

produced by the in¯uence of temperature, feeding regime
and reproductive cycle. In the Canary Islands, the formation
of opaque and translucent rings in the otoliths of annular

seabream occurs during summer and winter months, respect-
ively. The opaque rings are formed when the temperature
reaches the highest values (24 °C) and food is more abundant;

translucent rings are formed when the temperature reaches the
lowest values (18 °C) and breeding occurs in the species. The
evidence currently available suggests that a seasonal tempera-

ture di�erence of 6 °C might be su�cient to cause ring
formation (Morales-Nin and Ralston 1990). During the

reproductive period, the metabolic energy seems to be diverted
from growth, causing the formation of thin increments which
in turn are re¯ected in translucent seasonal growth rings.

Annular seabream grow rapidly during the ®rst year of life,
attaining approximately 50% of their maximum length. After
the ®rst year, the annual growth rate drops rapidly, related to
sexual maturity, since in the area studied individuals are

mature by the ®rst year of life. Hence, energy seems to be
diverted to reproduction, with less energy available for somatic
growth.

The di�erence in growth between sexes, with females
growing at a slightly faster rate than males, is a characteristic
of the protandric species. Alekseev (1983) and Shapiro (1984)

pointed out that the mean size of sex-reversed ®sh is slightly
larger than males of the same age. Therefore, the di�erence in
size between males and females of the same age cannot be
considered as evidence of an intersexual di�erence in growth

rates because males and females are the same specimens at
di�erent stages of sexual succession and, possibly, the largest
males in an age group are the ®rst to revert.
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