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A b s t r a c t . Seasonal changes in somatic condition, hepatic and gonad activity, as well as their 
effects with age and sex were examined in Atherina boyeri from the Mar Menor coastal lagoon (Se 
Spain). Seasonal cycles of somatic condition, hepatic and gonad activity were similar in both sexes, 
consisting of three phases. Somatic condition increased during summer, remained constant from 
autumn to mid-spring and decreased from mid-spring to the beginning of summer, coinciding with 
reproduction. Hepatic activity remained constant from mid-summer to winter, increased sharply 
from winter to spring and decreased during the spawning period, which lasted 4–5 months (similar 
to other Mediterranean locations). these cycles suggest that the species is well adapted to local 
conditions, ensuring reproductive success without endangering individual survival.
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Introduction

the sand smelt, Atherina boyeri risso, 1810, is a small, short-lived, euryhaline atherinid 
species that mainly inhabits coastal and estuarine waters, including coastal lagoons 
(H e n d e r s o n  & B a m b e r  1987). Sand smelt fisheries are amongst the most important 
on the Spanish Mediterranean coast and one of the main fishing resources in the Mar Menor 
(P é r e z - r u z a f a  2003), a Mediterranean saline coastal lagoon located on the south 
eastern coast of iberian Peninsula (37º38’ n, 0º42’ W). However, published work on the 
species in the Mar Menor is limited to two studies, one on life history traits (A n d r e u -
S o l e r  et al. 2003) and one on the species’ contribution to ichthyoplankton composition 
(P é r e z - r u z a f a  et al. 2004).

Knowledge of the seasonal variations in growth and reproduction of exploited fish stocks 
is crucial for identifying critical periods so as to aid in the sustainable management of the 
populations (r e z n i c k  & B r a u n  1987, K j e s b u  et al. 1991, K a r l s e n  et al. 1995). 
the aim of the present study was to determine the pattern of seasonal variation in somatic 
condition, hepatic and gonad activity in the populations of sand smelt in the Mar Menor.

Study Area
 
the Mar Menor (Fig. 1) has a maximum depth of 6 m and an area of 135 km2, which makes 
it one of the largest lagoons of the Mediterranean basin (P é r e z - r u z a f a  et al. 1987). 
the lagoon is separated from the Mediterranean Sea by a sand bar of 100 to 1500 m width, 
with several narrow channels to the sea, and the bottom is covered in part by dense mixed 
beds of Caulerpa prolifera lamouroux and Cymodocea nodosa (ucria) Ascherson. Some 
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temporary water courses, which drain the adjacent agricultural catchment, discharge into the 
lagoon, which acts as a concentration basin in which evaporation largely exceeds rainfall and 
run-off and the water’s salinity ranges from 39 to 45 ‰ (P é r e z - r u z a f a  et al. 1987, 
1989, G i l a b e r t  2001). From a morphological and hydrodynamic point of view (sensu 
K j e r f v e  (1994), the lagoon can be classified as ‘choked lagoon, with restricted circulation 
and long flushing times’. Besides sand smelt, the lagoon supports important commercial 
fisheries, mainly european eel Anguilla anguilla (linnaeus), flathead mollet Mugil cephalus 
linnaeus, gilthead sea bream Sparus aurata linnaeus and crustaceans (P é r e z - r u z a f a 
et al. 2004). it is under a great pressure from human activities, which have resulted in high 
contaminant levels, overfishing and poor management of the water resources, which favour 
tourist demands over ecological integrity (P é r e z - r u z a f a  et al. 2000, 2002).

Material and Methods

A total of 1936 fish were collected either weekly or fortnightly by fishermen between 
november 1997 and September 1998 using traditional fishing gear, i.e. fyke nets (11 mm 
mesh size, 100 m length). the fish were preserved in buffered formaldehyde solution (7%) 
and transported to the laboratory, where they were measured for fork length (Fl) and standard 
length (Sl) to the nearest mm and weighed (± 0.001 g) for total body mass (tW). Following 
evisceration, gonad (GW), liver (lW) and carcass (eW) weight were measured, and sex was 
determined by visual inspection of the gonads. 

Age was estimated both from scales and from modal analysis of the length frequency 
distributions (see details in A n d r e u - S o l e r  et al. 2003). the linear relationships of 

Fig. 1. Geographical location of the sampling site into the Mar Menor coastal lagoon in the iberian Peninsula (Spain).
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log-transformed Sl and eW were analysed separately for males and females. the somatic 
condition index (iKr) was taken as the residuals from these regressions (S u t t o n  et al. 
2000), so that body length effects were removed. Hepatosomatic (iHr) and gonadosomatic 
(iGr) indices were studied using the standardized residuals from the least-squares regressions 
of lW and GW, respectively, on Sl. Analysis of co-variance (AnCovA), analysis of 
variance (AnovA), Pearson’ correlation, Kruskal-Wallis and tukey-Kramer tests were 
carried out using SPSS® software package (v. 11) to determine whether values differed 
significantly (P < 0.05) between periods, sex and age classes (S o k a l  & r o h l f  1981). 

Results

All captured sand smelt were sexually mature, with no specimens less than age 1+ observed and 
ranging in size from 39 to 94 mm Fl (age classes 1+ to 3+). Sexual dimorphism was observed in 
the relationships between Sl and eW of sand smelt (AnCovA, F = 7.99, df = 1, 1934, P = 0.005, 
slope), but no differences between sampling dates were observed in either sex when season was 
used as a factor (AnCovA, males: F = 1.75, df = 3, 855, P = 0.153, slope; females: F = 2.03, df = 3, 
1078, P = 0.106, slope). therefore, the Sl-eW relationships for all males (b = 3.11 ± 0.02, 95% Cl, 
r2 = 0.97, F = 28442.97, df = 1, 855, P < 0.0005) and all females (b = 3.04 ± 0.02, 95% Cl, r2 = 0.97, 
F = 32966.54, df = 1, 1078, P < 0.0005) were used separately to obtain the standardized residuals.

S o m a t i c  c o n d i t i o n

Somatic condition varied significantly over time (Kruskal-Wallis test, males: H = 128.77,  
df = 32, P < 0.0005; females: H = 256.82, df = 32, P < 0.0005), with both sexes demonstrating 
a similar cycle (Pearson correlation, r = 0.714, P < 0.01; Fig. 2). three phases could be 
identified in the condition cycle: Phase i (high residual values) took place from autumn 
to mid-spring, reaching maximum values in november (males iKr = 0.90 ± 0.19; females  
iKr = 0.97 ± 0.28) and at the beginning of April (males iKr = 0.70 ± 0.40; females iKr = 0.90 
± 0.28); Phase ii (decreased residual values) took place from mid-spring to the beginning 
of summer, coinciding with the species’ spawning period in this lagoon, iKr decreased to 
reach a minimum at the end of June in females and at the beginning of July in males (males  
iKr = -0.70 ± 0.25; females iKr = -0.77 ± 0.32); Phase iii (increased residual values) took 
place during summer, when condition gradually recovered. 

A comparison of fish condition between sexes in each phase revealed significant 
differences. in Phase i, females had significantly higher residual values than males (males 
iKr = 0.23 ± 0.10; females iKr = 0.45 ± 0.10; two-way AnovA, F = 8.35, df = 1, 542,  
P = 0.004). during Phase ii, differences in condition between the sexes were not significant 
(two-way AnovA, F = 3.33, df = 1, 690, P = 0.068). Finally, during Phase iii, males showed 
a greater ability to recover their condition than females (males iKr = -0.01 ± 0.11; females 
iKr = -0.31 ± 0.53; two-way AnovA, F = 10.94, df = 1, 855, P = 0.001). Within females 
(table 1), only age 3+ fish presented values significantly lower than younger females (1+, 
2+) during Phase i (tukey test, P < 0.0005). in males no differences were observed between 
any age classes during the studied period. Between sexes by each age class, younger females 
(1+, 2+) showed a significantly higher condition than males of the same age in Phase i. 
during the reproductive period (Phase ii), there were no significant differences in condition 
between the sexes. Whereas, during Phase iii (increased condition), 1+ females showed 
lower values than 1+ males (table 2).
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H e p a t o s o m a t i c  i n d e x

the relationships between Sl and lW revealed significant differences between males and 
females (AnCovA, F = 12.57, df = 1, 1935, P < 0.0005, slope), including between seasons 
(AnCovA, males: F = 8.12, df = 3, 856; females: F = 19.93, df = 3, 1078, P < 0.0005, slope). 
these differences were marked apparent in the winter but not in spring, summer and autumn 
were detected (AnCovA, males: F = 2.15, df = 2, 741, P = 0.115, slope; females: F = 1.87, 
df = 2, 944, P = 0.152, slope). therefore, the Sl-lW relationship was used for all males 
captured in spring, summer and autumn (b = 2.97 ± 0.06, 95% Cl, r2 = 0.74, F = 2113.45, 
df = 1, 741, P < 0.0005), males captured in winter (b = 1.96 ± 0.21, 95% Cl, r2 = 0.45,  
F = 91.02, df = 1, 114, P < 0.0005), females captured in spring, summer and autumn  
(b = 3.42 ± 0.07, 95% Cl, r2 = 0.70, F = 2253.61, df = 1, 944, P < 0.0005) and females 
captured in winter (b = 1.94 ± 0.22, 95% Cl, r2 = 0.34, F = 80.22, df = 1, 133, P < 0.0005) 
separately to obtain the standardized residuals.

Significant changes were observed in the temporal variation of residuals (Kruskal-Wallis 
test, males: H = 178.88, df = 32, P < 0.0005; females: H = 4876.48, df = 32, P < 0.0005) and 
a similar cycle was evident in both sexes (Pearson correlation, r = 0.647, P < 0.0005; Fig. 3). 
three phases were identified in hepatic activity: Phase i (stable residual values) took place 
from mid-summer (July in males and 1 month later in females) to winter (February in males 

Fig. 2. temporal pattern in somatic condition residual index for (a) males and (b) females of sand smelt Atherina 
boyeri in the Mar Menor (mean ± 95% Cl of Sl-eW relationship of standardized residuals).



155

Ta
bl

e 
1.

 r
es

id
ua

ls
 fo

r a
ge

 c
la

ss
es

 in
 e

ac
h 

se
as

on
al

 p
ha

se
 o

f i
K

r , 
iH

r  a
nd

 iG
r (

se
xe

s 
se

pa
ra

te
ly

) o
f s

an
d 

sm
el

t i
n 

th
e 

M
ar

 M
en

or
 c

oa
st

al
 la

go
on

 (p
ha

se
 m

ea
n 

va
lu

es
, 9

5%
 C

l)
 

(A
n

o
vA

, P
 <

 0
.0

5)
.

M
al

es
Fe

m
al

es

A
ge

1+
2+

3+
F

df
P

1+
2+

3+
F

df
P

iK
r

Ph
as

e 
i

0.
38

8
0.

13
5

0.
02

7
2.

88
0

2,
 1

61
00

.0
59

0.
76

9
0.

47
2

0.
00

8
9.

51
3

2,
 1

82
< 

0.
00

05

Ph
as

e 
ii

-0
.1

35
0.

00
7

-0
.4

78
1.

72
6

2,
 1

57
00

.1
81

0.
00

3
0.

12
0

-0
.1

09
0.

64
2

2,
 2

29
00

.5
27

Ph
as

e 
ii

i
-0

.1
50

0.
00

7
-0

.3
35

1.
02

1
2,

 1
96

00
.3

62
-0

.3
72

-0
.2

21
-0

.3
92

0.
25

7
2,

 2
25

00
.7

74

iH
r

Ph
as

e 
i

-0
.1

51
-0

.1
31

-0
.6

00
2.

89
3

2,
 3

75
00

.0
57

-0
.2

56
-0

.2
44

-0
.5

57
4.

35
1

2,
 3

96
00

.0
14

Ph
as

e 
ii

0.
32

3
0,

30
6

-0
.3

13
2.

36
8

2,
 5

4
00

.1
03

0.
70

4
0.

87
0

0.
20

2
7.

98
5

2,
 1

04
00

.0
01

Ph
as

e 
ii

i
0.

37
6

0.
81

0
1.

25
4

2.
14

8
2,

 8
0

00
.1

23
0.

41
1

0.
89

7
1.

08
7

7.
14

3
2,

 7
6

00
.0

01

iG
r

Q
ui

es
ce

nc
e

-0
.7

17
-1

.2
41

-0
.8

99
4.

81
4

2,
 1

49
00

.0
09

-0
.6

41
-1

.4
16

-0
.9

31
13

.0
39

2,
 1

72
< 

0.
00

05

M
at

ur
at

io
n

-0
.4

32
-0

.1
57

-0
.3

14
0.

79
9

2,
 1

14
00

.4
52

-0
.6

00
-0

.8
81

-0
.7

50
1.

12
1

2,
 1

24
00

.3
29

Sp
aw

ni
ng

0.
32

3
0.

74
8

0.
88

8
11

.5
19

2,
 8

0
< 

0.
00

05
0.

46
4

0.
87

1
0.

68
9

6.
28

5
2,

 3
16

00
.0

02



156

and 1 month earlier in females); Phase ii (increased residual values) took place from winter 
to spring, reaching a maximum at the end of April in females and at the beginning of June 
in males (males iHr = 1.14 ± 0.42; females iHr = 1.12 ± 0.24); Phase iii (decreased residual 
values) took place from spring to summer, reaching a minimum at the end of July in females 
and 1 month earlier in males (males iHr = -1.02 ± 0.29; females iHr = -0.81 ± 0.28). 

differences between sexes with respect to the residual hepatosomatic index depended 
on the phase under consideration. in Phase i, males showed significant higher residual 
values than females (males iHr = 0.00 ± 0.09, females iHr = -0.49 ± 0.07; two way AnovA,  
F= 32.74, df = 1, 949, P < 0.0005). Females had significantly higher residuals than males 
during Phase ii (males iHr = 0.22 ± 0.10, females iHr = 0.51 ± 0.08; two way AnovA,  
F = 17.80, df = 1, 815, P < 0.0005) and Phase iii (males iHr = -0.45 ± 0.20, females  
iHr = 0.07 ± 0.15; two way AnovA, F = 16.82, df = 1, 259, P < 0.0005). during Phases 
i and ii, older females (3+) presented significantly lower residual values than younger 
females (1+, 2+) (tukey test, P < 0.05). in Phase iii females 3+ showed significantly higher 
values than females 1+ (tukey test, P = 0.001). in males, no differences were observed 
between any age classes (table 1). during Phase i (table 2), younger males (1+) presented 
significantly higher hepatosomatic residual values than females of the same age. in Phase 
ii younger females (1+, 2+) showed significantly higher values than males of the same age. 
during Phase iii (decreased), there were no differences in residual values between the sexes.

Fig. 3. temporal pattern in hepato-somatic residual index for (a) males and (b) females of sand smelt in the Mar 
Menor (mean ± 95% Cl of Sl-lW relationship of standardized residuals).
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G o n a d o s o m a t i c  i n d e x

the relationship between Sl and GW revealed significant differences between males 
and females (AnCovA, F = 12.56, df = 1, 1935, P < 0.0005, slope), although no time-
related differences were observed in this relationship when the season was used as a factor 
(AnCovA, males: F = 1.48, df = 3, 856, P = 0.217, slope; females: F = 1.35, df = 3, 1078,  
P = 0.256, slope). therefore, the Sl-GW relationships for all males (b = 2.73 ± 0.20,  
95% Cl, r2 = 0.18, F = 183.59, df = 1, 856, P < 0.0005) and all females (b = 3.65 ± 0.17, 95%  
Cl, r2 = 0.31, F = 482.55, df = 1, 1078, P < 0.0005) were used separately to obtain the  
standardized residuals.

Significant changes were observed in the temporal variation of residual values for the 
gonadosomatic index (Kruskal-Wallis test, males: H = 606.71, df = 32, P < 0.0005; females: 
H = 678.16, df = 32, P < 0.0005) and both sexes showed a similar cycle (Pearson correlation, 
r = 0.945, P < 0.0005) (Fig. 4). three phases were identified in gonad activity: the onset 
of gonad maturation (increased residual values), which took place between January and 
February for ovaries and in december for testes. Although the greatest increase in both 
sexes occurred in March, older fish began to mature earlier (december-January); the onset 

Table 2. results of AnovA tests between sexes in each seasonal phase of iKr, iHr and iGr (age classes separately) 
of sand smelt in the Mar Menor coastal lagoon, Spain.

Age F df P

iKr

Phase i

1+ 5.769 1, 116 0.018
2+ 8.225 1, 149 0.005
3+ 0.075 1, 78 0.785

Phase ii

1+ 1.169 1, 219 0.281
2+ 0.047 1, 81 0.829
3+ 2.146 1, 86 0.147

Phase iii

1+ 4.817 1, 317 0.029
2+ 1.067 1, 46 0.307
3+ 0.030 1, 58 0.862

iHr

Phase i

1+ 4.601 1, 457 0.032
2+ 0.705 1, 185 0.402
3+ 0.042 1, 112 0.838

Phase ii

1+ 5.980 1, 73 0.017
2+ 6.271 1, 48 0.016
3+ 2.189 1, 37 0.147

Phase iii

1+ 0.013 1, 75 0.910
2+ 1.126 1, 27 0.298
3+ 2.894 1, 43 0.096

iGr

Quiescence

1+ 0.495 1, 220 0.482
2+ 0.695 1, 68 0.408
3+ 0.011 1, 33 0.919

Maturation

1+ 0.337 1, 63 0.564
2+ 7.134 1, 85 0.009
3+ 2.609 1, 60 0.111

Spawning

1+ 2.892 1, 342 0.090
2+ 0.815 1, 97 0.369
3+ 1.286 1, 101 0.259
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of spawning (high residual values) took place from the beginning of spring (March) to the 
mid-summer (July-August), reaching a maximum at the end of April in males and at the 
end of May in females (males iGr = 1.38 ± 0.12; females iGr = 1.06 ± 0.17); the onset 
of quiescence (stable residual values) took place from mid-summer to the end of autumn 
(August-december). thus, females showed a quiescent period of five months (August-
december) and males a period of four months (August-november), with a minimum 
observed in both sexes in november (males iGr = -2.39 ± 0.26; females iGr = -1.90 ± 0.15). 
Younger fish stopped reproducing before older ones; 1+ fish stopped reproducing in August 
and > 1+ fish from September. A comparison of residual values between sexes in each 
phase showed significant differences. during the gonad maturation phase, males presented 
significantly higher residual values than females (males iGr = -0.01 ± 0.15, females  
iGr = -0.48 ± 0.12; two-way AnovA, F = 22.56, df = 1, 368, P < 0.0005). nevertheless, there 
were no significant differences between sexes during spawning (two-way AnovA, F = 0.004, 
df = 1, 689, P = 0.95) and quiescence (two-way AnovA, F = 3.49, df = 1, 841, P = 0.06).

during gonad maturation, males and females showed no differences between any age 
classes. during spawning, 2+ females showed significantly higher values than younger 
females (1+) (tukey test, P = 0.003), but significantly lower values during quiescence 
(tukey test, P < 0.0005). during spawning, 1+ males presented significantly lower values 
than older males (2+, 3+) (tukey test, P < 0.005). Finally, during quiescence, 2+ males 

Fig. 4. temporal pattern in gonado-somatic residual index for (a) males and (b) females of sand smelt in the Mar 
Menor (mean ± 95% Cl of Sl-GW relationship of standardized residuals).
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presented significantly lower values than younger males (1+) (tukey test, P = 0.006) (table 
1). during gonad maturation, 2+ males had significantly higher values than females of the 
same age (table 2). 

Discussion

the age and length at first maturity of sand smelt in the Mar Menor have been reported as 
1+ and 39–42 mm, respectively (A n d r e u - S o l e r  et al. 2003), which correspond to 
fish younger and smaller than those examined in the present study. Seasonal cycles in body 
condition, hepatic and gonad activity are common among temperate fish species and are 
usually related to temporal variations in exogenous factors and to variations in endogenous 
factors within the species (W o o t t o n  1998).

in the present study, the seasonal cycle of somatic condition was similar in both sexes of 
sand smelt, as reported in other populations (M a r f i n  1982, F e r n á n d e z - d e l g a d o 
et al. 1988, t r a b e l s i  & K a r t a s  1989), with active somatic energy accumulation and 
maintenance from summer until mid-spring (Phases iii and i, respectively), and a clear 
somatic energy depletion phase from mid-spring to the beginning of summer (Phase 
ii); this coincided with the spawning period and could be related to reproductive stress 
(F e r n á n d e z - d e l g a d o  et al. 1988). 

Several authors have suggested that somatic condition in A. boyeri declines with 
longevity (e.g. F e r n á n d e z - d e l g a d o  et al. 1988, C r e e c h  1992, l e o n a r d o s 
2001). in the present study, the oldest females showed significantly lower condition values 
than younger fish during gonad maturation. the Gonad maturation period coincides with 
Phase i in the seasonal condition variation and with the non-growing period detected 
in all age classes for this population (A n d r e u - S o l e r  et al. 2003). in this context, 
reproductive stress during pre-spawning could be responsible for the non-vegetative 
period (H e n d e r s o n  & B a m b e r  1987, F e r n á n d e z - d e l g a d o  et al. 1988) 
and, probably, as a consequence responsible for the low condition in 3+ individuals. this 
suggests the existence of a trade-off between the energy devoted to reproduction and that 
devoted to maintenance or growth (H e r r e r a  & F e r n á n d e z - d e l g a d o  1994). 

the seasonality of hepatic activity of A. boyeri was significant in both sexes, although 
there were differences in the duration of identified phases: a phase of stable values, which 
was more longer in males, a phase of substantially increased values, with a similar duration 
but with a month’s difference between sexes, and a phase of clear decline, which lasted 
longer in females, coinciding with the spawning period. the trend for liver mass to decrease 
more in older than in younger fish between January and March was consistent with early 
gonad maturation in older fish. this seasonal pattern could be a consequence of a change in 
the quality and amount of food ingested as well as to a variation in the metabolic rate. thus, 
in the studied population, liver reserves seemed to be primarily used for reproduction, while 
high iHr values before spawning period and significant decreases during spawning have 
been reported in several populations of the same species (t r a b e l s i  & K a r t a s  1989, 
r o s e c c h i  & C r i v e l l i  1992, t o m a s i n i  et al. 1999).

As regards between sex differences, the iHr values were higher for females during 
phase ii, coinciding with gonad maturation and spawning, while the same values in phase 
iii did not differ between sexes, the fall in iHr values from phase ii to phase iii being more 
pronounced in females. this might reflect greater effort and lower status in females during 
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and after spawning, respectively. Moreover, as regards the overall hepatic cycle, longevity 
affected the liver mass in a much more variable way in females. A pattern of decline in 
hepatic activity during quiescence and gonad maturation associated with female longevity 
has also been suggested by M a r f i n  (1981), who related this pattern with a lower growth 
rate in the oldest individuals. Moreover, the studied populations had shown a negative 
correlation between longevity and growth rates (A n d r e u - S o l e r  et al. 2003).

depending on environmental factors and energy accumulation, the reproductive effort 
in atherinid species is more or less important during the spawning season (t o m a s i n i 
et al. 1996). the spawning period of A. boyeri in the Mar Menor coastal lagoon lasts  
4–5 months, as observed in other Mediterranean localities (M a r f i n  1981, S o s t o a  1983, 
r o s e c c h i  & C r i v e l l i  1992). A. boyeri generally has a long spawning season, which 
extends earlier and longer as latitude decreases (t o m a s i n i  et al. 1996). Such a long 
spawning period appears to be a feature of the biology of A. boyeri (H e n d e r s o n  & 
B a m b e r  1987, F e r n á n d e z - d e l g a d o  et al. 1988, C r e e c h  1992, t o m a s i n i 
et al. 1996, t o m a s i n i  & l a u g i e r  2002, among others). Probably, the long breeding 
season in the Mar Menor was promoted by the favourable water temperature, since 
prolonged breeding seasons are typical of repeat spawners and fish living in variable and 
highly productive environments (t o m a s i n i  et al. 1996). 

As with populations from other areas (F e r n á n d e z - d e l g a d o  et al. 1988, 
Creech 1992, r o s e c c h i  & C r i v e l l i  1992, t o m a s i n i  et al. 1996, 1999, 
t o m a s i n i  & l a u g i e r  2002), older fish start spawning earlier and stop later than 
younger ones in the Mar Menor coastal lagoon. Hence younger fishes, for which growth 
starts earlier (A n d r e u - S o l e r  et al. 2003) and overwintering is a more critical 
period (M a r k e v i c h  1977), must improve their condition earlier and consistently stop 
reproducing before older fishes.

Based on the present study, sand smelt may be included in the group of fish species that 
spawn at the end of spring and during summer, with a quiescent period during autumn and 
winter (W o o t t o n  1998). in this group, gonad development is related to increased daylight 
periods, water temperature and food supply. this suggests that sand smelt in the Mar Menor 
coastal lagoon optimize reproductive success by improving their condition (t o m a s i n i 
et al. 1996, 1999) prior to the end of spawning, which in younger fish is a rapidly process 
of storing reserves as soon as spawning ends. this is a so-called “energy-sparing strategy” 
(t o m a s i n i  et al. 1996) at the end of the breeding season. 
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