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Summary

The age and growth of sand smelt, Atherina boyeri (Risso
1810), in the Mar Menor (SE Iberian Peninsula) were studied
in samples taken from catches of local fishermen obtained
between November 1997 and September 1998. The maximum
lengths were 94 mm (FL, fork length) in females and 87 mm
(FL) in males. Age determination based on scale readings and
validated by length frequency analysis shows that the popu-
lation has a 3-year life cycle. Females were significantly longer
than males in each of the age classes. Both sexes of the sand
smelt grow allometrically (b = 3.113 males; b = 3.043 females)
and attain approximately 56.2% of their maximum fork length
in their immature first year, after which the annual growth rate
drops quickly. The highest growth rate was observed from
winter to spring (G; = 16.01 males 1 +; G, = 11.25 males 2 +;
G; = 17.18 females 1+; G; = 9.62 females 2+). The condi-
tion cycles were similar for both sexes, with a minimum in
June—July and two maximums in April and November.

Introduction

The sand smelt, Atherina boyeri (Risso 1810), is a small,
short-lived, euryhaline atherinid fish which mainly inhabits
coastal and estuarine waters, including coastal lagoons, salt
marshes and, more rarely, inland waters, over a wide range of
salinities from freshwater to hypersaline conditions (110%
maximum recorded) (Henderson and Bamber, 1987). Mor-
phologically, it displays several important characters that
change in relation to habitat while also being capable of
adjusting to wide ranges of environmental conditions (Kiener
and Spillmann, 1972, 1973; Tortonese, 1975). It is common in
the Mediterranean and adjacent seas, and is also found in the
north-east Atlantic from the Azores to the north-west coast
of Scotland (Kiener and Spillmann, 1969; Quignard and Pras,
1986).

Sand smelt fisheries are among the most important on the
Spanish Mediterranean coast and represent one of the main
fishing resources, along with Sparus aurata and species of
Mugilidae, in the Mar Menor coastal lagoon (Guevara and
Sautier-Casaseca, 1977; Lozano-Cabo, 1979). However, there
is no information about the biology of the species applicable
to the Spanish Mediterranean coast, and only one work
describes some aspects of its life history in the delta of the
River Ebro (Sostoa, 1983). In this study, we provide basic
information about some biological parameters of sand
smelt, including age and growth, for the largest coastal
lagoon of this area, which, we hope, will be of use in its
management.
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Study area

The present study was carried out in the Mar Menor, a saline
coastal lagoon located in a semiarid region on the south-
eastern coast of the Iberian Peninsula (37°38'N, 0°42'W). Its
size (135 km?) and maximum depth (over 6 m) are among the
greatest in the Mediterranean (Perez-Ruzafa et al., 1987), and
its bottom is covered in part by dense mixed meadows of
Caulerpa prolifera and Cymodocea nodosa. Consequently, the
lagoon shows a high degree of habitat diversity and a wide
variety of biological assemblages. Its water embayment is
approximately 0.58 km® (Arevalo, 1988) with an estimated
residence time between 0.55 and 1.2 years (Perez-Ruzafa,
1989). It is separated from the Mediterranean Sea by a sand
bar (21 km long and 100-1500 m wide) with several narrow
channels connecting it with the open sea. Several temporal
streams flow into the lagoon, which drains a large intensive
agricultural area, leading to a substantial input of agrochem-
icals (via run-off). Due to the regional geomorphology,
climatic conditions and hydrological features (evaporation
largely exceeds rainfall and run-off), the lagoon acts as a
reception basin (Perez-Ruzafa et al., 1987, 1989; Gilabert,
2001). The lagoon shows a salinity range of 39-459/, and from
a morphological and hydrodynamic point of view, sensu
Kjerfve (1994), it can be classified as a choked lagoon with
restricted circulation and long flushing times.

Finally, the Mar Menor coastal lagoon supports important
fisheries and is subject to intensive tourist development.

Material and methods

The fish examined (n = 1936) were collected weekly from
commercial catches taken between November 1997 and
September 1998. The fishing gear (chirretera) used by the
fishermen was a type of fyke-net (11 mm mesh size, 100 m
length). The specimens were preserved in neutralized formal-
dehyde solution (7%) and transported to the laboratory, where
their fork length (FL; +£0.1 mm), standard length (SL;
+0.1 mm) and total weight (TW; £0.1 g) were recorded. All
specimens were dissected to obtain eviscerated weight (SW;
+0.1 g) and to determine their sex by direct observation of the
gonads.

Age was determined by two methods, one based on fish
scales and the other on length—frequency distributions. For the
former, between 8 and 10 scales from the left flank below the
first radius of the dorsal fin and above the lateral line were
removed from all specimens. These were cleaned using 8%
NaOH and placed on two slides for age determination. The
modal distributions of length—frequency data were studied
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separately over a short period of time (monthly and seasonal
periods), to reduce the effects of seasonal growth (Rosenberg
and Beddington, 1988). Such methods involving length—
frequency distribution and/or modal progression can provide
useful estimates of relative age and average growth of fish
(Weatherley and Gill, 1987). Age validation was attempted
using a length—frequency-based method available in the FiISAT
(2000) software (FAO ICLARM Stock Assessment Tools).
Size groups which represent age classes in the length—frequency
seasonal samples were identified by the method described by
Bhattacharya (1967) and contrasted with scale reading data.
This was followed by application of modal class progression
analysis, where the value of separation index (/s) must be >2
to provide meaningfully separated groups (Gayanilo et al.,
1988).

The von Bertalanffy growth equation was fitted to all length-
at-age data in each age class, separately for males and females,
using the method of Ford-Walford (Everhart and Youngs,
1975). The form of the growth curve is (Beverton and Holt,
1957):

Ly = Ly [1 — e Kl=0)],

where L, is the total length of fish at time 7z, L.. is the
asymptotic total length to which fish tend to grow, K is the
growth coefficient and ¢, is the hypothetical time when the fish
total length is zero.

Over a defined period of time, the specific growth rate (g)
(Wootton, 1998) was calculated as:

9. = (Log, FLy.FL ")t
and
gw = (Log. SWr.SW, )1,

where FL;and SW;are final FL and final SW, respectively, FL;
and SW; are initial FL and initial SW, and ¢ is the time
interval. Frequently, this is expressed as percentage per unit
time, i.e. Gy = 100 X g; and Gy = 100 X g The relation-
ship between length (FL, SL) and weight (TW, SW) was
calculated for all specimens, and for males and females
separately. The existence of significant differences between
relationships was verified by analysis of covariances (ANCOVA)
(Sokal and Rohlf, 1981).

The somatic condition (Kg) was analysed by residuals from
the SL-SW relationships (log transformed data), thus remov-
ing body length effects (Sutton et al., 2000). To avoid negative
values, the variables were previously multiplied by 10%
a procedure considered suitable when variables range from
0 to 1 (Garcia-Berthou and Moreno-Amich, 1993). The
somatic condition cycle was indexed by residuals from these
regressions.

Statistical analyses were performed with SPSS® (SPSS,
Chicago, IL, USA) software package and a significant level of
0.05 was accepted.

Results
Age and growth

Due to the frequent occurrence of numerous false annuli in the
sand smelt (Kiener and Spillmann, 1969; Berrebi, 1978; Hervé,
1978; Fernandez-Delgado, 1987) and because the annuli take
several months to form (Fernandez-Delgado et al., 1988;
Leonardos, 2001), it was difficult to determine age classes for
all specimens. However, using the visualization method

recommended by Marfin (1981), the number of suitable
specimens for age class determination was 1117 (57.7%
of total n; 519 = 60.6% n males; 598 = 55.4% n females)
(Table 1).

When age was determined by scales, three age groups (1 +,
2+ and 3+) were identified in both sexes of the population
under consideration (Table 1). Maximum lengths observed
were 94 mm (FL) in females and 87 mm (FL) in males, both in
their fourth year of life (3+). The lower size catches, which
were imposed by the sampling gear used, were 42 mm (FL) in
females and 39 mm (FL) in males. Females were significantly
longer than males in each of the age classes and in the
specimens as a whole (two-way Anova) (Table 2).

When the method of Bhattacharya (1967) was applied to all
captured specimens, whether alone or followed by the modal
class progression analysis using the length—frequency seasonal
samples, two probable cohorts (in females and males) were
identified, with significant separation indices. Probably due to
the high degree of overlapping between modes corresponding to
the 2+ and 3+ age classes, length—frequency methods indica-
ted one cohort fewer for each sex compared with the scales
method. However, to verify the similarity between the length—
frequency distribution found for specimens captured as a whole
and for specimens used for scale reading (Table 1), we applied
chi-squared test with the void hypothesis of non-variation in the
proportions of every class of length. No significant differences
were found in any of the cases (total: > = 376.9, d.f. = 1115,
P > 0.05; males: y*> = 141.5, d.f. = 517, P > 0.05; females:
¥? = 2457, d.f. = 597, P > 0.05).

Due to the impossibility of differentiating the 2+ and 3+
age-classes by length—frequency methods, modal progression
was examined in monthly and seasonal samples (sexes sepa-
rately) in the individuals with valid scale reading. According to
Pauly (1983, 1984), repetition of the same temporal series of
the length—frequency distributions can provide a better visu-
alization of the progression of the modes corresponding to
each of the cohorts (Fig. 1). In the present analysis, the
beginning of modal progression is in the spring because
the 4. boyeri population in the area under consideration forms
the annulus in this season.

Von Bertalanffy equation for the theoretical growth of sand
smelt in length was: L, = 81.90[1—e !¢ * 49] for males,
and L, = 84.58[1—¢ 081 * 061 for females.

The seasonal growth rate was determined using mean length
(FL) increments of the different cohorts (age classes) caught
during the study period and extrapolating to eviscerated weight
using FL-SW relationships (Table 3). As we analysed a double
temporal series, it was possible to show not only the growth
rates of every cohort up to the last season of sampling (autumn
1998) but also the hypothetical growth rates of each cohort by
extrapolating to a similar growth pattern in consecutive years.
The seasonal growth rates of the 3+ cohort are not shown
(Table 3) as no significant differences existed between them.

There was little difference in the growth rates between
seasons, although the highest growth rate was observed in
winter—spring. No age class reflected growth in the spring—
summer period, which represented the reproductive period in
the area under consideration (unpublished data). The 1+ age-
class showed a long growth period (about 9 months), with only
the short non-growing period reactivating its growth after
summer. Seasonal growth rates tended to decrease with age
(Table 3).

There was an evident decrease in annual growth rates with
age: the 1+ age class showed G; = 30% (G = 98%) in
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Table 1

Length—frequency distribution of suitable specimens used for scale reading of Atherina boyeri in the Mar Menor coastal lagoon (FL = fork

length, n = no. of fishes)

Age-classes

Total Males Females
FL (mm) 1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+
40 2 2 0
42 4 4 0
44 19 17 2
46 38 32 6
48 50 37 13
50 60 37 23
52 94 54 40
54 93 42 51
56 69 40 29
58 58 28 30
60 56 28 28
62 26 1 10 16 1
64 25 3 13 2 12 1
66 24 16 15 5 9 11
68 4 25 2 12 2 13
70 5 53 1 1 31 4 22 1
72 4 65 2 3 31 1 1 34 1
74 57 4 16 4 41 0
76 50 42 11 15 39 27
78 4 48 0 4 4 44
80 2 47 1 12 1 35
82 24 4 20
84 22 2 20
86 9 2 7
88 7 1 6
90 3 0 3
92 0 0 0
94 1 0 1
n 631 276 210 365 109 45 266 167 165
% 56.49 24.71 18.80 70.33 21.00 8.67 44.48 27.93 27.59
Table 2
Comparison of fish length between sexes obtained from scales
Age class n Females FL (mm) n Males FL (mm) F d.f. P
1+ 266 55.38 £ 0.65 365 53.17 + 0.64 22.07 1, 629 <0.0005
2+ 167 72.04 + 0.50 109 70.79 + 0.53 10.63 1, 274 0.001
3+ 165 79.72 £ 0.58 45 78.09 £+ 1.05 6.82 1, 208 0.010
Total 598 66.75 + 0.92 519 59.03 + 0.93 133.97 1, 1115 <0.0005

n = no. of fishes; FL = mean FL of each age class, £95% confidence limit; P < 0.05, significant differences, ANOvA-test.

males and G, = 27% (G = 88%) in females, the 2+ age
class showed G; = 11% (Gp = 35%) in males and G; = 8%
(Gw = 26%) in females, while the 3+ age class did not show a
significant annual growth rate.

Length—weight relationship

The relationships between SL (mm) and SW (g) (dependent
variable) showed the best fit between length and weight
(regression analysis, P < 0.05):

Total specimens: SW=7.2910"°SL*7;,2=0.97;F(1,1934) =71393.6
TW=3.0410"FL>%:2=0.97;F(1,1934)=63815.4

Males: SW=06.2510"°SL>!!:/2=0.97;F(1,855) =28442.9
TW=3.5610"FL>?*;,2=0.97;F(1,855) =29069.9
Females: SW=8.2910"SL>*:}2=0.97,F(1,1078) = 32966.5

TW=3.3010"FL*%;2=0.96;F(1,1078) =26674.5

There were significant differences between males and females
(ANcova, F(1, 1934) = 7.99, P = 0.005 in the slope), but no
differences were obtained with time in these relationships
for either sex using season as a factor (males: ANCOVA,
F(3, 855) = 1.750, P = 0.153 in the slope; females: ANcova,
F(3, 1078) = 2.034, P = 0.106 in the slope).

We obtained significant differences between the b exponent
and 3 for isometric growth both in the specimens as a whole
and in the sexes separately (total: 7= 6.17, d.f. = 1932,
P < 0.0005; males: t = 6.27, d.f. = 854, P < 0.0005; females:
t =2.53, d.f. = 1078, P = 0.046). Moreover, because there
was a significant difference in the b exponent between males
and females (r = —-4.12, d.f. = 1078, P < 0.0005), females
were nearer the isometric growth than males.



Age and growth of the sand smelt Atherina boyeri

205

(@)
40
30
20

40
30 1
20
10 4

1+

40 4
30
20
10

40 q
30 1
20 1
10

40 -
30
20

No. of specimens

40
30
20
10

40
30
20

40

Fig. 1. Length-frequency modal pro- 30
gression of males (a) and females (b) of 20
Atherina boyeri, with a valid reading of 10
scales (Ng = 1117), caught seasonally 0
in the Mar Menor. The medians of

males and females (year classes 1+

and 2+) are joined with lines

40

Somatic condition

Significant changes were obtained in the temporal variation of
somatic condition (Kruskal-Wallis test; males: H = 128.77,
d.f. =32, P < 0.0005; females: H = 256.82, d.f. =32,
P < 0.0005) and a similar cycle was evident in both sexes
(Pearson’s correlation, r = 0.714, P < 0.01) (Fig. 2). In fact,
three phases could be identified in the condition cycle in both
sexes: although there were variations between samplings, the
first phase (phase I) takes place from autumn to spring, when
the residuals (Kr) showed high values, reaching a maximum at
the beginning of April (females Kr = 0.90 = 0.28, males
Kr = 0.70 £ 0.40) and another maximum in November
(females Kgr = 0.97 £ 0.28, males Kr = 0.90 £ 0.19); in the
second phase (phase II), from the middle of spring to the
beginning of summer, which coincides with the spawning
period in the area under consideration (unpublished data),
Ky decreased to reach a minimum at the end of June (females
Kr = -0.77 £ 0.32, males Kr = —0.70 £ 0.25); finally, in
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the third phase (phase III), during summer, sand smelt
gradually recover their condition.

A comparison of fish condition between sexes in each of the
differentiated phases pointed to significant differences. Females
presented significantly higher residual values during phase I
(female Kr = 0.45 £ 0.10, male Kg = 0.23 £ 0.10; ANOVA,
F(1, 542) = 8.35, P = 0.004). During phase II, there were no
significant differences in condition between the sexes (ANOVA,
F(1, 690) = 3.33, P = 0.068). Finally, during phase III, the
males showed a greater ability to recover their condition
(female Kr = -0.31 £ 0.53, male Kr=-0.01 £ 0.11;
ANOVA, F(1, 855) = 10.94, P = 0.001).

Discussion

The lifespan of the A. boyeri population in the Mar Menor
coastal lagoon was short, with only four age groups being
evident (maximum age-class: 3+). This is in agreement with
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Table 3 (a)
Seasonal growth rates in length (G,) and weight (Gy) of the different
cohorts established for the males and females of Atherina boyeri in the 27
Mar Menor coastal lagoon. Only growth rates with significant 1.54
differences (P < 0.05, 7-test) between seasons in the same cohort and 1
between cohorts are presented (*theoretical rates, see text) 05 |
Spring— Summer— Autumn— Winter— 07
Cohort summer autumn winter*® spring » 051
R 14
G (%) 3
Males 7 15
1+ - 8.53 7.66 16.01 g 2
2+ - - - 11.25 3
N
oo - - S O
Females 3 2 4
1+ - 7.51 6.18 17.18 T s
2+ - - - 9.62 S '
3+ - - - - e 1
Gw (%) 0>
Males 0 1
1+ - 27.72 24.89 51.99 05
2+ - - — 36.55
3+ - - - - -
Females 13
1+ - 23.87 19.66 54.63 -2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
gi - - - 30.60 N D J F M A M J T A S

the general pattern observed in most other 4. boyeri popula-
tions previously studied throughout their distribution range
(Table 4). Although in the present study we did not catch any
0+ specimens, their high abundance in the lagoon has been
confirmed (unpublished data).

An annulus formation in the stock under consideration took
place in spring (about 3 months), which closely reflects the

Months

Fig. 2. Temporal pattern in somatic condition for (a) males and (b)
females of the Atherina boyeri population located in the Mar Menor.
Mean £ 95% CL of SL-SW relationship of standardized residuals

findings of Marfin (1981), Sostoa (1983) and Fernandez-
Delgado et al. (1988), although the latter author observed a
longer formation period (4-5 months). Palmer and Culley
(1983) mentioned winter as the season of annuli formation

Table 4
Maximum age of Atherina boyeri in this study and in studies by other authors
Tidal
Locality Habitat effect Age References
Prevost Lagoon (France) Coastal Lagoon No 2+ Kohler (1976)
Arcachon Bay (France) Mainland Coast (Bay) Yes 2+ Castel et al. (1977)
Aral Sea Inland Sea No 2+ Markevich (1977)
Langstone Harbour (England) Mainland Coast (Salt-marsh) Yes 3+ Palmer (1979)
Fawley (England) Mainland Coast (Salt-marsh) Yes 3+ Turnpenny et al. (1981)
Salses-Leucate Lagoon (France) Coastal Lagoon No 3+ Marfin (1981)
Canet-Saint-Nazaire Lagoon (France) Coastal Lagoon No 2+ Marfin (1981)
Estuary of the Bourdigou (France) Estuary No 2+ Marfin (1981)
Zonar Lagoon (Spain) Freshwater Lagoon No 2+ Fernandez-Delgado and Hernando (1982)
Ebro River Delta (Spain) Delta No 3+ (f) Sostoa (1983)
2+ (m)
Oldbury-upon-Severn (England) Estuary Yes 2+ Palmer and Culley (1983)
Bardawil Lagoon (Egypt) Coastal Lagoon No 1+ Gon and Ben-Tuvia (1983)
Po River Delta (Italy) Delta No 2+ Ferrari and Rossi (1984); Mistri
and Colombo (1988)
The Fleet, Dorset (England) Mainland Coast (Salt-marsh) Yes 3+ Henderson and Bamber (1986)
Black and Caspian Seas Inland Sea No 4+ Henderson and Bamber (1987)
Trasimeno Lake (Italy) Freshwater Lake No 2+ Mistri and Colombo (1988)
Ionian Sea (Italy) Mainland Coast (Gulf) No 2+ Mistri and Colombo (1988)
Estuary of the Guadalquivir (Spain) Estuary Yes 2+ Fernandez-Delgado et al. (1988)
Vaccares Lagoon (France) Coastal Lagoon No 4+ Rosecchi and Crivelli (1992, 1995)
Trichonis Lake (Greece) Inland Lake No 4+ Economou et al. (1994)
Leonardos (2001)
Mesolongi Lagoon (Greece) Coastal Lagoon No 3+ Leonardos and Sinis (2000)
Etolikon Lagoon (Greece) Coastal Lagoon No 3+ Leonardos and Sinis (2000)
Mar Menor (Spain) Coastal Lagoon No 3+ (f) Present study

3+ (m)
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period, although, both differences in latitude and the thermal
pollution which affected the habitat under consideration could
have had an important effect (Schricken and Swennen, 1969;
Velde and Polderman, 1976; Palmer et al., 1979; Turnpenny
et al., 1981).

The largest 4. boyeri taken in other areas were usually in the
63-190-mm (SL) range: in the Bardawil Lagoon (Gon and
Ben-Tuvia, 1983) and Scilly Isles (Henderson and Bamber,
1987). In the stock under consideration, the largest individuals
were 87 and 94 mm (FL) for males and females, respectively.
However, larger fish [up to 111 mm (FL)] were caught in the
study area by Lozano-Cabo (1979). Henderson and Bamber
(1987) showed that A. boyeri can adapt its life history and
morphology to environmental conditions with a trend to
reduced growth and hence length-at-age along an oceanic-
coastal-estuarine-freshwater habitat range. This trend is not
clearly seen in Spanish populations because no decrease in
maximum length has been recorded between coastal or
estuarine populations (Sostoa, 1983; Fernandez-Delgado
et al., 1988 and present study) and freshwater populations
(Fernandez-Delgado and Hernando, 1982). Nevertheless, the
latter mentioned populations can be regarded as having an
introduced status with a possibly marine or estuarine origin
(Fernandez-Delgado, 1987), which may mask any such trend.

Sand smelt grow rapidly during the first year of life,
attaining approximately 56.2% of their maximum FL. After
the first year, the annual growth rate drops rapidly, which is
related to sexual maturity, as in the area under consideration
individuals mature at the beginning of the second year of life
(1+) (unpublished data). Hence, energy is diverted to repro-
duction, with less energy available for somatic growth
(Reznick, 1985). After maturity, the decrease in annual growth
observed with longevity was also observed in the pattern of
seasonal growth. Thus, the 1+ age class reinitiated growth
after summer, reaching its maximum rate between winter and
the spring, the 2+ age class only showed growth between
winter and spring and, finally, the 3+ age class did not
manifest any growth, probably because of a high natural
mortality rate and/or migration of the most long-lived
individuals from the lagoon.

The non-growing period detected in all age classes (1+, 2+
and 3+) in males and females includes the peak spawning
period (unpublished data). Reproductive stress is probably
responsible for this cessation of growth between spring and
summer (Henderson and Bamber, 1987; Fernandez-Delgado
et al., 1988). In the same period, the somatic condition of
population under consideration reached a minimum, and then
(when reproduction had finished) increased. As already men-
tioned, this suggests the existence of a trade-off between the
energy devoted to reproduction and that devoted to mainten-
ance or growth (Herrera and Fernandez-Delgado, 1994).

Estimates of von Bertalanffy growth parameters indicated
that females reach a larger asymptotic size than males. The
values of L., (81.90 mm FL for males and 84.58 mm FL for
females) which are lower than the maximum FL should be
accepted considering that both few and scattered males and
females longer than these asymptotic sizes were caught (Rojas
et al., 1993; Megalofonou, 2000) (Table 1).

The somatic condition cycle of the population under
considertion is similar to that found by other authors (Marfin,
1982; Fernandez-Delgado et al., 1988), with two periods of
maximum values, one in spring when gonads mature, and the
other in autumn, which is essential for winter survival. Females
showed higher values to males just before the reproductive

period. Subsequently, during the reproductive period the
somatic condition falls more sharply in females to reach
values similar to those of the males. Finally, in the post-
reproductive period, the males show a major recovery of
condition which, as suggested previously, might indicate the
lower energetic cost of males during reproduction (Rodriguez-
Ruiz, 1992).

In conclusion, the age and growth traits of A. boyeri in the
population under consideration point to a low number of age
groups, a high growth rate during the first years of life and a
clear decrease in the growth rate with longevity, a short
lifespan and seasonal variations in the somatic condition.
These life-history tactics are common in productive and/or
unstable environments (Stearns, 1976; Mann et al., 1984;
Mills, 1987) and do not differ much from those of the other
Iberian populations of the species.

Acknowledgements

The authors are very grateful to Leandro Bermudez (Head-
quarter of Agrarian Production and Fishing of the Council of
Agriculture, Water and Environment from the Autonomous
Goverment of Murcia), Julio Mas and Ifaki Franco (both from
the Spanish Institute of Oceanography, Region of Murcia) and
Andres Escudero (Fishermen’s Confraternity of San Pedro of
the Pinatar). We also thank all fishermen of the Mar Menor for
their assistance in fieldwork. Many thanks to Philip Thomas for
the English translation and revision of the manuscript.

References

Arevalo, L., 1988: El Mar Menor como sistema forzado por el
Mediterraneo. Control hidraulico y agentes de fuerza. Bol. Inst.
Esp. Oceanogr. 5, 63-96.

Berrebi, P., 1978: Contribution a I’étude biologique des zones
saumatres du littoral méditerranéen frangais. Biologie d’une
microsporidie: Glugea atherini n. sp. parasite de I’Athérine:
Atherina boyeri Risso, 1810 (Poisson-Té¢léostéen) des étangs
cotiers. PhD Thesis, University of Montpellier, Montpellier,
France.

Beverton, R. J. H.; Holt, S. J., 1957: On the dynamics of exploited fish
populations. Fisheries Investigations Ser. II, Mar. Fish., G. B.
Minist. Agric. Fish. Food 19, 1-533.

Bhattacharya, C. G., 1967: A simple method of resolution of a
distribution into Gaussian components. Biometrics 23, 115-135.

Castel, J.; Cassifour, P.; Labourg, J., 1977: Croissance et modifications
du régime alimentaire d’un téléostéen mugiliforme: Atherina
boyeri Risso, 1810 dans les étangs saumatres du bassin d’Arca-
chon. Vie Milieu A 27, 385-410.

Economou, A. N.; Daoulas, C. H.; Psarras, T.; Barbieri-Tseliki, R.,
1994: Freshwater larval fish from Lake Trichonis (Greece). J. Fish
Biol. 45, 17-35.

Everhart, W. H.; Youngs, W. D., 1975: Principles of fishery science.
Cornell University Press, Ithaca, NY.

Fernandez-Delgado, C., 1987: Ictiofauna del estuario del Guadalqui-
vir: su distribucion y biologia de las especies sedentarias. PhD
Thesis, University of Cérdoba, Cordoba, Spain.

Fernandez-Delgado, C.; Hernando, J. A., 1982: Relaciones mor-
fométricas de Atherina boyeri Risso (Pisces: Atherinidae) de la
Laguna de Zonar a(Cordoba, Espaiia). Donana, Acta Vertebrata
9, 13-25.

Fernandez-Delgado, C.; Hernando, J. A.; Herrera, M.; Bellido, M.,
1988: Life-history patterns of the sandsmelt Atherina boyeri Risso,
1810 in the estuary of the Guadalquivir River, Spain. Estuarine,
Coastal Shelf Sci. 27, 697-706.

Ferrari, 1.; Rossi, R., 1984: Regime alimentaire di Atherina boyeri
Risso, in una laguna del Delta del Po. Nova Thalassia 6 (Suppl.),
275-280.

FiSAT, 2000: FAO ICLARM. Stock Assessment Tools. International
Center for Living Aquatic Resources Management, Manila,
Philippines.



208

A. Andreu-Soler et al.

Garcia-Berthou, E.; Moreno-Amich, R., 1993: Multivariate analysis of
covariance in morphometric studies of reproductive cycle. Can. J.
Fish. Aquat. Sci. 50, 1394-1399.

Gayanilo, F. C.; Soriano, M.; Pauly, D., 1988: A draft guide to the
Complete ELEFAN. ICLARM Software 2. International Center
for Living Aquatic Resources Management, Manila, Philippines.

Gilabert, J., 2001: Seasonal plankton dynamics in a Mediterranean
hypersaline coastal lagoon: the Mar Menor. J. Plankton Res. 23,
207-217.

Gon, O.; Ben-Tuvia, A., 1983: The biology of Boyer’s sand smelt,
Atherina boyeri Risso, 1810 in the Bardawil Lagoon on the
Mediterranean coast of Sinai. J. Fish Biol. 22, 537-547.

Guevara, J.; Sautier-Casaseca, G. A., 1977: Datos sobre las condici-
ones ambientales y fauna ictiologica del Mar Menor. CRIS 155,
18-20.

Henderson, P. A.; Bamber, R. N., 1986: Sand smelt in the Fleet.
Porcupine Newsl. 3, 149-151.

Henderson, P. A.; Bamber, R. N., 1987: On the reproductive biology
of the sand smelt Atherina boyeri Risso (Pisces: Atherinidae) and
its evolutionary potential. Biol. J. Linnean Soc. 32, 395-415.

Herrera, M., Fernandez-Delgado, C., 1994: The age, growth and
reproduction of Chondrostoma polylepis willkommi in a seasonal
stream in the Guadalquivir River basin (southern Spain). J. Fish
Biol. 44, 11-22.

Herve, P., 1978: Ichthyofaunes comparées de deux étangs littoraux du
Roussillon: Salses-Leucate et Canet-Saint-Nazaire. PhD Thesis,
University of Paris, Paris, France.

Kiener, A.; Spillmann, C. J., 1969: Contributions a ’¢tude systéma-
tique et écologique des athérines des cotes frangaises. Memoires
du Muséum National d’Histoire Naturelle Série A, Zoologie 40,
33-74.

Kiener, A.; Spillmann, C. J., 1972: Note complémentaire a I’étude
systématique et écologique d’Atherina boyeri Risso (Poissons,
Cyprinidae) dans la zone de dispersion actuelle. Bulletin du
Muséum Nationale d’Histoire Naturelle 55, 563-580.

Kiener, A.; Spillmann, C. J., 1973: Atherinidae. In: Check list of the
fishes of the north-eastern Atlantic and of the Mediterranean, Vol.
1. J. C. Hureau and T. Monod (Eds). UNESCO, Paris, pp. 576—
578.

Kjerfve, B., 1994: Coastal lagoon processes. Elsevier Oceanography
Series 60, Amsterdam.

Kohler, A., 1976: Observations biologiques et biométriques sur
Atherina boyeri Risso dans I’étang du Prévost a Palavas (Hérault).
Vie Milieu A 26, 157-174.

Leonardos, 1. D., 2001: Ecology and exploitation pattern of a
landlocked population of sand smelt, Atherina boyeri (Risso,
1810), in Trichonis Lake (western Greece). J. Appl. Ichthyol. 17,
262-266.

Leonardos, 1. D.; Sinis, A., 2000: Age, growth and mortality of
Atherina boyeri Risso, 1810 (Pisces: Atherinidae) in the Mesolongi
and Etolikon lagoons (W. Greece). Fish. Res. 45, 81-91.

Lozano-Cabo, F., 1979: Ictiologia del Mar Menor (Murcia). Los
Fisostomos. Secretariado de Publicaciones, Universidad de Mur-
cia, Murcia, Spain.

Mann, R. H. K.; Mills, C. A.; Crisp, D. T., 1984: Geographical
variation in the life-history tactics of some freshwater fish. In: Fish
reproduction: strategies and tactics. G. W. Potts and R. J.
Wootton (Eds). Academic Press, London, pp. 171-186.

Marfin, J. P., 1981: Biologie de I’Atherine: Atherina boyeri Risso, 1810
(Poissons téléostéen) dans trois milieux saumatres du Roussillon
(Leucate, Canet, Bourdigou). PhD Thesis, University of Perpig-
nan, Montpellier, France.

Marfin, J. P., 1982: Croissance de ’athérine, Atherina boyeri Risso,
1810 dans trois milieux saumatres du Roussillon. Bull. Inst. Natl.
Scient. Tech. Oceanogr. Péche Salammbo 9, 89-109.

Markevich, N. B., 1977: Some morphophysiological indices of the
silverside Atherina mochon pontica, in the Aral Sea in connection
with age structure of its population. J. Ichthyol. 17, 618-626.

Megalofonou, P., 2000: Age and growth of Mediterranean albacore.
J. Fish Biol. 57, 700-715.

Mills, C. A. 1987. The life-history of the minnow Phoxinus phoxinus
(L.) in a productive stream. Freshw. Biol. 17, 53-67.

Mistri, M.; Colombo, G., 1988: Morphometric variability in sand-
smelt, Atherina boyeri Risso, 1810, populations from different
Ttalian sites. Boll. Zool. 3, 129-132.

Palmer, C. J., 1979: The biology of the British Atherinidae, with
particular reference to Atherina presbyter Cuvier of Langstone

Harbour, Hampshire. PhD Thesis, Portsmouth Polytechnic,
Portsmouth, UK.

Palmer, C. J.; Culley, M. B., 1983: Aspects of the biology of the sand
smelt Atherina boyeri Risso, 1810 (Teleostei: Atherinidae) at
Oldbury-upon-Severn, Gloucestershire, England. Estuarine,
Coastal Shelf Sci. 16, 163-172.

Palmer, C. J.; Culley, M. B.; Claridge, P. N., 1979: A further
occurrence of Atherina boyeri Risso,1810 in North-eastern
Atlantic waters. Environ. Biol. Fish. 4, 71-75.

Pauly, D., 1983: Length-converted catch curves: a powerful tool for
fisheries research in the tropics (Part I). Fishbyte 1, 9-13.

Pauly, D., 1984: Length-converted catch curves: a powerful tool for
fisheries research in the tropics (Part II). Fishbyte 2, 17-19.
Perez-Ruzafa, A., 1989: Estudio ecologico y biondémico de los
poblamientos bentonicos del Mar Menor (Murcia, SE de Espaiia).

PhD Thesis, University of Murcia, Murcia, Spain.

Perez-Ruzafa, A.; Marcos, C.; Perez-Ruzafa, I. M.; Ros, J. D., 1987:
Evolucion de las caracteristicas ambientales y de los poblamientos
del Mar Menor (Murcia, SE de Espafia). Anales de Biologia 12
(Biologia Ambiental, 3), 53-65.

Perez-Ruzafa, A.; Ros, J. D.; Marcos, C.; Ballester, R.; Perez-Ruzafa,
1. M., 1989: Distribution and biomass of the macrophyte beds in a
hypersaline coastal lagoon (the Mar Menor, SE Spain), and its
recent evolution following major environmental changes. In:
International Workshop on Posidonia Beds, Vol. 2. C. F.
Boudouresque, A. Meinesz, E. Fresi and V. Gravez (Eds). GIS
Posidonie Publ., Marseilles, 49-62.

Quignard, J. P.; Pras, A., 1986: Atherinidae. In: Fishes of the north-
eastern Atlantic and the Mediterranean. P. J. P. Whitehead, M. L.
Bauchot, J. C. Hureau, J. Nielsen and E. Tortonese (Eds).
UNESCO, Paris, pp. 1207-1210.

Reznick, D. N., 1985: Costs of reproduction: an evaluation of the
empirical evidence. Oikos 44, 257-267.

Rodriguez-Ruiz, A., 1992. Relaciones entre la comunidad ictica y la
estructura del habitat en un rio de régimen mediterraneo. PhD
Thesis, University of Sevilla, Sevilla, Spain.

Rojas, P.; Jimenez, L; Toledo, P.; Mares, G., 1993: Estimacion de los
parametros de crecimiento y ciclo de madurez gonadica del charal
blanco Chirostoma grandocule Steindachner, 1894 (Pisces, Athe-
rinidae) del Lago de Patzcuaro, Mich. Ciencia Pesquera 10, 69-77.

Rosecchi, E.; Crivelli, A. J., 1992: Study of a sand-smelt (Atherina
boyeri Risso, 1810) population reproducing in freshwater. Ecol.
Fresh Fish. 1, 77-85.

Rosecchi, E.; Crivelli, A. J., 1995: Sand smelt (Atherina boyeri)
migration within the water system of the Camargue, southern
France. Hydrobiologia 300/301, 289-298.

Rosenberg, A. A.; Beddington, J. R., 1988: Length-based methods of
fish stock assessment. In: Fish population dynamic. J. A. Gulland
(Ed.). John Wiley & Sons, London, pp. 83-103.

Schrieken, B.; Swennen, C., 1969: Atherina mochon Cuv., a second
species of sand-smelt (Pisces, Atherinidae) from Dutch coastal
waters. Neth. J. Sea Res. 4, 372-375.

Sokal, R. R.; Rohlf, F. J., 1981: Biometry. W. H. Freeman & Co., San
Francisco, CA.

Sostoa, A., 1983: Las comunidades de peces del delta del Ebro. PhD
Thesis, University of Barcelona, Barcelona, Spain.

Stearns, S. C., 1976: Life-history tactics: a review of the ideas. Q. Rev.
Biol. 51, 3-47.

Sutton, S. G.; Bult, T. P.; Haedrich, R. L., 2000: Relationships among
fat weight, body weight, water weight and condition factors in
wild salmon parr. Trans. Am. Fish. Soc. 129, 527-538.

Tortonese, E., 1975: Osteichthyes (Pesci Ossei). In: Fauna d’Italia, Vol.
I1. Edizioni Calderini, Bologna, Italy. pp. 29-35.

Turnpenny, A. W. H.; Bamber, R. N.; Henderson, P. A., 1981: Biology
of the sand smelt (Atherina presbyter Valenciennes) around
Fawley Power Station. J. Fish Biol. 18, 417-427.

Velde, G.; Polderman, P. J. C., 1976: Atherina boyeri Risso, a genuine
immigrant in the delta area. Hydrobiol. Bull. 10, 96-97.

Weatherley, A. H.; Gill, H. S., 1987: The biology of fish growth.
Academic Press, London.

Wootton, R. J., 1998: Ecology of teleost fishes. Kluwer Academic
Publishers, Dordrecht, The Netherlands.

Author’s address: A. Andreu-Soler, Department of Zoology and
Physic Anthropology, University of Murcia,
E-30100 Murcia, Spain.
E-mail: asun@um.es



