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ABSTRACT

RESUMEN

INTRODUCCION

CICLO REPRODUCTIVO DE LA SARDINA ESPAÑOLA, 
SARDINOPS SAGAX MUSICA (GIRARD, 1854) 
EN EL AREA PESQUERA DE TALCAHUANO, 
CHILE (1983-1984)

REPRODUCTIVE CYCLE OF THE PACIFIC SARDINE, 
SARDINOPS SAGAX MUSICA (GIRARD, 1854) 
FROM THE FISHERY AREA OF TALCAHUANO, 
CHILE (1983-1984)

The Pacific sardine, Sardinops sagax música 
(Girard, 1854), is che main pelagic fishery 
resource in Chile (SERNAP, 1984; 1985). In

En este trabajo se describe el ciclo reproductivo de la sardina española Sardinops sagax música (Girard, 1854) en el área de 
Talcahuano (36°4TS; 73°06'W) durante 1983-1984, mediante análisis histológico de gónadas, índice gonosomático y 
verificación de la presencia de huevos y larvas en el plancton.
Los resultados indican que la sardina española es un desovante parcial y se reproduce todo el año, con un máximo de 
actividad reproductiva en invierno y principio de primavera (junio a septiembre), y un máximo secundario en febrero. 
Se discuten las implicancias de ambos máximos de desove, y de un índice de sobrevivencia larvario, en relación con 
características ambientales bióticas y abióticas.
Se determina la talla de primera madurez a los 29,5 cm de longitud total en machos y de 30,0 cm en hembras, longitudes 
que equivalen aproximadamente a 5 años de edad.
Se determina que el ciclo reproductivo tiene un patrón similar al de la zona norte de Chile, por lo que el stock del sur 
podría haberse originado a partir de aquél, pero las diferencias reproductivas entre estos dos stocks, tales como talla de 
primera madurez, podría estar evidenciando la existencia de a lo menos dos stock poblacionales en la costa de Chile. 
Palabras claves: Reproducción de peces, Sardinops sagax música, análisis histológico, primera madurei, Chile.

the Talcahuano area, this species was enti- 
rely unknown to the fishermen before 1973 
(Serrá, 1983). Since 1973 itbeguntobesigni-

This report describes the spawning cycle of the Pacific sardine Sardinopssagax música (Girard, 1854) during 1983-1984, 
in the Talcahuano fishery area (36°41'S; 73°06'W), using gonadic histological analysis. Information on gonosomatic 
índex and the presence of eggs and larvae in the plankton are also used.
The results show Pacific sardine to be a serial spawner with continuous breeding throughout the year, and two peaks of 
reproductive activity-a main peak during winter and early spring (june to september), and a secondary peak in 
february.
The implications of this two spawning peaks, and an índex of larval survival Índex in relation to environmental biotic 
and abiotic conditions are discussed.
First maturity sizes were found to be 29.5 cm total lenglh for males and 30.0 cm for females, which aproximately 
corresponds to 5 year of age.
The reproductive cycle in Talcahuano is similar to that found in the north of Chile. This could mean that the Southern 
stock originated from the northern stock, but the reproductive differences between the both areas (e.g. first maturity 
size) migth indícate the existence of at least two populations along the Chilean coast.
Keywords: Fish reproduction, Sardinops sagax música, Histological analysis, first maturity, Chile.
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with the following aims: i) to know the repro
ductive cycle of Sardinops sagax música (Gi
rará, 1854), in the Talcahuano fishery area, 
the southernmost spawning area known for 
this species; ii) to determine the spawning 
pattern; iii) to determine first maturity size; 
and iv) to compare the information obtained 
with the information available for the nort- 
hern area.

ficant in the landigs, becoming the second 
pelagic fishery resource in this area after the 
jack mackerel (Trachurus murphyi, Nichols, 
1920). In 1984, the catch of S. sagax in the 
Talcahuano area reached 93,885 ton from a 
total of 2.57 x 106 ton for the whole country 
(SERNAP, 1984); while in 1985, landings 
were 67,648 ton for Talcahuano from a total 
of 2.89 x 106 ton (SERNAP, 1985).

The Pacific sardine 5. sagax música is distri- 
buted in Chile from 18°S (De Buen, 1958) to 
42°S (Chiloé Island) (C. Oyarzún unpublis- 
hed data). From ichthyoplankton surveys, 
carried out in 1981-1982, three spawning 
areas can be recognized: a large northern 
area (18° to 26°S), a small central area 
(around 30°S), and a Southern area (32° to 
40°S) (Rojas et al., 1983). The existence of 
these areas, could represent a mechanism for 
relative reproductive isolation associated to 
the maintenance of diferents stocks (Cu- 
shing 1975; lies & Sinclair, 1982).

All previous studies on the reproduction 
of Sardinops sagax música in Chile have been 
conducted in the northern zone. They des
cribe a continuous spawning from april-may 
to november-december following a bimodal 
cycle, with the main peak around august (Se- 
rra et al., 1979). However, the timing of the 
secondary peak is conflictive. Serra (1983) 
locales it around february, using macrosco- 
pic gonadic analysis and based upon the go- 
nosomatic Índex. A recent study in the same 
zone using gonadic histology and gonosoma- 
tic Índex, indícales that the principal peak 
extends from august to september but the 
secondary peak was not reponed, probably 
because of the occurrence of an “El Niño” 
event during the study period (Retamales & 
González, 1984; 1985). On the other hand, 
Martínez el al., (1984) based upon macrosco- 
pic observations, reponed the existence of 
two peak of reproductive activity, the main 
from july to september and the secondary 
one between january and february, but they 
also repon that during the “El Niño” event 
of 1982-1983 the secondary peak was not 
observed. These authors also reponed that 
the proportion of monthly mature females 
never fell below 60%.

Ichthyoplankton surveys from Valparaíso 
Bay (33°S) indícate the presence of eggs and 
larvae in the plankton all over the year (Bal- 
bontín & Carretón, 1977), meaning that S. 
sagax is a serial spawner at that latitud.

The present investigation was carried out

MATERIALS AND METHODS

Samples were obtained in commercial lan
dings from the Talcahuano fishery area 
(36°41'S; 73°06'W), since april 1983 to sep
tember 1984. A total of 851 individuáis were 
used to determine total length, total weight 
and gonad weight. A cross-section piece 
from the mid región of each gonad, was pre- 
served in 10% fomalin/sea water for histolo- 
gical analysis. Ovary tissues were embedded 
in paraffin, cut in slices 7 and 10 jxm thick 
and stained with Meyer’s Hematoxyline and 
1% Eosine. Gonosomatic Index (Nikolsky, 
1963) was expressed as: (gonad weight/(To- 
tal weight-gonad weigth)) x 100.

Homogenous gonadic maturation was 
checked in both males and females at diffe- 
rent stages of maturity. Five sections from 
diferent portions along of both gonads were 
analyzed in 11 males and 11 females, which 
were between 25.7 to 36.4 cm of total length, 
following histological procedure described 
before for each section.

Ovaries were histologically classified in fi- 
ve stages (píate 1):
I. Inactive. Containing primary oocytes 
about 0.12 mm in diameter, with basophilic 
cytoplasm, and a large nucleous with many 
nucleoli under the nuclear membrane.
II. Previtellogenic. Containing enlarged oo
cytes 0.25 mm in diameter, with a ring of 
lipidie vacuoles under the cytoplasm mem
brane.
III. Vitellogenic. Containing oocytes 0.30 
mm in diameter in yolk accumulation pro- 
cess. Nuclei are larger and irregular, the gra
núlate and radíate zones of the follicles are 
clearly distinguished.
IV. Mature. Containing oocytes 0,49 mm in 
diameter in which the yolk accumulation 
process has been completed. Polar position 
of the nucleous or hydrating eggs sometimes 
present.
V. Mature post batch spawning. Presence of 
postovulatory follicles is verified. These 
structures can be detected only up to 48 hr
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Píate I. Gonadal development stages in females of Sardinops sagax música, (a) Inactive ovary with primary oocytes; 
(b) Previtellogenic ovary with vacuolated oocytes; (cJ Vitellogenic ovary with yolked oocytes; (d) Maturo ovary with 
maturo oocytes with accumulation yolk process finished; (e) Maturo post batch-spawning ovary with postovulatory 

follicles and vitellogenic oocytes, sometimes maturo oocytes; and (f) Postovulatory follicle.
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was determined by interpolation as the size 
with at least 50% mature specimens.

Fulton’s Condition Factor was expresed as 
(total weight/( total length)3) x 100.

Age of the fishes were estímate according 
to the size-age determinations done in the 
northern zone of Chile (Aguayo et al., 1984).

Sea Surface Temperature data was obtain 
from Navarro (1984).

iii» 

S

after spawning (Alarcón et al.', 1984; Gold- 
berg et al., 1984).

For the analysis of monthly maturity fre- 
cuencies, stages IV and V wereconsidered as 
mature and fishes smaller than first maturity 
size were not considered for histological ana
lysis and Gonosomatic Index analysis.

Testicles maturity wasclassified according 
to the criteria of Oliva et al. (1982).

First maturity for both males and females
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Figure 2. Female frecuency of Sardiaops sagax música, mature plus mature post 
batch-spawning (with postovulatory follicles).
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Figure 1. Gonosomatic Index of Sardinops sagax música of males and females pooled, and 
separated sexes.
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Figure 3. Relationships between reproductive activity expressed as mature female frecuency and 
Gonosomatic Index with superficial sea temperatura, in Sardinops sagax música.

increased and decreased more gradually. 
Pooled GSI valúes were low from november 
1983 to january 1984; they increased in fe- 
bruary, only to decrease in march, increasing 
again in winter 1984 (june to september) to 
reach a higher valué than the one from fe- 
bruary. This means that the reproductive 
cycle determined by GSI shows two speak of 
high activity (bimodal curve), being the main 
peak placed during winter.

i 1 • i 1 ■
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RESULTS
Considering the pooled samples, the se

xual ratio was 49.94% of females (426 males: 
425 females), indicating positively a 1: 1 se
xual ratio (Chi square test with P <0.05), 
however, the sexual ratio was not 1: I in 11 
out of 17 of the individual samples (P> 0.05) 
(Table 1).

Size frecuency distributions indicated that 
samples were composed by fishes between 
24.5 and 37.5 cm (aproximately 3 to 12 years 
oíd) and the more frecuent sizes were bet
ween 29.5 cm. and 35.5 cm (aproximately 6 
to 9 years of age), suinmer samples were 
composed mainly by fishes below the size of 
First maturity (29.5 - 30.0 cm total length).

Fulton’s Condition factor reached high 
valúes (aproximately 1.5) during Summer, 
being around 1 during the other seasons 
(Table 1).

Gonosomatic Index Analysis
Trends of Gonosomatic Indeces (GSI) 

(Fig. 1) did not show large diferences for 
males, females or pooled mean monthly va
lúes, and they are inter-correlated (Kendall 
Concordance W= 0.93). From july to octo- 
ber 1983, a large and fast increase of GSI m 
females was observed, followed by a decrease 
during the next four months. GSI in males

Histological Analysis

The histological analysis of all the sections 
obtained throughout the both gonads indica
ted that maturity proccess was homogeneous 
for both males and females, independently 
of the maturity stage or fish-size.

Histological analysis of the gonads sho- 
wed the occurrence of high frecuencies of 
pre-and postspawned mature females du
ring the whole sampling period, indicating 
continuous spawning (Fig. 2, Píate 1), accor- 
dingly the Pacific sardine off Talcahuano 
behave as a múltiple or serial spawner. Thus 
42.9% females were mature in the month of 
lowest reproductive activity, period when 
early maturity stages were also dominan 
(Table 2). During the main reproductive oe 
nod, up to 100% of females in the samnt 
were mature. During 1983 the main spa^

i • 1 i ■
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TABLE 1

Mondi

Sept *83

Feb *84

* Sexual ratio different from 1:1, wiih Chi square test significativo at P <0.05

Month N Ovary Maturity Stage

I V POFMP

Feb ‘84

S3

Monthly composition of the samples Sardinops sagax música 
from Talcahuano, Chile

N° ind. 
sample

TABLE 2
Frecuency of the differents maturity stages in females S. sagax música 

from Talcahuano, Chile.

March ‘84
June ‘84
July ‘84
Aug ‘84
Sept ‘84

Oct ‘83
Nov ‘83
Jan ‘84

Sample 
date

Sample 
date

Female 
frecuency (%)

Fulton’s 
Conditions 

Factor

Oct ‘83
Nov ‘83
Jan ‘84

I
P
V
M
POF

26/04/83
15/07/83
13/09/83
28/09/83
03/10/83
04/11/83
05/01/84
11/01/84
01/02/84
24/02/84
29/02/84
29/03/84
20/06/84
28/07/84
24/08/84
22/09/84

26/04/83 
15/07/83 
20/07/83 
13/09/83 
28/09/84 
03/10/83 
04/11/83
05/01/84 
11/01/84 
01/02/84 
24/02/84 
29/02/84
29/03/84 
20/06/84 
28/07/84 
24/08/84 
22/09/84

7
13
10
7

10
19
6
7
2

11
3

21
23
20
21
20

0.0
0.0
0.0
0.0
0.0 
0.0 
0.0 

14.3
0.0
0.0
0.0

19.0
0.0
5.0 
0.0 
0.0

0.0
0.0

10.0
0.0
0.0

15.8
16.7
28.6
0.0
0.0
0.0

14.3
0.0
0.0
0.0
0.0

14.3
0.0
0.0
0.0
0.0

10.5
16.7
14.3
0.0
0.0
0.0

14.3
0.0
0.0
0.0
0.0

85.7 
100.0 
90.0 

100.0 
100.0
73.7 
66.7 
42.9 

100.0 
100.0 
100.0
52.4 

100.0 
95.0 

100.0 
100.0

0.98 
0.92 
0.92 
0.91 
0.94 
0.88
0.93 
0.97 
1.08 
1.46 
1.30 
1.15
1.02 
0.95 
0.87 
0.91 
0.89

42.9
15.4
10.0
57.1
20.0
0.0
0.0

14.3
50.0

9.1
33.3
4.8
4.4

15.0
23.8 
35.0

April ‘83
July ‘83
Sept ‘83

March ‘84
June *84
July ‘84
Aug ‘84
Sept *84

April ‘83
July ‘83

Inactive ovary stage 
Previtellogenic ovary stage 
Vitellogenic ovary stage 
Mature ovary stage 
Ovary with Postovulatory Follicles

18
40
33
27
28
24
34
25
14
31
26
16
88
100
111
80
156

50.00 
70.00* 
48.50
44.44 
28.57* 
45.83
64.71* 
48.00
71.43* 
74.19* 
73.08»
68.75* 
60.23* 
64.00*
49.55 
60.00*
14.10*



Reproduction of the Pacific sardine from Talcahuano 51

DISCUSSION
Maturity stages shows no histological dif- 

ferences with previous descriptions (Macer, 
1974; Scott, 1974; Crossland, 1977; Hodg- 
kiss&Man, 1978; Hunter & Goldberg, 1980; 
De Martini & Fountain, 1981; Treasurer & 
Holliday, 1981), and the only changes done 
here refers lo the nomenclature of stages.

Asynchronous gamete development indi- 
cates that Pacific sardine 5. sagax is a serial or 
múltiple spawner at this latitud. Continuous 
gamete releasing was demonstrated by the 
presence of postovulatory follicles during 
the whole sampling period, since this struc- 
tures can only be recognized up to 48 hr after 
spawning (Alarcón et al., 1984; Goldberg et 
al., 1984). The observation of eggs and lar- 
vae in the plankton all year around in the 
area further confirm the continuous charac- 
ter of spawning activity in this species.

The sexual ratio on the average was 1: 1 
for the whole sampling period. However, the 
monthly variations observed might indícate 
that some specific reproductive behaviour is 
taking place, characterized by partial spatial

ning peak was from april to october, after a 
drastic decrease of the frequency of mature 
females in november. During summer re
productive activity was low, except for fe- 
bruary, when a secondary reproductive peak 
was observed. Reproductive activity was low 
again in march, only to rise again in winter 
and early spring, 1984 (from june to sep- 
tember).

Size of first maturity —with 50% mature 
fishes— was estimated to be 29.5 cm total 
length in males and 30.0 cm total length in 
females. That size would correspond to fis
hes averaging 5-6 years oíd. the smallest male 
and female reaching maturity in this study 
were 28.3 and 26.4 cm total length respecti- 
vely (aproximately 5 and 4 years oíd).

Monthly ichthyoplankton hauls from a 
station located 8 nautical miles West off Con
cepción Bay, and sporadic observations from 
the Arauco Gulf and Concepción Bay, indi- 
cate the presence of eggs and larvae in the 
plankton throughout the year (G. Herrera 
pers. comm.).

An inverse relationship between spaw
ning incidence and sea surface temperature 
(SST) (Fig. 3) was observed during this study 
using either GSI or histologically- 
determined maturity.

segregation by sex during spawning. This 
has been previously recorded for other Clu- 
peiform species (Hunter & Goldberg, 1980; 
Blaxter & Hunter, 1982). The numerical do- 
minance of males in the spawning schools 
may represent a mechanism to ensure a high 
rate of fertilization, a situation that would be 
favoured by natural selection (Conover, 
1984; Conover & Kinard, 1984). High male 
dominance was observed in Sardinops sagax 
música during september 1984, when only 
14.9% of all fishes sampled were females. 
Besides, both males and females were matu
re. Males presented a high GSI (8.9 ± 1.3), 
and 35% of the females showed evidence of 
recent spawning (Postovulatory follicles).

Determinations of first maturity sizes of 
23.0 cm by Vidal in 1967 (fide Serra et al., 
1979), and 26.0 cm by Retamales & González 
(1985) for sardine from the north of Chile 
are not consistent with our estimations for 
the Talcahuano area, which, could suggest 
the existence of at least two populations.

GSI information appears to be consistent 
with histological data, but great care is neces- 
sary when using it as the main tool of analy- 
sis. A non-linear relationship between gonad 
weigth and body weigth has been reponed in 
serial spawners (De Vlaming et al., 1982). 
Also GSI might not be a suitable Índex be- 
cause experimental evidence has shown va
riations of this Índex with non histological 
correlates in the gonad (Lam, 1983). Availa- 
ble information indicates the same for Sardi
nops sagax música (Aguilera, 1984). Even GSI 
is open to misinterpretation, however, as it is 
influenced not only by changes in gonad 
weigth, but also by change in somatic weigth; 
it is thus necessary to have an estímate of 
change in somatic weigth; in that sense the 
conventional Fulton’s Condition Factor is 
useful.

Gametes were released during the whole 
year. Nevertheless, a main peak was obser
ved during winter and early spring (june to 
september), and a secondary peak during 
frebruary, although this last peak is not as 
notonous using GSI as with histologycal ana- 
lysis. Spawning activity would to be less in- 
tense the rest of the year.

Fullon’s condition factor was uncoupled 
with the main winter reproduction activity 
wh. e tt exhtbned a peak in february, coincb 
dent with the secondary reproduce ¿eak 
^-thtssttuationcou^ faced the^SI
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Results indícate a “northern-like” spaw- 
ning pattern (timming) for the Talcahuano 
sardine, despite large differences of environ- 
mental conditions. This could indícate that 
the Southern stock originated from the nort- 
hern stock, but differences in some demo- 
graphic characteristics, e.g. the larger size at 
first maturity, could represent adaptations 
of a local population, suggesting the existen- 
ce of a relatively isolated Southern stock of 
Sardinops sagax música, hypothesis that needs 
further testing
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In the northern zone of Chile the sardine 
population spawns every night and a single 
female could spawn every 5-6 days (Retama
les & González, 1984). It is possible that in 
Talcahuano female spawning has a lower 
frecuency because of lower SST.

In the Talcahuano area, the main spaw
ning peak is uncoupled with the production 
cycle (Bernal et al., 1982; Castillo et al., 1985) 
and represents a clear example of mis-match 
in the sense of Cushing (1975); the seconda
ry reproductive peak lags 1 or 2 months tho- 
se of primary and secondary production. On 
the contrary, in the north of Chile there 
exists a cióse coupling between spawning and 
the production cycle, because upwelling also 
occurs in winter (Bernal et al., 1982). The 
main winter reproductive peak in Talcahua
no is associated with low SST (Fig. 3), low 
surface Ekman transpon, and modérate tur
bulence, while in the northern area this peak 
is associated with low SST, low turbulence 
but high Ekman transpon. Condition’s that 
are consistent with the criteria of Smith & 
Lasker (1978) regarding optimun for larval 
survival. The secondary summer reproducti
ve peak is associated in Talcahuano, with 
high SST, high Ekman transpon, and high 
turbulence while in the northern zone it is 
associated with high SST, low Ekman trans
pon, and low turbulence (Bakun & Parrish, 
1982; Parrish et al., 1983; Bakun, 1985).

A comparison of apparent survival ratios 
of sardine for both north (18°S) and south 
(37°S) (Castillo et al., 1985), suggests that the 
Southern larvae spawned in winter have a 
higher probability of survival than those 
spawned in summer, despite the low SSTs 
found in the area, which sometimes reacher 
critical low temperature for the development 
of larval sardines (Carretón & Balbontín, 
1982). Also, both winter and summer larval 
survival are higher for the northern area 
than in Talcahuano (Castillo et al., 1985), a 
fact that reflects the “border” character of 
the local population off Talcahuano with res- 
pect to the geographical range of the species.

Thus, of course to Smith & Lasker hypot
hesis (1978), only the winter reproductive 
peak at Talcahuano would to be successful 
because the environmental conditions are fa- 
vourable for larval development in this sea- 
son, while in the northern area both repro
ductive peaks would succeed, because of bet- 
ter environmental conditions over the whole
year.
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