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ABSTRACT

The influence of the 1992-1993 El Nifio events oa teproductive behavior of th&comber
japonicus peruanugChub mackerel) was studied from samples collectezhthly, along the
Peruvian coast (3°23'S-14°00'S), from January 189@ecember 1993. The monthly variation of
the gonadosomatic index and the frequency of thmge of gonad maturation evidenced that the
spawning of the species occurred all year longadenore intense in summer. The values of the
gonadosomatic index were higher during the occeresf the 1992-1993 EIl Nifio, while the body
weight and gonad weight decreased. Regarding theitgan factor, its values decreased in females
over 35 cm in fork length.

REesuwmo

A influéncia do evento El Nifio 1992-1993 no comporénto reprodutivo d8comber japonicus
peruanus(cavalinha) foi estudada a partir de amostras adéest mensalmente, ao longo do litoral
peruano (3°23'S-14°00'S), de janeiro de 1990 a midze de 1993. A variagdo mensal do indice
gonadossomatico e a freqiiéncia dos estagios deagpatugonadal evidenciaram que a desova da
cavalinha ocorreu o ano inteiro, sendo mais inteisgerao. Os valores do indice gonadossomatico
foram mais elevados durante o evento El Nifio, mascontraposi¢éo, as fémeas apresentaram peso
menor. Os dados mostraram que o fator de condigéimu em fémeas com mais de 35 cm de
comprimento furcal.

Descriptors:Scomber japonicus peruanu&onadal maturation, Gonadosomatic index, Conditio
factor, El Nifio event, South Pacific.

Descritores:Scomber japonicus peruanullaturacdo gonadal, indice gonadossomatico, Feeor
condigdo, El Nifio, Pacifico Sul.

INTRODUCTION are responsible mainly for the reduction in theeekt
of the productive zone and alterations in the “radfm
El Nifio Southern Oscillation (ENSO) is the S€asonal regime (ESCRIBANO et,&002) which has
largest coupled  ocean-atmospheric  episodiéffected the dynamic population of the pelagicdish
phenomenon in the Pacific Ocean. During El NifiProducing significant changes mainly in their
event, the seawater temperature changes subgantigtoundance and distribution patterns, reproductive
in space and time as the result of large-scal@ilure —and mortality —(ZUZUNAGA, 1985;
fluctuations in atmospheric pressure, sea leveti af®RANCIBIA; NEIRA, 2002; NIQUEN; BOUCHON,
current patterns (MORON, 2000; LU et al., 2001). The2004). o
warming episodes that appear to be part of theifi N Small pelagic fishes represent about 20-25%
event are of great interest because of their impact ©f the total annual world fisheries catch (FAO, 20
both fisheries and weather, and have been the fafcus@nd they are characterized by their short life shagh
considerable study (WILCZAK et al., 2007). fecundity and by the fact that some spawn all year
The oceanographic changes associated witfpund. These biological characteristics make them
El Nifio events off the Peruvian coast haveluiied highly ~sensitive to environmental forcing and
intrusions of oceanic low nutrient, warmer and moré&xtremely variable in their abundance (ALHEIT,

oxygenated waters into coastal areas. Thesegesa 2002). . .
Scomber  japonicus  peruanus (Chub

Contr. No. 882 do Inst. oceanogr. da Usp. mackerel) is one of the small pelagic (fisimore
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frequent and abundant in the South Pacific Ocean, A random sample of approximately 40 kg
especially in the coastal waters @@osta Rica, gwas taken from a vessel before the catch, sondd a
Equador, Peru and Chile. It is primarily a coastalanded, the specimens being placed in an ice box. |
species, found from the surface down to 300 m deptie laboratory, all the specimens were measured
(COLLETTE; NAUEN, 1983). In the Peruvian (nearest cm) and weighed (nearest 0.01g). For each
economy the species is important for their abuneandemale, the fork length, total weight and eviscerat
and commercial value, being utilized mainly as rawveight were recorded. The ovaries were removed,
material for the production of fish meal and a®adf weighed (nearest 0.01g), measured and examined
resource by the population (OLDEPESCA, 1986macroscopically to assess their maturity stage in
IMARPE; ITP, 1996). The commercial exploitation of accordance with the scale proposed by Johansen
Scomber japonicus peruangtarted in the 1960s. The (1919):

catches of the species increased steadily in tHg ea 1. Virginal: ovary reddish, slender and transparent.
1970s when it reached 410,302t, decreasing toll. Juvenile: ovary reddish with some small oocytes,
362,000t in the 1980s. A progressive reductiorhaf t visible only under the stereomicroscope.
resource occurred in 1992 (8,119t), probably due tdll. Initial maturation: ovary reddish with opaque
the continuous exploitation, but peaked again 8819 oocytes in maturation stage.

(380,526t) (NIQUEN; BOUCHON, 1995, 2004). IV. Middle maturation: ovary orange and with
However, landings declined in the period 2000-2003  opaque oocytes in maturation stage.
and it has persisted since then, indicating thah@se V. Ripe: ovary yellowish with large and rounded

period S. japonicus peruanugas over-exploited and oocytes.

nearing its maximum capacity (CARAMANTIN- VI. Spawning: ovary with translucent oocytes

SORIANO et al, 2008). Therefore, biological released through genital aperture.

information such as annual reproductive cycle i¥ll. Partially spawned: ovary flaccid and with a few

indispensable to effectively manage stock sizethef oocytes.

species. VIIl. Spent: ovary reddish and with degenerate
Published literature has dealt almost oocytes.

exclusively with taxonomy, distribution and some The reproductive period of. japonicus

aspects of the Chub mackerel biology (MINANO;peruanus was established analyzing the
CASTILLO, 1971; KOTLYAR; ABRAMOV, 1982; Gonadosomatic Index  values (ANDERSON;
MENDO, 1984; CARAMANTIN, 2006). However, GUTREUTER, 1983), the monthly relative frequency
information about the species” reproductive bioJogyof the gonadal maturity stages (ARRIAGA; COELLO,
crucial for their fishery management is still 1984) and the Condition factor (ARANCIBIA et al.,
insufficient (PENA et a] 1986; BUITRON; PEREA, 1994).

1998; CARAMANTIN, 2001) and the factors that The Gonadosomatic Index (GSI) was
possibly affect the reproductive cycle of the Chulzalculated using the equation: GSI = (W,.100),
mackerel, during climatic-oceanographic events sucihere: W, = gonad weight (g); W= body weight (g).

as El Nifio, have not yet been described. Thus were the monthly mean Gonadosomatic Index
The goal of the present study is to providevalues obtained.
information about the influence of the 1992-1993 El The Condition factor was estimated using
Nifio event on the reproductive biology®fjaponicus the formula: KC = [(WW,)/C; ® 100], where: KC =
peruanuson the Peruvian coast, South Pacific. corrected condition factor; W total body weight (g);
W, = gonad weight (g); b= angular coefficient of
M ATERIAL AND METHODS length-weight relationship. Thus, were the monthly

mean values of the corrected condition factor

The reproductive biology o8. japonicus ©Ptained. _
peruanus “Chub mackerel” was studied based on The  monthly ~ changes in  mean
6,091 females obtained from commercial landing§onadosomatic Index were analyzed by one-way
along the Peruvian coast (3°23'S-14°00'S and 76°wWariance analysis, and by Tukey’s multiple ranges t
82°W), from January 1990 to December 1993 (excep€A R, 1999). Analysis of covariance (ANCOVA) was
in July 1990 and December 1991 and 1992), withiHsed to determine whether there was any significant
the project “Tracking of pelagic resources off thecorrelation between the mean values of GSI and SST.
Peruvian coast’, which is being carried out by the ~ The length-weight relationship ~ ofS.
“Instituto del Mar del Pera - IMARPE” (Fig. 1). The ]aponlcus_peruanugemales was estlmate_d for the
specimens were caught by an industrial purse seif¥'0le period of the study using the equation: ¥\a
vessel. The Sea Surface Temperature (SST) wég . Where the parametees b were obtained by least
concomitantly recorded in each of the sampling ares°duares regression using the log transformed weight
with a bucket thermometer. and sizes.
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Fig.Map showing the sampling stations along the Perue@ast.
ResuLTs were absent in summer 1993, but frequentlin a

the autumns (7.0%-24.25%). In contrast, fesal

The Sea Surface Temperatures (SSTH Stage IV were more frequent in winter 1990
recorded along the Peruvian coast during the peridg4-21%). summer 1991 (10.59%) and spring 1992
1990-1993 ranged from 16.27 (August 1990) td12:10%)and 1993 (43.60%), while females at siage
24.73°C (March 1992). Higher values of SST wer@ccurred in the summer (15.53%-42%) and winter
registered from January to April 1992 and February (10-60%-27.37%) from 1990 to 1993. The results
March 1993, evidencing the occurrence of EI Nifighowed that females at stage VI also had maximum
event in these two years. The lowest values of SSffeduency in the summers (22.66%-68.10%), whereas
were found from August to October 1990, 1992 and€ frequency of females at stage VIl (3.70% -
October 1993 (Fig. 2). 13.41%) and stage VIIl (0.91% - 8.0%) decreased

The gonad maturity stages 6f japonicus (Fig- 3)-
peruanusfemales showed that specimens at stage I
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Fig. 2. Monthly values of the sea surface tempegatilong

the Peruvian coast from 1990 to 1993.

The mean Gonadosomatic Index @&.

japonicus peruanusfemales during the period of hetween mean GSI values and SB& 0.05), this fact

the study varied between 1.30 and 11.80, the highgecoming evident during the occurrence of the 1992-
values being obtained from February to March219 1993 E| Nifio events (Fig. 4).

Percentage

B Summer

(summer), March to April 1993 (early autumn),
February 1990 and March 1991 (summer). The mean
GSI values decreased sharply in the other months
attaining the lowest values in May and November
1991, and from November to December 1990. The
peaks of the mean GSI values registered suggeist tha
the reproductive activity ofS. japonicus peruanus
females was more intense during the summer season
(Table 1). On the other hand, the one-way ANOVA
(P< 0.001) showed significant differences in the mean
GSI values among months. However, Tukey's post
hoc pairwise comparisons showed that the mean GSI
values in February and March were significantly
different from those of the other months of thergea
concerned B<0.001). Furthermore, the data obtained
also evidenced that there was significant cormatati

mAvmumn EWinter  OSpring
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Fig. 3. Seasonal distribution of gonadal maturatstages ofS.
japonicus peruanuemales from 1990 to 1993.
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Table 1. Monthly mean gonadosomatic index valuesSo

japonicus peruanutemales from 1990 to 1993.

267

In the present study, the fork length 8f
japonicus peruanugemales ranged between 19 cm

Months 1990 1991 1092 1093 and 39 cm. The mean corrected condition fadt@z)(
January 880 370 730 660 Vvaried from 1.10 to 1.32, the lower values being
February 10.10 7.30 11.80 - obtained in the summers 1990-1993 (Fig. 5). It was
March 8.10 9.50 9.60 11.0 also verified that the condition factor for length
April 5.70 2.60 5.90 9.40 interval was directly related to fork length, altigh
May 1.60 1.30 3.20 4.0 the KC values in females over 35 cm in fork length
June 4.0 1.40 2.90 460 had decreased mainly during El Nifio events (Fig. 6)
Aﬂ“'&’st 460 22;53)0 33;4500 53;3800 On the other hand, the length-weight
Se 9 . . ; i relationship ofS. japonicus peruanugemales was
ptember 3.30 5.30 3.90 6.30 L ~ 2. .
October 3.90 3.90 3.80 560 ©€xpressed by the equation: Wt = 0.0070; & with
November 1.50 1.30 3.70 590 a coefficient of correlation (r) of 0.91 (Fig. 7Jhe
December 1.50 4.50 - - results also showed that the weight of the females
Mean 4.83 3.85 5.36 6.25  decreased by between 2% and 7% in the years 1992
Standard 3.03 2,52 2.98 231 and 1993, as compared with that of the years 1860 a
deviation 1991 (Fig. 8).
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Fig. 4. Monthly variation of the sea surface terapge and
mean gonadosomatic index @. japonicus peruanudemales
caught from 1990 to 1993 years along the Peruviastc
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Discussion reproductive biology of marine fishes, becausdféica
the metabolic rate and reproductive cycle.
The identification of the fishes” reproductive Higher temperature variations due to EI Nifio

cycle may be made by the development of the gona§¥ents influence the distribution, abundance,
(WEST, 1990). Studies of fish reproduction based offProduction and recruitment of the pelagic species
the macroscopic classification of gonads™ maturitdSORJA et al., 2002; MCFARLANE et al., 2005;
stages have been used successfully to determine HRENSCOS, 2006). According to Anda-Montafiez et al.
spawning pattern and in the monitoring of fish keoc (2004), the spatial-temporal ~pattern Gfthunnus
(MACKIE; LEWIS, 2001; PLAZA et al., 2007). The albacaresin the eastern tropical Pacific seemed not to
spawning strategy may be classified by the number §€ Strongly affected by a moderate El Nifio event.
spawning episodes during the season, with som@/nen El Nifio was strong, as it was in 1982-1988, th
species spawning only once, or for a very shotioger pr_oducﬂwty of the area Was_3|gn|f|cantly redU(mr_tU
while others will spawn several times during theniS produced a remarkable impact on the tunarfyshe
spawning period (MADDOCK: BURTON, 1998. Palomares-Garcia et al. (2003) reported that the
CARAMANTIN (2001) and BUITRON:;PEREA reproductive activity of Sardinops caeruleusin
(1998), based on the macroscopic and microscopl¢agdalena Bay (Mexico) was strongly affected by the
analysis respectively of th&. japonicus peruanus 1997-1998 ElNifio events.

gonads concluded that the species is a partial rsgraw _ The anomalous warming of the water on the
with constant gonadic activity. On the Peruvianstpa Peruvian coast during the 1987 El Nifio episode,
great numbers o8. japonicus peruanuemales with contributed to prolonging the spawning periodEof

ripe and spawning ovaries (stages V and VI) ardngens (PENA; CARRASCO, 1989). Recently,
frequently found in the north and middle regiomsit ~ Niguen and Bouchon (2004) reported that the
spawning activity being more intense in the summefeProductive activity of the speciés sagax sagas.
(SANTANDER: FLORES, 1983: CARAMANTIN, Japonicus peruanusand Anchoa nasuswas more
1998). A similar pattern was reported by GLUYAS-'“ten,Se' dgrlng .EI Nifio events, in this region.. The
MILLAN: QUINONEZ-VELAZQUEZ (1997) for S. speciesS. japonicus peruanugormally spawns with

japonicus which also spawns mainly during summer,MOre intensity in summer (from January to March),
in the Gulf of California. In the Argentine region, With @ short spawning period between winter and

however,S. japonicushas its spawning period mainly SPing (MENDO, 1984, CARAMANTIN, 2006).

in spring (PERROTA et al., 2001). In the presentAccord'ng to Santanger and Zuzunaga (1984), dur!ng
study, Chub mackerel females at stages V and VI weff€ 1982-1983 El Nifio phenomenon, the reproductive
commonly found during the summer periods of 1990P€riod ofS. japonicus peruanugas prolonged and the
1993, indicating intense spawning activity in thisSPawning more intense during January and April. The
season. The results obtained also showed Shat rgsults obtained in the present study are in accmel
japonicus peruanuis a partial spawner. On the otherWith those reported by those authors, and suggest t
hand, Gonadosomatic index values are generally usdyfluence of 1992-1993 El Nifio events on the
as indicators of gonad size relative to body sizd€Productive activity of the Chub mackerel _
because changes are thought to be related to spgwni Nevertheless, it seems that changes in the
cycles as well as to the duration of reproductivgvater temperature structure alone cannot directly
seasons (HAY; OUTRAM, 1981). Changes in Ggsjaccount for the changes observed in the reprodictiv
may therefore, indicate the onset and duratiorhef t Pi0logy of some fishes. Other factors, such as poor
spawning season. Peak spawning or initiation okpezfeed'“g, conditions must al§o play an important.role
spawning is indicated by a rapid increase in Gsieduction of the body weight @. sagax sagax.
values (KAINGE et al., 2007). The results obtaifred MUrphyi and S. japonicus peruanusvas observed
the present study confirm the reported by thoswhen the Peruvian coast was affected by the 1983 El

authors, since higher values of the mean GSBof Nifio event. Sanchez et al. (1985) and Pefia and
japonicus peruanusvere found during the summer Carrasco (1989) attributed the decrease of the body
season (8.1-11.8). weight of S. sagax sagato stress and to the small

The fecundity of pelagic fishes has beerduantity of food available during the occurrencetef

characterized by periods of lower and higher bregdi 1987 El Nifio episode. Loss of body weight was also

intensity. These fluctuations have been related tg9istered in T. picturatus murphyi during the
changes in ambient temperature, salinity, oxygerPccurrence of the 1982-1983 and 1997-1998 EI Nifio

migration activity and food availability (MUNRO et €Vents along the Peruvian coast (DIOSES et al2)200
al., 1990: WOOTTON, 1998: LIU et .al 2001: According to Martinez et al. (1985), in some

NARIMATSU et al., 2007). According to Jiaet al. fishes the loss of body weight can be attributegart
(2003) and Palomares-Garcia et al. (2003)t10 prolonged spawning. Caramantin (2001) ascertained
temperature can play an important role in thahat during the 1997-1998 El Nifio, considered ohe o
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the strongest events ever registered in Peruviaersya REFERENCES
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