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Introduction

The fishes of the family Carangidae including the 
genus Decapterus are economically important resources 
in tropical and subtropical waters of the world.  In recent 
years, in relation to global warming as reported by IPCC 
(Intergovernmental Panel on Climate Change), the water 
temperature in the East China Sea and the Sea of Japan 
is reported to be increasing.  The distribution pattern and 
biological characteristics such as growth and reproduction 
of the family Carangidae will be affected by the global 
warming in the future.  Therefore, it is essential to clarify 
the biological information on these species to allow predi-
cation and comparison of the biological characteristics 
with other pelagic fishes in the future.  Although species 
of the Carangidae are used as a fishery resource in Japan, 
the biological characteristics have not been sufficiently 
investigated.

The shortfin scad Decapterus macrosoma and mack-

erel scad D. macarellus are distributed mainly in the wa-
ters off southern Japan and in the East China Sea.  In the 
East China Sea, D. macrosoma distribute along the conti-
nental shelf edge area from Taiwan to the Goto Islands and 
in the waters off southern Kyushu, on the other hand, D. 
macarellus distribute in the coastal region from Taiwan to 
southern Kyushu11.  In the East China Sea there are six De-
capterus species (D. maruadsi, D. akaadsi, D. macrosoma, 
D. macarellus, D. tabl, and D. russelli) with D. maruadsi 
and D. macrosoma being most abundant.  The main fishery 
for scad (genus Decapterus) in the East China Sea is the 
large powered purse-seine fishery, and the total annual 
catch was more than 20,000 tons from the 1980s to 1990s.  
However, the annual catch amount decreased to 10,000 
tons after 1998, and reached to 7,000 tons in 2006.

Previous studies on D. macrosoma in Japan have re-
ported the distribution and morphological characteristics 
in the East China Sea11, and estimated the spawning period 
from seasonal changes of gonadosomatic indices12.  On the 
other hand, for D. macarellus only the monthly growth 
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rate based on fork length frequency data in the waters off 
Hachijojima1 has been reported in Japan.  However, there 
is no information from Japanese waters on growth using 
hard tissues and reproductive characteristics using histo-
logical techniques for both species.

The objective of this study is to determine age using 
otolith readings, and to examine sexual maturity and an-
nual reproductive cycle using histological techniques for 
both species.

Materials and methods

1.  Collection and measurements of samples
A total of 1,007 specimens of D. macrosoma obtained 

from August 2002 to May 2006 and 1,201 specimens of 
D. macarellus obtained from September 2002 to July 2008 
in the waters off southern Kyushu were analyzed (Fig. 

1).  Specimens were commercially caught by large sized 
purse seiners and rod and line fishing, mainly off western 
Kagoshima Pref. for D. macrosoma, and off Tanegashima 
Island and Amami Ohshima Island for D. macarellus.

 Specimens were measured to the nearest millimeter 
in fork length (FL) and to the nearest gram of body weight 
(BW).  The gonad weight (GW) was measured to the near-
est 0.1 g after determining the sex, and small pieces of the 
gonad were fixed in 10% formalin for histological obser-
vations.  The gonadosomatic index (GSI) was calculated 
as GSI = 100 × GW / (BW – GW).

2.  Age determination
A total of 774 specimens of D. macrosoma and 622 

specimens of D. macarellus were used for age determina-
tion.  Sagittal otoliths were removed, washed in freshwater 
and dried.  The left otoliths were burned at 200℃ for 30 

34°N

32°N

30°N

28°N

128°E 130°E 132°E 128°E 130°E 132°E

Longitude Longitude

La
tit
ud
e

Fig. 1.   The location of D. macrosoma and D. macarellus commercially caught in the waters 
off southern Kyushu and in the East China Sea 

The size of circle indicates the number of fish caught at each site in the present study.
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min in a drying oven (DO-300A, AS ONE, Osaka, Japan), 
embedded in resin and sectioned transversely (thickness 
0.2–0.3 mm).  Sectioned otoliths were observed under a 
digital microscope (Nikon, E-LV100D, Tokyo, Japan) with 
transmitted light to count the opaque rings and measure the 
ring radius using an otolith measurement system (ODRMS, 
RATOC, Tokyo, Japan).  Each otolith was examined two 
times, with a minimum of one month between examina-
tions, by two independent readers.  If two or more exami-
nations per otolith agreed on the number of ring marks, 
this number was recorded and used for the analyses.  To 
measure the precision of age determination, the index of 
average percent error (IAPE) and the coefficient of vari-
ation (CV) were calculated as described in Beamish and 
Fournier2 and Chang8, respectively. 

The distance from the core (C) along a straight line to 
the inside margin of the first opaque zone was defined as 
the first ring radius (r1), the sum of distance between the 
inside edge of each adjoining opaque zone was defined as 
the ring radius (r2, r3, …rn) and the distance from C to the 
otolith margin was defined as the otolith radius (R; Fig. 2).  
To define the period of the formation of ring marks, we 
examined monthly changes in the occurrence frequency 
of individuals with a translucent zone on the outer margin 
of the otolith and in the marginal increment (MI).  The MI 
was determined according to the equation:

MI = (R– rn) / (rn – rn-1)

where rn is the distance from the core to the outer edge of 
the last annulus formed.

Age was determined for each fish on the basis of the 
number of ring marks (annuli) on the sectioned otolith, as-
suming hatch months of June for D. macrosoma and May 
for D. macarellus, which approximately corresponded to 
the middle of the spawning period (see Results).  In order 
to describe the growth of males and females, von Berta-
lanffy growth equations were fitted to the observed FL 
values at age t by using nonlinear least squares regression 
for both sexes.  The growth equation is

FLt = FL∞ [1 – exp{– K(t – t0)}]

where FLt represents the fork length (mm) at age t and 
FL∞, K and t0 represents the asymptotic fork length, the 
growth coefficient, and the hypothetical age at fork length 
equal to zero, respectively.

3.  Histological observations
The fixed ovaries were dehydrated and embedded 

in methacrylate polymer resin (Technovit 7100, Heraeus 
Kulzer, Wehrheim, Germany), and 2 or 3 µm thick sec-
tions were stained using 0.5% toluidine blue solution.  The 
stained sections were observed under an optical micro-

Fig. 2.   Section otolith of (a) D. macrosoma and (b) D. macarellus with four and five 
ring marks, respectively 

White arrows indicate ring marks. C: core, R: otolith radius (the sum total of 
the distance for each ring), rn: ring radius of the boundary from a translucent 
zone to an opaque zone.
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scope and the most advanced oocyte stages were recorded.  
The developmental stages of oocytes were classified as 
perinucleolus (pn), yolk vesicle (yv), early to late yolk 
(ey), mid-yolk (my), late yolk (ly), germinal vesicle mi-
gration (gvm), hydration (hy), atresia (at) and the presence 
of postovulatory follicles (pof) recorded (Fig. 3).  Totals 
of 244 females for D. macrosoma and 475 females for 
D. macarellus were examined.  Only specimens larger 
than the minimum size at sexual maturity (see Results) 
were used to examine the seasonal changes of the gonad 
condition.

4. Sexual maturity
Size at maturity was estimated based on the exami-

nation of 209 females for D. macrosoma and 302 females 
for D. macarellus collected in their spawning period (see 
Results 4 and 5).  Sexually mature females were defined 
as individuals with ovaries at the Vi, M or Sp stages (see 
Results 3).  To estimate the FL at 50% maturity (L50), a 
logistic function was fitted to the frequency of mature fish 
for each body size class with 10 mm interval using nonlin-
ear least squares regression.  The logistic equation was

YFL = 100 / [1 + exp{– a (FL – b)}]

where YFL is the percent mature at FL, a is the slope, FL is 

the fork length (mm) and b is the L50.

Results

1.  Growth of D. macrosoma
Most specimens examined from July to September 

had an opaque zone on the outer margin of the otolith, 
and the frequency with a translucent zone was high from 
November to January (Fig. 4a).  Individuals with a new 
opaque zone and those without it were mixed in specimens 
collected from March to June (Fig. 4b), and the MI values 
increased gradually from July to January.

For D. macrosoma the rate of agreement between 
readers of the number of ring marks recorded was 65.6% 
(508 of the total of 774 specimens).  The estimated maxi-
mum ages for males and females were 5 years and 4 years 
old, respectively.  The IAPE and CV for these data were 
4.04 and 5.75, respectively.  The relationship between age 
and FL is shown in Fig. 5a.  As there were no significant 
differences in the growth of males and females (F = 0.52, 
p > 0.05), then all the individuals were pooled for the es-
timation of the growth model.  The growth model of D. 
macrosoma was estimated as follows:

FLt = 346 [1 – exp {– 0.456 (t + 0.771)}]

Fig. 3.  Photomicrographs of ovaries at different developmental stages in D. macrosoma 
a: immature stage, b: developing stage, c: vitellogenic stage, d-e: mature stage, f: spawning stage, g: resting 
stage, at: atretic oocyte, ey: early yolk oocyte, gvm: germinal vesicle migration oocyte, hy: hydration oocyte, 
ly: late yolk oocyte, my: mid-yolk oocyte, pn: perinucleolus oocyte, pof: postovulatory follicle. 
Scale bar equals 100 µm.  The ovarian developmental stages of D. macarellus are similar to that of D. 
macrosoma.
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2. Growth of D. macarellus
All specimens examined from July to September had 

an opaque zone on the outer margin of the otolith, and the 
frequency with a translucent zone was high from Novem-
ber to February (Fig. 4c).  Individuals with a new opaque 
zone and those without it were mixed in specimens ex-
amined from March to June (Fig. 4d), and the MI values 
increased gradually from July to February.

For D. macarellus the rate of agreement between 
readers on the number of ring marks recorded was 63.5% 
(395 of the total of 622 specimens).  The estimated maxi-
mum ages for both sexes were 8 years old.  The IAPE 
and CV for these data were 4.20 and 5.97, respectively.  
The relationship between age and FL is shown in Fig. 5b.  
As there were no significant differences in the growth of 
males and females (F = 0.78, p > 0.05), then all the in-
dividuals were pooled for the estimation of the growth 
model.  The growth model of D. macarellus was estimated 
as follows:

FLt = 428 [1 – exp {– 0.310 (t + 0.821)}]

3.  Stage of ovarian maturity
The ovaries could be divided into six stages of ma-

turity based on the development of the most advanced 
oocytes and their histological characteristics.

(1)  Immature stage (Im; Fig. 3a), only previtellogenic 
oocytes are present, including those in the perinucleo-
lus and yolk vesicle stages.

(2)  Developing stage (D; Fig. 3b), the most advanced 
oocytes are at the early yolk or mid-yolk stages.

(3)  Vitellogenic stage (Vi; Fig. 3c), the most advanced 
oocytes are at the late yolk stage which marks the end 
of vitellogenesis.

(4)  Mature stage (M; Fig. 3d, e), the most advanced 
oocytes are at the germinal vesicle migration or hydra-
tion stages.  The degenerated old postovulatory fol-
licles appear in some ovaries at the germinal vesicle 
migration.

(5)  Spawning stage (Sp; Fig. 3f), yolked oocytes and 
newly postovulatory follicles are present.  Most pos-
tovulatory follicles disappear from the ovaries before 
the developing oocytes attain the germinal vesicle mi-
gration stage.

(6)  Resting stage (Re; Fig. 3g), all yolked oocytes are de-
generating (atretic stage) and non-yolked oocytes are 
present.

4.  Annual reproductive cycle of D. macrosoma
The mean GSI value in male D. macrosoma was high 

(GSI > 3) from May to July, and in female D. macrosoma 
it was high from May to August (Fig. 6a, b).  The maxi-
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mum value of the mean GSI for males and females was 
6.1 in June and 7.3 in May, respectively.  The mean GSI 
value became low in September and was under 1 from 
September to March.

Immature females (Im and D stages) of D. macro-
soma were observed from September to April (Fig. 7a).  
Females with ovaries at the Vi stage appeared from April 
(approximately 27 %) to July, and all females in May ex-
hibited the maturing condition (Vi or M stages), although 
specimens with ovaries at the Sp stage were not observed 
in May.  Specimens collected in June and July had ovaries 
from the Vi or M stages, and females with ovaries at the 
Sp stage were observed.  Females with ovaries at the Re 
stage were found from August to November.

5.  Annual reproductive cycle of D. macarellus
The mean GSI value in both sexes of D. macarellus 

was high (GSI > 2) from April to July (Fig. 6c, d).  The 
maximum value of the mean GSI for males and females 
was 4.1 and 3.3 in May, respectively.  The mean GSI value 
decreased rapidly in August and was under 1 from October 
to March.

Immature ovaries (Im and D stages) of D. macarel-
lus were observed in most specimens from September to 
March and in some specimens from April to May (Fig. 
7b).  Females with ovaries at the Vi, M or Sp stages ap-
peared from April (approximately 72%) to July, and ap-
proximately 80% of females in May and June exhibited 
the maturing condition.  Approximately 40% of females in 
July had ovaries at the Re stage, but females with ovaries 
in the maturing condition were also observed. Females 
with atretic ovaries were found from June to November.

6.  Size of sexual maturity of D. macrosoma
Specimens collected from May to August (see Results 

4) were used to estimate the size of sexual maturity.  The 
minimum size at maturity of D. macrosoma was 232 mm 
FL based on observed specimens with mature ovaries.  The 
logistic equation was determined as follows:

YFL = 100 / [1 + exp {– 0.104 (FL – 238)}]
          (r2 = 0.98)

The L50 was found to be 238 mm and all females with FL 
≥ 270 mm were mature (Fig. 8a).  Therefore, the maturity 
age (FL = 232 mm) is estimated as 2 years old.

7.  Size of sexual maturity of D. macarellus
Specimens collected from April to July (see Results 

5) were used to estimate the size of sexual maturity.  The 
minimum size at maturity of D. macarellus was 245 mm 
FL based on observed specimens with mature ovaries.  The 
logistic equation was determined as follows:

YFL = 100 / [1 + exp {– 0.087 (FL – 258)}]  
         (r2 = 0.98)

The L50 was found to be 258 mm and all females with FL 
≥ 330 mm were mature (Fig. 8b).  Therefore, the maturity 
age (FL = 245 mm) is estimated as 2 years old.

Discussion

Otoliths are the hard tissues most commonly used to 
determine the age of fish3.  The otolith annulus of fishes of 
the genus Decapterus has been used so far to estimate the 
age and growth of round scad D. maruadsi in the waters of 
the East China Sea off western Kyushu15.  However, there 
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are no studies for age determination using hard tissues in 
D. macrosoma and D. macarellus.  The annulus formation 
season for D. maruadsi in the waters of the East China Sea 
off western Kyushu was in June which corresponds to the 
peak of the spawning season.  The otoliths are character-
ized by thin opaque zones and wider translucent zones, 
and the opaque zone is formed from March to June in both 
species.  These periods correspond to the spawning period 
of both species respectively.  Therefore, it is suggested 
that the otoliths can be used for age determination in D. 
macrosoma and D. macarellus.  Beamish and Fournier2 
suggested that IAPE has commonly been used to estimate 
variations in different readings or to estimate the reading 
error of different examiners.  Although the rate of agree-
ment between readers in this study was not so high (ap-
prox. 65%), the IAPE and CV values were relatively lower 
than those in other studies7 indicating the accuracy of the 
age determination was satisfactory.

The growth parameters, FL∞ and K values of D. mac-
rosoma in Indonesia were estimated as 280 mm and 1.22 
respectively17.  The FL∞ and K values in Thai waters were 
242 mm and 0.89 respectively4.  The growth rate of young 
D. macrosoma in the present study is slower than that in 
Southeast Asian waters, but the maximum size is larger.  
The growth parameters of D. macrosoma in Indonesia 
waters were analyzed using length frequency data rang-
ing from 125 to 245 mm FL, concentrated on 2 years old 
fish, and no individuals at 0 year old or more than 4 years 
old.  Similarly, the growth parameters of D. macrosoma 

in Thai waters were analyzed using length frequency data 
ranging from 135 to 225 mm FL, and the dominant size 
ranges were from 195 to 215 mm FL equivalent to 2-year-
old individuals.  In the present study, the growth param-
eters were estimated using otoliths of fishes that ranged 
from 114 to 325 mm FL from 0 to 5 years old, and the 
analysis result based on the otolith measurements of this 
study are considered to allow for a high degree of reli-
ability.  Therefore, we suggested that the age of D. mac-
rosoma in the other waters using hard tissue will allow 
clearer comparisons among the areas that this species is 
distributed.  On the other hand, there are few reports re-
garding age determination of D. macarellus, and monthly 
growth from fork length data has only been examined in 
the waters off Hachijojima, Japan1.  The size of the small 
fish population in the waters off Hachijojima increased 
by 40 mm FL/month from August to September, and 30 
mm FL/month from September to November.  The growth 
rate of young fish from August to November based on the 
results of this study was 17 mm FL/month.  Therefore, it is 
suggested that D. macarellus in the waters off Hachijojima 
grow more rapidly than those in the waters off southern 
Kyushu.  However, the growth rate of D. macarellus in the 
waters off Hachijojima was found from the mean values of 
fork length for four months (from July to October), and the 
reliability is low.  Although study on growth of D. macro-
soma and D. macarellus using hard tissue was determined 
in this study, it is difficult to compare the different factors 
affecting growth in both species, because the determina-
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tion methods of each study are different.
There have previously been no reports on the repro-

ductive characteristics of D. macrosoma and D. macarellus 
using histological techniques.  In the present study, the ma-
turity age was estimated to be 2 years old based on results 
of age determination and size at maturity in both species.  
Our preliminary data indicated that most males larger than 
226 mm FL for D. macrosoma and 230 mm FL for D. 
macarellus had mature stage testes during the spawning 
period.  For both species in this study, the estimated sizes 
for a given age showed no significant difference between 
sexes, indicating that males mature and spawn at the same 

age as females.  Previous reported size at first maturity 
for female D. macrosoma was 177 mm FL in Indonesian 
waters17, and was 172 mm FL in Thailand16.  These val-
ues agree with values for 1 year old, and are smaller than 
our estimated size of first maturity based on histological 
observations.  There are no reports on the length at first 
maturity for D. macarellus in Japan.  In Hawaii, Clarke 
and Privitera9 reported the standard length (SL) at first ma-
turity of D. macarellus was 245 mm SL, and regression 
between standard length and fork length (FL) was given by 
the following equation; FL = 7.23 + 1.027SL.  Therefore, 
the fork length at first maturity is 259 mm, and larger than 
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Only specimens larger than the minimum size at sexual maturity (FL = 232 mm for 
D. macrosoma, FL = 245 mm for D. macarellus) were used for this analysis. 
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that of our study.  However, they estimated size at first 
maturity from the relationship between standard length 
and the gonad to somatic weight ratio (G/S), and did not 
use histological observations.

In the present study, female D. macrosoma and D. 
macarellus with ovaries at the mature and spawning stag-
es appeared when the mean GSI was higher than 3.  In 
the spawning stage ovary, postovulatory follicles contin-
ued to degenerate and disappear until the most advanced 
oocytes underwent final oocyte maturation (germinal 
vesicle migration or hydration stages), and the degener-
ated postovulatory follicles appear in some ovaries at the 
germinal vesicle migration, indicating that both species 
are multiple spawners.  There is only one report on the 
spawning period of D. macrosoma in the southwestern 
part of the East China Sea based on monthly change of 
GSI values12.  Kishida12 reported that the spawning period 
was from May to July, which approximates the results in 
the present study.  There are no reports on the spawning 
period of D. macarellus.  Our findings clearly indicate 
that D. macrosoma and D. macarellus have a prolonged 
spawning period, ranging from May to August and from 
April to July, respectively.  In Southeast Asian waters, the 
spawning period for D. macrosoma was from February to 

April based on the monthly change in GSI values16.  This 
suggests that D. macrosoma spawn from late winter to 
early spring in Southeast Asian waters as against from late 
spring to summer in the East China Sea.

Previous studies on the genus Decapterus indicate 
that growth and reproductive characteristics differ among 
different habitats10,13,15.  However, it is not clear if these 
growth and reproductive differences occur due to differ-
ences in local genetic variations or environmental condi-
tions of the habitat.  There are some studies that have indi-
cated the influence of environmental factors on biological 
characteristics.  In the case of Atlantic cod Gadus morhua, 
growth of fishes in areas of high water temperature (low 
latitude regions) is faster and the size at sexual maturity is 
smaller than that in areas of low water temperature (high 
latitude regions)5,6.  That is, a high growth rate leads to an 
early start of sexual maturation.  Moreover, it is suggested 
that variations in water temperature and trophic condi-
tions in the winter season influence the maturation rate and 
spawning period of Gadus morhua18.  In the case of jack 
mackerel Trachurus japonicus, the reproductive charac-
teristics have changed over the long-term14, and the high 
fishery pressure for T. japonicus has led to a decrease in 
the spawning stock and recruitment stock biomass.  In ad-
dition, it is indicated that the spawning period of T. japoni-
cus in the waters off Nagasaki in recent years is earlier 
than that of fish from the 1950s to 1960s due to the influ-
ence of the increase of temperature of the surface layer14.  
Although these factors may also occur in the case of the 
genus Decapterus, at present there is insufficient data to 
clarify any trends.  Therefore, in the future, it is necessary 
to monitor variations in reproductive characteristics with 
stock fluctuation and to further determine the growth and 
maturity processes before reaching 1 year old in order to 
understand the relationship between spawning stock and 
recruitment.

Additionally, the biological information provided 
in the present study can become an index for compari-
son among different sea areas.  More information on the 
distribution, reproduction and feeding habits is needed to 
understand details of the life history of D. macrosoma and 
D. macarellus.  In the future, it is important to examine the 
reproductive characteristics such as fecundity and spawn-
ing frequency in order to determine the mechanisms for 
sustaining their population at a high level.
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