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Fig. 1 Monthly change curves of water temperature and the fatness of Modiolus modiolus
Values with different letters indicate significant differences at the 0.05 level.
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Tab.1 The features of gonadal development in Modiolus modiolus

development stage the development features of each stage

a ) ’ ’

proliferating stage(I stage) ( 2:ab)

ar
growing stage(Il stage)

C )

maturing stage(Ill stage)

av

spawning stage(IV stage) ( 2:g-h)

Vv )
resting stage(V stage)

s 5 s

1 ( 2:i)

x2 RGN FRERR
Tab.2 The development features of egg cells of Modiolus modiolus

development stage the development features of each stage
oogonium 12.8~15.5 um, s 4.9~6.3 pm, s
( 3:a-b)
s 27.5~32.4 um, > >
te in initial ph N th > s 5.8~7.6 pm ,
oocyte in initial phase of grow , , ( 3:o-d)
s s s 29.1~37.8 pm
oocyte in metaphase of growth , s ( 3:ed)
30.3~35.8 pm, s s
oocyte in later phase of growth ) > ( 3:gh)
) 29.5~31.2 um, s
mature oocyte .
R R R 5.5~7.1 pm(  3:1i-j)
R3 WIGHEAERH=
Tab.3 The development features of spermary in Modiolus modiolus
development stage the development features of each stage
a ) > > > >
proliferating stage(I stage) 1~2 , ( 4:ab)
a ) s > >
growing stage(Il stage) ’ (4 cd) ’
() ( ) , :
maturing stage(IIl stage) s s 50% ( 4:eb)
v
av ) , : : ( 4gh

spawning stage(IV stage)

v )
resting stage(V stage)
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2
a-b: ;s c—d:

stages of Modiolus modiolus
a—b: Proliferating stage; c—d: Growing stage; e—f: Maturing
stage; g—h: Spawning stage; i—j: Resting stage.
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9 ) 7_9
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Fig. 2 Histological section in different gonadal development

3
a-b: (0G); c—d: (OD); e—f:
(OM); g-h: (ML); i-j:

(MO).

Fig. 3 Development of egg cells of Modiolus modiolus
a-b: Oogonium(OG); c—d: Oocyte in initial phase of growth
(OI); e—f: Oocyte in metaphase of growth(OM); g—h: Oocyte in

later phase of growth(OL); i—j: Mature oocyte(MO).
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Tab. 4 The development features of sperm in Modiolus modiolus
development stage the development features of each stage
, , A B 2 A
X 5.2~5.9 pm, s , A s
spermatogonium B ’ ’ 49-54 um. ’ ’
R R , A ( 5:a)
primary spermatocyte ’ 43~4.7 pm, ’ ’ ¢ 5:b0)
s 4.0~4.5 pum, , s
secondary spermatocyte ( S:c-d)
spermatid A B 5:e), s 1.9~23 um A s ;B
S s s 1.8~2.1 um s
sperm ’ ’ ’ ( 5
x5 KNEHMXENGHMEREZESHNEAES T
Tab. 5 Distribution of gonadal development stages of Modiolus modiolus in coastal Dalian in a whole year
n=20
1% .3 female development stage male development stage
date gonadal-somatic index 1 11 111 I\ Vv I I I I\ AV
2013-10-26 26.16+4.66% 12201 5 6 7 2
2013-11-25 23.77£3.11° 0.82 11 2 7 6 5
2013-12-26 20.13+1.58™ 0.54 01 7 4 9
2014-01-20 17.54+1.08° 0.67 : 1 1 7 3 1 8
2014-02-24 21.08+1.76° 1:1 4 2 4 5 2 2 1
2014-03-25 24.70+4.07% 0.82:1 3 6 1 9 1
2014-04-20 26.81+2.39¢ 12201 3 8 2 7
2014-05-28 31.44+1.94¢ 0.82 11 4 5 3 8
2014-07-02 36.68+4.83" 1:1 10 10
2014-08-02 38.43+4.07" 1:1 9 1 6 4
2014-09-05 37.32+2.66 1.22 01 5 6 2 7
2 (P<0.05); 4~13

Note: Values with different letters in the second line indicate significant differences at the 0.05 probability level; Figunes in line 4 to line 13
are individual numbers.
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a-b: ;e—d: ;ef ;g ;e
Fig. 4 Histological section in different spermary development
stages of Modiolus modiolus
a—b: Proliferating stage; c—d: Growing stage; e-f: Maturing
stage; g—h: Spawning stage; i—j: Resting stage.
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(SS); e: (SP-A, SP-B); f: (S).
Fig. 5 Development of sperm in Modiolus modiolus
a-b: Spermatogonium (SG); b-c: Primary spermatocyte (PS);
c-d: Secondary spermatocyte (SS); e: Spermatid (SP-A, SP-B);

f: Sperm (S).
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Gonadal development and the reproductive cycle of Modiolus modiolus

NING Junhao" 2, CHANG Yaqingl’ 2, SONG Jian" 2, HU Pan" 2, JING Chenchen'*?

1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
2. Key Laboratory of Mariculture & Stock Enhancement in the North China Sea, Ministry of Agriculture, Dalian
116023, China

Abstract: The wild Modiolus modiolus resource has experienced a dramatic decline in abundance over the past few
decades because of overfishing, declining seawater quality, and a lack of proper protection. The reproductive cycle and
gonadal development of M. modiolus from the coast of Heishijiao, Dalian city were investigated from October 2013 to
September 2014 to develop management strategies and optimize hatchery-based seed production. Specimens were col-
lected monthly, and seawater column temperatures were recorded simultaneously. Shell size, total weight, tissue weight,
and gonad weight of M. modiolus were measured to calculate fatness and the gonadosomatic index, and histological
techniques were used to analyze the seasonal gonadal cycle. The histological analysis showed a unimodal gametogenic
cycle with one spawning season (August—October) annually. Although shellfish gonadal development stages have no
unified standard, M. modiolus gonadal development was divided into five stages according to previous studies: the pro-
liferating stage, growing stage, maturing stage, spawning stage, and resting stage. Oogenesis was divided into the oogo-
nial stage, early growth stage, middle growth stage, late growth stage, and mature stage, according to the oocyte devel-
opmental characteristics and the proportions of different oocyte developmental stages in the follicle. Spermatogenesis of
M. modiolus included five stages of spermatogonium, primary spermatocyte, secondary spermatocyte, spermatid, and
spermatozoon. Spermatogonia were morphologically divided into types A and B. Type A spermatogonia distributed in
all developmental stages, and their nuclear chromatin was arranged loosely. Type B spermatogonia occurred during the
proliferating stage, and the nuclear chromatin was concentrated. Thus, types A and B spermatogonia were considered
differentiated cells and stem cells, respectively. The peak gonadosomatic index of 32.25% and fatness of 38.43% were
observed in January, and the maximum values for both occurred in August. The breeding season was from June to No-
vember, when the average seawater temperature was 16.8-22.1°C. M. modiolus gonads matured by the end of May, but
they did not spawn until August of the rainy season, indicating that the mature gonads of the parental shellfish only pro-
vided a material basis for reproduction and that the reproductive process requires particular conditions for induction,
such as temperature and salinity. The developmental rate of the male gonad was slightly faster than that of the female.
Gonochorism existed, and the female to male ratio was 1 : 1. These results provide basic information about M. modio-
lus reproduction to help with natural resources protection, and will aid in developing a large-scale artificial breeding
program.
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