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ABSTRACT

We investigated the reproductive cycle with gonad
developmental phases of Solen grandis by histological
observations. Seasonal changes in biochemical
components of the adductor muscle, visceral mass,
foot muscle and mantle were studied by biochemical
analysis, from January to December, 2005. The
reproductive cycle of this species can be classified into
five successive stages: early active stage (December
to January), late active stage (January to March), ripe
stage (March to July), partially spawned stage (June to
July) and spentfinactive stage (July to December).
Total protein content was the highest in the foot
muscle, the content was high in January (early active
stage), the lowest in April (ripe stage), and was the
highest in August (partially spawned stage). In the
visceral mass, total protein content began to increase
in February (late active stage) and reached a
maximum in March (ripe stage). Thereafter, it gradually
decreased between June and July (partially spawned
stage). There was a strong negative correlation in total
protein contents between visceral mass and mantle (r

= -0.594, p = 0.042). Meanwhile there was a positive
correlation between the adductor muscle and foot
muscle, the correlation was not statistically significant
(r = 0.507, p = 0.093). Total lipid content was the
highest in the visceral mass; it was more than 2 to
5-fold higher than that in the adductor muscle, foot
muscle, and mantle. Monthly changes in total lipid
content were also most dynamic in the visceral mass.
It was relatively higher between January and February,
showed a maximum in March (the ripe stage),
decreased rapidly from April to July (ripe and partially
spawned stage), and gradually decreased from
September to December (spent/inactive stage). There
was a strong positive correlation in total lipid content
between foot muscle and adductor muscle (r = 0.639,
p = 0.025). Tthough a negative correlation was found
between visceral mass and mantle (r = -0.392), the
correlation was not statistically significant (p = 0.208).
Glycogen contents changed within relatively narrow
range and were similar among different tissues. There
was no statistically significant correlation in glycogen
contents among tissues.
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Changes in Biochemical Components of Several Tissues in Solen grandis
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Fig. 1. Map showing the sampling area.
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Fig. 2. Frequency of gonad developmental phases of Solen grandis and the
mean seawater temperature from January through December, 2005.
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FRY A, S5AsY Araddle 259 JAMES o RzAEEe Fohs] o|fA Aot (Fig. 4C, D). &=
B AHRALE, 231 H2 JAEEC] S4 MAEL 2o A3 Asshe 3Ue 7UAbolol e}
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Fig. 3. Photomicrographs of gonadal phases of the female razor clam, Solen grandis (A-F). A, Section of
follicles in the early active stage. Note oogonia and early developing oocytes attached to the
germinal epithelium. Scale bar=50 ym; B, section of the follicles in the late active stage. Note a
number of late developing oocyte in the follicles; C, section of the follicles in the ripe stage. Note
mature and ripe oocytes in the lumen of the follicle; D, fully mature oocytes in the same stage.
Note the germinal vesicle and a number of granules in the cytoplasm; E, section of the follicles in
the partially spawned stage. Note undischarged oocyte in the lumen of the follicle after spawning;
F, section of the follicles in the spent/inactive stage. Note newly formed oogonia on germinal
epithelium and the connective tissues in follicles after degeneration of the follicles. Scale bar = 50
um.
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Fig. 4. Photomicrographs of gonadal phases of Solen grandis (A-F). A, Section of acini in the early active
stage. Note spermatogonia and spermatocytes near the germinal epithelium; B, section of acini in
the late active stage. Note spermatocytes, spermatids and spermatozoa during sermiogenesis; C,
section of the acini in the ripe stage. Note spermatids and numerous spermatozoa in the lumen of
the acinus; D, fully ripe spermatozoa with their tails in the lumen; E, section of the acini in the
partially spawned stage. Note undischarged spermatozoa and spermatids in the lumen after
release of sperms; F, section of the acini in the spent/inactive stage. Note newly formed
spermatogonia on the germinal epithelium and the connective tissues in the acini after

degeneration of the testis. Scale bar = 50 pm.
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Fig. 5. Monthly changes in total protein contents in the foot muscle, visceral mass,
adductor muscle and mantle of Solen grandis from January to December,

2005.
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Fig. 6. Monthly changes in total lipid contents in the foot muscle, visceral mass,
adductor muscle and mantle of Solen grandis from January to December,

2005.
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Fig. 9. Correlations of total lipid content among the foot muscle, adductor muscle, visceral mass, and mantle of
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Fig. 10. Correlations of glycogen content among the foot muscle, adductor muscle, visceral mass, and mantle of

Solen grandis.
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Table 1. Pearson’s correlation coefficients for protein, lipid, and glycogen contents among foot muscle, adductor
muscle, visceral mass, and mantle of Sloen grandis. Value in parentheses is statistical significance (p

value).

Variables

Protein Lipid

Glycogen

Foot muscle vs. Adductor muscle
Foot muscle vs. Visceral mass
Foot muscle vs. Mantle

Adductor muscle vs. Visceral mass
Adductor muscle vs. Mantle

Visceral mass vs. Mantle

0.507 (0.093)
0.198 (0.536)
0,233 (0.466)
0.289 (0.363)
0.043 (0.895)
-0.594 (0.042)"

0.639 (0.025)°
0.271 (0.394)
-0.036 (0.913)
0.521 (0.082)
0.098 (0.762)
-0.392 (0.208)

-0.556 (0.061)
-0.339 (0.280)
-0.295 (0.351)
-0.293 (0.355)
0.359 (0.252)
-0.346 (0.271)

*p < 0.05

S5} Aelof e FAR LR o5 5o AgEA} el
o} (r = -0.594, p = 0.042). x]ﬂrg} o] 45 AT u)
WA R 2328 74, 928y LH i, sz
A, HA42a) 5 *Moﬂ*i‘ J«l AAFAE el
o} wkm EHIEI) R, JAhdd e 50t Abele M e
-9 ARBAE 2 (Fig. 9). %ﬁl, FHZ5H 72 AL
ool ot oo ARAAE By (r = 0.639, p =
0.025). 2|24 g% Ay, 423 g5 AbojdAe
oke] AAAAE Yeldglo vid, SR283 w42, S
53 WA, SE2ST A5, 42y YA, e
S 5nl Alolo] AiaAl = &9 ASABAE EAY (Fig. 10).
I & 5253 sl|Zh2 AleleliAle] AgAls 3t (k] AR
@A) o H].E'_Z‘l =4 velytet (r = -0.556, p = 0.061). 1
2L, 28 AfelM EFAALR fod 82 ol

| =

AAEES] AL R Ase o2, Ho| o4 12¥n
A% T 7L A =9 JAF g4l PJr AR A4 2
3223 e YAE 25 3 S wevi o9 o
T2E (Blake and Sastry, 1979; Sastry, 1979; Simpson,
1982; Chung et al, 2000, 2002, 2003) °] 2 wstgic) o
22 sife 53 AA A E 7, A Fre A
g 94 2907 WA g2l ojsf A=, F 74A] 225
& AujE w3z ge} (Chung et al, 1991, 2000, 2002,
2005). 4k AAFTES A7) A3 dFA 2 7K
A]7l 2] AT A dEat ohdel AEA AT o]l
Hgalolct YAFr|E e g, Alet, Y2l E3e
o|2% A HAolct oz i-e] QAT A5 el wt
Abek A7iel ANAE de] Ff Holrh dofule], o]F
AL B 29 Hske AR 5o 9 FeR Rl 9
t} (Chung et al, 2004a, 2005). o|sisFalx P14 o
SA FAL A i A J)9Ee A AR (PG

WA, AR, 2eaA) o g Asel wHE Bas 2 7
o8 Hysle] gic}t (Barber and Blake, 1981; Baber et
al, 1988; Chung et al, 2003, 2004a, b).

2 2elA) dkaole] S5 o Ruaeld] Fekua
9 98 QA £ 0 o TR Uepdon A3
o2l #9345 RolA ste) 2ed WA} gsat
Alele] ZciufAl ko] W WHIbs & (1) o ARAAE B
gdom, AR F% +F (r = -0.954, p = 0.042) &
vehgiicl, o Fut 2 Ule T 5 (%) 3 s
FA5te Bl %t o] oAl 4R 373479l 2
43 95719 3934 590 WA FFo| Zasglort of
Azlell W W] s gere w2 278 9o,
Sk 24 o 0 4o A AZ S 9 S
ol A2 AZHn, ol o] AL WEH 4%
of Helsh o Ak ol AL TRz 9
Sup) WA Aol E S48 RS Bolt Ao Ny
5|9} gir} (Chung e al, 2005). 183 4gke] B %, |
g 9l |24719 sUGlE % el A B Fekel 74
et 3257 WY Yl d gepol 7hsla
Slof S)pufelq SRTE RGO T o] Soi)
¥ Z7P} Qi Aoz AFHH, oI5 Jiol B A
Aas AR 0D R Ao o e Aoz 44
t}.

Y N ECER SRR
A el A3t 48 HIBA = 5 () ALBAE e
o} EAFH e g £EL Bolx = oAUl FY
EAA =F (%) W okAE BAlEle] xi, 27349 B
71843716 1-39712] o] 50t U] A ke v @A ot
2 o] A|7]e]l LHZM g A AR 03y w2 e
ehfoict. =3k Akt 3 =3} o ul3As|Ql 8-1147kx] Asl
Aase} 2159t o] zAdkepe] e ks ¥ wf yAhd
W KA EEke] 9318 FulE|n slo] frt o] AR U
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A Uz Eoist FHFPL dojue Aoz d&5HH, o
Faol ALY ofx] 876 wkste] Wele Ao 34
=k olelgh ol Rt} yahg Alole] A ek Wtk 7t
gz F2% AE wol Ao nusel st
(Chung et al, 2005).

P R
&3} %), aAes Wi, A 95ue) 2oz
A G Ak % () 9 AAE Uelglch FAzL
2 #o8 $22 chigon S, A5 5524 Aol
2HRAE 21 37184 297 95719 499 A%
2t e 22l kel ofF ket v Wef F2 2l
ke 23]9 F7hHo] 22 g dehgich =3 A £
g3} 9 w|2&arlel 7-89elx ofF Y kg yrhyglon,
o] Al7lell WA Wiel 2oz e 23y Sk A%
& B, o5 22 e ZE)aA el WA UR S
o} FH 77 dojus AR o &E, A 3 A4 o
A 27 2hg-ste] ofF Aol sl Aer FAsIch
olefgl elfutat Wiahd Alelo] gelnAl g sl A2 7t
YRzAANNE AT FEE Hole oy BRI g
(Chung et al, 2005).

>

e o

200513 193%€ 129714 A AAT AX gulchelA
AR ditzN, Solen grandisg WA oE AA A U
Aol w2 Q23715 AT Bie 93 2RI, 7
=, A, 335, o5ake] Al sef wisls Aslst
2 FAo o8 A B £ AAFr)E 2] 247
(12-19), 7] 471 (1-39), 57 (3-79), #¥AE)
(6-74), H3} 2 HBYN7-129) o F5A 5EAR 2R
sHoloh TR e ERIRA M woken, F4-
5 U9 F9A R 14 (27)13A7) ¢ 1%, 44
($=57)) of #4zE vehglen, 84 (3E4kes)) o 71
Foeh Wahd ue Fobla gleke 24 (3= o &
71=)7) Al 34 (#57) o g ©1F F, 647 74
(FEAE)) o AAAen ZaFgle) gt o Fu A
olg] Zuhild ko= et & (1) o ARAAE el
(r = -0.594, p = 0.042). 18|} A2 ZFIH Alo]o
() o ARAAE nhon BAHCR o5 gt
o} (r = 0.507, p = 0.093). 2|4 =k Ykl 713
w3k w742, 2424, 959 | $x2 sk 2-54)
o] gokcl. AR el 4 walke Jgd JeA s A
A Welde], 193 24 Abool) v]d =¢km, 349 (8h57)
off Achel] o] & vh, 4-79 (8157] W FRAE)) o F43)
A FaEglen, 9-1249 (53} 9 ¥2A7)) o AR

b 7k de). S5-253 w7 Abo| o] A 3k W3}
v A% ok (+) 9 AFRTAE Jeigl (r = 0639, p =
0.025). ¥|E WAhda} of et Alole] FAA ek Wbl &
() o ABAAE RYoE (r = -0.392), BAAHCE Fo3}
A skl (p = 0.208). FE A e W= vind &
He] UlellA] wslglon, ok 235 Zelx Ak o
& 2AE v Yz ¥ d3le FAECE fosiA o
ket

o] EE-& FAER #AREATA Sedr A7F
(20064%) & & ! =

3ha FAAY Y 2gE £ FAEE SRS AET
g FAAY 25l ZAAE =yl a8ly £ =29 9
A 255 & AR g 2eE 3 ek
et wte gl FojA A=

e
=
lo
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