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4 b3 Gasterosteus aculeatus L. Q&R & U ERBEOH S (AR

Process of Sex Differentiation of the Gonad and Gonoduct of the
Three-Spined Stickleback, Gasterosteus aculeatus L.

Minoru SmMizu* and Hiroya TAxaHASHI*

Abstract

Changes in both germinal and somatic elements of the gonad through the
course of sex differentiation and subsequent development in the three-spined
stickleback, Gasterosteus aculeatus, were studied histologically by wusing fish
hatched and cultured in laboratory aquaria under natural conditions of light
(May-August) and temperature (16-22°C).

The first sign of gonadal sex differentiation occurred 8 days after hatching,
when active proliferation of gonial germ cells became apparent in some gonads.
The proliferated germ cells developed into meiotic prophase by 10 days of age,
and auxocytes made their appearance by 20-25 days of age, thus revealing the
definite ovarian nature of this type of gonad. The gonads of ovarian nature
at 8 days of age were also characterized by prominent clusters of stromal cells
on both the proximal and distal regions. From 10 days of age on, the stromal
cell clusters grew laterally from both regions of the ovary. Eventual fusion
of the free edges of the lateral growths led to the formation of an ovarian cavity
along the lateral side of the ovary. Bilateral oviducts were formed in the same
manner as the ovarian cavity, from about 40 days of age afterwards, in sterile
genital ridges caudal to ovaries.

In future testes, gonial germ cells showed only a gradual increase in number
as late as 80 days of age, without reaching the spermatocyte stage. However,
even at 8 days of age, the gonads were clearly distinguishable from future ovaries
by a stromal cell cluster localized only in their proximal region. By 12 days of
age, a blood vessel appeared in the stromal cluster, a feature which was also
characteristic of future testes. By 50 days of age, the stromal cells began to be
diffused inside the testes to form interstitial tissue surrounding seminal lobule
anlagen. Subsequently, the stromal cluster in the posterior region of the testis
was perforated by a single cavity for a sperm duct, while those in the anterior
and median regions differentiated into seminal lobules which became confluent
with the sperm duct. By 200-250 days of age, a seminal vesicle-like structure
with complicatedly anastomosing cavities was formed along a single, caudal sperm
duct. This structure in adult male fish may function merely as a sperm storage
organ, not as a secretory one.

No histological indications of intersexuality were detectable by the present
study during and after the sex differentiation of gonads in the stickleback.

* JedE KK E K A SRR
(Laboratory of Fresh-Water Fish-Culture, Faculty of Fisheries, Hokkaido University)
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HHEHEFE
FIFRIC N T2 4 b 3 Gasterosteus aculeatus L, 1, 197745 A X v 7 B ORI Ll SI/KERE
LEHEFE ORI TR 12 6 OIS BREICBL, BHREEL 1521°C Wi 7245 2K
B o2z OTH 5, HFAITES, BMEEON 0B 1IBR1IEEYRD 7457 370D
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TR 2HABRICES~8RE, 03B 2 AMZ5~10 BB 3IT&5~10R, 7Dz 20~40 B3 %
E&~I0RB2EELI. (Bl), THARBICRAOLTER - ATEREROBEZBETI D
2, EROWAML HhE&ER 15~70mm D4 + 2480 B2HEEL, #Ee L TR,
BBITAWIITNTOMAGR, £EBICKERZHEL, BFAIZZO0IE, AL I TRALH
MU CTHLBEZROBRY, Aefhr 7>  KIKRTEEL 1205, AFEROFMSEE X H WRAEFIL
CE IR ) HU, 6~8p DOHEBEETEINZIERL, F5 74~V EOATIFLIUB
SXxF ek 3 EHARBL THBENESR 2T,

e R
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Table 1. Sex distribution of the three-spined stickleback af
various ages after hatching.

Days after Mean total Sex distribution
hatching length (mm) 9 1* P
0 5.3 5
6 6.6 5
8 8.2 3 5
10 8.5 2 3 1
12 9.0 3 3
14 9.3 4 2
16 9.4 2 3
20 10.0 3 2
25 11.3 4 1
40 13.1 3 2
50 15.1 2 4
70 19.6 3 3
80 22.4 3 7
200 36.4 3 2
250 44.2 5 3

* Fish with sexually indifferent gonad.

:LpE SR ]

LB (£EFH 5. 3mm) OFARBERICK Y SIIEELE, Tk, FKITERORBIC
botze ThoOFAIE, FEYEORBBEROEL NS 23 RIROAFHEEED, ik
& 12 5L & WHR AL OB T CHGL THREL Tz, C OAFEERMICIE, AFHEMR 2 O
BB T 00mic, HTIREHEAIC ML T Izhs, BiGEnERiLici 2zl @ o hd, &
MDA b RS O & 25 TV, L OAFESENOBKTA TrR—BoMMcEE N
12 12U 2 [EOBRATRMIELS RS L b BT RETL TaoN (K1),  DIRFAMEM
Bl —RRICER 12~14p OFBE IIEABEZEL, MIRERZES <, BREBECCE2RLE 8~10p
DOXRBEE CRAKIZL hotz, —F, BRI 2O T/IRTE OREENTIHABTHH, N7
FEY YL RS A ST AR O/ N OKRE T 5 AT, AR AR AEN:
(K1), PLE6 BT TCOFROARRICIE, uERCALhIORBIIEL TRAZELIRED S
ﬂfJiP')T:o

B8 A (£RTFH 8. 2mm) OFRATE, IFEERIIESCRRINTEH, THEOHL
OBENSH 6 h, TREROWSERIN TV,  ORIIIKESRL ITFRICSD>ORIOAEFERMBK
Bant, bbb, ZOBHOSRY IROEMBROTE T, ERMMILOER L HZREHEORER
% 10~12 ¢ ORBEOERBMM L S/ EOEES BRINS & & b, ARERON S b HHiK
D23 T HIRE & 7 O¥R L T AFERR ORI X KRB ORG NMES 2 ERL Tz (F2), —
%, o5 ROAFERTIR, ARMBROEMIZIZE A SRS, FEROER I EFHEROETO S R
ot (F3),.

3snle i

B2 10 B (2EFH 8. 5mm) OFRTIE, ST BORENHBCRMaINI,  OBRICHE
BU 6 R 2 ROAERRTIZ, AFEFAIREO BRI EFRROFE D b MBI s RATWI, Th
5 2 BOAFER T, Efs L OSREIMOGMOERIT Y 6 HRkEE 2, ABWEONE TR ZN
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Figs. 1-8. Cross sections of the gonads of the stickleback, before and during the period of
sex differentiation. Fig. 1. Sexually indifferent gonad of a newly hatched fry; x
890. Figs. 2 and 3. Gonads at the start of sex differentiation, 8 days after hatching;
arrows point to stromal cell clusters; Fig. 2, x 635; Fig. 3, x900. Figs. 4-7.
Ovarian (Figs. 4 and 6) and testicular gonads (Figs. 5 and 7), 10 (Figs. 4 and 5)
and 12 days (Figs. 6 and 7) after hatching; arrows in Figs. 4 and 6 reveal lateral
growths of stromal cells, and those in Figs. 5 and 7 reveal blood vessels appearing
in the hilar cluster; Fig. 4, x 550; Fig. 5, »x820; Fig. 6, x520; Fig. 7, x880.
Fig. 8. Ovary with ovarian cavity (Oc) along its lateral side, 14 days after hatching;
x 880.
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b DS ERMEE D - THEZBIAL HEMBEINT (04) . COBE, —HRIiCARHEE
DE» 5 DBED, K16 DZNEH~NLIEL -T2, MO 4ROAFERTIZ, AFHMKO
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AEFER T, AFEMIRO BTV F I RIER RBCE T - T Y, EROACHEET 5 FH
JAESNIC IR EIRBEL A 6 NIz, 9B 1R TR, COFRBRNIRMKREALNIZDT, T OFREE
RBRmFEAZL 35 ([7). 2Ok 2FREET, LHROIRB OAFHRIC 12 £ 2600505
o
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btk 14~16 HICFA~Iz 11 B 6 BROAERRIZ, SROINBHEEE » & > Mgk EOIR T
b1z, ILIXEZOFETIE, % OHEHB X ORGEEH 5 MEL ILEMlE 0@, ZhFhob
BCHECREL, SHEBOERBEECHE T3 RICZ > TRESE, T2bbRIEE2IRL T
(K 8)s UL, JHEDG - B Tid, FPRBEOERIZETIIABETH 517,

MfLtk 20~25 B, &K 10~11, 3mm OEFOINRTE, BEIFMHOIRMIRE & i, BX
R OB A 6 N1z (M9) . F72, T ORI EFERR O BRI JRE R SMABE T § JRR
WRLBEET s Ob8EE s (M9). FLES0H, 2F 15mm #iid, ARERMEOREE: IR
HIRRORE T L b BRU 12 SPE ORI i, IBREEMBEDIZIT AT 17 » TINRHIIR O 37 bsi
AT, 6L E 80 H, ©F 22. 4 mm Hizi3, PPEAEEIZ IR D f RSB L T “‘entovarian
sac” DGR 2T 210012512 (M10), UL RIRFIO BB O FREfh> 5 % b Tid, SRRE
SMEBE DATERIE O AL TRRBUC R T A A DAL EE b, BY s IRREH (KR flEE
TERR T2 L > CTHEFET S ““parovarian sac” OFFHELFHE - Tz (X 11), FRADINEOIREEIC
} FROBMESRED b Niz, IRREBEOBRE, SREBONERICIET b BFHCmd» - TETL, I
70 B, &K 20mm OE TR, SIROEEID I - THEBEMERL Tz,

OB DR & b 5 1B 2 ZARORIMEO NBEOFEUL, k%40 B, £FF 13mm OEEFI
BOTTTREBINTVIL, COEEORIVEIBEROIERMIETE—L, BEFLFOEFE%
ELH—OREMIPE & L5 TV 7o (K12), EAOHIMFOEBEAIT 2 OBEW L b §ihicm
o TR, 7OBRIIIRBEEROZNERU L, EWREEZORTS X KRB L b {5 ~HE
U 1ZEHCR OMBEBED 2 N F N OEBHR CRA T AR & 5 (M 13), 2Ok, FRREECITV@ED
FOERED, 30 CERBRIMERRBOERETIC S £ < OIPRMISHIRL, IMREER FEOHRT
ITHRTAL5ICns (F14),

RADERMIMTIIEVFHEE: BECHBEZE 20, £F 50~60mm TIAMT R 12 IR % &
DRI 5 RIS T b, BV ORI IR TR ORTEGE  TE®E KD - T,

RRORE

—%, HEROERSERBOEROATH SN, ZOWMTHE DML B SN IFRE DA
FABR T2, AFEMAEO HZUEMIIRIRTDH b, FHEE S0 B, SR 15 mm HIIK b FEOCKRMR%
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Figs. 9-14. Cross sections of developing ovaries and oviducts of the stickleback. I,
intestine; Oc, ovarian cavity; Od, oviduct; Ub, urinary bladder. Fig. 9. Ovary with
auxocytes, 25 days of age; germ cells distributed in the proximal portion of the
lateral wall of the ovarian cavity are shown by the arrow; x670. Figs. 10 and 11.
Ovarian cavity of an entovarian type (Fig. 10) and of a parovarian type (Fig. 11) in
the anterior and posterior regions of the ovary, respectively, 80 days of age; Fig. 10,
x160; Fig. 11, % 270. Figs. 12-14. Bilateral oviducts (Fig. 13) and single caudal
oviducts (Figs. 12 and 14), 40 (Fig. 12) and 50 days (Figs. 13 and 14) of age;
arrows in Fig. 13 indicate a fusion of stromal cell growths in the region just posterior
to the ovary; Fig. 12, >« 150; Figs. 13 and 14. x 155.

Gty QEEDAETHIRO T Z S TR LN AT X 2h 512, UbL COBEITIE, AREEEL

DRI DI RHSTED © N r2id d, S E AR 08 DR % M 2 & 5120+ 5 0hS

Bean (M165) . WL 70~80 H DR T2, HHZ 7 OB EHIE S8 ORI & 5T
dotild»izid, ZOWEBICK 2Bz L 1.

PHE 200 B, AR 36 mm OSMRORE T, X 5 B 2SI OIS N ER RO

T, 35 CONMT, HEESC SR O > THET 5 (MIREROIERDSEE 20, #
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Figs. 15-20. Cross sections of developing testes of the stickleback. Sd, sperm duct. Fig.
15. Enlarged stromal cluster (arrow) localized in the hilar region of testis, 50
days of age; x550. Fig. 16. Hilar stromal cluster with germ cells (arrow), 200 days
of age; x1040. Figs. 17 and 18. Anterior (Fig. 17) and posterior regions (Fig. 18)
of testis. 250 days of age; arrow in Fig. 17 shows seminal lobules formed in the
hilar stromal cluster; Fig. 17. x280; Fig. 18, x350. Figs. 19 and 20. Anterior
(Fig. 19) and caudalmost regions (Fig. 20) of the testis of adult male fish; Fig. 19, x
80; Fig. 20, = 70.

ORE MDA 2203 5 SR ICES L CRAFIROEE® = 2 O3 ohis (M16) . Ll fk

DONRRD> & PERIZH 3T, C OEEEIRO SRR 2 S T AR B HEAEL TL 12 ([ 16) .
¢ OOAEREMINGIZ 7 DOBAGEICEIEL . 2R 40mm DK TR, BB ORE T R RIS Y

ATt (M17) . ), ZRUCEEsET 2 B O AHATESL 5 J OV E OB E R

T3 R ER T I3 AT A 4 < A B nd, 2 ORENCE—ORE, 3 2b bl ORI S

Nt (018) . R ONERR, S VHIBE : v b o) LRI T D HIER OB FFo—

E@L&%EWC0?6))§ﬂ@@ﬁﬁﬂ#?%ﬁt»%%@%%ib%ﬁ“%ﬁékﬁ®m%%
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2 BEORERHE T E—L, OB 2 AR § DB AL T, (ABEED N
R & 5 RIS O BIRRL Tt .

PP 250 H, 4xFAT 45 mm OEEOFR T2 ORGSR~ & BT Tz, B
FIEHDSES IZON T, FROFEEMICER SN HE TR, AR TN TH MO RED 7
T3 20T TR~ RET 2850 MR EE R 2 o R 12 BRI 5 6 5 5 st #EN
B3, S ROEFEE & L TSR T2 29151 (019), FEOBBMAE DI
i X OVRFEED JE I A EOREEDS L T h ([20), FEHBIE X b o8 2 B is s ee % i
B MR -~ & T 5 T T,

RO O A OBF I EREOEES A s 0 (K21, COBEORRKIE, WM
% 200~250 A, &EH 40mm HOEIZIHEE 5. C OBEIIZ 3RS SR> 5 B 1 H O FiR%
BT S —ARD A FARE I B O NFED 4 U T SR OB S 02 3, LMo L
ML O REEDIRHHT 9> T D EFEMRE LS (RISISERT 7 5 TEAIEL, KT 20806010, #
DRERZIE, A% b F oy T A ML L RO % % 4~5 0 OIS b ks
B ERIZH T IENIEED/NEDAED Tt (K21). Z0#%, COMNEREOEMIE S 5Bk
U, BT DR AN 2 TR S & b 307, NEBIRBEECIEL T HVICEEC AL 8
IR LT 210 B o1, A COBERONBE L —BORT L L 2@ 8~11p OFFD
AT MF O YT AHIBE L DR, NESIZIE TSR T T, BT S LT OIS
D TH 51, RITEE R, 2O TRRENG : ML THREO FEdRRe@miEL (1% 22),

back. I, intestine; Nd, nephric duct; Sd, sperm duct; S», seminal vesicle. Fig. 21.
Seminal vesicle at the initial stage of morphogenesis, 250 days of age; x100. Figs.
22-24. Anterior (Fig. 22), middle (Fig. 23) and posterior portions (Fig. 24) of a
single, caudal sperm duct and associated seminal vesicle of adult male fish; Fig.
22 and 23, x 30; Fig. 24, x 290.
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HOR—DFL 2> THEANERT S (K23), ZOMEFREVESERL BTN, 2DRE
BIERCEESH AR TV (K24),
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HTEIR DM 2 AR AR T 5 B 3 TR HRIC T 3 IR, MRS IIRIBO &
FEBRD 5 DI S U < 13 REA~OMLOBIZ YO & 5 ZHBYBHRORHRE L > THET bV
3LETHB, *% % Oryzias latipes Tid, TRIMRE 725~ 3 AT T3 A FERHII SR LAT &
HIEBSHER T, 2055  ORBLERCBELIHIH~EBTIs L, TIPRkOBRT
AFHFARIR OB EL 24, TRBEAHOBENEL L 82N EHBMENTINEMS, T2
bb, xXHTiRBMLESK, SRS 07 OBRESERGOE E) b AFROEZRET
§3bUT, LOTLRBENELHBCENL 5 3 H/KDO A Fn2ROIHERE - T HERIN
TW39, Flovuyy Oncorhynchus keta T, BEDZHIH OARERLO BRI HE 2 SRR MO
BEILUTCHWES LHEINT 310,

$ﬂ%vﬁ$bt4barumm&sam,&ﬁﬂﬁ@ﬁ%ﬁﬁmﬁ%&&ﬁﬁt,%nmgbw
TARTER AR & RSNz, BiE OROARETIE, BULE 12 B i RS SEH~ & B4TL
TOATERIRRYS, & ToBMLAE 20~30 H ik FEARORRHEIID MBS A 5 Nz hs, HE OB DA FEIRI: FHL
#80 HE TR XSHBHEILEA R T -7, COBSBERE BIRRO 24 70ERE 2 BALT
5 &, A2 OATEROMMERBES B, S 12HOBIKES D603,

—F, BEROWEFATE, RBENEORESATHROAHEERCREMCEDONG L EHIEHES
NTV2W, 12k 213 Tilapia mossambica Tid, HEFEEER S & O MR RN 2 ATEEA BEE DS
{Lic BRE S 5 FERO BMEREO£8)03, HMEDFMOHEE L 2 OBEHOREDEE L FH D
hEBLRELNTWEY, Tilapia aurea Th, IIROIVETOIFRBOTRIL AT DS
LWL E 22 URNCAEE B L EBMENTINE®), § 524, O ELVBEERARSENTDH S
DEPZILRPRETZ L TH T, 1tk 2 Tilapia zillii OEFHIRDOBHIESL, £
AR D HEFEEAATICIE, MRS BICEERZA RN H,

4 b 2 OFRBOARMR T, BIKSBIH ORI BT 2 RIORLHE 8~10 Riz, A
ROAR S Y TERR DEIR & KIBWONF IKED b 2 DKL, HHRBOAMEIR TR, Z0EHBOA
BRRELER 2 DL 2 &V S HBSTBEBRENA bR, Ch b ORISR, ZhFhIBRE
“-BIVER B IO BT ROBBEROETH - T, 4 b 3 OEFEROMEMEASBMLE 8 Bl
WEBLERD36TIB0Th3, 124 aDRADEROBEHE LT, 2OEIEL I2fi
EHEET 5 &1 Craig-Bennett® Ik H T TCRERIN T3, ¢ OMEFOHRITEHMEE 10~12
HOBRBEOAFEROERICMD TR LN, COBRKI, IEMOARERICIALNZL 51O
T, HEMEOBED—DE A2 L TIWVERDRN 3, AREEERI ¥ 2 5 v X Oncorhynchus
masou OERMEOEEEL TbMbN T 39,

ZDEHI, 4 +arRBVTh, EFHEBROESMCHEFRMIROEICD S 72 & T FMESR DX
HEEDOLNZCLIBHALLTH S, TDX 57, ARSIV FHREERORELR»SL 43
&, A b2 OAFERE, Mkl 8 B EOEMEBIBAER S hir BRI h, —HOROARERAN
R OBHHIED 5N 5 13, FPETEEUIIRD Tiz@ b o7, ZOTLEPL, 4ba
DOHERE RN AR O T TR IN T3 L DEERT AL EMNTE S,

BEEAOIIRE O BRERNICE L Tit, # v &g Carassius auratus'® ®© 7 v ¥ — Poecilia
reticulata'™ S EXH LN B L 572, AEFEROBR U WL (RIEEE & Ma L, KB 248 2T
BB INAE, 3 X Tilapia aurea'® ¥ Tilapia mossambica'® 3 Xicsbh s & S, 45l
RO & & E ORI i o BB HRERML C 2 Ol cCHECRAL, fBE2E AN
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HCHBBERIN AR EBaon T3, 4 b aDUBEER, Tilapia mossambica® DZENE
Fifgic, AEFEOELE R I KRBT b MEL I AMROBRSARBRONE CRAT AR I
BRAIN S, UbL Tilapia mossambica DYIRIEIZ 7 OIMUBE ATMEE2 K %, WHW 5 “par-
ovarian type” T 32 DitxL, 4 ba Tk, fpicIEIMIBESkichT: - TIRRBESML
T, “‘entovarian type” OB & ENT, LU IRROF - BB T, IRBLESHUEES O EFERIIE D
DA IR B T 2 E DA E ¥ E b, “parovarian type” DOFFERLIFE - T 1,

—F, 4 b2 0OBRBEEORRERIZIBEE-RIMOZNE X AL pitR), INR—ORRT
THHEEON - TR EBME TEDOBERVBRZL - T, COMBERIS, BERENO SRR
B3RS 2 K TRIGET 505, RN - FITR, 2 OEERIAMEL T A TR O S0 2 RE
DR, BECHAL BIROLEVCHEBRED, ¥ ICREREH T A AsR N H—D N ML
U, ZhDEEONEEEKL TERSRI DO 2T RPN T 5, COBER - FHics o N
S OMERIZF > ¥ 219 C, IERBHTOZNIZY » ¥ —17 ® Tilapia mossambica'®
ZETHRELNTVAEY, 4 Fadd 5l ORHOBRBHHERON - P HEBcbIN TS
LNBEAE, EELOMAMHYBEITREINTVIENES3TH S, DX ) CHBERDETER
FEROERERIZ, RABOLOTRIGBETSANL L3 TR Y, BRI THIZHISHRTHD
L HicEbn s,

FHETCHLNIZL HIC, 4 a3 DT DALY CIIRTEEROBEVMET 5, CNET
AERIN 35 LR v IR X O/RET, TREE 5 IRHT 3 RS R o ORIEEN
FEL, 20554 DIASWBEREZPEODCEBMONTN S, 4+ 3aDRADKTEERIEINEEDZ
NEBBRZVIDDTMITH-T, ZORBIITETHRBL T, BHHIC S L OBELHW
BREZEOC L 2RIHEBYIERIIE S N/Sh 572, 6o T4 b 3 DRIERIIEFORED » @<
bOLBEDLDNDG, COBOHERMOGALIF L X B THHMONTNED, Fo¥ aKALN SIS
i3, BRECYEL IORERROBIELR T, HEAH: BEEEET 50U T, 4 b2 TR—HO
HREORTEO®RT B, B L LRENTHFET 3,

Egami?? 3 ¥ 11 BOFKEOMBRFNABCE T, 2 OHB1EHM MARICIFRTD 5%,
AWREE T2 b R23 L 2BHEL T3, BERAOITEROEE WL IUHBICET 5%
DS, ENFNOABOVD S AHMEIZEL L OTH 2013, FFECRIEECRETH Y, %30
KEHBPED THL L TOLBEBH S 5,

E #

4 + 2 Gasterosteus aculeatus L. OHEFRB I HAZ AV T, AFERRE X O EFERE O
B R BRI 12,

IR Lid bt 8 BEIERE 5, CHVIAETEFMIBOEIR L BT E, Zhic < BEsS
I~ OBITOE D,  Z1 & 131 FERE O R FEIR O F3R & S O 5 T OHE A OS2 &
e 5, CORMRELIERBETmD S AFIBEL, 2ORSHBCHECHBEL, KLU T
‘‘parovarian type” DJIREER T 5,

TROBEITINTIS, AREMBEOBEENSIIBRTOZ KL TXHLDTRRTHH, TLESH
A 5N 5 EHIOEM I AFRER DAED b1, T2 10~12 Hikid L OERIRRERRN
IMERDMEN A 50 5 K THROINE & AREicRic 5, HEFEIME% 200 Bic, TRETR
AROBEREIZIALE 250 BN 5 THIDH TALN 5, HMEHHOBRONE B & NPEOEHEIER
i, FEEERO—MeERT 2HMRE, FEROZznREBEREERECHMET 3, 1t a
OREE STMO%S R E SBL TIREREEY A LN, COBEBIETOMIIRD AT
By otBbh 3,
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