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ABSTRACT

The ultrastructure of spermatogenesis and sperm in Cichlasoma managuensis belonging to Cichlidae was investigated
by light and electron microscopes.

The testis of C. managuensis contained numerous testicular cysts, and spermatogenesis was synchronized in these testi-
cular cysts. In the case of spermatogonia, the nucleus was comparatively large ellipsoidal, and mitochondria showed a
marked development. The size of primary spermatocyte was smaller than that of spermatogonia, and that of secondary
spermatocyte was smaller than that of primary spermatocyte. The chromatin of spermatocyte was highly condensed accord-
ing to their development. The nucleus with electron-dense was round shape. In spermiogenesis, flagella started to be
formed and chromatin was more condensed. The mitochondria were rearranged in a middle piece. The sperm was formed
by loss of cytoplasm. The head of mature sperm was a spherical shape and had not acrosome. The microtubules of flagella
were arranged 9+2 structure. Also, the tail of sperm have lateral fins.
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Cichlasoma managuense’= w|=- Honduras 53, Z 22|t} &
M = ol Z=HX]od Managua 35> Nicaragua 4> 2 Costa Rica
o] AJA]8} Jaguar cichlid, Jaguar guapote, Guapote tiger 2
7 =017} (Osteichthyes)2] o] & (Perciformes)ol] <4:3}= Guapote 5 ¢ 2 E-2]-$t}(Shafland, 1996).
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ol fe Aae HFTEI FARIIRE A (testicular
cyst)S B3 Aeo] SAo|w o]3tellx] A} o] o] 7
o]z} o {8 AAf A o] o] FoIA| = Tt H2ER] A=
(Sertoli cell)i= WA ZE Zegozn AHads P43}
7]1%= &b (van den Hurk et al., 1978; Gwo & Gwo, 1993), ¢l
A3 QA A 2 7rell A Z7F3 (intercellular bridge) S 3418}
7|= #kc}(Billard, 1984). =8 A&} el 344 (spermiogene-
sis) Fatel] A xze] MxA ZRALA (residual body):= &
Boz Wad F Aage) WAEos WEHm 4% o
A3t M =2Ee] M=z 28] phagocytic vacuole2- 3 A3t
& Yxzztg o= A A (Billard, 1983; Sprando & Russell,
1988). ool whetr] MM 27} Fad WellA FAl &
3}=]= 7% (Grier, 1976; Brusle, 1981; Hourigan et al., 1991;
Gwo & Gwo, 1993)¢} FAJol] £3}=A] o= Fo] e A
o2 o#x] 9]t} (Rossouw & Vanessen, 1993).

PARYE qAAe) AT 2205 Fol whe Folg B
o gt olfel 552 A Bele A4 24 F AR
Aol wek Az vhed olFolxt Aow deid gl
(Yoneyama & Iwasawa, 1985; Wolenski & Hart, 1987). &3]
AAYYINAE BF7el JekE wel ®¥ed v 7
ALA oz FAAZ AS 32E W3l E3F testosterone?
FH7F A H 3 YA A FAE HAYAA FFe] s
< JA)8he} (Bayarri et al., 2009).

AFAFe] AS, 78] 7S-E A9k (Deung,
1999) dj - FA 47} glow o8 HFsEde 2 A
Ape] Ty AHAZL EAEA 7] wiie] FAte] FE=
% be]] 9l HE-(micropyle) & F3A A o] o] 7oA
A ¥} (Ohta & Nashirozawa, 1996; Yoon et al., 1996; Kim
et al., 2002, 2005, 2007).

A F7HA] dvbH el ARG g A= dE
ZFollA] o] 7oA ghovt AFA WellA o] 7o kel b4
g Algho] w9~ oF]7] wij ol oFo] Y Alghe] 4 &
2 oF e AA 846 mebA A gelFelM AE
oz AFHe] gfom Asd AL nAF2E E7A
Al whe AAZIE A o] FoA#] ¢k it whebA] £
ATE ok B3A oAl 42 AlZ=] =3 (Cichlidae)ol| &
3= C. managuenses ANz =2 AA 3t FeH3n] 7
AARAu) A S o] 43le] AAHPAAAAS w8l o] Fute]

AR gl AR wlH TR 54 lsaat sl

rorle

B 42

b/

HE 2wy

S SR (A=, 93 Cichlasoma managuense A3
o]Z 7]= wo} pH 6.540.5 3 26-0.5°C2] 4% (60 x 45

x45cm)ol| A 370 o)A} 71x ofoldle] AdAEE ALL
&l o). oFo]4= Fritz-guard (Fritz Co. Ltd., USA)2 9G4S
AANR F AFgshela Amelshie o gshe] skl
o e UFde] 29 144, % B B 10404
SAA AT, Holx= YEATHH (Blood Worms™, Hikari
Sales USA, Inc., USA)S 24 9A|¢} 2% 4A]d] 35 2

# Folsieleh

St % hematoxylin®} eosin® 2 G 3le] FAsl v, T3}
AAEw]7 Al&%= 0.1 M phosphate buffer (pH 7.4)2 A
%l 2.5% glutaraldehyde 2 4°CellA] 4417 AvuA 9 2%
osmium tetroxide 2 9087t 317 slgdv}. B E A8 2]=
BAAQl Az Alw A=Hel o2l 2|3 $ uranyl
acetate?} lead citrate® o]F IM3}9] 0™, epon £l o
Zvjg F 50~60 nm=z Z=ubd st} JEM-1200EX 113
(JEOL, Japan) F3}51A}in] 7 o = 3baalgiv). w3k FARA
A u] 78 AlaE ALE B3 F 2,800 rpmel| A 287k
QN Pkl e AAE FaaARE AL AsAe
o] ujg} 314 2 e43sfle] hexamethyldisilazane (HMDS) S
2 X3A)7)2 4553 cover glassel] =wslo] 7] 3o
A Zzx3 F g8 AR 7 (TM-1000, HITACHI,
Japan) o 2 32HE}gt.

AZolF A|ZB| e £3= Cichlasoma managuense
o] AAHAAARAES FEAnAH AAARTH L o] &3
A A= ohg3 2o
C. managuense®] A= R} A} Alole] $X|slxr
Qg3 A= 23cm, T 4mm A EL] T2 AL w3
Aok AAFAAAAL LS T8 AFFe) xR E AR

el A o] Fo] XX ka1 A Ad (testicular cyst)ol| 4] o] F
How, 7t Had el F3A717F FLT XA EE ]
Z3k3 ook W =7} ol 45 3o] hematoxy-
lineoz A @A= ] F24E vt (Fig. 1). A42] A
772 I el whel Wilele Aoz A gled vt
2}A1 3} (Characidae)ol] 4381= Oligosarcus hepsetus®] 73-%-
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FAZel= B, 27|57 e A, 23 A57de
374 o 2 v 3}sko) (Santos et al., 2006).

YA ZE A2 Ul Ao 47} wEsn A9l e
A5ez vl 2 AL wgshn 3lsic Fig. 2). 22} 2
Aol wet ALY RATE 9 ol Tl <lo] Vs

A= dKem MEzAed = n|EZx=g|eote] o] A
3}9let (Fig. 3). ARAHRA ZE AIAYRA ZH ©] 2hobA
on ARAZEL A oA A Z7ka (intercellular
bridge)ell 2Jsl AZ =] glglom A27tpEd #1712 H
A6 Yeld= ejA}7] B34 (synaptonemal complex)E
o] FIHE 7%= UKt (Figs. 4, 5). Al 27kael| 2]t A
A zEe] AZLE AAMEE] FAl E3gFozH o
o] AAE wEsle] £AEE Fol7] gk Hloz o
] o)} (Billard, 1983; Gwo & Gwo, 1993). AU $A & 1=
Xiphophorus maculatus®] 7-¢-% dul A JLAsl= o) F
&} §ARE +E2E 7R 22 ) (Kim et al., 2003).

Az 277l e A2 Z7)7F ARA R
Zokar G L] S5l 23l Zﬁ}‘ja‘Eﬂ Fotzion A

FAH7] Al rEZE el HEr) P4

FHel| gA Fxsta %%W(Flg- 6). A A F
_g] Oﬂxuzl _Q.g‘;_o] ttqu].ga ou:] sﬂ.& }\«]];\’E}ﬂ 3}
o 34 AT vl mzEelrl R Flel 1EH]
7 glgdguq Mo 7aolglh wat R arto] JAas
$49%7) 9180 A0l el ATt Fig. 7).

Aiezg o) 27 AN e 9 AU
7 Az Bl ) Seeent v 4 857} 1%
2 vEzseob}l FRye] ez ¥ 0 o 3-8
7h 8% 3l Bl olsssllel dofe Ao
ol Ao Fig. 8). A% AL AL S5l vl
Feishola, Al 2 54 A ghskeh w3 v EEmejohe
FHao] Fo Aro 17, Y5k Aoz 37} B3
S5ict (Fig. 9). Awg A Az} v ALT HDS A
Hql 942 T2F o T2 UL FA ol FW A4 W)
Az Salgke] RA=e w3 We FEow
3)3} lateral fino] 2= ¢t} (Fig. 10). ol wabr] uAs
o] 040 T2F AT ol AT BeAA e
(Todd, 1976), Z7}x|227]12] 7d$-= lateral fino] ¢l=d| o]
lateral fin>- A72}2] o]Foll BEATE 3l FAs= d
9§88 =72 A" 4 9loh(Deung et al., 1999). A=}
2 pelste] FAAAAT Ao GAe) oale B A
s} FapAan Aol Asleh vz e gels 7
73 0.7~0.8um A58l Fol 1 v =& FH3} 13~15
um ) b} B g 1)

A7) ] TR Fol we} 22 (Zirkin, 1975),
%223 (Todd, 1976), -3 (Grier, 1976), €F3+8] (Afzelelius,
1978) B! 2143 (Brusle, 1981) 502 w9 wpofain] o

o] AL e F2 FH nEZ=olrt 39
FHY Foll 2o gl Aot AfSA s el o
7ol A ZHF A v R FHRIF Ax
Az g2 wjdxe] gl (Kim et al., 2003). o F-5-2] #HFo]F
= AR TR AR E2AEA dobr] Rk HEE &
dlo] A o] o] FoJA| = Zlow EA 9lom (Kim, 2001,
2002, 2005). wheta] 2 2w HA 7} HFEHA| Qglr] dE
o] wxpe] wdatel] Aape] Tzl o] Qg Aoz F35
= 53 dRpel| A G EA] oJ R dF Q7= 2
[3}e)

C. managuense®] AP AA- o2 HFFo {2 4%
o} FARBHARE ARl A T80 e7t gl A ¢
T FH, v EZseole] My TS AZEY
o2 A= oo ARFAAAT Az et
A 5A41A] ol Fo] Heo]AlRE Felsy] 9
22 Fol] &3 o Foll dist F1H el A7) $3E

oo} & Aoz Ard
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FIGURE LEGENDS

Fig. 1. Light micrograph testis section of Cichlasoma managuense belonging to Cichlidae. Each cyst contains a clone of synchronically differen-
tiating germ cells. Various staged cysts consisted mainly of spermatocytes (A), spermatid (B) and spermatozoa (C) are compared ( X 40).

Fig. 2. A transmission electron micrograph of spermatogonia of Cichlasoma managuense (Scale bar=2 um).

Fig. 3. A transmission electron micrograph of primary spermatocytes. N, Nucleus; M, Mitochondria (Scale bar=1 um).

Fig. 4. An electron micrograph of secondary spermatocytes with synaptonemal complex in meiotic prophase II (Scale bar=2 pum).

Fig. 5. An electron micrograph of secondary spermatocytes (Scale bar=2 {im).

Fig. 6. An electron micrograph of early spermatids. N, Nucleus; M, Mitochondria (Scale bar=2 pm).

Fig. 7. An electron micrograph in late spermatids. F, Flagella; M, Mitochondria (Scale bar=2 pm).

Fig. 8. An electron micrograph of early sperm in testicular cyst. M, mitochondria (Scale bar=2 pm).

Fig. 9. A Transmission electron micrograph of a spermatozoon. N, Nucleus; M, mitochondria; F, Flagella; Is, Intercellular space (Scale bar=1
wm).

Fig. 10. Cross section of the tail of a spermatozoon. Note the 9+2 structure and lateral fins (arrow) (Scale bar=0.2 um).

Fig. 11. A scanning electron micrograph of sperm (Scale bar=2 pm).
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