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Ultrastructural studies (TEM) on Hucho hucho (L.) 

spermatozoa revealed lack of acrosome and eccentric situ

ation of the flagella in relation to the head and the middle 

piece. The relatively small middle piece, with characteristic 

mitochondrial collar, is separated from the flagella by a 

cytoplasmic canal. Axial part of the flagella is formed by a 

microtubular complex, of the formula 9+2. Apart from 

different size of various elements, ultrastructure of Hucho

hucho spermatozoa is similar to that in other salmonids. 

INTRODUCTION 

Morphology of spermatozoa has been studied in most Salmonidae species, both with 
optic microscopy (Leydig 1857, His 1873, Miescher 1878, Blanc 1894, Retzius 1905, 
Ballowitz 1915a, b) and taking advantage of phase contrast, and since the begining of the 
fifties - also with electron transmission or scanning microscopes (Rothell and Roth 1950, 
Rotheli et al. 1950, Fischer et al. 1952, Yamamoto 1952, Hug et al. 1953, Lowman 
1953, Geiger 1955, Furieri 1962, Billard 1970, Nicander 1970, Zirkin 1975, Fribourgh 
and Soloff 1976, Fribourgh 1978, Drozdov et al. 1981). So far, there have been, however, 
no detailed morphological studies on Hucho hue ho (L.) spermatozoa. 
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MATERIAL AND METHODS 

Material for ultrastructural studies consisted of spermatozoa obtained during artificial 
stripping of mature Hucho hucho males (at the age of 4+) in the Polish Anglers/ 
Association Station at topuszna. This fish species occurs in Poland only in the �fua 
Orawa River and its tributaries (autochthonous Hucho hucho), in rivers Dunajec and 
Poprad, and probably also in the Scinawa (introduced Hucho hucho) (Witk9,ski and 

Kowalewski 1980). Ejaculates were collected and transported in cooled thern{os flasks to 
Szczecin (about 24 h). 

The spermatozoa were fixed in 3% glutaraldehyde in 0.1 M sodium caqfodylate buffer, 
at 4° C for 24 hours. For "shadow" analysis, preserved spermatozoi in form of a 
suspension were transferred onto nets covered with a Formvar film, and "positive" 
stained with 1 % aquatic solution of uranyl acetate. The material for thin sections was 
postfixed in l % solution of osmium tetroxide in 0.1 M cacodylate buffer for 1 hour, 
dehydrated in the acetone series, and immersed in vestopal W. Ultrathin sections, 
obtained with a Tesla BS 490 A ultramicrotom, were stained with uranyl acetate and lead 
citrate, according to Reynolds (1963). The sections were examined and photographed 
under a 242 E Tesla transmission electron microscope (TEM) at acceleration voltage of 
60KV. 

The obtained ejaculate was clear, of uniform texture. It was easily evacuated when 
compressed. Quality parameters of the sperm, determined immediately after fish 
stripping, were as follows: spermatozoa motility (obtained with the method by Tomasik, 
1973) at water temperature of ±6°C and 1/100 sperm dilution - 48 s, out of which 
progressive movement took 9 s, and the pendular movement took 39 s; per cent of 
activated spermatozoa - 100; sperrnatocrit ( determined with the method by Winnicki 
and Tomasik, 1976) - 11 %. All the above values represent means of three measurements. 

GENERAL MORPHOLOGY 

A Hucho hucho spermatozoon, similarly to that of other fish species, is a thread-like 
form, about 30 µm long, in which 3 parts can be distinguished: head, middle piece and 
flagella (Figs 1 and 2). The head is oval in shape, 2.5 µm long, slightly flattened laterally, 
with the diameter of 1.28 to 2.0 µm (1. 74 µm on the average). There is no acrosome, and 
the back part contains an implantation cavity, about 0.85 µm deep, housing the frontal 
part of the flagella. Lack of acrosome is a characteristic feature of all Teleostei (Ginsburg 
1963a,b, 1968). Lack of acrosome in salmonid species was already revealed by Ballowitz 
(1915a) in his cytological studies and confirmed by electron microscopy studies of 
Fischer et al. (1952), Lowman (1953), Furieri (1962), Billard (1970), Koehler (1970), 
Fribourgh and Soloff (1976), Fribourgh (1978), Stein and Imanabadi (1979), Drozdov et 
al (1981). 
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Fig. 1, 2. Shadowed elektronograms of Hucho hucho .spermatozoa stained "positively" with uranyl 

acetate: F - flagella; H - head; MC - mitochondrial collar. l - 8000 x, 2 - 18000 x. 
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Fig. 3. Part of a scrap with- oblique-transverse sections of Hucho hucho

spermatozoa. 10300 x. 

Fig. 4. Longitudinal section of the front part of a spermatozoon: F - flagella; M - mitochondria; N -
nucleus; PM - plastnatic membrane. 37000 x. 
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The short middle piece, incorrectly - with regard to fish spermatozoa-called "neck", 
contains a single mitochondria, in form of a mitochondrial collar, about 0.9 J.uTl long, and 
1.3 /.uTl diameter (Figs 2,3). The collar surrounds, not very tightly, the flagella base, as 
shown in Fig. 7 and 8a. 

It seems that a similar pattern of an incomplete flagella base cover by the 
mitochondrial collar is present also in the rainbow trout (Fribourgh and Soloff, 1976). 

The terminal, longest part of a spermatozoon, i.e. flagella, is about 26 µm long (it was 
not possible to find a spermatozoon with ideally stretched flagella, so the length given is/ 
an approximate one). fts breadth (without lateral ridges), measured behind the 
mitochondrial collar ancV before the end, was 0.17 µm on the average. The flagellef is 
situated eccentrically in relation to the head and the middle piece (Figs 4 and 6), wt\ich 
was observed also in other Salmonidae species (Yamamoto 1952, Lowman J953, 
Ginsburg 1968). The flagella tapers with length. Sharp cytoplasmic ridges run on the sides 
of the flagella (Figs 9 and 10); they are also observed in spermatozoa of rainbow trout 
(Billard 1970, Fribourgh and Soloff 1976), brook trout (Billard 1970), Atlantic salmon 
(Nicander 1970), Oncorhynchus kisutch (Lowman 1953), brown trout (Fribourgh 1978) 
and Oncorhynchus gorbuscha (Drozdov et al. 1981). 

MICROSTRUCTURE 

The spermatozoon head is covered with the nuclear membrane, and the plasmolemma 
on the outside, the latter extending to cover the middle piece and the flagella. Nuclear 
part of the head is composed of chromatin substance, in the form of loosely packed 
granules in the front part of the head, and condensed at the back (Figs 5 and 6). 
A characteristic implantation cavity in the back part of the head can be seen in Figs 4, 
6 and 7. It contains the front part of the middle piece of spermatozoon, with clearly 
visible centriole (proximal and distal) (Figs 4,6 and 7). The basal plate was also observed 
in front of the proximal centriole (Fig. 7). 

In the region of mitochondrial collar, under the plasmolemma, cytoplasmic vesicles 
and a system of smooth cysterns and endoplasmic membranes were observed. Most 
probably, they were remains of spermiogenesis, and were defined as a rudimentary 
cytoplasm (Figs 7 and 8b ). The single collar-like mitochondria in the high-energy 
orthodox configuration contained mitochondrial crests. The middle piece together with 
the head was separated from the flagella by a circuitous cytoplasmic canal (formed 
through the cytoplasmic membrane invagination, as shown in Figs 7 and 8) .. This canal 
occurs frequently in fishes in which external fertilization takes place (Nicander 1970, 
Fribourgh and Soloff 1976, Brusle 1981). 

The flagella is composed of axial filaments, extending from the distal centriole in the 
middle piece. It is surrounded with a layer of the cytoplasm, and covered with a 
cytoplasmic film. Its axial part consists of a microtubular complex, similarly as in other 
Teleostei (Bacetti and Afzelius 1976), of the formula 9+2, i.e. two single central 
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Fig. 5. Ultrastructure of the front part of spermatozoon head. Longitudinal section with loosely 

packed chromatin granules: CH - chromatin. 38000 x. 

Fig. 6. Cross-section of the back part of spermatozoon head, at the level of implanted cavity. Distal 

centriole and chromatin in a condensed form well visible. CD - distal centriole. 53400 x. 
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Fig. 7. Ultrastructure of the middle piece of a spermatozoon. Longitudinal section. BP - basal plate; 

CC - cytoplasmic canal; CP - proximal centriole; CYT - rudimentary cytoplasm; G - flat 

endoplasmatic cistern; N -·nucleus; V - transition region; U .j. -cytoplasmic condensation. 

Fig. 8. Cross-section of the middle piece of a Hucho hucho, spermatozoon. 

Denotations as in Fig. 7. A - 55000 x, B - 118000 x. 
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Fig. 9. Longitudinal section of a flagella with visible folds of the cytoplasmic 

membrane. AF - axial filaments; R - ridge. 72000 x. 

Fig. l 0. Cross-sections of flagella with axial micro tubules (MO), and circular microtubules (MR) of the 

formula 9+2, with .visible ridges of cytoplasmic membranes (R), and terminal part of flagella (*) 

without axial micro tubules, of the formula 9+0. About 100000 x. 
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microtubules surrounded ringlLke by 9 double micrntubules (Figs 7, 9 and 10). Peripheral 
and axial microtubules seem to be interconnected by straight filaments, which was also 
observed in crucian carp by Fribourgh et al. (1970). Each of the 9 double peripheral 
inicrotubules is composed of a cylindric microtubule A, and an adjacent incomplete 
cylinder of microtubule B. Microtubule A contains two arms (internal and external), 
directed toward microtubule B of the adjacent pair (Fig. 10). The presence of similar 

was observed by Billard (1970) in rainbow and brown trout spermatozoa, and by 
uv'V'-'J'"'"' et al. (1970) in cmcian carp. Additionally, peripheral tubules are connected by/ 

means of 9 radial spokes/ with an envelope which surrounds the pair of axial tubu\es 
10). These radial spokes seem to extend from tubules A (as observed by Friboufgh 
1970, Lri. cmcian carp). 

Hence, the structure of Hucho hucho spermatozoa does not deviate in any significant 
way from that observed in other salmonids, the only differences being those regarding the 
size of various parts. 

Translated: Dr Teresa Radziejewska 
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Krzysztof Radziun, Lucjan Tomasik 

ULTRASTRUKTURA PLEMNIK6W Gt.OWACICY HUCHO HUCHO L. 
STRESZCZENIE 

Poddano analizie ultrastrukturalnej (TEM) plemniki gfowacicy (Hucho hucho (L.)) uzyskane od 
sarnc6w z Osrodka PZW w t.opusznej. Stwierdzono typowll dla ryb fososiowatych budow� 
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emnik6w, z charakterystycznym, nieco ekscentrycznym w stosunku do gl:6wki (drugosci 2,5 µm) i 
�sci srodkowej osadzeniem witki oraz brak akrosomu. Cz�sc srodkowa, stosunkowo niewielka 
,75 µm) dlugosci), z kolnierzowato uksztaltowanym pojedynczym mitochondrium oddzielonym od 
·tki okr\l:i:nym kanalem cytoplazmatycznym, wkomponowana jest przedniit cz�sciii (tzw. wstawka)

charakterystyczne wgl�bienie implantacyjne tylnego odcinka gl:6wki. Witka, najdl:uisza CZ\ISC
mnika (okol:o 26 µm drugosci), posiada boczne fal:dy cytoplazmatyczne. Osiowii cz�sc witki
rzy, podobnie jak u wi�kszosci Teleostei, kompleks mikrotubularny o formule 9+2.

OA3IOH K., ToM�CHK �. 

Y�bTPACTPYKTYPA CIIEPMAT03011,JJ,OB �YHAHCKoro �oco � 

Hucho hucho(L} 

P e 3 IO M e 

CnepMaT030HAhl AYHa.HCKOro JIOCOCH (Hucho hucho/ 

L.), IlOJiy�eHHhle OT CaM�OB, Bh!paIIJ;SHHbIX B UeHTpe 

OJibCKOro Phl60JIOBHoro CoI03a B �onymHott, IlOABepra

H YJibTpacTpyKTYPHOMY aHaJIH3y. 06Hapy�HJIH TliilH�

JIOCOCeBhIX phl6 CTpOeHHe cnepMaT030HAOB C 

xapaKTepHhlM, HeMHoro SKC�eHTpH�HhlM no OTHOIDSHHIO K 

roJIOBKS(AJIHHOH 2,5,p.m)H K cpeAHeH �acTH pacnOJIO�e

HHeM XBOCTHKa, a TaK�e OTCYTCTBHeM OKpOCOMa. 

CpeAHi.i:H �aCTb OTHOCHTSJibHO HeBeJIHKa 1,)J;JIHHOH: i, 75 Jlffi) 

C OAHHO�HhlM MHTOXOHAPHYMOM B �opMe BOPOTHHKa, OT

OT XBOCTHKa OKpy�HhlM �HTOilJia3MaTH�eCKHM 

KaHaJIOM, H BCTpOeHa nepeAHSH �aCTbIO (TH3.BCTaB

Ka) B xapaKTepHoe HMITJiaHTa�HOHHOe yrJiy6JieHHe 3�

Hero OTpesKa roJIOBKH. XBOCTHK, CaMaH AJIHHHaH �aCTb 

cnepMaTa30HAa(AJIHHOH OKOJIO 2 6 pm)HMeeT 6oKOBhle �li-

XBOCTHKa 
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COCTaB�HeT, KaK H y  OO�billHHCTBa Teleostei g MH= 

KpoTyoy�RPH�H KOMTI�eKc, cor�acHO �opMy�e 9+2. 
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