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Spermatozoa of trout (Salmo trutta L.), lake trout (S. 

trutta m. lacustris L.), rainbow trout (S. gairdneri Rich.), and 

brook trout (Salvelinus fontinalis (Mitch.)) kept at 8-10
°

C 

without water in various diluting fluids behaved in all media 

more or less similarly up to 8 hrs after stripping. Sperma

tozoa viability as tested after 20 and 32 hrs was found to 

decrease with time, the rate of this decrease (a reduction in 

number of active spermatozoa and - to a lower degree - a 

shorter period of motility) depending on a fish species and 

medium used. 

INTRODUCTION 

Effects of salinity on motility of fish spermatozoa has been the focus of attention of 

many workers; their results, however, are hardly comparable. Various solutions were used 

as experimental media: NaCl, physiological fluid, Ringer's solution, sea water, etc. 

Furthermore, sea water from various localities differed in its chemical composition. The 

results of tests were heavily dependent on thermal conditions as well. Finally, almost all 
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the results were biased owing to the methods used, based mostly on a visual observation 
of spermatozoa moving in the microscope field of vision. All those factors contributed to 
considerable discrepancies in results and differences of opinions as to the activation time, 
mechanisms underlying activation, favourable or deleterious influence on various 
compounds. 

Spermatozoa of freshwater and anadromous fishes may be activated in a fairly wide 
range of salinities, which does not imply that equally favourable conditions are provided 
by every salinity value in the range. Numerous authors are of opinion that the most 
suitable medium for the activation of spermatozoa of those fishes is found in fresh or 
brackis� (up to 2°

/oo salinity) water (i.a., Borodin, 1898; Scheuring, 1925; Stro
ganov, 1938; Ivlev, 1940; Beljajev, 1957; Drabkina, 1961; Turdakov, 1970a); it is assu
med that the most suitable medium, given all or nearly all spermatozoa being activated, is 
the one in which the spermatozoa have the longest motility Hme, the progressive 
movements being mainly considered here. 

Other workers maintain the salinity of 2-3°

/oo (Tanasijcuk and Vonokov, 1955, 
1956; Makejeva and Belova, 1975) or slightly higher, from 3-4

°

/oo up to 8°

/oo 
(Huxley, 1930; Ellis and Jones, 1939; Havelka et al., 1956; Gostejeva, 1957; Habekovic 
and Fijan, 1962; Dorosev and Gorelov, 1964; Gorelov, 1966; Kosoric and Vukovic, 1966; 
Popova, 1968; Kunin, 1970; Rykova, 1970; Turdakov, 1970b; Stoss et al., 1977) to be 
most suitable for fish spermatozoa. Rucker (1949) observed the Oncorhynchus nerka

spermatozoa to have a slightly longer motility time in physiological fluid and Ringer's 
solution compared to fresh water. 

Few authors only studied effects of NaCl solutions (free of any additional ions such as 
contained, for instance,' in diluted sea water or Ringer's solution) on salmonid 
spermatozoa (Reighard, 1893 after Ginsburg, 1968; Scheuring, 1923, 1925; Ga
schott, 1925; Werner, 1934 after Ginsburg 1968; Winge and Ditlevsen, 1937; Rucker, 
1949; Terner and Korsch, 1963; Stoss et al., 1977). Studies on salinity effects on 
spermatozoa were spurred, among other things, by the frequently observed fact of an 
activity period elongation in media other than natural; hence attempts to explain the 
mechanisms of this phenomenon and to apply it to the fish culturist's practice. 

Owing to the above-mentioned discrepancies and differences of opinions, the present 
studies involved as uniform conditions as possible, thus enabling the results to be 
compared for different salmonid species. 

Additionally, attempts were made to follow the effects of NaCl and sea water on 
activation of spermatozoa kept for some time (24 - 30 hrs) at temperatures below 10°C. 
A number of papers (i.a., Tomasik, 1974) indicated to a feasibility of such short-term 
storage of sperm at 0-10

°C. In fact, it is often necessary to transport or store fish genital 
products (roe and milt) for a short time. This aspect of the problem has never been 
discussed. 
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MATERIAL AND METHODS 

The studies presented were carried out in 1970-1973 on spermatozoa of trout (Salmo 

trutta L.) from the Rega River in Trzebiat6w, lake trout (S. trntta m. lacustris L.) from 

the Wdzydze Lake, and rainbow (S. gairdneri Rich.) and brook (Salvelinus fontinalis 

(Mitch.)) trout from ponds of the Inland Fisheries Institute's River Field Laboratory, 

Gdansk-Oliwa. 
Sperm was obtained from a total of 18 live, mature, 3-4 yr old males. Only pure milt 

of a uniform, medium-dense texture was used. Sperm samples were transported to the 
Szczecin Laboratory in sealed glass vials in an insulated vessel, the temperature on 
transport not exceeding 8-9

°

C. Owing to a rather long duration of the transport the 

experiments were commenced 8 hrs after stripping. In the laboratory, equal amounts of 

sperm were stored in identical vials (sperm: vial volume ratio of 1:4) at 8-10
°

C. 

Immediately after delivery of samples, and then after 12 and 24 hrs (i.e., 20 and 32 hrs 

after stripping), spermatozoa motility was assessed using the method described by 
Tomasik (1973), the duration of progressive and oscillatory movements being registered 

with a stop-watch. Spermatozoa motility was observed in tap water, sea water (from the 

Pomeranian Bay, 7.5-8
°

/oo salinity), and NaCl solutions of 2, 4, 8, 12, and 20 g/1 (i.e., 

from 2 to 20
°

/oo), The experimental media temperature was about 16
°

C. An 

approximate number of motile spermatozoa was determined and the milt samples were 

assigned to one of the following three groups: a) all or nearly all spermatozoa (75-100%) 

motile; b) about half of the spermatozoa (40-60%) motile; c) only a few spermatozoa (to 
15%) motile, in which case no differentiation was made between progressive and 

oscillatory movements. Every measurement was made in triplicate and an arithmetic mean 

calculated. 

RESULTS 

The results are presented in four graphs (Figs. 1-4), each illustrating the two 

fundamental objectives of the experiment: effect of various diluting fluids on 

spermatozoa activation and viability (ability to become activated) of the spermatozoa 

kept at least for 32 hrs at 8-10
°

C. The spermatozoa activation patterns observed in tap 

water after delivery to the laboratory (= 8 hrs after stripping) was taken as a reference. 

When all or nearly all spermatozoa were activated, trout and lake trout spermatozoa were 

motile for 55-65 sec., 1/3 of which time being oscillatory movements, while 50-80 sec. 
of motility, 1/2 of which being oscillatory, were observed for rainbow and brook trout. 

Lake trout (S. trntta m. lacustris) - Fig. 1. 
The spermatozoa motility time in fresh water, 2 and 4

°

/oo NaCl, and in sea water 8 hrs 

after stripping is basically equal in all the individuals, the time being shorter in 8
° 

I oo 

NaCl, where the number of activated spermatozoa declined by half. In 12
°

/oo NaCl, only 

some of the spermatozoa moved, none moving in 20
° 

I oo NaCl. The pattern was virtually 
repeated after 20 hrs. After 32 hrs in 8

° 

I oo NaCl the spermatozoa activity decreased; in 
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Fig. 1. Lake trout (Salmo trutta m. lacustris) spermatoza motility 8, 20, and 32 hrs after stripping 
( IJ progressive movements; 0 oscillatory movements; [] about 50% spermatozoa motile; a) fresh 
water; b) 2°/oo NaCl; c) 4°/oo NaCl; d) 8°/oo NaCl; e) 12°/oo NaCl; f) Baltic sea water; I-IV: males

stripped) 

the remaining solutions the progressive movements period was slightly shortened, 
oscillatory movements being shortened or prolonged. Certain small differences in motility 
of spermatozoa from various males began to be apparent. 

Trout (S. trutta) - Fig. 2 
Spermatozoa motility parameters in all the individuals and in all the extenders studied 

were similar to those of lake trout. It was after 32 hrs that the spermatozoa activity 
clearly diminished not only in 8°/oo NaCl, but also in 2 and 4°/oo solutions (the
progressive movements stage decreased slightly, but the oscillatory one was greatly 
disturbed and the number of active spermatozoa was reduced). Two individuals (I and III) 
showed their spermatozoa activity time in sea water to be longer than in the remaining 
media and to increase with time; after 32 hrs it was twice as long as in fresh water. 
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Fig. 2. Trout (Salmo trutta) spermatozoa motility 8, 20, and 32 hrs after stripping (for explanations 

see caption to Fig. 1) 

Rainbow trout (S. gairdneri) - Fig. 3 

Differences in motility of spermatozoa from various males became obvious as early as 

after 8 hrs. In 12
° 

loo NaCl, a half of the spermatozoa from male I were motile as opposed 

to few motile spermatozoa from the remaining males. In 8
° 

I oo NaCl, all the male 

I spermatozoa, a half of the males II, V, and VI ones, and some of the males IH and 

IV.ones moved. All the spermatozoa proceded to move in 2 and 4
°

/oo NaCl, sea and fresh 

water, the motility time in each case being similar to one another and to the reference. 

After 20 hrs the males II and III spermatozoa activity decreased markedly in all media 

except fresh water. Activity of other spermatozoa was slightly affected; however, the 

male I spermatozoa revealed a decrease in their viability in all media except fresh water 

( only a half of all spermatozoa moving). After 32 hrs, a normal activity, in terms of the 

duration of progressive movements and number of active spermatozoa was retained only 
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Fig. 3. Rainbow trout (Salmo gairdneri) spermatozoa motility 8, 20, and 32 hrs after stripping (for ex

planations see caption to Fig. 1) 

by those spermatozoa from males I, IV, V, and VI kept in fresh water and in 2 and 4 
°

/oo 

NaCl. A marked drop in sperm activity was revealed in the remaining samples. 

Brook trout (Salvelinus fontinalis) - Fig. 4 

The spermatozoa activity 8 hrs after stripping is similar in all samples. In 8
° 

/ oo NaCl a 

half of all spermatozoa moved, only some of them performing movements in 12
° 

/ 00• The 

activity in sea water was the same as in fresh water. After 20 hrs, a slight decrease in 

activity was observed in all media, a number of active spermatozoa being clearly reduced 

in 8
°

/oo NaCl. During subsequent 12 hrs this decline in activity became still more 

pronounced, spermatozoa from various males - kept in different media - showing 

differing viability. 
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Fig. 4. Brook trout (Salvelinus fontinalis) spermatozoa motility 8, 20, and 32 hrs after stripping (for 

explanations see caption to Fig. 1) 

DISCUSSION 

When testing motility of spermatozoa of all four salmonid specbs 8 hrs after $._tripping, 

the duration of motility stage in spermatozoa from various males (provided the 

spermatozoa were motile at all) was found to differ only slightly in the media used, at 

least in terms of progressive movements. Oscillatory movements and a relative number of 

active spermatozoa changed more markedly, particularly in more concentrated solutions. 

It is therefore difficult to choose, among fresh water, 2 and 4
°

/oo NaCl, and Baltic water, 

a medium most suitable for the spermatozoa activation. A markedly lower number of 

spermatozoa becomes activated in 8
°

/oo NaCl than in sea water of 8
°

/00 salinity, the 

motility time being shorter in the first case as well. 

An interesting phenomenon of a greater motility and longer activity of spermatozoa of 

the salmonid species tested in a complex medium such as Baltic sea water when compared 
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to a NaCl solution of a similar concentration is not treated in the literature in a sufficient 
depth. Petit et al. (1973), while studying effects of osmotic pressure (using sea water and 
various NaCl concentrations) focused their attention directly on fertilization; they found 
the ionic composition of sea water to bear no significant influence. Gorelov (1966) 
emphasized the importance of osmotic pressure for spermatozoa activation; Dorosev and 
Gorelov (1964) pointed out to a fact that not only the ambient osmotic pressure, but also 
a ionic .composition of various salts and their particular chemical properties affect 
spermatozoa activity and viability. This problem was also touched upon by Scheuring 
(1925), Gaschott (1925), Schlenk and Kahman (1938), Stroganov (1938), Elster and 
Mann (1950), Dorosev (1964, 1967), Turdakov (1962, 1970b). 

With respect to a salinity limit critical for the activation of spermatozoa of freshwater 
and anadromous fishes, most authors consider the range of 9-15°/oo to include such a 
limiting value (Borodin, 1898; Scheuring, 1925; Ivlev, 1940; Tanasijl'.:uk and Vono
kov, 1955, 1956; Drabkina, 1961; Dorosev and Gorelov, 1964; Gorclov, 1966; Kosoric 
and Vukovic, 1966, 1968; Ginsburg, 1968; Makejeva and Belova, 1975; Stoss et 
al., 1977). Karpevic, (1966) gives the salinity value of 7.6°/oo to be the upper limit for 
the activation of Ctenopharyngodon idella spermatozoa, various concentrations of the 
Black Sea water being tested in his studies, The results reported by Turdakov, (1970a, b) 
are different in that his lethal limit for cyprinid spermatozoa motility in NaCl solutions is 
12-24°/oo; as high as 28°/oo is his upper limit for the trout species tested in various
concentrations of Ringer's. The NaCl concentration range of 8-12°/oo is, in the light of
the present results, the upper limit for the activation of spermatozoa of the four salmonid
species tested. In 8° / oo NaCl a half of all the spermatozoa were still motile, while only a
few moved in 12°/oo, The above statement does not rule out a possibility of some
spermatozoa being motile in higher (16-20°/oo) NaCl concentrations, which may result
from not only a higher viability of some spermatozoa, but also from, 0.g., inhomogenous
mixing of milt with an extender and a slow increase in the concentration of the latter
within a spermatozoa aggregation.

No unequivocal proof was arrived at for certain findings referred to in the Introduction 
(Ellis and Jones, 1939; Rucker, 1949) concerning an increase in the spermatozoa activity 
( elongation of motiliy time) associated with a slight increase in salinity. However, for 
spermatozoa of two trout males (I and III), a longer motility time in sea water was found, 
compared to fresh water and NaCl solutions. 

Having been held at 8-10°C for 20 and 32 hrs after stripring, the spermatozoa 
examined showed their activity to be altered differently in various species. Trout and lake 
trout spermatozoa retained their activity after 20 hrs almost intact; changes, observed 
after 32 hrs, involved a reduction in number of active spermatozoa in 8,4, and 2°/oo NaCl 
and - to a lower extent - a shorter duration of progressive and disturbed oscillatory 
�ovements. Spermatozoa kept in fresh and sea water altered their activity to a low degree 
only. In case of rainbow and brook trout, the changes were visible after 20 hrs, becoming 
more pronounced after 32 hrs. The rainbow trout males yielded spermatozoa activity 
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varying greatly. The spermatozoa of the two species lost a good deal of their viability in 

sea water. A slight decrease only was recorded in the activity in fresh water and 2
° 

I oo 

NaCl. 

As already mentioned in the Introduction, there is a lack of data on behaviour of 

deactivated spermatozoa stored for a long time in various media. Only Scheuring (1925) 

found trout spermatozoa stored for 24 hrs in Tyrod's fluid to have a longer motility time 

than in tap water, i.e., contrary to their behaviour immediately after stripping. 

The present work shows the viability of spermatozoa of the four species tested to 

decrease with time. The rate of this decrease depends upon a species and a medium used: 

trout and lake trout spermatozoa for a longer time maintain their activity in more saline 

media than rainbow and brook trout spermatozoa. There are no indications of any 

extender used (NaCl solutions and sea water) being more suitable than fresh water for a 

short-term maintenance of spermatozoa activity, although it can be seen that the 

spermatozoa of all four species investigated, trout and lake trout in particular, become 

activated equally well after 32 hrs in Baltic sea water and in fresh water. 

The observations described allow to draw a further conclusion: there are compounds 

other than NaCl, present in natural waters, that play an extremely important role in the 

processes discussed (the test solutions of NaCl were made with distilled water). 
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Translated: mgr Teresa Radziejewska 

WPL YW ZASOLENIA NA RUCHLIWOSC I ZYWOTNOSC PLEMNIKOW 
RYB LOSOSIOWATYCH 

S treszczenie 

Plemniki trod (Salmo trutta L.), trod jeziorowej (Salmo trutta m. lacustris L.), pstqga t\_lczowego 
(Salmo gairdneri Rich.) oraz pstriiga ir6dlanego (Salvelinus fontinalis {Mitch.)) przetrzymywano bez 
wody w temperaturze 8-10°C. Po upl:ywie 8, 20 i 32 godz. od momentu wytarcia mierzono czas 
ruchu oraz okreslano ilosc aktywnych plemnik6w w wodzie sl'odkiej, roztworach NaCl o st\_lzeniu 2,4, 
8 i 12° 

100 
i w wodzie morskiej z BaHyku (zasolenie 7,5-8° 

100
). Do 8 godz. po wytarciu nie 

zaobserwowano istotnych r6inic w zachowaniu plemnik6w poszczeg6lnych gatunk6w we wszystkich 
mediach. W miar� upl:ywu czasu zywotnosc plemnik6w zmniejszafa si\_l , a tempo tych zmian (spadek 
liczby aktywnych plemnik6w i w mniejszym stopniu skr6cenie okresu ruchliwosci) byl'o zalei.ne od 
gatunku ryby i rodzaju srodowiska. Plemniki troci i troci jeziorowej zachowujii dtu:i:ej wi\_lkszii 
zywotnosc w srodowiskach o wyzszym zasoleniu niz plemniki pozostal'ych gatunk6w. Plemniki 
badanych ryb, a zwfaszcza troci i troci jeziorowej aktywujq si\_l w wodzie morskiej z Bal'tyku prawie 
r6wnie dobrze jak w wodzie sl'odkiej, co wskazuje na to, ze waznq role;, odgrywajii tu inne poza NaCl 
substancje wyst\_lpujqce w wodach naturalnych. 

n. ToMacwR, A. Co6oulllHCRl/l

BTIWHHmE COTIEHOCTm HA ITO�Bm�HOCTb M �m8HE�EHTETI1HOCT1 

CITEPMMEB TIOCOCEBb!X Pb!E 

Pe sro M e

CrrepMl/lM KYMlK!ll ( Salmo trutta L, ) , osepHort (J)Openlll ( Salmo trutta m. lacus

tris L.), pa.n:yiimort ipopeJil/l (Salmo gairdner:l, Rich.) w aMepw:icaHc:icort rraJIM!ll (Sal

velinus foutinalis (Mitch.)) co.n:eplKaJIM 6es B0.11:H rrpM TeMrrepaType 8-10°c. 

1Iepes 8' 20 l/l 32 qaca IIOCJie Bb!M6Ta 1'!3Mepirnw Bp6MH .l(B1'llK6H!i!H l,l orrpe.n:eJIHJifi 

KOJIMqecTBO aKTl/lBHHX crrepM!ll6B B rrpeCHOW BO.l(e, paCTBOpax NaCl !Ipl,l KOHU6H-
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TpaUM!t! 2, 4, 8 J/1 12�0 11 B MOpc:tcolii BO,ll,e !ll3 EaJITllltiClWI'O MOpR ( COJ16HOCTI, 
7 '5-8%0) • .no 8-!II qaoOB nocJie BblMeTa He o6Hapyllt6HO cymeCTB6HHblX paSHMU ]3 

IIOB6,ll,6HJ,l!1 cnepMl16B OT,ll,6JII,Hl,IX Bl/1,ll,OB BO Bcex cpe,n,ax. Ilo Mepe lt!CTeqeHMR Bpe

M8Hl1 lltll!3H6,ll,6HT6J[bHOCTl> cnepMlll8B YMBHI>DJaJiaC:b, a T6Mfl 3Tll!X lii3M6H8Hl'Ii11. (yMeru, .. 
lll6H!t16 K'OJllll"ll6CTBa aKTMBHblX cnepM1'18B YI, B M6HJ,IDB!! CTenerrn, COKpal.!(8HJ,!6 Bpe

M8H1'! IIO,ll,Bl'l�tHOCTlll) saHcen OT Blll,lI,a pbl6bl Ii! Tll!Ila cpe,lI,h!. CnepM11lll KYMlKl1 /I! osep

HOM WOP6Jll1 ,ll,OJII,lll6 COXpaHHJIM IT0Bblill8HHYIO aKTlt!BHOCTI, B cpe,n,e C OOJiee BhlCOKOM 
coneHOCTblO, treM cnepMM!t! OCT8Jll>HblX BYI)l.OB, CnepMll!M 11COJI6,ll,Y6Mb!X pbll'..i, a npellt-· 

,ll,8 Boero KYMlKM M 036pHOM WOpenw, aKTMBM3MpyIDTCfi B MOpCKOiil BO,ll,8 J/13 EaJITllliil

CKOrO MOpll IlO'!TM TaK ll(6 xoporuo, RaK B npeCHOiil BO,ll,e. 3TO y1:ta3blBaeT Ha TO, 

"l!TO BalKHYIO pom, lllrpa!OT s,n;ec:o KpOMe NaCl ,lI,pyr1t1e cy6cTaHIJ;11lll, CO,lI,eplltall(H8CR B 
ecTeCTB6HHblX BO,ll,ax. 

nepeBO,ll,: .1l.P. IOsaw ,/lo Marana 
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