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R E S U M E  

-La durée de conservation des gamètes de poissons est généralement brève 
lorsqu'elle est pratiquée à des températures supérieures à OOC (quelques heures 
à quelques jours). A des températures légèrement inférieures à O'C (-2 à -4'~) 
la fécondance du sperme se maintient pendant plusieurs semaines, alors que l'ap- 
titude à la fécondation des ovules ne se conserve pas plus de quelques jours.- 
Les techniques de congélation du sperme ont été pratiquées avec succès chez 
quelques espèces de poisson marins, mais restent à améliorer chez les salmonidés. 

Des méthodes d'insémination artificielle ont récemment été établies 
pour plusieurs espèces de poissons de mer (Bar, Dorade) et d'eau douce (Truite, 
Brochet). Le milieu dans lequel se déroule normalement la fécondation (eau douce 
ou eau de mer) ne constitue pas l'environnement optimum pour la survie des 
gamètes. Une solution saline : pH 9,0, 250 mosmols constitue le dilueur le 
plus approprié pour les salmonidés, alors que l'eau de mer diluée de moitié 
convient mieux pour l'insémination chez le Bar et la Dorade. 

A B S T R A C T  

-Gametes preservation is usually short (several hours to several days) 
at temperature above O'C. At subzero temperature sperm fertilizing ability may 
be kept for several weeks while egg fecondability does not exceed one week. 
Techniques of sperm cryopreservation in liquid nitrogen are now established for 
some marine fish species but have to be improved for salmonids. - 

Methods of artificial insemination were lately set up for various 
species of freshwater fish (Trout, Pike), and marine fish (seabass, seabream) 
Medium in which egg fertilization normaly occurs (freshwater or sea water) is 
not the best environment for gametes survival. Saline solution : pH 9.0, 250 
mosmols, is the most appropriate diluent for salmonids. Diluted sea water (around 
20 X e  salinity and pH 8 to 9) is successfully used for artificial insemination 
in seabass and seabream. 

MOTS CLES : Conservation des gamètes - Insémination artificielle - Téléostéens. 
KEY WORDS : Gametes preservation - Artificial insemination - Teleosts. 
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INTRODUCTION 

Control of reproduction i n  f i s h  includesthe p o s s i b i l i t y  of manipulation or 
preservation of gametes and t h e i r  optimum u t i l i s a t i o n  by a r t i f i c i a l  insemination 
Few works were c a r r i e d  out  so f a r  i n  t h i s  f i e l d  i n  Teleosts  and t h i s  paper 
sumuarizes some d a t a  i n  vue of s e t t i n g  up a standard methodology f o r  studying 
gametes preservat ion and a r t i f i c i a l  insemination i n  cu l t iva ted  f i s h .  

1. GAMETES PRESERVATION 

1 . 1 .  Parameters used t o  est imate the  v i a b i l i t v  of gametes 

a) F e r t i l i z i n g  a b i l i t y  

A standard procedure was es tabl ished t o  est imate the  f e r t i l i z i n g  a b i l i t y  
of sperm i n  salmonids (BILLARD and GILLET, 1975) : b r i e f l y  batches of about 200 
f r e s h  eggs taken £rom a pool of severa l  females a r e  mixed with 10 m l  of d i luen t  
(BILLARD, 1977a) and inseminated with the  sperm t o  be t e s ted  ; f i n a l  d i l u t i o n  of 
sperm v a r i e s  £rom 1/100 (10'~) t o  1/10,000 (10'~). Percentage of f e r t i l i z a t i o n  a r e  
estimated by the  percentage of embryonated eggs a t  100 degrees-days. 

b) Mot i l i ty  

Teleost sperm is  usua l ly  non mot i l e  i n  the  male g e n i t a l  t r a c t .  Mot i l i ty  
i s  induced a f t e r  d i l u t i o n  e i t h e r  i n  water or  s a l i n e  (6-10 %, s a l i n i t y )  f o r  fresh- 
water f i s h  (JASPERS, 1972 ; BILLARD, 1978) or  i n  sea  water, pure o r  d i lu ted  
( s a l i n i t y  £rom 10 t o  35 %,,, see  Fig. 10) f o r  marine f i s h .  Spermatozoa m o t i l i t y  can 
be assessed by m o t i l i t y  score (HOYLE e t  a l . ,  1968 ; SANCHEZ-RODRIGUEZ, 1975 ; GUEST 
e t  a l . ,  1976) o r  by durat ion of t h e  i n i t i a l  score  observed i m e d i a t l y  a f t e r  d i l u t i o n  
(CARPENTIER and BILLARD, 1978). I n  the  species s tudied so f a r  i n t e n s i t y  and 
dura t ion of m o t i l i t y  do not exh ib i t  a s trong cor re la t ion  with f e r t i l i z i n g  a b i l i t y  
(CARPENTIER and BILLARD, 1978) except t h a t  non mot i l e  sperm never f e r t i l i z e  egg. 

c )  Others parameters 

Some others  parameters have been used t o  est imate the  v i a b i l i t y  of sperm, 
such as  r esp i ra t ion ,  minera1 content of the  seminal plasma, especia l ly  Na/K r a t i o  
(HWAMG and IDLER, 1969 ; CARPENTIER and BILLARD, 1978) and enzymatic a c t i v i t i e s  
(BRETON e t  a l . ,  1974). A l 1  the  methods f o r  the  est imation of the  sperm v i a b i l i t y  
should be ca re fu l ly  standardized. Many f a c t o r s  may i n t e r f e r e  such a s  nature  of the  
extender, r a t e  of d i l u t i o n ,  temperature, sxygen a v a i l a b i l i t y  ( for  instance i n  seabass 
sperm m o t i l i t y  i s  inhibi ted  under CO2 athmosphere). 

a) Fecundability 

The above described procedure f o r  t e s t i n g  f e r t i l i z i n g  a b i l i t y  i n  sperm may 
a l s o  be used f o r  est imating the  fecondabi l i ty  of eggs. I n  t h a t  case pooled f r e s h  
sperm i s  used t o  inseminate experimental eggs. 



b) Other parameters 

Some i n d i r e c t  parameters may be used t o  es t imate  eggs v i a b i l i t y  ; f o r  
instance the  composition of eggs and coelomic f l u i d  (SATIA et  a l .  1974) o r  prote in  
content ( fo l in )  i n  the  coelomic f l u i d  which v a r i e s  from 1 t o  more than 20 mglm1 
(BRETON and BILLARD, unpublished). I n  addi t ion ,  i n  t h e  coelomic f l u i d ,  YOSHIDA e t  
NOMURA (1972) have i d e n t i f i e d  a f a c t o r  which enhance sperm m o t i l i t y .  

1.2. Sperm preservation 

- I n  vivo 
7- 

I n  most of the  species  l i v i n g  i n  temperate zone spermatogenesis i s  seasonal 
and a l 1  spermatozoa a r e  usual ly  formed before t h e  reproductive season. Sperm 
i s  s tored e i t h e r  i n  the t e s t i s  or  i n  the  vas deferent  u n t i l  spawning. Recent da ta  
showed t h a t  sperm m o t i l i t y  i n  seabass (BILLARD e t  a l . ,  1977) a s  w e l l  a s  f e r t i l i -  
zing a b i l i t y  i n  rainbow t r o u t  (CHEMAYEL, 1975) decreased during the  period of 
spermiation leading t o  the  conclusion t h a t  some phenomenon of ageing occur. 
Therefore t h i s  decrease i n  sperm q u a l i t y  i n  the  course of spermiation shows t h a t  
i n  vivo preservation is somewhat d e f i c i e n t  and do not  keep the  sperm a t  i t s  
7- 
i n i t i a l  s t a t e .  

It i s  of i n t e r e s t  t o  know how long sperm could survive i n  the  testis of 
dead f i s h  i n  case of m i l t  a v a i l a b i l i t y  r e l y  on f i s h  caught by g i l l n e t .  Survival 
depends on the  temperature but  does not exceed few hours (BLAXTER, 1955 ; 
BOONPRAKOB and DHEBTARANON, 1974) 

- I n  v i t r o  -- 
a)  A t  temperature above ~ O C .  

Many works were ca r r i ed  out  studying the  -- i n  v i t r o  preservation of sperm, 
espec ia l ly  i n  salmonids. A t  r o m  temperature sperm v i a b i l i t y  i s  usua l ly  shor t  : 
few hours (Fig. 1)  o r  few days (WITHLER and MORLEY, 1968). It is s l i g h t l y  prolonged 
when s torage  temperature i s  dropped i n  salmonids (CARPENTIER, 1977) and i n  
FUYdduZus (KUCHNOW and FOSTER, 1976), but  the  main f a c t o r  seems t o  be the  oxygen 
a v a i l a b i l i t y  a s  noticed by TRUSCOTT e t  a l .  (1968) and confirmed by HOLTZ e t  a l .  
(1976) and STOSS e t  a l .  (1978). ZELL (1978) has indicated  t h a t  f e r t i l i z i n g  
a b i l i t y  of two days o ld  sperm rises £rom 7 and 13 % t o  78 and 79 % a f t e r  incu- 
bat ion i n  a Tr i s -c i t r a te  d i luen t  (pH 8.9). A similar phenomenon was reported by 
GINSBURG (1963) who observed a recovery of f e r t i l i z i n g  a b i l i t y  of d i lu ted  sperm 
i n  Ringer o r  coelomic f l u i d  one hour a f t e r  d i lu t ion .  Therefore m o t i l i t y  and f e r t i -  
l i z i n g  a b i l i t y  of s tored or  d i lu ted  sperm may be recovered provided adequate t r e a t -  
ments a r e  performed. 

b) A t  subzero temperature 

Salmonid sperm has been successful ly  s tored f o r  severa l  weeks a t  sub- 
zero temperature with the  addi t ion  of d i luen t  and cryoprotector  such a s  DMSO o r  
Ethylene glycol  (5 o r  10 %) ; t h i s  was done a t  around -4OC (TRUSCOTT e t  a l . ,  1968 ; 
SANCHEZ-RODRIGUEZ and BILLARD, 1977) o r  under 02 athmosphere a t  - 2 ' ~  (STOSS e t  a l .  
1978). 
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c) I n  l i q u i d  n i t rogen or  dry i c e  

Sperm cryopreservation i n  l i q u i  dn i t rogen  was reported t o  be successful  
i n  some marine f i s h  species : herr ing (BLAXTER, 1953, 1955), cod (MOUNIB e t  a l . ,  
1968), p la ice  (PULLIN, 1972). Some work was a l s o  ca r r i ed  out  i n  Our laboratory on 
cryogenic preservation of turbot ,  seabream and seabass sperm. A d i luen t  modified 
af t e r  MOUNIB e t  a l .  (1968) was used : NaCl 19.5 g / l ,  g lycine  6.25 g / l ,  MgS047H20 
0. 25 g / l ,  CaC12HC0 0.25 g / l  buffer  Tris-HC1 0.02M, pH 8.5. The optimum r a t e  of 
d i l u t i o n  i s  one volume of sperm + 1 volume of d i l u e n t  including t h e  cryoprotector 
(DMSO) whichshould be added a t  the  concentrat ion of 1 0  % e i t h e r  f o r  seabream o r  
seabass (Fig. 2, 3). Glycerol i s  a l s o  an e f f e c t i v e  cryoprotector a t  a concentrat ion 
of 17 % v/v. Optimal r e s u l t s  a r e  obtained when the  r a t e  of temperature decrease 
i s  loOc/mn (Fig. 2, 3). A t  t he  end of the  spawning period when sperm q u a l i t y  is  weak 
(BILLARD e t  a l . ,  1977) an improved d i l u e n t  should be used ; good r e s u l t s  w e r e  
obtained a f t e r  t h e  incorporat ion of p r o t e i a  (BSA, 10 mg/ml) t o  the  d i luen t ,  o r  
t h e  use of a ce11 c u l t u r e  medium : Eagle o r  INRA-MENEZ0 B2 (MAUVIOT and BILLARD, 
unpublished). General procedure f o r  deep f reezing is  summarized i n  Fig. 4. After 
sampling, sperm i s  s tored i n  a r e f r i g e r a t o r  around O'C during 15  mn ; d i l u e n t  + 
cryoprotector  kept a l s o  a t  O'C a r e  added t o  t h e  sperm and the  mixture i s  put i n  
straws which a r e  immediatly t ransfered i n t o  n i t rogen vapor , above the  l i q u i d  
ni trogen l eve l ,  a t  such a d is tance  t h a t  the  cooling r a t e  of loOc/mn i s  obtained. 
On t h e  contrary no equ i l ib ra t ion  t h e  i s  allowed a s  spermatozoa become mot i le  a f t e r  
d i lu t ion .  Therefore they should be frozen a s  quick as poss ib le  t o  avoid exhaution. 
When equ i l ib ra t ion  exceed 2 mn, f e r t i l i z i n g  a b i l i t y  drops (Fig. 5) .  The f reezing 
r a t e  of loOc/mn should be kept  u n t i l  temperature of t h e  straws reaches - 8 0 ' ~  ; 
at  t h i s  temperature straws can be dropped d i r e c t l y  i n t o  l i q u i d  n i t rogen (Fig. 6). 
I n  conclusion, sperm cryopreservation has been acheived i n  most of the  marine f i s h  
studied although l imited success were reported i n  grey mullet  by CHAO e t  a l .  (1975). 

I n  salmonids controvers ia l  r e s u l t s  have been reported.  OTT and HORTON 
(1971a, b) claimed they succeeded i n  salmonid s p e m  cryopreservation although 
they had a l imited success i n  Steelhead t r o u t  (GRAYBILL and HORTON, 1969). 
TRUSCOTT and IDLER (1969) i n  the  a t l a n t i c  salmon a l s o  had a l imi ted  success. 
STEIN (1978) obtained good r e s u l t s  i n  rainbow and b r m  t r o u t  and Hucho. STOSS 
et  a l .  (1978) reported va r iab le  r e s u l t s  (from 2 t o  80 % hatching). Similar  r e s u l t s  
were observed i n  Our labora tory  ( t ab le  1) ; good f e r t i l i z a t i o n  a b i l i t y  is  observed 
i n  some males and none i n  o thers .  It seems t h a t  individual  va r ia t ions  i n  sperm 
q u a l i t y  may explain the  l imited success reported i n  t h e  l i t e r a t u r e .  

I n  o ther  freshwater f i s h  successful  sperm cryopreservation was reported 
i n  p ike  (de MONTALEMEERT e t  al., 1978 ; STEIN, 1978) channel c a t f i s h  (GUEST et  a l .  
1976). Cyprinid sperm has  been frozen successful ly  (MOCZARSKI, 1976,1977) ; 
however i n  carp STEIN (1978) reported recovery of m o t i l i t y  bu t  not of f e r t i l i z i n g  
a b i l i t y  and SIN (1974) had very l imi ted  success i n  s i l v e r  carp  and bighead. I n  
conclusion, attempts of sperm cryopreservation have been more successful l  i n  marine 
f i s h  than i n  freshwater f i s h .  

1 .3. Egg preservation 

- I n  vivo -- 
After  ovulat ion egg survival  i n  the  ~ v a r i e s  o r  i n  the  body cav i ty  v a r i e s  

according t o  the  species.  I n  rainbow t r o u t e g g s l e f t  i n  the  body cav i ty  a f t e r  
ovulat ion may keep t h e i r  fecondabi l i ty  f o r  5 t o  7 days (SAKAI e t  a l . ,  1975) and 
30 days i n  some cases (ESCAFFRE et  a l . ,  1977). I n  pike eggs fecondabi l i ty  i n  the  
ovarian cav i ty  remains a t  i ts  i n i t i a l  l e v e l  f o r  2 days (de MONTALEMBERT e t  a l .  1978). 



- I n  v i t r o  -- 
a) A t  temperature above ~ O C .  I n  salmonids egg fecondabi l i ty  may be kept  

i n  t h e  r e f r i g e r a t o r  f o r  severa l  days a f t e r  s t r ipp ing  (BARRETT, 1951 ; POON and 
JOHSON, 1970 ; TAKANO e t  al.,  1973). S imi lar ly  herr ing eggs have been s tored a t  
4OC f o r  a period up t o  e igh t  days (BLAXTER, 1955). 

b) A t  O'C eggs f e r t i l i t y  was maintained during a t  l e a s t  7 days f o r  
brown t r o u t  and 3 days f o r  r a i n b m  t r o u t  (CARPENTIER, 1977). 

c )  A t  temperature below o O C  research i s  i n  a preliminary stage.  
WHITTINGHAM and ROSENTHAL (1978) showed t h a t  herr ing embryos can withstand 
shor t  exposure t o  -10'~. ZELL (1978) has reported success fu l l  shor t  term storage 
of t r o u t  egg at-20°C and eggs and embryos a t  -55'~.  

2. ARTIFICIAL INSEMINATION 

2.1. Salmonids and freshwater f i s h  

A r t i f i c i a l  insemination i s  c m o n l y  used i n  salmonid c u l t u r e  but  the  
technique i s  not  very e f f i c i e n t  s ince  sperm of one male i s  used t o  f e r t i l i z e  eggs 
£rom only 3 t o  4 females. NURSALL and HASLER (1952) tryed t o  improve the 
"dry method" and showed t h a t  one male can f e r t i l i z e  no more than 20 females. 
This r e s u l t s  £rom the  use of water as an extender f o r  f e r t i l i z a t i o n .  I n  water 
survival  is very shor t  e i t h e r  f o r  spermatozoa o r  eggs (SMIRNOV, 1963 ; BUSS and 
CORL, 1966 ; BILLARD and JALABERT, 1974) which gresent  profound u l t r a s t r u c t u r a l  
modificat ions (BILLARD and BRETON, 1970 ; SZOLLOSI and BILLARD, 1975). ELLIS 
and JONES (1939) demonstrated the  super io r i ty  of s a l i n e  so lu t ion  and coelomic 
f l u i d  keeping sperm m o t i l i t y .  NOMJRA (1964) and BILLARD et  a l .  (1974) used an 
i so ton ic  s a l t  so lu t ion  a s  an  extender f o r  a r t i f i c i a l  insemination. The percentage 
of f e r t t l i z e d  eggs was increased and it was shown t h a t  osmotic pressure of 250 
mosmolsandpH 9.0 were the  most important f a c t o r s  (PETIT e t  a l . ,  1973) (Fig. 7, 8) .  
Deleterious e f f e c t s  of lm pH has been shown by INABA e t  a l .  (1958) who a l s o  
indicated  t h a t  broken eggs decreased pH. Use of a d i l u e n t  prevents the  harmful ef -  

e c t s  of po l lu t ion  by v i t e l l u s  (Fig. 9) ,  and r i s e s t h e  percentage of f e r t i l i z a t i o n  
(Fig. 10).  To set up a r e l i a b l e  technique of a r t i f i c i a l  insemination severa l  
o ther  parameters had t o  be f ixed ; buffer  (BILLARD e t  a l .  1974b) optimum gametes/ 
d i l u e n t  r a t i o  (BILZARD, 1975). It has a l s o  been shown t h a t  mixing eggs £rom 
severa l  females o r  sperm £rom severa lmales  does not  a f f e c t  the  percentage of 
f e r t i l i z a t i o n  (BILLARD, 1977b). The procedure f o r  a r t i f i c i a l  insemination i n  
salmonids is  summarized i n  f i g  11. I n  conclusion, a s a t i s f a c t o r y  technique of 
a r t i f i c i a l  insemination using a d i l u e n t  is  now ava i l ab le  f o r  salmonids ; i n  
comparison with t h e  d rad i t iona l  technique, dry  o r  u l t r a d r y ,  i t  gives  a higher 
percentage of f e r t i l i z a t i o n  and requ i re  only minute q u a n t i t i e s  of sperm allowing a 
reduction of male population i n  hatchery. However, £rom a genet ic  point  of view, 

I l  
t h i s  population should be kept above a minimum l e v e l  t h a t  i s  : - = - 1 - (N = 

N N a .  ' NQ 
t o t a l  a m b e r  of e f f e c t i v e  males and females) . A s imi la r  technique is  usedf f o r  pike 
(BILLARD e t  a l . ?  1976). For the  o ther  cu l t iva ted  freshwater sperc ies ,  t h e  way by 
which eggs f e r t i l i z a t i o n  is  ca r r i ed  out  remains pr imi t ive  ; it cons i s t  simply of 
mixing eggs and spenn and adding water. Some improvement a r e  due t o  WOYNAROVICH 
(1962) who used a mixture of 4 Nacl + 3 urea f o r  removing the  s t i c k y  layer  of 
eggs i n  cyprinids.  This so lu t ion  a l so  prolongs the  f e r t i l i z i n g  a b i l i t y  of sperm. 



2.2. Marine f i s h  

The so  c a l l e d  a r t i f i c i a l  inseminat inn i n  marine f i s h  i s  p r a c t i s e d  i n  
t h e  same way as f o r  f reshwater  f i s h .  S t r ipped  eggs a r e  mixed wi th  spenn and 
va r ious  amounts of s ea  water  a r e  added af terward.  BOONPRAKOB and DHEBTARANON 
(1974) employed wet and d r y  method wi th  equal  success  i n  Indo-Pacif ic  mackerel,  
Some work c a r r i e d  ou t  i n  t h e  l abo ra to ry  on seabass  showed t h a t  optimum s a l i n i t y  
f o r  t h e  d i l u e n t  (based on m o t i l i t y  of spermatozoa) i s  around 20 Z o .  Optimum pH 
i s  8 t o  9 ( f i g .  12). The d i l u e n t  used f o r  cryogenic p re se rva t ion  ( see  5 1.2 c )  
was found t o  be  s a t i s f a c t o r y  f o r  a r t i f i c i a l  inseminat ion i n  t h e  fol lowing condi- 
t i o n s  : 10  m l  d i l u e n t  + 2000 eggs + 1 0  p l  sperm. I n  conclusion,  con t ro l l ed  
reproduct ion  of c u l t i v a t e d  f i s h  inc ludes  a r t i f i c i a l  inseminat ion bu t  t h i s  p a r t  
has  been somewhat neglec ted  s o  f a r  and need t o  b e  improved i n  most of t h e  
spec i e s  candidate  f o r  aquacul ture .  
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Table 1 : Fertilizing abi l i ty  of rainbow trout sperm stored during 26 days 
in  liquid nitrogen. Extender MENEZO-INRA B2 1 vol.-sperm 1 vol .  
Cryoprotector : DMSO 10 %. Rate of temperature decrease S°C/mn. 
Control refers to egg f e r t i l i t y  (insemination with fresh sperm). 
Frozen sperm were thawed i n  various diluents (1) buffered in 
Carbonate-bicarbonate, (2) buffered with Tris- Glycine (BILLARD, 
1977) .  
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Flgure 1 . Change i n  f er t i l i z ing  ab l l i ty  of trout spem stored at 10'C. 
Aliquots uere taken a t  various rntervals to inseminate barches 
of freshly eollected eggs from 4 faoales over a perlod of 24 h 
(BALIK and B I L W .  unpublished). 

Figure 3 : Seabrew spem ceryopreservarion in  liquid nirrogen : 
definition of DMSO concentration npem dilution and rate 
of taoperature decrease. 
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Pizure 4 : Gomeral procedure for spem cryopreservatton in liquid 
nitrogen. If posslble it 1s better to put the straws in 
a horizontal position durxng freeiing. 
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Figure 5 : Effeeta of the duration of equilibration (rime elapsed betveen spem dilution 
and freering seabrem). 
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Figura 6 : Definition of the temperature ar whieh strava can be dropped into 
liquid nitrogen. 
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