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ABSTRACT: The influence of three bacteria strains (Helgo 21, NCMB 308 and NCMB 13) on the life 
cycle of Tisbe holothuriae Humes 1957 was investigated under constant experimental conditions 
(19-20~ and 38%o S). For each of the first six experiments, females (F1), whose life history was 
followed, were obtained from a common mother (F0). Experiment n ~ 7 was carried out with adult 
females (F2) obtained during exp. 4. Females were bred in 50-ml dishes and transferred to a fresh 
container as soon as they produced a new egg-sac. Offspring (F2: exp. 1-6; F3: exp. 7) from 
successive egg-layings were counted as soon as they moulted into adults. Larval mortality was 
estimated by enumeration of the adults issuing from a known number of nauplii that had been  fed 
different bacteria strains. Some difficulties arose in obtaining adults with NCMB 13: it appeared to 
be necessary to provide this first generation with a small quantity of TetraMin (commercial fish food) 
in order to initiate reproduction and obtain a second generation. However, in exp. 4, F2 adult 
females fed NCMB 13 became ovigerous and fertile without needing TetraMin. This result is 
interpreted as denoting an indispensable period of adaptation to the diet, which probably requires 
important changes at the enzymatic level. One experiment was carried out with Helgo 21; another 
one with NCMB 308; two with NCMB 13 (with a unique additional meal of TetraMin to allow 
reproduction), two with NCMB 13 during larval development, then only TetraMin during adult 
stage, and one with NCMB 13 alone (with females issued from exp. 4). Data obtained regarding 
longevity, duration of reproduction period, number of egg-sacs and number of adult descendants  
show an important variability between bacteria strains. Lower results were almost always obtained 
with Helgo 21 and NCMB 308. An interesting result lies in the maximum number of egg-sacs: low 
with Helgo 21 and NCMB 308 (5), but very ample with NCMB 13 (11 in one experiment). In 
experiment 7, carried out with animals bearing a large coefficient of inbreeding (0.375), the results 
concerning the maximum number of egg-sacs are good (10) as are the mean number of descendants  
per female (294: the highest number of the seven experiments). These results indicate that genetic 
factors involved in the reduction of descendants in ageing laboratory cultures can be suppressed to a 
certain extent by nutritional factors. The poor results obtained with Helgo 21 and NCMB 308 alone 
must be considered with caution: after a period of adaptation with an alimentary complement, these 
strains could perhaps permit an interesting production of copepods. 

I N T R O D U C T I O N  

M o s t  s p e c i e s  of h a r p a c t i c o i d  c o p e p o d s  r a i s ed  in l abo ra to r i e s  a re  c a p a b l e  of n o u r i s h -  

i ng  t h e m s e l v e s  on a r a t h e r  l a rge  va r i e ty  of food,  b e  it na tura l ,  i.e. m i c r o s c o p i c  or 
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macroscopic  algae,  a lone or in a mixture (Battaglia, 1959; Volkmann-Rocco & Fava,  1969; 
Betouhim-E1 & Kahan,  1972; Volkmann-Rocco & Battaglia,  1972; Rothbard,  1976; Guidi,  
1984; Uhlig, 1984; Wen Yuh Lee et al., 1985; Chandler ,  1986), h igher  plants,  or artificial 
food. In the la t ter  case, certain species  - Tisbe holothuriae in par t icular  - are hab le  to 
accept  and  profit  from virtually any substrate:  g round  dr ied musse ls  (Schwenzer,  1985), 
boi led  and s h r e d d e d  grains of whea t  (Brand, 1985), fish food (TetraMin, Aqualim),  soy 
flour, ha rd -bo i l ed  eggs,  hver,  cat food and vegetables ,  etc. (Gaudy & Gu6rin, 1977; 
Kahan,  1979~ G a u d y  et  al., 1982; Gu6rin & Kerambrnn,  1982; Cuer,  1983), freshly k i l led  
and  ground  po lychae tes  (Guidl, 1984). Given the fact, however ,  that  any  iner t  organic  
substra te  is rap id ly  colonized by  bac ter ia  in a mar ine  environment ,  the copepods  are  
obviously capab le  of inges t ing  the bac ter ia  a long with the substrate.  Thus, Volkmann-  
Rocco (1972) considers  that  T. holothuriae has an affinity for mac roa lgae  - of the species  
Ulva in par t icu lar  - in a na tura l  environment ,  bu t  Hicks & Coull  (1983) be l i eve  tha t  
copepods  feed  on aggrega te s  of bac ter ia  associa ted  with the decay ing  t ips of a lgae  or 
detr i tus pockets .  This observat ion agrees  with the  results of Brown & Siber t  (i977), who 
showed that  cer ta in  harpact icoids  assimilate he tero t rophica i ly  de r ived  carbon  at  a rate  8 
to 10 t imes h igher  than  autot rophical ly  der ived  carbon. The p rob lem is de te rmin ing  the 
ac tual  role of bac te r ia  in the copepods '  ene rgy  household,  and  to de te rmine  whe the r  this 
inges t ion  is pass ive  or whe the r  it is the  resul t  of an actual  choice. In Prevost  Lagoon (near 
Montpelher ,  France),  Caumet te  (1987) observed,  after a red tide, a dense  d e v e l o p m e n t  of 
a copepod  communi ty  of Tisbe sp. which fed on phototrophic  bac te r ia  be long ing  to the  
genus  Thiocapsa. In the  labora tory  it is a p roven  fact that  bac te r ia  p lay  an  impor tan t  - or 
even  pr imary  - role in the nutri t ion of harpact icoids.  Different authors  have  shown that  a 
cer tain n u m b e r  of bacter ia  strains were  ent i re ly  sufficient for the d e v e l o p m e n t  of 
different  species  of copepods  (Hanaoka,  1973; Itoh, 1973; Rieper, 1978; Ustach, 1982). 
Rieper  (1978), however ,  observed  a grea t  d ispar i ty  in the results ob ta ined  with different  
bac te r ia  as far as the  survival and  deve lopmen t  ra te  of a s ingle species  of c ope pod  are  
concerned;  a mixture  of strains often supphes  be t te r  results  than the use  of pure  strains. 

As far as the choice of food is concerned,  it appea r s  that  each  copepod  species  has its 
own type  of reac t ion  towards  a g iven  food substrate,  depend ing  on its chemorecep t ive  
abilit ies.  Cer ta in  species  of copepods  are capab le  of discr iminat ing b e t w e e n  different  
bac te r ia  strains (Rieper, 1982), or b e t w e e n  bac te r ia  and other  t rophic sources.  Thus, 
Vanden  Berghe & Bergmans  (1981) showed  that  whereas  Tisbe holothuriae and  T. 
battagh'ai indiscr iminate ly  inges ted  a mixture  of bac ter ia  and  Dunaliella tertiolecta, T. 
furcata demons t r a t ed  a clear  p re fe rence  for the bacter ia  under  the same  condit ions.  In 
preference  expe r imen t s  in which  T. holothuriae was confronted with different  bac te r ia  
strains, Rieper  (1982) showed that  certain bac ter ia  strains exert  a g rea t  at tract ion,  
whereas  others have  a non-at t ract ive  character .  

Still other  exper iments  indicate  that  some bacter ia  may  provide  ind i spensab le  
growth  factors for copepod  cul ture  (Provasoli et al. 1959, 1970). 

The exper imen t s  descr ibed  in this article a re  des igned  to give an i n -dep th  v iew of the 
impact  of three  pure  bacter ia  strains on the popula t ion  dynamics  of Tisbe holo thunae  
previously  ra ised  on artificial diets  (Gaudy & Gu6rin, 1977, 1982; G a u d y  et al., 1982). 



Population dynamics of Tisbe holothunae 495 

MATERIAL AND METHODS 

C u l t i v a t i o n  t e c h n i q u e s  a n d  o r ig in  of c o p e p o d s  

The cultivation techniques were those described by Gaudy & Gu4rin (1977). The 
copepods were cultivated in small, air-tight containers (50 ml) at a temperature  of 19 to 
20 ~ in natural  seawater (S = 38 %0). For each experiment,  the females whose descend- 
ants were to be studied stern from one single spawn of a recently collected female (FO: 
Table 1) carrying an egg-sac. Once they reached sexual maturity, ovigerous females 

Table 1. Tisbe holothuriae. Diagrammatic scheme of the seven experiments 

F0 F1 F2 F3 
0 0.250 0.375 0.437 

Mother 
females 
with 
egg-sac 

i-Egg-sac A21 - Adults A21 
I 9 A1 - - - ~Egg-sac A22 - Adults A22 

L-Egg-sac A2n - Adults A2n 

F-Egg-sac B21 - Adults B21 / 9 --Egg-sac B31-Adults B31 
9 BI - - - ~-Egg-sac B22 Adults B22 / - - - 9 --Egg-sac B32-Adults B32 

l Egg-sac B2n Adults B2n 9 -- Egg-sac B3n-Adults B3n L 
l 

Longevity ] Longevity [ 
Activity of reproduction Activity of reproduction 
Number of descendants Sex ratio Number of descendants Sex ratio 
I I L I 

Experiments 1-6 Experiment 7 
(from females of experiment 4) 

were individually transferred to small glass vessels. Directly following each laying, the 
females (F1) were transferred to a new vessel, and their descendants  raised to sexual 
maturity. At this point the individuals  were counted, marking the terminat ion of the 
experiment.  Experiment  3 does not conform with this pattern as the naupl i i  issuing from 
the first five spawns were fixed and counted immediately following their hatching;  the 
naupli i  issuing from the following spawns were raised to sexual maturity. 

N a t u r e  of the  b a c t e r i a  s t ra ins ;  m e t h o d s  of cu l tu re ;  p r e p a r a t i o n  

Bacteria strains NCMB 13 and NCMB 308 were originally obtained from the National  
Collection of Marine Bacteria, Aberdeen,  Scotland, Strain NCMB 13 is a non -p igmen ted  
(white) Micrococcus sp., and strain NCMB 308 is a non-motile,  non - p i gme n t e d  Morax- 

ella-like coccobacillus. Helgo 21 is a b rown-p igmented  strain tentatively identif ied as 
Plavobacterium sp., isolated by M. Rieper-Kirchner from a sediment  sample taken  near  
the island of Helgoland, southern North Sea. All strains were main ta ined  on ZoBell 2216E 
s tandard yeast extract - peptone agar medium for marine bacteria. 
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Dried bacteria  particles to be used as food for Tisbe were  p repared  as follows (Rieper, 

1982): mater ial  from an agar  culture was inoculated into l iquid 2216E m e d i u m  without 

agar and incubated  at 20 ~ until a strong turbidity was observed.  The mater ia l  was then 

centrifuged, washed  twice with autoclaved seawater  and centr i fuged again.  The pellet  

was then dried 3-4 h at 55-65 ~ and ground to small particles no larger  than 1 mm 3. 

These  bacter ia  particles were  stored in a dry place at room tempera ture  (20-22 ~ until 

use. 

E x p e r i m e n t s  

Three  series of exper iments  were  carried out. The first one consisted in comparing 

the inf luence of each of the bacteria strains, Helgo 21 (exp. 1), NCMB 308 (exp. 2), and 

NCMB 13 (exp. 3). From the populat ion issuing from one spawn, one ovigerous  female 

per  50-ml container  was isolated and fed exclusively with one of the three  bacteria  

strains. These  females  were  removed  immediate ly  following laying, and their  descen- 
dants - which constitute the F l -gene ra t i on  - continued receiv ing the Same food. It was 

easy to obtain ovigerous females  - even  in small quantities - with Helgo  21 and NCMB 

308. Experiments  using the NCMB 13-strain, however,  proved to be more problematic,  as 

deve lopment  always came to a halt before the laying, or after abortive sacs were  formed. 

After several  unsuccessful  attempts, mature  adults were  obtained following an accidental  

contaminat ion with TetraMin;  it s eemed  interest ing to carry on with the exper iment  on 

NCMB 13, feeding the Fl - indiv iduals  with TetraMin in the adult phase. 
During the second series of experiments,  three new batches of females  were  

nourished ei ther  with the NCMB 13-strain exclusively (exp. 4) (except for a TetraMin 

"meal"),  or at first with bacter ia  during larval development ,  and then - once sexually 

mature - solely with Tet raMin (exp. 5 and 6). It shonld be ment ioned that  this latter 
product is a food for aquar ium fish and has already been  used for raising polychaetes  

(Gu~rin, 1971, 1973) and Tisbe holothuriae (Gaudy & Gu~rin 1977, 1982). 

Finally, the third series (exp. 7) was carried out on ovigerous females  issuing from 

one of the F2-females from exper iment  4. It is important to note that in this case an F3- 
generat ion originating from two generat ions which had been  fed exclusively with NCMB 

13 was used in the exper iment .  Given the fact that mat ing always occurred be tween  

individuals of the same spawn, the different inbreeding coefficients can be calculated 
with the equat ions g iven  by Stansfield (1981), F1 = 0.250, F2 = 0.375 (these two values  

agree with data of Battaglia, 1970), F3 -- 0.437. 

It appears  that the number  of F l - females  whose vital cycles were  s tudied varied 

slightly from one exper iment  to another. This is due, on the one hand, to the l imited 
quanti ty of bacteria  available,  and on the other hand to the f requent ly  small  number  of 

females that became  ovigerous  in one spawn. 

It was not practical to count  the number  of nauphi (except in exp. 3); we  merely  
counted the adults obtained.  It is difficult to say whe ther  the fluctuations in the n u m b e r  of 

individuals from successive spawns can be  related to variations in fertility, as a certain 

larval mortahty occurred be tween  the hatching of the eggs  and the point  of sexual 
maturity. Assuming that this mortality is relat ively constant throughout  the biological 

cycle, the fecundity can however  be deduced  from the larval mortali ty rate. 

In this respect, four groups of three batches of 25 nauplii  from 12 different  females 

were  raised s imul taneously  to determine  the mortality rate during the phase  ex tending  
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from hatching to the fecund adult  stage. Each group was fed with a different bacteria 
strain, except for the two groups which were nourished with NCMB 13 - one group was 
given this bacteria strain alone, whereas the other received a single meal  of Tet raMin in 
addition. The adults from the second generat ion were fixed and counted as soon as their 
first descendants  hatched. This experiment  also revealed a new value for the t ime lapse 
necessary for obtaining a new generation.  

RESULTS 

The first result pertains to the terms and conditions of obtaining fertile females with 
the NCMB 13-strain. These factors are different according to whether  they concern  the 
first or the second generat ion nourished with these bacteria. 

The F l -genera t ion  is the first generat ion yielded by the original populat ion of 
mother-females that received bacteria alone: the 8 attempts made unde r  these conditions 
never  yielded fertile females, al though some formed an egg-sac. Providing this genera-  
tion with a small quanti ty of TetraMin seemed indispensable  in order to induce reproduc- 
tion. Although this problem has not yet been  studied in depth, it appears  that  the 
development  of the adult  stage is frozen at sexual maturity, and  that the individuals  do 
not mate as long as they are fed only bacteria. Yet if a small amount  of Tet raMin is given, 
the block disappears and  pair ing can be observed soon after; 24 to 36 h later, ovigerous 
females appear  whose eggs develop. It would seem that TetraMin supphes an  essential 
substance which the animals are apparent ly not capable of synthesizing. For the moment,  
it is impossible to tell whether  the block afflicts the females, the males, or both sexes. It 
must yet be de termined which moment  is the most favorable for supplying the TetraMin, 
and what  is the min imum indispensable  quantity. 

The results yielded by the descendants  of the F1 - i n  other words the F2 - oblige us to 
modify this analysis. As a matter  of fact, in contrast to their mother, the F2-females 
produced by experiment  4 became ovigerous and fertile without having n e e d e d  Tetra- 
Min. The block observed in the first generat ion does not exist in the second generat ion.  
These F2-females in turn yielded fertile descendants  without the aid of TetraMin:  this is 
the case in 7 females from exper iment  7 issuing from a single spawn from exper iment  4; 
as will be seen, they showed none  of the expected signs of degenerat ion.  

An overall view of the other results appears in Table 2 which calls for some 
comments. 

L o n g e v i t y  of t he  F l - f e m a l e s  (exp. 1-6) a n d  F2 f e m a l e s  (exp. 7) 

Longevity is calculated starting from the hatching of the egg; it thus includes the 
larval phase but  not the embryonic phase. The fluctuations in longevity in the experi- 
ments are remarkable,  but  not  significant (F = 3.29 with F0.05 -- 3.56). The values 
obtained from the three exper iments  of the first series are rather dissimilar: the Helgo 21 
values are low (25.3 days); the NCMB 308 values are higher (32.2 days), as are also the 
NCMB I3 values (44.6 days). In this latter case (exp. 3), the females proved to have a high 
longevity: two of them hved for 51 days, another  lived for 47 days. In the second series, 
the average longevity did not vary much from one experiment  to another; it r anged  from 
28.3 days (exp. 4) to 29.4 days (exp. 6) to 31.4 days (exp. 5), respectively. These values lie 
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Table 2. Tisbe holothuriae. Population measurements  ( •  s tandard deviation) from the different 
experiments;  m: mean  

Experiment  

Bacteria 
strain 

1 2 3 4 5 6 7 

Helgo 21 NCMB 308 NCMB 13 NCMB 13 NCMB 13 NCMB 13 NCMB 13 
and then and  then  
TetraMin TetraMin 

Number  of 
mother  6 11 5 12 10 10 7 
females 

Average 25.3 32.2 44.6 28.3 31.4 29.4 42.1 
longevity __ 3.20 _ 6.26 •  • 8.54 ___ 6.13 _. 5.41 • 5.19 
(days) 

Duration (m i 
reproductive 10 9.3 21 12.6 18.6 13.5 19.4 
period (days) • 3.32 • 1.89 • 8.07 • 7.30 • 7.22 • 3.82 • 2.61 

Number  (m) 2.8 3.2 8.6 4.4 5.3 6.2 8 
of sacs • 1.34 • 0.83 • 2.24 • 2.72 • 1.85 • 1.33 • 1.41 

Maximum 
n u m b e r  of sacs 5 5 11 9 8 8 10 

Adult  (m) 68.6 69.7 186.8" 160.5 231.2 245.8 294 
descendants  • 52.92 • 47.31 _. 75.60 • 122.75 • 85.45 __ 66.26 +__ 111.54 

Descendants  24.5 21.8 21.7 36.5 43,6 39.6 36.7 
per  sac (m) • 18.84 • 16.48 • 12.70 • 20.84 • 24.34 • 13.80 • 19.31 

Sex ratio 0.40 0.20 0.52 0.51 0.38 0.45 
__ 0.19 • 0.17 • 0.24 • 0.22 • 0.22 • 0.18 

* Nauplii  for the five first sacs 
N.B. The animals from experiments  3, 4, 5, and  6 profited from a TetraMin meal  during larval 
development.  This was not the case for the animals from experiment  7 

b e t w e e n  t h e  H e l g o  21 a n d  t h e  N C M B  308 va lues .  W h e t h e r  t h e  a n i m a l s  r e c e i v e d  b a c t e r i a  

(exp. 4) or T e t r a M i n  (exp.  5 a n d  6) d u r i n g  t he i r  fer t i le  life h a s  a p p a r e n t l y  n o  r e l e v a n c e  

he re .  

T h e  a n i m a l s  f r o m  e x p e r i m e n t  7 h o w e v e r  s h o w e d  a h i g h  l o n g e v i t y  of 42.1 days ,  w h i c h  

r e s e m b l e s  t h e  o n e  o b s e r v e d  in  e x p e r i m e n t  3 u n d e r  t he  s a m e  t r o p h i c  c o n d i t i o n s  ( e x c e p t  

for a T e t r a M i n  mea l ) .  It m u s t  b e  s t a t e d  t h a t  t he  l o n g e v i t y  of t h e  a n i m a l s  f rom e x p e r i m e n t  

4 is c l ea r ly  lower .  

R e p r o d u c t i v e  a c t i v i t y  

T h e  r e p r o d u c t i v e  per iod ,  c o m p r i s i n g  t he  t i m e  f rom t h e  first  to  t h e  l a s t  e g g - s a c  

fo rma t ion ,  v a r i e s  f rom 9.3 d a y s  to 21 d a y s  in  all  t h e  e x p e r i m e n t s  ( e x t r e m e  va lues ) .  T h e  

l o w e s t  v a l u e s  w e r e  o b s e r v e d  w i t h  H e l g o  21 a n d  N C M B  308 (10 a n d  9.3 days ,  r e s p e c -  

t ively) ,  b o t h  of w h i c h  b r o u g h t  fo r th  t h e  s m a l l e s t  a m o u n t  of e g g  s ac s  (2.8 a n d  3.2, 

r e spec t ive ly ) .  T h e  t w o  h i g h e s t  v a l u e s  w e r e  o b s e r v e d  w i t h  N C M B  13 (exp.  3 a n d  7 : 2 1  a n d  

19.4 days ,  r e spec t i ve ly ) ,  a n d  t h e y  p r o d u c e d  on  a v e r a g e  t h e  h i g h e s t  n u m b e r  of e g g - s a c s  

(8.6 a n d  8, r e spec t i ve ly ) .  E x p e r i m e n t  4 - a lso u s i n g  N C M B  13 - p r e s e n t s  a l ow  v a l u e  for  
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the reproductive period and also an inconsistent average number  of sacs: 4.4. The two 
experiments  in which NCMB 13 and TetraMin were given successively differ greatly as 
far as reproductive periods are concerned (18.6 and  13.5 days, respectively), whereas  the 
number  of egg-sacs are rather similar (5.3 and  6.2). 

It is interest ing to note the maximum number  of egg-sacs produced by  one and the 
same female during a given experiment. This number  was low with Helgo 21 and  NCMB 
308:5  in each case. In experiment  5 and 6 (NCMB 13 and  then TetraMin) it climbs to 8. 
Finally, the highest  values were observed with NCMB 13:9  layings for 2 females from 
experiment  4, and 10 for a female from experiment  7 (2 other females furnished 9 spawns) 
and 11 for a female from experiment  3 (2 others furnished 10). 

In other words, the most productive females from experiments 3, 4, and  7 furnished 
another 13 spawns while the 2 most productive females from experiments  5 and  6 had 
ceased their reproductive activity: the switch of bacteria diet to TetraMin was not 
favorable to the production of egg-sacs. 

N u m b e r s  of a d u l t  d e s c e n d a n t s  of the  F1 f e m a l e s  (exp. 1-6) 
a n d  F2 f e m a l e s  (exp. 7) 

This data yields information on the efficiency of the al imentary diets. The average 
numbers  of descendants  per female range  from 68.6 (exp. 1) and 69.7 (exp. 2), to four 
times those values (294 for experiment  7). The average number  of descendants  in 
experiment  7 is clearly higher than the one obtained in the experiments 3 (186.8) and 4 
(160.5) under  similar nutri t ional conditions. Experiments 5 and 6 show similarly high 
values (231.2 and 245.8, respectively). 

A variance analysis confirms that the fertility differences be tween  experiments  are 
significant (F -- 8.46 with F0.05 = 3.56), bu t  this indication loses some of its value 
considering the variability observed be tween  the three experiments in which NCMB 13 
was administered. 

The number  of adults yielded by each laying also varied to a great extent within one 
experiment  as well as be tween  experiments.  It appears that the most productive spawns 
are rather late in a certain number  of cases: spawn n ~ 4 for experiments 1 and 2, spawn n ~ 
6 for experiment  4, and spawn n ~ 7 for experiment  6 (Fig. 1). Actually, at this moment  and 
in all these cases, a certain amount  of somewhat  unproduct ive females died, which raised 
the average productivity values. 

The average fertility (expressed as n u m b e r  of adult  descendants,  except in exp. 3) is 
not inf luenced by the length of the reproductive period observed during experiments  3 
and 7, and is expressed by a greater production of egg-sacs. When  considering the 
experiments on the whole, it appears that the average n u m b e r  of descendants  per sac is 
identical in exper iment  2 (21.8 for a max imum of 5 egg-sacs) and  experiment  3 (also 21.7 
for a maximum of 11 egg-sacs). Yet this result is slightly distorted, as during exper iment  3 
the count was carried out partly on nauphi  (see "Materials and Methods"). 

Experiments 5 and  6 - each with a maximum of 8 egg-sacs - have a higher  average 
number  of descendants  per sac (43.6 and  39.6) than experiments  4 and 7 (36,5 and 36.7, 
with max. 9 and  10 sacs, respectively). In exper iment  4, three females furnished practi- 
cally identical amounts  of descendants:  356 in 8 layings for the one, 353 in 6 layings for 
another, and  349 in 9 layings for the third. These 23 layings represent  43.3 % of the total 
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Fig. 1. TJsbe ho]othurJae. Mean number of adults appearing in successive layings. (In exp. 3, data 
concern nauplii and not adults for the first five layings) 

n u m b e r  of layings, and their descendants  represent  55 % of the total n u m b e r  of descen- 
dants  obtained during the experiment.  

The observed min imum and  maximum numbers  of adult  descendants  s t emming  from 
one female dur ing the different experiments  vary tremendously.  It is not un in te res t ing  to 
note that the maximum furnished by one female from exper iment  1 (137) is nearly 
identical  to the min imum of another  female from experiment  6 (134). In exper iments  4 
through 7, a certain n u m b e r  of females yielded over 300 descendants:  3 out of 12 females 
in  experiment  4, 2 out of 10 females in both experiments 5 and  6, and  4 females in 
exper iment  7. 
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D u r a t i o n  of d e v e l o p m e n t  a n d  l a r v a l  m o r t a h t y  

Duration of deve lopment  and larval mortahty were  established from the rear ing  of 3 

sets of 25 naupli i  fed on each  bacteria  strain, and 3 sets fed on NCMB 13 with one  mea l  of 

Tet raMin (Table 3). 
The average  duration of deve lopment  - t ime lapse separat ing the hatching of the egg 

and the appearance  of the following generat ion of nauplii  - and the mortahty rate var ied 

Table 3. Tisbe holothu~iae. The percentage of larval mortality and duration of development of 3 sets 
of 25 nauplii fed three different bacteria strains 

Bacteria Adults Mortality Minimum generation time 
strain 4 9 Total (%) Days Mean 

18 6 24 4 12.5 
Helgo 21 7 12 19 24 14 12.8 

19 3 22 12 12 

E 44 21 65 k-13.33 

21 3 24 4 12 
NCMB 308 21 4 25 0 11 11.5 

18 4 22 12 11.5 

E 60 11 71 k-5.33 

NCMB 13 12 0 12 52 
(Without 13 0 13 48 
Tetramin) 6 2 8 68 

"; 31 2 33 k-56.00 

NCMB 13 10 7 17 32 14.5 
(With 16 6 22 12 14 
Tetramin) 11 9 20 20 14.5 

Z 37 22 59 k--21.33 

14.33 

according to the administered bacteria  strain. Variations in duration of deve lopmen t  were  

not neghgible:  the lowest  values occurred with NCMB 308:11.5 days, the h ighes t  with 

NCMB 13 and TetraMin (14.33). The mortahty rate, low with NCMB 308 (0.05), was very 
high with NCMB 13 without TetraMin (0.56); it is bet ter  with NCMB 13 a n d  TetraMin 

(0.21). These values were  used for calculat ing the parameters  of populat ion dynamics 

presen ted  in Table  5. 

S e x  ra t io  

The sex ratio (expressed as ratio of females/ total  adults) var ied according to two 

factors: food and the age of the females. 
V a r i a t i o n s  a c c o r d i n g  t o  t h e  t y p e  o f  f o o d .  Table 2, showing the data 

for the sex ratio of the total descendants ,  reveals  that the values are low for all 
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experiments,  except for experiments  4 and 5 in which the proportion of females is slightly 
higher than that of males. NCMB 308 yielded only a very small n u m b e r  of females. The 
values from exper iments  1 and 6 are very similar, although with different food, whereas  
the values are very different in experiments  5 and  6 with the same food offered. This 
obvious difference makes  all statistical comparison superfluous. 

When  focussing on the sex ratio of the descendants  of each female within the 
different experiments  instead of considering the overall descendants,  it appears  that the 
values are always greatly dispersed. Thus, during experiment  2, where the average value 
is 0.2, very low values, 0.03 and  0.08, and  a high value, 0.44, were observed. A dispersion 
of the same magni tude  is observed in experiments  4 through 7, the greatest  difference 
be ing  due to the females from experiment  6 where  the extreme values are 0.16 and  0.76 
for an average of 0.38. 

V a r i a t i o n s  a c c o r d i n g  to  t h e  a g e  of  t h e  f e m a l e s .  Figure 2 illustrates 
the variations in the course of time, and  was based upon the average values  of the sex 
ratio of the adult  populat ion issuing from successive layings. It appears that the sex ratio 
variation is slight from one laying to another  in certain experiments:  1, 2, 6 (except for the 
last laying), and 7 to a lesser extent, dur ing which the descendants  of one single laying 
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Fig. 2. Tisbe holothuriae. Mean sex ratio (0 number/total number of adults) in successive layings. (In 
exp. 1 and 2, laying n ~ 5 was omitted because the number of adults obtained was too low and not 

significant. ]Exp. 3 was entirely omitted) 
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present  a sex ratio slightly greater  than 0.5. Experiments 4 and 5 show the highest  
variability; however, no fluctuation in either direction appears during the course of time. 

Finally, when  comparing the sex ratio of the descendants  of the individual  females, 
great variations are apparent  from one female to another. Certain females produce 
practically only males (exp. 2:167 males out of 173 descendants  of a mother female); the 
contrary situation is more exceptional; the highest sex ratio (0.76) was observed in the 
descendants  of a female from experiment  6 (204 males, 155 females). 

P o p u l a t i o n  g r o w t h  p a r a m e t e r s  

The results concerning the n u m b e r  of male or female descendants  produced succes- 
sively, the chronology of larval development,  and the reproduction period yield precise 
populat ion growth parameters  for each bacteria strain offered as food (Table 4). 

Table 4. Tisbe holothuriae. Population growth parameters. Ro: net reproductive rate; T: mean 
generation time; rrn: intrinsic rate of natural increase 

Exp. 1 2 4 5 6 7 
Bacteria Helgo 21 NCMB 308 NCMB 13 NCMB 13 NCMB 13 NCMB 13 
strain and then and then 

TetraMin TetraMin 

Ro 27.67 14.09 82.8 117.8 94.22 132.0 
T 18.25 17.62 19.57 18.17 19.67 20.72 
rm 0.182 0.150 0.266 0.263 0.231 0.236 

The net  reproduction rate, Ro, the factor by which the female populat ion is mult ipl ied 
from one generat ion to the next, is calculated for each experimental  batch by calculating 
the Fn+ l - f ema le s /Fn -mothe r  female ratio. It appears that the Helgo 21 and  NCMB 308 
strains yield very low values, which complies with the rather high mortality rate with 
Helgo 21 and especially with the somewhat  mediocre production of females receiving 
NCMB 308. When  adminis ter ing NCMB 13 (alone, or followed by TetraMin) the values 
are clearly higher, but  with considerable variations from one exper iment  to another.  It 
seems advisable to emphasize the fact that the best results are obta ined - in this case as 
well - in exper iment  7, even  though a decrease in the production of females was to be 
expected. Unfortunately, this fact can only be stated; it is impossible to draw any 
conclusion from it. 

If several successive layings appear, the average generat ion time T can be defined 
with a rather good approximation by the formula: 

T = s x . u x / e u x  

x be ing  the age (in days) of the females at the moment  of the naupl i i  production, and  ux 
be ing  the number  of female naupl i i  at the day x (Dublin & Lotka, 1925). In this study, ux 
was not est imated from the day of the hatching but  could be derived from the n u m b e r  of 
females fx issued from ux, taking into account the constant larval mortali ty rate k, 
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e s t abhshed  from ano ther  source (Table 3). In pract ice  the  formula for ca lcula t ing  T 
becomes:  

e x .  fx 
- W  ~ - -  

E'fx 

The ave rage  genera t ion  t imes appea r  ra ther  different  from one e xpe r ime n t  to 
another,  a l though the var ia t ion  in terval  is ra ther  low. The lowest  ave rage  t ime is ob ta ined  
us ing NCMB 308 (17.62}. With NCMB 13 the values  are dissimilar:  expe r imen t s  5 and  6, 
which are absolu te ly  comparab le ,  revea l  somewha t  different  ave rage  t imes  {18.17 and  
19.67); exper iment  7 {second genera t ion  to be  fed with NCMB 13 exclusively)  has the 
h ighes t  ave rage  t ime. The similari ty of the genera t ion  t ime of e x p e r i m e n t  4 (19.57), 
where  NCMB 13 was  admin i s t e red  dur ing  the entire adul t  fife, and  that  of expe r imen t  5 
(19.67) using Te t raMin  dur ing  the adul t  stage, is ra ther  surprising. 

The specific g rowth  rate is ca lcu la ted  using the formula: 

Ln Ro 
r m -  

T 

This parameter ,  which  expresses  the  species '  deve lopmen t  potent ia l  p e r  t ime unit, 
al lows comparisons  b e t w e e n  species  with different cycles. The examina t ion  of Table  2 
reveals  low values  with Helgo  21 and  especia l ly  NCMB 308. In the  expe r imen t s  us ing 
NCMB 13, however ,  there  is a ra ther  r emarkab le  homogenei ty ,  w h e t h e r  or not  the 
bac te r ia  were  r ep l aced  by  Te t ramin  once the adults  were  obtained.  

DISCUSSION 

It is in teres t ing  to compare  the results  ob ta ined  ,when offering Ti sbe  holo thur iae  

bac te r ia  as food with those ob ta ined  from previous exper iments  wi th  T. ho lo thur iae  and  
other  copepods  us ing artificial food (Gaudy & Gu~rin, 1977, and  G a u d y  et al., 1982; 
Hoppenhei t ,  1975a, b, I976; Uhlig & Schwenzer,  1979; Uhhg & Sahling,  1981; Lopez, 
1982; Uhlig, 1983, 1984; Schwenzer ,  1985}, and  bac ter ia  (Itoh, 1973; H a n a o k a ,  1973; 
Rieper,  1978, 1982, 1984; Ustach, 1982). It is not  only in teres t ing  but  also essent ia l  to 
compare  these  results  with those ob ta ined  previously with 2". ho lo thur iae  (Table  5). 

In the first place,  it must  be  s ta ted  that  the bac ter ia  used  as t rophic  source had  

Table 5. Tisbe holothuriae. Literature on population dynamics data 

Authors Foods Ro T rm 

Gaudy & Gu4rin (1977) 86.4 
(T = 19-20 ~ 38 %o S) 120,1 

180.8 
Gaudy et al. (1982) 46.7 

139.6 
Cuer (1983) 17.6 
Schwenzer (1985) 128.2 

" Values calculated using the method of Gaudy & 

TetraMin 17.04 0,260 
Renutryl 16.02 0,298 
A. Bioter 17.20 0.301 
Germalyne 15.31 0.251 
Renutryl 15.76 0.313 
Bacteria 10.96 0.262 
Mussel meal 18,85 * 0.2575 ' 

Gu4rin (1977) 
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previously  been  dr ied  in a hot-air  oven (Rieper, 1982). This technique  s tabi l izes  the 
chemical  composit ion,  bu t  also creates  artificial conditions. This t rea tment  migh t  even 
inf luence the  gus ta tory  quaht ies  of t he -bac t e r i a  strains as far as the  copepods  are 
concerned.  A highly  pr ized  hve strain could thus be  modif ied by  dry ing  to the  poin t  of 
becoming  neut ra l  or even  revolting. Kobayashi  & Kurata (1978} showed  that  dry ing  
Rhodopseudomonas capsulata cells at 130~ alters their  chemical  composi t ion with  the 
resul t  that  they  no longer  have  any favorable  effect on chicken eggs,  as opposed  to fresh 
cells. 

One of the most interesting results obtained with the three experimental strains in 

these tests is the method of obtaining fertile adults from young individuals fed with 

bacteria: only two out of the three tested strains permit a complete development cycle in 

the first generation. The fact that a strain may impede development is not surprising in 

itself, especially since Rieper (1982) showed that NCMB 13 does not exert any trophic 

attraction on T. holothuriae, as opposed to Melgo 21 and NCMB 308. The fact that this 

block can be ehminated by furnishing a small amount of TetraMin towards the end of the 

development is, however, very interesting from a biological point of view. 

The total absence of a blocking process during the development of the F2-generation 

(exp. 7) actually shows that it had acquired the capacity to make better use of the NCMB 

13 strain than the preceding generation: it was able to develop a physiological response 

to new trophic conditions. This imphes that a new metabohc channel - until then 

unfunctional but nevertheless inscribed in the individual's genome - had been opened. 

Given the fact that this adaption takes two generations to develop, it appears that the 

genetic selection took place in the gametes produced by the generation which needed a 

TetraMin meal in order to reproduce. So this selection is a completely different process - 

in terms of magnitude and of its mechanisms - from the modifications revealed by Gu~rin 

& Kerambrun  (1982) by  adminis te r ing  8 different meals  to T. holothuriae: in this la t ter  
case the first genera t ion ' s  enzymat ic  activity modifications were  adap ta t ions  of a somatic  
nature.  

The other results  do not  a p p e a r  to allow an overall  synthesis,  as the  different  
pa ramete r s  of the s tudy are  very var iable:  it is thus necessary  to eva lua te  each  p a r a m e t e r  
separate ly .  

L o n g e v i t y. In most cases, the average  longevi ty  ob ta ined  with the  three  bac te r ia  
strains ranges  b e t w e e n  the max imum and min imum values  observed  by  G a u d y  & Gu~rin 
(1977) who tes ted three  artificial diets, that  is to say 33.4 days  with Te t raMin  and  23.6 
days  with Renutryl.  Using bac ter ia  as food, however ,  two values  r ange  far b e y o n d  the 
maximum observed  by  these  authors:  44.6 days (exp. 3) and  42.1 days  (exp. 7), r e spec-  
tively, which increase  the longevi ty  by  10 days. Cuer  (1983), on the contrary,  ob ta ined  the 
lowest  longevi ty  va lues  for the adul t  s tage (12 days  to which 12 days  of larval  deve lop-  
men t  must  be added)  us ing a bac te r ia  diet. In the p resen t  case, the use  of bac te r ia  tends  
to increase  the animals '  potent ia l  hfe-span classically observed  when  the b reed ing  
t empera tu re  is reduced;  it is, however ,  difficult to de te rmine  - especia l ly  cons ider ing  the 
var iabihty  - whe the r  the  bac ter ia  increase  the l i fe-span by  reduc ing  the metabol i sm,  or 
whe the r  it is because  they  represen t  a diet  more similar to the na tura l  one. This la t ter  
a rgument  is p robab ly  i r re levant  in the case of NCMB 13, which  is cer ta inly no more 
at tractive in na ture  than  in the labora tory  - except  if, as we  a l ready  ment ioned ,  the 
drying modifies its gus ta tory  quahties.  The longevi ty  of other  spec ies  of the  genus  Tisbe 
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is often c lear ly  super ior  to the  values  observed  in the presen t  study. Tisbe gracilis can b e  
s ta ted  as an  example ,  its ave rage  hfe span  be ing  52.7 days  (Battagha, 1957), but  also 7". 
persimil is  (62.5 days), and  espec ia l ly  T. reluctans {81.4 days:  Volkmann-Rocco  & Fava, 
1969). It is difficult to de te rmine  whe the r  these  longevi t ies  are of gene t ic  or igin - in other  
words  a constant  for a g iven species  - or whe the r  they  are the  consequence  of an  a lgal  diet. 

In the past ,  Rieper  (1978, 1984) showed  that  T. holothuriae could  p resen t  very 
var iable  genera t ion  t imes d e p e n d i n g  on the bac te r ia  strain used  as food. Thus,  at 18~ it 
takes  13.8 days  from nauphus  to naupl ius  when  T. holothuriae is fed wi th  Al teromonas  
sp.; with NCMB 308 the genera t ion  t ime chmbs to 15.5 days  (which is shgh t ly  h ighe r  than 
the values  ob ta ined  in the  p resen t  case) at 18~ and 28-30 %oS. With Pseudomonas  
f luorescens this t ime lapse  is 20 days. With Chromatium sp., it was 17 days  (Rieper, 1984). 
With  Rhodospeudomonas  palustris  the vital  cycle could not  be  comple ted .  

Larval  mortahty  inc reased  from NCMB 308 to Helgo 21, further  with NCMB 13 with 
Tet raMin and  finally with NCMB 13 alone (in the Fl-generat ion) ,  but  this does  not  appea r  
as a good  test  for the t rophic  quali ty of the bacter ia ,  which  is abso lu te ly  normal  as the 
needs  and  d e m a n d s  are  not  the same throughout  the  vital cycle. It mus t  be  s ta ted  that  the  
larval  morta l i ty  rates  r ep resen t  ex t reme values  for the  values  observed  p rev ious ly  (Gaudy 
& Gu4rin, 1977). The mor tah ty  ob ta ined  with  NCMB 308 is lower  than  any  va lue  quoted  
in the l i tera ture  (see Uhhg, 1983, 1984); the mortahty  obse rved  with NCMB 13 alone in 
the  F l - g e n e r a t i o n  reaches ,  on the contrary, very  high levels.  

As far as  the ave rage  n u m b e r  of egg-sacs  p roduced  by  the t=1 females  is concerned,  
the va lues  ob ta ined  from the strains fed with  Helgo  21 and NCMB 308 are  c lear ly  inferior 
to all those quoted  previously  (see Table  3, G a u d y  & Gudrin, 1977). The  a v e r a g e  values  
ob ta ined  dur ing  exper iment  3 and  7 (8.6 and  8, respect ively)  are, on the o ther  hand,  close 
to the  results  ob ta ined  by  Johnson  & Olson (1948) with,T, furcata. As far as  the  ma x imum 
number  of egg-sacs  p roduced  by  one female  dur ing the different  previous  expe r imen t s  is 
concerned  (Gaudy  & Gu4rin, 1977; G a u d y  et el., !982), the  n u m b e r  of 8 was  only rare ly  
reached and  never  exceeded ,  al though severa l  hundred  7". holothuriae females  had  been  
observed  individual ly,  Cuer  (1983), however ,  ob ta ined  9 spawns  from a 7". ho lo thunae  
female fed with  milt, while  the bacter ia  used  by  this author  al low a m a x i m u m  of only 4 
layings.  The NCMB 13 strain - which a l lowed the ob ta inment  of up  to 11 eggs - sacs  - thus 
has a s ingular ly  original  effect on the product ion of eggs.  It is an in te res t ing  r eminde r  that  
Johnson  & Olson (1948} ob ta ined  up to 12 layings  from T. [urcata. 

If, however ,  one considers  the  ave rage  n u m b e r  of individuals  y i e l d e d  by  the total  
layings,  the  values  ob ta ined  in exper iments  4 and 7 are  absolu te ly  comparab l e  to those of 
Volkmann-Rocco & Bat tagha  (1972) (from 159.6 with 7". dodiens is  to 3'20.2 with T. 
dozhanskil),  but  they  are  never the less  far lower  than the va lues  ob t a ined  prev ious ly  
(Gaudy & Gu4rin, 1977) with TetraMin,  Renutryl,  and  especia l ly  with the Bioter food. The  
bacter ia  s t ra ins  tes ted  thus furnish a product ion potent ia l  comparab le  to tha t  of a lgae,  but  
inferior to that  of artificial d i e t s ,  

In order  to compare  the  product ion capaci ty  of a spec ies  or of a l ineage ,  it  is 
i nd i spensab le  to t ake  into a c c o u n t / h e  sex ra t io  and  the de lay  necessa ry  for ob ta in ing  a 
generat ion.  As far as the sex ratio is concerned,  Lang (1948) and  Volkmann-Rocco  & Fava  
(1969) men t ion  that  - in gene ra l  - labora tory  b reed ing  is charac te r ized  by  a prol i fera t ion 
of males,  which  is the consequence  of unfavorable  trophic conditions.  

As a mat te r  of fact, it is still not known  at  which  per iod  the sex is def ini t ively  f ixed 
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and  which  factors control this de terminat ion  in the family Tisbidae.  In addi t ion  to 
unden iab l e  genet ic  factors (Fava et ai., 1976), a large number  of exogenic  factors 
intervene.  A m o n g  these are: inbreed ing  (Battagha, 1958; Fava  & Luparelli ,  1972); de lay  
in fert i l ization (Volkmann-Rocco, 1972); t empera tu re  (Ginsburger-Vogel ,  1975; G a u d y  et 
al., 1982); the  popula t ion ' s  exploi tat ion rate  (Hoppenhei t ,  1976)~ the c rowding  effect 
(Fava & Ringoh, 1977); i l lumination (Morai tou-Apostolopoulou & Dikaiakou,  1982), and  
food quahty  (Uhhg, 1983). As Uhhg (1984) very correctly remarked ,  it is difficult to 
conceive tha t  such a large number  of pa ramete r s  can intervene.  

In the context  of the exper iments  carr ied out with the bacter ia ,  the sex  ratio is 
unfavorable  to females  in 4 out of 6 cases, and  ba re ly  favorable  in only 2 cases:  this is in 
conformity with the da ta  from the l i terature,  but  in d i sag reement  with the  results  
ob ta ined  with  Renutryl and  with the Bioter food (Gaudy & Gu~rin, 1977). 

P a r a m e t e r s  of p o p u l a t i o n  d y n a m i c s  

The ne t  reproduct ive  rate (Ro) is low with Helgo  21 and even lower with NCMB 308, 
even though mor tahty  also was low. In fact, low mortahty  was a consequence  of htfle 
p rogeny  and,  especia l ly  in the case of NCMB 308, of sex ratio. Comparab le  results,  but  
less pronounced ,  were  obta ined  with Tisbe reluctans by Volkmann-Rocco & Fava  (1969). 
In exper iments  5 and 7, using NCMB 13, Ro rose to a value approx imate ly  ident ica l  to 
that  ob ta ined  previously  with Renutryl  (120.1: G a u d y  & Gu4rin, 1977) and to the  mean  
value  ga ined  by  Schwenzer  (1985) at 18 ~ (128,2), but  did not  reach  the leve l  of 178.9 
observed  by  Parise & Lazzaretto (1966) with Tisbe furcata (which was T. holothuriae, 
according to Volkmann-Rocco,  1971). Using bac ter ia  as food, Cuer  (1983) ob ta ined  a 
value  of 17.57. 

It is impor tan t  to note that  the  h ighest  value  was  ob ta ined  in exper iment  7, in which  
females deve loped  from progeny  of exper iment  4: after all, these  were  a F3 genera t ion  
with cons iderab le  inbreeding.  In Tisbe furcata from Banyuls, Bat tagl ia  (1970) obse rved  a 
s trong decrease  of Ro be tween  "control" (Ro = 340) and "genera t ion  F I "  (Ro = 54) and  
another  dec rease  be tween  F1 and F2 (Ro = 26). In the p resen t  case, we obse rved  an 
increase  b e t w e e n  exp. 4 and 7, and  we can conclude that  t rophic condit ions const i tute a 
very  impor tant  factor in the life cycle of the animals;  genet ic  inher i tance  is not  negl ig ible ,  
bu t  pe rhaps  its impor tance  has been  overes t imated  under  deficient  t rophic conditions.  

Mean  genera t ion  time, T, was highly var iab le  be tw e e n  the exper iments  and  the 
values  a p p e a r e d  to be  in any case h igher  than  the values  ga ined  with artificial foods by  
Gaudy  & Gu~rin (1977), but  ag ree  very wel l  with the results of Schwenzer  (1985) and 
Parise & Lazzaret to (1966): 18.85 and 18.93 days,  respect ively.  It seems that  bac te r ia  do 
not  provide enough  of the par t icular  components  requi red  for growth: one can see here  a 
consequence  of the  use  of bac ter ia  strains wi thout  mixture (Rieper, 1978): the  ratio of 
certain components  is p robab ly  hmiting. With  a bacter ia l  popula t ion  ob ta ined  after 
addi t ion of pep tone  to natura l  seawater ,  Cuer  {1983} observed  a very short  mean  
genera t ion  t ime: 10.96 days. 

Variat ions in specific growth rate values  (rm) were  direct ly re la ted  to those of Ro and  
inversely  to those of T. With bacter ia ,  va lues  of rm are a lways  lower  than those ob ta ined  
previously,  except  in exper iment  5 where  the  rm value  (0.263) is ident ica l  with the 
observat ions us ing TetraMin {0.260}, by G a u d y  & Gu~rin (1977) and by  Cuer  (1983} using 
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bacteria: 0.262. Using Helgo 21 and  NCMB 308, rm is low, as a consequence  of Ro value. 
However,  in experiments  2, 6 and  7 the rm values (0.226, 0.23 and  0.236 respectively) 
agree with the results of Heip (1972) for Tacl~dius discipes (rm = 0.237) u n d e r  laboratory 
conditions, bu t  disagree with the data of Schwenzer  (1985) (rm = 0.257) a nd  with those of 
Parise & Lazzaretto (1966), rm = 0.319. 

CONCLUSION 

The different results obtained w h e n  supplying dried pure bacteria s trains to Tisbe 
holothuriae show that these copepods are capable of immediately mak ing  use  of two out 
of three proposed strains; one of the strains does not allow the ob t a inmen t  of a second 
generat ion if the copepods are not supplied with food complements.  Once this hurdle  of 
physiological adaptat ion is passed, this latter strain is revealed to be a good food, liable to 
furnish a large n u m b e r  of descendants .  These results once again d e m o n s t r a t e  the 
flexibility of the species and its apt i tude to make use of any al imentary substrate.  The 
new  fact is that this adaptat ion requires two generations,  for it p robab ly  implies a 
complex metabolic sequence.  

It must  be  stated that NCMB 13 could logically have been  cons idered  a very 
unfavorable  strain, had there not b e e n  the accidental  presence of Te t raMin  in one of the 
dishes, for NCMB 13 initially inhibi ted reproduction; yet it is seen to be a good nutr i t ion 
in many  respects once the adaptat ion barrier is overcome. This poses a fundamen ta l  
question: what  would have been  the impact  of a period of adaptat ion with a n  a l imentary  
complement  in the case of T. holothuriae's nutri t ion with Helgo 21 and  NCMB 137 It 
would also be interest ing to test T. holothuriae's possible adaptivity to other  bacteria  
strains such as Rhodospeudomonas sp. (Rieper, 1984} which, as sole food, does  not allow 
the ob ta inment  of the vital cycle in the Fl -genera t ion .  

One  of the important  points is the dissimilarity of the results obta ined u s i ng  different 
bacteria. Cuer {1983}, for example, observed rather unsatisfactory results w h e n  supply ing  
copepods with a bacteria  culture obta ined by enriching sea-water  with peptone.  As a 
matter  of fact, if only one bacter ium m a food source consisting of mixed bacter ia  has a 
deleterious effect, then the entire populat ion can become deleterious. It would be 
necessary to take into account the bacteria 's  extracellular formations such  as the pre- 
sence of a capsule that releases sticky substances which are liable to t rap individuals,  
particularly the nauplii ,  and  which affect the final results. Lastly, it mus t  also be 
considered that new bacteria can develop from the ones administered as food, thus 
distorting the results. 

Finally, some thought  should be given to the possible improvement  of the copepod 
strain's  performances (fertihty, survival} by adding pure or b lended  bac te r ia  strains to a 
given diet: the oligo-elements or molecular  products comparable to v i tamins  or hormones  
would be the sole operat ing factors. 

All these considerations show that a combined study needs  to be made  on  the impact  
of bacteria communit ies  on the populat ion dynamics and  on the physiology of Tisbe 
holothuriae and  of other species of harpacticoids, the breeding of which could  possibly be 
made  easier by using wisely chosen bacteria. 
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