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ABSTRACT: A large mussel bed occurs in one of the largest fjords in Kerguelen archipelago. In 
January 1986, seawater and bivalves were collected at four tidal levels to determine whether a 
specific heterotrophic bacterial community could be observed in the mussels, especially in the 
stomach and in the fecal pellets, and to compare these microflora to seawater bacterial communities. 
The investigation was carried out using morphological and biochemical tests. Test results were 
analysed by a numerical taxonomic method. Almost all the heterotrophic mesophile isolates, grown 
on Zobell medium, were non-fermentative Gram-negative rods. The bacterial communities in the 
mussel fecal pellets were clearly different from the other communities studied. This specific bacterial 
microflora was characterized by the existence of Vibrionaceae. 

INTRODUCTION 

Relationships be tween  filter-feeding bivalves and  natural  bacteria remain  a funda-  
menta l  problem {Tunnichffe & Risk, 1977; Ma na ha n  & Richardson, 1983; Stuart et al., 
1982; Seiderer et al., 1984; Amouroux, 1986). Subantarctic bacterial microflora show a 
strong heterotrophic potential  activity (Cahet et al., 1986; Dehlle & Cahet, 1984; Bouvy et 
al., 1986). They seem to play a major role in invertebrate nutri t ion (Delille et al., 1985; 
Duch~ne et al., 1987), especially in the Mytilidae (Delille & Cahet, 1985). The occurrence 
in Kerguelen Archipelago of a large mussel  bed allowed us to begin  a wide pluridiscipli- 
nary study in a subantarct ic area inc luding surveys of hydrological, phytoplanktonic  and  
biological variables, and  of bacterial biomass and  activity. The ult imate goal of this 
program is to determine whether  bivalves can filter planktonic bacteria with an  efficiency 
great enough for them to be used as a significant source of food. However,  complex 
interactions be tween  ingested planktonic bacteria and  the resident bacterial  microflora 
occurred in the mussel  digestive system {Seiderer et al., 1984). 

The present  study involving numerica l  taxonomic analysis based on morphological  
and biochemical tests (API 20B System) was carried out to establish (1) the characteristics 
of planktonic heterotrophic bacterial communit ies  associated with the mussel  bed, and  to 
determine (2)if specific heterotrophic bacteria communities exist in the stomach and  
fecal pellets of Mytilus edulis desolationis, as reported for other subantarct ic inverte-  
brates by Duch&ne et al. (1987) and Bouvy (unpubhshed data). 
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MATERIALS AND METHODS 

S t u d y  a r e a  

Kerguelen  a rch ipe lago  (49 ~ S, 70 ~ E) covers 6500 km 2 and  has  a total  coas thne of 2800 
km. In the south-eas t  area,  a complex  sys tem of is lands and fjords loca ted  in Morb ihan  
Bay plays the  role of natura l  collectors of rain and  melt  waters .  The  la rges t  of these  fjords, 
Bossiere Fjord, is about  15 km long and  100 m wide.  The musse l  b e d  s tud ied  is loca ted  in 
the  uppermos t  sect ion of this fjord. 

Oceanograph ica l  da ta  can be  found e l sewhere  (Delille, 1977). In considera t ion  of 
envi ronmenta l  condit ions (e.g. t idal  currents),  the wate r  column i s g e n e r a l l y  uniformly 
mixed.  Mean  t empera tu re  of s eawa te r  is 1 ~ in winter  and  7 ~ in summer,  but  in 
except ional  cases  the  t empera tu re  can rise to much h igher  values.  Max ima l  t idal  
ampl i tude  is close to 2 m. 

I s o l a t i o n  a n d  c h a r a c t e r i z a t i o n  of t h e  s t r a i n s  

Samples  were  col lected in the fjord in austral  summer  (January 1986) at  four t idal  
levels:  low tide, flood tide, h igh  t ide and  ebb  tide. At .each t idal  level,  bac te r ia l  strains 
were  isolated from the seawate r  sur rounding  the mussel  b e d  (SW), and  from the s tomach 
(MS) and the fecal pel lets  (FP) of Mytilus specimens.  

Water  samples  were  col lected asept ica l ly  us ing glass bott les  wi th in  3-4  cm (at low 
tide) and  50 cm (at other  t idal  levels) above  the surface of the  musse l  bed .  Sets of 10 
mussels  (40 tp 61 mm shell  length) were  ga the red  and ma in ta ined  in ba tches  conta ining 
0.22 ~m fi l tered seawate r  at the  in situ t empera tu re  until  t rea ted  (within 4 h). In the  
laboratory,  the  s tomach of one of the mussels  was asept ical ly  isola ted by  dissection; fecal 
pel le ts  of the  remain ing  musse ls  were  p ipe t t ed  hourly for 24 h and  t ransfer red  to steri le 
tubes  conta ining 0.22 ~m f i l tered seawater .  

Procedures  for the isolat ion of strains represen ta t ive  of the three  bac te r i a l  com- 
munit ies  were  in i t ia ted immedia t e ly  for the  seawate r  and  musse l  s tomach samples  and  
one day  after the s amphng  for fecal pel le ts  samples .  This de lay  was necessa ry  to obta in  a 
sufficient quant i ty  of fecal pel lets ;  this in terval  be tw e e n  s a mphng  and  p la t ing  seems  not  
seriously to affect the composi t ion of bac te r ia l  popula t ion  (Imbaud, 1985). After  appropr i -  
ate dilutions, isolat ion of aerobic  he tero t rophic  bacter ia  was m a d e  by  the  sp read  p la te  
technique  with 2216E med ium (Oppenhe imer  & Zobell,  1952). All  the  isolates  (about 
thirty pe r  dish), ob ta ined  after  an incubat ion  of I0 days  at 18~ were  subcu l tu red  on 
mar ine  agar  p la tes  (same m e d i u m  as above) unti l  the  pur i ty  and  v iabih ty  of each  isolate 
were  sure. In more  polar  condit ions (Terre A d e h e  area; 66o40 ' S, 140o01 , E), w e  have  
found small  differences b e t w e e n  v iab le  numera t ion  results  and  taxonomica l  analysis  
conduc ted  on strains ob ta ined  after incubat ion  for 21 days  at 4 ~ and for 6 days  at 20 ~ 
(Delille et ai., 1988). 

A total  of 363 represen ta t ive  strains were  ma in ta ined  throughout  the  study. The  
distr ibution of isola ted strains from the three  heterot rophic  bac te r ia l  communi t ies  at  each  
t idal  level  is repor ted  in Table  I. For taxonomic  analysis,  the 27 characters  of the  API 20B 
system were  used  for each  strain (API Sys tem S.A., La Balme les Grottes ,  38390, 
Montaheu  Vercieu,  France).  The API 20E system has been  successful ly  used  in the  
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Table 1. Numbers of isolated strains for the three heterotrophic bacterial communities (surrounding 
seawater; mussel stomach; mussel fecal pellet) studied at each tidal level. Tidal level: flood tide 

(F.T.); high tide (H.T.); ebb tide (E.T.); low tide (L.T.) 

Surrounding Fecal Mussel 
seawater pellets stomach 

F,T. 29 29 30 
H.T. 30 28 31 
E.T. 31 32 32 
L.T. 31 30 30 
Total 121 119 123 

natural  envi ronment  for enteric bacteria (Le Chevalier et al., 1983). A ne w  pat tern of this 
system (SXT or API 20B), specific to environmenta l  research, was developed exphcitly by 
Baleux (1977). The API 20B culture med ium contains only 0.5 % NaC1. Therefore, a 
sahnity of 34 %o, was estabhshed asepUcally in culture medium for our marine  bacteria. 
The physiological and biochemical tests (detailed in Baleux, 1977) were performed on 
each isolated strain (see abbreviaUons for tests in  legend  in Fig. 1). The presence of 
galactosidase was detected by the presence of orthonitr6phenol from hydrolysis of 
"OrthoNitroPhenyl ~ D Galactopyranoside" (test called ONPG). The utilization of car- 
bohydrates by bacteria represents an acid production from carbohydrates by an  enzyme-  
substrate reacUon. The average index of carbohydrates utilization (12 tests) was noted  
U.A.I. (UtilizaUon Average Index). 

100~% ~s . . . . . .  ding . . . . .  ter 

~ Mussel stomach 

Fig. 1. Diagram showing the percentages of positive responses (AP120B tests) disregarding the tidal 
stage for the three heterotrophic bacterial communities. Test abbreviations: Hydrolysis of gelatin 
(GEL); nitrate reductase (NIT)~ Presence of 13 galactosidase called ONPG; Carbohydrate utilization: 
saccharose (SAC); arabinose (ARA); mannose (MAN); fructose (FRU); glucose (GLU); maltose 
(MAL); starch (AMD); rhamnose (RHA); galactose (GAL); mannitol (MNE); sorbitol (SOR); glycerol 
(GLY). The average index of carbohydrates utilization (12 tests cited above) was noted U.A.I. Urease 
(URE), indole (IND), H2S and acetoine (VP) productions; citrate utilization (CIT); oxydase (OXY) and 
catalase (CAT); oxydative and fermentative test (OF-F); motility (MOB) and Gram tests; presence of 

cocci (COC) and spores (SPOR) 
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Convenien t  for routine s tudies  (Iniss & Mayfield,  1979; Di Siervi & Mariazzi ,  1982), 
this me thod  represents  a subs tant ia l  improvemen t  over more tedious p rocedure s  avail-  
ab le  some years  ago {Trousselier & Legendre ,  1981}. 

The s imple match ing  coefficient of Sokal  & Michener  (1958) in associat ion with  the  
W.P.G.M. (weigh t -pa i r -group-median)  a lgor i thm (Sneath & Sokal,  1974} was  used  for the  
numer ica l  taxonomic analysis.  

RESULTS 

The d i ag ram in Figure  1 shows dist inct  responses  in the three  bac te r ia l  communi t ies  
s tud ied  {surrounding seawater ,  s tomach and  fecal pel lets  of mussel),  d i s r ega rd ing  the 
t idal  stages.  Almost  all of the isolates were  Gram-nega t ive  rods. The ma jo r i ty  was  motile, 
and  cata lase  and  ox idase  posit ive.  Some of them (18.3 % of fecal pe l le t  isolates)  u sed  
glucose fermenta t ive ly  and  they  b e l o n g e d  to the Vibr ionaceae.  However ,  fecal  pe l le t  
bac ter ia l  communi t ies  showed  clear  differentiat ions compared  with the  o ther  com- 
muni t ies  s tudied:  
- grea t  propor t ion  of indole  product ion  from t ryp tophane  {65.9 %)~ 
- exis tence of [3-galactosidase from ONPG test  {91.2 %)~ 
- bet te r  ut i l izat ion (close to 100 %) for severa l  carbon compounds  as sole source of 

carbon (MAN, GLU, MAL, AMD, GAL). 
Seawa te r  and  musse l  s tomach bacter ia l  communi t ies  showed shght  differences.  Sea-  
wa te r  bac te r ia  were  d is t inguished  by  their  abi l i ty  to utihze only some organic  compounds  
{unable to use  other  compounds  such as ARA, RHA, SOR, GLY). Stomach bac te r i a  were  
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Fig. 2. Hierarchical classification of the 91 strains isolated from the three heterotrophic bacterial 
communities at low tide. Letters (A to F) are the different clusters. SW = non clustered strain isolated 

from surrounding seawater 
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Fig. 3. Hierarchical classificaUon of the 88 strains isolated from the three heterotrophic bacterial 
communities at flood tide. Letters (A to J) are the different clusters. MS and SW = non clustered 

strains isolated, respectively, from mussel stomach and surrounding seawater 
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Fig. 4. Hierarchical classification of the 89 strains isolated from the three heterotrophic bacterial 
communities at high tide. Letters (A to E)are  the different clusters. SW = non clustered strain 

isolated from surrounding seawater 
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more homogenous  in their carbonaceous metabolism; they utilized organic compounds  
with a percentage  of positive responses be tween  30 to 70 %, except for the FRU test. 

Numerical  taxonomic analysis, conducted on results obta ined in the four tidal stages, 
gave the four dendrograms reported in Figures 2, 3, 4 and  5. A total of 98 % of the isolates 
clustered at a 80 % level of similarity. Only one or two isolates of each analysis failed to 
dus te r  at this level (noted I). 

Bac t e r i a l  c o m m u n i t i e s  a t  d i f f e r e n t  t i da l  l eve l s  

L o w  t i d e  (Fig. 2): All bacteria included in cluster A were identif iable with 
Vibrionaceae.  With the exception of one isolate, these bacteria were isolated from the 
fecal pellets. All the other bacteria were non-fermentat ive  Gram-negat ive  rods. Members  
of clusters B and  D were all identified as seawater isolates. Two clusters (H and  F) were 
strongly inf luenced by one bacterial  community  origin (78 % of stomach isolates for E and  
72 % of water  isolates for F). Cluster C, which included a mixed communi ty  (close to 50 % 
of seawater  and  stomach isolates), contained only inert  isolates (0 % of positive responses 
of carbon compounds  utilization). 

Thus, al though few clusters were dist inguished (6 clusters), the studied bacterial  
communit ies  at low tide revealed clear physiological and  biochemical  particularities. 

F 1 o o d t i d e (Fig. 3): Excepting one Micrococcus. strain isolated from the stomach 
which failed to cluster at the 80 % level of similarity, all the isolates were non-fermenta-  
tive Gram-negat ive  rods. Three clusters contained only isolates of a single origin (B: fecal 
pellets; F and  J: stomach). While fecal pellet isolates were well discriminated (26 of 29 
total strains in the same cluster B), seawater  and  stomach isolates were mixed in 6 
clusters (A, D r E, G, H and I). 

Thus, bacterial  communit ies  at flood tide were more diversified (ten clusters) bu t  
appeared  homogeneous  for organic compound utilization. 
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Fig. 5. Hierarchical classification of the 95 strains isolated from the three heterotrophic bacterial 
communities at ebb tide. Letters (A to J) are the different clusters. FP and MS = non clustered strains 

isolated, respectively, from mussel fecal pellet and mussel stomach 
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H i g h t i d e (Fig. 4): All bacter ia  isola ted from the s tudied  communi t ies  at  h igh  t ide 
were  non-fermenta t ive  Gram-nega t ive  rods. 

Member s  inc luded  in cluster A were  iner t  Isolates. None of the fecal pe l le t  strains 
were  p resen t  in this cluster. The smal les t  cluster D with 2 strains was the  only one 
composed  of isolates from one bacter ia l  communi ty  (surrounding seawater}. The  larges t  
cluster  B conta ined  more than  half of the  strains isolated. The rest  was d is t r ibuted  over  4 
clusters which  compr ised  strains from all of the  three  samples.  Thus, the s train distr ibu- 
t ion  a p p e a r e d  he terogenous .  

t~ b b t i d e (Fig. 5): Except ing one Micrococcus strain isola ted from fecal  pel lets ,  all 
isolates were  non-fermenta t ive  Gram-nega t ive  bacter ia .  However ,  some strains inc luded  
in cluster  G were  coccoid forms and r e sembled  members  of the genus  Acinetobacter. 
Other  isolates were  rod - shaped  bacteria.  

Member s  of clusters A, E and H were  only strains isola ted from, respect ively ,  the 
stomach,  the fecal pel le t  and  the sur rounding seawate r  bac ter ia l  communit ies .  Four 
clusters {C, D, I and  the b igges t  cluster J with its 27 strains} conta ined  a g rea t  propor t ion 
of s ingle origin isolates.  Three  small  clusters (B, F, G) were  he te rogeneous  b e c a u s e  they  
comprise  strains from all three samples.  Thus, the s tudied bacter ia l  communi t ies  at ebb  
t ide a p p e a r e d  wel l  differentiated.  

DISCUSSION 

The p redominance  of non-fermenta t ive  Gram-nega t ive  rods in subantarc t ic  bacter ia l  
communi t ies  confirmed the prehminary  results  ob ta ined  in this zone {Delille & Cahet,  
1985; Lemoine,  1.985}. This fact was previously  repor ted  in t empera t e  (Bianchi, 1981) and 
tropical  a rea  (Simidu et al., 1980; Sugahara  et al., 1984} and in h igh  la t i tudes  (Hauxhurst  
et al., 1981}. Thus, this observat ion appea r s  a fundamenta l  character is t ic  of seawate r  
mar ine  ecosystems.  However ,  if Gram-nega t ive  rods are a lways dominant ,  fermenta t ive  
strains are also repor ted  in the antarctic zone (Tanner & Herbert ,  1982}. 

Some strains of Gram-nega t ive  cocci were  ident if iable  with genus  Acinetobacter. In 
this study, such isolates c lus tered with other  g ram-nega t ive  rods (see Fig. 5, c luster  G). 
This enab led  us to confirm the shght  difference be tween  some natura l  coccoid and  rod- 
shaped  bac ter ia l  forms {Novitsky & Morita,  1976; A m m e r m a n  et  al., 1984; Delil le & 
Lemoine,  1987}. Often noted  in other subantarc t ic  samples,  these  strains a p p e a r e d  as a 
t rend  of degenera t ive  communi ty  (Imbaud, 1985}. The low proport ion of this type  of 
isolate in our s tudy could be  an indicat ion of a high metabohc  activity of the  bac ter ia l  
community.  A confirmation of this hypothesis  can be  found in the ave rage  U.A.I. va lues  
ob ta ined  in this s tudy which  were  h igher  than  those repor ted  by  Imbaud  (1985} for other  
Morb ihan  Bay sample~. Our  U.A.I. notion corresponds  to the ave rage  index  of ca rbohyd-  
rates  uti l ization (12 tests of the 27 characters  of API 20B system}. However ,  o ther  indices  
such as the nutr i t ional  versat i l i ty index  (Hauxhurst  et al., 1981} and  the a ve r a ge  carbon 
compound  index  {Martin & Bianchi, 1980} have  been  developed.  A direct  comparison,  
however ,  is not  poss ible  because  different and  more numerous  subst ra tes  were  used  in 
calculat ing their  percen tages .  But grea t  similarit ies may  be  no ted  b e t w e e n  thei r  overall  
results  and  our estimations.  With a mean  U.A.I. value  of 59 %, the he tero t rophic  bac ter ia l  
microflora of fecal  pe l le t  a p p e a r e d  more active than the seawate r  and  s tomach  hetero-  
t rophic microflora (respect ively 37 and 36 % for U.A.I.). These  last  pe r cen t ages  were  
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quite similar to m e a n  values reported by Martin & Bianchi, 1980 (40 % for Medi te r ranean  
waters) and  Hauxhurs t  et al., 1981 (51% for Alaska offshore waters). 

The existence of Vibrio strains associated with bivalves has b e e n  noted  by Colwell & 
Liston (1960, 1952), Chakroun (1967) and  Martin (1976). This deve lopment  of a specific 
bacterial  community  should not  be  l inked either to a direct consumpt ion or to a direct 
selective digestion of bacterial strains (Prieur, 1982; 1984). This p h e n o m e n o n  should 
rather  be  related to a selective growth of bacteria dur ing the digestive processes in the 
a l imentary tract of mussels. The presence of this specific bacterial  communi ty  appeared  
all the more interest ing knowing that this genus  is very uncommon  in na tura l  subantarc-  
tic seawater. 

Although the isolation procedure of the strains (medium composition, r andom selec- 
tion of isolates) neglects  some taxonomic groups, the existence of specific heterotrophic 
bacterial  communit ies  in the stomach gland and fecal pellets appeared  unques t ionab le  
compared to those of surrounding seawater. The differentiation of bacterial  communit ies  
could be related to the water  movement  (e.g. tidal level and  current) in the fjord. 
Hydrodynamic conditions also explain, during some periods, the deplet ion of particulate 
organic matter  above mussel  populat ions (Flechette & Bourget, 1985). Thus, the pro- 
portion of bacteria in the total nutr i t ion of mussels could change over the year. Investiga- 
tions on the role of planktonic heterotrophic bacteria .in mussel  nutr i t ion dur ing  the 
different tidal stages are in progress in order to answer  the following question: How much 
of this amount  of food source do the mussels assimilate? 
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