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ABSTRACT: Although a large body of literature exists on the systematics and ecology of free-living 
marine and brackish-water nematodes,  key questions on the nature and magnitude of interactions 
be tween nematodes and other organisms in the benthos remain unanswered. Relatively few authors 
have investigated live nematodes in food web studies or in experiments dealing with the nemato- 
des' response to a varying environment. It is mainly for the latter purpose that attempts have been  
made to maintain, rear and cultivate selected species.This paper describes the methodology used 
for the maintenance,  rearing, and eventual permanent  agnotobiotic cultivation of a variety of estu- 
arine nematodes. Spot plates, where small samples of sediment or macrophyte material are inocu- 
lated on a sloppy agar layer, have been used for the purpose of maintenance and initial cultivation. 
Those species that reproduce on spot plates are then selected for monospecffic cultivation on agar 
layers with different nutrient enrichments and with micro-organisms cotransferred from the spot 
plates as food. Mixtures of bacto and nutrient agar prepared in artificial seawater were specifically 
suitable for the xenic cultivation of nine bacterivorous and, when supplied with Erdschreiber nu- 
trients, two algivorous/bacterivorous nematode species. Up to three generations of five other nema- 
tode species have been reared under laboratory conditions, and several more were kept alive and 
active for variable periods of time on agar. Generation times observed on spot plates for Adoncho- 
laimus fuscus and Oncholaimus oxyuris were substantially shorter than previously published esti- 
mates and suggest  a correspondingly higher predatory and scavenging potency for these and 
related enoplids. A procedure for the long-term storage of nematodes at -80 ~ with glycerol as a 
cryoprotectant was successfully used for Diplolaimella dievengatensis, Panagrolaimus sp. 1, and 
Pellioditis marina, but not for Diplolaimelloides meyli. The authors have also summarized the 
existing literature on the cultivation of marine and brackish-water nematodes. Continuous cultiva- 
tion appears to have been successful mainly for Aufwuchs and epiphytic nematodes; only few sedi- 
ment-dweUers have been established in permanent  culture. Of only just over 30 species that have 
ever been  cultivated, more than half belong to one family (Monhysteridae) and three are Rhabditida, 
an order poorly represented in the marine environment. Four species have been grown in monoxenic 
and one in axenic culture, the latter though with limited success. It is concluded that our under- 
standing of the basic nutritional requirements of marine nematodes is as yet insufficient, and that 
the culture techniques which have so far mainly deployed agar or liquid substrates, while being 
suitable for the cultivation of Aufwuchs and epiphytic nematodes,  do not accurately enough mimic 
gradients specific of the natural habitat of many sediment-dweUers. 

Key words: nematodes,  marine, estuarine, Westerschelde Estuary, cultivation, agnotobiotic, 
xerdc, axenic, m a i n t e n a n c e .  

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

Free - l i v ing  n e m a t o d e s  a re  t h e  n u m e r i c a l l y  d o m i n a n t  m e t a z o a n  r e p r e s e n t a t i v e s  of t he  

b e n t h o s  of m a n y  m a r i n e  a n d  b r a c k i s h - w a t e r  hab i t a t s ,  a t t a i n i n g  dens i t i e s  of u p  to s e v e r a l  

mil l ion i n d i v i d u a l s . m  -2 a n d  a c o r r e s p o n d i n g  b i o m a s s  of 0 . t  to 10 g C . m  -2 (He lp  e t  al., 
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1985). Thei r  r61e in the benthic  food w e b  is, however ,  poorly unders tood.  N e m a t o d e s  may  
graze  a s ignif icant  fraction of microa lga l  and /o r  bac ter ia l  product ion (Montagna ,  1995); 
their  b io turba tory  activi ty may  inf luence sed imen t  diffusion coefficients for a var ie ty  of 
solutes, inc luding  02 (Aller & Aller, 1992; A l k e m a d e  et al., 1992) and  e n h a n c e s  the sur- 
face a rea  ava i lab le  for microbia l  deg rada t i on  processes  (Nehring et  al., 1990; Nehring,  
1991); their  mucous  secre t ions  may  serve  as a subs t ra te  for a var ie ty  of mic ro-organ i sms  
(Riemann & Schrage,  1978; Warwick,  1981a; Jensen,  1996); and  the n e m a t o d e s  m a y  serve 
as a food source for epi-  and  hype rben th i c  p reda tors  (cf. Ger lach  & Schrage ,  1969; Bell & 
Coull, 1978; Gee,  1989; Coull, 1990; Service  et al., 1992; Hamer lynck  & Vanreusel ,  1993). 
The  m a g n i t u d e  of all these  interact ions,  however ,  r emains  largely  u n k n o w n  for lack  of 
expe r imen ta l  ev idence  on the nema todes '  act ivi ty and production.  The  s tudy of these 
aspects  in the animals '  na tura l  env i ronment  is severe ly  h a m p e r e d  by  methodo log ica l  
constraints.  

Most  mar ine  and es tuar ine  n e m a t o d e  species  - except  for some la rge  and  slowly 
r ep roduc ing  member s  of, for example ,  the Enopl idae ,  Onchola imidae ,  Hal ichoano-  
la imidae ,  and  Desmodor idae  (Gerlach & Schrage,  1971, 1972; Malakhov,  1974; Heip et 
al., 1978) - deve lop  and  reach  sexual  matur i ty  within days,  weeks  or a few months,  
d e p e n d i n g  on a variety of ex terna l  factors such as t empe ra tu r e  and food. Reproduct ion  
is usual ly  continuous,  and  the nema todes '  fertile per iod  is often re la t ive ly  long com- 
p a r e d  to the p readu l t  phase  (Woombs & Laybourn-Parry,  1984). Consequent ly ,  gene ra -  
tions s t rongly  over lap  in the field (Skoolmun & Gerlach,  1971), and  it is therefore  
ex t remely  difficult to s tudy species  "cohorts".  As a result ,  classical  a p p r o a c h e s  towards  
the calcula t ion of product ion  are vir tual ly  impossible .  Similarly, the phys io log ica l  status 
(age, f eed ing  condition, stress level  . . . .  ) of animals  s a mp le d  from the f ield is l a rge ly  un- 
known,  thus imposing  severe  constraints  on their  use in s t andard ized  l abora to ry  exper i -  
ments.  

Artificial culture systems of f ree- l iv ing mar ine  and  b rack i sh -wa te r  n e m a t o d e s  can 
therefore  provide  an almost  unl imi ted  source of information: Under  cont ro l led  condit ions,  
life cycles  as inf luenced by  a chang ing  abiotic (e.g. t empera ture ,  sahnity)  or biotic (e.g. 
food levels) env i ronment  can be s tudied.  Moreover,  act ively reproducing ,  monospecif ic  
n e m a t o d e  cultures are  a cont inuous  source of live mate r ia l  of which age  and  physiologi -  
cal s tatus are  known within accep tab le  limits. It thus becomes  possible  to pe r fo rm repro-  
duc ib le  exper iments ,  such as m e a s u r e m e n t s  of respi ra t ion  or food up take .  Al though  da ta  
ob ta ined  from labora tory  exper imen t s  cannot  a priori  be ex t rapo la ted  to field situations, 
they  a p p e a r  in many  cases  to offer the most re l iable  basis  for the s tudy of direct  in terac-  
tions b e t w e e n  nema tode  popula t ions  and  env i ronmenta l  variables .  

Recently, the t r emendous  success  of the terrestr ia l  nema tode  Caenorhabditis elegans 
as a mode l  sys tem for genetic ,  molecu la r  and  de ve lopme n ta l  s tudies  has  fuel led  the in- 
terest  of scientists  previous ly  un re l a t ed  to mar ine  n e m a t o d e  research  to s tudy the var ia-  
tion of some of these  aspects  among  the  close re la t ives  of C. elegans. Labora tory  cultu- 
res of some b rack i sh -wa te r  species  e s t ab l i shed  by  the authors  are  cur ren t ly  be ing  used  
for the s tudy of embryonic  d e v e l o p m e n t  (Ga~tan Borgonie & Bart Vancoppenol le ,  pers.  
comm.). In addit ion,  monospecffic  n e m a t o d e  cul tures  can be  a re l iable  source  of mater ia l  
for phy logene t i c  s tudies  us ing gene  s equence  data,  which  until  recen t ly  se ldom inc luded  
any mar ine  species  (but see  Blaxter et  al., 1998; Bates et al., 1998); it is i n d e e d  often dif- 
ficult to re l iab ly  ident i fy l iving n e m a t o d e s  in a mul t i spec ies  sample,  and  the t radi t ional  
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formaldehyde-preserved specimens are unsui table  because the formaldehyde is detri- 
menta l  to DNA. 

Kinne (1977) reviewed the different culture techniques used for mar ine  nematodes.  
Vranken  (1985) compiled most of the literature on the cultivation of marine and  brackish- 
water  nematodes  up to 1985, but his PhD.-thesis is not general ly  available to the scienti- 
fic public. Since then, only few novel attempts have been  published.  The authors of this 
paper  have summarized the information from the literature and have added  data from the 
results and  experience they have ga ined dur ing  five years of exper imental  work with a 
nematode  communi ty  from the Westerschelde Estuary, S.W. Netherlands.  

T e r m i n o l o g y  

In the following we will refer to cul tures  only in the case of those artificial systems 
which provide all the necessary nutr iments  for the nematodes  to sustain reproduct ion and 
a full deve lopment  of the resulting progeny into reproductive adults, and  this - theoreti- 
cally (i.e. assuming timely transfer to new medium) - indefinitely. We somewhat  arbi- 
trarily take five as the min imum n u m b e r  of generat ions  to be at tained in order to use the 
term culture, since essential  nutr ients  or growth-promoting factors may be n e e d e d  only 
in trace amounts  and  may, when  present  in the initial nematode  inoculum, sustain re- 
product ion for up to two or three generat ions  while be ing  absent  from the m e d i u m  (Van- 
fleteren, 1980). In all other cases, we simply use the term main tenance .  

Nematode  cultures can be either agnotobiotic or gnotobiotic. Gnotobio t ic  refers to 
"the study of a single species in the absence  of other organisms or in the presence  of 
known  species" (Koenning & Barker, 1985). Agnotobiot ic  or xenic, then, implicitly in- 
cludes the presence of hve organisms the identity of which has not been  determined.  To 
further specify the gnotobiotic level, we adopt the terminology proposed by Dougherty 
(1959, 1960). In short, mono-, di-, tri-, and  polyxenic cultures have one, two, three, and 
more than three associated species, respectively; axenic cultures have none.  Except for 
the latter, all these are synxenic cultures, i.e., they have one or more know n  organisms 
associated with the target nematode  species. 

Culture media  can be either holidic, meridic, or oligidic (Dougherty, 1959, 1960). 
A hol idic  med ium is made  up entirely of chemically defined constituents; a mer id ic  me- 
d ium adds at least one substance of u n k n o w n  structure to a holidic basis; and  an  oligidic 
med ium provides most of the dietary requirements  in the form of a crude extract (e.g. 
hver extract). 

MATERIALS, METHODS AND RESULTS 

S a m p l i n g ,  in i t i a l  i s o l a t i o n  a n d  m a i n t e n a n c e  

The authors are currently s tudying (1) the feeding behaviour  of selected species of 
intertidal estuarine nematodes  (Moens & Vincx, 1997); (2) the effect of env i ronmenta l  fac- 
tors such as temperature,  salinity and  food levels on growth and  reproduct ion of these 
species; and  (3) possible competitive interactions (Moens et al., 1996b) b e t w e e n  these 
nematode  species as a means  to elucidate some of the driving forces beh ind  the patchi- 
ness observed in most mar ine  and  brackish-water  meiobenthic  communit ies.  For this pur- 
pose, two sampl ing sites in the Westerschelde Estuary (SW Netherlands),  one in the me- 
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sohahne (at Walsoorden) and one in the polyhaline (the Paulina salt marsh and  adjacent  
tidal flats) reach, were selected (Fig. 1). At Walsoorden, a transect on an intert idal  sand- 
flat from high to low tide level, with the two main  stations located near  the extremes of 
this tidal span, was sampled. The sediment  composition gradually changes from a muddy, 
fine sand near  the high tide level to a coarser sediment  with a low silt fraction near  the 
low tide level. The temporal  variabili ty of the nematode  community  of a station near  the 
high tide level (WO22) and of a subtidal  station (WS22) were extensively s tudied over 
a one-year  cycle in 1991-1992 (Li, 1993; Li & Vincx, 1993; Li et al., 1997). Some isolated 
patches of the cordgrass Spartina anglica were also sampled, as well as Fucus vesi- 
culosus stands at the basis of the dike and  small deposits of macrophyte detritus (mainly 
Spartina anglica, Fucus vesiculosus, Ulva lactuca and some Phragmites austrafis) ff 
present.  

At the Paulina, a fairly coarse gra ined station with low silt fraction on an intert idal  
flat, a silty station at the margin  of the marsh, and  about  25 arbitrarily defined microha- 
bitats on the marsh, including stems and  both green and  dead leaves of Spartina anglica, 
of Aster tripolium and  of Limonium vulgate, roots of S. anglica and of Salicomia sp., 
stands of Fucus vesiculosus, sed iment  in and  at the edges of two shallow gullies and  in 
two small and very shallow puddles,  etc ... were sampled. Sampling was i rregular  from 
November  1992 onwards at Walsoorden and monthly  from August  1995 to December  
1997 at the Paulina.  

Most samples were taken as bulk  collections of either macrophyte material  or of the 
top 1 cm of sediment,  gathered in large Petri dishes (14 cm diameter) or plastic buckets,  
and  transported as rapidly as possible to the laboratory. Both sampling locations are with- 
in a 1 h drive from the laboratory, and  the collected material  was either treated imme- 
diately upon our return or stored in a cold room (8-10~ until  sorting took place, usual ly 
the next day. 

Animals were harvested by wash ing  one or a few "handfuls" of sediment  or macro- 
phyte material with copious amounts  of 0.45 pm millipore filtered habitat  water  in a large 
(5-1) beaker. This slurry was forcefully agitated and the contents subsequent ly  al lowed to 
settle for 1-2 rain., before decan t ing  over a 38- or a 63-pm sieve. Longer sett l ing times 
can strongly reduce the amount  of sediment  re ta ined on the sieve, but often result in loss 
of especially large-sized nematodes.  This procedure was repeated  five to ten times, de- 
pend ing  on the type of sediment  to be washed. The fraction retained on the sieve was 
then collected in a small amount  of filtered habitat  water  in 250-ml glass beakers  and  sto- 
red in the fridge unti l  further processing. Nematodes  survived storage in this way for 
days, weeks, or even  a few months;  the latter was especially true for large-sized nema-  
todes such as Adoncholaimus fuscus, Enoploides longispiculosus and E. spiculohamatus. 
Long survival periods (up to 20 months) for nematodes  stored in cold seawater  have pre- 
viously been  noted  for Deontostoma californicum (Viglierchio & Johnson, 1971) and  for 
Oncholaimus brachycercus and Desmodora scaldensis (Gerlach & Schrage, 1972). At 
times, washing was performed with tap water ins tead of habitat  water. This resul ted in a 
variable mortality of nematodes  and  other meiofauna,  but  contrary to occasional mar ine  
sediment  samples treated in this way, a majority of animals usual ly survived this treat- 
ment  and rega ined  "normal" activity a few minutes  after be ing  re turned to a brackish 
medium. Some nematodes  (e.g. Daptonema sp.), however, appeared  particularly sensi- 
tive to this type of osmotic shock. 



120 T. M o e n s  & M. Vincx  

Table 1. Composition of some media  commonly used in marine nematode cult ivation 

E r d s c h r e i b e r  m e d i u m  
NaNO3 100.0 mg 
NH4C1 0.5 mg 
K2HPO4 10.0 mg 
Na2SiO3.9H20 10.0 mg 
thiamine 1.0 lag 
cobalamine 1.0 lag 
soil extract 10.0 ml 
autoclaved habi ta t  water  or artificial seawater  to 1000 ml 

Kil l ian m e d i u m  
solution a solution b 
NaNO3 2 g NaH2PO4 4 g 
KNO3 2 g CaCI 2 4 g 
NH4NO 3 1 g FeCl~ 2 g 
aqua dest. to 1000 ml conc. HCI 2 ml 

aqua dest. to 800 ml 
2 ml of solution a and 1 ml of solution b and  20 ml of soil extract are combined wi th  ASW or 
habitat  water  to form 1000 ml 

Arti f ic ia l  s e a w a t e r  
solution a 
NaCI 239.0 g 
MgC12.6H20 108.3 g 
CaCI2 anhydrous  11.5 g 
SrCI2.6H20 0.04 g 
KCI 6.82 g 
KBr 0.99 g 
aqua dest. to 8560 ml 

solution b 
Na2SO4.10H20 90.6 g 
NaHCO 3 0.2 g 
NaF 0.003 g 
H~BO 3 0.027 g 
aqua dest. to 1000 ml 

S o m e  i m p o r t a n t  m e d i a  a n d  n u t r i t i o n a l  s u p p l e m e n t s  

In t h e  fo l lowing ,  r e f e r e n c e  wil l  b e  m a d e  to s e v e r a l  n u t r i e n t  m e d i a  a n d  s o m e  nu t r i t i o -  

na l  s u p p l e m e n t s  r e g u l a r l y  u s e d  in o u r  n e m a t o d e  cu l tu res .  T a b l e  1 l ists t h e  c o m p o s i t i o n  of 

t h e  m o d i f i e d  Ki l l ian  m e d i u m  (von  T h u n ,  1966), of t h e  m o d i f i e d  E r d s c h r e i b e r  m e d i u m  

(H~illfors, in  J e n s e n ,  1982), a n d  of t h e  a r t i f ic ia l  s e a w a t e r  (Die t r i ch  & Kal le ,  1957).  

T h e  soil  e x t r a c t  is p r e p a r e d  b y  b o i l i n g  a n  a m o u n t  of s e d i m e n t  or  soi l  in  w a t e r .  T h e  

e x t r a c t  is d e c a n t e d  a n d  a l l o w e d  to s e t t l e  for  a whi l e .  In t h e  m e a n t i m e ,  i ts  pH,  w h i c h  is 

u s u a l l y  s l i gh t ly  acidic ,  is a d j u s t e d  to n e u t r a l  w i t h  N a H C O 3  or  N a O H .  A f t e r  s e t t l i ng ,  t h e  

e x t r a c t  is a g a i n  d e c a n t e d  a n d  r e p e a t e d l y  f i l t e red ,  first  o v e r  p a p e r  f i l ters  a n d  s u b s e q u e n t l y  

o v e r  0.8 a n d  0.45 lam m e m b r a n e  f i l ters ,  u n t i l  a t r a n s p a r e n t  y e l l o w  l i q u i d  is o b t a i n e d  (Lee  

e t  al., 1970). Th i s  e x t r a c t  c a n  t h e n  b e  s t o r e d  f r o z e n  for  p r o l o n g e d  p e r i o d s .  

T h e  ar t i f ic ia l  s e a w a t e r  (ASW) of D i e t r i c h  & Kal le  (1957) h a s  a n  a p p r o x i m a t e  s a l i n i t y  

of 35 psu .  B r a c k i s h  sa l in i t i e s  c a n  e a s i l y  b e  d e r i v e d  b y  d i l u t i o n  w i t h  d i s t i l l e d  w a t e r .  Be-  

c a u s e  t h e  b u f f e r i n g  c a p a c i t y  of t h e  a r t i f i c ia l  s e a w a t e r  is in fe r io r  to t h a t  of h a b i t a t  wa te r ,  

a n d  its p H  u s u a l l y  s l igh t ly  lower ,  TRIS-HC1 b u f f e r  of p H  7.5 to 8.0 w a s  r o u t i n e l y  a d d e d  in  

a f ina l  c o n c e n t r a t i o n  of 5 r aM.  

In  g e n e r a l ,  n e m a t o d e s  a p p e a r  i n c a p a b l e  of s y n t h e s i z i n g  s te ro l s  f r o m  a p u r e l y  b a c -  
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ter ia l  food source (Hieb & Rothstein, 1968; Bolla, 1979; Vanfleteren,  1980). Hence,  in 
med ia  without  crude extracts  and  with bac te r ia  as the sole food, a sterol supp l e me n t  was 
rout inely  added .  Vranken  et al. (1984) used  a mixture of five different  sterols,  each  at 
10 pg.m1-1 after Hieb  & Rothstein (1968) and  Vanfleteren (1980), but  this can  be  r ep laced  
without  ill consequence  by cholesterol  at 50 pg.m1-1 (J. Vanfleteren,  pers. comm.). 

We regular ly  s u p p l e m e n t e d  cultures of severa l  species  with E. coil lysa te  as a food 
source. This consists of an  ex t remely  dense  suspens ion  of E. coli (5.1011 cells.m1-1) s tored 
frozen and subsequen t ly  thawed.  Upon thawing,  a major i ty  of cells burst, y i e ld ing  a rich 
nutr i t ional  source to e i ther  nema todes  or their  associa ted  bacter ia .  Some E. coli survive 
the f r eez ing -and - thawing  and  also grow on the remains  of the dead  ceils. 

T h e  u s e  of s p o t  p l a t e s  

Small  samples  of un t r ea t ed  sediment ,  macrophy te  mater ia l  or detri tus,  or of meio-  
fauna re t a ined  on s ieves  after wash ing  of bu lk  samples  (see above),  were  inocu la ted  on 
top of thin s loppy aga r  layers  or in excavat ions  made  in these  aga r  layers  in Petri  dishes  
(9 cm in diam.). We have  coined  the term spot  p la tes  for these  inoculations.  Bac to-agar  
(DIFCO) was d issolved in modif ied  Kiilian nutr ient  m e d i u m  p r e p a r e d  with 0.45 p m  milli- 
pore  f i l tered habi ta t  water;  however,  espec ia l ly  when  the fauna associa ted  with decay-  
ing macrophy te  mater ia l  ("Aufwuchs"  fauna) was targeted ,  agar  layers  p r e p a r e d  with 
habi ta t  wate r  but  wi thout  nutr ient  addi t ions  y ie lded  similar  results. A 0.7 to 0.8 % aga r  
(percen tages  are  exp res sed  as weight  pe rcen tages )  was commonly  used, s ince most  ne-  
ma todes  encoun te red  in our samples  easi ly  pene t r a t e d  this aga r  concentrat ion,  whi le  in- 
c reas ing  concentra t ions  p roh ib i ted  pene t ra t ion  and m o v e m e n t  of p rogress ive ly  more 
species.  Still lower  aga r  concentra t ions  (0.2 to 0.5 %) further  faci l i tated m o v e m e n t  of ne-  
ma tode  species  sensi t ive in this respect ,  but  usual ly  could not be kept  longer  than  two or 
three  weeks ,  a per iod  dur ing  which  they tu rned  almost  comple te ly  fluid as a result  of the 
microbial  growth  in the agar.  Typically, 12 to 15 ml of aga r  were  poured  in a Petri  dish 
(9 cm in diam.). Thicker  layers  of agar  were  unsui table ,  because  nema todes  pene t r a t i ng  
d e e p e r  down t e n d e d  to become t r a p p e d  and  died.  

After  one or a few days,  a var iable  fauna  and  microflora e m e r g e d  from the inocula ted  
mater ia l  and  colonized the sur rounding  agar.  Blooms of the most a b u n d a n t  species  pre-  
sent  in the inoculum were  almost  invar iab ly  ref lected in the spot  plates  as well,  bu t  were  
often overgrown within days  or a few w e e k s  by one or a few opportunis t ic  species;  this 
he ld  for diatoms, ciliates, nematodes ,  and  harpacticoi 'd copepods ,  and  p robab ly  for o ther  
fauna and  microflora,  too. 

A var ie ty  of spec ies  thr ived  well  on spot  plates,  i.e. they  r ema ined  act ive and  fed for 
up to two or three  months.  Egg  depos i t ion  (or depos i t ion  of juveni les  in the  case  of ovo- 
viviparous  nematodes) ,  e g g  hatch, and  (partial) ma tura t ion  have  been  no ted  for, i.a., 
18 species  l is ted in Vranken  (1985) and  for Daptonema setosum, Metadesmolaimus sp., 
T~eristus acer*, Praeacanthonchus punctatus, Metachromadora remanei, Calyptronema 
maxwebefi, Spflophorella sp., Dichromadora cephalata *, D. geophila, Ptycholaimellus 
ponticus, Chromadora macrolaima, Hypodontolaimus balticus, Leptolaimus papilliger, 
Sphaerolaimus gracilis, Anoplostoma v~v~parum *, Oncholaimus oxyuris *, and  Adoncho- 
laimus fuscus, and  for the  species  now in cont inuous  cul ture  (see Table 2) (the p resen t  
study). Ten out of the 18 spec ies  l is ted by  Vranken  also d e v e l o p e d  in our spot  p la tes  (those 
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m a r k e d  with ", and  Geomonhystera disjuncta, Monhystera parva, Diplolaimella dieven- 
gatensis, Monhystrella parelegantula, Pellioditis marina, and  Chromadora nudicapitata). 
Yet more spec ies  b e h a v e d  act ively but  did  not r eproduce  in spot plates.  

S e t t i n g  u p  a n  a g n o t o b i o t i c  c u l t u r e  

The spot  p la te  se tup was used  for observat ions  of feeding  behav iour  a n d  p re fe rences  
(Moens & Vincx, 1997) as a basis  for se lec t ing  food types  for more  speci f ic  cul ture 
a t tempts .  Some radio t racer  feed ing  exper imen t s  (modified after Lee et al. ,  1966, 1970; 
Tiet jen et al., 1970) were  performed,  but  often y ie lded  conflicting results .  In genera l ,  
s ingle food organisms  se lec ted  in this way  p roved  i na de qua t e  to susta in  r ep roduc t ion  of 
any  nema tode  species  (see also Ban et al., 1997, for s imilar  results with copepods) .  Nema-  
tode spec ies  to be further cul t iva ted  were  se lec ted  on the basis  of their  ac t iv i ty  in the  spot 
plates.  If avai lable ,  small  spots domina ted  by one nema tode  species  or wi th  c lear  in situ 
reproduc t ion  were  t ransferred to se lec ted  m e d i a  (see below). Micro-organ i sms  cotrans-  
fer red  se rved  as the puta t ive  food. Cot ransfer red  nema todes  be long ing  to o ther  than the 
target  spec ies  were  r emoved  under  the s tereomicroscope.  If fewer  than,  for example ,  
25 nema todes  of the same species  were  p re sen t  in the inoculum, more ind iv idua l s  were  
h a n d - p i c k e d  from the spot plates,  r insed twice in 0.22 12m mill ipore f i l te red  habi ta t  
water,  and  added .  

Initially, only species  which were  obse rved  to feed  p redominan t ly  on bac t e r i a l  aggre -  
ga tes  or on unicel lu lar  a lgae  were  selected.  For the latter, 0.6 to 0.8 % b a c t o - a g a r  layers  
were  p r e p a r e d  with modif ied  Klllian m e d i u m  or with Erdschre iber  me d ium,  because  
these  two m e d i a  suppor t ed  the bes t  growth  of a var ie ty  of microa lgae  (see also Lee et al., 
1970). 

Initial a t tempts  at cul t ivat ing mainly  bac te r i a - f eed ing  nematode  spec ies  wi th  single 
amino acid (glycin) or ca rbohydra te  (glucose) addi t ions  or with V l a s b l o m m e d i u m  (Vran- 
ken  et al., 1984) a d d e d  to bac to - aga r  layers  fai led to sustain cont inuous  r ep roduc t ion  of 
any  of the n e m a t o d e s  tested.  The three  n a m e d  addi t ions  often caused  excess ive  bac te-  
rial growth,  resul t ing in a high n e m a t o d e  mortality. On the other  hand,  b a c t o - a g a r  layers  
enr iched  only with Killian nutr ient  m e d i u m  and  sterols suppor t ed  too l imi ted  a bac te r ia l  
growth  to susta in  a high level  of reproduc t ion  of most  of the spec ies  tested.  Only  for Lep- 
tolaimus papilliger and  for Monhystrella parelegantula did this med ium y ie ld  gene ra t ion  
t imes similar  and  - only for L. papilliger- densi t ies  comparab le  to those o b s e r v e d  in nu- 
t r ient  aga r  enr iched  (see further) media .  Cont inuous  reproduct ion  of Diplolaimella die- 
vengatensis, Geomonhystera disjuncta, Pellioditis marina, Panagrolaimus sp. 1, and  Di- 
plolaimelloides meyli was ob ta ined  on aga r  layers  p r e p a r e d  with V l a s b l o m m e d i u m  but  
with a lower  glycin concentra t ion  and  with the addi t ion  of cholesterol.  However ,  for the  
former three  species,  the dens i t ies  ob ta ined  were  far lower  than  those p rev ious ly  repor-  
t ed  unde r  a lmost  ident ical  cul ture  condi t ions (Vranken, 1985; Vranken  et al., 1984). 

Eventually,  the bes t  results  were  ob t a ined  with  aga r  layers  p r e p a r e d  of mixtures  of 
bacto  and  nut r ien t  aga r  (both from DIPCO) in w e i g h t / w e i g h t  ratios of 10/1 to 3/1. These  
suppor t ed  a h igh  but  not excess ive  bac te r ia l  growth,  and  a p p e a r e d  per fec t ly  su i ted  for 
the  cul t ivat ion of Aufwuchs  species ,  espec ia l ly  those  be long ing  to the famil ies  Rhabdi t i -  
dae,  Panagro la imidae ,  and  Monhys te r idae .  Initially, these  mixed  bac to -nu t r i en t  aga r  
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Table 2. List of nematodes  currently in continuous agnotobiotic culture in the present  authors '  labo- 
ratory, with details on origin, culture medium and  associated organisms. ~ All populations originate 
from the Westerschelde Estuary, except this particular P. marina population which was isolated from 

the west coast of Zanzibar, eastern Africa. (*) The composition of these media is g iven in Table 1 

Species Source Habitat  Substrate conc. Nutrient Associate 
(%) additions organisms 

Diplolaimefloides Walsoorden dead  Spart ina B/N 4/1 1 none bacter ia  
meyli leaves 

Diplolaimella Walsoorden dead  Spart ina B/N 4/1 1 none bacter ia  
dievengatensis leaves 

h4onhystera sp. Paulina Salicornia B/N 4/1 1 none bacteria 
roots 

Geomonhystera Walsoorden Fucus B/N 4/1 0.8 none bacteria 
disjuncta serratus 

Monhystera Paulina Enteromorpha  B/N 10/1 0.6 Erdschrei- see text 
parva ber (") 

Monhystrella Paulina Enteromorpha B/N 10/1 0.8 Erdschrei- bacter ia  
parelegantula bet  {" ) 

Pellioditis Walsoorden Fucus B/N 4/1 1 none bacteria 
marina serratus 

Pellioditis Zanzibar~ sandy B/N 4/1 1 none bacteria 
marina sediment  

Pellioditis Paulina Spart ina B/N 4/1 1 none bacter ia  
marina roots 

Panagrolaimus Walsoorden dead Spartina B/N 4/1 1 none bacteria 
sp. 1 leaves 

Panagrolaimus Paulina Fucus B/N 4/I 1 none bacteria 
sp. 1 serratus 

Panagrolaimus Paulina dead  Spart ina B/N 4/1 1 none bacteria 
sp. 2 leaves 

Chromadora Paulina dead  Spart ina B/N 10/1 0.8 Erdschrei- see text 
nudicapitata leaves ber  ( * ) 

Leptolaimus Paulina sediment  B/N 10/1 0.8 Killian bacteria, 
papilh'ger medium (') ciliates, 

flagellates 

l a y e r s  w e r e  p r e p a r e d  in  m o d i f i e d  Ki l l i an  m e d i u m ,  b u t  so fa r  w e  h a v e  b e e n  a b l e  to omi t  

th i s  e x t r a  n u t r i e n t  e n r i c h m e n t  w i t h o u t  ill c o n s e q u e n c e s  for e i g h t  ou t  of 11 s p e c i e s  t e s t e d  

(see T a b l e  2). Two of t h e  t h r e e  r e m a i n i n g  n e m a t o d e s  f e e d  o n  a m i x e d  d ie t  of b a c t e r i a  a n d  

m i c r o a l g a e  (see be low) ,  a n d  t h e  t h i r d  w a s  los t  f r o m  c u l t u r e  a f t e r  on ly  two  g e n e r a t i o n s  o n  

b a c t o - n u t r i e n t  a g a r  l a y e r s  d u e  to a f u n g u s  i n f ec t i on .  S te ro l s  a r e  p r e s e n t  as i m p u r i t i e s  in  

t h e  n u t r i e n t  a g a r  p o r t i o n  a n d  c o n s e q u e n t l y  do  n o t  h a v e  to b e  a d d e d  s epa ra t e ly .  W e  a lso  

r e p l a c e d  t h e  h a b i t a t  w a t e r  b y  ar t i f ic ia l  s e a w a t e r  of s a l in i t i e s  c o r r e s p o n d i n g  to t h e  a v e r -  
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a g e  s a l i n i t i e s  in  t h e  s a m p l i n g  s t a t ions .  T h i s  f u r t h e r  i m p r o v e d  our  c u l t u r e  r e su l t s  (see 

T a b l e  3), m o s t l y  b e c a u s e  it s t r o n g l y  r e d u c e d  t he  o f t e n  h i g h  va r i ab i l i t y  b e t w e e n  s u b s e -  

q u e n t  s u b c u l t u r i n g  e v e n t s .  T h e  W e s t e r s c h e l d e  is a v e r y  e u t r o p h i c  es tuary ,  a n d  d i f f e r e n -  

c e s  in  t h e  o r g a n i c  l o a d  of t h e  w a t e r  m a y  h a v e  b e e n  r e s p o n s i b l e  for t he  o b s e r v e d  v a r i a -  

bility, b y  t r i g g e r i n g  d i f f e r e n t  b a c t e r i a  p r e s e n t  in  t he  s tocks  to d o m i n a t e  t h e  a g a r  l ayers .  

Poor  n e m a t o d e  g r o w t h  i n d e e d  o f t e n  a p p e a r e d  r e l a t e d  to bac t e r i a ,  r a r e  in  t h e  s t o c k  cul -  

tu res ,  o v e r g r o w i n g  t h e  s u b c u l t u r e s .  

A t t e m p t s  w e r e  m a d e  to c u l t i v a t e  t h e  f o l l o w i n g  p r e d o m i n a n t l y  d i a t o m - f e e d i n g  spe -  

cies:  Daptonema setosum, Theristus acer, Monhystera parva, Dichromadora sp.,  Chro- 
madora nudicapitata, Hypodontolaimus balticus a n d  Ptycholaimellus ponticus, o n  a g a r  

l a y e r s  w i t h  a v a r i e t y  of u n i d e n t i f i e d  d i a t o m s ,  u n i c e l l u l a r  c h l o r o p h y t e s  a n d  b a c t e r i a  as  

food.  Of t h e s e ,  on ly  C. nudicapitata and /V/ ,  parva w e r e  e s t a b l i s h e d  in f a i r ly  d e n s e ,  con -  

t i n u o u s  c u l t u r e s  o n  agar ,  in i t ia l ly  p r e p a r e d  w i t h  Ki l l ian  m e d i u m ;  t he  soil  e x t r a c t  p o r t i o n  

h a s  b e e n  o m i t t e d  w i t h o u t  ill e f fec t s  (Tab le  3). O r g a n i s m s  a s s o c i a t e d  w i t h  c u l t u r e s  of t h e  

f o r m e r  n e m a t o d e  a r e  a e u g l e n o i d  f l age l l a t e ,  a u n i c e l l u l a r  c h l o r o p h y t e  ( b o t h  as  ye t  

u n i d e n t i f i e d ) ,  t h e  d i a t o m  Cylindrotheca closterium ( t h o u g h  at  ve ry  low d e n s i t i e s )  a n d  

Table 3. List of nematodes  currently in continuous agnotobiotic culture in the present  authors '  labo- 
ratory, with details on the n u m b e r  of subsequent  generat ions obtained and on min imum generat ion 

times under  the abiotic conditions specified. 

Species T (~ Salinity Culture Approximate Appr. min Max. 
period n u m b e r  gen. t ime density 

(months) of generat ions (days) (per ml) 

Diplolaim eHoides 20 15 80 
mey1i 

DiplolaimeHa 20 25 54 
dievengatensis 

Geomonhystera 18 25 36 
disjuncta 

Monhystera sp. 20 25 41 

Monhystera parva 18 25 5 

Monhystrella 25 25 6 
parelegantula 

Pellioditis marina 20 15 50 

Pellioditis marina 25 30 26 

Peflioditis marina 20 25 5 

Panagrolaimus sp. 1 20 15 57 

Panagrolaimus sp. 1 20 25 6 

Panagrolaimus sp. 2 20 25 30 

Chromadora 18 25 34 
nudicapitata 

Leptolaim us 20 25 11 
papilliger 

150 11 > 1000 

125 10 > 1000 

75 9 > 1000 

90 12 > 1000 

8 14 100>x>10 

10 13 > 100 

250 4 > 400 

130 4 > 600 

20 4 > 600 

240 n.d. > 1000 

20 n.d.  > 1000 

60 n.d. > 100 

60 15 100 

20 n.d. 50>x>10  
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unident i f ied  bacter ia ;  wi th  the la t ter  they  are C. closterium, a unicel lular  ch lorophyte  and  
unident i f ied  bacter ia .  Observat ions  showed  that  f eed ing  activity in these cul tures  (de- 
t e rmined  from observat ions  of oe sophagea l  contractions) was a imed  more at bac te r ia  or 
d issolved subs tances  than  at  the  associa ted  microalgae .  At tempts  to e l iminate  the  micro-  
a lgae  by da rk  incubat ions ,  however,  invar iab ly  failed: nema todes  became  inact ive  and 
d ied  from the second  genera t ion  onwards.  On the other  hand,  addi t ion of E. colt lysate  at 
a dens i ty  of 109 cells.m1-1 to s tarved cul tures  of both  species  immedia te ly  t r iggered  
growth  and  new reproduct ion.  However ,  here  too, cul tures  r ea red  on the bac te r ia l  lysate  
as the  sole diet  {but with a sterol addit ion) d ied  out from the second  genera t ion  onwards .  
These  observat ions  are  sugges t ive  of a mixed  bac te r i a /mic roa lgae  diet  for C. nudicapi- 
tata and  M. parva, with the  microa lgae  p robab ly  p rov id ing  an essent ia l  nutr i t ional  factor. 
Vranken  (1985) a l r eady  successful ly cul t ivated both  species  on a diet  of mic roa lgae  (five 
spec ies  of d ia toms and  the chlorophyte  Dunah'ella salina) and unident i f ied  bacter ia .  

Three  consecut ive  genera t ions  of Dichromadora sp. were  reared,  but  fi tness (deter-  
m i n e d  from size, activity, food uptake ,  and  reproduct ion)  of the p rogeny  d e c r e a s e d  from 
genera t ion  to genera t ion ,  and  third genera t ion  adul ts  were  unab le  to reproduce .  Also, 
d ia tom associat ions  inocula ted  toge ther  with the nema todes  t ended  to become  over- 
g rown by one or two opportunis t ic  species  (esp. Cylindrotheca closterium and  an  un iden-  
tiffed chlorophyte)  which  a p p e a r e d  less sui table  for sus ta in ing growth of Dichromadora 
sp.. Cul t iva t ing  the micro-organisms sepa ra te ly  in l iquid cultures and sp read ing  t hem on 
aga r  layers  a few days  before  these are  inocula ted  with nema todes  (Lee et al., 1970; Vran- 
ken,  1985) may  la rge ly  overcome these  difficulties. One  genera t ion  of H. balticus and  of 
P. ponticus was reared ,  but  here  too, the  resul t ing adul ts  were  not reproduct ive ly  active. 
Daptonema setosum and  T. acerdeposited eggs  which  all ha tched,  but  the juven i l es  ma- 
tured  only to the second  and  third or fourth s tage,  respectively.  

One  p redominan t ly  c i l ia te- feeding nematode ,  Tripyloides gracflis (Moens & Vincx, 
1997), was isola ted  and ma in ta ined  xenica l ly  in bac to-nu t r ien t  aga r  layers p r e p a r e d  with 
Killian medium,  toge ther  with unident i f ied  bac te r ia  and  three ciliate species.  Tnpyloides 
gracilis was a r egu la r  but  slow colonizer  of spot  plates ,  and  read i ly  depos i t ed  eggs  in the 
agnotobio t ic  plates .  Egg  ha tch  was vir tual ly 100 %, and  all juveni les  were  act ive for at 
leas t  severa l  days.  Maturat ion,  however ,  was comple t ed  in only seven out of 42 obse rved  
juveni les ,  and  only one of these  a p p e a r e d  reproduc t ive  (female; copulat ion with  a male  
from the init ial  inoculum, and deposi t ion  of four eggs).  In most  other  juveniles ,  deve lop-  
men t  s topped  or r e t a rded  at  the J3 stage.  

At tempts  to cul t ivate p reda to ry  nema todes  focused  on Oncholaimus oxyuris, Adon- 
cholaimus fuscus (both facultat ive predators ,  Moens  & Vincx, 1997), Enoploides longi- 
spiculosus, E. spiculohamatus, and  Sphaerolaimus gracih's. Adul ts  of all five spec ies  were  
in t roduced  in xen ic  cultures of Diplolaimefloides mefl i  with unident i f ied  bacter ia .  All  five 
were  active and  fed on D. meyli for per iods  of a few days  to several  months.  Only  in S. 
gracilis was morta l i ty  fol lowing inocula t ion h igh  (up to 40 %). Small  incisures  in the  aga r  
surface in front of each  inocula ted  S. gracilis fac i l i ta ted  their  pene t ra t ion  of the  substrate ,  
impor tant ly  cont r ibut ing  to initial survival  rates.  Of 43 eggs  depos i ted  in one Petri  dish, 
29 hatched.  S e v e n  juveni les  ma tu red  to J4 or adul t s  within 35 days,  but  the p r o g e n y  were  
s ignif icant ly smal le r  than normal  adul ts  and  d id  not  reproduce .  

Nei ther  Enoploides species  depos i t ed  eggs  dur ing  our exper iments  or in spot  plates,  



126 T. Moens & M. Vincx 

al though egg-carrying females were always present  and  often remained  active for up to 
three months.  A remarkable  reproductive success was obta ined in one exper iment  with 
A. fuscus. One adult  female and  one male were transferred to a spot plate inocula ted  with 
small parts of dead Spartina anglica leaves. The p redominan t  meiofauna associated with 
the leaves were D. meyli and some unident i f ied foraminiferans; the latter showed a high 
mortality rate from the start of the incubation.  Other associated organisms present  were 
two diatom species, at least one ciliate species, some flagellates, and several  unident i f ied 
bacteria. Shortly after the start of the experiment,  the female A. fuscus deposi ted eggs 
in small groups. Since most of the egg masses were deposited near  or on  the Spartina 
leaves, they could not be accurately counted. However, juveni les  emerged  from seven 
days onwards,  and  no less than 25 juveni les  out of 29 observed matured  to J4 or adults 
within 49-55 days (i.e. from egg-deposi t ion to adult/J4). During this period, they were ob- 
served to feed in several ways, inc luding active predat ion on D. meyli, scaveng ing  on 
dead foraminiferans,  and ingest ion of either microparticles or dissolved substances  
(Moens et al., unpubl.) .  Upon subsequen t  transfer of the result ing J4/adul ts  to bacto-agar  
layers enr iched with Killian medium and  inoculated with autoclaved dead  Spartina 
leaves, with unident i f ied bacteria from the habitat  and  with D. meyli, no reproduct ion 
was obtained.  

Twenty O. oyuris were inoculated in cultures of D. meyli on bacto-nut r ient  agar. The 
inoculated worms were washed only once in 0.45 pm milhpore filtered habi ta t  water. One  
ciliate and  one or two euglenoid  flagellate species, as well as some unident i f ied  bacteria, 
were accidental ly cointroduced. Since from a previous study (Heip et al., 1978), we anti- 
cipated long genera t ion  times and consequent ly  a need  for a regular  m a n u a l  transfer of 
individuals  to new med ium (which often causes increased mortality), an exper imenta l  se- 
tup was des igned  with concentric partitions. For this purpose, we simply removed the 
bottom of a 5- and  a 9-cm ~ plastic Petri dish, and brought  the remain ing  "rings" in the 
center  of a 14-cm ~ Petri dish. Agar was poured into the dish so that it reached exactly 
the same level within the three borders. The initial inoculat ion was within the inner  5-cm 
ring, and as soon as this central zone began  to turn liquid, the partition was removed with 
sterile forceps. The nematodes  then gradual ly started colonizing the su r round ing  agar 
zone. The O. oxyuris were manual ly  placed into the new medium; a large par t  of the "old" 
culture was removed to temper  the growth of the associated organisms, a nd  was repla- 
ced with new  medium. The same procedure was repeated  with the second, 9-cm ~ ring. 
In this setup, we were able to raise three consecutive generat ions  of O. oxyurs. Third ge- 
nerat ion adults  (the inoculum is not inc luded as a generat ion)  were then transferred to a 
second, similar concentric plate setup, but  did not further reproduce. 

L o n g - t e r m  s t o r a g e  of e s t u a r i n e  n e m a t o d e  c u l t u r e s  

Once culture conditions for a nematode  species have been  optimized, sus ta in ing 
stocks becomes  largely a routine matter, t ime-consuming  though it may be. Species with 
short genera t ion  times and  a high reproductive capacity, such as P. marina, D. meyli, 
D. dievengatensis, G. disjuncta, Monhystera sp., and  Panagrolairnus sp. 1 have to be 
timely transferred to new medium. This was routinely done by aseptically t ransferr ing 
small pieces of a densely  populated culture to a ne w  bacto-nutr ient  agar  layer, preferen-  
tially every two weeks for R marina and  approximately every four weeks  for the other 
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mainly bacterivorous species in our cultures. Chromadora nudicapitata and M. parva may 
be subcul tured every two months. Occasional introductions of fungi or airborne bacteria 
may be detr imental  to a culture, and  an unduly  delayed renewal  of the culture med ium 
may at times cause an otherwise rare associated organism to colonize the agar with ill 
consequence  for the target nematodes.  

Furthermore,  in s tudying the abiotic preferences of some of the species we have con- 
t inuously cult ivated for several  years, we have b e e n  confronted with adaptat ion to the 
specific culture conditions. A P. marina populat ion isolated on Zanzibar  in July 1995 and  
permanent ly  cult ivated from the following October onwards, initially had the shortest 
genera t ion  time at 28-32~ (Moens, unpubl.) ,  but  by August  1997 had that same gene-  
ration time at 23-27 and at 18-25~ for cultures kept  at 25 and 18~ respectively, 
throughout  that period (Moens & Vincx, in prep.; Vancoppenolle et al., in press). 

A prel iminary exper iment  on the storage of four nematode  species at -80 ~ was per- 
formed following protocol outl ined for C. elegans (Lewis & Fleming, 1995). Briefly, 300 ~l 
ahquots of D. meyli, D. dievengatensis, P. marina, and Panagrolaimus sp. 1 in ASW har- 
vested from the surface of densely populated cultures containing all life stages, were 
vol/vol diluted with a solution of 30 % glycerol in aq. dest. and stored frozen to -80 ~ 
Single replicates were taken from the freezer after one day, one week, and  one month,  
rapidly thawed and  transferred to the surface of a bacto-nutr ient  agar layer. After accli- 
mation to the preferred culture temperature,  regular  observations were made  of recovery 
and ability to reproduce in individuals  so treated. The best survival was noted in D. die- 
vengatensis, followed by Panagrolaimus sp. 1. In the former species, a majority of juve-  
niles and some adults survived and  gave rise to new cultures. Only J1 and  J2 larvae of 
Panagrolaimus sp. 1 survived, and matured  to normally reproductive adults. All adults 
and a majority of juveni les  of R marina died, but  juveni les  present  in the female uterus  - 
the populat ion studied was ovoviviparous - readily emerged from the dead adults  and  
developed to normally reproductive individuals.  Less than 2 % of the D. meyli larvae sur- 
vived the treatment,  but  were subsequent ly  unab le  to give rise to new cultures. However, 
few J1 and  J2 were present  in the inoculum, and  D. meyli appeared particularly sensit ive 
to the remnants  of the glycerol. The remain ing  glycerol may be directly toxic to the nema-  
todes, and  may also cause an excessive growth of associated bacteria w h e n  spread on 
bacto-nutr ient  agar  layers. It is therefore advisable not to directly pipet the thawed 
sample onto an  agar  layer, but  to first filter and  rinse it to remove most of the glycerol. In 
general,  it can be concluded that adult  nematodes  poorly survive the treatment,  but  that 
mainly first and  second stage juveni les  are variably tolerant and remain viable. No sig- 
nificant differences were observed be tween  the different storage times. 

DISCUSSION 

A g n o t o b i o t i c  m a i n t e n a n c e  a n d  c u l t i v a t i o n  

A large body of li terature exists on the systematics and  ecology of free-l iving mar ine  
and brackish-water  nematodes.  Nevertheless,  key quest ions as to the nature  and  magni -  
tude of interactions be tween  nematodes  and  other organisms in the benthic food web  re- 
main unanswered .  Methodological  constraints to the work with live nematodes  have cau- 
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s e d  a g e n e r a l  focus  on  d e s c r i p t i v e  s t u d i e s  d e a l i n g  w i t h  p r e s e r v e d  s e d i m e n t  s a m p l e s .  

C o m p a r a t i v e l y  f ew  a u t h o r s  h a v e  i n v e s t i g a t e d  l ive n e m a t o d e s  in  t r a c e r - a i d e d  food  w e b  

s t u d i e s  or in  l a b o r a t o r y  e x p e r i m e n t s  d e a l i n g  w i t h  t h e  r e s p o n s e  of t h e s e  n e m a t o d e s  to a 

v a r y i n g  e n v i r o n m e n t .  It is m a i n l y  for  t h e  l a t t e r  p u r p o s e  t h a t  a t t e m p t s  h a v e  b e e n  m a d e  to 

m a i n t a i n ,  r e a r  a n d  c u l t i v a t e  s e l e c t e d  spec i e s .  

P e r h a p s  t h e  f i rs t  m e n t i o n  of a n  e s t u a r i n e  n e m a t o d e ' s  " c u l t u r e "  w a s  b y  C h i t w o o d  & 

T i m m  (1954), w h o  k e p t  Pellioditis marina ( fo rmer ly  Rhabditis marina) o n  n u t r i e n t  a g a r  

l a y e r s  p r e p a r e d  w i t h  f i l t e r ed  h a b i t a t  w a t e r  or  e v e n  w i t h  t ap  wa te r ,  in  w h i c h  t h e  s p e c i e s  

t e m p o r a r i l y  s u r v i v e d .  L o n g - t e r m  c u l t u r e  u n d e r  c o n t r o l l e d  c o n d i t i o n s  w a s  for  t h e  f irst  t i m e  

a c h i e v e d ,  no t  su rpr i s ing ly ,  w i t h  t w o  m e m b e r s  of t h e  M o n h y s t e r i d a e ,  Geomonhys tera  dis- 
juncta  ( fo rmer ly  Monhys tera  disjuncta) a n d  Diplolaimelloides schneideri,  e s t a b l i s h e d  in 

c u l t u r e  on  a s i m p l e  b a c t o - a g a r  p r e p a r e d  w i t h  h a b i t a t  w a t e r  a n d  to w h i c h  o a t m e a l  or co rn -  

m e a l  w a s  a d d e d  ( C h i t w o o d  & M u r p h y ,  1964). 

Table 4. A resume of marine and brackish-water  nematodes  which have been cult ivated for at least 
five consecutive generations,  with details on the substrate, culture media, and  min imum generat ion 
times. Tgen. = minimum generat ion time; mean  (minimal) reported values be tween  identical stages 
of two subsequent  generat ions are given, but slight differences may occur depend ing  on the stage 
used for reference, n.d. = not determined,  n.s. = not specified in the original paper. * no regular  ob- 
servations were made, but in one exper iment  evidence was given for a completion of a generat ion 
in less than 23 days. * * minimum generat ion time not directly deterrmned but  calculated from the 
net  reproductive rate per generat ion and  ins tantaneous  rate of maximum increase. *"" small pieces 

of agar  in a layer of habitat  or artificial water  were used. ~" with the addition of fungal mycelia 

Nr. Species Tgen. Sub- Salinity Tempe- Reference 
mean  strate rature 
(min.) (~ 

1 Diplolaimella chitwoodi n.d. liquid n.s. 

2 Diplolaimella dievengatensis 10.2 (?) agar  20 

3 Diplolaimella ocellata 29 (22) agar  

3 Diplolaimella ocellata 6 (5) agar  

4 Diplolaimella schneideri 40 {?) agar  

5 Diplolaimefla bruciei 5.5 (?) hquid 

6 Diplolaimella oschei 29 (23) agar  

7 Diplolaimella islandica 31 (24) agar  

8 Diplolaimelloides sp. 4 (4) agar  

9 Geomonhystera disjuncta 30 (?) agar  

9 Geomonhystera disjuncta 23 (18) agar  

9 Geomonhystera disjuncta 12 (8) agar* ~ * 

9 Geomonhystera disjuncta 8.6 (?) agar  

n.s. Findlay (1982) 

20 Vranken  et al. 
(1984) 

15 20-22 yon Thun  (1968) 

15 30 Hopper  et al. (1973) 

sea 20-24 Chitwood & 
water  Murphy  (1964) 

26 30 Warwick (1981b) 

20 20-22 von Thun {1958} 

15 20-22 yon Thun (1968} 

15 33 Hopper  et al. {1973} 

sea 20-24 Chitwood & 
water  Murphy  (1964) 

5 20-22 von Thun  {1968) 

32 17-22 Ger lach  & 
Schrage (1971) 

30 17 Vranken  et al. 
(1984} 
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Table 4 (Continued)  

Nr. Species  Tgen.  Sub- Sahnity Tempe-  
m e a n  strate ra ture  
(min.) (~ 

Refe rence  

10 Monhystera filicaudata 29.5 (24) l iquid es tuar ine  20-25 

10 Monhystera denticulata 10 (8) agar  26 25 

11 Monhystera parva 8.8 (?) agar  

11 Monhystera parva 11.5 (?) agar  

12 Monhystrella parelegantula <30 (23)" agar  

12 Monhystrella parelegantula 8.9 (?) agar  

13 Theristus pertenuis 

14 Pellioditis marina 

14 Pellioditis marina 

14 Pellioditis marina 

14 Pellioditis marina 

14 Pellioditis marina 

15 Chromadora axi 

16 Chromadora 
ma crolaim oides 

17 Chromadora nudicapitata 

17 Chromadora nudicapitata 

17 Chromadora nudicapitata 

18 Chromadora quadnlinea 

19 Chromadora sp. 

20 Chromadorina germanica 

21 Chromadorita tenuis 

21 Chromadorita tenuis 

22 Neochromadora 
poedlosomoides  

23 Leptolaimus papill iger 

24 Paracanthonchus caecus 

25 Eudu'plogaster pararmatus 

30 22 

20 20 

sea  n.s. 
wa te r  

30 25 

23 (19) a g a r * ' *  32 17-22 

4.5 (4.5) agar  25 25 

1.5 (1) agar  15 33 

3.5 (3) n.s. n.s. room T ~ 

20 (14) agar  25 5 

4.5 (4) agar  20 25 

n.d. agar  n.s. n.s. 

22 (18) agar /  26 25 
l iquid 

13 (?) n.s. n.s. 20 

9.7 (8.5) agar  30 22 

14 (12.5) agar  20 20 

n.d. agar  n.s. n.s. 

n.d. agar  n.s. n.s. 

12 (?) * * l iquid 26 25 

26 (19) agar  15 20-22 

20 (?) agar  6 18 

21.7 (17.5) agar  30 20 

n.d. agar  n.s. n.s. 

51.1 (46) agar  20 20 

21 (?) agar  5 21 

Tiet jen (1967) 

Tiet jen & Lee 
(1972) 

Vranken  (1985) 

Vranken  (1985) 

H o p p e r  & Meyer s  
(1966) 

Vranken  et  al. 
(1981) 

Ger lach  & Schrage  
(1971) 

Tiet jen et  al. (1970) 

Hoppe r  et  al. (1973) 

Sudhaus  (1974) 

Bergholz  & 
Brenn ing  (1978) 

Vranken  & Heip  
(1983) 

Lee et al. (1970) 

Tiet jen & Lee 
(1973) 

Warwick  (1981a) 

Vranken  (1985) 

Vranken  (1985) 

Lee et  al. (1970) 

Lee et  al. (1970) 

Tiet jen & Lee 
(1977) 

yon T h u n  (1968) 

J e n s e n  (1983) 

Vranken  1985 

Bouwrnan  et  al. 
(1984a) 

Heip  et  al. (1985) 

Romeyn  et  al. 
(1983) 
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The purpose  of these authors, as in many  later works with laboratory-reared nema-  
todes, was to study the inf luence of env i ronment  (here temperature) on the reproduction 
of mar ine  nematodes.  Although a review and discussion of this par t icular  aspect is 
beyond the aim of the present  paper, one cannot  help but  noticing two impor tant  features 
related to this topic. First, it is clear that nematodes  can sometimes be cul t ivated for long 
periods (Chitwood & Murphy, 1964; Bergholz & Brenning,  1978; Table 4) u n d e r  condit ions 
which, not taking into account  tempera ture  or salinity, are suboptimal.  The  specific cul- 
ture condit ions greatly inf luence the populat ion parameters  so deduced.  For example,  the 
first estimates of the min imum genera t ion  times of Monhyster idae were about  fivefold 
those found later under  optimal conditions, a l though experiments  were conduc ted  under  
a similar tempera ture  and  salinity regime (Table 4). Secondly, while it has b e e n  genera l ly  
accepted that large-sized enoplid nematodes  have long genera t ion  times, Le. in the 
order of several  months to two years, our results on Oncholaimus oxyuris a n d  Adoncho- 
laimus [uscus as well as previous data on Enoplus parafittoralis and  Oncholaimus sp. 
(Hopper et al., 1973) support the idea that, unde r  optimal conditions, these nematodes  
are capable of complet ing an entire genera t ion  in one to two months. As such, they may 
react in a rather more versatile way to optimal env i ronmenta l  conditions than  previously 
suspected, and  since many  among  them are facultatively or mainly predatory species 
(Moens & Vincx, 1997, and references herein), their impact on other benth ic  organisms 
may potentially be much greater. 

Among the reports deal ing with laboratory-kept  nematodes,  a s ignif icant  fraction 
concerned the ma in t enance  and  rearing of one to three generat ions  of a species, but  not 
their actual cultivation. We have summarized  those reports which we consider  to be cul- 
tures in the above sense of the word (see terminology) in Table 4. In general ,  some indi- 
cation of the n u m b e r  of generat ions  should be available; we have, however, also inc luded 
less documented  cases if they concerned species which have successfully b e e n  cultiva- 
ted under  similar conditions elsewhere. Nematodes  of which less than five consecutive 
generat ions  were raised or where  insufficient information is available to decide upon  the 
distinction be tween  ma in t enance  and  cultivation are listed in Table 5. Most nematodes  
have been  main ta ined  or cultivated unde r  agnotobiotic conditions. It will be obvious even 
from a brief glance at Table 4 that the cult ivated species constitute a fraction not re- 
presentat ive of a typical mar ine  or brackish-water  nematode  community,  but  strongly 
biased towards species of so-called Aufwuchs communities.  Out of a total of only just 
under  30 species that have truly been  cultivated, 16 belong to the family Monhyster idae,  
with six, three, at least three, one, and  one representat ives of the gene ra  Diplolairnel- 
loides, Diplolaimella, NIonhystera, Geomonhystera, and  Monhystrella, respectively; a 
further three are rhabditids, a group that in terms of species diversity is extremely poorly 
represented  in the marine environment .  Several of these species have b e e n  isolated from 
vastly different areas and  cult ivated by different researchers. All these species, and  The- 
ristus pertenuis (belonging to the order Monhysterida,  but  to the family Xyahdae),  can be 
considered deposit  feeders inges t ing main ly  bacteria, microalgae, and /or  other  similarly 
sized particles (Wieser, 1953; Jensen,  1987; Moens & Vincx, 1997). The remainder  are 
mainly epis tratum feeders, which use their buccal  armature  to scrape off small  particles 
- mainly  microalgae - from a substrate; these particles are then pierced a nd  their con- 
tents inges ted  (Wieser, 1953; Jensen,  1982, 1987; Moens & Vincx, 1997). Nine  of these 
species have been  cultivated, among  which no less than five be longing  to the genus  
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Chromadora, three  others to the closely related genera  Chromadorita, Chromadorina, 
and Neochromadora, and finally Eudiplogaster pararrnatus. Here  too, some nematodes  - 

e . g .C ,  nudicapitata - can be considered fairly typical Aufwuchs species. 

Extremely few typically benthic species have  been  cul t ivated under  control led con- 
ditions. Leptolaimus papilliger was cul t ivated in agar  layers for 18 months (Bouwman et 

al., 1984a), but no further specifications were  g iven  about the culture methods  used. We 
cult ivated the same species in rather  low densit ies for 11 consecut ive  generat ions,  but 

then lost the cultures due  to a fungus infection. Right now, we are establishing novel  cul- 

tures of Leptolaim us sp. from the Paulina. Some oncholaimid nematodes  have  b e e n  main- 
ta ined on agar  for a few successive generat ions,  but in total, at most, one fifth of the ma- 

fine and brackish-water  nematodes  that have  been  cult ivated can be considered typically 

or predominant ly  sed iment -dwel l ing  species. It has been  sugges ted  that an agar  m e d i u m  
limits the motility of such sediment-dwel lers ,  whereas  it would fairly accurately  mimic 

the natural  substrate  of many  epiphytic  and Aufwuchs  nematodes  (Bouwman, 1983). This 
is, however,  not suppor ted  by observat ions on the activity of many  species in spot plates 

(Vranken, 1985; the present  study). Moreover,  the nutritional requi rements  of aquat ic  ne- 

matodes  are still poorly understood.  Alternatively, the specific chemical  gradients  in the 
upper  sediment  layers are virtually impossible to mimic in agar, and may be important  

de terminants  of many  nematodes '  ability to survive and reproduce.  Alternat ive incuba-  
tion techniques,  like the one recent ly des igned  for the cultivation of phototrophic sulphur 

Table 5. Literature overview of nematodes which have been maintained for one to four generations, 
but not established in continuous culture, with details on the substrate used. "~ indicates addition of 
fungal mycelia. * Number of generations not specified, but species kept in continuous culture for 
25 months. Since no data on this nematode's generation time are available, the present authors 

cannot conclude whether this species deserves to be listed in Table 4 rather than in Table 5 

Species Substrate Reference 

Adoncholaimus thalassophygas 
Oncholaim us brachycercus 
Oncholaimus oxyuris 
Oncholaim us paralangruensis 
Oncholaimus sp. 
Viscosia carnleyensis ~ 
Viscosia macramphida 
Enoplus paralittoralis 
Haliplectus dorsalis 
Ha]ichoanolaimus robustus 
Desmodora sca]densis 
Acanthonchus cobbi 
Monhystera sp. 
Monhystera refringens 
Geomonhystera disjuncta 
Chromadora macrolaimoides 
Chromadorina epidemos 
Euchromadora gaulica 
Prochromadora or]eyi 
Prochromadorella neapolitana 

agar yon Thun (1968) 
agar Gerlach & Schrage (1972) 
agar Heip et al. (1978) 
agar Lee et al. (1970) 
agar Hopper et al. (1973) 
liquid Lee et al. (1970) 
agar ~ Hopper & Meyers (1970) 
agar Hopper et al. (1973) 
agar Hopper et al. (1973) 
agar Gerlach & Schrage (1972) 
liquid Gerlach & Schrage (1972) 
agar ~ Hopper & Meyers (1966) 
agar ~ Hopper & Meyers (1966) 
agar Trotter & Webster (1984) 
agar Trotter & Webster (1984) 
liquid ~ Hopper & Meyers (1966) 
liquid ~ Hopper & Meyers (1966) 
liquid ~ Hopper & Meyers (1966) 
liquid Bergholz & Brenning (1978) 
agar Trotter & Webster (1984) 
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bacteria (Pringault et al., 1996), may fairly accurately mimic some of these gradients  and  
as such offer an interest ing potential  for the cultivation of more species. 

C h o o s i n g  a s u b s t r a t e  

Sloppy agar layers have so far proved to be the most successful substrate  for the cul- 
tivation of brackish-water  and marine  nematodes.  From the first attempts onwards  (Chit- 
wood & Timm, 1954; Chitwood & Murphy, 1964; yon Thun,  1966, 1968) agar  proved use- 
ful both for the ma in tenance  and  - provided nutr i t ional  additions were made  - cultiva- 
tion of several species. The importance of the physical characteristics of the agar layers 
has b e e n  noted as early as 1970, and  relates to such aspects as slope of the agar surface 
(Lee et al., 1970; Tiet jen et al., 1970), concentrat ion of the agar used (e.g. Vranken,  1985; 
the present  study), and  depth of the agar  layer (Lee et al., 1970; the present  stuy). It would 
appear  that marine  and  brackish-water  nematodes  do not thrive well on agar  concentra-  
tions above 1%, contrary to many terrestrial and  parasitic nematodes  which are routinely 
kept  on a 2 to 3 % agar. The need  for the nematodes  to be able to burrow in the agar was 
nicely demonst ra ted  by the high mortality of Sphaerolaimus gracilis r emain ing  on the 
agar  surface, while individuals  in the agar  moved swiftly and  remained  active for several 
weeks. In this study, we have a imed at a compromise be tween  some nematodes '  pref- 
erence for a very sloppy agar (0.2-0.6 %) that rapidly turns liquid, and  the need  to store 
the cultures for prolonged periods. We have therefore chosen a 1% agar  where  possible; 
species sensitive in this respect, especially Monhystera parva, are kept  on a 0.6-0.8 % 
agar. 

Alternatively, nematodes  have b e e n  main ta ined  in l iquid media, usual ly  based on fil- 
tered habitat  water  to which a food source was added. Desmodora scaldensis was unab le  
to survive on sloppy agar layers, but r emained  active for long periods in seawater  with 
small pieces of the macrophyte Laminaria (Gerlach & Schrage, 1972). Bergholz & Bren- 
n ing  (1978) studied the generat ion times of Prochromadora orleji in habi ta t  water  with 
the addit ion of a soil extract and detritus of Enteromorpha intestinalis. Deontostoma 
californicum remained  active for several  months in habitat  water and  in a variety of salt 
solutions, provided bicarbonate  and  phosphate  concentrat ions in the m e d i u m  were low 
(Viglierchio & Johnson,  1971). Tiet jen & Lee (1977) kept  Chromadorina germanica in 
l iquid Erdschreiber med ium with the addit ion of two microalgae as a food source. 
Attempts to cultivate mar ine  nematodes  in a liquid med ium have, however,  b e e n  fewer 
than in agar. Tietjen (1967) reared Monhystera filicaudata in habitat  water  with pieces of 
decaying Zostera marina, but  the genera t ion  times so obta ined were suspiciously long 
compared to other members  of the Monhyster idae.  With microalgae as a food source, 
Chromadora macrolaimoides and  Chromadorina germanica were raised in ASW en- 
r iched with soil extract and  in liquid Erdschreiber  medium,  respectively (Tietjen & Lee, 
1973, 1977). Aiongi & Tietjen (1980) s tudied interactions be tween  G. disjuncta, Diplo- 
laimefla sp. and  C. germanica in l iquid Erdschreiber m e d i u m  when  diatoms were the food 
and  in autoclaved seawater  with mixed cereal when  bacteria were the food. They obser- 
ved that C. germanica specifically adhered  to the cereal  flakes, while both Monhysteri-  
dae were more evenly  distributed throughout  the medium.  A special growth column, 
where  nematodes  could be s iphoned off without d is turbance to the rest of the culture, 
was des igned  for the cultivation of Diplolaimelloides bruciei (Warwick, 1981b). The 
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growth m e d i u m  for this species  was au toc laved  habi ta t  wate r  with 0 .1% cereal .  We were  
able  to es tabl ish  cont inuous  cultures of D. meyli  in shal low ASW layers  in la rge  2-1 Erlen- 
meyers  on a rotary shaker.  Cholesterol  was a d d e d  at 50 pg .mF t, and  E. coil lysate  at a 
final dens i ty  of approx imate ly  109 cells.m1-1 se rved  as the food source. Whe the r  D. meyli  
fed on the E. coil lysate  or on the bac ter ia  co t ransfer red  with the nema todes  is unclear.  
Less than 500 ml of such l iquid cultures y i e lde d  approx imate ly  1 g of n e m a t o d e s  (wet 
weight).  A few genera t ions  of D. dievengatensis and Monhystera sp. were  r ea red  under  
ident ica l  conditions,  but  especia l ly  for the  la t ter  species,  activity in the l iquid environ-  
ment  was low, adul ts  g rew larger  and  b e c a m e  sluggish,  females  depos i t ed  fewer  eggs,  
and  the ent ire  popula t ion  proved  ex t remely  sensi t ive to even  minor  changes  in the  con- 
centra t ion of the E. coil lysate  offered as food. Also, our l iquid cultures were  only success-  
ful at re la t ively low t empera tu re s  (18~ The  nema todes  a p p e a r e d  to be par t icular ly  sen-  
sitive to oxygen dep le t ion  upon  sudden  bac te r ia l  blooms, and  could not be  ma in t a ined  in 
nutr ient  enr iched  l iquid m e d i a  such as Killian m e d i u m  or soil extract  a m e n d e d  ASW. In 
genera l ,  however ,  n e m a t o d e  mortal i ty  in l iquid med ia  is h igh (see, for example ,  Tiet jen 
et al., 1970, for observat ions  on R marina), and  some nema todes  apparen t ly  need  at least  
small  p ieces  of a solid subs t ra te  for the depos i t ion  of their  eggs  in otherwise l iquid m e d i a  
(Vranken et aL, 1981). 

A comple te ly  different  app roach  to the cult ivat ion of mar ine  nema todes  was  the 
fungal  mat me thod  used  by a research  group  in Flor ida  dur ing  the sixties. Init ially de-  
ve loped  for the s tudy of the euryhal ine  s ty le t -bear ing  nema tode  Aphelenchoides marina 
(Meyers  et al., 1963, 1964), this me thod  was la ter  used  for t r app ing  nema todes  in the field 
and for rear ing  se lec ted  species  (Hopper  & Meyers ,  1966; Meyers  & Hopper,  1966, 1967). 
Mar ine  fungi  were  grown in seawate r  en r i ched  with yeas t  extract  and  glucose,  and  sub- 
sequent ly  t ransfer red  to Er lenmeyers  conta in ing  only seawater .  The fungi  (Dendryphi- 
ella arenaria and  Halosphaeria mediosetigera were  par t icular ly  suited) formed a mat  
which p roved  a sui table  subs t ra te  for a var ie ty  of nematodes .  In the field, they  a t t rac ted  
large numbers  of gravid  females  of Metoncholaimus scissus, and  several  more  spec ies  de-  
pos i ted  eggs  which  ha tched  upon  subsequen t  t ransfer  of the mats  to the labora tory  (Hop- 
per  & Meyers ,  1966). The same authors  wen t  on to s tudy the popula t ion  increase  of Acan- 
thonchus cobbi on 0.5 % aga r  layers  inocu la ted  with small  p ieces  of fungal  m y c e h u m  and 
with Kluveromyces aestuarii, a mar ine  yeast ,  as food. Similarly, the popula t ion  increase  
of Chromadora macrolaimoides, Chromadorina epidemos, and  Euchromadora gaulica, 
and the life cycle of Viscosia macramphida were  s tud ied  in seawate r  wi th  fungal  mats  
as the substrate .  We bel ieve  that  the successful  use of fungal  mats  in rea r ing  severa l  
ep i s t ra te - feed ing  nema todes  is not  only due  to the provision of a sui table  subs t ra te  for 
egg-depos i t ion ,  but  also for feeding.  Act ive foraging of severa l  ep i s t ra tum-feeders  on 
micro-organisms or macromolecules  a long  threads  of f i lamentous a lgae  has  r e pe a t e d ly  
been  observed  (Moens & Vincx, 1997). These  nema todes  preferent ia l ly  scrape  off par-  
ticles from a subs t ra te  or p ie rce  unice l lu lar  or f i lamentous  organisms,  and  may  forage in 
both ways  on the fungal  hyphae .  

S y n x e n i c  a n d  a x e n i c  c u l t i v a t i o n  

Agnotobiot ic  culture p rocedures  have  r e p e a t e d l y  p roved  their  use for the s tudy  of ne-  
ma tode  life cycles  as inf luenced by a var ie ty  of env i ronmenta l  conditions.  Consis tent ly  
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high growth rates and  correspondingly high densities, low preadult  mortalit ies [less than 
5 % in our exper iments  with D. mey1i, Monhystera sp. and P. marina; less than 10 % for 
G. disjuncta and D. dievengatensis (Vranken et al., 1984)], and short genera t ion  times are 
indicative of the suitability of the present  agnotobiotic culture conditions and  disagree 
with previous s tatements  on the impredictabil i ty of reproductive rates in crude cultures 
(Lee & Muller, 1975). Any effects so observed can, however, be either direct effects of the 
env i ronment  on the nematodes,  or indirect  effects via the associated food organisms.  For 
example, if nematodes  are inoculated and  grown xenically with unident i f ied  bacteria at 
different temperatures,  the slower growth of the food organism at lower tempera tures  will 
undoubted ly  inf luence the nematode  life cycle. In order to minimize such indirect  effects, 
we have routinely isolated bacteria from nematode  stock cultures, cul t ivated them sepa- 
rately in nut r ient  rich liquid media  (e.g. nut r ien t  broth), spread them on the surface of 
agar layers and  al lowed them to grow for one or two days at a fixed tempera ture  before 
the inoculat ion of nematodes.  As such, food is available in excess at the start of the experi- 
ment.  For some purposes, however, particularly for toxicological tests, more controlled 
conditions than in agnotobiotic culture on oligidic media may be needed.  

A trixenic culture of Pellioditis marina with the bacteria Pseudomonas sp., Flavobac- 
terium marinum and Micrococcus sp. was main ta ined  for over 120 genera t ions  on mar ine  
nutr ient  agar and  on Lee et al.'s (1970) media  9 and 10 (Tietjen et al., 1970). Tracer- 
feeding exper iments  indicated that the latter species was consumed only to a l imited ex- 
tent, and so the authors e l iminated one or more of the bacteria with various combinat i -  
ons of antibiotics to arrive at monoxenic  cultures on Pseudomonas sp. or on F. marinum. 
Only Pseudomonas sp. proved a suitable single food source, and a monoxenic  culture 
with this bacteria was established and  main ta ined  for more than 80 generat ions .  It is note- 
worthy that the media  9 and 10 did not contain sterols, although they may have been  pre- 
sent  as impurities in the soil extract portion of med ium 9. 

Findlay (1982) and Findlay & Tenore (1982) ment ion  the monoxenic  cultivation of 
Diplolaimella chitwoodi on Gerber 's  mixed cereal, but give no further specifications on 
the culture conditions. The only other report on the establ ishment  of monoxen ic  cultures 
of marine  nematodes  is by Vranken  et al. (1984, 1985). These authors tes ted seven  bac- 
terial strains as potential  single food sources for the nematodes  G. disjuncta and  Diplo- 
laimella dievengatensis (note that the original papers  ment ion Nlonhystera disjuncta and  
- mistakingly - Monhystera microphthalma), and  were eventual ly able to grow monoxe-  
nic cultures of both species on the bacterial  strain Alteromonas haloplanktis ISC2. For G. 
disjuncta, food had to be regularly added  in order to obtain normal maturat ion,  and  a sig- 
nificant increase in egg mortality was observed after a limited n u m b e r  of consecut ive  ge- 
nerat ions in monoxenic  culture (Vranken et al., 1985). The same authors also men t ion  the 
monoxenic  cultivation of P. marina on A. haloplanktis ISC2, but  without further  details. 
They also developed a chemically defined med ium with which they p repared  their sloppy 
agar  layers. This med ium consisted of ASW, enr iched with 1% silicium, 1% amino acids 
and  1% Provasoli-Walne nut r ient  med ium after Ukeles (1976) (Vranken et al., 1984). 

Only one mar ine  nematode  species, R marina, has ever been  reared axenically, on a 
mar ine  salt solution basis to which, among  other components,  whole sheep  blood and  ca- 
samino acids were added  (Tietjen & Lee, 1975). In contrast to existing axenic  cultures of 
soil nematodes,  the med ium had  to be further supp lemented  with fatty acids to obta in  re- 
production, which may hint at a reduced  ability for fatty acid synthesis in this nematode  
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(Vanfleteren, 1978). The  l imited reproduct ion obtained in axenic cultures of R marina is 

yet  more proof of our poor unders tanding  of the nutrit ional requi rements  of mar ine  

nematodes .  
A major difficulty in going from xenic to synxenic cultures is the removal  of associa- 

ted organisms. Microa lgae  have  routinely been  e l iminated  by repea ted  subculture in 
dark conditions. Ciliates and flagellates may be r emoved  with adequa te  efficiency by re- 

pea t ed  transfer of individual  nematodes  through sterile ASW; addit ion of up to 0 .1% of 

hypochlori te  to this ASW may further increase that efficiency (J. Vanfleteren,  pets. 
comm.), but while  not negat ive ly  affecting R marina and Panagrolaimus sp. 1 in incuba- 

tions up to 30 min., this t rea tment  is poorly tolerated by D. meyli. Contamina t ing  fungal  

mycel ia  have been  r emoved  by serial transfer through media  containing fungizone,  my- 
costatin (Tietjen et al., 1970), or nystatin (this study) in concentrat ions up to 50 mg.m1-1. 

Long- term effects of these fungicides on the nematodes  are unknown,  but short- term in- 

cubations (up to a few days) appea red  to have  no ill effects. The  same holds for several  

combinat ions of antibiotics which have  been  used for the removal  of associated bacteria. 
Repea ted  rinsing in 10000 units benzylpenici l l in  and 10 mg.ml  -~ streptomycin sulphate, 

e i ther  in ASW (Moens et al., 1996a) or in sloppy agar  (Vranken et al., 1984; here lower 

concentrat ions of antibiotics were  used) have been  used  with some success, but other pro- 
ducts with more specific antibiotic spectra may be n e e d e d  to target  some contaminat ing  

bacteria.  The fact that a fraction of the bacteria  that pass through nematode  guts remain 
viable, in combinat ion with de layed  defaecat ion in s tarved animals (see, for example,  

Deutsch, 1978), may  further complicate axenizat ion procedures.  Alternat ive axenizat ion 

procedures  that have  been  used in work with plant-parasi t ic  and soil nematodes  (cf. 
Koenning  & Barker, 1985; Ko et al., 1996) have hitherto not been  tested on marine ne- 

matodes.  
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