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GNOTOBIOTIC CULTURE AND PHYSIOLOGICAL 
ECOLOGY OF TH E MARINE NEMATODE 

RH ABD IT IS  M A RIN A  BASTIAN1

ƒ. H. Tiet jen,2 J. J. Lee, J. Rullman, A. Greengart, and J. Trompeter
D epartm ent of Biology, City College of City University o f New York, New York 10031

ABSTRACT

The marine nematode Rliabditis marina Bastian has been isolated in gnotobiotic culture 
from collections of Zostera marina made in  North Sea H arbor, Southampton, New York. 
A strain of R. marina has been m aintained w ith three species of bacteria ( Pseudomonas 
sp., Flavobacterium marinum, and Micrococcus sp.) for over 120 generations. A monoxenic 
strain w ith Pseudomonas sp. has been m aintained for over 25 generations. The life cycle 
is completed in 5 days under “normal” laboratory growth conditions. Reproduction occurs 
over a wide (0-80%*) salinity range (th e  highest salinity tested) and a wide (10-38C ) 
tem perature range; optimum growth occurs a t 45-55%0 and 25-30C. Normal development 
is oviparous, bu t ovoviviparous development is seen in older females. Tracer feeding and 
synxenic culture experiments have shown that R. marina has rather specific nutritional 
requirements, which seem to be  completely satisfied by a relatively restricted group of 
microorganisms. Selected species of bacteria comprise the  normal diet of this organism. 
Microscopic observations of intact algae in the digestive tract of the worms and failure of 
j2P  to transfer to the worms from the ingested algae indicate tha t the worms are not able 
to digest all ingested potential food organisms.

The geographical distribution of the species in relation to its physiological ecology is 
discussed.

INTRODUCTION

Despite the fact that marine nematodes 
generally abound (m illions/m 2) in inter
tidal and shallow subtidal areas, relatively 
little is known about their life histories and 
physiological ecology. Their proposed role 
in the ecology of the shallow marine eco
system ranges from serving as a source of 
nutrition for larger animals (Rees 1940; 
Mare 1942; Perkins 1958; M cIntyre 1964; 
Tietjen 1969) to playing an im portant role 
in benthic nutrient regeneration (Johannes 
1965; Tietjen 1967; M cIntyre 1969). In 
view of their probable versatility in  the 
m arine environment the lack of informa
tion on their basic biology and physiologi
cal ecology is particularly unfortunate.

D ata on life histories exist for only a 
few marine species and suggest a varied 
pattern  of life cycles. The life cycles range 
from annual (Enoplus communis, Wieser

1 This work was supported by National Science 
Foundation Grant GB-7796.

2 W e would like to thank Miss M. M cEnery for 
assistance in the radionuclide experiments and Mr. 
J. Hagen for his valuable technical assistance.

and Kanwisher 1960) to less than 1 yr 
(Metoncholaimus scissus, H opper and Mey
ers 1966a) for relatively large species (4.00 
mm or more long). Smaller species have 
been reported to have life cycles of 
about a month ( Monhystera disjuncta and 
Diplolaimella Schneiderei, Chitwood and 
M urphy 1964; Monhystera filicaudata, T iet
jen 1967; miscellaneous chromadorids, mon- 
hysterids, and oncholaimoids, Hopper and 
Meyers 1966b).

Detailed information on the feeding hab
its and nutrition of marine nematodes is 
also scarce. W hile some information has 
been gathered from gut analyses of field 
samples (Perkins 1958; Tietjen 1969), it 
must be pointed out that these are inade
quate because food materials of known 
origin are rarely found in the gut. Labora
tory studies of nem atode feeding are few. 
W ebb (1956) noted that nematodes fed 
on small diatoms and clumps of bacteria 
but not ciliates. Monhystera disjuncta and 
D. Schneiderei were observed feeding on 
bacteria by Chitwood and M urphy ( 1964 ). 
Hopper and Meyers ( 1966a, b ) reported 
having raised Metoncholaimus scissus on
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bacteria, yeasts, and ciliates and Monhys
tera parelagantula on yeast cells. Tietjen 
(1967) reported successful maintenance and 
reproduction of M. filicaudata on bacteria 
and small flagellates and also its success
ful maintenance (b u t not reproduction) 
on the feces and pseudofeces of the bay 
scallop Aequipecten irradians.

The role of the nematodes is being in
vestigated as part of a larger study of the 
physiological ecology of marine aufwuchs 
communities. This paper deals w ith the 
cultivation and various biological charac
teristics of one species of nematode, Rhab
ditis marina Bastian, 1865, which has been 
in continuous culture since May 1968.

METHODS

Cultivation
The area of investigation is North Sea 

Harbor, Southampton, New York, a shal
low, unpolluted embayment on eastern 
Long Island surrounded by an extensive 
salt marsh. Small samples (0.2 g dry w t) 
of Zostera marina, Enteromorpha intesti
nalis, and other marine macrophytes plus 
their aufwuchs are removed with sterile 
forceps, inoculated into 25- X 150-mm 
screw-cap test tubes containing 30 ml of 
sterile seawater, and refrigerated as soon as 
possible in an insulated ice chest. A t a 
nearby field laboratory, those samples con
taining more than 50 organisms are se
lected for further analysis. Small portions 
of the sample are inoculated into a series 
of liquid differential growth media (Lee 
et al. 1966, 1970) and also streaked out on 
solidified agar plates of the same media. 
They are then refrigerated and brought to 
our perm anent laboratory where they are 
incubated at 15 or 25C either in an envi
ronmental cham ber (Sherer Model Cel 4-4) 
or in front of a light bank. Portions of the 
sample are also placed in finger bowls 
and incubated in front of a light bank at 
20-25C, The tem perature of the room is 
m aintained by room air conditioning. The 
agnotobiotic samples are examined period
ically for the development of nematode 
“blooms.” W hen blooms of nematodes oc
cur, the worms are subcultured in tissue

culture flasks, petri dishes, or on agar 
slants. T he nematodes in the inoculum are 
aseptically washed in 9-hole spot plates 
containing sterile seawater, sometimes with 
antibiotic mixtures, and inoculated into 
fresh m edia w ith potential food organisms 
isolated axenically from the same environ
ment (L ee et al. 1970).

It was in this m anner that R. marina was 
isolated from the epiphytic community of 
Z. marina in May 1968. Empirically we 
found that this organism requires a very 
thin agar layer for successful cultivation. 
In test tubes, the agar slopes had to be 
practically parallel to the walls of the 
tubes. In conventional agar slopes and 
petri plates thicker than 4 mm, the worms 
tunneled deeply and eventually died. Sur
vival in  liquid media is poor. Stock cultures 
of this organism are now being maintained 
in 20- X 125-mm screw-cap test tubes with 
a long slope of agar and 2-5 ml of liquid 
overlay. The tubes are incubated horizon
tally in test-tube racks turned on their sides.

By means of aseptic washing and anti
biotics, synxenic cultures of R. marina 
were established w ith three species of bac
teria: Micrococcus sp., Pseudomonas sp., 
and Flavobacterium marinum. Attempts to 
grow the  worm in unialgal culture were 
unsuccessful. Three media supported ex
cellent growth: marine nutrient agar and 
media No. 9 and 10 (Lee et al. 1970). 
Fungal my celia were present in the original 
subcultures from agnotobiotic stocks. To 
eliminate these, both Mycostatin ( 50 p g-50 
m g/m l) and Fungizone (50 p.g-50 m g/m l) 
were tested. After four serial transfers 
through Fungizone-containing media, no 
mycelia were recovered. Concentration of 
the fungicides did not seem important, per
haps because neither is very soluble in the 
media. Mycelia were eliminated at both 
high and low concentration, and the nema
todes survived well even at the highest 
concentration of fungicide. Current stock 
cultures are being m aintained on media No. 
2, 7, 9, and 10 (Table 1; Lee et al. 1970).

From  these trixenic bacterized cultures, 
monoxenic cultures were successfully iso-
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T a b l e  1. Media used in these experiments

Base (1 liter)
NaCl 2.5% 25 g
M gSCV7H,0 0.9% 9 g
KC1 0.07% 700 mg
Ca (as C P) 0.05% 300 mg
N R , NO* 25.0 mg% 250 mg
Na glycerol PO* 10.0 mg% 100 mg
N aSiO a+R O 0.007% 70 mg
P II metals 3 m l/100 30 ml
Tris 0.1 g/100 1 g
Bl2 10.0 Mg 0.1 mg
NTA 0.007 70 mg
N aRC O a 0.010 100 mg

Additions (per 100 m l) 
1. Base alone
2. Bl2 5.0 Mg %

Vitamins 8A 1 ml/100
3. Soil extract 2 m l/100
4. NRN0.1 10 mg%
5. Alanine 50 mg%

Glutamic acid 50 mg%
Glycine 50 mg%

6. Na glycerol -P 0 4 10 mg%
N aR P O i 10 mg%

7. Na acetate 50 mg%
Na lactate 50 mg%
Glucose

8. 2 +  4
9. 2 +  3 +  4 +  5 +  6 +  7

100 mg %

P II  metals 3 ml/100
10. 4 +  6 +  7

Marine nutrient agar 
Marine nutrient agar was made as follows: N utri
en t agar (Difco 0001-01) 23 g, 500 ml of distilled 
water, 500 ml of seawater (T ow d Point, North Sea 
Harbor, L .I.). I t  was sterilized for 15 min at 1.02 
atm in an autoclave.

lated. Tracer-feeding experiments (Lee et 
al. 1970) indicated that the Pseudomonas 
sp. and F. marinum  were ingested in large 
numbers. Several antibiotics (Erythrom y
cin, Novobiocin, Polymyxin B, Chloram
phenicol, and triple sulfa) were tried in 
various concentrations to eliminate one or 
more of the bacteria. A monoxenic culture 
of R. marina was established w ith Pseudo
monas sp. w ith the aid of 200 /xg/'ml Eryth
romycin; this culture has been maintained 
for more than 80 generations as of this 
writing.

Three serial generations of worms were

grown in axenic culture in marine nutrient 
agar and medium No. 10 +0.05% Bacto- 
Peptone, using aseptic washing techniques 
and 200-333 + g /m l Erythromycin. Al
though such crude materials as casein hy
drolysate, BBL Trypticase, yeast extract, 
Bacto-Peptone serum fractions, amino acid 
mixtures, and so forth have been tested as 
bacterial substitutes, living bacteria have 
not yet been replaced as a nutrient source 
for continuous culture.

Life  history studies 
The life histories of individual organisms 

were studied in the wells of 9-hole Pyrex 
spot plates. Each well was filled with 
about 0.1 ml of solid medium (medium 
No. 2, Lee et al. 1970), overlaid w ith a 
thin film of sterile seawater. Individual 
gravid females were isolated from the stock 
cultures and inoculated into each well. A 
small inoculum of Pseudomonas sp. was 
also transferred to each well to be used 
as food. The plates were sealed by cover
ing them w ith glass plates moistened with 
stopcock grease, which formed an effective 
seal against evaporation and the agar re
m ained moist for 3-4 weeks. The females 
were observed almost continuously until 
egg deposition in the medium took place; 
individual eggs were then washed in sterile 
seawater and transferred to new media in 
new spot plates. Thus individual worms 
could be examined microscopically to ob
serve growth rate, gonad maturation, molt
ing times, and length at molting. After 
reaching sexual maturity, single males and 
single females were paired to study copu
lation, fate of the adults after copulation, 
fecundity, egg deposition, survival of off
spring and sex ratios of offspring. H un
dreds of individual worms were thus 
examined w ith relatively little difficulty. 
Length was measured w ith a calibrated 
ocular micrometer.

Effects of salinity and temperature 
on R. marina 

The average salinity at North Sea Harbor 
is 25-305*. W e decided to observe the 
effect of salinity on reproduction and other 
aspects of the life cycle over a 0-80%* range
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at 5%o intervals. Worms grown on agar 
slants at 25%» salinity and pH  7.8-8.2 served 
as stock cultures. For each experiment 25- 
35 adult nematodes were inoculated into 
each of 17 test tubes over the test range. 
Sterile seaw ater (2 m l) of equal salinity 
was added to each experimental tube at 
the time of inoculation. Six replicates at 
each salinity were used in each of two sets 
of experiments. The tubes were incubated 
at 20C in environmental chambers in test- 
tube racks turned on their sides.

Nematodes were harvested after 2, 4, 6, 
8, 10, and 11 days, by serially washing them 
w ith sterile seawater followed by 2 ml of 
5% formalin containing 1 g/1 Rose Bengal 
to kill them. After allowing 24 hr for 
penetration of the stain, the worms were 
counted. D irect counts of all worms on 
the slant and in the overlay were possible 
for 2-dav-old cultures; after 4, 6, and 8 
days of incubation it was necessary to di
lute the overlay and wash by 1 :3 ; after 
day 10, by 1 : 9; and after day 11, by 1 : 9 
and 1 : 18. Replicate counts were found to 
be w ithin 5% of the mean.

T he effect of tem perature on reproduc
tion and other aspects of the life history 
was studied over a range of 10-40C. Eight 
replicate tubes were inoculated with 25-35 
worms each and incubated in environmen
tal chambers at 5C intervals in the range 
tested. Experiments were conducted with 
adults and first-, second-, and third-stage 
juveniles. After 4 days the worms were 
harvested and counted. Replicate counts 
were found to be within 107o of the mean.

In all instances the standard inocula of 
25-35 individuals were checked for uni
formity of size. I t  was not always possible 
to check sex distribution in these inocula; 
this could have produced large variations 
in the counts, b u t apparently failed to do 
so. M edium No. 2 was used in the tem 
perature and salinity studies. In all stud
ies the food source was Pseudomonas sp. 
(concn IO6 cells/m l).

Tracer-feeding studies

The basic technique outlined by Lee et 
al. (1966) was followed w ith some mod

ifications. Experimental animals were har
vested from stock cultures by gentle 
agitation, transferred w ith Pasteur pipettes 
to 9-hole spot plates, washed under a dis
secting microscope by serial transfer in 
sterile seawater, and transferred to experi
m ental test tubes ( 20- X 125-mm borosili- 
cate glass). Care was taken to select 
organisms of the same size. From 10-25 
nematodes were inoculated per experimen
tal te s t tube, which contained 10 ml of 
sterile Millipore-filtered (H A 0.45 ¡a )  sea
water. Experimental cultures were incu
bated  for 24 hr under conditions identical 
to those of the stock cultures, to starve the 
nematodes before feeding.

The microorganisms to be tested as food 
were grown in appropriate media with 14C 
or 32P added as label. After an appropriate 
incubation period, the potential food orga
nisms were harvested by centrifugation, 
aseptically washed to remove extraneous 
label and waste products, and diluted to 
the desired concentration (usually 1 X IO6 
or IO7 organism s/m l). The food organisms 
were labeled w ith ~  0.1-5 dpm/organism 
and placed in culture w ith aseptically 
washed nematodes. After 24 hr when bac
teria w ere used, or 72 h r when algae were 
the food, the nematodes were harvested, 
washed, and transferred to scintillation vi
als where they were suspended in a PPO- 
POP-POP-Cab-O-Sil thixotropic counting 
mixture. Dead or autoclaved nematodes 
were used as controls. After measuring the 
uptake of labeled foods, the number of 
food organisms ingested per nematode per 
day and the weight (/u.g) of food orga
nisms ingested per nem atode per day were 
calculated.

RESULTS

Life history
Growth is relatively fast; full sexual m a

turity is generally reached within 5 days 
after hatching (Fig. 1). At time of depo
sition, the eggs have an average measure
m ent of 52 X 28 /xm. Hatching generally 
occurs within 24 h r after deposition. An 
average female deposits 70-100 eggs, either 
in clusters of 5-10 or singly. At time of
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hatching, the first-stage juvenile measures 
102-127 /im. After 24 hr the first molt 
occurs; three molts occur after the first one 
a t intervals of about 24 hr. At the time of 
the final molt, the females measure about 
645 ¡xm and the males about 610 ¡xm. Egg 
production occurs generally 4.5 days after 
hatching at a length of 935-960 ^am and 
sperm production 4.5-5.0 days after hatch
ing at 920-945 /xm. Females continue to 
grow to about 1,400 ¡xm and males to 
about 1,120 ¡xm; these lengths are attained 
usually w ithin 6-8 days after hatching.

Copulation may occur immediately after 
attainm ent of sexual maturity, although 
the worms will continue to grow even after 
copulation. After copulation, a period of 
2-4 days is generally required before the 
female deposits the first of her eggs in the 
medium. Egg deposition continues for 3-4 
days after the appearance of the first eggs 
in the medium. Thus, the total time elapsed 
from copulation to conclusion of egg depo
sition may be as long as 1 week. About 
60% of the females died after completing 
egg deposition; of those that did not, sev
eral produced a second group of eggs 
which were successfully fertilized, in some 
instances by the same m ale that had fer
tilized the first group. Most males con
tinued to live after copulation until the 
termination of the experiments at 18 days 
after hatching.

The sex ratios of the offspring were 
about 2 :  1 or 3 : 1 in favor of the females. 
Survival among the offspring was quite 
dependent on the condition of the medium. 
If the animals were transferred to fresh 
medium, there was about 50% survival to 
sexual maturity. If they were left in the 
original medium, however, survival to sex
ual m aturity was only about 10-20%. When 
mortality rates were high, they were high
est for the early juvenile stages (first and 
second stages). Third-stage juveniles ap
peared to be relatively resistant to environ
m ental stresses, as will be seen below.

An interesting phenomenon occurred 
among several older females. If they were 
left unfertilized until a relatively old age 
( 14 days ), although copulation was nor-

•-----   FEMALES
©— •M A L E *
 INDICATE UrtGTHw
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Fig. 1. Growth rate of Rhabditis marina at 25C 
and 25^0 salinity, Each point represents the mean 
of 50 individuals.

mai, the eggs hatched within the female 
rather than  being deposited outside. The 
time from copulation to egg hatching was 
about the same as that occurring in normal 
females (2-4  days). After hatching, the 
juvenile nematodes began to crawl within 
the body of the mother, killing her in the 
process (Fig. 2, righ t). Usually, one or 
two juveniles resulted from this ovovivipa- 
rous development although in one worm 
four were seen at once. Development was 
much slower than in normal juveniles. Six 
days were required before the juveniles 
were able to break through the body wall; 
these w ere always third-stage juveniles. 
After emergence from the dead female, the 
worm grew at a normal rate and a normal 
adult was formed. The sex ratios of the 
ovoviviparously developed individuals were 
about the same as the sex ratios of the 
normal individuals; that is about 65-76% 
of the juveniles were females.

Effects of salinity and temperature 
on R. marina

The population growth curves of R. ma
rina at salinities of 0, 25, 50, and 75% 
are shown in Fig. 3. Although R. marina 
grew at all salinities from 0-80%, maximum 
population increases occurred between 45 
and 55%. At the extremes of the salinity 
range, the length of the life cycle was 
increased and the reproductive potential 
decreased. In addition to surviving and

AUCTION

TIME (HOURS)
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Fig. 2. L eft: An undigested chlorophyte in the digestive tract near the anus. Right: An ovovivipa- 
rous female w ith a juvenile within her body wall.

reproducing at 0%», R. marina could survive 
for up  to 3 days in de-ionized water.

Population increases at 25 and 30C were 
significantly greater than at any other tem 
perature between 10-40C (Fig. 4 ). Death 
of the nematodes always occurred at 38- 
40C. At tem peratures above 35C, mortality 
among adults and first- and second-stage 
juveniles was high; the third-stage juve
niles were quite resistant to these higher 
tem peratures, except that they too died 
a t 38-40C. Separate studies showed that 
death  was not due to starvation, because 
the bacteria on which the worms were feed
ing were capable of growing at tem pera
tures up to 42C.

Feeding habits and nutrition
As stated above, synxenic cultures of R. 

marina were established w ith Micrococcus

sp., F. marinum, and Pseudomonas sp. The 
uptake by R. marina of these and other 
species of bacteria, as well as various spe
cies of algae, is shown in Table 2. Pseudo
monas sp. was clearly the most likely food 
for a monoxenic culture, since R. marina 
ingested about 10 X its own weight of 
Pseudomonas sp. per day. W ith the aid of 
antibiotics, R. marina was isolated in such 
a monoxenic culture. Attempts to culture 
R. marina on Micrococcus sp. or F. mari
num  have thus far been unsuccessful. The 
relatively low uptake of the other bacteria 
appears to preclude their use as food by 
R. marina.

Tracer-feeding experiments indicated that 
chlorophyte No. 55 (a  small Nannochloris 
sp. ) and Dunaliella parva were ingested in 
greater numbers than other species of al
gae. Attempts to culture R. marina on
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Fig. 3. Effect of salinity on the growth of 
Rhabditis marina. E ach point represents the mean 
of six replicate experiments.

algae have thus fa r been unsuccessful. 
This at first seemed surprising, since under 
appropriate culture conditions we found 
worms w ith green guts. Examination of the 
worms under phase contrast has perhaps 
revealed a partial answer. One of the algae 
(chlorophyte No. 55), although ingested

T a b l e  2. Consumption of food by  Rhabditis 
marina

Food organism
No. organisms 

nematode-1 
day-1

ß g  nema
tode-1 
day-1

Micrococcus sp. 2.9 X IO3 5.9 X IO’4
Flavobacterium  sp. 5.3 X 10G 1.5 X IO*1
Pseudomonas sp. 4.3 X IO7 1.5 X IO1
P. fluorescens 1.1 X io 3 3.4 X IO'4
E. coli 6.8 X IO3 1.6 X IO’2
Alcaligenes faecalis 7.9 X IO3 3.2 X IO-3
Proteus sp. 9.7 X IO3 4.0 X IO'3
Serratia marcescens 3.1 X 10‘ 6.5 X IO-3
Sarcina lutea 4.5 X IO3 2.3 X IO"3
Klebsiella sp. 3.2 X IO4 1.3 X IO'2
Bacillus megatherium 2.0 X IO4 l . i  X io -1
Mycobacterium phlei background
Streptococcus faecalis background
Salmonella pullorum 2.2 X IO3 2.0 X IO’3

Cylindrotheca closterium
BL-38 2.2 X IO2 1.4 X IO’1
Amphora sp. 9.7 X IO2 5.7 X IO'1
Nannochloris sp.
BL-1
55 9.0 X IO3 1.6 X 10°
SH-1 (1 ) 2.2 X IO2 2.1 X IO-1

(2 ) 6.1 X IO1 5.7 X IO-2
Dunaliella salina 5.0 X IO2 4.7 X IO'1
D. parva 1.2 X 10a 1.1 X 10°
Archais symbiont 3.9 X IO2 3.7 X IO'1

50 8.2 X IO1 7.7 X IO’2
93 2.6 X IO1 1.7 X IO-3
94 4.4 X IO1 4.1 X IO-2
95 4.4 X IO2 4.1 X IO’1
96 1.8 X IO2 1.7 X IO-1
98 4.2 X IO1 3.9 X IO-2

105 5.6 X IO1 5.3 X IO’2

5 0 0 0

>—<c
ZDû_o
CL.

T E M P E R A T U R E  f t )

Fig. 4. Effect of tem perature on the growth of 
Rhabditis marina. E ach point represents the mean 
of eight replicate experiments.

in quantity, appears to pass through the 
gut completely undigested (Fig. 2, left).

DISCUSSION

The reproductive rate and heartiness of 
some organisms newly isolated in gno
tobiotic culture never ceases to amaze 
even experienced workers. Rhabditis ma
rina, like its close relative Caenorhabditis 
briggsae (Tomlinson and Rothstein 1962), 
a hermaphroditic soil nem atode grown 
axenically, completes its life cycle in as 
little as 5 days under favorable culture 
conditions. Reports on other marine nema
todes suggest minimum life cycles of about 
1 month.

Rhabditis marina is cosmopolitan. Our
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laboratory observations agree with the field 
data (Gerlach 1956; Chitwood 1951; Meyl 
1955; and others ) and show that R. marina 
has the potential for surviving in a wide 
variety of habitats. Although it has a defi
nite salinity optimum of 45—55CC? growth 
and reproduction occur within a wide 
range. I t  is quite eurythermal w ith an 
optimum of 25-30C. Both tem perature and 
salinity optima suggest that this species is 
well adapted to conditions encountered in 
the upper littoral zone. Large numbers of 
R. marina have been recovered from sea
weeds stranded between tides in the upper 
littoral zone (Inglis and Coles 1961). A 
num ber of foraminifera recovered from the 
same environment (Trochammina inflata, 
Allogromia sp., Allogromia laticollaris, and 
Quinqueloculina lata) are similarly adapted 
to the higher salinities and tem peratures 
produced during intertidal evaporation 
(Freudenthal, Lee, and Pierce 1963; Lee 
and Pierce 1963; Muller and Lee 1969). 
Although the epiphytic communities and 
stranded seaweeds where R. marina is most 
common abound with bacteria and micro
scopic algae, tracer-feeding and synxenic- 
culture experiments have shown that R. 
marina has rather specific nutritional re
quirements, which seem to be completely 
satisfied by a relatively restricted group of 
microorganisms. Of the three bacteria with 
which it was isolated, it picked up the 
32P label from only two in tracer-feeding 
experiments. In  continuous monoxenic cul
ture it grew and reproduced only in asso
ciation w ith the Pseudomonas sp., not with 
F. marinum. Monoxenic cultures of R. 
marina w ith F. marinum  were viable for 
three transfers, so we suspect that this 
bacterium  is lacking in some nutrient re
quired a t vitamin levels by the nematode. 
Perhaps for similar reasons we were unable 
to establish monoxenic cultures of R. ma
rina w ith Nannochloris sp. (Bl-55), the 
alga taken up in the largest quantity and 
which is good food for several species of 
Chromadora. The morphology of the buc
cal apparatus does not suggest a mecha
nism for feeding on selected species of 
bacteria although tracer-feeding experi

ments strongly suggest a high degree of 
selectivity. Microscopic observations on in
tact algae in the  digestive tract of the 
worms suggest restriction in the diet based 
on the inability to digest all ingested poten
tial food organisms. Thus the wide range 
in 32P transfer to the worms from various 
species of bacteria might be explained by 
a lack of an array of the necessary enzymes 
to digest many bacteria.

Ovoviviparous development is fairly com
mon in rhabditid nematodes. As was noted 
by Hirschmann (1960), this phenomenon 
is restricted to old virgin females.

The tremendous reproductive potential 
of R. marina observed in the laboratory 
never seems to be  attained in the field. In 
common with two easily cultured and pro
lific species of foraminifera from the same 
environment (A. laticollaris and Spirolocu
lina hyalina), R. marina is usually a minor 
component of the epiphytic and littoral 
fauna. Only once in the midst of a severe 
drought was one of these species (A. lati
collaris) observed in a bloom (Lee et al. 
1969 ). Though we are well aware that salt 
m arsh environments such as the one from 
which we isolated R. marina present a dy
namically changing multivariate environ
m ent (Bradshaw 1968), which impresses 
some integrated effect on the growth and 
reproduction of individual species, we find 
it hard  to believe that physical factors in 
the field are severely limiting for this worm. 
Our laboratory studies suggest m uch wider 
physical tolerance than is usually encoun
tered in the environment. W e suspect that 
biotic factors, predation, lack of sufficient 
quantities of appropriate food organisms, 
antibiotics, and so forth must be more 
im portant in limiting growth and reproduc
tion of this nematode species in the field.
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