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ABSTRACT: F ree-liv ing  m arin e  n em a to d es  of th e  g en u s P tychola im ellus  b u ild  m em b ran o u s  tu b es from 
detritus bou n d  b y  re leased  m ucus. T h e  m ucus is p roduced  by  a v en tra l g lan d  c e ll op en in g  close to the 
lips an d  p robab ly  also from h y p o d erm al g lan d  cells a long  th e  bod y  w all. T he tu b e s  a re  a b o u t 50 pm  in 
diam eter, sinuous, a n d  s itu a te d  vertica lly  dow n  to 1 cm  dep th ; th ey  o p en  a t  th e  sed im en t-w ate r 
in terface, T hese  find ings su g g e st th a t th e  n em atodes m ay  p lay  a sign ifican t ro le  a t th e  in te rfaces by 
increasing  p o re  w a te r  e x ch an g e  a n d  stab ilizing  new ly sed im en ted  d e tritu s w ith  ex cre ted  m ucus.

INTRODUCTION

Nem atodes are the most abundant group among 
benthic m etazoans (Remane 1933, Platt & Warwick 
1980). In spite of a large am ount of literature on the 
taxonomy and ecology of nem atodes, their mode of 
existence betw een sand grains and m ud particles is 
poorly known. This paper is the first to dem onstrate 
that some nematodes (members of the genus 
Ptycholaimellus) do not live freely in the interstices, but 
build tubes from detritus.

It has long been recognized that m eiofaunal organ­
isms have a high potential for modifying their sedim en­
tary microenvironments (Petr 1976, Anderson & 
M eadows 1978, Platt & Warwick 1980, Hicks & Coull 
1983, M eadows & Tufail 1986), and  harpacticoid 
copepods, for instance, include tube-building species 
(Lorenzen 1969, Chandler & Fleeger 1984). Yet, while 
estuarine m uddy sedim ents may contain up to 400 ind. 
cm -2 of nematodes belonging to the genus 
Ptycholaimellus (Warwick & Price 1979), tube-living 
harpacticoid copepods occur in densities of less than 40
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ind. cm-2 (Chandler & Fleeger 1984). The discovery of 
tube-dw elling nem atodes is thus a significant contribu­
tion to the understanding  of the microenvironments 
along horizontal and  vertical sedim ent-w ater interfaces.

MATERIALS AND METHODS

Study sites. Since 1986 we have collected sediment 
samples from the tidal creeks at W esterhever, and from 
a tidal flat on the island of Sylt, North Sea coast of 
Germany. In M arch 1988 we collected detritus- 
enriched coarse sand sam ples at 5 m w ater depth in the 
vicinity of the islands Hirsholmene, northeastern part 
of the Kattegat close to Frederikshavn, Denmark. Addi­
tional sam ples w ere obtained from the Bread and But­
ter Creek locality in N orth Inlet, South Carolina, USA 
(Coull 1985), and  from sedim ents in Dr Tom C handler's 
experim ental aquaria at the Belle W. Baruch Institute 
for M arine Biology and Coastal Research, University of 
South Carolina, USA.

Sample preparation. Qualitative sedim ent samples 
w ere taken  w ith a spoon in W esterhever, on Sylt and in 
South Carolina, while a dredge was used at Hirshol­
mene. Living animals w ere extracted in the laboratory 
by a combination of shaking and decanting, concen­
trated on a 45pm m esh size sieve and rinsed into a petri
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dish. This m aterial was used for observing behaviour 
and for light- and electron microscopy.

Behavioural observations. Ptycholaimellus was 
picked up from the petri dishes and placed in Boveri 
dishes with w ater from the locality; small portions of 
fine-grained sedim ent (particle size <45pm ) were 
gently dropped into the Boveri dishes w ith a pipette. 
Tube-construction was observed through a stereo- 
microscope and with a  Leitz Orthoplan microscope 
(with w ater immersion objective) fitted to a video­
cam era (Sony CCD) which was connected to a video­
recorder (Panasonic NV-180). Copies of the recordings 
w ere m ade with a Sony Video Graphic Printer (UP-811).

Ptycholaimellus specimens from W esterhever were 
also placed into sandw ich-aquaria (Thun 1966) with 
w ater from the locality after which fine-grained sedi­
m ent was introduced. The behaviour of the nem atodes 
was followed through a stereo-microscope and an 
Olympus BHT microscope.

Observations on fixed material. Nem atodes were 
fixed in hot TAF (2 parts triethanolamin, 7 parts 37 % 
formaldehyde and 91 parts water) and then  placed in a 
droplet of TAF on a microscope slide. This fixation yields 
the best optical contrast w hen observed with interfer­
ence phase contrast microscopy (U. Wyss pers. comm.). 
Light microscopical observations w ere m ade w ith this 
technique using a Reichert Polyvar microscope.

Histochemical treatm ents of nem atodes and  tubes 
included fixation in 4 % formaldehyde and dehydra­
tion through a graded ethanol series followed by iso­
propanol and em bedding in epoxy resin. Serial sections 
of 1 pm were cut using glass knives and placed serially 
on drops of w ater on acid-cleaned slides. The slides 
w ere w arm ed on a hot plate (80 °C) to evaporate the 
w ater and to enhance adhesion of the sections to the 
slide. The periodic acid-Schiff (PAS) reaction was used 
for localisation of mucopolysaccharides, and alzian 
blue was applied to show acid mucopolysaccharides 
which are mainly concentrated in mucoid gland cells. 
The sections w ere observed through a Olympus BHT 
microscope.

For scanning electron microscopy (SEM), nem atodes 
and tubes were extracted from the sedim ents and fixed 
in 4 % formaldehyde, w ashed in distilled w ater, and 
dehydrated and critical-point dried (Balzer Union CPD 
010). The tubes were air dried. N em atodes and  tubes 
w ere coated with 20 nm of gold using a Balzer Union 
SCD 004 sputter, and exam ined on a Zeiss Nanolab 7 
scanning electron microscope.

RESULTS AND DISCUSSION

In W esterhever and Sylt sediments, we found Pty­
cholaimellus ponticus (Filipjev, 1922) (ca 1 mm long

and max. 50 pm thick) together with detrital agglutina­
tions of varied shapes (Fig. 1A). Some of these aggluti­
nations consisted of m em branous tubes (PAS staining 
positive) up to 50 pm in diam eter to which mud parti­
cles, fragm ents of diatom frustules adhered (Fig. IB, C). 
The inner surface appeared smooth (Fig. ID). Some 
tubes appeared  more sinuous than others, and 
branched tubes w ere sometimes found.

To test w hether these tubes are made by 
Ptycholaimellus ponticus w e extracted living speci­
mens and placed them  in Boveri dishes with water 
from the locality. The nem atodes fix their tails to the 
bottom of th e  dish by a few pm thick mucous thread, 
secreted by the caudal gland cells, and m ake thrash­
ing m ovem ents with their bodies. W hen fine sediment 
is available their behaviour changes drastically. The 
body undulates at a lower frequency and the anterior 
end  shows a 3-dimensional wave movement. Upon 
close contact the head  catches a small amount of 
detritus w hich attaches to the body. As long as there is 
detritus in its surrounding, the worm continues to col­
lect and attach particles to its body. This is the begin­
ning of a tube. Tube construction proceeds anteriorly 
(Fig. 2) and  a tube may reach a length of 4 mm after 
3 h activity; one specim en m anaged to build a 35 mm 
long tube. We never observed P. ponticus attaching 
detritus to the  posterior end of the tube, and the worm 
is unable to turn around in its tube. When a nematode 
was forced to leave its tube it soon started to con­
struct a new  one, hence a home-finding ability could 
not be detected, in contrast to the tube-building har­
pacticoid copepod Stenhelia (Delavalia) palustris 
(Lorenzen 1969). W hen not collecting detritus, the 
nem atode was active in the detrital agglutinations. 
We suggest that during this time the membranous 
inner surface of the tube was formed. Branched tubes 
w ere also sometimes constructed in the Boveri dish. 
Seen from the surface, this amorphous matrix of par­
ticles did no t appear to be a tube. Only after sieving 
and shaking, w hen the loose detritus particles disin­
tegrated, did the sinuous tube appear, identical to 
those observed in the field samples. The shape of a 
tube reflects the sinusoidal track of a nem atode mov­
ing in a jelly (Gray & Lissman 1964), suggested to 
describe an  elastica (Calcoen & Roggen 1973). We 
also observed tube-building by P. pandispiculatus 
(Hopper, 1961) from Bread and Butter salt marsh lo­
cality in South Carolina, w here we also found tubes 
of P. hibernus Eskin & Hopper, 1985. Finally, we 
observed tube  construction by a Ptycholaimellus 
species from Hirsholmene which is closely related to 
P. ponticus  and identical to the species reported from 
a sublittoral locality in the 0 resund , Denmark (Jen­
sen 1987). Thus, tube-construction is widespread in 
Ptycholaimellus species.
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Fig. 1. P tycholaim ellus pon ticus. (A) S tereo  m icroscope v iew  of m ateria l from  a  tid a l c ree k  in  W esterhever, FRG, re ta in ed  on a 
45 pm m esh  size sieve. A rrow heads: P. ponticus-, s ing le  arrow : sim ple tub e ; double  arrow s; b ra n c h e d  tube; low er left: fecal pe lle t 
of m udsnail H ydrobia ulvae-, low er right: diatom ; sca tte red  san d  grains. (B) P h ase  co n trast m ic ro g rap h  of a  tu b e  in  p lan e  v iew  
show ing  m ucoid  m em brane  w ith  sm ooth  in n e r surface  an d  ad h erin g  d e tritu s p a rtic le s  on o u te r  surface. (C) S cann ing  electron  
m icrograph  of a tu b e  m ade  by  a y o u n g  w orm . (T ube o p en in g  slightly  d isto rted  d u e  to a lcoho l fixation.) (D) V iew  inside  th e  tu b e  

w ith  sm ooth in n e r surface . Scale bars: (A) 1 mm; (B) 50 pm; (C) 20 g m ; (D) 10 gm

The deep sea may harbour nem atodes that inhabit 
tubes (Hope & M urphy 1969) bu t if so, the tubes are 
m ade by agglutinated foraminifers (Gooday 1984). 
Riemann (1974) found m any irregular tubes of delicate 
appearence in samples from the Iberian deep sea of 
which four contained a nem atode (Halalaimus). This 
observation has not since been  verified.

We added  fine-grained detritus in sandw ich aquaria 
(Thun 1966) containing Ptycholaimellus ponticus. 
Compact agglutinations of detritus w ere visible against 
the looser surrounding m aterial after a few hours. 
Within each such agglutination there w as a tube situ­
ated vertically in the sedim ent which reached  the sedi­
m ent-w ater interface or extended slightly above the 
sedim ent surface (Fig. 2). Moreover, we observed P. 
ponticus gliding forwards and backw ards in the tube 
with the body in close contact to the w all of the tube.

Our observations on tube-construction corroborate 
those m ade by Cullen (1973) that nem atodes may 
establish an  intricate netw ork of closely spaced bur­
rows in the surface layers of sandy mud. This activity is

not necessarily part of the feeding strategy of the 
nem atodes as previously suggested (Riemann & 
Schrage 1978, W arwick 1981). Buccal cavity structures 
of Ptycholaimellus species indicate that they feed on 
pennate diatoms in a way similar to that of 
Chromadorita tenuis  (G. Schneider, 1906) (Jensen 
1982); since we never found these food items on the 
inner surface of tubes, w e conclude that they must feed 
on diatoms from the sedim ent surface in the vicinity of 
the tube opening.

The special activity of the head region in catching 
detritus (Fig. 2) suggests that a sticky mucus is released 
there. In Ptycholaimellus spp. the lips are set off from 
the body by a deep groove (Fig. 3B), into which opens 
the duct of a large ventral gland cell posterior to the 
oesophagus (Fig. 3A). Alzian blue and  PAS staining 
revealed that the gland cell and the tubes contain acid 
mucopolysaccharides, indicating that the ventral gland 
cell is the site w here the sticky mucus is produced. This 
suggests that it is a very active secretory cell (Narang 
1970), although an excretory function has been sug­
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Fig. 2. P tycholaim ellus ponticus. Video 
m icrographs show ing th e  w orm 's ability 
to catch  d e tritu s u sed  to ex te n d  its tube at 
th e  sed im en t-w ate r in terface . (A) H ead 
en d  of th e  w orm  ex tend ing  ou t of tube at 
th e  sed im en t-w ate r in te rface ; detrital 
p article  (arrow) in  th e  w ater. (B, C) D etri­
ta l particle  c au g h t by th e  h ead  end. (D) 
D etrital p a rtic le  a tta ch ed  to th e  outer end  
of th e  tube. (E) H ead  e n d  of the worm at 
th e  ex ten d ed  tu b e  opening . Scale bar =  

100 pm

gested (M aggenti 1981). It is uncertain w hether the 
secretion of the ventral gland cell is also involved in the 
construction of the membranous tube. O ther gland 
cells opening to the exterior along the body, i.e. hypo- 
derm al gland cells (Fig. 3C) (Wright & Hope 1968, 
Lippens 1974), could also be the sites of the secretions.

The presence of up to 400 Ptycholaimellus ind. cm-2 
(Warwick & Price 1979) occurring down to about 1 cm 
depth (Warwick & Gee 1984, Eskin & Palm er 1985, 
Jensen  1987), and consequently a similar num ber of 
tubes, indicates that the total inner-tube surface area 
could be 5 times higher than the sedim ent surface. It is 
probable that the vertical movem ents of the worms 
within the tubes result in a substantial vertical trans­
port of w ater in the upper cm of the sediment, At the 
sam e time the membranous tubes and  their binding 
m ucus m ust stabilize the upperm ost layer of newly

sedim ented detritus and clay and  counteract resuspen­
sion (Führböter 1983, M eadows & Tufail 1986). The 
worms' protected life in the tubes may also explain why 
they are less well represented  in resuspended matter in 
the water column (Palmer & Gust 1985) than on the 
bottom (Eskin & Palmer 1985).
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Fig. 3. P tycholaim ellus pon ticus. A nterio r e n d  in  le ft la te ra l 
view s. (A) Phase  con trast m ic ro g rap h  sh ow ing  th e  m ucus- 
p roducing  g lan d  cell (arrow). (B) S can n in g  e lec tro n  m icro­
g rap h  show ing  m ucus re lease  (arrow) from  a groove b e tw een  
body  a n d  lips. (C) Scann ing  e lec tro n  m ic ro g rap h  show ing 
row  of su b la te ra l cu ticu lar pores. Scale bars: (A) 50 ¡rm;

(B, C) 10 pm

LITERATURE CITED

A nderson, J. G., M eadow s, P. S. (1978). M icroenv ironm en ts in 
m arin e  sedim ents. Proc. R. Soc. Edinb. 76B: 1-16

C alcoen, J., Roggen, D. R. (1973). T h e  form  of m oving 
nem a to d es. N em ato log ica  19 (3): 408-410

C hand ler, G. T., F leeger, J. W. (1984). T u b e-b u ild in g  by a 
m arine  m eioben th ic  h a rp ac tico id  copepod . M ar. Biol. 82: 
15-19

Coull, B. C. (1985). Long-term  variab ility  of e stu arin e  
m eioben thos: an  11 y ear study. M ar. Ecol. Prog. Ser. 24: 
205-218

C ullen, D. J. (1973). B ioturbation of superfic ia l m arin e  sed i­
m en ts  b y  in terstitia l m eioben thos. N atu re , Lond. 242: 
323-324

E skin, R. A., Palm er, M. A. (1985). S u sp en sio n  of m arine 
n e m a to d es  in  a tu rb u len t tid a l c reek : sp ec ies patte rns. 
Biol. Bull. m ar. biol. Lab., W oods H ole 169: 615-623

Führbö ter, A. (1983). Ü ber m ikrob io log ische  E inflüsse au f den

E rosionsbeg inn  b e i S an d w a tten . W asser u n d  B oden 3: 
106-116

G ooday, A. (1984). R e co rd s  of d e ep -se a  rh izopod  tests in h a ­
b ited  by  m etazo an s i n  th e  N o rth -ea st A tlantic. Sarsia 69: 
45-53

Gray, J., L issm ann, H . W. (1964). T he locom otion of 
nem ato d es. J. exp. B iol. 41: 135-154 

Hicks, G. R. F., Coull, B. C. (1983). T he ecology of m arine  
m eioben th ic  h a rp ac tic o id  copepods. O ceanogr, m ar. Biol. 
A. Rev. 21: 67-175 

H ope, W. D., M urphy , D . G. (1969). Syrin g o n o m u s typicus 
n ew  g enus, n ew  sp e c ie s  (Enoplida: L eptosom atidae) a 
m arine  n em a to d e  in h a b itin g  a ren aceo u s tubes. Proc. Biol. 
Soc. W ash. 82: 5 1 1 -5 1 8  

Jen sen , P. (1982). D ia to m -feed in g  beh av io u r of th e  free-living 
m arine  n e m a to d e  C hrom adorita  tenuis. N em ato log ica  28: 
71-76

Jen sen , P. (1987). D ifferences in  m icrohabitat, abundance, 
biom ass an d  bod y  s iz e  b e tw een  oxybiotic an d  thiobiotic 
free-liv ing  m arine  n e m a to d es . O ecologia (Beri.) 71: 
564-567

Lippens, P. L. (1974). U ltras tru c tu re  of a  m arine  nem atode, 
C hrom adorina g erm a n ica  (Buetschli 1874). II. Cytology of 
la te ra l ep id e rm al g la n d s  a n d  assoc ia ted  neurocystes. Z. 
M orph. T iere  79: 283—294 

L orenzen, S. (1969). H a rp ac tic o id en  aus d em  len itischen  W att 
un d  d en  S a lzw iesen  d e r  N o rd seek ü ste . K ieler M e e re s­
forsch. 25: 215-223 

M aggenti, A. (1981). G e n e ra l nem ato logy . S p rin g er V erlag, 
N ew  York

M eadow s, P. S., Tufail, A. (1986). B ioturbation, m icrobial 
activity an d  sed im en t p ro p e rties  in  an  estu arin e  ecosys­
tem. Proc. R. Soc. E d in b . 90B: 129-142 

N arang , FI. K. (1970). T h e  excreto ry  system  of nem atodes: 
struc tu re  a n d  u ltra s tru c tu re  of th e  excreto ry  system  of 
E noplus brevis. N em ato lo g ica  16: 517-522 

Palm er, M. A., G ust, G. (1985). D ispersal of m eiofauna in a 
tu rb u len t tid a l creek . J . m ar. Res. 43: 179-210 

Petr, T. (1976). B io tu rb a tio n  and  ex ch an g e  of chem icals in  the 
m u d -w a te r in te rface . In : G olterm ann , H. L. (ed.) In te rac ­
tions b e tw e e n  se d im e n ts  a n d  freshw ater. Ju n k , T he 
H ague, p. 216-226  

Platt, H. M., W arw ick, R. M. (1980). T he sign ificance  of free- 
liv ing  n em a to d es  of th e  litto ral ecosystem . In: Price, J. M., 
Irvine, D. E. G., F a rn h am , W. F. (eds.) T he shore  env iron ­
m ent, Vol. 2. A cad em ic  Press, London, p. 729-759 

R em ane, A. (1933). V e rte ilu n g  u n d  O rg an isation  d e r ben- 
thon ischen  M ik ro fau n a  der K ieler Bucht. Wiss. M eeresun- 
ters. Abt. Kiel 21: 162-221 

R iem ann, F. (1974). O n  h em isess ile  n em a to d es  w ith  flagel- 
liform tails liv ing in  m arin e  soft bottom s an d  on m icro­
tu b es found  in  d eep  se a  sed im ents. M ik ro fauna  M eere sb o ­
den  40: 1-15

R iem ann, F., S chrage, M. (1978). T he m u cu s-trap  hypothesis 
on fe ed in g  of a q u a tic  n em a to d es  a n d  im plications for 
b io d ég rad atio n  an d  se d im e n t tex tu re , O ecologia (Beri.) 34: 
75-88

Thun, W. von (1966). E in e  M ethode  zu r K ultiv ierung der 
M ikrofauna. Veröff. Inst. M eeresforsch . B rem erh av en  Son­
d e rb an d  2: 277-280 

W arwick, R. M. (1981). Surv iva l s tra teg ies  of m eiofauna. In: 
Jones, N. V., W olff, W. J. (eds.) F eed in g  an d  survival 
s tra teg ies of e s tu a rin e  o rganism s. P lenum , N ew  York, p. 
39-52

W arwick, R, M., G ee, J. M . (1984). C om m unity  stru c tu re  of 
e stu arin e  m eio b en th o s . M ar. Ecol. Prog. Ser, 18: 97-111 

W arw ick, R. M., Price, R. (1979). Ecological an d  m etabolic



128 M ar. Ecol, Prog. Ser. 64: 123-128, 1990

stud ies on free-living n em ato d es from  a  estu arin e  m ud- 
flat. E stuar. coast, m ar. Sei. 9: 257-271 

W right, K. A., H ope, W. D. (1968). E laborations of th e  cuticle  of

T his article w as p re se n ted  b y  Professor T. F enchel, H e l sin  gor, 
D en m a rk  ' ?■ *

A ca n th o n ch u s  dup lica tus  W ieser, 1959 (Nem atoda: 
C yatho laim idae) as re v ea le d  by  lig h t an d  e lectron  m icros­
copy. Can. J. Zool. 46: 1005-1011

M anuscrip t first rece ived : S e p te m b e r  3, 1989 
R ev ised  version accep ted : M arch 29, 1990


