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ABSTRACT

The cephalic sensory structures, papillae and setae, were studied in five species of 
Paralinhomoeus (Linhomoeidae) by light and scanning electron microscopy. A basic 
cephalic pattern, six labial papillae and ten cephalic setae, was characteristic of all 
young juveniles. Additional cephalic setae were observed in adults of four species, most 
frequently in males, giving rise to a variation within species or a sexual dimorphism. 
The wide-spread occurrence and great variation in number of additional cephalic setae 
have to be considered before using the number of cephalic setae as a taxonomical cha
racter within Paralinhomoeus and related genera.

On the basis of present knowledge the delimitation of some genera within Lin- 
homoeinae is doubtful and the genera Perilinhomoeus and Anticyclus are to be synonym- 
ized with Paralinhomoeus.

I. INTRODUCTION

Our present classification of the free-living marine nematodes is based almost 
entirely on morphological characters. As the number of recorded species and genera 
increases, very minute structural differences are often used to delimit different taxa. 
However, characters differ in their usefulness for classification and also in their 
contribution to facilitate proper identification.

An important character in nematode taxonomy is the number and position of 
cephalic setae. The occurrence of additional setae in the cephalic circle in some 
linhomoeids and the observed variation in number of these setae, may, as described 
below, illustrate the difficulties involved in using this particular character within 
the Linhomoeidae.

Initially only a restricted number of specimens of two closely related species 
of Paralinhomoeus, P. lepturus (d e  M an, 1907) and P. intermedius (A i .lg é n , 1929), 
were available for examination. In both species the males were found to differ from 
juveniles and females regarding the number of cephalic setae. Since the original 
material had been collected in sediment with pronounced oxygen deficiency, the 
possibility could not be excluded that the observed variation reflected local popu
lations living under strong environmental stress. Consequently, additional material 
from other geographical areas was obtained, which included a further three species.



Misinterpretation and failure to observe certain structures cannot be excluded 
when light microscopy is used to analyse the number and position of the minute 
cephalic structures. Therefore, in addition to common en face preparations, material 
was examined by scanning electron microscopy which has the advantages, besides 
increased resolution and depth of field, that the nematodes can be tilted and rotated 
during examination, allowing observation from the most suitable angles.

The comparative studies presented at the symposium in Ghent on structures 
other than the cephalic setae will be published separately.

II. M ATERIAL AND METHODS

Specimens of five species of Paralinhomoeus (Linhomoeidae, Nematoda) were 
studied. Four of them are referred to species described earlier (Tab. 1). They were 
collected in the Gullmar Fjord on the west coast of Sweden (species nos. II, IIT, 
and V), and in the northern part of the 0resund in the vicinity of Helsingor, Den
mark (species nos. I, III, and V). The fifth species was collected on the coast of 
Bermuda by Professor S. A. Gerlach. It is a new species and will be described else
where. The nomenclature used in this paper follows G e r l a c h  &  R i e m a n n  (1973).

TABLE I

Species and number of specimens studied by light microscopy (L M ) 
and scanning electron microscopy (SEM)

L M S E M

juv ? <? juv ? $

I. Paralinhomoeus ilenensis 2 5 5

( A l l g é n , 1933)
II. P. lepturus (d e  M a n ,  1907) 34 46 40 9 28 42
III. P. intermedins ( A l l g é n , 1929) 9 34 28 9 20 22
IV. Paralinhomoeus n. sp. 37 8 3 5 2
V. P. cf strandibrevicaudatus 5 4 4 6 9 12

( A l l g é n , 1934)

Preparation for light microscopy (LM). Some of the living nematodes were 
killed and fixed in cold 4 % neutrai formaldehyde in sea water. In order to make 
preparations for LM and SEM (see below) suitable for comparison a number of 
nematodes were fixed in ice-cold 4.5 % glutaraldehyde in a solution of 0.2 mol/1 
cacodylate buffer and filtered sea water (2 : 1). The fixed nematodes were slowly 
transferred to pure glycerol and mounted in anhydrous glycerol or in Kaiser’s 
glycerol gelatine (en face preparations).

Preparation for scanning electron microscopy (SEM). The same fixatives used 
for LM were used for the primary fixation of the living nematodes. Each specimen, 
still in fixative, was then temporarily transferred to a slide and covered by a cover 
glass supported by glass rods. The identification of species and the examination



of sex and degree of maturity were performed by LM. After 1-3 days in the fixative, 
the specimens were washed in 0.2 mol/1 eacodylate buffer and postfixed in 1 % 
osmium tetroxide in the same buffer for 1-2 h. at room temperature. After being 
washed in buffer, the specimens were dehydrated by passing them through a graded 
series of ethanol of increasing concentration to pure freon or by graded ethanol- 
acetone series, critical point-dried with C 0 2 (C oh en , 1974), mounted on metal 
stubs, coated with gold in argon atmosphere, and examined in a Jeol JSM-U3 or 
a Jeol J8M-35 scanning electron microscope. The temporary study by LM before 
postfixation sometimes impaired the quality of the SEM preparations.

The number of specimens of each species and category (juveniles, females, 
males) studied by LM and SEM is given in Tab. 1. Only fully mature specimens 
are included in the categories « females » and « males ».

III. RESULTS

Within Linhomoeidae the arrangement of the cephalic sense organs (papillae, 
setae) is used to distinguish different genera (or groups of genera). A circle of six 
labial papillae and a circle of ten cephalic setae are reported to be characteristic 
of the genus Paralinhomoeus and some related genera. In the following this arrange
ment is called the basic pattern. Regular deviations fiom this pattern were observed 
in four of the five species studied.

The basic pattern is illustrated by the scanning electron micrograph of a P. lep- 
turus female (Fig. 1). The circular mouth opening is surrounded by six minute lips, 
each bearing a small, labial papilla (cf. Fig. 3). The lips and their papillae are located 
in distinct positions, lateral, subdorsal, and subventral. The second circle of sense 
organs consists of ten cephalic setae. Six of them are short and located in the same 
radii as the labial papillae. They are referred to as hexaradial cephalic setae (ch, or 
in lateral position chi, in Fig. 1 ). The four longer setae (cb) of the cephalic setae are 
bilaterally arranged (cf. D e C o n in ck , 1950). They are situated close to the sub
dorsal and subventral hexaradial setae. Four of the five species (exception : P. ile
nensis) have subcephalic setae (s in Fig. 1) in distinct positions.

The basic pattern of six papillae and ten cephalic setae was observed in all 
young juveniles of the five species studied, and in the adults of P . ilenensis (I in 
Fig. 4). It was also found in the majority of the females of P. lepturus (II) and 
P. intermedius (III  in Fig. 4). Of the five species studied, only P. ilenensis was 
found to have the same number of cephalic setae in juveniles, in adult females, 
and in adult males.

The males of P. lepturus were found to have 12-16 cephalic setae (Fig. 4). In 
addition to the ten setae of the basic pattern, two additional setae were always 
found in lateral positions. These two additional setae were observed already in old 
juveniles with distinct male characters. In adult males additional setae were found 
also near the short subdorsal and subventral hexaradial setae. However, the number 
of the latter additional setae varied from one to four. In Fig. 2 a male is shown 
with four additional setae ; two almost lateral, one almost subdorsal and one almost 
subventral. A few of the females studied were also found to have one additional 
seta in subdorsal or subventral position.

The males of P. intermedius were found to have six additional setae, one near 
each of the six short hexaradial cephalic setae. The four additional setae in almost 
subventral and subdorsal positions are easy to identify since they are somewhat 
shorter than the hexaradial ones (indicated in Fig. 4) and situated just outside the 
circle formed by the original cephalic setae.



Figs. 1-3. Scanning electron micrographs of Paralinhomoeus lepturus. 1. Anterior end 
of a female ( x 1800) ; 2. Anterior end of a male ( X 1800) ; 3. Mouth opening and labial

papillae ( x 3000).
a =  amphid. ca =  additional cephalic seta, cb =  bilateral cephalic seta, ch =  

hexaradial cephalic seta, chi =  hexaradial cephalic seta in lateral position, 1 labial 
papilla, p =  tooth-like cuticular projection, s =  subcephalic seta.
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Fig. 4. Schematic diagram illustrating the numbers and groups of cephalic setae in
the five species :

I. Paralinhomoeus ilenensis
II. P. lepturus
III. P. intermedins
IV. Paralinhomoeus n. sp.
V. P. cf strandibrevicaudatus.



In Paralinhomoeus n. sp. (IV in Fig. 4) additional setae were observed in late 
juvenile stages and in adults. Four additional setae were always found in median 
positions, two dorsal and two ventral. Varying numbers of additional setae were 
observed in lateral positions. Here two additional setae were found in old juveniles 
and in adult females and up to four in adult males. Thus, in this species adult 
females were found to have 16 and adult males 16-18 setae in the cephalic circle.

P. cf strandibrevicaudatus ( V in Fig. 4) differs from the other four species in 
having 16 very short and almost uniform setae in the cephalic circle. The arrange
ment is identical with that of P. intermedius but different from that of Paralin
homoeus n. sp. regarding positions of the additional setae.

Thus, the basic pattern of Paralinhomoeus, six labial papillae and ten cephalic 
setae, is characteristic of all young juveniles examined. However, additional setae 
may be incorporated in the cephalic circle during the development giving rise to 
a variation of number of setae within the species. This trend is most pronounced 
in males and is demonstrated in four of the five species. Additional setae are mani
fested in the females of two species, Paralinhomoeus n. sp. and P . cf. strandibrevi
caudatus. Both different numbers and different positions of the additional setae are 
observed. When only few additional setae are present, the lateral positions appear 
to be most common. If more numerous additional setae occur they were found in 
either subdorsal/subventral positions (three species) or in median positions (one 
species). In three of the five species a sexual dimorphism regarding the number of 
additional cephalic setae is demonstrated.

IV . DISCUSSION

Confronted with an almost chaotic accumulation of species recorded in Lin
homoeidae, W i e s e r  (1956) concluded that «this family is not well characterized». 
He omitted the most doubtful genera and based the main grouping of species on 
the number of cephalic setae. He remarks, however, that this is only a practical, 
and not the taxonomically most relevant use of this character.

A closer analysis of labial papillae and cephalic setae is given by G e r l a c h  
(1963) in his revision. He calls attention to the similarities with the three distinct 
circles of sensory organs which are considered to be a primitive feature ( D e  C o n i n c k , 
1950). Reduction of the intermediate circle or a fusion between this circle and the 
posterior one are imaginable ways to explain the diversity of cephalic patterns. 
However, additional setae may contribute to increase the diversity. These setae 
may be situated relatively far behind, so-called subcephalic setae, or in a distinct 
circle just behind the cephalic setae giving rise to a pseudocephalic circle as in 
Eleutherolaiminae. Additional setae on the same level as the true cephalic setae 
may be called additional cephalic setae (termed « Ergänzungsborsten » by G e r l a c h ).

Six labial papillae and ten setae in the cephalic circle, a common arrangement 
in the young juveniles of the species examined, may be regarded as a basic pattern 
in Linhomoeinae and very few exceptions are reported. However, occasional obser
vations of additional cephalic setae have been reported earlier within Paralinhomoeus, 
by d e  M a n  (1907), S c h u l z  (1932), and V i t i e l l o  (1969). In some descriptions such 
setae have been depicted but not mentioned. Recently R i e m a n n  (1977) reported 
additional setae in lateral positions in a male of P. lepturus, and he also mentions 
the possibility of sexual dimorphism. These reports and the results obtained in the 
present study indicate that additional setae is a regularly occurring feature in 
many species of Paralinhomoeus.



Additional cephalic setae, sometimes manifested only in males, are probably 
common in other genera of Linhomoeinae. Indications of this are observations of 
additional setae in males of Disconema and Didelta by V i t i e l l o  (1969), and the 
additional setae observed by C o b b  (1920) in the genus Halinema (syn. Zanema).

The occurrence of additional lateral cephalic setae in Perilinhomoeus longisetosus 
S c h u u r m a n s  S t e k h o v e n , 1950 do not justify the establishment of Perilinhomoeus 
as a separate genus. Perilinhomoeus S c h u u r m a n s  S t e k h o v e n  must be considered 
as synonymous with Paralinhomoeus ( d e  M a n , 1907) as was proposed already by 
G e r l a c h  (1963).

T h e  g e n u s  Anticyclus w a s  d e s c r ib e d  b y  C o b b  (1920) t o  h a v e  s ix t e e n  c e p h a l ic  
s e ta e . W i e s e r  (1956) s y n o n y m iz e d  t h e  g e n u s  w it h  Linhomoeus B a s t i a n , 1865. 
Anticyclus w a s  t h e n  r e -e s t a b l is h e d  b y  G e r l a c h  (1963) a s  a  d is t in c t  g e n u s  w it h  
s ix te e n  c e p h a l i c  s e ta e , t e n  o r ig in a l  a n d  s ix  a d d i t io n a l  o n e s . C o n s id e r in g  t h e  o v e r a l l  
s im ila r ity  w it h  Paralinhomoeus ( c f .  M u r p h y , 1965) a n d  t h e  in t e r -  a n d  in t r a -s p e c i f i c  
v a r ia t io n  in  o c c u r r e n c e  a n d  n u m b e r  o f  a d d i t io n a l  c e p h a l ic  s e ta e  d e m o n s t r a t e d  h ere  
in  t h is  g e n u s , t h e r e  s e e m s  t o  b e  n o  r e a s o n  t o  m a in t a in  t h e  g e n u s  Anticyclus. C o b b ’s 
d e p ic t io n  o f  a  d o r s a l  t o o t h  in  t h e  b u c c a l  c a v i t y  o f  t h e  t y p e  s p e c ie s  A. exilis C o b b , 
1920 h a s  g iv e n  r ise  t o  c o n t r o v e r s y .  H o w e v e r ,  h is  f in d in g  h a s  b e e n  c o n f i r m e d  b y  
A n d r â s s y  (1973). M y  o w n  o b s e r v a t io n s ,  t o g e t h e r  w it h  t h o s e  o f  R i e m a n n  (1977), 
ju s t i fy  t h e  o c c u r r e n c e  o f  a  s im ila r  s t r u c t u r e  a ls o  in  t h e  t y p e  s p e c ie s  Paralinhomoeus 
lepturus ( d e  M a n , 1907). A d o r s a l  c u t i c u la r  p r o j e c t i o n  (p in  F ig .  3), in  r e a l i t y  t h e  
o r i f ic e  a n d  t h e  d is ta l  p a r t  o f  t h e  d u c t  o f  t h e  d o r s a l  e s o p h a g e a l  g la n d , is  p r o t r u d in g  
in t o  t h e  b u c c a l  c a v i t y .  T h is  p i o j e c t i o n  is  m o s t ly  b a r e ly  v is ib le  b u t  s o m e t im e s , 
p r o b a b ly  d u e  t o  f ix a t io n ,  i t  is  r e m a r k a b ly  d is t in c t ,  g iv in g  t h e  im p r e s s io n  o f  a  t o o t h 
lik e  s t r u c tu r e . T h u s , o n  t h e  b a s is  o f  p r e s e n t  k n o w le d g e ,  t h e  g e n u s  Anticyclus C o b b , 
1920 h a s  t o  b e  r e g a r d e d  a s  s y n o n y m o u s  w it h  Paralinhomoeus (d e  M a n , 1907).

The differences demonstrated here between juveniles, females, and males in 
some species of Paralinhomoeus strongly emphasize the need of more detailed know
ledge at species level. The wide-spread occurrence and great inter- and intra-specific 
variation in number of additional cephalic setae must be considered before using 
this particular character to define species and genera within the Linhomoeidae.

a c k n o w l e d g e m e n t s

I am very grateful to Professor S. A. Gerlach for stimulating discussions and 
for lending me the Bermuda material, and to Professor K.-G. Nyholm for valuable 
support. I would also like to thank Miss B. Engström for technical assistance, 
Mrs. K. Ahlfors for her skilful work with the illustrations, and Mr. N. Rollison 
for the linguistic revision of the manuscript.

Financial support was obtained from the Nordic Council for Marine Biology 
and the Swedish Natural Science Research Council.

REFERENCES

A n d b à s s y , I. (1973) —  Nematoden aus Strand- und Höhlenbiotopen von Kuba. Acta 
Zool. Acad. Hung., 19, 233.

C o b b , N. A. (1920) —  One hundred new nemas. Contr. Sei. Nemat., 9, 217.
C o h e n , A. L . (1974) —  Critical point drying. In : H a y a t , M. A. (ed.) : Principles and 

Techniques of Scanning Electron Microscopy, vol. 1, Van Nostrand Reinhold, New 
York.



D e  C o n i n c k , L. A. (1950) —  Les relations de symétrie, régissant la distribution des 
organes sensibles antérieurs chez les Nématodes. Ann. Soc. R. Zool. Belg., 81, 25.

G e r l a c h , S .  A .  ( 1 9 6 3 )  —  Über freilebende Meeresnematoden. Revision der Linhomoeidae. 
Zool. Jb. (Syst.), 90. 5 9 9 .

G e r l a c h , S. A. & R i e m a n n , F. (1973) — The Bremerhaven checklist of aquatic nema
todes. A  catalogue of Nematoda Adenophorea excluding the Dorylaimida. Veröff. 
Inst. Meeresforsch. Bremerh. Supp. 4 (1), 1.

Man, J. G. de (1907) —  Sur quelques espèces nouvelles ou peu connues de Nématodes 
libres habitant les côtes de la Zéland. Mém. Soc. Zool. France, 20, 30.

M u r p h y , D. G .  ( 1 9 6 5 )  —  Chilean marine nematodes. Veröff. Inst. Meeresforsch. Bremerh., 
9. 1 7 3 .

R i e m a n n , F. (1977) —  Oesophagusdrüsen bei Linhomoeidae (Monhysterida, Siphonolai- 
moidea). Beitrag zur Systematik freilebender Nematoden. Veröff. Inst. Meeresforsch. 
Bremerh., 16, 105.

S c h u l z . K. (1932) -  Beiträge zur Kenntnis mariner Nematoden aus der Kieler Bucht.
Zool. Jb. (Syst.), 62, 331.

S c h u u r m a n s  S t e k h o v e n , J. H. (1950) —  The freeliving marine nemas of the Mediter
ranean. I. The bay of Villefranche. Mem. Inst. Sei. nat. Belg. (2e sér.), 37, 1.

V iT iE L L O , P. (1969) —- Linhomoeidae (Nematoda) des vases profondes du Golfe du Lion. 
Tethys, 1, 493.

W i e s e r . W .  (1956) —  Freeliving marine nematodes. III. Axonolaimoidea and Mon 
hysteroidea. Chile Reports 26. Lunds Univ. Ârsskrift (N. F ., Avd. 2), 52 (13), 1.


