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Abstract

Caligopsyllus primus Kunz, 1975, reported from tidal pools near East London (South Africa), is redescribed 
and figured on the basis of type material. An amended diagnosis of the genus Caligopsyllus Kunz, 1975 is 
presented. Cladistic analysis falsified the hypothesis of a close relationship between Caligopsyllus and Kliopsyl
lus Kunz, 1962, favouring instead a link with Apodopsyllus Kunz, 1962. The morphological modifications are 
discussed within the context of a possible ecto-associated life-style. Finally, a standard format of abbreviations 
and terminology is proposed for the paramesochrid caudal ramus.

Introduction

Whilst muds and very fine sands are regularly nema
tode dominated, a special fauna is found in the inter
stices between the sand grains of capillary sedi
ments; this fauna was termed the ‘interstitial fauna’ 
by Nicholls (1935) while Remane (1940) coined the 
word ‘mesopsammon’. Adaptation to life in the in
terstices of the sand has resulted in the independent 
evolution of a number of morphological features 
within many taxa. One of these is small size.

Paramesochrids are among the smallest harpacti- 
coid copepods known from the interstitial environ
ment. They are cylindrical, elongate animals that oc
cupy the labyrinth of interstices by wriggling around 
and between the particles. Some of them have at
tained a vermiform shape (e.g. Apodopsyllus) usual
ly accompanied by a reduction of the swimming legs 
and by a gliding movement.

Until Kunz (1975) described a new genus from tid

al pools of a reef situated near East London (South 
Africa), the family Paramesochridae Lang, 1948 
consisted exclusively of free-living representatives. 
The author named the genus Caligopsyllus because 
the general habitus and the structure of the fourth 
leg resembled that of the parasitic copepod Caligus 
Müller, 1785 (Siphonostomatoida, Caligidae).

Opinions have varied as to the affinities of 
Caligopsyllus within the Paramesochridae. Kunz 
(1975) related Caligopsyllus to Apodopsyllus Kunz, 
1962 on the basis of the endopodital loss in legs 2 -4 . 
When revising the Paramesochridae, Kunz (1981) 
further explored the relationships of this monotypic 
genus and concluded that the similarity with 
Apodopsyllus is superficial, favouring instead a link 
with Kliopsyllus Kunz, 1962 and placing special em
phasis on the occurrence of three setae on the distal 
exopodite segment of P 2 -P 3 . In this paper Kunz 
(1981) drew attention to the morphological adapta
tions for an ectoparasitic life-style.
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Most recently, Huys (1987) indicated that 
Caligopsyllus was the weakest component in Kunz’ 
(1981) cladogram and falsified the hypothesis of a 
close relationship between Kliopsyllus and Caligop
syllus on the basis of a cladistic analysis, excluding 
consequently the latter genus from the Kliopsyllus- 
group. Despite the profound modifications upon the 
basic morphological plan, Huys (1987) argued 
strongly for the incorporation of Caligopsyllus into 
the Scottopsyllus-growp of the subfamily 
Paramesochrinae Lang, 1948, suggesting that its af
finity may lie with Apodopsyllus.

In the present paper a complete redescription of 
Caligopsyllus primus Kunz, 1975 is presented in ord
er to support the reassessment of its phylogenetic 
relationships.

Material and methods

Material examined: 1 9 (holotype) and 1 o' (allotyp
ic paratype), spirit preserved and deposited in the 
Zoologisches Museum, Hamburg under no. 
K 30370.

Before dissection the habitus was drawn in lac- 
tophenol and body length measurements were made. 
The male was dissected in lactic acid and the dissect
ed parts were placed in polyvinyl lactophenol 
mounting medium, between two coverslips, and in
dividually positioned on 7 Cobb aluminium slide 
frames. This mounting procedure allows the slide to 
be placed on either of its surfaces so that both anteri
or and posterior aspects of the appendages can be 
observed. Of the holotype female only the left anten
nula was mounted on a slide.

Apodopsyllus spec, was examined by scanning 
electron microscopy (SEM) with a JEOL JSM-840 
microscope. Specimens of both sexes were prepared 
by dehydratation through graded ethanol, critical 
point dried, mounted on stubs and sputter coated 
with gold.

All figures have been prepared using a camera luc
ida. Abbreviations used throughout the text and 
figures are: AÍ = antennula, A2 = antenna, PI -  P6 
= first to sixth leg, exp = exopodite, enp = endopo- 
dite, benp = baseoendopodite. The terminology 
and presentation of the setal formulae are adopted

from Lang (1948, 1965). The terms pars incisiva, 
lacinia mobilis and pars molaris are omitted in the 
description of the mandibular gnathobasis (Mielke, 
1984a). Concerning the segmental composition of 
the maxilliped and the mandible, the interpretation 
of Boxshall (1985) is followed.

Systematics

Family Paramesochridae Lang, 1948 
Subfamily Paramesochrinae Lang, 1948 
Genus Caligopsyllus Kunz, 1975

Amended diagnosis

Body depressed, ventral side of metasoma flattened 
without any trace of demarcation between somites. 
Cephalosoma large, with epimera deflexed and deep, 
including between them the oral parts and forming 
a rounded extension at each posterolateral corner. 
Except for P5-bearing somite, free pedigerous so
mites laterally produced. Urosoma narrow and ex
tremely short. Pseudoperculum rounded. Caudal 
rami longer than wide; all setae well developed.

Sexual dimorphism in antennula, fifth and sixth 
legs and in genital segmentation.

Rostrum prominent, defined at base. Antennula 
seven-segmented in female, first segment much 
broader than long, furnished with aesthetasc on 
fourth and seventh segments; five-segmented and 
chirocer in male, furnished with aesthetasc on fourth 
segment. Antenna with basis, unisegmented exopo
dite with hollow, funnel-shaped setae. Mandible 
with long and narrow coxa, 3-segmented endopodite 
and 1-segmented exopodite. Maxillula with well de
veloped praecoxal arthrite, endopodite 1-segmented, 
exopodite represented by one seta. Maxilla with 3 en
dites, endopodite 1-segmented. Maxilliped robust 
with 2-segmented endopodite. Exopodite of PI
1-segmented, furnished with 5 setae; endopodite
2-segmented, proximal segment long and devoid of 
inner seta, distal segment minute and with 2 terminal 
abruptly curved claws. P 2 -P 4  with coxa and basis 
prolonged along dorso-ventral axis, exopodites 
laterally directed, endopodites completely absent.
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Exopodite P 2 -P 3  3-segmented; appendicular hya
line frill strongly developed; proximal and middle 
segment with outer seta, distal segment with 2 setae. 
Exopodite P4 1-segmented with 1 lateral and 2 distal 
setae. Genital double-somite without any trace of 
subdivision, genital complex denticulated. Both P5 
forming a transverse plate in female, with 5 setae on 
both sides. Baseoendopodite and exopodite P5 in 
male forming a common plate with 4 setae; P6 form
ing a plate with 3 setae which is fused at basis with 
last thoracic somite.

Type species: Caligopsyllus primus Kunz, 1975

Type locality: shell gravel from tidal pools of a reef 
situated in the mouth of the Gonubie River east of 
East London, South Africa.

Redescription

The descriptions of the mouth parts (except for fe
male antennula) and of the natatorial legs P1-P4 
are based on the paratype male.

Female (holotype)
Body length: 353 /xm rostrum and caudal rami ex
cluded; 385 /xm rostrum and caudal rami included. 
Maximum width (178 jam) measured at posterior 
margin of cephalic shield.

Body (Fig. 1-A) depressed dorsoventralis distinct
ly tapering posteriorly, almost colourless and not 
transparent. Nauplius eye absent. Integument 
smooth (except for cephalic shield).

Rostrum (Fig. 4-A) prominent, about 1.6 times as 
long as basal width; slightly tapering distally; not 
fused with cephalosoma, defined at base; furnished 
with a pair of delicate sensillae at 1/6 distance from 
the tip which is pointing downwards; longer than 
first antennular segment.

Cephalosoma large, broader than long, narrowing 
anteriorly; occupying about 1/3 of the total body 
length; furnished with seven sets of delicate sensillae. 
Cephalic epimera deflexed and deep, including be
tween them the oral parts; each posterolateral corner 
forming a prominent rounded extension. Dorsal sur
face of cephalic shield provided with a series of

cuticular ridges arranged in a circular pattern and 
extending from base of rostral projection to almost 
posterior margin; lateral and posterolateral margin 
forming a hyaline membrane. Pleurotergite of first 
pedigerous somite not covered with cephalic integu
ment.

Free thoracic somites (P2-P4) laterally 
produced; each furnished with 6 delicate sensillae. 
Ventral side of metasoma flattened without any 
trace of demarcation between somites. P5-bearing 
somite short and much narrower than preceding 
ones; posteroventral free edge forming 2 rounded 
lappets which partially cover P5.

Genital double-somite without any trace of subdi
vision; markedly protruded ventrally over first ab
dominal segment; slightly tapering posteriorly; fur
nished with 8 sensillae.

Abdomen strongly reduced in size (40 /im, = less 
than 1/8 of total body length). First abdominal so
mite provided with 6 sensillae; posterior edge form
ing a mid-ventral outgrowth which extends almost to 
hind edge of penultimate somite. The latter somite 
is devoid of sensillae; dorsal posterior margin form
ing a rounded pseudoperculum. Anal somite fur
nished with 2 dorsolateral sensillae.

Caudal rami (Fig. 1-A; 5-A,B) parallel, about 1.5 
times as long as greatest width; tapering posteriorly; 
furnished in proximal half with two lateral bare setae 
of which dorsalmost shorter. Subapical outer seta 
strong and two-sided spinulose. So-called principal 
terminal seta well-developed, fused at basis with 
long spinulose outer seta and accompanied with a 
short seta (proximal part swollen) on inner side. Dor
sal seta bare and bi-articulated at base.

Antennula. (Fig. 1-B) Seven-segmented. First seg
ment broader than long; inner margin furnished 
with long spinules. Second segment provided with 
nine slender setae, of which one bi-articulated at 
base; the others situated along inner side. Third seg
ment furnished with eight bare setae along inner 
margin of which one sub-proximally geniculate and 
two biarticulated at base. Inner distal corner of 
fourth segment forming a sub-cylindrical processus 
provided with a slender aesthetasc (L: 55 /xm) which 
is confluent at base with a long bare seta; one bare 
seta arises from inner side of processus just men-



Fig. 1. Caligopsyllus primus Kunz, 1975 ( 9 ) .  -  A. Habitus, dorsal. -  B. Antennula.



7

A

í \ ___

Fig. 2. Caligopsyllus prim us Kona, 1975 ( 9 ) . -  A. Urosoma

tioned. Inner subdistal corner of fifth segment 
provided with a slender seta. Penultimate segment 
undistinctly subdivided; armed with two lateral out
er setae and three setae at distal end. Last segment 
narrowing distally, furnished with six bare setae and 
one apical slender aesthetasc (L: 40 ¿on).

Leg 5. (Fig. 2-A, B) Fifth pair of legs confluent, 
forming a distinct transverse plate, covering anterior 
half of genital double-somite; exopodite and 
baseoendopodite confluent; furnished with 5 bare 
setae on each side, the outer one long and almost 
straight, the following one spiniform and short, the 
three inner ones long and curved.

Genital complex. (Fig. 2-A, B) Provided with minute 
denticles in posterior half; devoid of setae (cfr. P6).

Male (allotypic paratype)
Body length: 306 pm  rostrum and caudal rami ex
cluded; 338 pm rostrum and caudal rami included. 
Maximum width (157 /im) at posterior edge of 
cephalic shield.

General body shape (Fig. 3-A, B), colour, or
namentation and sensillar pattern as in female. Sex-

ventral. -  B. Urosoma, lateral.

ual dimorphism in antennula (Fig. 4-B), fifth and 
sixth legs (Fig. 5-A, B, B’); genital segmentation. Dis
tinct separation between prosoma and urosoma. 
P6-bearing somite with two dorsolateral sensillae; 
ventral side swollen and fused on both sides with 
sixth pair of legs. (Fig. 5-B, B’). First abdominal so
mite small, furnished with two lateral and two ven
trolateral sensillae; no denticles observed in genital 
area. Spermatophore kidney-shaped, occupying 
third and fourth thoracic somites (L: 60 pm).

Antennula. (Fig. 4-B) Five-segmented, short, 
robust; chirocer. First segment much broader than 
long, furnished with a minute spiniform seta in inner 
subdistal sector. Second segment forming a distinct 
medial processus at distal end; provided with nine 
slender setae of which two biarticulated at base. Dis
tal inner margin of third segment furnished with 
four setae; anterior margin provided with one long 
and one short seta which are biarticulated at base. 
Fourth segment swollen, largest; subcircular with a 
concave depression at anterior margin; an irregular
ly shaped aesthetasc (L: 35 pm) arises from the cen
tral dorsal surface and is confluent at base with a 
bare seta; a complex arrangement composed of 16
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Fig. 3. Caligopsyllus primus Kunz, 1975 (er). — A. Habitus, dorsal. — B. Habitus, lateral.
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Fig. 4. Caligopsyllus prim us Kunz, 1975 ( c p ) .  -  A. Rostrum. -  B. Antennula. -  C. Antenna. -  C’. Antennal exopodite. -  D. Maxillula. 
-  E. Maxilla. -  F. Maxilliped.
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bare setae is situated in inner half; a few minute spin- 
ules are observed near posterior margin. The small 
subtriangular terminal segment is devoid of setae or 
other armature and lies in close contact with the 
penultimate segment.

Antenna. (Fig. 4-C, C’) Coxa well defined, forming 
a distinct proximal processus. Basis slightly narrow
ing distally, approximately 1.4 times as long as maxi
mum width, without any spinules or setae. Exopo
dite unisegmented, slightly bending outwards, about 
3.6 times as long as wide; inner side furnished with 
two setae, the distal one funnel-shaped at tip; apex 
provided with a funnel-shaped seta, accompanied by 
a bare seta and two subapical minute spinules. First 
endopodite-segment furnished with a two-sided 
spinulose seta at about a third the length of inner 
margin. Anterior margin of second endopodite-

segment furnished with two slender setae and two 
strong claw-like setae in distal half, and with some 
diminutive spinules subproximally; posterior mar
gin with a spiniform seta and a small spinule; distal 
edge furnished with one spiniform and four genicu
late setae, the posterior one longest and confluent at 
base with a slender bare seta.

Mandible. (Fig. 5-C, C’) Coxa (corpus mandibulae) 
long and narrow. Cutting-edge with six (bidentate) 
spines and one slender bare seta on the dorsal side. 
Palp well developed. Basis rectangular, inner margin 
furnished with fine spinules and two bilaterally 
spinulose setae. Exopodite unisegmented, with four 
bare setae (two distally, two laterally). Endopodite 
long, three-segmented; first segment about 2.7 times 
as long as greatest width, furnished with two bare se
tae at inner .subdistal corner; second segment slightly

Fig. 5. Caligopsyllus prim us Kunz, 1975 (ce). -  A. Urosoma, ventral. -  B. Urosoma, lateral. -  B’. P6, lateral. -  C. Mandible. -  
C’. Mandible, cutting edge of praecoxa.
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shorter than preceding one, without any ornamenta
tion; distal segment small, with five slender apical 
setae of which at least three confluent at base.

Maxillula. (Fig. 4-D) Praecoxa squarish, inner edge 
with a few long fine spinules subdistally. Arthrite of 
praecoxa armed with seven curved spines on apical 
edge, one slender seta on dorsal edge and two juxta
posed slender setae on anterior surface near the con
vex ventral edge. Coxal inner processus cylindrical, 
furnished with three closely set setae and one spinu
lose claw apically, which are accompanied at base 
with some fine spinules. Inner processus of basis ex
tending beyond coxal inner processus, armed with 
four closely set setae apically (of which one spinu
lose and claw-like) and one long, slender subdistal 
seta on ventral edge. Endopodite unisegmented, 
tapering distally; furnished with five bare setae. Ex
opodite represented by a stout curved spine which is 
spinulose along inner edge.

Maxilla. (Fig. 4-E) Syncoxa furnished with three 
closely set, subcylindrical endites. Proximal and 
middle endites armed apically with two unilaterally 
spinulose setae. Distal endite longest, furnished with 
one stout spinulose spine accompanied with a 
slender seta. Basis armed apically with one slender 
seta and one strong claw which is spinulose along 
subdistal inner edge. Endopodite well defined, fur
nished with five slender setae and one strong claw.

Maxilliped. (Fig. 4-F) Robust. Syncoxa showing 
trace of partial subdivison, approximately 1.4 times 
as long as wide, unornamented. Basis about 2 times 
as long as maximum width, furnished with fine spin
ules along middle inner margin. Endopodite two- 
segmented; first segment with a short spiniform seta 
and a strong claw which is acutely bending at tip; sec
ond segment minute, with two medially geniculate 
claws distally and two spiniform setae near junction 
with preceding segment.

Natatorial legs. (Fig. 6) PI prehensile, biramous; 
P 2 -P 4  uniramous (endopodite absent), laterally 
directed.

PI. (Fig. 6-A) Coxa well developed, furnished with

a spinular row in proximal half of anterior surface 
near outer edge. Basis prolonged transversely; outer 
part furnished with long marginal spinules and two 
oblique spinular rows; inner side provided with a 
stout bilaterally spinulose seta. Exopodite uniseg
mented; approximately 2.5 times as long as maxi
mum width; much shorter than endopodite; fringed 
with spinules along outer edge and provided with 
one subapical outer seta and four plumose setae of 
different lengths at distal end. Endopodite two- 
segmented, directed inwards; first segment strongly 
developed and exceeding exopodite, devoid of setae, 
about 3 times as long as wide, slightly tapering distal
ly, inner margin spinulose in distal half, subdistal in
ner part fringed with a transverse spinular row; sec
ond segment minute, triangular, armed with two (1 
lateral, 1 subterminal) strong, short claws which are 
abruptly curved.

P2. (Fig. 6-B) Coxa well developed, not ornamented, 
markedly protruding outwards over basis. Basis 
prolonged along dorso-ventral axis, except for a bare 
seta near subproximal outer corner without any or
namentation. Exopodite three-segmented, laterally 
directed; proximal segment furnished with long 
spinules along outer margin and a unilaterally spinu
lose seta near subdistal outer corner; demarcation 
with middle segment at an oblique angle; middle seg
ment with strongly developed inner hyaline frill 
which covers proximal part of distal segment, fur
nished with minute spinules and a basally swollen 
seta at outer margin; distal segment tapering prox- 
imally, inner hyaline frill well developed, furnished 
with diminutive spinules and two stout setae (spinu
lose along subdistal margin) at distal edge, the inner 
being the longer. Endopodite completely absent.

P3. (Fig. 6-C) General form and setation as in 
preceding leg.

P4. (Fig. 6-D) Small, uniramous. Coxa small, slight
ly protruding outwards over basis. Basis prolonged, 
furnished with a bare seta at outer margin. Exopo
dite unisegmented, showing trace of subdivision in 
middle part which is slightly constricted; furnished 
in proximal half with a row of long spinules along 
outer edge and a spinulose seta which is arising from
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Fig. 6. Caligopsyllus prim us Kunz, 1975 (cr). A. PI. B. P2. C. P3. D. P4.
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about middle outer margin and which is accompa
nied at base by some minute spinules; distal half 
armed with two setae which are spinulose along sub
distal end and with a well developed hyaline frill at 
inner side. Endopodite completely absent.

P5. (Fig. 5-A,B) Fifth pair of legs not medially 
fused. Exopodite and baseoendopodite fused, form
ing a square plate which narrows distally; furnished 
with four setae, three of which are strongly devel
oped and curved.

P6. (Fig. 5-A, B) Sixth pair of legs not medially 
fused. Exopodite and baseoendopodite forming a 
thick protruding plate which is fused with the somit- 
ic wall; furnished with two stout, curved setae near 
inner corner and a long bare seta at about middle dis
tal margin.

Discussion

1. Morphological considerations

Kunz’ (1975) figures can be completed with the pres
ent redescription. Some important amendments 
have to be mentioned:
-  apparently the rostrum has been figured in a 

wrong position; it is much longer than wide in
stead of the reverse;

-  the minute inner seta on the distal segment of ex
opodite P 2 -P 4  and the inner seta of the middle 
exopodite-segment P 2 -P 3  are misinterpreta
tions of the strongly developed appendicular hya
line frill;

-  the P5 and P6 of the male are furnished with 4 
and 3 setae, instead of 3 and 2 setae, respectively;

-  the male antennula is chirocer;
-  the unisegmented antennal exopodite has bifid 

setae.
There is a certain resemblance in general habitus be
tween the males of some Caligidae (e.g. Caligus 
minimus Otto, 1921; Lepeophtheirus nordmanni 
(Edwards, 1840)) and Caligopsyllus: even more strik
ing is the similarity in the fourth leg, the 
cephalothoracic sutures in H-shaped pattern, the 
posterolaterally produced cephalic shield with its

peripheral hyaline membrane, the reduced urosoma 
and the short antennulae which are closely set to the 
cephalon.

Though the type specimens were found in sedi
ment samples, Kunz (1981) was the first to postulate 
an ectoparasitic existence for Caligopsyllus. Various 
aspects of its morphology can be interpreted as 
adaptations to a parasitic life on invertebrate hosts, 
or at least to a life in intimate association with other 
organisms. If this interpretation is correct, Caligop
syllus has no ‘need’ for a streamlined, well- 
articulated body or for adaptations which augment 
its locomotory ability. Hence, its body is dorsoven- 
trally flattened and displays a weakening of the so- 
mitic boundaries. In addition, a most striking fea
ture is the similarity in general appearance between 
Caligopsyllus and some recently described cephalo- 
pod associated Cholidyella species (Tisbidae, 
Cholidyinae) (Avdeev, 1982, 1986). Of course, 
Caligopsyllus’ morphology is not profoundly 
changed as in many truly ectoparasitic species with 
a bizarre appearance, yet a copepod can become de
pendent on another living organism without making 
gross morphological changes (Kabata, 1979). The 
absence of such gross modifications is probably due 
to its type of life-style, phylogenetically probably 
rather recent and requiring only a fairly loose associ
ation with the host.

Morphologically, the adoption of an ectoparasitic 
or -associated life-style is linked to the evolution of 
attachment organs, i.e. the adaptation of existing ap
pendages to a new role. The holdfast apparatus in 
Caligopsyllus consists mainly of the modified en
dopodite of the first leg, which seems to have lost its 
prehensile character as found in other 
Paramesochridae. The strong, curved claws serve as 
anchors ensuring attachment to a presumed host. 
The other legs have undergone little or no change 
and are in fact preadapted to an ecto-associated exis
tence. The second through fourth leg are laterally 
directed in both Caligopsyllus and Apodopsyllus 
(synapomorphy, see below). Whilst the position of 
the ‘swimming legs’ may have evolved initially to en
hance wriggling ability in the interstitial habitat 
{Apodopsyllus), it secondarily ensured optimal con
tact in the associate-host relation {Caligopsyllus).

Though the maxillipeds do not differ fundamen-
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Fig. 7. A podopsyllus  spec. (SEM-photography). -  A. Habitus, ventral ( 9 ). -  B. Cephalosoma, ventral ( 9 )■ -  C. Funnel-shaped seta 
o f A2. -  D. Cephalosoma, dorsal (9 ) .  -  E. Maxilliped. -  F. Ornam entation of labium and detail of maxillae. -  G. Detail o f funnel- 
shaped seta o f A2. -  H. Appendicular hyaline frill o f distal podomeres P3. -  I. P5 and genital complex ( 9 )• -  J. P5 and P6 (o '). 
-  K. P4, showing minute endopodite. -  L. Urosoma, dorsal. -  M. Caudal ramus, ventral.
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tally from those of other Paramesochridae, it is pos
sible that the functions served by these appendages 
(manipulation of food, see e.g. Marcotte, 1984) in 
free-living copepods are no longer performed; for 
example, a robust maxilliped with strong distal claws 
(as in Caligopsyllus) might be used by an associate 
to hold on to its host.

In addition, the low-profile body shape will help 
the copepod to maintain its position on the host, es
pecially when water currents are sweeping the host’s 
surface. As in the Caligidae, the cephalosoma is 
provided with a marginal membrane which helps to 
seal off the concavity beneath the cephalic shield 
and facilitates its adhesive function.

Despite the fact that Caligopsyllus is relatively lit
tle modified, the fact of being an associate might 
have an important impact on the reproduction. Fer
tilization of the female requires efficient locomotory 
ability of the male, at least until the sex partner is 
localized. The female genital aperture surrounded 
by spinules (cfr. Caligus curtus Müller, 1785) and the 
strong curved setae of the fifth and sixth legs in the 
male are probably evolved to augment indirectly the 
chance of succesful reproduction, i.e. to facilitate 
manipulation and attachment of the spermato- 
phore.

In conclusion, one can imagine that Caligopsyllus 
is an ecto-associate clinging to its hosts’ surfaces 
with the aid of prehensile appendages (PI, maxi- 
liped, ?A2), but remains capable of free movement 
over these surfaces. However, until the discovery of 
the presumed host, one cannot preclude the possibil
ity that the morphological adaptations of Caligop
syllus might serve as well for clinging to e.g. flat peb
bles, algae,... since many harpacticoids known -  
with certainty -  to live as associates of invertebrates 
have quite different adaptations.

2. Phylogenetic implications

On the basis of the absence of endopodites in 
P2 -  P4, Kunz (1975) originally related Caligopsyllus 
to Apodopsyllus. Later, Kunz (1981) questioned 
whether the endopodita! loss might not be conver
gence and favoured instead a link with Kliopsyllus. 
Recently, Huys (1987) showed that Caligopsyllus in

Kunz’ (1981) cladogram could not be the sister group 
of the Kliopsyllus-Kunzia complex since syn- 
apomorhies which can substantiate the monophylet- 
ic status of the latter do not exist. Since Kunz (1975, 
1981) misinterpreted the appendicular hyaline frill as 
a supplementary seta, the distal exopodital segment 
of P2 -  P4 is furnished with only two setae. Based on 
this apomorphy Caligopsyllus must consequently be 
assigned to the Scottopsyllus-group (Huys, 1987).

Despite some fundamental differences, Caligop
syllus seems to be the closest relative of the intersti
tial genus Apodopsyllus. Moreover, these two genera 
constitute a monophyletic taxon characterized by at 
least five synapomorphies (Apodopsyllus aberrans 
Mielke, 1984, with its modified caudal rami, reduced 
mouthparts and an obsolete P5 should undoubtedly 
be assigned to a new genus (Huys, in prep.) and is 
purposely omitted from the following discussion):
1. P2-P4: coxa and basis prolonged along dorso- 

ventral axis, exopodites laterally directed (Fig. 
7-A). In the species assigned to the genus Leptop
syllus T. Scott, 1894 the coxa and the basis show 
the same outline, yet the exopodites are directed 
inwards.

2. Antenna: exopodite furnished with hollow, 
funnel-shaped setae which are fringed at tip 
(these setae are known from the literature as bifid 
setae, e.g. Lang, 1965; Coull & Hogue, 1978; 
Mielke, 1975,1984b) (Fig. 7-C, G). It must be em
phasized that, despite the superficial similarity, 
the structure of these setae is fundamentally 
different from those found in e.g. Paramesochra 
T. Scott, 1892, Kliopsyllus Kunz, 1962 and some 
species of Scottopsyllus Kunz, 1962 sensu lato, 
which are obliquely truncate and fringed at tip. 
In their description of A. unguiformis Coull and 
Hogue (1978) figured only slender setae; re
examination of the antennal exopodite revealed 
three funnel-shaped setae.

3. Endopodite P4 strongly reduced (Fig. 7-K).
4. Baseoendopodite and exopodite of fifth leg fused 

in both sexes (Fig. 7-A, I, J). This character is fur
ther only found in Leptopsyllus reductus Lang, 
1948 and L. elongatus Drzycimski, 1967.

5. Appendicular hyaline frill of podomeres II and 
III in P 2 -P 3  strongly developed (Fig. 7-H).

Though both genera show a series of derived charae-
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ters (autapomorphies), I prefer to treat Caligopsyl
lus as the apomorphous branch of the monophylum 
because of its secondarily evolved modifications. 
The genus Apodopsyllus (excluding A. aberrans) 
then constitutes the plesiomorphous lineage which 
is defined by the following autapomorphies:
1. Coxa and basis of P4 fused (Fig. 7-K).
2. Rostrum diminutive, not defined at base (Fig. 

7-D).
3. Endopodite P4 represented as a minute hyaline 

structure (Fig. 7-K).
4. Caudal rami: outer terminal seta (IV) (see remark 

below) reduced; posterior margin forming a ven
tral triangular lappet which is covering the basis 
of the inner terminal seta (V) (Fig. 7-M).

5. Reduction of the integument and partial fusion 
of body somites allowing a maximum wriggling 
ability in the interstitial habitat (Fig. 7-L).

At least eight autapomorphies characterize the 
monotypic genus Caligopsyllus:
1. General body shape: cephalosoma and free 

thoracic somites (except P5-bearing segment) 
laterally produced; abdomen strongly 
diminished in size.

2. Antennula: first segment broader than long; 
chirocer in male.

3. Exopodite PI short, 1-segmented.
4. Endopodite PI modified with two terminal 

strong claws.
5. Exopodite P4 short, 1-segmented.
6. Endopodite P4 completely absent.
7. Genital area provided with numerous denticles.
8. Male P6 fused with thoracic somite.
As a result of these considerations, a cladogram 
(Fig. 8) can be drawn.

Remarks

It is clear that the crucial step in a phylogenetic study 
of any group of animals is knowledge of its mor
phology and systematics. At present the detailed 
morphology of paramesochrid harpacticoids is only 
poorly known, except for the excellent studies of 
Mielke (1975, 1984b, c, 1985a, b). One of the reasons 
for this state is the small size of these animals. Mor
phological minutiae of small species are often ig-

A p o d o p s y l l u s  C a l ig o p s y l l u s
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Fig. 8. Cladogram depicting the relationships between A podop
syllus Kunz, 1962 and Caligopsyllus Kunz, 1975. Derived charac
ters are: 1 = coxa and basis P 2 -P 4  prolonged, exp laterally 
directed; 2 =  exp A2 with funnel-shaped setae; 3 = enpP4 strong
ly reduced; 4 = benp and exp P5 fused in both sexes; 5 = exp 
P 2—P3 with strongly developed appendicular hyaline frill; 6 =  
general body shape: cephalosoma and free thoracic somites later
ally produced, abdomen strongly diminished in size; 7 = first seg
ment AÍ broader than long, chirocer in male; 8 =  exp PI 
1-segmented; 9 = enp PI modified with 2 strong claws; 10 = exp 
P4 1-segmented; 11 = enp P4 completely absent; 12 =  genital 
aperture surrounded by denticles; 13 = male P6 fused with 
thoracic somite; 14 =  coxa and basis P4 fused; 15 =  rostrum min
ute, not defined at base; 16 = enp P4 represented as a minute hya
line structure; 17 = caudal rami: seta IV reduced, posterior mar
gin forming a ventral triangular lappet; 18 =  reduction of 
integument, partial fusion of body somites. A  = ancestor.

nored by observers just because they are small. Most 
of the time illustrations of the mouth parts and the 
caudal rami are so inadequate that they are valueless 
for identification purposes. Hence, it is a difficult 
task to define true apomorphies and to look how 
they are distributed throughout the family. Conse
quently, it is not surprising that taxonomy in this 
group rarely went beyond the descriptive level.

Comparing the different paramesochrid genera it 
is apparent that the morphology of the caudal rami 
may be a character of central importance in under
standing the phylogeny of the Parameschridae in 
general, and that of the Scottopsyllus-group in par
ticular. Paramesochridae have a variety of caudal 
rami types which can be derived from one ancestral
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type. The generalized caudal ramus is characterized 
by a rectangular shape, a complete lack of sexual 
dimorphism and a distinct pattern of 7 setae, i.e. 3 
lateral, 1 dorsal and 3 terminal ones, two of which 
are strongly developed.

Although seven well developed setae are common 
among the Paramesochridae (Diarthrodella', Ros
sopsyllus, Paramesochra, Kliopsyllus), these setae 
may reduce in size and number. The two main termi
nal setae are usually well developed. Exceptions are 
found in some species assigned to the subgenus Scot
topsyllus (Scottopsyllus) where the caudal ramus is 
elongate oval in shape and the terminal setae are 
reduced to small spiniform appendages (S. robertso
ni (T. & A. Scott, 1895); S. pararobertsoni Lang, 
1965; S. langi Mielke, 1984). In the genus Apodop
syllus and in some Leptopsyllus species only one of 
the terminal setae (the inner one) is normally devel
oped. Occasionally both setae may be vestigial in 
correlation with a very specialized and exaggerated 
development of the posterolateral and lateral acces
sory setae (A. aberrans, L. platyspinosus Mielke, 
1984). In the Scottopsyllus-group caudal rami fre
quently display sexual dimorphism in the shape of 
the ramus and/or the setae (e.g. S. minor (T. & A. 
Scott, 1895); Intermedopsyllus intermedius (T. & A. 
Scott, 1895); S. langi).

Characters of the caudal rami may help to reveal 
phylogenetic relationships between the para
mesochrid genera, if one assumes that the rectangu
lar and heptasetose condition as commonly found in 
members of the Diartrodellinae is primitive. Such an 
assumption fits well with the analysis of other 
characters in these genera (Huys, 1987). The fact that 
the caudal ramus structure in any one species ap
pears to be constant (except for small variations in 
the length: width ratio) and may vary between so- 
called closely related genera, indicates not only its 
potential as a taxonomic character, yet underlines 
also its phylogenetic significance. Furthermore, it is 
one of the relatively few characters which can be ob
served optimally without the need of dissection.

As previously stated, substantial modifications in 
the structure and the shape may be found among the 
various major taxa, however, the occurrence of 
different caudal ramus types within one genus (e.g.

Scottopsyllus, Leptopsyllus) raises some doubt as to 
the validity of these taxa. It could be assumed that 
the paramesochrid caudal ramus has evolved along 
different pathways during which the various setae 
have undergone profound modifications leading to 
different types. To reflect the homologies in the basic 
arrangement of the ramai setae a standard format of 
abbreviations and terminology is proposed for the 
Paramesochridae (Fig. 9). This format is pertinent 
to other harpacticoid families too since Lang’s (1948, 
p. 28) claim that a few Canuellidae such as Canuella 
perplexa T. & A. Scott, 1893 (see Mielke, 1975) and 
Sunaristes Hesse, 1867 (see e.g. Humes & Ho, 1969; 
Humes, 1971; Hamond, 1973) possess 8 setae on the 
caudal ramus, cannot be supported.

Most recently, however, Boxshall (1979) described 
some new mesopelagic tisbid genera ( Volkmannia 
Boxshall, 1979; Neotisbella Boxshall, 1979) from the 
northeastern Atlantic which possess an elongate 
caudal ramus with 9 armature elements, a character 
also shared by Bathyidia Farran, 1926. Boxshall 
(1979) considered these genera a distinct lineage 
which evolved from the ancestral stock of the Tisbe- 
group by adoption of a planktonic habit. This 
change to a pelagic life-style seemed to be associated 
with the acquisition of a long modified caudal ra
mus with a supernumerary arrangement of 9 setae. 
The two extra elements, however, are thin-walled, 
flaccid and not like normal setae (tubular pores?) at 
all (Boxshall, pers. comm.). This deviation from the 
basic pattern can be considered as a synapomorphy 
of the Volkmannia-Bathyidia lineage.

The following terminology is proposed:
I. anterolateral accessory seta (often reduced or 

absent)
II. anterolateral seta
III. posterolateral seta
IV. outer terminal seta
V. inner terminal seta (often called principal ter

minal seta)
VI. terminal accessory seta
VII. dorsal seta
A comparison of the caudal rami of Apodopsyllus 
and Caligopsyllus with the basic pattern is presented 
in Fig. 9.
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CALIGOPSYLLUS APODOPSYLLUS

Vil

Fig. 9. Proposed standard format for paramesochrid caudal ramus terminology and abbreviations (left), and a comparison with the genera 
Apodopsyllus and Caligopsyllus'. I =  anterolateral accessory seta, II = anterolateral seta, III = posterolateral seta, IV = outer terminal 
seta, V = inner terminal seta, VI =  terminal accessory seta, VII = dorsal seta.

Acknowledgements

Grateful thanks are due to Prof. Dr. G. Hartmann, 
University of Hamburg, for making available the 
type material of Caligopsyllus primus. I am also in
debted to Dr. G. A. Boxshall, British Museum (Nat
ural History), London, for reading and commenting 
on the manuscript. Sincere gratitude is due to Ms 
Rita Van Driessche and Ms Simonne Wellekens for 
competent assistance in the SEM microscopy. The 
author acknowledges a grant from the Belgian Insti
tute for the encouragement of Scientific Research in 
Industry and Agriculture (IWONL). Part of this 
study was financed through grant 2.9007.82 from the 
Belgian Fund of Collective Fundamental Research 
(FKFO).

References

Avdeev, G. V., 1982. New harpacticoid copepod parasites of octo- 
pods in the north-west Pacific. Parasitología 16: 107-116.

Avdeev, G. V., 1986. New harpacticoid copepods associated with 
Pacific cephalopods. Crustaceana 51: 49 -65 .

Boxshall, G. A., 1979. The planktonic copepods of the north
eastern Atlantic Ocean: Harpacticoida, Siphonostomatoida 
and Mormonilloida. Bull. Br. Mus. nat. Hist. (Zool.) 35: 
201-264.

Boxshall, G. A., 1985. The comparative anatomy of two cope
pods, a predatory calanoid and a particle-feeding mormonil- 
loid. Phil. Trans. R. Soc. Lond. B311: 303-377.

Coull, B. C. & E. W. Hogue, 1978. Revision of Apodopsyllus 
(Copepoda, Harpacticoida), including two new species and a 
redescription. Trans. Amer. Microsc. Soc. 97: 149-159.

Hamond, R., 1973. Four new copepods (Crustacea: Harpacticoi
da, Canuellidae) simultaneously occurring with Diogenes se
nex (Crustacea: Paguridea) near Sydney. Proc. Linn. Soc. New 
South Wales 97: 165-201.

Humes, A. G., 1971. Sunaristes (Copepoda, Harpacticoida) as



19

sociated with hermit crabs at Eniwetok Atoll. Pacific Sei. 25: 
529-532.

Humes, A. G. & J. -S. Ho, 1969. The genus Sunaristes (Copepo
da, Harpacticoida) associated with hermit crabs in the western 
Indian Ocean. Crustaceana 17: 1-18.

Huys, R., 1987. Paramesochra T. Scott, 1892 (Copepoda, Har
pacticoida): a revised key, including a new species from the SW 
Dutch coast and some remarks on the phylogeny o f the 
Paramesochridae. Hydrobiologia 144: 193-210.

Kabata, Z., 1979. Parasitic Copepoda of British fishes. The Ray 
Society, London, 468 pp.

Kunz, H., 1975. Copepoda Harpacticoida aus dem Litoral des 
südlichen Afrika. I. Teil. Kiel. Meeresforsch. 31: 179-212.

Kunz, H., 1981. Beitrag zur Systematik der Paramesochridae 
(Copepoda, Harpacticoida) mit Beschreibung einiger neuer 
Arten. Mitt. Zool. Mus. Univ. Kiel 1 (8): 2 -3 3 .

Lang, K., 1948. Monographie der Harpacticiden. Häkan Ohls- 
son, Lund. 1682 pp.

Lang, K., 1965. Copepoda Harpacticoidea from the Californian 
coast. K. svenska Vetensk Akad. Handi. 10: 1-560.

Marcotte, B. M., 1984. Behaviourally defined ecological

resources and spéciation in Tisbe (Copepoda: Harpacticoida). 
J. crust. Biol. 4: 404 -  416.

Mielke, W., 1975. Systematik der Copepoda eines Sandstrandes 
der Nordseeinsel Sylt. Mikrofauna Meeresboden 52: 1-134.

Mielke, W., 1984a. Some remarks on the mandible o f  the Harpac
ticoida (Copepoda). Crustaceana 46: 257 -  260.

Mielke, W., 1984b. Interstitielle Fauna von Galapagos. XXXI. 
Paramesochridae. Mikrofauna Marina 1: 63-147.

Mielke, W., 1984c. Einige Paramesochridae (Copepoda) von 
Panamá. Spixiana 7: 217 -  243.

Mielke, W., 1985a. Diarthrodella chilensis sp.n. und Rossopsyllus 
kerguelenensis quellonensis subsp.n. (Copepoda, Para
mesochridae) von Chile. Zool. Ser. 14: 4 5 -5 5 .

Mielke, W., 1985b. Zwei neue Kliopsyllus-Aiten  (Copepoda) aus 
Chile. Stud. Neotrop. Fauna Environm. 20: 97-105.

Nicholls, A. G., 1935. Copepods from the interstitial fauna of a 
sandy beach. J. mar. biol. Ass. U.K. 20: 379-406 .

Remane, A., 1940. Einführung in die zoologische Ökologie der 
Nord- und Ostsee. Leipzig: Akad. Verlags Tierwelt der Nord- 
und Ostzee. 238 pp.




