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FRONTISPIECE: Photomicrographs of specimens of

Lepidophyllum appyi sp. nov. from various 

hosts. For full legend see p. 234.
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Abstract

The family Zoogonidae (Platyhelminthes:Digenea) is studied to elucidate 

its taxonomy. The data were accumulated by extensive collecting, by 

the examination of specimens in the collection of the British Museum 

(Natural History) and other museums and from the scientific literature. 

In Chapter one numerical and cladistic techniques are used to manipulate 

the data and an explicit overall classification is produced. Two 

subfamilies, the Zoogoninae and the Lepidophyllinae are recognized.

The Zoogoninae contains 9 genera and 27 species and the Lepidophyllinae 

12 genera and 50 species. The number of recognized genera is reduced 

from 30 to 21 and species from 127-to 77. Original definitions are 

given for all supraspecific taxa and original keys are produced to 

most recognized species. The value of the various techniques used 

is assessed and manual (as opposed to computer-processed numerical) 

cladistics is considered the most useful modern technique for handling 

the type of data presented by these digeneans. Some aspects of host- 

and site-specificity and zoogeography are discussed and a host-parasite 

list (including over 330 fish species) is given. Chapter two consists 

of a detailed study of the zoogonids from the NE Atlantic region based 

on material of all the species recognized. Seventeen species are 

found, 7 zoogonines and 10 lepidophyllines. Four new lepidophyllines, 

three from deep-sea fishes, are described. The zoogonid fauna of the 

NE Atlantic is found to be dominated by boreal species with a few 

southern forms reaching into the southern (Lusitanian) fringes of the 

region. Chapter three is an examination of the marine catfish 

Anarhichas lupus as a host of zoogonids and other helminths. The

morphology of the gastro-intestinal tract and some associated organs
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and some of their physico-chemical characteristics are described.

The most unusual feature of the gastro-intestinal physiology discovered 

is the reduced level of acid production in the stomach. Helminths 

found throughout the gastro-intestinal tract, the biliary system and the 

urinary bladder are found to have fairly restricted distributions and 

those found in regions other than the gastro-intestinal tract appear 

to be restricted to specific organs. The stomach apparently lacks 

true parasitic-helminths. Evidence of the degree of site-specificity 

exhibited by the zoogonids and other helminths of Anarhichas lupus is

given.
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INTRODUCTION

In recent years several surveys have been published which stress 

the fundamental importance of taxonomy to biology in general and 

discuss the facilities available and the areas where more work is 

needed (NERC, 1976; ESF, 1977; ABRC, 1979; Heywood & Clark, 1982).

These surveys have drawn attention to the importance of the production 

of handbooks and keys, and in the case of the detailed surveys by NERC 

(1976) and ABRC (1979) recommendations were made that this included 

helminth parasites. Members of the Parasitic Worms Section of the 

British Museum (Natural History) have been involved since the mid-1970s 

in the production of detailed revisionary works on the helminths of 

northeastern Atlantic fishes, based on the study of new material.

Several of these studies have been completed and published. So far 

all are on digenean groups and cover the Accacoeliidae (Bray & Gibson, 

1977), Azygiidae, Hirudinellidae, Ptychogonimidae, Sclerodistomidae 

and Syncoeliidae (Gibson & Bray, 1977), Fellodistomidae (Bray & Gibson, 

1980) and Hemiuridae (Gibson & Bray, in press) and two preliminary 

analyses on the Opecoelidae (Gibson & Bray, 1982, 1984). A revisionary 

monograph on the superfamily Hemiuroidea (Gibson & Bray, 1979a) and 

shorter studies on specific problems of the Fellodistomidae (Bray, 1982, 

1983; Bray & Rollinson, in press), the Macroderoididae (Gibson & Bray, 

1979b) and the Sclerodistomidae (Gibson, 1983) have resulted from this 

study. The papers in this series and other relevant papers which have 

been completed during the period of my registration for a higher degree 

at the Open University (1978-1984) are included as Appendix 6 of this

thesis.
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The general aim of this thesis was to continue work on the 

taxonomy of helminths from NE Atlantic marine fishes. More specifically 

the objectives were as follows.

1) To investigate the digenean family Zoogonidae Odhner, 1902, which 

contains over 70 described species, mainly from marine fishes, and for 

which no coherent system, based on phylogenetic studies, was available.

In particular it was decided to review the literature on the family in 

its entirety, and to make use of numerical and cladistic taxonomic 

techniques with a view to providing an explicit classification. An 

integral part of the final objective was to provide original keys and 

definitions as well as cladograms to postulate relationships with the 

groups and the autapomorphies (shared derived characters) defining 

them.

2) To examine original material of the family Zoogonidae in the NE 

Atlantic, and to report on this study using a format similar to that 

found in my earlier studies on various digenean families in this region. 

The area covered by this series of studies was described by Bray &

Gibson (1977) as 'the region ... enclosed by a line drawn from 

Gibraltar to Cape Farewell in Greenland. It includes the North Sea, 

Skaggerak, Kattegat, Irish Sea and English Channel, but not the Baltic 

or the Barents Seas'. Part of this second objective was to produce 

descriptions, figures and keys which would enable ready identification 

of the species found and to study, wherever possible, those biological 

characteristics which would help to clarify the taxonomic status of

the worms discussed.
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3) To study in greater depth zoogonids and other helminth-parasites of 

the marine catfish Anarhichas lupus L . , particularly in relation to 

the sites inhabited and the relationship of site to taxonomic status. 

The catfish was selected as a model host as five zoogonid species had 

been reported from it in various sites, namely the gastro-intestinal 

tract, gall-bladder, bile-duct and urinary bladder. Part of this 

third objective was, therefore, to measure some of the physico-chemical 

characteristics of the sites occupied by parasites. It was thought 

that A. lupus, being a large fish, with a wide intestine and large 

bladders would lend itself to this study as sufficient fluid could be 

extracted from various sites to be isolated and taken from the field 

to be studied in the laboratory. It was hoped that a study of some 

unusual sites of infection would clarify factors involved in site 

segregation and site specificity and illuminate reasons for the lack 

of true stomach parasites in the catfish.
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MATERIALS AND METHODS

Details of materials and methods relating specifically to various 

chapters are included there. Mention can be made here of the 

collecting which I have carried out prior to and during this programme 

I have collected marine fish helminths on twelve research cruises and 

at various times at over nine coastal stations. Information relating 

to this collecting is listed below and the map (over) shows the areas 

covered.

SITE or SHIP and CRUISE NO. LOCALITIES TYPE OF 
FISH

COLLECTING
DATES

R/V Cirolana 1/1971 1-3 Demersal 1.1-14.1.1971

R/V Cirolana 4/1973 4-8 Demersal 14.4-11.5.1973

R/V Cirolana 5/1974 6-10 Demersal 28.5-21.6.1974

R/V Cirolana 7/1975 12-18 Demersal 1.7-23.7.1975

R/V Cirolana 7/1976 6,11,19,20 Demersal 30.6-26.7.1976

Aberdeen 11 Commercial 3.1977

R/V Cirolana 9/1978 5,6 Demersal 14.10-28.10.1978

R/V Cirolana 11/1979 11 Demersal 29.11-16.12.1979

Burnham-on-

Crouch, Essex 21 Estuarine 1979-83

R/V G.A. Reay 2/1980 1,22,23 Pelagic 1.3-19.3.1980

Plymouth, Devon 23 Inshore 8.1980

R/V Meiring Naude 24 Reef,Game 6.1981

Durban & Zululand, Natal 

Port Elizabeth, Cape

24 Inshore, 
Game

6.1981

Province 25 Inshore 6.1981

Cape Town, Cape

Province 26 Commercial 7.1981
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R/V Explorer 5/1982 11,20 Demersal 28.5-10.6.1982

Passamaquoddy Bay,

New Brunswick 27 Inshore 8.1982 & 7.1984

R/V Explorer 5/1983 11,20 Demersal 21.5-8.6.1983

R/V Scotia 5/1984 11,20 Demersal 12.5-22.5.1984

Fish have normally been examined shortly after capture and the 

removed organs examined under a dissecting microscope. Glacial acetic 

acid, Berland's fluid and AFA have been used as fixatives and the worms 

have been preserved in 80% ethanol. Wholemount specimens were stained 

in Mayer's paracarmine and mounted in Canada balsam. These techniques 

are used as standard in the Parasitic Worms Section of the British 

Museum (Natural History) and have been described in detail by Bray (1984). 

Serial sections have been stained in Mayer's haemalum and eosin.

Some worms were also studied under an ISI 60A scanning electron 

microscope.

Further material has been examined, derived from the following 

sources: the collections of theBritish Museum (Natural History); 

collections made by Dr. D.I. Gibson at Plymouth, Aberdeen, Split 

(Yugoslavia), Troms^ (Norway) and Kristineberg (Sweden); specimens 

donated by Dr. R. Appy, Dr. H. Arai, Dr. E.M. Burreson, Ms. M. K^ie,

Dr. A.V. Gaevskaya and Dr. K. Mackenzie.

In addition, material for examination has been borrowed from the 

following: USNM, Beltsville, Washington, USA; The Harold

W. Manter Laboratory (HWML), Lincoln, Nebraska, USA; Goteborgs 

Naturhistoriska Museet, Gothenburg, Sweden; Meguro Parasitological 

Museum (MPM), Tokyo, Japan; Dr. J. Thulin, Sweden.
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The bibliography includes not only references to all papers cited 

in discussion, but also, for the sake of completeness, to all authorities 

mentioned in the taxonomic chapters (i.e. one and two). When more 

than one paper is published in the same year by the same author(s) 

they are referred to by letters a, b, c etc., this does not apply to 

authorities for taxa in accordance with ICZN Article 22 and recommendation 

22A (1964).
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Introduction

The subfamily Zoogoninae was erected by Odhner (1902) for the 

genera Zoogonus Looss, 1901 and Zoogonoides Odhner, 1902 and raised to 

family rank by Odhner (1911a). Since the work of this latter author 

a number of systems have been proposed for the classification of the 

group, but usually there has been little opportunity for original 

observations as most workers have had a restricted amount of material 

available. Thus many of the subsequent systems suffer from being 

studies based mainly on the literature, which contains many inadequate 

descriptions. The present work is an attempt to relate the literature 

to original work in conjunction with a detailed study of the NE Atlantic 

zoogonid fauna (see Chapter 2), in which all the species have been

described from original material. In addition, representative
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specimens of all zoogonid genera recognized in this revision have 

been studied.

Materials and Methods

The study has been based mainly on material collected by me and 

deposited in the collections of the British Museum (Natural History).

The materials and methods section of the introduction indicates 

details of the sources of material used.

Routine methods of morphological study have been used. Definitions 

of the terminology used can, in most cases, be found in Lincoln,

Boxshall & Clark (1982) and in the glossary (Appendix 5).

The taxonomy was initially worked out by subjective analysis and 

then checked against three techniques. These were numerical taxonomy 

(phenetics), numerical cladistics and manual cladistics. For the 

former technique 'the BM(NH) principal co-ordinates analysis program' 

was used. 42 unweighted or weighted characters were used (Appendix 1) 

and the results were printed out as 1) Matrix with percentage 

similarity of each species plotted against all other species,

2) Each species with its 5 or 8 nearest neighbours and percentage 

similarity, 3) Lists of species at various levels of similarity 

(percentages), 4) A branched tree of species showing similarities and 

5) Two dimensional graphical representation generated by principal 

co-ordinates analysis, sometimes with minimum spanning trees. From a 

mass of print-outs the results of 5 were the most useful and separated 

the family into two subgroups closely corresponding to the putative 

subfamilies (Fig. 1:1), only number 37 representing Brevicreadium
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Fig. 1:1. Copy of print-out of results of first two dimensions 
of principal co-ordinates analysis. This figure 
accounts for 31% of the variation. For key to 
species see Appendix 1.
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congeri Manter, 1954 was misplaced. The characters used in the 

numerical taxonomy program were reassessed and those which appeared 

to have some value from the principal co-ordinates analysis as well as 

some which appeared subjectively to have phylogenetic value (39 

characters survived) were used in a numerical cladistic program using 

'SOKAL , the Camin-Sokal parsimony algorithm version 2.0 (Felsenstein 

package)'. After an initial run with the species in the order 

suggested by the numerical study, further runs were made with the order 

randomised and a set of 3 similar runs with the characters weighted was 

made (see Appendix 2, b, d, for examples). The details of the 

characters used are mentioned below and the matrices used for the 

numerical taxonomy and examples of the numerical cladistic analysis 

constitute appendices 1 & 2a, c. The results indicated that few 

characters have been well assessed for homologies and, while many 

recognizable groups were discernable in the dendrograms, occasionally 

species were found in unlikely places. The ordination and cladistic 

analyses were taken together and some alteration in the subjective 

analysis resulted. The main result was the clumping together of forms 

into larger genera and the more frequent use of subgenera. It was 

occasionally felt advisable to use subgenera because, although the 

features differentiating these taxa were not significant enough to be 

used at the generic level (often only a single major character was 

available), the units indicated by the subgenus appear robust and 

should not be lost entirely. In other cases the partly objective 

techniques indicated doubtful relationships and lumping together 

into genera was resorted to as a method of overcoming these difficulties. 

The result of this is a revised classification, but it would be 

premature to suggest that in any more than a few cases has an adequate
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picture of the phylogenetic relationships been reconstructed. The 

difficulty of adequately assessing the homological status of many 

characters has been a constant problem. The two subfamilies 

recognized, however, clearly separate on all techniques used. In 

the principal co-ordinates analysis the rather intermediate genus 

Brevicreadium Manter, 1954, appears to be closer to the Lepidophyllinae 

(Fig. 1:1) while in all of the cladistical runs it fits into the 

Zoogoninae. The latter position is followed herein as the more 

critical characters have been retained in the cladistic analysis. An 

assessment of the value of these numerical taxonomy and numerical 

cladistics techniques is made below (p. 142).

The results of the numerical taxonomy and numerical cladistic 

exercises were rather variable and, presumably, if more runs had been 

made with reassessed weights and changed order yet more variable 

results could have been obtained. To produce cladograms suggesting 

relationships in the group, the manual techniques outlined by Brooks, 

Caira, Platt & Pritchard (1984) were used. The cladograms have a 

stem at the base and the slashes across the stem, and at other points, 

represent the character number and state (see Table 1:1). A cross 

in place of a slash indicates the loss of a character or its apparent 

reversion to a more plesiomorphic condition. The stem characters 

given are important plesiomorphic characters and the autapomorphies 

characterizing the taxon. Where similar species are separated only 

by trivial characters (e.g. sucker ratio, egg size) they are not 

separated on the cladogram. The relationships of many taxa are not 

well resolved and polytomies are common. Some species have been 

described subsequent to the analyses described above and have been
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fitted into the system by the use of manual cladistics.

New keys and definitions are given to the family, subfamilies 

and genera and keys to the species are presented. Cladograms are 

presented for most groups. The species are listed along with the 

following information: synonyms (both objective and subjective); 

definitive hosts listed by family; site in definitive host; intermediate 

hosts, if any information is available; distribution; comments; and 

citation of descriptions in the literature. All the references used 

as sources for morphological information are given in the latter 

section. A host-parasite checklist is included as Appendix 3.

The classification of fishes used is that of Nelson (1976). A 

manuscript containing complete details of the sources of all of the 

host-records is held in the Parasitic Worms Section of the British 

Museum (Natural History).

Numerical and cladistic taxonomic characters

Introduction: For the cladistic analysis an attempt has been made to

produce transformation series for these characters. Outgroup or 

sister-group comparison has proved difficult as there is no generally 

accepted agreement as to the relationships within the Digenea. Cable 

(1974) indicated that he believed the Zoogonidae to be close to the 

Monorchiidae and the Troglotrematidae. On the other hand, Odening 

(1974) considered it a member of the Opecoelata with the Monorchiidae 

a member of the Allocreadiata. To offset this problem I have 

attempted to compare the Zoogonidae with both the Monorchiidae and the 

Opecoelidae. It is clear, therefore, that the cladograms derived 

from this exercise are of limited value in phylogenetic terms, although 

it is hoped that they are worthwhile as an exercise in classification.
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Table 1:1 

1

Body shape 

Body surface 

Oral splnation 

Form of oral sucker 

Form of ventral sucker

Ventral sucker peduncle 

Ratio ventral sucker:body width 

Sucker ratio

Ventral sucker lips 

Tegumental p it 

Prepharynx 

Internal spination 

Oesophagus length

Oesophageal lining 

Intestinal bifurcation 

Caeca

Caecal diverticula 

Testes configuration 

Testes lobation 

Position of testes

Cirrus-sac 

Seminal vesicle

Wall of seminal vesicle 

Pars prostatica 

Cenital atrium

(for explanation see text)

2 3 A 5 6

A 1 0 1 0
B 1 1 1 1
A 2 0 2 0
8 2 1 2 1
A 3 0 3 0
B 3 1 3 1
A A 0 - -

B A 1 - -

A 5 0 A 0
5 0

B 5 1 A 1
5 0

C 5 2 A 1
5 1

A 6 0 6 0
B 6 1 6 1
A 7 0 - -

B 7 1 - -

A 8 0 - -

B 8 1 - -

C 8 2 - -

D 8 3 - -

E 8 A - -

A 9 0 7 0
B 9 1 7 1
A 10 0 8 0
B 10 1 8 1
A 11 0 9 0
B 11 1 9 1
A 12 0 10 0
B 12 1 10 1
A 13 0 - -

8 13 1 - -

C 13 2 - -

A 1A 0 - -

B 1A 1 - -

A 15 0 11 0
B 15 1 11 1
A 16 0 12 0

13 0
1A 0

B 16 1 12 0
13 0
1A 0

C 16 2 12 1
13 0
1A 0

D 16 3 12 1
13 1
1A 0

E 16 A 12 1
13 1
1A 1

A 17 0 - -

B 17 1 - -

A 18 0 15 0
B 18 1 15 1
A 19 0 16 0
B 19 1 16 1
A 20 0 17 0

18 0
B 20 1 17 1

18 0
C 20 2 17 1

18 1
A 21 0 - -

B 21 1 - -

A 22 0 19 1
20 0

B 22 1 19 0
20 0

C 22 2 19 0
20 1

A 23 0 - -

B 23 1 - -

A 2A 0 - -

B 2A 1 - -

A 25 0 21 0

B 25 1 21 1

Analysis of characters
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In most cases outgroup analysis and frequency of occurrence of 

characters leads to an agreed series and the candidate character state 

for plesiomorphy is fairly clear. Many characters used in this 

study, however, are such that homologies are difficult to assess and 

a posteriori considerations have occasionally necessitated a change 

in the polarity of the series.

The characters used in this family revision are discussed below 

and Table 1:1 to aid in interpreting the matrices included in 

appendices 1 and 2. The columns in Table 1:1 need some explanation. 

Column 1. Character: This is the general name of the character as 

also used in the explanatory passage below.

Column 2. State: Coded by letters - relating to the discussion of 

characters below and as used on the cladograms.

Column 3. Number in numerical analysis: This represents the order in 

which the character codes were entered in Matrix (Appendix 1) and also 

the numbers used in the explanatory passage below and on the 

cladograms.

Column 4. Numerical code: as used in numerical taxonomy matrix 

(Appendix 1).

Column 5. Numbers in computer cladistic analysis: This represents the 

order in which the characters were entered in Matrix (see Appendix 2) 

and differ from those in column 2 for two reasons. One is, quite 

simply, that some characters used in the numerical analysis were 

dropped as being unsuitable for the cladistic analysis. The second 

reason is that while in the BM(NH) principal co-ordinates analysis 

program it is possible to analyse more states than two for each 

character, in the cladistic program used (SOKAL), only binary entry
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Table 1:1 continued]

1

Atrial sac 

Periatrial gland

Genital pore position 1 

Genital pore position 2

Genital pore position 3

Ovary lobation 

Ovary position

Seminal receptacle 

Uterine extent

Metraterm

Egg-capsule

Egg-size

Egg-shell material in utero 

Vitelline structure

Vitelline condition 

Vitelline structure/condition

2 3 6 5 6

A 26 0 22 0
a 26 1 22 1
A 27 0 23 0

26 0
B 27 1 23 1

26 0
c 27 2 23 1

26 1
A 28 0 25 0
B 28 1 25 1
A 29 0 - -
B 29 1 - -
C 29 2 - -

A 30 0 - -

B 30 1 - -

C 30 2 - -

A 31 0 26 0
B 31 1 26 1
A 32 0 27 0

28 0
B 32 1 27 1

28 0
C 32 2 27 1

28 1
A 33 0 - -

B 33 1 - -

A 36 0 29 0
30 0

B 36 1 29 1
30 0

C 36 2 29 1
30 1

A 35 0 - -

B 35 1 - -
A 36 0 31 0
B 36 1 31 1
C 36 2 31 1
A 37 0 - -
B 37 1 - -

C 37 2 - -

D 37 3 - -

E 37 6 - -
F 37 5 - -
A 38 0 - -

B 38 1 - -
A 39 0
B 39 1
C 39 2
A 60 0
B 60 1
A 32 0

33 0
36 0

B 32 1
33 0
36 0

C 32 1
33 1
36 0

D 32 1
33 1
36 1
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is allowed. This means that where more than two states of a character 

occur they have to be re-coded to include more than one entry per 

character (e.g. see character 'caeca' 16). The theory behind the 

re-coding can be illustrated by discussing this example. The 

character A/B (coded 0/1 in the numerical taxonomy analysis; these two 

states were amalgamated in the numerical cladistic analysis) is coded 

0, 0, 0 in the numerical cladistic analysis (placed in columns 12, 13,

14 of the numerical cladistics matrix) as representing the most 

plesiomorphic condition. The next state, C, coded 1, 0, 0 is 

considered derived from A/B. D is considered derived through C so is 

coded 1, 1, 0 and E, derived through C and D is coded 1, 1, 1. If 

there are three states, but the derivation of the third state is not 

considered to have passed through the second, the coding indicates 

this, e.g. in character 'seminal vesicle' 22 where the plesiomorphic 

state is 0,0 and the two, separately derived states are coded 1, 0 and 

0 , 1 .

Column 6. Cladistic code: as used in numerical cladistic matrix 

(Appendix 2).

Explanatory notes on characters. (Unless otherwise stated the character 

states considered plesiomorphic have the lowest numerical value in 

columns 4 and 6).

2_) Body-shape: Most species have a more or less subcylindrical body, 

and are oval to elongate (State A), some have greatly flattened, 

spatulate, leaf-like forms (State B).

2) Body-surface: Most species are described as having spines, or have

been observed in this study as bearing spines (A). As loss of spines,

or lack of spines (B) can be either phylogenetic or ontogenetic or the

result of poor handling of material much care must be taken with this 

character.
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Table 1:1 continued]

1 2 3 A 3 6

Vitellarium position A A1 0 35 0
36 0
37 0
38 0
39 0

B A1 1 35 1
36 0
37 0
38 0
39 0

C A1 2 35 1
36 1
37 0
38 0
39 0

D A1 3 35 1
36 1
37 1
38 0
39 0

E A1 A 35 1
36 1
37 1
38 1
39 0

F A1 5 35 1
36 1
37 1
38 1
39 1

Excretory vesicle A A2 0 - -

B A2 1 - -

C A2 2 - -
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3) Specialized oral spination: Only two species have enlarged spines 

in one or a few rows around the oral sucker (B) and these species do 

not, in other characters, appear to be closely related.

4) Form of oral sucker: Most species have oval to subglobular, 

subterminal oral suckers (A) and a few are described as having an

infundibuliform, terminal oral sucker (B). This character was omitted 

from the cladistic analysis as it can be so readily altered by fixation 

methods. It may be that the two forms are distinct and could be 

distinguished in good material in some cases, but even in series of 

specimens fixed together in an identical manner both conditions were 

seen.

5) Ventral sucker forms: The plesiomorphic condition is considered

to be a simple, acetabulum-like, ventral sucker (A), derived conditions 

include a sucker with an internal equatorial row of papillae (B) and a 

sucker divided equatorially by an internal muscular ridge and an external 

cleft (C). Consideration of this character in conjunction with other 

characters suggests B may be derived from C.

6) Ventral sucker peduncle: Most species lack this feature (A), a few 

have a peduncle (B) and in at least one species the condition is 

doubtful. This is a difficult character to interpret as the peduncle 

can be withdrawn, when only a muscular ridge around the sucker will be 

evidence of it and this may be easily overlooked.

7) Ventral sucker width as proportion of body width: Two states:

(A) ventral sucker less than half body-width and (B) more than half 

body-width. This character appeared to occur randomly in the 

ordination and was omitted from the cladistic analyses.

8) Sucker ratio: l:less than 1 (A); 1:1-1.5 (B); 1:1.5-2.0 (C);

1:2-3 (D); 1 ¡greater than 3 (E). This character was omitted from the
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cladistic analysis. It may, on occasion, be useful for identification.

9) Ventral sucker lips. Most species have relatively unspecialized 

ventral sucker lips (A), but a few have prominent lamellar muscular 

lips (B). Doubts must be expressed as to its presence in some species 

where it is, as yet, undescribed.

10) Tegumental pit on posterior lip of ventral sucker. This small pit 

has been found on only two, fairly closely related, species and may 

have been missed on some of the species in the group. In Brachyenteron 

pycnorganum (Rees, 1953) it is clearly visible only on SEM observations. 

Its absence is considered plesiomorphic (A), its presence (B) is 

probably important, but it has not been looked for in most species.

11) Prepharynx. A short (shorter than pharynx) or apparently absent 

prepharynx (A) is most common. A few species have a much longer 

prepharynx (B). It has apparently appeared separately in the 

Zoogoninae and the Lepidophyllinae.

12) Internal spination of oesophagus and/or pharynx is reported in a 

few species (B). Its absence appears plesiomorphic (A).

13) Oesophagus length. Three conditions were defined, but they merge 

into each other and were found to be rather unsatisfactory in practice 

so the character was dropped from the cladistic analysis. Another 

reason for this omission was the inclusion of character 15 which to 

some extent measures the same feature. (A) long, narrow; (B) shorter 

wide or narrow; (C) apparently absent.

14) Oesophageal lining. Two species were interpreted as having part 

of the oesophagus lining as tegumental and part as epithelial (B).

Most species did not show this feature or were not described as having 

it (A). It was omitted from the cladistic analysis.

15) Position of intestinal bifurcation. In most cases this occurs
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in the forebody (A), but in some it is either dorsal to the ventral 

sucker or posterior to it (B). Parvipyrum acanthuri Pritchard, 1963 

has a single caecum.

16) Form of caeca. Long, wide or narrow caeca reaching almost to the 

posterior extremity (A); caeca reaching well past testes posteriorly

(B): these were amalgamated in the cladistic analysis. Narrow caeca 

reaching to the testes level (C) and short saccular caeca (D) are 

considered to have been derived by reduction in caecal length.

Pi acanthuri has a single caecum (E). In some cases it is difficult 

to allocate this character and it is also difficult to be certain that 

conditions are homologous, but in some groups the character has been 

unexpectedly useful.

17) Caecal diverticula. Only one species has lateral diverticula on
A= absence.

its caeca (B). / The character was omitted from the cladistic analysis.

18) Configuration of testes. The common situation is symmetrical 

or sub-symmetrical testes (A), and fewer species have tandem or 

subtandem testes (B).

19) Testes lobation. Smooth or slightly indented or uneven margins 

(A); deeply lobed (B). In the cases of the genera Lepidophyllum 

Odhner, 1902 and Urinatrema Yamaguti, 1934 it seems likely that this 

is a good character distinguishing them. The lobed testes in 

Steganoderma atherinae (Price, 1934), S_. macrophallos Szidat & Nani, 

1951, and Ŝ. oviformis Szidat, 1962, are rather different, but may 

well indicate close relationships in this small group.

20) Testes position relative to ventral sucker. In hindbody (A); 

close to or lateral to ventral sucker (B); entirely in forebody (C).

21) Cirrus-sac structure. This turned out to be a most unsatisfactory

character, most species were considered to have a relatively short,
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claviform cirrus-sac (A) and a few a very long narrow recurved or 

coiled currus-sac (B). It proved so difficult to allocate this 

character that it was omitted from later analyses. Also note the 

variation that may occur in Diphterostomum brusinae (Stossich, 1888).

22) Seminal vesicle: Outgroup comparison initially suggested that a

saccular seminal vesicle is plesiomorphic (B). Other states are 

elongate, coiled (A) and bipartite (C). This character presented 

problems due mainly to its poor description. Due partly to the 

difficulty in assigning this character in some species it was weighted 

at 0, in effect it was omitted from the later computer cladistic 

analyses.

23) Wall of seminal vesicle. In two species part of the wall of the 

seminal vesicle is described as thickened (B). In the remaining 

species this is not mentioned(A). This character was omitted from the 

cladistic analyses.

24) Pars prostatica.. Wide, vesicular pars prostatica (A); narrow

pars prostatica (B). In five species this character is not known,

but in many cases the description of this character is poor, so it was 

omitted from the cladistic analysis.

25) Genital atrium. Small and relatively inconspicuous (A); large, 

muscular and pocketed (B).

26) Atrial sac. A distinct, claviform sac-like diverticulum of the 

genital atrium is seen in some species (B) and in the remaining species 

this character is not reported (A).

27) Periatrial gland. In most species this organ is not seen although 

a few scattered gland-cells may occur in the parenchyma around the 

genital atrium (A). The gland may take the form of several small, 

claviform clusters of gland cells apparently feeding into the genital
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atrium (B) or a large, undivided mass of gland cells surrounding the 

genital atrium, often investing part of the cirrus-sac and metraterm, 

and apparently delimited from the parenchyma (C).

28) Genital pore longitudinal position: In the forebody (A); at the

level of the ventral sucker or in the anterior hindbody (B).

29) Genital pore transverse position: Distinctly submarginal ventrally

(A); lateral (B); distinctly sublateral dorsally (C). Flattening

and oblique mounting of specimens sometimes makes this character 

difficult to use. This characters was dropped from the cladistic 

analysis.

30) Genital pore position (left or right): Sinistral (A); variable (B);

dextral (C). The condition is not clear in two species. The character 

was omitted from the numerical cladistic analysis.

31) Ovary structure: Entire margins (A); lobed margins (B).

32) Ovary position: Pretesticular (A); intertesticular (B); post-

testicular (C). Flattening at fixation can cause problems with this 

character.

33) Seminal receptacle: This organ is always found and is almost

always full (A), but in one case is usually found to be empty (B).

This unsatisfactory character was omitted from the cladistic analyses.

34) Uterine extent: The uterus may be classified as having its bulk

in the post-gonadal region (A), having about half of its bulk pre- 

gonadal and half post-gonadal (B) or having the great preponderance 

pre-gonadal (C).

35) Metraterm: This structure may be weakly differentiated (A) or

strongly muscular and delimited from the remainder of the uterus by a 

powerful sphincter (B). This character proved difficult to use and 

was omitted from the cladistic analysis.
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36) Egg-capsules: The normal situation in the digeneans is for the

egg-capsule to become tanned and to have a distinct hyaline, often 

yellow or orange coloured shell (A). In some cases this shell is 

extremely thin and practically colourless (B) and appears in some 

species to be completely untanned and consist only of a membraneous 

structure (C). Due to the difficulty of differentiating between B

and C they were amalgamated in the cladistic analysis. The membraneous 

sac and the very thin shells have probably been confused in the 

literature and may be difficult to distinguish under certain optical 

systems, requiring further study under TEM.

37) Egg-size: Less than 30pm (A); 31-40pm (B); 41-50pm (C); 51-60pm

(D); 61-70pm (E); over 71pm (F). This character was found to be 

randomly distributed in the numerical analysis and was dropped.

38) Egg-shell material in uterus: In a few species blobs and narrow

apparently unattached filaments of egg-shell-like material is found 

in the uterus, particularly clearly seen in the distal part (B).

Usually this is not seen (A). Later studies showed that character- 

state (B), or something similar to it, occurs in some species in which 

it can only be distinguished by SEM or TEM studies. The character was 

omitted from cladistic analyses.

39) Form of vitellarium: In the numerical analysis the alternatives

were considered to be (A) follicular (i.e. numerous, relatively small, 

globular or irregular follicles), (B) two distinct small masses and

(C) a single, small subglobular to irregular mass.

40) Vitelline arrangement: (A) Paired lateral fields or (B) single,

median field.

39 and 40) These characters were amalgamated for the cladistic analysis

and the states were considered to be (A) paired lateral fields of
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follicles, (B) single, median, field of follicles, (C) pair of small 

median masses and (D) single median mass. It was found that a more 

satisfactory system was to consider C and B derivatives of D.

(see Fig. 1:2).

41) Position of vitellarium relative to ventral sucker: (A) Vitellarium

entirely in hindbody; (B) mainly in hindbody but overlapping ventral 

sucker; (C) situated laterally to ventral sucker; (D) mainly in 

forebody but overlapping ventral sucker; (E) entirely in forebody but 

posterior to cirrus-sac on poral side; (F) entirely in forebody but 

partly anterior to cirrus sac on poral side.

42) Excretory vesicle: (A) Short, saccular. (B) elongate, tubular

(reaching to gonads); (C) 'Y'-shaped. This feature is unknown in 

18 species, difficult to classify in many others and controversial in 

some (e.g. Urinatrema) and was omitted from the cladistical analysis.

Systematic section

Family ZOOGONIDAE Odhner, 1902. 

synonym: Steganodermatidae Yamaguti, 1934.

Body small to large; elongate cylindrical to flattened spatulate. 

Body-surface usually spinose; occasionally spines absent or lost.

Oral sucker subterminal to terminal; globular to infundibuliform.

Ventral sucker small to large, simple or ornamented or divided 

transversely; may bear muscular lips in about mid-region of body. 

Prepharynx long to short or practically absent. Pharynx globular to 

oval; small to large. Oesophagus long to absent. Intestinal 

bifurcation in forebody or anterior hindbody. Caeca two, occasionally 

single; saccular, short saccular to long; terminating in forebody to 

reaching close to posterior extremity. Testes two; oval to globular;
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lobed or entire; symmetrical, oblique or tandem; in hindbody or 

posterior forebody; post- pre- and inter-testicular. Cirrus sac 

well developed; short saccular to elongate; cylindrical; straight to 

sharply recurved. Seminal vesicle internal; saccular, narrow sinuous 

tubular or bipartite. Pars prostatica usually prominent; narrow to 

vesicular. Ejaculatory duct muscular; may form protuberant cirrus 

bearing spine-like structures or bosses. Genital atrium small 

simple or large pocketed muscular, surrounded by gland-cells. Genital 

pore ventrally or occasionally dorsally submarginal or more usually 

marginal; usually sinistral; usually in forebody, occasionally lateral 

to ventral sucker or in anterior hindbody. Ovary entire to multilobate; 

in hindbody or posterior forebody; usually pretesticular. Canalicular 

seminal receptacle present. Laurer's canal present. Mehlis' gland 

usually present. Uterus normally reaching posterior to gonads, up to 

posterior margin; containing numerous eggs. Eggs may lack tanned 

capsules (i.e. possess membraneous capsule) or have thin to thick 

tanned eggs; occasionally filamented. Vitellarium small, single 

mass or pair of masses, or divided into follicles, in one median 

or usually in two lateral fields; in fore- or hindbody. Excretory 

pore posteriorly terminal to subterminal; vesicle short, saccular to 

long tubular; 'I'-shaped (occasionally reported 'Y'-shaped). Parasitic 

in alimentary tract, gall-bladder, bile-ducts or urinary bladder of 

teleosts and occasionally elasmobranchs.

Taxonomic history

Odhner (1911a) not only raised the subfamily Zoogoninae Odhner, 1902 

to family rank, but also divided it into two subfamilies, Zoogoninae 

and Lecithostaphylinae, each containing three genera. The two
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subfamily system was extended by later authors, including Manter (1926), 

Fuhrmann (1928) and Price (1934). In 1952, however, Dollfus divided 

the old concept of the family into two separate families, the Zoogonidae 

and the Steganodermatidae Yamaguti, 1934 (more or less equivalent to 

the Lecithostaphylinae), each family having two subfamilies. Since 

that time the classifications proposed have either followed the old 

system considering the Zoogonidae (sensu lato) as one family or have 

followed Dollfus in his two family system. The major worker who has 

adhered to the older, one family, system is Yamaguti who in 1953 

recognized no subfamilies, but in 1958 recognized three and in 1971, 

four. On the other hand Skrjabin (1957) followed Dollfus as far as 

the two families are concerned, but did not recognize their subfamilies. 

Brinkmann (1975) also preferred the two family system, and recognized 

two subfamilies in the Zoogonidae but only one in the Steganodermatidae. 

There seems to be no powerful reason for adopting either system in 

preference to the other. We know very little of the biology of the 

Lepidophyllinae (=Steganodermatinae) and, superficially at least,some 

of the smaller species closely resemble the Zoogonines. I feel that 

the conservative approach, retaining one family with two clearly 

defined subfamilies, is the best current solution. The name 

Lepidophyllinae is the oldest available name for the second subfamily.

Delineation of the family

There are a number of forms which have been considered zoogonids, or 

possibly zoogonids, which have not been treated in the following study. 

These include:

1) Asymphylodora Looss, 1899. Cable (in Smith, 1968) suggests 

that this genus might be a zoogonid, or at least 'closer to the marine
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zoogonids' (Cable, 1974) than to the monorchiids, based on morphology 

and host-parasite relationships. It may be that Asymphylodora does 

not fit easily into the Monorchiidae, but it has characters of that 

group, and is not similar enough to the current concept of the 

Zoogonidae to be included in it.

2) Botulisaccus Caballero y C., Bravo Hollis & Grocott, 1955 was 

placed in the Zoogonidae by Yamaguti (1958), but can no longer be 

considered a member of that family. Originally placed in the 

Monorchiidae, and subsequently in the Fellodistomidae by Overstreet 

(1969), it was given a subfamily of its own by Yamaguti (1971). Its 

'V'-shaped excretory vesicle (see Overstreet, 1969) precludes its 

inclusion in the Zoogonidae.

3) Cephaloporidae Yamaguti, 1934 (syn. Plectognathotrematidae Baer 

& Joyeux, 1961) may represent an aberrant zoogonid-like group (Price, 

1937). This group is close to the Zoogonidae but may be distinguished 

by its amphistomatous body-plan.

4) Diplangidae Yamaguti, 1971, consisting of the genera Diplangus 

Linton, 1910 (syn. Bilecithaster Siddiqi & Cable, 1960) and 

Pseudodiplangus Yamaguti, 1971. Diplangus had been considered a 

zoogonid until Yamaguti (1971) erected a new family for it. He 

appears to be justified in this action. The diagnostic features of 

the Diplangidae are a smooth tegument, no cirrus-sac (i.e. a naked 

seminal vesicle) a median genital pore, and possibly a 'Y'-shaped 

excretory vesicle and the lack of Laurer's canal.

5) Folliovitellotrematinae ^sic ĵ Gupta & Sharma, 1972, for the 

genus Follicovitellosum Gupta & Sharma, 1972, was originally 

considered a zoogonid, but Hafeezullah (1977) and Gibson & Bray (1979a) 

proposed that this genus was a synonym of the hemiuroid Prolecitha
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Manter, 1961.

6) Lissorchiidae Poche, 1926. Cable (in Smith, 1968) considered 

that Lissorchis Magath, 1917 might be a zoogonid. Cable (1974) 

suggested that Lissorchis, along with another lissorchiid genus, 

Triganodistomum Simer, 1929, might be a link between the Zoogonidae 

and the plagiorchioid line. The larval stages are said to be 

somewhat similar to the zoogonids but the 'cercariaeum' lacks a stylet. 

Magath (1917), however, in reporting the life-cycle of the type-species 

L. fairporti, described a tailled xiphidiocercaria. The life-cycle 

of the type-species has not been studied again, but Wallace (1941) 

redescribed what he considered to be Cercariaeum mutabile Cort, 1918 and 

placed it in the lissorchiid genus Triganodistomum. Smith (1967) 

also claims to have found C. mutabile and (1968) relegates 

Triganodistomum to a synonym of Lissorchis. Duncan & DeGiusti (1976) 

described'three new lissorchiid cercariaea of the Mutabile group' 

and Turner & Corkum (1979) also described a 'lissorchiid' cercariaeum.

It is clear from Cort (1918), Wallace (1941) and Duncan & DeGiusti 

(1976) that the lissorchiid cercariaeum develops in a redia: none 

of the few known zoogonid life-cycles includes a redia. On the 

other hand, Magath's (1917) caudate cercariae apparently develop in a 

daughter-sporocyst. The life-cycle of the lissorchiids is, therefore, 

either very variable, or misinterpretations have been made, or 

Lissorchis and Triganodistomum are not synonyms or even very closely 

related. It is desirable that L. fairporti should be found again, 

redescribed and the life-cycle details verified. Magath's figure 

suggests that the adult lacks a cirrus-sac, although he described a 

thin-walled sac; but Yamaguti's (1971) figure clearly shows the cirrus- 

sac, but whether he saw the types is not stated. It seems clear
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that North American freshwater members of the Lissorchiidae show 

morphological and possibly life-cycle affinities to the Zoogonidae, 

but are distinct enough, at least as far as larval morphology is 

concerned, to be excluded from the Zoogonidae. Little information is 

available on the life-cycle of the freshwater zoogonids (Holton, 1984) 

so no direct comparison is possible. Two marine genera have been 

placed in the Lissorchiidae, Complexobursa Oshmarin & Mamaev, 1963 

and Anarhichotrema Shimazu, 1973. Complexobursa was considered to be 

a synonym of the fellodistomid genus Proctoeces Odhner, 1911 by Bray 

(1983). Anarhichotrema was provisionally placed in the Lissorchiidae 

by the original author. It differs from typical zoogonids in the 

extent and nature of the vitellarium (it reaches to the posterior 

extremity, where it is more or less continuous), the almost entirely 

pretesticular uterus, the presence of a uterine seminal receptacle 

and filamented eggs. At present I consider this a genus of uncertain 

position.

7) Paradiplangus Gupta, 1968, was considered a synonym of the 

fellodistomid genus Lintonium Stunkard & Nigrelli, 1930 by Madhavi 

(1975).

8) Plagiocirrus Van Cleave & Muller, 1932 was considered a zoogonid 

by Yamaguti (1953). Later (1958, 1971) he considered it to be a 

urorchiine allocreadiid. Schell (1970) also considered it an 

allocreadiid.

9) Pseudocypseluritrema Parukhin, 1974, was originally considered

to be a steganodermatine (=lepidophylline) and the type and only species, 

P. kurotchkini, occurs in a typical lepidophylline host, the flying 

fish Cypselurus robustus in the Red Sea, being found in the stomach.

This species needs closer study, but its median genital pore, lack of
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tegumental spines, pre-testicular uterus and single field of vitelline 

follicles indicate that it may not belong to the Zoogonidae.

Key to subfamilies

a) Vitellarium one or two masses, or several follicles; in undivided 

median field. Egg capsules weakly tanned or membraneous . . . 

.............................................  Zoogoninae (p. 33).

b) Vitellarium in paired fields of follicles. Egg capsule strongly 

tanned forming operculate shell . . . .  Lepidophyllinae (p. 77 ).

Subfamily ZOOGONINAE Odhner, 1902. 

synonyms: Diphterostominae Stossich, 1903.

Parvipyrinae Yamaguti, 1970.

Zoogonidae: Body small, oval. Body surface usually spinous.

Ventral sucker small to large; simple or bearing muscular lips.

Testes entire; symmetrical to oblique; in hindbody or lateral to 

ventral sucker. Seminal vesicle bipartite; occasionally tubular. 

Genital atrium small, may possess atrial sac. Periatrial gland 

absent. Genital pore marginal; in forebody or beside ventral sucker, 

or in anterior hindbody; usually sinistral. Ovary entire; in hindbody 

or dorsal to ventral sucker; pre or post-testicular. Mehlis' gland 

weakly developed. Uterus mainly post-gonadal. Egg-capsules 

membraneous or weakly tanned. Vitellarium small single mass, two 

small masses or small field of follicles; in median region; in hindbody. 

Excretory pore terminal; vesicle short, saccular. In alimentary tract 

of marine teleosts and elasmobranchs. Cercariaeum with stylet. Two 

sporocyst generations in gastropods.
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Abbreviations: Zd - Zoogonoides;
Ne - Neozoogonus; Ps - Pseudozoogonoides; 
D1 - Dlphterostomum; Gl - Glaucivermis;
Br - Brevicreadium; Pa - Parvipyrum;
Pr - Proparvipyrum; Zu - Zoogonus.
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Discussion: Zoogonines differ essentially from the Lepidophyllines

in the egg-capsule production mechanism. Whilst in the latter 

subfamily the vitellarium consists of two fields of several (more 

than six - sometimes many) follicles with a large volume and thick, 

tanned egg-capsules, in the Zoogoninae the vitellarium is reduced 

usually to a small, globular or bilobed organ lying close to the ovary 

and producing egg-capsules which are either very weakly tanned or of 

a membraneous nature. Zoogonines also tend to be very small.

The Diphterostominae has been differentiated from the Zoogoninae 

by either the nature of the vitellarium (Dollfus, 1952) or by the 

ventral sucker with lamellar lips (Yamaguti, 1958). These two 

characters do not always occur together and some genera with two 

vitelline masses are so similar to related forms with a single mass 

that separation at the subfamily level would appear to obscure some 

close relationships. The Parvipyrinae has been considered (Yamaguti, 

1970) to differ from Zoogoninae in the possession of a single caecum. 

The exact nature of the caecum of Parvipyrum is discussed later, but 

on its own it does not seem to be a character sufficient to separate 

a single genus from closely related forms, especially as the diagnostic 

features of the female reproductive system are so similar to those of 

the remainder of the subfamily.

The relationships within the subfamily can be represented by the 

dendrogram (Fig. 1:2). The characters involved are:-l) The caeca 

are considered to be narrow, reaching into the hindbody, in the 

plesiomorphic forms. It is reduced to short saccular caeca in several 

genera while in Parvipyrum it is reduced still further forming a
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single caecum. This feature is fully resolved. 2) The lack of an 

atrial sac is considered plesiomorphic. The organ has been developexl

by Zoogonoides, Neozoogonus and Pseudozoogonoides. A problem is 

that two species of Zoogonoides have not been described as having 

this organ. 3) If the plesiomorphic condition is a single median 

vitelline mass the apomorphic condition of two separate masses (or a 

bilobed mass) has been separately derived by genera Diphterostomum/ 

Glaucivermis and Pseudozoogonoides and also one species of Zoogonus.

In Brevicreadium the median vitellarium has broken down into several 

separate follicles. 4) The genital pore, which in its plesiomorphic 

condition, occurs in the forebody has migrated posteriorly alongside 

the ventral sucker in Neozoogonus, Parvipyrum and Proparvipyrum/

Zoogonus. 5) The intestinal bifurcation, which in its plesiomorphic

condition, occurs in the forebody has migrated posteriorly to a position 

dorsal to or just posteriorly to the ventral sucker in Neozoogonus, 

Parvipyrum and Zoogonus - this feature, therefore, normally occurs in 

conjunction with (4) and may in some cases represent the same 

phylogenetic step (i.e. a forward migration of the ventral sucker), but 

Proparvipyrum retains the plesiomorphic condition in this feature.

6) Muscular lamellae on the lip of the ventral sucker are considered 

apomorphic, but this scenario takes into account Overstreet &

Pritchard's (1977) point that the modifications of the ventral sucker 

'probably relate more to the needs for attachment than phylogenetic 

position'. This is reflected in the apparent loss of this condition 

in some species of Diphterostomum and the acquisition of a similar

condition in Zoogonoides laevis.
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In this system, therefore, the caeca, atrial sac and muscular lip 

lamellae are fairly well resolved, but the doubling of the vitellarium 

and relative movements of intestinal bifurcation and genital pore 

appear to present some homoplasy.

Key to the genera of the Zoogoninae

1 a. Caecum single ...................... Parvipyrum Pritchard, 1963 (p. 47)

b. Two c a e c a ........................................................ 2

2 a. Genital pore and intestinal bifurcation in mid-forebody . 5

b. Genital pore and intestinal bifurcation posterior to

mid-forebody ...................................................  3

3 a. Intestinal bifurcation in posterior forebody . . Proparvipyrum

Fischthal, 1980 (p. 45).

b. Intestinal bifurcation in hindbody or at posterior margin of 

ventral s u c k e r ...................................................4

4 a. Caeca short; saccular .................  Zoogonus Looss, 1901 (p. 39).

b. Caeca pass into posterior half of hindbody ... Neozoogonus

Arai, 1954 (p. 67).

5 a. Vitelline mass single or double 6

b. Vitellarium a single, small median field of follicles

...................  Brevicreadium Manter, 1954 (p. 50)

6 a. Vitelline mass single Zoogonoides Odhner, 1902 (p. 69).

b. Vitelline masses two 7

7 a. Caeca long; parallel 8

b. Caeca short; saccular; divergent . . . Diphterostomum Stossich,

1903 (p. 52)

8 a. Tegumental spines in forebody thorn-like. Testes tandem to

diagonal Glaucivermis Overstreet, 1971 (p. 65)
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Fig. 1:3 Cladogram of the genera Zoogonus and Proparvipyrum.

Abbreviations: P£ - Proparvipyrum israelense; ma - Zoogonus 
mazuri; de - Z. dextrocirrus; air - Z. argentopsi,
Z. lasius and Z. rubellus; pa - Z. pagrosomi.
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b. Tegumental spines small, acuminate. Testes symmetrical to

oblique ................. Pseudozoogonoides Zhukov, 1957 (p. 61)

Genus ZOOGONUS Looss, 1901.

Body small; pyriform to elongate oval. Body-surface spinous; spines 

in regular transverse rows in anterior half of body. Oral sucker 

globular; subterminal; similar in size to ventral sucker. Ventral 

sucker in anterior half of body. Prepharynx distinct, short to long. 

Pharynx oval. Oesophagus long, reaches to posterior margin of ventral 

sucker or into hindbody. Caeca short, saccular. Testes large; 

symmetrical; just in hindbody. Cirrus-sac elongate, reaches into 

hindbody. Seminal vesicle bipartite. Pars prostatica vesicular. 

Ejaculatory duct narrow. Genital atrium small. Genital pore 

marginal, at or about level of ventral sucker. Ovary globular to 

oval; median, between caeca; post-testicular. Canalicular seminal 

receptacle and Laurer's canal present. Vitellarium single 

(occasionally bilobed). Uterus fills hindbody posterior to gonads. 

Miracidium surrounded by membraneous sac (? or very thin shell).

Excretory pore terminal; vesicle a short sac. Tailless xiphidiocercaria. 

First intermediate hosts are gastropods. Metacercariae in 

echinoderms, polychaetes and gastropods. Adults in lower intestine 

and rectum of marine teleosts.

TYPE-SPECIES. Zoogonus rubellus (Olsson, 1868) (synonym: Zoogonus 

mirus Looss, 1901 - type by original designation).

Comment: The relationships between the known species can be 

summarised as in Fig. 1:3.
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Fig. 1:4 a) Zooqonus rubellus (Olsson), dorsal view, ex 
Anarhichas lupus, b) Proparvipyrum israelense 
Fischthal, ventral view, paratype.
Scale bars = 0.2 mm.
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Key to Zoogonus species.

1 a. Genital pore dextral ................. Z. dextrocirrus Aldrich, 1961.

b. Genital pore sinistral ........................................  2

2 a. Vitelline mass globular ....................................  3

b. Vitelline mass bilobed ..............  Z. mazuri (Korotaeva, 1975).

3 a. Genital pore at level of ventral sucker. Egg capsule

membraneous ....................................................  4

b. Genital pore just anterior to ventral sucker. Egg capsule thin, 

delicate but apparently tanned . . . Z. pagrosomi Yamaguti, 1939.

4 a. Prepharynx wide; distinct. Sucker ratio 1:0.9-1.4 . . .

...................  Z. rubellus (Olsson, 1868).

b. Prepharynx narrow, very l o n g .................................... 5

5 a. Pharynx anterior and contiguous with ventral sucker. Sucker

ratio 1:1.1-1.4. NE U S A .............. Z. lasius (Leidy, 1891).

b. Pharynx anterior and separated from ventral sucker. Sucker

ratio 1:1.3-1.7. India ............  Z. argentopsi Madhavi, 1979.

Species listed

1) Zoogonus rubellus (Olsson, 1868) Odhner, 1902 (Fig. 1:4a)^synonyms: 

Distoma rubellum Olsson, 1868; Lecithodendrium rubellum (Olsson, 

1868) Stossich, 1899; Zoogonus mirus Looss, 1901; (?)

Cercariaeum reticulatum Stunkard, 1932; (?) Zoogonus sp. of 

Richard (1971)J.

Definitive hosts: Labridae: Labrus bergylta, L. bimaculatus, L.

merula, Symphodus tinea

Pleuronectidae: Limanda limanda, Platichthys flesus, Pleuronectes

platessa
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Carangidae: Trachurus trachurus, T. capensis, T. trecae.

Blennidae: Blennius gattorugine, B. pholis.

Engraulidae: Engraulis capensis, E. encrasicolus.

Sparidae: Boops boops, Sparus pagrus.

Anarhichadidae: Anarhichas lupus.

Citharidae: Citharus macrolepidotus.

Pomadasyidae: Brachydeuteris auritus.

Zeidae: Zeus faber.

Site: Rectum, posterior intestine.

First intermediate hosts: Gastropoda: Nassarius reticulatus.

Second intermediate hosts: Echinodermata: Arbacia aequituberculata, 

Paracentrotus lividus, Psammechinus miliaris, Sphaerechinus 

granularis.

Distribution: NE Atlantic (Scotland, England, France, Norway, Sweden), 

SE Atlantic (Namibia, Angola, Ghana,), Mediterranean (Yugoslavia, 

Italy, Gibralter), Red Sea.

Comments: This species is discussed in detail elsewhere (p. 159). 

Descriptions: Olsson (1868:40); Looss (1901:439); Goldschmidt (1902: 

870; 1905:607); Odhner (1902:59; 1911a:245); Nicoll (1909a:17); 

see also p. 167.

2) Zoogonus argentopsi Madhavi, 1979.

Definitive host: Sparidae: Argentops spinifer.

Site: Intestine.

Distribution: Indian Ocean (Bay of Bengal).

Comment: This species is close to Z. rubellus and Z. lasius. 

Description: Madhavi (1979:249).
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3) Zoogonus dextrocirrus Aldrich, 1961.

Definitive hosts: Pleuronectidae: Isopsetta isolepis, Lepidopsetta

bilineata, Microstomus pacificus, 

Parophrys vetulus.

Zoarcidae: Lycodes brevipes, Lycodopsis pacifica.

Stichaeidae: Lumpenus gracilis.

Embiotocidae: Rhacochilus toxotes.

Sites: Rectum, intestine.

Distribution: NE Pacific (Oregon).

Comments: This species which differs from other members of the genus 

in having a dextral genital pore, is found to have a higher 

prevalence in offshore P̂ . vetulus (50.6%) than in inshore 

specimens from Yaquina Bay, Oregon (0.23%) (Olson & Pratt, 1973; 

Olson, 1978).

Description: Aldrich (1961:78).

4) Zoogonus lasius (Leidy, 1891) Stunkard, 1940. ^synonyms: Distomum

lasium Leidy, 1891; unnamed cercaria of Linton (1915); Cercariaeum 

lintoni Miller & Northup, 1926; Cercaria lintoni (Miller & Northup, 

1926) Brooks, 1930; Levinseniella lintoni (Miller & Northup, 1926) 

Glading, 1934; Zoogonus rubellus (Olsson, 1868) of Stunkard (1938) 

in partj .

Definitive hosts: Anguillidae: Anguilla rostrata.

Pleuronectidae: Liopsetta putnami.

Sciaenidae: Leiostomus xanthurus.

Soleidae: Trinectes maculatus.

Bothidae: Paralichthys dentatus (exptl.).

Batrachoididae: Opsanus tau (exptl.).

Labridae: Tautoga onitis (exptl.).
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Sites: Rectum, posterior intestine.

First intermediate hosts: Gastropoda; Nassarius obsoletus.

Second intermediate hosts: Echinodermata: Arbacia punctulatus (exptl.) 

Annelida: Leonereis culverti, Nereis virens.

Gastropoda: Acmaea intestinalis.

Distribution: NW Atlantic (Massachusetts, New Jersey, North Carolina, 

Rhode Island, New York, New Hamshire, Chesapeake Bay).

Comments: This species has been considered a synonym of Z. rubellus, 

but the reasons for considering it distinct are presented below 

(p.162). This species was not included in the computer 

analyses.

Description: Stunkard (1938: 318); see also pp. 172, 173.

5) Zoogonus mazuri (Korotaeva, 1975) n. comb, ^synonym: Zoogonoides 

mazuri Korotaeva, 1975J .

Definitive host: Pentaceratidae: Paristiopterus gallipavo.

Site: Intestine.

Distribution: Great Australian Bight.

Comments: The structure of the intestine and position of the genital 

pore suggests affinities with Zoogonus, as does nearest 

neighbour analysis (Z. dextrocirrus, 90.0% or 80.0%; Z. argentopsi, 

90.0% or 80.0%) and the cladistic printouts (Z. dextrocirrus is 

the most frequent neighbour - see Appendix 2b). The above 

cladogram (Fig. 1:3) suggests that in this case the bilobed 

vitelline mass is recently derived from the single, unlobed 

condition.

Description: Korotaeva (1975:54).
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6) Zoogonus pagrosomi Yamaguti, 1939.

Definitive host: Sparidae: Pagrosomus unicolor.

Site: Large intestine.

Distribution: Japan.

Comment: This species is said to possess very thin and delicate 

egg-shells.

Description: Yamaguti (1939:223). 

also:

Zoogonus sp. innom. of Machida, Ichihara and Kamegai (1970) and 

Kamegai (1973).

Definitive host: Sparidae: Chrysophrys ma/jor.

Site: Large intestine.

Distribution: Japan.

Comments: Only one specimen was found. It may be an immature Z_. 

pagrosomi.

Description: Kamegai (1973:19).

and

Zoogonus sp. of Duran & Oliva (1980).

Definitive host: Merluccius gayi peruanus.

Site: Posterior intestine.

Distribution: Peru.

Comments: This undescribed form was reported as occurring in 10.7% 

of the hosts examined.

Genus PROPARVIPYRUM Fischthal, 1980.

Body small; elongate oval. Body surface spinous. Oral sucker 

gobular, subterminal. Body constricted immediately posterior to
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oral sucker (forming a 'neck'). Prepharynx long. Pharynx small. 

Oesophagus long, bifurcating in posterior forebody. Caeca very short, 

saccular; terminate in forebody or at level of ventral sucker.

Ventral sucker small; more or less equatorial. Testes symmetrical to 

subsymmetrical in anterior hindbody. Cirrus-sac large, recurved. 

Seminal vesicle bipartite. Pars prostatica vesicular. Ejaculatory 

duct muscular. Genital atrium small, distinct. Genital pore 

sinistral; marginal; level with posterior part of ventral sucker or 

in anterior hindbody. Ovary large; elongate oval; at level of ventral 

sucker; pretesticular. Canalicular seminal receptacle and Laurer's 

canal present. Vitellarium single, at level of posterior part of 

ovary. Uterus fills most of hindbody. Miracidium large, surrounded 

by membraneous capsule. Metraterm muscular. Excretory vesicle 

small, saccular; pore terminal. Life-history not known. In 

intestine of marine teleost (Mullus).

TYPE-SPECIES. Proparvipyrum israelense Fischthal, 1980 (by original 

designation).

Comment: Only one species is known (Fig. 1:3).

1) Proparvipyrum israelense Fischthal, 1980. (Fig. 1:4b).

Definitive host: Mullidae: Mullus surmuletus.

Site: Small intestine.

Distribution: Mediterranean (Israel).

Comments: Examination of a paratype specimen (USNM 74999) shows 

that, for a member of this subfamily, this species is quite 

prominently spined and that it is close to Zoogonus. The 

caeca are, however, rather shorter than is usual in Zoogonus 

and they are entirely confined to the forebody.

Description: Fischthal (1980:14).
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Genus PARVIPYRUM Pritchard, 1963.

Body small; pyriform. Body surface spinous anteriorly (spines 

often lost). Oral sucker globular; subterminal. Prepharynx 

distinct, short. Pharynx small, oval. Oesophagus distinct, slightly 

longer than pharynx. Single caecum reaching to about mid-ventral 

sucker level. Ventral sucker large; at mid- to posterior body region 

with distinct thickened lips. Testes oval; in anterior hindbody; 

symmetrical to oblique. Cirrus-sac claviform, arcuate. seminal 

vesicle bipartite. Pars prostatica vesicular. Ejaculatory duct 

short; cirrus often formed. Genital atrium distinct. Genital 

pore marginal; sinistral; at level of mid- to posterior ventral 

sucker. Ovary oval; large; pretesticular, median to submedian, at 

level of cirrus-sac. Seminal receptacle and Laurer's canal present. 

Vitellarium single, compact; intertesticular. Uterus confined to 

short hindbody. Miracidium enclosed in membraneous capsule.

Excretory vesicle a globular sac; pore terminal. Life-history not 

known. In intestine of marine teleosts (Acanthurus spp.)

TYPE-SPECIES. Parvipyrum acanthuri Pritchard, 1963 (by original 

designation).

Comment: Yamaguti (1970) considered that the possession of a single 

saccular caecum represented a feature which made this genus 

distinct at the subfamily level. Along with his recognition of 

the subfamily Diphterostominae in 1971 it is apparent that Yamaguti 

has split the Zoogoninae into three subfamilies, thus obscuring 

the close relationships between the species in three groups.

I feel that such action is unnecessary and have not recognized 

these separate subfamilies.
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B

Fig. 1:5. a) Parvipyrum acanthuri Pritchard, lateral view,
paratype. b) Brevicreadium conqeri Manter, ventral 
view, holotype. Scale bars = 0.2 mm.
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Only one species is known:

1) Parvipyrum acanthuri Pritchard, 1963 (Fig. 1:5a).

Definitive hosts: Acanthuridae: Acanthurus dussumieri, A. 

olivaceus.

Sites: Intestine, occasionally stomach.

Distribution: Hawaii.

Comments: This species is unusual in that the reproductive system 

and the alimentary system are separated, being confined to the 

hindbody and the forebody, respectively.

Examination of seven paratype specimens (Harold W. Manter Lab.

81 and 244) has enabled an assessment of the discrepancies 

between Pritchard's (1963) and Yamaguti's (1970) descriptions.

The basic points of disagreement are, according to Yamaguti:- 

1) While Pritchard indicates that the caecum bifurcates anteriorly 

to the ventral sucker Yamaguti found a single, saccular 

caecum. 2) Yamaguti found the testes asymmetrical, Pritchard 

found them symmetrical to subsymmetrical. 3) Pritchard found

miracidia with eyespots, Yamaguti did not. 4) Pritchard's 

fixed eggs were 22-35 x 18-32pm whereas Yamaguti's fixed eggs 

measured 81 -93 x 25-30pm. My observations in relation to 

these points are:-l) It appears that Yamaguti was correct in 

stating that the caecum is single and simple. In One case 

(the worm figured, the same, apparently as figure 6 of Pritchard) 

the posterior margin of the caecum appears indented or irregular. 

The other worms, all of which are mounted laterally, show an 

undivided saccular caecum. 2) The testes are either 

symmetrical or slightly subsymmetrical: Pritchard's and Yamaguti's
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descriptions do not differ significantly. 3) No eyespots 

were detected on the miracidia. 4) The egg-capsules are 

thin, membraneous and colourless and difficult to measure 

accurately in situ. My measurements were about 38-40 x 20pm, 

but it is clear that these types of eggs are not satisfactory 

biometrical features for use in taxonomy as they may be apt to 

shrinkage during fixation.

Descriptions: Pritchard (1963:582); Yamaguti (1970:37)

Genus BREVICREADIUM Manter, 1954.

Body small pyriform. No spines seen on tegument. Oral sucker 

globular; subterminal. Prepharynx short. Pharynx globular. 

Oesophagus short, distinct. Caeca short, saccular; just overlapping 

ventral sucker. Ventral sucker large, prominent; with prominent 

transverse muscular lips. Testes oval; subsymmetrical/symmetrical 

just in hindbody. Cirrus-sac elongate oval. Seminal vesicle 

bipartite; proximal part larger. Pars prostatica vesicular. 

Ejaculatory duct muscular. Genital atrium distinct. Genital pore 

marginal; sinistral; in mid-forebody. Ovary oval; anterior to right 

testis. ?Seminal receptacle present . Laurer's canal ? . 

Vitellarium in a single, small group of follicles (about 18) lying 

along posterior margin of ventral sucker. Uterus mainly dorsal to 

ventral sucker; not reaching posteriorly to testes. Metraterm 

in part, in form of prominent globular sphincter. Eggs numerous; 

with thin, but distinctly tanned, eggs. Excretory pore ventrally 

subterminal; vesicle short, narrow; reaching to right testis. In 

intestine of marine teleost (Conger).

TYPE-SPECIES. Brevicreadium congeri Manter, 1954 (by original designation)



51

1) Brevicreadium congeri Manter, 1954. (Fig. 1:5b).

Definitive host: Congridae: Conger verreauxi.

Site: Intestine.

Distribution: New Zealand.

Comments: Only one record of this species exists, but I have 

examined the holotype and a paratype specimen (USNM 49138). 

Originally the genus was included in the Opecoelidae, but the 

limited vitelline distribution suggest the Zoogonidae as probably 

the appropriate family despite the apparent lack of tegumental 

spines. The small median vitellarium, the weakly tanned 

egg-capsules and the muscular lips of the ventral sucker 

(cf. Parvipyrum, Diphterostomum) indicates a position in the 

subfamily Zoogoninae. Yamaguti (1958, 1971) considered the 

genus close to Diphterostomum, placing it in the, herein 

unrecognised, subfamily Diphterostominae. Overstreet & Pritchard 

(1977) placed the genus in the Steganodermatinae £= Lepidophyllinae 

suggesting that the modifications of the ventral sucker 

"probably relate more to the needs for attachment ... than to 

its phylogenetic position". It seems unnecessary however, 

to consider that such similar structures as the muscular 

lamellar lips in the genera Brevicreadium, Diphterostomum and 

Parvipyrum have been separately derived (Fig. 1:2), when other 

similarities to these zoogonine genera are considered.

Manter (1954) gives the host as the conger eel Leptocephalus 

conger, which some subsequent authors have considered to be 

Conger conger. As this species does not occur outside the 

Atlantic Ocean region, it seems likely that Hewitt & Hine (1972)

Only one s p e c i e s  i s  known:
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are correct in considering the host to be Conger verreauxi. 

Description: Manter (1954:523).

Genus DIPHTEROSTOMUM Stossich, 1903.

Synonyms: Diphtherostomum Stafford, 1905.

Zoonogenus Nicoll, 1912.

Body small; pyriform to elongate oval. Tegument spinous; to limited 

extent or covering complete body surface. Oral sucker globular; 

subterminal. Prepharynx short. Pharynx oval. Oesophagus 

normally distinct, long; occasionally short or apparently absent; 

bifurcating in forebody. Caeca very short, saccular, divergent, 

terminating in posterior forebody or just overlapping ventral sucker. 

Ventral sucker in middle or posterior half of body; often large 

muscular, sometimes smaller, more weakly developed; may bear lamellar 

muscular lips. Testes oblique to symmetrical; posterior, lateral 

or antero-lateral to ventral sucker. Cirrus-sac variable; elongate; 

reflexed or not; reaching past anterior margin of ventral sucker 

or not. Seminal vesicle bipartite. Pars prostatica vesicular. 

Ejaculatory duct usually long. Genital atrium small. Genital 

pore marginal or submarginal in forebody; usually sinistral, 

occasionally dextral. Ovary globular to oval, submedian, just anterior 

or between testes. Seminal receptacle and Laurer's canal present. 

Vitellarium two subequal masses. Uterus fills much of hindbody. 

Miracidium surrounded by membraneous sac or very thin shell.

Excretory pore terminal; vesicle small, saccular. Sporocysts in 

gastropods. Tailless xiphidiocercariae. Metacercariae encyst in

invertebrates or on plants or sedentary animals. Adults in intestine,

pyloric caeca and rectum of marine teleosts and spiral valve of



53

elasmobranchs.

TYPE-SPECIES. Diphterostomum brusinae (Stossich, 1888) (by original 

designation).

Comment. The possible relationships within the genus may be summarised 

as in Fig. 1:6.

Key to species:

1 a. Ventral sucker with muscular lips ........................ 4

b. Ventral sucker lacking prominent lips ...................  2

2 a. Sucker ratio 1: less than 1 .............. D. albulae Overstreet, 1969.

b. Sucker ratio 1: equal to or more than 1 .................3

3 a. Sucker ratio 1: equal to or more than 2.3; parasite of teleosts

...................  D. vividum (Nicoll, 1912).

b. Sucker ratio 1: equal to or less than 2.3; parasite of

elasmobranchs . . . .  D. betencourti (Monticelli, 1893)

4 a. Genital pore always sinistral ............................  5

b. Genital pore sinistral or dextral in ratio of about 2:1

............  D. indicum Madhavi, 1979.

5 a. Oesophagus short or apparently absent ... D. americanum Manter, 1947

b. Oesophagus long, distinct .................................  6

6 a. Width and length sucker ratios 1: less than 2.5 . . . .

................. D. brusinae (Stossich, 1888).

b. Width and length sucker ratio 1: about 3 .........

................. D. magnacetabulum Yamaguti, 1938.

List of species:

1) Diphterostomum brusinae (Stossich, 1888) Stossich, 1903 (Fig. 1:7a) 

synonyms: Distomum brusinae Stossich, 1888; Pleurogenes
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vi al be ma am in br

Fig. 1:6 Cladogram of the genus Diphterostomum
Abbreviations: vi - D. vividum; al - D. albula; be - D. betencourti; 

ma - D. magnacetabulum; am - D. americanum; 
in - D. indicum; br - D. brusinae.
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brusinae (Stossich, 1888) Stossich, 1899; Distoma (Brachycaecum) 

brusinae (Stossich, 1888) Barbagallo & Drago, 1903; (?) 

Sporocystis sp. de Fillipi, 1854; (?) Distomum buccini 

mutabilis de Fillipi, 1855; (?) Cercaria (Acanthocephala) 

buccini mutabilis (de Fillipi, 1855) Diesing, 1858;

(?) Agamodistomum buccini mutabilis (de Fillipi, 1855) Parona, 

1912; Cercaria inconstans Sinitsin, 1911; Adolescaria inconstans 

Sinitsin, 1911; (?) Cercaria crispata Pelseneer, 1906; 

Diphterostomum sargus annularis Vlasenko, 1931; Diphterostomum 

spari Yamaguti, 1938; Diphterostomum macrosaccum Montgomery,

1957; Diphterostomum anisotremi Nahhas & Cable, 1964; 

Diphterostomum tropicum Durio & Manter, 1968; Diphterostomum 

israelense Fischthal, 1980

Definitive hosts: Sparidae: Argyrops filamentosus, Chrysophrys

aurata, Diplodus annularis, D. sargus,

D. vulgaris, Oblada melanura, Sparus 

longispinis.

Gobiidae: Gobius niger, Mesogobius batrachocephalus, Neogobius 

cephalarges, Zosterisessor ophiocephalus.

Labridae: Labrus bergylta, L. merula, Symphodus cinereus, S. 

roissali, S. tinea.

Pomadasyidae: Anisotremus virginicus, Haemulon aurolineatum,

H. plumieri, H. sciurus, Orthopristis ruber, 

Pomadasys jubelini.

Blennidae: Blennius gattorugine, B. ocellaris.

Sillaginidae: Sillago analis, S. maculata.

Lethrinidae: Lethrinus glyphodon, L. haematopterus, L. nebulosus,

L. s p .
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Fig. 1:7 a) Diphterostomum brusinae (Stossich), ventral view,
ex Diplodus annularis, b) Pseudozooqonoides subaequiporus 
(Odhner), dorsal view, ex Hippoqlossoides platessoides. 
Scale bar = 0.5 mm.
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Clinidae: Neoclinus uninotatus.

Nemipteridae: Nemipterus japonicus.

Ostraciontidae: Lactophrys quadricornis.

Sciaenidae: Umbrlna cirrhosa.

Synodontidae: Saurida undosquamis.

Anguillidae: Anguilla rostrata.

Sites: Small intestine, posterior intestine, rectum, occasionally 

stomach, (?) pyloric caeca.

First intermediate hosts: Gastropoda: Cyclonassa kamyschiensis, 

Cyclope donovani, Nassarius mutabilis, N. reticulatus, Natica 

alderi.

Second intermediate hosts: Lamellibranchiata: Chamelea gallina, 

Gouldia minima, Modiolus adriatica, Parvicardium simile, Pitar 

rudis, Spisula subtruncata, Venus gallina.

Gastropoda: Cyclonassa kamyschiensis, Cyclope donovani,

Nassarius reticulatus, N. mutabilis.

Crinoidea: Antedon mediterranea.

Cephalochordata: Branchiostoma lanceolata.

Metacercariae also encyst on aquatic plants and sedentary 

animals (e.g. sponges, hydroids).

Distribution: Mediterranean (France, Italy, Yugoslavia, Greece,

Israel), Black Sea, Asov Sea, NE Atlantic (France, (?) Spain),

NW Atlantic (Florida, Jamaica, Venezuela), SE Atlantic (Ghana), 

SW Atlantic (South Brazil), Indian Ocean (Gulf of Mannar, Gulf 

of Aden, Masira Bay), NW Pacific (Japan, Inland Sea), NE Pacific 

(California), SW Pacific (Queensland, New Caledonia, New

Zealand).
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Comments: This species is discussed in detail on p. 175. 

Descriptions: Stossich (1888:99; 1889:25); Looss (1901:399);

Palombi (1930:11); Yamaguti (1934:400; 1938:92); Timon-David 

(1937b:3); Vlasenko (1931:103); Montgomery (1957:16); Ergens 

(1960:80); Nahhas & Cable (1964:200); Brinkmann (1967:6); 

Naidenova (1967:488); Durio & Manter (1968:152); Fischthal & 

Thomas (1968:139); Fischthal (1980:14); Amato (1983:692) and 

see p. 181.

2) Diphterostomum albulae Overstreet, 1969 ^synonym: Pseudozoogonoides

albulae (Overstreet, 1969) Madhavi, 1979̂J .

Definitive host: Albulidae: Albula vulpes.

Sites: Intestine, pyloric caeca.

Distribution: NW Atlantic.

Comments: The lack of muscular pads on the ventral sucker suggests 

affinities with Pseudozoogonoides: the short, saccular caeca 

and lack of an atrial diverticle (confirmed on holotype 

specimen, USNM 71310) suggest affinities with Diphterostomum 

where it is at present retained.

Description: Overstreet (1969:151).

3) Diphterostomum americanum Manter, 1947.

Definitive hosts: Sparidae: Archosargus rhomboidalis, Lagodon

rhomboides, Sparus heterodus, S. pagrus. 

Gobiidae: Gobiosoma robustum, Sufflogobius bibarbatus. 

Batrachoididae: Opsanus beta.

Blennidae: Chasmodes saburrae.

Lophiidae: Lophius piscatorius.

Pomacentridae: Pomacentrus leucostictus.
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Pomadasyidae: Brachygenys chrysargyreus_.

Sites: Intestine, posterior intestine, rectum.

Distribution: NW Atlantic (Florida); SW Atlantic (Argentina);

SE Atlantic (Namibia).

Comments: This is the only species in the genus where the oesophagus 

is short or practically absent. Careful examination of a 

type-specimen (USNM 37009) has shown no evidence of an atrial 

sac.

Descriptions: Manter (1947:313); Sogandares-Bernal & Hutton

(1959:342); Schulze(1970:61); Gaevskaya & Aleshkina (1983:fig. 3).

4) Diphterostomum betencourti (Monticelli, 1893) Odhner, 1911 synonyms:

Distomum betencourti Monticelli, 1893; Pleurogenes betencourti 

(Monticelli, 1893) Stossich, 1899; Distoma lutea van Beneden, 

1871 nec von Baer, 1857; Brachycoelium luteum (van Beneden, 

1871) Giard, 1897; Diphterostomum luteum (van Beneden, 1871) 

Stossich, 1903; Distomum (Brachycoelium) luteum (van Beneden,

Definitive hosts: Scyliorhinidae: Scyliorhinus canicula, S. stellaris.

Mugilidae: (?) Chelon labrosus.

Sites: Spiral valve, rectum (intestine, stomach).

Distribution: NE Atlantic (France, Belgium).

Comments: This species is discussed in detail on p. 187.

Descriptions: van Beneden (1871:figs); Monticelli (1890:424);

Stossich (1903:193); Odhner (1911a:242); and see p. 189.

5) Diphterostomum indicum Madhavi, 1979.

Definitive hosts: Pomadasyidae: Pomadasys maculatus, P. hasta,

1871) Giard

Rhonciscus furcatus

Sciaenidae: Johnius aneus.



60

Site: Intestine.

Distribution: Indian Ocean (Bay of Bengal).

Comment: This species is very similar to D. brusinae and could 

well be a synonym. It is distinguished by having about a 

third of its specimens with a dextral genital pore. I have 

found (Gibson & Bray, in press) that laterality in the digenean 

Hemiurus levinseni Odhner, 1905, may vary in a non-random 

fashion, possibly related to host.

Description: Madhavi (1979:250).

6) Diphterostomum magnacetabulum Yamaguti, 1938.

Definitive hosts: Pleuronectidae: Poecilopsetta plinthus.

Site: Large intestine.

Distribution: Japan.

Comment: This species is similar to D. brusinae, but with sucker 

ratio about 1:3.

Description: Yamaguti (1938:91).

7) Diphterostomum vividum (Nicoll, 1912) n. comb.

^synonyms: Zoonogenus vividus Nicoll, 1912; Zoogonoides vividus 

(Nicoll, 1912) Yamaguti, 1953 .

Definitive host: Sparidae: Pagellus bogaraveo.

Site: Rectum.

Distribution: NE Atlantic (Scotland, England).

Comments: This species is discussed in detail on p.193.

Description: Nicoll (1912:200); and see p.193.
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Genus PSEUDOZOOGONOIDES Zhukov, 1957.

Body small; pyriform. Tegument spinous; Spines in regular transverse 

rows. Oral sucker globular; subterminal. Prepharynx short.

Pharynx globular. Oesophagus distinct, bifurcates in forebody.

Caeca narrow, reach just into hindbody. Ventral sucker rounded, in 

middle of body or posterior part of body, usually subequal to slightly 

or distinctly larger than oral sucker. Testes symmetrical, at level 

of ventral sucker. Cirrus-sac claviform; straight or curved.

Seminal vesicle bipartite. Pars prostatica vesicular. Ejaculatory 

duct distinct. Genital atrium with atrial sac. Genital pore 

marginal; sinistral; in mid-forebody. Ovary oval, submedian, 

post-testicular. Seminal receptacle and Laurer's canal present. 

Vitellarium two subequal masses. Uterus fills much of hindbody.

Miracidium surrounded by membraneous or very weakly tanned egg- 

capsule. Excretory-pore terminal; vesicle slightly elongate sac.

(? Metacercariae encyst in teleosts). Adults in intestine and 

rectum of teleosts (occasionally in spiral valve of elasmobranchs). 

TYPE-SPECIES. Pseudozoogonoides subaequiporus (Odhner, 1911) n. comb, 

jsynonym: P. microacetabulum (Shulman-Albova, 1952) Zhukov, 1957 

- type by original designation^.

Comment: Three very similar forms belong clearly in this genus.

Key to species:

1 a. Sucker ratio 1: more than 1.2 .........  P. subaequiporus (Odhner,1911)

b. Sucker ratio 1: less than 1 . 2 ............................... 2

2 a. Caeca reaching to vitellarium. Eggs 76-93pim long. Cirrus-sac

in forebody or just overlapping ventral sucker. Parasites of 

teleosts...................................._P. ugui Shimazu, 1974.
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2 b. Caeca reaching to posterior level of testes and ventral 

sucker. Eggs 45-55pm. Cirrus sac reaching to ovary.

Parasite of e l a s m o b r a n c h s ........................ P_. sp. innom.

List of species:

1) Pseudozoogonoides subaequiporus (Odhner, 1911) n. comb. (Fig. 1:7b). 

^synonyms: Zoogonoides subaequiporus Odhner, 1911;

Diphterostomum microacetabulum Shulman-Albova, 1952; 

Pseudozoogonoides microacetabulum (Shulman-Albova, 1952) Zhukov, 

1957; (?) Diphterostomum sp. of Brinkmann (1975)J.

Definitive hosts: Pleuronectidae: Cleisthenes pinetorum herzensteini,

Clidoderma asperrimum,

Hippoglossoides elassodon, H. e. 

dubius, H. platessoides, Lepidopsetta 

bilineata, Limanda aspera.

Anarhichadidae: Anarhichas denticulatus, A. lupus, A. minor. 

Cottidae: Enophrys diceraeus namiyei, Myoxocephalus jaok.

Salmonidae: Coregonus lavaretus pidschianoides.

Zoarcidae: Lycodes esmarkii.

Sites: Intestine, posterior intestine, rectum (? gall-bladder).

Second intermediate host: Pleuronectidae: Limanda punctatissima 

punctatissima (in mesenteries).

Distribution: Barents Sea, White Sea, NW Atlantic (W. Greenland, 

Canada), NE Atlantic (E. Greenland, Iceland, Scotland, Norway),

NW Pacific (Japan, Putjatin, Kamchatka, Sea of Okhotsk, Bering 

Sea, Avachin Bay).

Comments: This species is discussed in detail on p. 198.

Descriptions: Odhner (1911a:244);Shulman-Albova (1952:86), Shulman

& Shulman-Albova (1953:46); Zhukov (1960:28); Brinkmann (1975:38)

and see p. 201.
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2) Pseudozoogonoides sp. innom.

Definitive host: Squalidae: Squalus acanthias.

Site: Spiral valve.

Distribution: Iceland.

Description: see p. 207.

3) Pseudozoogonoides ugui Shimazu, 1974.

^synonym: Pseudozoogonoides sp. of Machida, Arakai, Kamiya & 

Ohbayashi (1972)J.

Definitive hosts: Cyprinidae: Tribolodon hakonensis, (?) Leuciscus 

brandti.

Site: Posterior intestine (? mid-intestine, anterior intestine, less 

frequently stomach).

Distribution: NW Pacific (Hokkaido, (?) Peter the Great Bay). 

Comments: This species closely resembles JP. subaequiporus.

Shimazu (1974) believed that Isakova-Keo's (1952) record and 

description of Zoogonoides viviparus in Leuciscus brandti from 

Peter the Great Bay may represent this species.

Descriptions: Shimazu(1974:433); (?) Isakova-Keo (1952:231).

Other species:

Pseudozoogonoides sp. innom. of Machida et al. (1972).

Host: Pleuronectidae: Microstomus achne.

Site: Small intestine.

Locality: Japan.
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Fig. 1:8 a) Glaucivermis spinosus Overstreet, dorsal 
view, paratype; b) Neozooqonus californicus 
Arai, ventral view, ex Embiotoca jacksoni. 
Scale bars = 0.2 mm
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Genus GLAUCIVERMIS Overstreet, 1971.

Body small; fusiform. Tegument spinous throughout; forebody spines 

large, thornlike; hindbody spines small, fine. Oral sucker 

infundibuliform; terminal. Prepharynx short. Pharynx oval. 

Oesophagus long; bifurcating in posterior forebody. Caeca reach to 

mid-posterior ventral sucker. Ventral sucker in mid-body; lacking 

muscular lips. Testes tandem to oblique. Cirrus-sac arcuate.

Seminal vesicle bipartite. Pars prostatica vesicular. Ejaculatory 

duct muscular. Cirrus with small papillae. Genital atrium 

muscular. Genital pore marginal; sinistral; in posterior forebody. 

Ovary oval anterior to or between testes. Seminal receptacle and 

Laurer's canal present. Vitellarium two masses at posterior edge of 

ovary. Uterus fills most of hindbody. Eggs with thin, but distinct, 

operculate shell. Metraterm muscular. Excretory pore terminal; 

vesicle small, saccular. Life history not known. In intestine 

and pyloric caeca of marine teleosts (Menticirrhus).

TYPE-SPECIES. Glaucivermis spinosus Overstreet, 1971 (by original 

designation.

Comment: A single species is known.

1) Glaucivermis spinosus Overstreet, 1971 (Fig. 1:8a).

Definitive host: Sciaenidae: Menticirrhus americanus.

Sites: Intestine, usually anterior part, and pyloric caeca. 

Distribution: Gulf of Mexico (Mississippi).

Comments: The paratype specimen illustrated (USNM 71764) differs 

from the holotype (USNM 71763, illustrated by Overstreet) in 

the more anterior position of the anterior testis, which is 

displaced so that the ovary now lies more or less between the 

testes. No atrial sac was seen.

Description: Overstreet (1971:536).
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lo ma ca

Fig. 1:9 Cladogram of the genus Neozoogonus. 
Abbreviations: - N. longicecus; ma - N. malacanthi;

ca - N. californicus.
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Genus NEOZOOGONUS Arai, 1954.

Body small; oval to elongate oval. Tegument spinous anteriorly.

Oral sucker infundibuliform, terminal or globular subterminal; 

larger to about equal to ventral sucker. Prepharynx distinct; 

short to long. Pharynx globular. Oesophagus long; narrow; 

bifurcating in anterior hindbody. Caeca reach well past testes, 

almost to posterior extremity. Ventral sucker circular; small; 

just in anterior half of body. Testes oval; symmetrical to oblique; 

in anterior half of hindbody. Cirrus sac-claviform, curved.

Seminal vesicle bipartite, saccular or tubular (?). Pars prostatica 

vesicular. Ejaculatory duct long. Genital atrium distinct; with 

atrial sac. Genital pore dextral or sinistral; at level of 

ventral sucker or in anterior hindbody. Ovary globular to oval; 

post-testicular. Seminal receptacle and Laurer's canal present. 

Vitellarium a single irregular mass; adjacent, often just posterior 

to ovary. Uterus fills much of post-testicular hindbody. Metraterm 

muscular. Miracidium surrounded by membraneous capsule. Excretory 

pore terminal; vesicle short, saccular. Life-history not known. 

Adults in intestine of marine teleosts.

TYPE-SPECIES. Neozoogonus californicus Arai, 1954 (by original 

designation).

Comment: The elongate caeca, reaching well into the posterior half of 

the hindbody, often virtually to the posterior extremity 

characterises this little known genus. The relationships of the 

species in the genus are indicated on Fig. 1:9.
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Key to species:

1 a. Genital pore d e x t r a l ................... .................. 2

b. Genital pore sinistral .......... N. malacanthi Siddiqi & Cable,

1960.

2 a. Oral sucker terminal; flattened infundibuliform; delineated

from body by ' n e c k ' ............ N. californicus Arai, 1954.

b. Oral sucker subterminal; globular. No 'neck'..............

. . . . . .  N. longicecus Siddiqi & Cable, 1960.

List of species:

1) Neozoogonus californicus Arai, 1954 (Fig. 1:8b).

Definitive hosts: Embiotocidae: Cymatogaster aggregata, Damalichthys

vacca, Embiotoca jacksoni, E. 

lateralis, Hypsurus caryi, Micrometrus 

minimus, Phanerodon furcatus,

Rhacochilus toxotes, Zalembius rosaceus.

Site: Intestine.

Distribution: NE Pacific Ocean (British Columbia, California,Baja 

California).

Comments: Arai's (1954) description is of immature worms, so from 

the literature we know nothing of the structure of the egg- 

capsules in this species. Dr Arai has, however, kindly 

collected specimens from Embiotoca jacksoni from Ventura Cove, 

Mission Bay, San Diego County, California and donated them to 

us (BM(NH) 1983.11.1.10-18). One is illustrated (Fig. 1:8b).

The eggs are present in these specimens and a typical membraneous- 

type capsule is found. The atrial sac is distinct and 

muscular and, in addition, there is a circular dilation of the 

metraterm, usually containing spermatozoa, at about the level
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of the seminal vesicle. The caeca reach close to the posterior 

extremity and may be dilated, as in Arai's figure, or narrow, as in 

Fig. 1:8b. The seminal vesicle is usually quite clearly 

bipartite, but in a few cases it may appear to be a single, 

globular sac. The genital pore is dextral. The squat,

infundibuliform oral sucker is characteristic of this species, 

as is the distinct 'neck' which separates the oral sucker from 

the remainder of the body.

Description: Arai (1954:356).

2) Neozoogonus longicecus Siddiqi & Cable, 1960.

Definitive host: Mullidae: Mulloidichthys martinicus.

Site: Intestine.

Distribution: Puerto Rico.

Comment: This species has a dextral genital pore.

Description: Siddiqi & Cable (1960:276).

3) Neozoogonus malacanthi Siddiqi & Cable, 1960.

Definitive host: Branchiostegidae: Malacanthus plumieri.

Sites: Oesophagus, intestine.

Distribution: Puerto Rico.

Description: Siddiqi & Cable (1960:276).

Genus Z00G0N0IDES Odhner, 1902.

Body small, pyriform to elongate oval. Tegument spinous; spines 

usually restricted to forebody, occasionally also in hindbody.

Oral sucker globular; subterminal; smaller to about equal to ventral 

sucker. Prepharynx short. Pharynx globular. Oesophagus distinct; 

bifurcating in posterior forebody. Caeca reach to about level of 

testes or just beyond. Ventral sucker in anterior half or middle
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vi la pya

Fig. 1:10 Cladogram of the genus Zooqonoides.
Abbreviations: vî  - Z. viviparus; la - Z. laevis;

pya - Z. pyriformis, Z. yamaqutii, Z. acanthoqobii.
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of body in adults. Testes oval; symmetrical to slightly oblique; 

just posterior to or at level of ventral sucker. Cirrus-sac 

claviform; short to long; straight or curved. Seminal vesicle 

bipartite. Pars prostatica oval, vesicular. Ejaculatory duct 

short to long; annularly wrinkled (? spined). Genital strium 

distinct. Atrial sac usually evident. Genital pore usually 

sinistral; lateral in mid-forebody. Ovary oval; between testes 

but slightly posterior. Seminal vesicle present. Laurer's canal 

present. Vitellarium a single subglobular to oval mass; normally 

between ovary and seminal receptacle. Uterus fills much of 

hindbody. Metraterm muscular. Miracidium in membraneous capsule or 

very thin shell). Excretory pore terminal; vesicle small; oval. 

Tailless xiphidiocercaria in gastropods. Metacercariae in 

echinoderms, polychaetes, lamellibranchs and gastropods. Adults 

in posterior intestine and rectum of marine teleosts.

TYPE-SPECIES. Zoogonoides viviparus (Olsson, 1868) (by original 

designation).

Comments: The relationships within the genus are represented by 

Fig. 1:10. Specimens of the two species where no atrial sac 

has been described have been examined, but in neither case could 

one be seen.

Key to species:

1 a. Genital pore dextral ........................ Z. laevis Linton, 1940.

b. Genital pore s i n i s t r a l ................................. 2.

2 a. Caeca reaching well into hindbody ...................  4

b. Caeca terminating at ventral sucker level 3
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Fig. 1: 1 Zooqonoides viviparus (Olsson), ventral view, 
ex. Pleuronectes platessa. Scale bar = 0.2 mm.
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3 a. Caeca terminating at or near level of testes. Testes mostly

posterior to ventral s u c k e r ............ Z. viviparus (Olsson,1868).

b. Caeca terminating posteriorly to testes. Testes dorsal or

lateral to ventral sucker.............. Z. pyriformis Pritchard, 1963.

4 a. Sucker ratio about 1:1 ................. Z. acanthogobii Yamaguti,

1938.

b. Sucker ratio 1: less than 1 ............  Z. yamagutii Kamegai, 1973.

List of species:

1) Zoogonoides viviparus (Olsson, 1868) Odhner, 1902 (Fig. 1:11)

^synonyms: Distoma viviparum Olsson, 1868; Zoogonus viviparus 

Olsson, 1868) Looss, 1901; (?) Pi stoma callionymi van Beneden,

1871; (?) Cercaria megalocotylea Villot, 1878; Cercaria 

capriciosa Cuenot, 1892; Cercaria giardi Pelseneer, 1906^.

Definitive hosts: Pleuronectidae: Cleisthenes pinetorum herzensteini,

Glyptocephalus cynoglossus, G. 

stelleri, Hippoglossoides elassodon 

dubius, H. platessoides,

Hippoglossus hippoglossus, Kareius 

bicoloratus, Lepidopsetta bilineata, 

Limanda aspera, L. limanda, L. 

punctatissima punctatissima, 

Liopsetta glacialis, L. obscura, 

Microstomus kitt, M. pacificus, 

Platichthys flesus, P. flesus 

bogdanovi, P. stellatus,

Pleuronectes platessa, 

Pseudopleuronectes herzensteini, P.

yokohamae.
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Cottidae: Clinocottus globiceps, Myoxocephalus scorpius,

Oligocottus snyderi, Taurulus bubalis.

Callionymidae: Callionymus lyra, C. maculatus, C. reticulatus. 

Blennidae: Blennius gattorugine, B. ocellaris.

Gobiidae: Gobius niger, Pomatoschistus minutus.

Scophthalmidae: Lepidorhombus whiffiagonis, Psetta maxima.

Soleidae: Microchirus variegatus, Solea vulgaris.

Anarhichadidae: Anarhichas lupus.

Carangidae: Trachurus trachurus.

Cyclopteridae: Liparis sp.

Cyprinidae: Leuciscus brandii (? resemblesPseudozoogonoides ugui - 

Shimazu, 1974:437).

Lophiidae: Lophiomus setigerus.

Stichaeidae: Lumpenus mackayi.

Zeidae: Zeus faber.

Sites: Rectum, posterior intestine.

First intermediate host: Gastropoda: Buccinum undatum.

Second intermediate hosts: Echinodermata: Amphiura filiformis (exptl.) 

A. chiajei (exptl.), Leptosynapta inhaerens, Ophiocomina nigra 

exptl.), Ophiothrix fragilis, Ophiura albida, 0. robusta, (). 

texturata, Psammechinus miliaris (exptl.).

Polychaeta: Ammotrypane aulogaster, Amphicteis gunneri, Gattyana 

cirrosa, Lagis koreni, Trochochaeta multisetosa. 

Lamellibranchiata: Corbula gibba (exptl.), Modiola marmorata

(exptl.), Nucula sulcata (exptl.), Nuculana 

minuta, N. pernula, Spisula subtruncata (exptl.) 

Venus ovata (exptl.), V. striatula (exptl.). 

Gastropoda: Cythara attenuata, Lora turricula, Nassarius
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incrassatus.

Crustacea: (?) Mysis sp.

Distribution: NE Atlantic (Scotland, England, Sweden, Norway, East 

Greenland, Ireland, Bay of Biscay, Faroes, Netherlands, Irish 

Sea, Wales, North Sea, W. Germany), White Sea, Barents Sea,

NW Atlantic (?), Mediterranean (Yugoslavia), NW Pacific 

(Putjatin, Japan, Peter the Great Bay, Shikotan, Sea of Okhotsk), 

NE Pacific (Oregon, Washington).

Comments: This species has been discussed in detail on p. 209.

The North Pacific records need confirmation.

Descriptions: Olsson (1868:28); Odhner (1902:62; 1911a:243);

Nicoll (1907:83; 1909a:16); Lebour (1908:53); Johnstone (1909:191) 

Zhukov (1960:29); Ichihara et a l . (1966:4); K0ie (1976:11); and 

see p. 225

2) Zoogonoides acanthogobii Yamaguti, 1938.

Definitive host: Gobiidae: Acanthogobius flavimanus.

Site: Small intestine.

Distribution: Japan.

Comments: This poorly known species (only two specimens are known) 

is similar to Z. viviparus and Z. pyriformis.

Description: Yamaguti (1938:89).

3) Zoogonoides laevis Linton, 1940.

Definitive hosts: Labridae: Tautoga onitis.

Clupeidae: Etrumeus sadina.

Site: Intestine.

First intermediate host: Gastropoda: Mitrella lunata.

Second intermediate host: Polychaeta: Nereis virens.

Distribution: NW Atlantic (Massachusetts).
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Comments: Three specimens, including the holotype, on one slide 

(USNM 8193) have been examined. In these flattened specimens 

no atrial sac could be seen. A distinctive feature is the 

strong musculature of the ventral sucker as described by 

Stunkard (1943). This musculature seems quite similar to the 

lamellar muscular lips found in Diphterostomum, Parvipyrum and 

Brevicreadium. Another distinctive feature is the dextral 

genital pore.

Descriptions: Linton (1940:45); Stunkard (1943:227)

4) Zoogonoides pyriformis Pritchard, 1963 synonym: Zoogonoides

Definitive hosts: Branchiostegidae: Malacanthus hoedtii. 

Synodontidae: Synodus dermatogenys.

Labridae: Cheilinus diagramma.

Site: Intestine.

Distribution: Pacific (Hawaii), Indian Ocean (Bay of Bengal). 

Comments: Z. synodi is apparently indistinguishable from Z_.

pyriformis and was also described from Hawaii. The laterally 

mounted holotype specimen of Z. pyriformis (USNM 59891) has 

been examined and, although the distal part of the metraterm 

is dilated, an atrial sac cannot be seen.

Descriptions: Pritchard (1963:583); Yamaguti (1970:38); Madhavi

5) Zoogonoides yamagutii Kamegai, 1973 les

synodi Yamaguti, 197C

(1979:250, figured).

sp. of Machida et al. (1970) from

Definitive host: Plotosidae: Plotosus anguillaris.

Site: Intestine.

Distribution: Japan. 

Description: Kamegai (1973:20).
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Other species:

Zoogonoides sp. innom. of Machida et a l . (1970).

Host: Sparidae: Chrysophrys major.

Site: Large intestine.

Distribution: Japan.

and Zoogonoides boae MacCallum, 1921, from a snake Boa constrictus; 

transferred to the dicrocoeliid genus Paradistomum by Viana (1924).

Subfamily LEPIDOPHYLLINAE Stossich, 1903. 

synonyms: Lecithostaphyllinae Odhner, 1911.

Steganodermatinae Yamaguti, 1934.

Hudsoniinae Campbell, 1975.

Zoogonidae: Body small to large. Cylindrical to flattened; oval to

spatulate. Tegument usually spinous. Prepharynx usually short to 

absent. Spines occasionally present in lining of alimentary 

system. Intestinal bifurcation in forebody. Caeca two. Genital 

pore in forebody. Mehlis' gland present. Eggs with tanned, 

operculate shells. Vitellarium two symmetrical fields of distinct 

globular to subglobular follicles. In alimentary tract, gall-bladder, 

bile-duct, urinary bladder of marine and freshwater teleosts.

Discussion. Lepidophyllinae is the oldest available name for the 

above subfamily concept and was used by Dollfus (1952) containing 

the genus Lepidophyllum alone. This genus has a number of 

characteristics in common with Urinatrema Yamaguti, 1934, e.g. both 

genera occur in the urinary bladder, have flattened spatulate bodies 

and lobed testes. Urinatrema is itself somewhat of a problem as it

has a few fellodistomid characteristics ('Y'-shaped excretory vesicle



Fig. 1:12 Cladogram of the subfamily 
Lepidophyllinae.

27(B)

00

5(C)

Abbreviations: Ur - Urinatrema; Le - Lepidophyllum; 
Pa - Panopula; Me - Metaderetrema;
Br - Brachyenteron; Ov - Overstreetia;
Sa - Steganoderma; De - Deretrema;
Ps - Pseudochetosoma; Sd - Steganodermatoides;
Ne - Neosteganoderma; Pr - Proctophantastes; 
fw - freshwater.
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multilobate ovary) but is normally described as spinous and has 

other, clearly defined zoogonid characteristics (lateral genital pore, 

cirrus-sac details, form of female proximal system). If the 

Lepidophyllinae is to be considered separate from the Steganodermatinae 

then it should clearly be based on the characters of both 

Lepidophyllum and Urinatrema, but it is not certain that these two 

genera form a monophyletic group, and that the common site of 

infestation has not led to convergence. Both genera have many 

characteristics in common with genera of the Steganodermatinae so 

separation as a distinct subfamily would be a retrograde step. As 

Dollfus (1952) has so recently used the name Lepidophyllinae, there 

seems no good reason for rejecting this as the oldest available name 

and it is herein used for this grouping. An attempt!'hasbbeen made 

to produce a cladogram of the subfamily (Fig. 1:12). The six-way 

polytomy at the base indicates that, as yet, we have little 

idea of the relationships in the group or what are the most valuable 

characters for use in phylogenetic analysis.

Key to genera of the Lepidophyllinae.

1 a. Body flattened spatulate. Testes deeple lobed. Excretory pore 

posteriorly subterminal. In urinary bladder of marine

teleosts ...................................................... 2

b. Body more or less oval or rounded in cross-section. Oval to 

pyriform or fusiform in ventral view. Testes more or less 

entire. Excretory pore posteriorly terminal. Not usually

found in urinary bladder 3
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2 a.

b.

3 a.

b.

4 a.

b.

5 a.

b.

6 a.

b.

7 a.

b.

8 a.

b.

Caeca reach to level of testes. Seminal vesicle bipartite.

Ovary subglobular to slightly lobed. Vitellarium in

hindbody . . . . .  ................. Lepidophyllum Odhner, 1902 (p. 81).

Caeca dilate or diverticulate; reaching to near posterior

extremity. Seminal vesicle elongate; tubular. Ovary deeply

lobed. Vitellarium in hindbody, lateral to ventral sucker and

in posterior forebody. In Hexagrammos sp.. . .Urinatrema Yamaguti,

1934 (p. 89).

Caeca short saccular; or not reaching into hindbody . . . .  4

Caeca reaching to testes or beyond ...........................  6

Genital pore at oral sucker or pharynx level. In freshwater

teleosts ............................. Metaderetrema Burn, m.s. (p. 95).

Genital pore usually in posterior forebody. In marine teleosts

.............................................  5

Ovary pretesticular (occasionally intertesticular) . ..... .

...................  Brachyenteron Manter, 1934 (p. 96).

Ovary post-testicular ...................... Panopula Overstreet &

& Pritchard, 1977 (p. 91).

Ventral sucker divided equatorially by ridge or row of

p a p i l l a e ............................   10

Ventral sucker not divided ......................................  7

Vitellarium in hindbody ........................................  8

Vitellarium extends into forebody ..............................  9

Testes tandem. Two rows of enlarged circum-oral spines

present ............................. Overstreetia Bray, in press (p. 127).

Testes symmetrical. No enlarged circum-oral spines

present ............................. Steganoderma Stafford, 1904 (p. 128).
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9 a. Excretory vesicle long, tubular. In marine teleosts . . . .

............... Deretrema Linton, 1910 (p. 114).

b. Excretory vesicle short, saccular. In freshwater teleosts . .

. . . Pseudochetosoma Dollfus, 1951 (p. 123).

10a. Ventral sucker divided equatorially by internal ridge and

external cleft.....................................................11

b. Ventral sucker divided equatorially by internal row of large

papillae ............................. Steganodermatoides Parukhin &

Lyadov, 1979 (p. 103).

11a. Periatrial gland divided into separate claviform sacs. Genital

atrium small, tubular .......... Proctophantastes Odhner, 1911 (p. 111).

b. Periatrial gland undivided; massive; also enveloping distal 

regions of metraterm and cirrus-sac. Genital atrium complex, 

pocketed ..........................  Neosteganoderma Byrd, 1964 (p. 109).

Genus LEPIDOPHYLLUM Odhner, 1902.

synonym: Paralepidophyllum Yamaguti, 1934.

Body broadly pyriform to ampullaceous; strongly flattened 

dorsoventrally. Tegument spinous. Oral sucker small; globular.

Prepharynx short. Pharynx globular. Oesophagus distinct. Caeca 

reach into hindbody usually to level of vitellarium or testes.

Ventral sucker small; rounded; in anterior half of body. Testes 

lobed to deeply lobed; post-ovarian; symmetrical in mid-to anterior 

hindbody. Cirrus-sac narrow; elongate. Seminal vesicle bipartite.

Pars prostatica long. Ejaculatory duct short; junction with pars 

prostatica indistinct. Genital pore sinistral; dorsally submarginal 

or marginal; mid-to anterior forebody. Ovary oval to slightly 

lobate; in anterior hindbody; submedian. Seminal receptacle distinct,
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may be large; post-ovarian. Mehlis gland distinct. Uterus mainly 

post-testicular, may occupy bulk of region or be surrounded by a 

broad band of parenchyma. Metraterm muscular. Tanned operculate 

eggs present; filaments of egg-shell material in uterus. Vitellarium 

two groups of about 9-13 distinct globular follicles; anterior to 

antero-medial to testes. Excretory pore dorsally subterminal; 

vesicle elongate sac in posterior hindbody. In urinary bladder of 

marine teleosts.

TYPE-SPECIES. Lepidophyllum steenstrupi Odhner, 1902 (by original 

designation).

Comments: The taxonomy of Lepidophyllum is not easy to discuss as 

little indication of variation is given in the descriptions of 

most species, whereas I have found considerable variation in L. 

steenstrupi and L. appyi. Eight or nine species are known, but 

the differentiating features of some of these are not convincing, 

and host-specificity may have been the major reason why some of 

these species continue to be considered distinct. It has been 

possible, however, to erect a provisional key to species, but 

further analyses have not been attempted. The egg-length, as 

used at one point in the key, may be a particularly dubious 

character. Variations of 35-49pm (L. cameroni) and 26-44pm 

(L. canthigastris) are bad enough, but 29-52 is given by Zhukov 

(1957) for L. pleuronectini, which is, therefore keyed to in 

two places. Either the eggs of this group are indeed very 

variable (I found only about 5-7pm variation in L. steenstrupi 

and L. appyi) or authors have not been sufficiently careful in 

measuring horizontally orientated eggs in wholemount preparations.
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Provisional key to species.

1 a. Ventral sucker distinctly larger than oral (ratio of about 

1:1.7-1.9). Vitelline follicles lying laterally to ends of

caeca. Genital pore marginal at pharynx level .................

.................................... L. pyriforme (Yamaguti, 1934).

b. Ventral and oral suckers subequal or ventral sucker smaller. 

Vitelline follicles surrounding or posterior to ends of caeca.

Genital pore submarginal ......................................  2

2 a. Eggs large, over 50pm l o n g ...................................... 3

b. Eggs small, less than 50pm l o n g ................................ 5

3 a. Caeca short, not reaching beyond ventral sucker ..........  4

b. Caeca longer, reaching to ovary . . L. pleuronectini Zhukov, 1957.

4 a. Caeca greatly dilated. Ovary in forebody. Testes lateral to

ventral sucker . . . .  L. schantaricum Kulikov, Tzimbaljuk &

Kasatschenko, 1968.

b. Caeca slightly dilated. Ovary in hindbody. Testes post-

ovarian in hindbody .........  L. brachycladium Zhukov, 1957.

5 a. Cirrus-sac reaching close to posterior part of ventral

sucker .........................................................  6

b. Cirrus-sac not reaching or only just overlapping ventral

sucker .........................................................  7

6 a. Ventral sucker slightly larger than oral sucker. Genital

pore on left margin of body . . . L. armatum Zhukov, 1957. 

b. Ventral sucker slightly smaller than oral sucker. Genital 

pore submarginal ..............  L. cameroni Arai, 1969.

7 a. Ventral sucker larger than oral. Genital pore marginal . .

L. pleuronectini Zhukov, 1957.
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B

Fig. 1:13 a) Lepidophyllum steenstrupi Odhner, ventral view, 
ex. Anarhichas lupus, b) Urinatrema hispidum 
Yamaguti, ventral view, paratype of Urinatrema 
aspinosum Schiller. Scale bars = 1 mm
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b. Ventral sucker usually smaller than oral sucker, occasionally 

subequal. Genital pore dorsally submarginal ................. 8

8 a. Uterus always surrounded by wide band of parenchyma, no slings 

reaching to body margin. Ovary always posterior to ventral 

sucker with distinct gap; oval to smoothly rounded; relatively 

small. Testes relatively small; less deeply lobed with 

average 5.6 lobes. Spines distinct but fairly small. In

Anarhichas spp................. L. steenstrupi Odhner, 1902.

b. Uterus tends to fill post-testicular region, or occasional slings 

reach to body margin. Ovary often overlapping, usually at least 

contiguous with ventral sucker; often smooth but may be 

distinctly but not deeply lobed; relatively large. Testes 

relatively large; deeply lobed with average 7.7 lobes. Spines 

larger. In zoarcids................... L. appyi n.sp.

List of species:

1) Lepidophyllum steenstrupi Odhner, 1902 (Fig.l: 13a).

Definitive hosts: Anarhichadidae: Anarhichus denticulatus, A. lupus,

A. minor.

Site: Urinary bladder (once in gall-bladder).

Distribution: NW Atlantic (Nova Scotia, Newfoundland, W. Greenland), 

NE Atlantic (E. Greenland, Iceland, Iceland-Faroes Channel, 

Faroes, N Norway, North Sea), Barents Sea, White Sea.

Comments: This species is discussed in detail on p. 237.

Descriptions: Odhner (1902:68; 1911a:240); Stafford (1904:487); 

Miller (1941:47); Rees (1953:21); Brinkmann (1975:43); and see

p. 241.
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2) Lepidophyllum appyi n. sp. j^synonyms : Lepidophyllum steenstrupi

Odhner, 1902 of Bray (1979) in part, and probably Stafford 

(1904: 1907) in part, Linkletter et al. (1977) in part and 

Cooper (1915)

Definitive hosts: Zoarcidae: Lycodes esmarkii, L. reticulatus, L.

vahli, Macrozoarces americanus.

Site: Urinary bladder.

Distribution: NW Atlantic (Canadian coast, New Brunswick, Nova 

Scotia, Newfoundland), NE Atlantic (Scotland).

Comment: This species is discussed in detail on p. 245.

Description: See p. 247.

3) Lepidophyllum armatum Zhukov, 1957.

Definitive host: Stichaeidae: Bryostemma sp.

Site: Urinary bladder.

Distribution: Sea of Japan.(Putjatin).

Description: Zhukov (1957:842).

4) Lepidophyllum brachycladium Zhukov, 1957.

Definitive hosts: Cottidae: Enophrys diceraeus, Gymnacanthus

detrisus, G. galeatus, G. herzensteini, 

Hemilepidotus gilberti, Myoxocephalus 

j aok.

Site: Urinary bladder.

Distribution: NW Pacific (Sea of Japan, E. Kamchatka, Putjatin, 

Petropavlovsk region).

Comments: The egg of this species is reported as having a short 

polar filament.

Descriptions: Zhukov (1957:843); Strelkov (1960:155).
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5) Lepidophyllum cameroni Arai, 1969.

Definitive host: Cottidae: Hemilepidotus hemilepidotus.

Site: Urinary bladder.

Locality: NE Pacific (British Columbia).

Comments: This species may be identical with L. brachycladium, but 

lacks the 'egg-filament' in the latter. Arai (1969) in his 

comparison states that L. armatum and L. brachycladium have 

ventral genital pores. This may be implied but is not clearly 

stated in the descriptions of L. armatum and L. brachycladium 

and it should be noted that in L. steenstrupi and L. appyi 

the pore is dorsal. In L. cameroni the pore is said to be 

marginal.

Description: Arai (1969:799).

6) Lepidophyllum pleuronectini Zhukov, 1957.

Definitive hosts: Pleuronectidae: Acanthopsetta nadeshnyi, Cleisthenes

pinetorum herzensteini, 

Glyptocephalus stelleri, 

Hippoglossoides elassodon, H. e. 

dubius, Lepidopsetta bilineata, 

Limanda aspera, L. punctatissima, 

Platichthys stellaris, Pleuronectes 

quadrituberculata,

Pseudopleuronectes herzensteini,

P. yokohamae.

Embiotocidae: Damalichthys vacca, Embiotoca lateralis.

Sites: Urinary bladder, intestine.

Comments: Moser & Haldorson (1982) record this worm in unusual 

hosts, i.e. the two embiotocid species, and in an unusual site,
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the intestine. This is the first record from the NE Pacific 

Ocean.

Distribution: NW Pacific (Sea of Okhotsk, Sea of Japan, Bering Sea,

E. Kamchatka, Kamchatka Bay, Shikotan, Putjatin, S. Kuril Bank, 

Avachinski Bay, Kronochkii Bay), NE Pacific (Avila Beach, USA;

Santo Tomas, Mexico).

Description: Zhukov (1957:844).

7) Lepidophyllum pyriforme (Yamaguti, 1934) Ar a i , 1969. ^synonyms: 

Paralepidophyllum pyriforme Yamaguti, 1934; Steganoderma 

pyriforme (Yamaguti, 1934) Skrjabin, 1957; Lepidophyllum 

canthigastris Yamaguti, 1959J.

Definitive hosts: Tetraodontidae: Canthigaster rivulatus,

Sphoeroides sp.

Sites: Urinary bladder, 'rectal gland'.

Distribution: Japan (Kuki, Sagami Bay).

Comments: In erecting L. canthigastris, Yamaguti (1959) did not compare 

his new worm with pyriforme, which at that time had never been 

considered to be in Lepidophyllum. The closely related hosts 

and other similarities (e.g. location of vitellarium, sucker 

ratio) make it most likely that the species are synonymous.

The lobation of the testes, which is more pronounced in _L. 

canthigastris, differs slightly, but not significantly. In the 

figure of L. canthigastris the cirrus and part of the metraterm 

are everted, and this may be the reason why the cirrus-sac does 

not reach as far as the ventral sucker in this specimen.

Description: Yamaguti (1934:395; 1959:253).
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8) Lepidophyllum schantaricum Kulikov, Tzimbaljuk & Kasatchenko, 1968. 

Definitive host: Zoarcidae: Zoarces viviparus elongatus.

Site: Urinary bladder.

Distribution: Sea of Okhotsk.

Description: Kulikov et al. (1968:167).

Genus URINATREMA Yamaguti, 1934.

Body spatulate; with crinkled lateral edge; strong radial musculature 

in hindbody. Tegument spinous. Oral sucker oval, subterminal. 

Prepharynx short. Pharynx oval. Oesophagus short, distinct.

Caeca dilate or diverticulate; reaching to posterior extremity.

Ventral sucker slightly larger than oral sucker; rounded. Testes 

longitudinally elongate; lobate; symmetrical; extracaecal; in mid

forebody. Cirrus-sac long, narrow, or claviform; reaching to ventral 

sucker. Seminal vesicle bipartite; proximal portion elongate sinuous 

distal portion smaller, saccate. Pars prostatica well developed. 

Ejaculatory duct present. Genital pore sinistral; marginal; in 

posterior forebody. Ovary deeply lobate; median in anterior hindbody 

pre-testicular. Seminal receptacle distinct; closely posterior to 

ovary. Laurer's canal present. Uterus mainly ventral to caeca; 

mainly post-ovarian. Metraterm muscular. Eggs with tanned, thin 

shells. Vitellarium two lateral groups of many small follicles; 

pretesticular; fields reaching to ventral sucker or into forebody. 

Excretory pore dorsally subterminal; vesicle said to be 'Y'-shaped.

In urinary bladder of Hexagrammos spp.

TYPE-SPECIES. Urinatrema hispidum Yamaguti, 1934 (by original

designation).
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Comments: Members of this genus have been recorded only four times, 

and in three cases a new species has been described. The 'Y'- 

shaped excretory vesicle described by Yamaguti (1934) and Schiller 

(1956) is puzzling and needs confirmation. Zhukov (1957) does not 

describe the excretory vesicle.

Key to species.

a) Oesophagus short, wide. Caeca dilate. Testes lobate. Cirrus-sac

long, cylindrical. Vitellarium reaching to about anterior edge of 

ventral sucker ........................  U. hispidum Yamaguti, 1934.

b) Oesophagus narrow. Caeca diverticulate. Testes deeply lobate. 

Cirrus-sac claviform. Vitellarium reaching into forebody . . .

List of species.

1) Urinatrema hispidum Yamaguti, 1934 (Fig. 1:13b). synonym:

Site: Urinary bladder.

Distribution: N. Pacific (Japan, Aleutian Islands).

Comments: Zhukov (1960) considered U. aspinosum a synonym of U_. 

hispidum, a conclusion with which I concur. The main apparent 

difference is the lack of spination in U. aspinosum which may 

well be a fixation artifact. Having examined the holotype and 

a paratype (USNM 38124) I have not considered that the slight 

differences in the degree of testicular and ovarian lobation, 

the length of the cirrus-sac, etc., warrant the recognition of 

U. aspinosum.

U. hirudinacea Zhukov, 1957.

Urinatrema aspinosum Schiller, 1956

Definitive hosts: Hexagrammidae: Hexagrammos otakii, H.

superciliosus.

Descriptions: Yamaguti (1934:401); Schiller (1956:531).
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2) Urinatrema hlrudinacea Zhukov, 1957.

Definitive hosts: Hexagrammidae: Hexagrammos lagocephalus, _H.

octocephalus.

Site: Urinary bladder.

Distribution: NW Pacific (Shikotan).

Description: Zhukov (1957:845).

Genus PANOPULA Overstreet & Pritchard, 1977.

Body fusiform. Tegument spinous over entire body-surface. Oral 

sucker large; globular to infundibuliform; subterminal to terminal. 

Prepharynx short. Pharynx oval to globular. Oesophagus distinct. 

Caeca short, saccular; reaching to testes or just overlapping ventral 

sucker. Ventral sucker subequal to or larger than oral sucker; may 

have tegumental pit on posterior lip. Testes symmetrical; level with 

mid- to anterior part of ventral sucker or in posterior forebody. 

Cirrus-sac large, claviform. Seminal vesicle bipartite or coiled. 

Pars prostatica wide, vesicular. Ejaculatory duct long, muscular. 

Genital atrium simple, distinct. Genital pore sinistral in mid

forebody; lateral or sublateral. Ovary globular to oval; smooth to 

irregular; postero-dorsal to ventral sucker; post-testicular.

Seminal receptacle large. Mehlis' gland large and prominent.

Laurer's canal present. Uterus occupies much of hindbody; may extend 

dorsally to ventral sucker. Metraterm thick-walled, muscular.

Eggs inconspicuously operculate, tanned. Vitellarium two lateral 

fields of follicles in mid-to posterior forebody; poral field may 

be divided by cirrus-sac. Excretory pore terminal; vesicle saccular. 

In intestine of deep-sea teleosts.

TYPE-SPECIES. Panopula cavernossa Overstreet & Pritchard, 1977 (by
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sp br ca

Fig. 1:14- Cladogram of the genus Panopula. 
Abbreviations: sjd  - P. spinosa; br - P. bridgeri; 

ca - P. cavernossa.
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original designation).

Comment: Relationships within the genus are summarised in Fig. 1:14.

Key to species.

1 a. Poral vitelline field entirely posterior to cirrus-sac. Seminal

vesicle bipartite. In notacanthid eels........................ 2

b. Poral vitelline field bisected by cirrus-sac. Seminal vesicle

coiled, tubular. In ophidiids . . . P. cavernossa Overstreet &

Pritchard, 1977.

2 a. Testes lateral to ventral sucker. Sucker ratio less than 1:1.25.

Caeca not reaching testes .........  P. spinosa (Zubchenko, 1978).

b. Testes almost entirely anterior to ventral sucker. Sucker ratio 

greater than 1:1.5. Caeca overlapping testes . . P. bridgeri n.sp.

List of species.

1) Panopula cavernossa Overstreet & Pritchard, 1977.

Definitive host: Ophidiidae: Enchelybrotula ? paucidens.

Site: Mid-intestine.

Distribution: E. Pacific (Gulf of Panama).

Description: Overstreet & Pritchard (1977:840).

2) Panopula bridgeri n.sp.

Definitive host: Notacanthidae: Polyacanthonotus rissoanus.

Site: Anterior intestine.

Distribution: NE Atlantic (W of Ireland, NW of Scotland).

Description: See p. 251.

3) Panopula spinosa (Zubchenko, 1978) n.comb. (Fig. 1:15a) ^synonym:

Antorchis spinosus Zubchenko, 1978^.

Definitive host: Notacanthidae: Notacanthus chemnitzii.

Site: Intestine.

Distribution: NW Atlantic (Labrador); NE Atlantic (SW of Iceland).
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A
B

Fig. 1:15 a) Panopula spinosa (Zubchenko), ventral view, 
ex. Notacanthus chemnitzii. b) Metaderetrema 
minutum (Manter), ventral view, ex. Galaxias 
maculatus. Scale bars, a = 1 mm, b = 0.1 mm.
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Description: Zubchenko (1978:117); and see p. 257.

Genus METADERETREMA Burn, m.s.

Body small, oval. Tegument spinous, at least anteriorly. Oral 

sucker subglobular; subterminal. Prepharynx short. Pharynx oval. 

Oesophagus distinct. Caeca short, divergent, saccular; reach to 

about posterior edge of ventral sucker or to level of testes. Ventral 

sucker subequal with oral sucker. Testes oval; symmetrical; level 

with ventral sucker or in anterior hindbody. Cirrus-sac claviform; 

reaching to or close to ventral sucker. Seminal vesicle saccular. 

Pars prostatica vesicular. Ejaculatory duct narrow. Genital atrium 

small. Genital pore at level of oral sucker or pharynx; sinistral; 

marginal. Ovary rounded; intertesticular. Seminal receptacle 

present. ? Laurer's canal. Vitelline follicles few (10-14), in 

lateral fields reaching from testes to level between oesophagus and 

oral sucker. Uterus post-testicular. Eggs tanned. Metraterm 

narrow. Excretory pore terminal; vesicle reaches almost to ovary.

In intestine and gall-bladder of freshwater teleosts.

TYPE-SPECIES. Metaderetrema minutum (Manter, 1954) Burn, m.s. (by 

original designation).

Comment: One species is recognised, but the South American species 

Steganoderma oviformis Szidat, 1962 and S. macrophallos Szidat & 

Nani, 1951 and theChinese species Deretrema plagiorchis Wang, 1984 

may be related.

1) Metaderetrema minutum (Manter, 1954) Burn, m.s. (Fig. 1:15b)

Jsynonyms: Deretrema minutum Manter, 1954: Deretrema philippae 

Hine, 1977^ .
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Definitive hosts: Galaxiidae: Galaxias brevipinnis, G. divergens,

G. maculatus.

Eleotridae: Gobiomorphus cotidianus, G. hubbsi.

Retropinnidae: Retropinna retropinna.

Sites: Anterior intestine, intestine, gall-bladder.

Second intermediate host: Crustacea, Mysidacea: Tenagomysis chiltoni.

Distribution: North Island, New Zealand.

Comment: This species is said to become progenetic in its crustacean 

host (Holton, 1984).

Descriptions: Manter (1954:530); Hine (1977:164); McDowall (1978:200, 

photo ); Week.es (1983:60, photo); Holton (1984:374).

Genus BRACHYENTERON Manter, 1934. 

synonyms: Cypseluritrematoides Yamaguti, 1970.

Prolateroporus Yamaguti, 1971.

Body fusiform to pyriform. Tegument spinous to varying degrees or 

apparently smooth. Oral sucker globular or infundibuliform.

Prepharynx distinct. Pharynx globular; small. Oesophagus distinct; 

long. Caeca short; divergent; saccular terminating in forebody or 

at level of ventral sucker. Ventral sucker in about mid-region of 

body; larger or subequal to oral sucker; may have tegumental pit on 

posterior lip. Testes subglobular, smooth; symmetrical or 

subsymmetrical; close to or overlapping ventral sucker. Cirrus-sac 

claviform to elongate claviform; reaching to ventral sucker or not. 

Seminal vesicle bipartite or elongate coiled. Pars prostatica 

vesicular; oval to elongate. Cirrus long; may be extruded. Genital 

pore sinistral; marginal or submarginal at level of intestinal 

bifurcation or pharynx. Ovary globular; overlapping ventral sucker 

or in forebody; pretesticular (often dextral) or intertesticular.
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Seminal receptacle large. Laurer's canal present. Uterus fills 

most of hindbody. Metraterm thick-walled, muscular. Eggs numerous; 

shell tanned; operculate. Vitellarium two lateral fields of 

follicles in forebody or at and around level of ventral sucker; 

entirely posterior to cirrus-sac on poral side. Excretory vesicle 

elongate saccular.

In intestine and gall-bladder of marine teleosts.

TYPE-SPECIES. Brachyenteron peristedioni Manter, 1934 (by original 

designation).

Comment: A poorly resolved cladogram of the members of this genus is 

given on Fig. 1:16.

Key to species.

1 a. Large protrusible ventral sucker present . .B. parexocoeti

Manter, 1947.

b. Ventral sucker not protrusible ...............................  2

2 a. Sucker ratio about 1:2. Genital pore at level of pharynx.

Tegumental pit on posterior lip of ventral sucker. In bile duct 

and gall-bladder of Anarhichas spp. . . B. pycnorganum (Rees,1953). 

b. Sucker ratio close to 1:1. Genital pore at or near level of 

intestinal bifurcation. Tegumental pit on posterior lip of 

ventral sucker not reported .......... , ...................  3

3 a. Ovary in forebody. Genital pore submarginal. Seminal vesicle

elongate tubular in part at least. Eggs greater than

33pm l o n g ......................................................... 4

b. Ovary overlapping ventral sucker. Seminal vesicle with two 

globular parts. Eggs less than 33pm l o n g .................5
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Fig. 1:16 Cladogram of the genus Brachyenteron. 
Abbreviations: ca - B. campbelli; py - B. pycnorqanum;

pa - B. parexocoeti; pm - B. peristedioni and 
B. maqnibursatum; da - B. doederleiniae and 
B. acropomatis.
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4 a. Eggs 33-42 x 21-24pm ............  B. doederleiniae Yamaguti, 1938.

b. Eggs 45-52 x 19-20pm ............  B. acropomatis Yamaguti, 1938.

5 a. Oral sucker oval. Caeca sac-like; divergent; reaching to

anterior edge of ventral sucker or not. Uterus post-

testicular ......................................................... 6

b. Oral sucker infundibuliform. Caeca narrow; parallel; reaching 

to middle of ventral sucker. Uterus pre- and post-testicular 

....................................  B. campbelli n. sp.

6 a. Genital pore marginal. Ventral sucker in anterior third of

body. Caeca reaching almost to ventral sucker . .B. peristedioni

Manter, 1934.

b. Genital pore submarginal. Ventral sucker in middle of body.

Caeca terminating well anterior to ventral sucker .........

.....................  B. magnibursatum Gaevskaya & Rodjuk, 1983.

List of species.

1) Brachyenteron peristedioni Manter, 1934.

Definitive host: Triglidae: Peristedion platycephalum.

Site: Intestine.

Distribution: Florida.

Description: Manter (1934:284).

2) Brachyenteron acropomatis Yamaguti, 1938.

Definitive host: Acropomatidae: Acropoma japonicum.

Site: Small intestine.

Distribution: Japan.

Description: Yamaguti (1938:94).

3) Brachyenteron campbelli n.sp.

Definitive host: Notacanthidae: Polyacanthonotus rissoanus.
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Fig. 1:17 a) Brachyenteron parexocoeti Manter, lateral
view, holotype. b) Brachyenteron pycnorqanum (Rees), 
ventral view, ex. Anarhichas minor.
Scale bars, a = 0.2 mm, b = 0.5 mm.
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Site: Intestine.

Distribution: off NW Scotland.

Description: see p. 267.

4) Brachyenteron doederleiniae Yamaguti, 1938.

Definitive hosts: Percichthyidae: Doderleinia berycoides.

Fistulariidae: Fistularia petimba.

Oreosomatidae: Neocyttus rhomboidalis.

Pleuronectidae: Atheresthes stomias.

Sites: Small intestine, stomach, pyloric caeca.

Distribution: Pacific (Japan, Australia/New Zealand region, W. coast 

of N. America).

Description: Yamaguti (1938:93).

5) Brachyenteron magnibursatum Gaevskaya & Rodjuk, 1983.

Definitive host: Bothidae: Mancopsetta maculata.

Site: Intestine.

Distribution: Falkland Island region.

Comment: This species is very similar to B. peristedioni. It 

was not included in the computer analyses.

Description: Gaevskaya & Rodjuk (1983:28).

6) Brachyenteron parexocoeti Manter, 1947 (Fig. 1:17a) J^synonyms:

Deretrema fusillus Linton, 1910 of Linton (1940) in part; 

Cypseluritrematoides triangularis Yamaguti, 1970; 

Cypseluritrematoides longicirratus Madhavi, 1979; 

Cypseluritrematoides minor Gu & Shen, 1979^.

Definitive hosts: Exocoetidae: Cypselurus bahiensis, C. comatus,

C. furcatus, C. oligolepis, C. 

spilonotopterus, C. spilopterus, C. sp., 

Exocoetus volitans, Hirundichthys
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rondeletti, Parexocoetus 

brachypterus, P. mesogaster.

Carangidae: Selar crumenophthalmus.

Site: Intestine.

Distribution: NW Atlantic (Florida, Massachusetts), Mediterranean

Sea, Indian Ocean (Red Sea, Aden Bay, Arabian Sea, Bay of Bengal), 

Pacific (Hawaii, Japan, China (Nainan, Fujian)).

Comments: This species is characterised by a relatively large, 

protrusible ventral sucker. In the holotype (USNM 37007)

(Fig. 1:17a) the sucker is withdrawn and a fairly conventional 

type of morphology is apparent. In other cases the sucker is 

protruded and, along with the distortion produced by flattening 

at fixation, causes unusual and variable morphology. In many 

cases it is apparent that the worms are difficult to mount 

dorso-ventrally, all figures in the literature exhibit a partly 

lateral orientation.

Descriptions: Manter (1947:317); Linton (1940:166 in part, see 

fig. 344); Yamaguti (1970:31); Madhavi (1979:254); Gu & Shen 

(1979:344, 353); Kurochkin (1930:276, 278).

7) Brachyenteron pycnorganum (Rees, 1953) Overstreet & Pritchard, 1977 

(Fig. 1:17b) ^synonyms: Steganoderma pycnorganum Rees, 1953; 

Deretrema pycnorganum (Rees, 1953) Yamaguti, 1953; Steganoderma 

spinosa Polyansky, 1955; Pseudochetosoma spinosum (Polyansky,

1955) Yamaguti, 1971; Brachyenteron spinosum (Polyansky, 1955) 

Overstreet & Pritchard, 1977; Yamagutia anarhichae Brinkmann,

1956; Prolateroporus anarhichae (Brinkmann, 1956) Yamaguti, 1971J .

Definitive hosts: Anarhichadidae: Anarhichas denticulatus, A. lupus,

A. minor.
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Sites: Gall-bladder, bile-duct, intestine.

Distribution: NE Atlantic (Iceland, E.Greenland, Iceland-Faroes

Channel), NW Atlantic (Nova Scotia, Newfoundland, W. Greenland), 

Barents Sea.

Comments: This species is discussed in detail on p. 259.

Descriptions: Rees (1953: 21); Polyansky (1955:58); Brinkmann (1956 

16, 17); and see p. 261.

Genus STEGANODERMATOIDES Parukhin & Lyadov, 1979. 

Synonyms: Hudsonia Campbell, 1975 nec Edwards, 1923; Leroux, 1940.

Allosteganoderma Campbell, 1983.

Body fusiform to elongate fusiform. Tegument bears large, prominent 

spines. Oral sucker globular to transversely elongate; subterminal 

to terminal. Prepharynx distinct. Pharynx oval. Oesophagus long; 

bifurcates in posterior forebody. Caeca reach to testes. Ventral 

sucker large; in about middle of body; internal equator bears 5-7 

large papillae. Testes symmetrical to diagonal in mid- or posterior 

hindbody. Cirrus-sac large, curved. Seminal vesicle bipartite, 

coiled-tubular or (?) saccular. Pars prostatica long; convoluted. 

Ejaculatory duct muscular. Genital atrium large, muscular; 

surrounded by gland-cells (peri-atrial gland). Genital pore on 

left margin of mid-hind forebody. Ovary oval; pretesticular; 

submedian. Laurer's canal present. Seminal receptacle large; 

post-ovarian. Uterus in hindbody, mainly in pre-testicular zone. 

Metraterm strongly muscular with glandular sheath. Eggs tanned, 

operculate; numerous. Vitellarium two symmetrical lateral fields 

of follicles at posterior edge of ventral sucker. Excretory pore 

terminal; vesicle saccular reaching to testes or not. In alimentary
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Fig. 1:18 Cladogram of the genera Steganodermatoides, 
Neosteqanoderma and Proctophantastes. 

Abbreviations: ac[ - P. abyssorum and P. gillissi;
Ng - N. glandulosum; Ni - N. infundibulum; 
Sa - S. allocytti; Sm - S. maceri;
Sk - S. kerqeleni; Sz - S. aqassizi.
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system (particularly posterior intestine and rectum) of deep-sea 

teleosts.

TYPE-SPECIES. Steganodermatoides kergeleni Parukhin & Lyadov, 1979 

(by original designation).

Comments: Campbell (1983) renamed his Hudsonia Campbell, 1975 because 

it was pre-occupied by Hudsonia Hood, 1893, a rotifer. Hussey 

(1981), however, points out that Hudsonia Hood, 1893 is a nomen 

nudum, but the renaming is still necessary as there are two actual 

homonyms (see ICZN Art. 54(1)), i.e. Hudsonia Edwards, 1923 (a 

dipteran insect) and Hudsonia Leroux, 1940 (a nematode subgenus).

Bray (in press) discussed the status of this genus. He 

believed that S. kergeleni was similar to Proctophantastes 

allocytti Tkachuk, 1979 and Hudsonia pacifica Korotaeva, 1982, 

and, therefore, probably bore the row of papillae in the ventral 

sucker which is so characteristic of this genus but was not 

described by Parukhin & Lyadov (1979). Gaevskaya & Rodjuk (1983) 

pointed out that the types of P. allocytti had this characteristic 

and formed the new combination Hudsonia allocytti. H. pacifica 

also has this type of ventral sucker. Campbell (1975) erected 

the subfamily Hudsoniinae using as characteristics the large 

papillae in the ventral sucker, the pre-testicular uterus, the 

elongate genital atrium surrounded by gland-cells and deep-sea 

hosts. S. maceri n.sp. has a significant portion of its uterus 

post-testicular, Neosteganoderma has a very similar arrangement 

of genital atrium and periatrial gland and numerous lepidophyllines 

have deep-sea hosts. It seems, therefore, unnecessary to maintain 

the Hudsoniinae as a distinct subfamily. Overstreet& Pritchard 

(1977) pointed out that Plectognathotrema (A1loplectognathotrema) 

tsushimaense Kamegai, 1970, has similar papillae associated with



106

the ventral sucker and this, amongst other characters, has been 

used as a generic criterion by Yamaguti (1971) to raise the 

subgenus to generic rank. This, and the lack of a dorsal cleft 

in the ventral sucker, are the only major characters which 

differentiate this species from Neosteganoderma. The 

relationships between and within Steganodermatoides and the closely 

related genera Neosteganoderma and Proctophantastes are given in 

Fig. 1:18.

Key to species.

1 a. Testes close to posterior extremity. Small proportion or none

of uterus post-testicular ......................................  2

b. Testes in about mid-hindbody. Substantial proportion of

uterus post-testicular ......................................... 3

2 a. Eggs 48-55 x 22-25pm. Seminal vesicle coiled tubular. In

Alepocephalus, NW Atlantic ................. S. agassizi (Campbell,
1975).

b. Eggs 28-54 x 14-22pm. Seminal vesicle saccular. In Maynea,

S Indian Ocean ........................  S. kergeleni Parukhin &

Lyadov, 1979.

3 a. Testes oblique. Sucker width ratio 1:1.18-1.64. In Alepocephalus ,

NE A t l a n t i c ............ S. maceri n. sp.

b. Testes symmetrical. Sucker width ratio l:more than 2. In

Oreosomatidae, S Hemisphere . . . .  S. allocytti (Tkachuk, 1979). 

List of species:

1) Steganodermatoides kergeleni Parukhin & Lyadov, 1979.

Definitive host: Zoarcidae: Maynea microphthalmus.

Sites: Intestine, stomach.

Distribution: Indian Ocean (Kerguelen).

Description: Parukhin & Lyadov (1979:640).
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2) Steganodermatoides agassizi (Campbell, 1975) Bray, in press.

synonyms: Hudsonia agassizi Campbell,1975 ; A l losteganoderma

Definitive host: Alepocephalidae: Alepocephalus agassizi.

Site: Posterior half of intestine.

Distribution: NW Atlantic (Hudson Canyon).

Description: Campbell (1975:409).

3) Steganodermatoides allocytti (Tkachuk, 1979) Bray, in press, 

jsynonyms: Proctophantastes allocytti Tkachuk, 1979; Hudsonia 

allocytti (Tkachuk, 1979) Gaevskaya & Rodjuk, 1983; Hudsonia 

pacifica Korotaeva, 1982^.

Definitive hosts: Oreosomatidae: Allocyttus verrucosus, Cyttosoma

Sites: Intestine, rectum, pyloric caeca.

Distribution: S. Atlantic (Agulhas Bank, off Cape Town, off Falkland 

Islands) S. Pacific Ocean (Chatham Rise near New Zealand). 

Comment: This species is discussed by Bray, in press.

Descriptions: Tkachuk (1979:1291); Korotaeva (1982:466); Bray 

(in press).

4) Steganodermatoides maceri n.sp. (Fig. 1:19a).

Definitive host: Alepocephalidae: Alepocephalus bairdi.

Site: Rectum.

Distribution: NE Atlantic (off NW Scotland, off W Ireland).

agassizi (Campbell, 1975) Campbell,

boops, Neocyttus rhomboidalis.

Description: see p. 271.
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Fig. 1:19 a) Steqanodermatoides maceri sp. nov., ventral view, 
paratype. b) Neosteqanoderma qlandulosum Byrd, 
ventral view, type-specimen of Proctophantastes 
polymixiae Yamaguti. Scale bars a = 1 nun, b = 0.5 mm.
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Genus NEOSTEGANODERMA Byrd, 1964.

Body pyriform; widest at level of ventral sucker. Tegument spinous.

Oral sucker large; globular or infundibuliform. Prepharynx short. 

Pharynx oval. Oesophagus distinct; short to long; bifurcates in 

mid-posterior forebody. Caeca reach to or almost to testes.

Ventral sucker large; transversely elongate; divided equatorially 

by dorsal cleft and ventral ridge. Testes symmetrical in anterior 

hindbody. Cirrus-sac large, muscular; straight or recurved.

Seminal vesicle coiled tubular. Pars prostatica long,wide.

Ejaculatory duct long, muscular. Genital atrium large; irregularly 

pocketed. Genital pore submarginal; sinistral; in posterior 

forebody. Periatrial gland present; ensheaths distal parts of metraterm 

and cirrus-sac, in addition to genital atrium. Ovary subglobular; 

dextral, submedian; intertesticular, in anterior hindbody. Laurer's 

canal and seminal receptacle present. Uterus occupies much of 

hindbody; mainly post-testicular. Metraterm muscular. Eggs with 

tanned; operculate shells. Vitellarium symmetrical, lateral bunches 

of few follicles in anterior hindbody; pretesticular. Excretory 

pore terminal or dorsally subterminal; vesicle elongate-saccular.

In intestine of deep-sea teleosts.

TYPE-SPECIES. Neosteganoderma glandulosum Byrd, 1964 (by monotypy).

Key to species.

a. Oral sucker globular. Oesophagus lined with tegument throughout .

. . . . N. glandulosum Byrd, 1964.

b. Oral sucker infundibuliform. Oesophagus lined partly with 

tegument, partly with epithelium . . N. infundibulum (Kamegai, 1973).
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List of species:

1) Neosteganoderma glandulosum Byrd, 1964 (Fig. 1:19b) synonyms:

Proctophantastes glandulosa (Byrd, 1964) Yamaguti, 1971; 

Proctophantastes polymixiae Yamaguti, 1970; Neosteganoderma 

polymixiae (Yamaguti, 1970) Bray, 1973 

Definitive hosts: Polymixiidae: Polymixia japonica, P. lowei.

Zeidae: Cyttoidops mccullochi, Cyttus novaezealandiae.

Berycidae: Beryx decadactylus.

Sites: Intestine, stomach.

Distribution: NW Atlantic (Florida), NE Atlantic (Bay of Biscay),

SW Pacific (Australia/New Zealand), Mid-Pacific (Hawaii).

Comment: This species is discussed in detail on p. 276.

Descriptions: Byrd(1964:105); Yamaguti (1970:35); Bray (1973:170); and 

see p. 277.

2) Neosteganoderma infundibulum (Kamegai, 1973) Overstreet & Pritchard,
1977

jsynonym: Proctophantastes infundibulum Kamegai, 1973J .

Definitive host: Priacanthidae: Priacanthus boops.

Site: Intestine.

Locality: NW Pacific (Japan).

Comment: Its general morphology suggests that this species belongs 

in Neosteganoderma, but a divided ventral sucker was not 

mentioned by Kamegai (1973). Two specimens, including the 

holotype (MPL 17806) have been examined. Both are greatly 

flattened and it is not possible with certainty to ascertain 

whether a division of the ventral sucker occurs. Features 

which may represent this are apparent but are so slight that 

it is doubtful if they would have been noticed, unless careful 

examination with this feature in mind had been undertaken.
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The impression I get, however, is that the division occurs 

here.

Description: Kamegai (1973:22).

Genus PROCTOPHANTASTES Odhner, 1911.

Body small; pyriform. Tegument spinous in forebody. Oral sucker 

large; globular. Prepharynx short. Pharynx small; oval.

Oesophagus distinct; bifurcates in mid-forebody. Caeca reach to 

vitellario-testicular zone. Ventral sucker large; divided 

equatorially by dorsal cleft and ventral ridge. Testes symmetrical 

to oblique in anterior hindbody. Cirrus-sac large, muscular; 

straight, curved or recurved. Seminal vesicle coiled tubular.

Pars prostatica wide, vesicular. Ejaculatory duct with conical 

tegumental extensions (or 'spiny'). Genital atrium small, simple. 

Periatrial gland in form of several small, isolated, claviform, 

membrane-bound sacs. Genital pore sinistra 1, marginal; in mid

forebody. Ovary subglobular; submedian; in anterior hindbody; 

pretesticular. Laurer's canal and seminal receptacle present.

Uterus mainly post-testicular. Metraterm muscular. Eggs numerous; 

tanned; operculate. Vitellarium two symmetrical, lateral fields 

of few follicles; pretesticular; in anterior hindbody. Excretory 

pore terminal; vesicle elongate-saccular. In intestine of marine 

teleosts.

TYPE-SPECIES. Proctophantastes abyssorum Odhner, 1911 (by monotypy). 

Comments: Careful examination of specimens of the type-species 

shows that gland-cells occur in small, claviform membraneous 

sacs around the genital atrium. This is somewhat distinct from 

the large periatrial gland of Neosteganoderma and Steganodermatoides.
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B

Fig. 1:20 a) Proctophantastes abyssorum Odhner, dorsal view, 
ex. Lepidion eques. b) Deretrema (Deretrema) 
fusillus Linton, ventral view, ex. Abudefduf 
saxatilis. Scale bars = 0.5 mm.
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In this genus the genital atrium is small and simple compared 

with the two othergenera mentioned above. Nevertheless, 

it is clear that the three genera are closely related. It is 

also the case that the two species recognised below are similar 

but appear to be distinguishable on minor morphological features.

Key to species.

a. Less than 2mm long. Sucker ratio 1:1.08-3.1. In gadiform

fishes. NE Atlantic ............  P. abyssorum Odhner, 1911.

b. Over 3mm long. Sucker ratio 1:3.1. In synaphobranchid eels.

Gulf of Panama ............  P. gillissi (Overstreet & Pritchard, 1977).

List of species:

1) Proctophantastes abyssorum Odhner, 1911 (Fig. 1:20a) j^synonyms:

Deretrema abyssorum (Odhner, 1911) Price, 1934;

Steganoderma abyssorum (Odhner, 1911) Manter, 1947^.

Definitive hosts: Gadidae: Melanogrammus aeglefinus, Phycis

blennoides, Rhinonemus cimbrius. 

Macrouridae: Coelorinchus caelorhinchus, Coryphaenoides 

rupestris, Trachyrincus trachyrincus.

Moridae: Lepidion eques.

Sites: Rectum, intestine.

Distribution: NE Atlantic (Norway, Sweden, Scotland, Bay of Biscay). 

Comment: This species is discussed in detail on p. 282.

Description: Odhner (1911a:238); Bray (1973:167); and see p. 283.

2) Proctophantastes gillissi (Overstreet & Pritchard, 1977) n.comb.

jsynonym: Neosteganoderma gillissi Overstreet & Pritchard, 1977j. 

Definitive host: Synaphobranchidae: Histiobranchus bathybius.

Site: Anterior intestine.
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Locality: NE Pacific (Gulf of Panama).

Comments: The holotype (USNM 74493) clearly shows that the ventral 

sucker is divided equatorially. The glands around the genital 

atrium are, as described by the original authors, arranged 

in several small sacs. The arrangement is very similar to 

that described on p.285 for P. abyssorum and differs from the 

large, undivided periatrial gland of Neosteganoderma 

glandulosum, thus this species is now considered to belong to 

Proctophantastes.

Description: Overstreet & Pritchard (1977:843).

Genus DERETREMA Linton, 1910.

Body oval to pyriform. Tegument with spines or not. Oral sucker 

globular; subterminal. Prepharynx short. Pharynx oval.

Oesophagus long (occasionally short). Pharynx and/or oesophagus 

often spinous internally. Caeca reach to testes or beyond. Ventral 

sucker usually distinctly larger than oval; sessile. Testes oval, 

symmetrical to sub-symmetrical; in anterior hindbody (occasionally at 

anterior edge of ventral sucker). Cirrus-sac small; claviform. 

Seminal vesicle tubular, coiled saccular or bipartite. Pars 

prostatica weakly to well-developed. Ejaculatory duct may form 

cirrus. Genital pore marginal (occasionally ventral), in mid- 

(occasionally posterior) forebody. Ovary entire, oval to globular, 

pre-(occasionally post-) testicular. Seminal receptacle and Laurer's 

canal present. Uterus mostly post-gonadal to substantially 

pregonadal. Metraterm weakly developed. Eggs numerous; tanned; 

operculate. Vitellarium in posterior half of forebody; sometimes 

overlapping ventral sucker; with relatively few follicles (6-10).
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Excretory pore terminal; vesicle elongate saccular. In gall-bladder 

and intestine of marine teleosts.

TYPE-SPECIES: Deretrema fusillus Linton, 1910 (by original designation). 

Comments: Three subgenera are recognised:-

Deretrema (Deretrema) Linton, 1910. Tegument lacking spines.

Oesophagus long, distinct. Caeca reach to testes. Oval testes in 

anterior hindbody. Seminal vesicle saccular to coiled, tubular.

Ovary pretesticular. Seminal receptacle not always obvious. 

Vitellarium lateral to ventral sucker and reaching into forebody. 

Uterus about equally divided pre-and post-gonadal. Type species: 

Deretrema (Deretrema) fusillus Linton, 1910.

Deretrema (Spinoderetrema) subgen. nov. Tegument spinous. Oesophagus 

long, distinct. Caeca may reach past testes. Oval testes in 

anterior hindbody. Seminal vesicle saccular to tubular. Ovary 

pretesticular. Seminal receptacle distinct. Vitellarium in 

posterior half of forebody, sometimes overlapping ventral sucker. 

Uterus almost entirely post-gonadal. Type-species: Deretrema 

(Spinoderetrema) plotosi (Yamaguti, 1934) n. comb.

Deretrema (Luxitrema) subgen. nov. Body surface spinous. Oesophagus 

short, indistinct. Caeca reach past testes. Oval testes at 

level of anterior part of ventral sucker. Seminal vesicle 

bipartite; distal part thick-walled. Ovary post-testicular.

Seminal receptacle distinct. Vitellarium in anterior half of 

forebody. Uterus with substantial fraction pre-gonadal.

Type-species: Deretrema (Luxitrema) philippinensis (Beverley- 

Burton & Early, 1982) n. comb.

The relationships within the genus Deretrema are summarized on Fig. 1:21.
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D(S) D(D) D(L)
pa sf ov fpc ph

Deretrema (Deretrema); D(L) - Deretrema (Luxitrema); 
pa - D (S) plotosi and D (S) acutum; 
sf - D (S) fellis and D (S) sebastodis; 
ov - D (S) ovale; fpc - D (D) fusillus,
D (D) pacificum and D (D) cholaeum; 
ph - D (L) philippinensis.
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1 a. Uterus partly pregonadal ................................... 2

b. Uterus post-gonadal ...................  D. (Spinoderetrema) . 5

2 a. Tegument spinous. Caeca reach past testes. Testes at level

of anterior part of ventral sucker. Ovary post-testicular.

Seminal vesicle bipartite, distal part thick-walled . . .

............  D. (Luxitrema) philippinensis (Beverley-Burton &

Early, 1982).

b. Tegument lacking spines. Caeca reach to testes. Testes in 

anterior hindbody. Ovary pre-testicular. Seminal vesicle, 

coiled, tubular......................... D. (Deretrema). . . 3

3 a. Sucker ratio greater than 1:1.7 . . . . D. (D.) fusillus Linton,

1910.

b. Sucker ratio 1:1.5 or l e s s ................................. 2

4 a. Eggs 39-52pm l o n g .............. D. (D.) pacificum Yamaguti, 1942.

b. Eggs 52-60pm l o n g .............. D. (D.) cholaeum McFarlane, 1936.

Key to subgenera and s p e c i e s :

5 a. Sucker ratio close to 1 : 1 ................................... 8

b. Sucker ratio greater than 1:1.5 ............................. 6

6 a. Egg-length greater than 50pm . . . D. (S.) sebastodis (Yamaguti,

1934)

b. Egg-length 37-49pm ...........................................  7

7 a. Vitelline fields widely separated . . D. (S.) acutum (Pritchard,

1963).

b. Vitelline fields almost confluent . . D. (S.) plotosi (Yamaguti,

1934).

8 a. Ovary pretesticular. Genital pore marginal. Egg-length

42-48pm .....................  D. (S.) fellis (Yamaguti, 1934).

b. Ovary intertesticular. Genital pore ventral. Egg-length

33-39pm D. (S.) ovale (Machida, 1984).
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1) Deretrema (Deretrema) fusillus Linton, 1910 (Fig.1:20b).

Definitive hosts: Pomacentridae: Abudefduf marginatus, A. saxatilis.

Pomadasyidae: Haemulon album, H. macrostomum.

Serranidae: Mycteroperca bonaci, Serranus cabrilla.

Labridae: Decodon puellaris.

Lutjanidae: Ocyurus chrysurus.

Mullidae: Upeneus parvus.

Priacanthidae: Priacanthus arenatus.

Sites: Intestine, occasionally gall-bladder (Yeo & Spieler, 1980). 

Distribution: Gulf of Mexico (Florida); Caribbean Sea region

(Curaçao, Quintana Roo (Mexico)), Bermuda, Mediterranean Sea. 

Comments: The species is not well known but I have had the

opportunity to study material from 0. chrysurus (HWML0312),

U. parvus (HWML 0314) and A. saxatilis (HWML 0315) from Tortugas, 

Florida to confirm the general morphology of this species.

The specimens described as D. fusillus from Exocoetus 

volitans, Massachusetts by Linton (1940) are considered to 

belong to the species Brachyenteron parexocoeti (see p.101) 

and Steganoderma (Lecithostaphylus) parexocoeti (see p.140).

The records of this species from the Mediterranean, from S. 

cabrilla, by Parukhin, Naidenova & Nikolaeva (1971) and Parukhin 

(1976) are unfortunately not accompanied by descriptions. 

Descriptions: Linton (1910:49); Manter (1934:283).

2) Deretrema (Deretrema) cholaeum McFarlane, 1936 synonym: Deretrema

L i s t  of s p e c i e s :

pooli Annereaux, 1947
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Definitive hosts: Scorpaenidae: Sebastes caurinus, S. (chrysomelas

Sites: Gall-bladder, bile duct, viscera, intestine. 

Distribution: NE Pacific (British Columbia, California). 

Descriptions: McFarlane (1936:344); Annereaux (1947:253).

3) Deretrema (Deretrema) pacificum Yamaguti, 1942. ^synonyms:

Deretrema nahaense Yamaguti, 1942; Deretrema parapriacanthi

Definitive hosts: Scorpaenidae: Scorpaenopsis cirrhosa, Sebastes

Labridae: Thalassoma hardwickei.

Monocentridae: Monocentris japonlcus.

Pempheridae: Parapriacanthus beryciformis.

Triglidae: Chelidonichthys kumu.

Sites: Gall-bladder (Occasionally small intestine).

Distribution: NW Pacific (Japan).

Descriptions: Yamaguti (1942:365, 366; 1959:252).

4) Deretrema (Spinoderetrema) plotosi (Yamaguti, 1940) n. comb. 

Jsynonyms: Deretrema plotosi Yamaguti, 1940; Deretrema 

hoplognathus Yamaguti, 1940; Deretrema carangis Yamaguti, 1970; 

Deretrema dermacetabulum Madhavi, 19791.

Definitive hosts: Carangidae: Caranx lugubris. 

Echeneidae: Echeneis naucrates. 

Oplegnathidae: Oplegnathus fasciatus. 

Plotosidae: Plotosus anguillaris.

Triglidae: Chelidonichthys kumu.

group) sp., S. elongatus, S. maliger,

S. nigrocinctus, S. paucispinis,

S. ruberrimus, Sebastes sp.

schlegeli.
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Site: Gall bladder.

Distribution: NW Pacific (Japan), Mid-Pacific (Hawaii), Indian 

Ocean (Bay of Bengal).

Comments: D. plotosi, D. hoplognathus and D. dermacetabulum could 

be distinguished by their sucker ratios, but the variation 

exhibited by D. carangis shows that this is not a satisfactory 

feature.

Description: Yamaguti (1940:84,86; 1951:269; 1970:32); Madhavi 

(1979:254).

5) Deretrema (Spinoderetrema) acutum (Pritchard, 1963) n. comb.

^synonyms: Deretrema acutum Pritchard, 1963; Deretrema hawaiiense 

Yamaguti, 1970; Deretrema sphyraena?Yamaguti, 1970; Deretrema 

uku Yamaguti, 1970; Deretrema sp. Yamaguti, 195lj.

Definitive hosts: Carangidae: Alectis indica, Carangoides sp.,

Elagatis bipinnulatus, Scombroides 

sanctipetri.

Lutjanidae: Aphareus furcatus, A. rutilans, Aprion virescens. 

Acanthuridae: Naso brevirostris, N. hexacanthos.

Sphyraenidae: Sphyraena barracuda, S. helleri.

Cheilodactylidae: Goniistius zonatus.

Sites: Gall-bladder (occasionally intestine).

Distribution: Mid-Pacific (Hawaii), NW Pacific (Japan).

Comments: As Beverley-Burton & Early (1982) pointed out, the species 

synonomized above differ, according to Yamaguti (1970), by 

very dubious morphological details of Laurer's canal. They 

showed how contraction, fixation and flattening affect the 

details of organs of this sort, which are usually impossible 

to distinguish in unflattened whole-mounts. It may be the case
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that D. (S.) acutum is a young phase of D. (S.) plotosi. 

Descriptions: Pritchard (1963:581); Yamaguti (1951:270; 1970:32, 

33, 34).

6) Deretrema (Spinoderetrema) fellis (Yamaguti, 1934) n. comb.

^synonyms: Steganoderma fellis Yamaguti. 1934; Deretrema fellis 

(Yamaguti, 1934) Yamaguti, 194C)|.

Definitive host: Sillaginidae: Sillago sihama.

Site: Gall-bladder.

Distribution: NW Pacific (Japan).

Description: Yamaguti (1934:397).

7) Deretrema (Spinoderetrema) ovale (Machida, 1984) n. comb.

jsynonyms: Deretrema sp. of Machida (1984a); Deretrema ovale 

Machida, 1984j.

Definitive host: Holocentridae: Myripristis violaceus.

Site: Gall-bladder.

Distribution: NW Pacific (Palan, Caroline Islands).

Comments: The figure given by Machida (1984b) is clearly of a

flattened specimen. Some of the features used to distinguish 

this species from D. (S.) fellis may have resulted from this 

flattening.

Description: Machida (1984b:1).

8) Deretrema (Spinoderetrema) sebastodis (Yamaguti, 1934) n. comb.

synonyms: Steganoderma sebastodis Yamaguti, 1934; Deretrema 

sebastodis (Yamaguti, 1934) Yamaguti, 194o].

Definitive hosts: Scorpaenidae: Scorpaenopsis cirrhosa, Sebastes 

schlegeli.

Serranidae: Serranus hepatus.

Sites: Gall-bladder, intestine, pyloric caeca.
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Distribution: NW Pacific (Japan), Mediterranean Sea (Lampedusa Is.).

Comments: Unfortunately, Parukhin (1976) failed to describe the

worm which he recorded from Serranus hepatus in the Mediterranean 

Sea.

Description: Yamaguti (1934:399).

9) Deretrema (Luxitrema) philippinensis (Beverley-Burton & Early, 1982) 

n. comb.^synonyms Deretrema philippinensis Beverley-Burton & 

Early, 1982; Deretrema sp. of Burn (1980a)j.

Definitive host: Anomalopidae: Anomalops katoptron.

Site: Gall-bladder.

Distribution: Philippines.

Comments: Burn (1980a) first recorded this worm from fishes in the 

New York aquarium which were originally collected at Lapu City, 

Philippines. He described how in 15 out of 16 infestations 

two specimens occurred together in the gall-bladder, which he 

considered represented an absolute density-dependent ’regulation 

of parasite population, leading to an almost perfect regular 

frequency distribution'. The worms 'occluded a large 

proportion of the gall-bladder', and this was considered partly 

responsible for the frequency regulation. The specimens 

described by Beverley-Burton & Early (1982) came from fishes 

caught at Mactan Island, Cebu, Philippines and housed at the 

New England Aquarium in Boston, USA. On this occasion the 

worms were also found to be distending the gall-bladder, but 

no 'obvious gross pathological changes' occurred.

Description: Beverley-Burton & Early (1982:2404).
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1) Deretrema plagiorchis Wang, 1984.

Definitive host: Synbranchidae: Monopterus alba.

Site: Intestine.

Distribution: China (Fujian).

Comments: This poorly known species is recorded from a freshwater 

rice eel. It may be related to other freshwater forms and 

belong in, or close to, the genus Metaderetrema. The position 

of the genital pore is typical of the latter genus but other 

characters (length of caeca, ovarian position) do not fit. 

Description: Wang (1984:123).

2) of Hanson (1950). Host: 'bluefish', site: ?, locality: Bermuda, 

not described - ' a single, twisted specimen' which appears .to 

be closely related to D. (D.) pacificum.

3) of Toman & Kamegai (1974). Host: Pomacentridae: Abudefduf sordidus; 

site: intestine: locality: Saipan, Micronesia; not described.

4) of Paggi & Orecchia (1976); Orecchia & Paggi (1978). Host: 

Blennidae: Blennius pavo, B. gattoruglne; site: intestine; 

locality: Italy. Paggi & Orecchia (1976) figured and recorded 

this worm from B. pavo only. It appears to belong in the 

subgenus Deretrema (Spinoderetrema). Figure: Paggi & Orecchia 

(1976:29).

Indeterminate  s p e c i e s : -

Genus PSEUDOCHETOSOMA Dollfus, 1951.

Synonym: Ochetosoma (Pseudochetosoma) Dollfus, 1951.

Body pyriform. No spines on tegument. Oral sucker subglobular; 

subterminal. Prepharynx short. Pharynx small. Oesophagus long, 

bifurcates in posterior forebody. Caeca reach into hindbody,
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Fig. 1:22 a) Pseudochetosoma salmonicola Dollfus, ventral 
view, ex Acanthobrama marmid. b) Overstreetia 
sodwanaensis Bray, slightly offset ventral 
view, holotype. Scale bars, a = 0.2 mm, 
b = 0.3 mm.
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occasionally to testes. Ventral sucker larger than oral. Testes 

oval to irregularly oval; symmetrical to subsymmetrical; in mid- 

hindbody. Cirrus-sac claviform; mainly in forebody. Seminal 

vesicle coiled tubular. Pars prostatica weakly developed. Genital 

pore submarginal; sinistral; in mid-forebody. Ovary pyriform; 

anterior to right testis. Seminal receptacle and Laurer's canal present. 

Vitelline follicles irregular and numerous; lateral in area between 

posterior margin of ventral sucker and oesophagus; fields may be 

confluent in forebody. Uterus filling hindbody; significant 

portion anterior to testes. Metraterm weakly developed. Eggs 

numerous; thin-shelled but tanned Excretory pore terminal; vesicle 

short, saccular. In gall-bladder or intestine of freshwater 

teleosts. Palaearctic Region.

TYPE-SPECIES. Pseudochetosoma salmordcola Dollfus, 1951 (by monotypy). 

Comment: One species is recognised:

1) Pseudochetosoma salmonicola Dollfus, 1951 (Fig. 1:22a) ^synonyms:

Ochetosoma (Pseudochetosoma) salmonicola Dollfus, 1951;

Fellodistomatidae sp. Ergens, 1960; Pseudochetosoma leucisci

Ergens, 1963; Fellodistomum saviniense Dyk & Dykova, 1964 .
-

Definitive hosts: Cyprinidae: Alburnoides bipunctatus, Acanthobrama

marmid, Alburnus albidus alborella, 

Barbus callensis, B. meridionalis 

petenyi, Chondrostoma kneri, C. nasus, 

Gobio gobio, G. gobio lepidolaemus, 

Labiobarbus paytoni, Leuciscus 

cephalus, L. cephalus albidus, Phoxinus 

phoxinus, Rutilus rubilio, Scardinius 

erythopthalmus scardafa, Pachychilon

pictum.
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Salmonidae: Hucho hucho, Salmo dentex, S. gairdneri, S. irideus, 

S. macrostigma, S. marmoratus, S. trutta, Thymallus 

thymallus.

Cobitidae: Cobitis taenia, Noemacheilus barbatulus.

Siluridae: Silurus glanis.

Cottidae: Cottus gobio.

Sites: Gall-bladder (occasionally intestine or nares).

Distribution: SE Europe (Bulgaria, Yugoslavia, Albania), N Africa 

(Morocco), SW Asia (Iraq).

Comments: Dollfus (1951) originally described this worm from the 

intestine of Salmomacrostigma in Morocco. He considered it 

to belong to a new subgenus of the ochetosomatid (Lepodermatoidea 

= Plagiorchioidea) genus Ochetosoma Braun, 1901. Attached to 

the first page of his description on the reprint copy in the 

BM(NH) is a sheet of paper labelled 'Rectification importante' 

in which he says that the attribution to Ochetosoma is an 

error. Shortly after, he (1952) redescribed the worm from the 

type-host and also from the gall-bladder of Labeobarbus paytoni 

and Barbus callensis in Morocco. He used Pseudochetosoma as 

the generic name and placed the worm in the family 

Steganodermatidae. Ergens (1960) described a worm from the 

gall-bladder of Leuciscus cephalus albus in Albania to which 

he gave the name Fellodistomatidae ŝicj s p . and later (1963) 

redescribed it as Pseudochetosoma leucisci. In 1964 Dyk & 

Dykova described a worm as Fellodistomum saviniense from the 

gall-bladder of Salmo trutta in Yugoslavia. Kakacheva- 

Avramova (1966a, b) redescribed this worm from the gall-bladder
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of various fishes in Bulgaria, including Leuciscus cephalus, and 

could not distinguish P. salmonicola and P. leucisci. Bray & 

Gibson (1980), in a review of the genus Fellodistomum Stafford, 

1904, suggested that F. saviniense belongs to Pseudochetosoma.

As Salmo trutta is recorded as a host of P. salmonicola in 

Yugoslavia by Brglez (1961, 1973), Rukavina & Delic (1965), Kazic, 

Cankovic & Kiskarolj (1979) and Kazic (1980) and as no 

morphologically distinctive features could be ascertained I 

consider F. saviniense a synonym of P. salmonicola as well as 

concurring with Kakacheva-Avramova in her conclusions 

concerning P. leucisci.

The species has been recorded in various parts of the 

Palaearctic region. Apart from Dollfus' original record in the 

intestine, the only subsequent record from a site other than 

the gall-bladder is a peculiar reference to it occurring in the 

nostrils of Cottus gobio by Kakacheva-Avramova (1973).

Descriptions: Dollfus (1951:123; 1952:369); Kakacheva-Avramova 

(1966a, 307; 1966b,67); Ergens (1960:79; 1963:287); Dyk &

Dykova (1964:399); Mhaisen (1980. pi.4, fig. 2).

Genus OVERSTREETIA Bray, in press.

Body elongate, fusiform. Tegument spinous in forebody. Two rows of 

enlarged circum-oral spines; anterior row larger. Oral sucker 

subterminal. Prepharynx long. Pharynx pyriform. Oesophagus 

distinct; bifurcates in posterior forebody. Caeca reach close to 

posterior extremity. Ventral sucker circular; in anterior half of 

body; larger than oral. Testes two; oval; tandem; in mid-hindbody. 

Cirrus-sac recurved in forebody. Seminal vesicle saccular becoming
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tubular, undivided; with thick muscular walls distally. Pars 

prostatica short; vesicular. Ejaculatory duct short. Genital atrium 

small. Genital pore submarginal; sinistral; in posterior forebody. 

Ovary oval; pretesticular. Canalicular seminal receptacle 

immediately post-ovarian. Laurer's canal present. Vitellarium 

two lateral fields of few (9-12) follicles between ventral sucker and 

posterior testis. Uterus fills most of hindbody; Eggs numerous; 

operculate; tanned. Excretory pore terminal; vesicle short. In 

intestine of marine teleosts.

TYPE-SPECIES. Overstreetia sodwanaensis Bray, in press.

Comment: One species is known.

1) Overstreetia sodwanaensis Bray, in press (Fig. 1:22b).

Definitive host: Atherinidae: Pranesus pinguis.

Site: Intestine.

Locality: Indian Ocean (Natal).

Description: Bray (in press).

Genus STEGANODERMA Stafford, 1904.

Synonyms: Lecithostaphylus Odhner, 1911.

Nordosstrema Issaitshikov, 1928.

Manteroderma Skrjabin, 1957.

Cypseluritrema Yamaguti, 1970.

Steganoderma (Opisthoarchiotrema) Gupta & Sharma, 1974. 

Body oval to elongate oval; flattened to cylindrical. Tegument 

spinous. Oral sucker small; globular. Prepharynx short; distinct. 

Pharynx small to large. Oesophagus absent to long. Caeca reach to
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between level of testes and close to posterior extremity. Ventral 

sucker globular; about equal to oral sucker or larger; sessile or 

pedunculate. Testes oval; symmetrical or oblique; in anterior or 

mid-hindbody. Cirrus-sac claviform; straight or curved. Seminal 

vesicle saccular to elongate; straight or coiled. Pars prostatica 

short to long; vesicular. Ejaculatory duct short. Genital atrium 

small. Genital pore sinistral; in mid to anterior forebody; lateral 

to sublateral. Ovary globular to irregularly oval; pretesticular; 

median or submedian; normally in hindbody. Seminal receptacle 

present. Laurer's canal present. Mehlis' gland large.

Vitellarium symmetrical fields of about 8-16 regular follicles; mainly 

in lateral regions of anterior hindbody. Uterus in hindbody; mainly 

post-testicular, but may have significant proportion pretesticular. 

Metraterm muscular. Eggs numerous, operculate; tanned. Excretory 

pore terminal; vesicle saccular; short to long. Parasitic in 

intestine of marine teleosts.

TYPE-SPECIES. Steganoderma formosum Stafford, 1904 (by monotypy). 

Comment: Two subgenera are recognised

Steganoderma (Steganoderma) Stafford, 1904. Ventral sucker sessile. 

Caeca reach to testes. Type-species: Steganoderma 

(Steganoderma) formosum Stafford, 1904.

Steganoderma (Lecithostaphylus) Odhner, 1911. Ventral sucker 

pedunculate. Caeca reach past testes. Type-species 

Steganoderma (Lecithostaphylus) retroflexum (Molin, 1859) 

Yamaguti, 1953.

The status of S .(S.) atherinae (Price, 1934) is not clear. It is 

similar in some respects to the unassigned freshwater Steganoderma

species S. macrophallos and S. oviformis (see p.141), but is
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Fig. 1:23 Cladogram of thè genus Steganoderma.
Abbreviations: hfi - S (Lecithostaphylus) hemirhamphi and S (L) 

parexocoeti; de - S (L) depauperati; rn - S (L) 
retroflexum and S (L) nitens; amo - S (Steganoderma) 
atherinae, (s.l.) macrophallos and (s.l.) 
oviformis; fo - S (S) formosum.
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slightly better known than these two species and is marine. The 

species of S .(L.) are a closely related homogeneous group found 

predominantly in members of the Exocoetidae and Belonidae.

The possible relationships within the genus are summarised in 

Fig. 1:23.

Key to subgenera and species.

1 a. Ventral sucker pedunculate. Caeca reach past testes . . . .

.........  Steganoderma (Lecithostaphylus) .2

b. Ventral sucker sessile. Caeca reach to testes ..............

.........  Steganoderma (Steganoderma) . . 6

2 a. Testes in anterior hindbody. In flying fish ...................

. . . .  S.(L.) parexocoeti (Manter, 1947).

b. Testes in mid-hindbody .............................................  3

3 a. Ovary close to or contiguous with testes. Uterus mainly

post-testicular. In halfbeaks ....................................  4

b. Ovary separated from testes by uterus. Significant proportion 

of uterus pretesticular.. In. garfish............................... 5

4 a. Caeca reach close to posterior extremity. Vitellarium reaches

to mid- to posterior part of testes ...............................

............  S.(L.) depauperati (Yamaguti, 1970).

b. Caeca reach to mid-posttesticular region. Vitellarium reaches

to anterior edge of testes. . . . S.(L.) hemirhamphi (Manter, 1947).

5 a. Sucker ratio 1:1.3-1.6. Vitellarium tends to pass just into

posttesticular region . . . .  S.(L.) nitens (Linton, 1898). 

b. Sucker ratio 1:1.0-1.16. Vitellarium reaches to anterior edge 

of testes . . . .S.(L.) retroflexum (Molin, 1859).

6 a. Oesophagus long, thin. Sides of body parallel. Gonads entire.

Often sperm not seen in seminal vesicle or seminal receptacle.
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Fig. 1:2*1 a) Steganoderma (Steqanoderma) formosum Stafford, 
ventral view, ex Hippoqlossus hippoqlossus. b)
Steqanoderma (Lecithostaphylus) parexocoeti (Manter),
oblique view, Deretrema fusillus Linton of Linton (19*t-0)
in part, ex Exocoetus volitanjs. Scale bar =0.5 mm.
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In pleuronectids, cottids and other benthic teleosts . .

.......... S.(S.) formosum Stafford, 1904.

b . .Oesophagus short to absent. Gonads irregularly lobed. In 

atherinids . . . S.(S.) atherinae (Price, 1934).

List of species.

1) Steganoderma (Steganoderma) formosum Stafford, 1904 (Fig. 1:24a).

^synonyms: Nordosstrema messjatzevi Issaitschikov, 1928;

Steganoderma messjatzevi (Issaitschikov, 1928) Yamaguti, 1934;

Deretrema messjatzevi (Issaitschikov, 1928) Manter, 1954; (?)

Steganoderma sp. of Kagei & Ron (1978)] .

Definitive hosts: Pleuronectidae: Atherestes evermanni, A. stomias,

Hippoglossoides elassodon, H. 

platessoides, Hippoglossus 

hippoglossus, H. stenolepis, 

Lepidopsetta bilineata, Limanda 

aspera, L. ferruginea, L. 

punctatissima, Parophrys vetulus, 

Platichthys stellatus, Pleuronectes 

quadrituberculata, 

Pseudopleuronectes americanus, 

Reinhardtius hippoglossoides.

Cottidae: Gymnacanthus galeatus, Hemilepidotus hemilepidotus,

H. hemilepidotus jordani, Myoxocephalus jaok, M. 

octodecemspinosus, M. scorpius, M. stelleri.

Gadidae: Gadus macrocephalus, Gadus morhua, Theragra 

chalcogramma.

Scorpaenidae: Sebastes aleutianus, S. alutus.
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Agonidae: Podothecus acipenserinus•

Bothidae: Paralichthys oblongus.

Cyclopteridae: Careproctus sp.

Rajidae: Raja laevis (accidental).

Squalidae: Squalus acanthus (accidental).

Sites: Intestine, pyloric caeca, stomach (occasionally).

Second intermediate hosts: Crustacea, Decapoda: Argis lar lar, 

Pagurus pubescens, Pandalopsis dispar, Pandalus borealis,

P. goniurus, Sabinea septemcarinata, Sclerocrangon boreas,

S. salebrosa, (?) Chionoecetes opilio.

Distribution: North Pacific (Kamchatka, Bering Sea, Petropavolvsk 

region, British Columbia, Sea of Okhotsk, Sea of Chukotsk, Kuril 

Islands, Washington State, Sea of Japan), Barents Sea, N.Atlantic 

(E. coast of Canada, Maine, Massachusetts).

Comments: Some of the above records from decapod crustaceans are of 

progenetic metacercariae (Uspenskaya, 1952, 1960, 1963; Kagei & 

Kon, 1978). They were found encysted in the musculature.

Kagei & Kon (1978) whose worm from Chionoecetes opilio from the 

Sea of Japan, was considered an indeterminate species of 

Steganoderma, described a worm very similar to S .(S.) formosum 

and unlike any other known member of the genus. Thus it is 

herein considered that their specimens represent a probable 

record of the metacercaria of S . (S.) formosum. Kurochkin & 

Tsimbalyuk (1980) record S.(S.) formosum metacercariae from 

several crustacean hosts in the Sea of Japan and adjacent 

waters. I have examined a variety of material of S .(S.) 

formosum from the NW Atlantic, including my own (see Bray, 1979) 

collected in July, specimens given by Dr. J.S. Scott caught in
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October and June and by Dr. A.V. Gaevskaya collected in July, 

but in no case could I detect the presence of spermatozoa, 

either in the seminal vesicle or the seminal receptacle.

Burn (in litt.) examined worms from H. hippoglossus in mid

summer with the same result. In fact the seminal receptacle 

is very difficult to see, although it can be detected as a 

collapsed sac in sectioned material, and it has been described 

as absent by Manter (1926) although detected later (1947) on 

further examination of his specimens. Authors describing or 

figuring worms from the NW Atlantic (Stafford, 1904; Manter,

1925, 1926; Linton, 1940; Miller, 1941; Ronald, 1960) the NW 

Pacific (Strelkov, 1960; Skrjabina, 1963) and the NE Pacific 

(Ching, 1960a) fail to mention or figure a seminal receptacle, 

but those describing 'Nordosstrema messjatzevi1 from the 

Barents Sea (Issaitschikov, 1928; Polyansky, 1955) show a 

large (? full) seminal receptacle. Ching (1960a) figures the 

cirrus-sac and shows a full bipartite seminal vesicle. It is 

not entirely clear when all these worms were caught, although 

most authors mention that they collected in summer (Stafford,

1904; Manter, 1925, 1926;Strelkov, 1960), also June (Linton, 1940) 

and September ( Issaitschikov, 1928). It may be that the colder 

water temperature in the Barents Sea (Ekman, 1953) has delayed 

some seasonal changes which cause the lack of sperm in summer 

and autumn caught specimens in slightly warmer latitudes. It 

is unusual, however, for apparently mature worms to be entirely 

devoid of spermatozoa, so it may be that S. formosum has 

become parthenogenetic in part of its range. As Euzet &

Combes (1980) stated ' le veritable role de la parthénogenèse
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chez les animaux parasites en general est actuellement mal 

connu et mériterait une recherche plus détaillée.' Whitfield 

& Evans (1983) reviewed parthenogenesis in digeneans and 

pointed out that some instances have been 'inferred 

circumstantially from . . . .  a failure to find mature 

spermatozoa'. Despite this apparent difference in normal 

sexual condition it seems advisable to consider N. messjatzevi 

a synonym of S.(S.) formosum until this problem has been further 

investigated.

Descriptions: Stafford (1904:486); Manter (1925:12; 1926:216); 

Issaitschikov (1928:72; 1933:42); Linton (1940:47); Miller 

(1941:45); Uspenskaya (1952:1419; 1963:23); Polyansky (1955:571; 

Strelkov (1960:155); Ronald (1960:930); Skrjabina (1963:317);

(?) Kagei & Kon (1978:27).

2) Steganoderma (Steganoderma) atherinae (Price, 1934) Manter, 1947. 

jsynonyms: Lecithostaphylus atherinae Price, 1934; Steganoderma 

(Lecithostaphylus) atherinae (Price, 1934) Yamaguti, 1953^.

Definitive hosts: Atherinidae: Allanetta harringtonensis araea,

Atherinomorus stipes.

Belonidae: Strongylura marina.

Site: Intestine.

Distribution: Gulf of Mexico, Caribbean Sea (Dominica, Bimini, 

Puerto Rico, Jamaica, Curacao).

Comment: Most records are from A. stipes.

Descriptions: Price (1934:3); Siddiqi & Cable (1960: fig. 22);

Nikolaeva & Parukhin (1968:139).
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3) Steganoderma (Lecithostaphylus) retroflexum (Molin, 1859) Yamaguti,

1953. ^synonyms: Distomum retroflexum Molin, 1859; Podocotyle 

retroflexum (Molin, 1859) Barbagallo & Drago, 1903; 

Lecithostaphylus retroflexum (Molin, 1859) Odhner, 1911; 

Steganoderma retroflexum (Molin, 1859) Manter, 1947; 

Lecithostaphylus spondyliosomae Fantham, 1938; Steganoderma 

spondyliosomae (Fantham, 1938) Manter, 1947; Steganoderma 

(Lecithostaphylus) spondyliosomae (Fantham, 1938) Yamaguti,

1953; Manteroderma spondyliosomae (Fantham, 1938) Skrjabin, 1957J 

Definitive hosts: Belonidae: Belone belone.

Exocoetidae: Exocoetus volitans.

Labridae: Labrus merula.

Sparidae: Pachymetopon blochii.

Sites: Intestine, rectum.

Distribution: Mediterranean Sea (Yugoslavia, Spain, Greece, Italy, 

France, Sicily) NE Atlantic (Canary Islands, Portugal) also in 

marine aquarium Cape Town, South Africa).

Comment: For detailed discussion see p. 288.

Descriptions: Molin (1859:290); Odhner (1911b:115); Timon-David 

(1937b:4) ; Fantham (1938:387); and see p. 289.

4) Steganoderma (Lecithostaphylus) depauperati (Yamaguti, 1970) n.comb.

jsynonym: Lecithostaphylus depauperati Yamaguti, 1 9 7 o j .

Definitive host: Exocoetidae: Hemirhamphus depauperatus.

Site: Intestine.

Distribution: Mid-Pacific (Hawaii).

Description: Yamaguti (1970:36).
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5) Steganoderma (Lecithostaphylus) hemirhamphi (Manter, 1947)

Yamaguti, 1953. ^synonyms: Steganoderma hemirhamphi Manter, 1947; 

Manteroderma hemirhamphi (Manter, 1947) Skrjabin, 1957; 

Lecithostaphylus hemirhamphi (Manter, 1947) Yamaguti, 1971 . 

Definitive hosts: Exocoetidae: Euleptorhamphus brevoorti,

Hemirhamphus brasiliensis, Hyporhamphus 

balinensis.

Gerreidae: Gerres cinereus.

Site: Intestine.

Distribution: NW Atlantic (Florida), Caribbean Sea (Jamaica,

Curacao), Indian Ocean (Aden Bay (? and Red Sea)).

Comments: This species is of interest because it provides the only 

direct evidence for the type of cercaria to be found in this 

subfamily. Nahhas & Cable (1964) found two adult worms with 

eyespot pigment and a stylet in the oral sucker, indicating 

that the larva is an ophthalmoxiphidiocercaria. Members of 

the Zoogoninae have a non-oculate tailless xiphidiocercaria.

Nahhas & Cable point out that in the (possibly) related 

family the Monorchiidae the lack of eyespots is usually 

accompanied by a loss or reduction in the cercarial tail.

A parallel process may have occurred in the Zoogonidae. 

Descriptions: Manter (1947:311); Parukhin & Solonchenko (1967:86).

6) Steganoderma (Lecithostaphylus) nitens (Linton, 1898) n.comb.

~

synonyms: Distomum nitens Linton, 1898; Lecithostaphylus 

nitens (Linton, 1898) Linton, 1940; Steganoderma nitens 

(Linton,1898) Manter, 1947; Manteroderma nitens (Linton, 1898) 

Skrjabin, 1957; Steganoderma elongatum Manter, 1947;

Steganoderma (Lecithostaphylus) elongatum (Manter, 1947) Yamaguti,
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1953; Manteroderma elongata (Manter, 1947) Skrjabin, 1957;

Lecithostaphylus elongatum (Manter, 1947) Yamaguti, 1971;

Lecithostaphylus ahaahi Yamaguti, 1970; Steganoderma

(Opisthoarchiotrema) indicus Gupta & Sharma, 1974J . 

Definitive hosts: Belonidae: Ablennes hians, Belone platyura,

Sites: Intestine, stomach (occasionally).

Distribution: NW Atlantic (Curacao, Florida, Massachusetts), Pacific 

(Hawaii; Xisha Islands (China)), Indian Ocean (Ratnagiri 

(India)).

Comments: Nahhas & Cable (1964) found an overlap in morphological 

characters between S. nitens and S. elongatum, and synonymized 

them, an action which was followed by Overstreet (1969).

Yamaguti (1970) distinguished L. ahaahi from S. elongatum in 

that the vitelline follicles are 'chain-like' and extend 

posteriorly to the testes. It is not clear what 'chain-like' 

means but Overstreet (1969) states that only 3 of 48 specimens 

of S. nitens he examined had a vitelline distribution which 

did not reach posteriorly to the testes. Yamaguti (1970) did 

not compare L. ahaahi and S. nitens, and it appears that they 

are not distinguishable morphologically. S. indicum was not 

compared with any other named species in the genus by its 

original authors, but it seems indistinguishable from S. nitens.

Yamaguti (1970) gives a flame cell formula of 2 jO+3) + (3+3 

Descriptions: Linton (1898:534; 1940:44); Manter (1947:311);

Strongylura ardeola, S. gigantea,

S, marina, Tylosurus acus, T.

caribbaeus, T. crocodilus, Xenentodon

cancila.
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Yamaguti (1970:36); Gupta & Sharma (1974:98); Gu & Shen 

(1983;fig. 9).

7) Steganoderma (Lecithostaphylus) parexocoeti (Manter, 1947)

Yamaguti, 1953 (Fig. 1:24b) |synonyms: Steganoderma parexocoeti 

Manter, 1947; Manteroderma parexocoeti (Manter, 1947) Skrjabin, 

1957; Lecithostaphylus parexocoeti (Manter, 1947) Yamaguti, 1971; 

Steganoderma (Opisthoarchiotrema) parexocoeti (Manter, 1947)

Gupta & Sharma, 1974; Deretrema fusillus Linton, 1910 of 

Linton (1940) in part; Cypseluritrema spilonotopteri Yamaguti, 

1970; Manteroderma skrjabini Parukhin, 1971; Cypseluritrema 

robustum Madhavi, 1979J .

Definitive hosts: Exocoetidae: Cypselurus bahiensis, C. comatus,

C. robustris, C. spilonotopterus, 

Cypselurus sp., Exocoetus volitans, 

Parexocoetus mesogaster.

Site: Intestine.

Distribution: NW Atlantic (Florida, Massachusetts); Pacific

(Hawaii, Japan); Indian Ocean (Red Sea, Gulf of Aden, Bay of 

Bengal).

Comments: Linton (1940) described four worms from Exocoetus

volitans as D. fusillus and illustrated three of them (Figs. 

341-344). The specimen I have examined (USNM 8403) is 

illustrated (Fig. 1:24b) and clearly belongs to S . (L.) 

parexocoeti: it is, apparently, the specimen figured by 

Linton (Fig. 342). Of the other figures of Linton, no. 343 

also appears to belong to this species while no. 344 is 

considered to belong to Brachyenteron parexocoeti (see p.101).

Cypseluritrema spilonotopteri was said to differ 'from any of
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the known Steganodermatinae', but no details of the distinction 

were given (Yamaguti, 1970). Yamaguti (1971) distinguished 

Cypseluri trema from Lecithostaphylus by its lack of a 

1circumacetabular body fold' and from Steganoderma by the 

length of the caeca. The definition given above has 

amalgamated the shorter and longer caeca forms into Steganoderma. 

The 'circumacetabular body-fold' is, apparently, an 

interpretation of the ventral view of a peduncle of the ventral 

sucker, which was clearly described for C. spilonotopteri by 

Yamaguti (1970). Kurochkin (1980) considered Manteroderma 

skrjabini a synonym of C. spilonotopteri. This view is herein 

endorsed and both species are considered synonyms of S. (L.) 

parexocoeti. C. robustum is also considered a synonym: 

its supposed differences to C. spilonotopteri (triangular body- 

shape, more robust cirrus-sac, larger and sparser vitelline 

follicles) are probably either the result of flattening or do 

not withstand careful examination.

Descriptions: Manter (1947:309); Linton (1940:166 in part - see 

Figs. 342-343); Yamaguti (1970:31); Parukhin (1971:143);

Madhavi (1979:254); Kurochkin (1980:277).

Two species allocated to Steganoderma have been described from South 

American freshwater fishes. Their present status is not clear.

They may be closely related to Metaderetrema minutum (see p. 95) 

although cladistic analysis suggests affinities to S.(S.) atherinae 

(Fig. 1:23). They are:-

1) Steganoderma macrophallos Szidat & Nani, 1951 jsynonym: Deretrema 

macrophallum (Szidat & Nani, 1951) Manter, 1955J .

Definitive host: Atherinidae: Basilichthys microlepidotus.



142

Site: Intestine.

Distribution: Rio Limay & Rio Quequen, Argentina.

Description: Szidat & Nani (1951:345).

2) Steganoderma oviformis Szidat, 1962.

Definitive host: Aplochitonidae: Aplochiton zebra.

Site: Intestine.

Distribution: Patagonia, Argentina.

Description: Szidat (1962:68).

Discussion

It was felt that at this point in the study of the Zoogonidae five 

aspects were worthy of discussion, namely taxonomic methods, host- 

specificity, sites of infestation, depth and zoogeography.

Taxonomic methods

Several taxonomic methods have been used and the usefulness of 

these in specific instances appears to vary. A general dicussion 

on the value and practicality of these techniques is called for.

Four basic techniques have been used. The traditional, non-formalized, 

technique known as the 'omnispective' method, can be summarised as 

looking closely at the organisms, postulating a classification and 

then reassessing the classification against all the constituent taxa 

and continuously redesigning the classification. This method was 

used to produce some order to which the other techniques, numerical 

taxonomy (phenetics), numerical cladistics and manual cladistics, 

were applied.

The efforts of taxonomists to introduce higher degrees of 

objectivity into their work have led to a proliferation of methodological
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approaches. The techniques mentioned above are all methods of 

analysing and classifying morphological data. Other techniques, 

such as enzyme electrophoresis, which may be invaluable in elucidating 

specific problems (see Bray & Rollinson, in press), are, at present, 

impractical for sorting out large groups of organisms. Even if 

large amounts of enzyme data on numerous species were available 

some method of analysing these data would be necessary.

Darwin (1859) commented that 'in determining whether a form should 

be ranked as a species or a variety, the opinion of naturalists having 

sound judgement and wide experience seems the only guide to follow', 

and Dobzhansky (1958) said of this statement 'the wisdom of this 

advice cannot be gainsaid'. The unsatisfactory nature of a discipline 

which relies so heavily on the experience, competence and subjective 

judgement of its practitioners is clear, but it is also clear that 

Darwin's statement is a realistic assessment of the situation. It is 

also the case that the newer, more 'sophisticated' methods of taxonomic 

analysis have been of little value in assessing the limits of a species 

and have relied heavily on the taxonomist to feed a set of characters 

of the so-called OTUs (Operational Taxonomic Units) into the process. 

Unless the OTU is an individual animal, and the enormous problems 

involved in building a classification on this foundation is obvious, 

some sort of subjective judgement is necessary on the part of the 

formulator of the character set of the OTU. Thus some of the 

objectivity of the process is illusory. As Ridley (1983) stated, 

in discussing numerical taxonomy 'even if the taxonomist were to 

compare hundreds of characters he could not eliminate the sources of 

subj ectivity'.
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Numerical taxonomy and cladistics involve giving a numerical 

classification to a character state, which may well be, and almost 

invariably in the digeneans is, a continuously varying character 

(see Appendices 1, 2). 'The belief that measurement and numeration 

are intrinsically praiseworthy activities' is, suggested Medawar (1984),

' a distinguishing mark of the unnatural sciences', as is a 'faith in 

the efficacy of statistical formulae, particularly when processed by 

computer'. In the current study it has been found difficult to give 

numerical status to the type of character traits recognised by 

traditional taxonomists. It was also found very difficult to interpret 

the computer generated results of the exercises. Fig. 1:1 shows the 

most useful part of the numerical taxonomy results, the two clusters 

representing the subfamilies almost precisely. If organisms lend 

themselves to a numerical analytic technique and have a sufficiently 

large number of good characters to swamp out the inevitable poor ones, 

then perhaps numerical taxonomic methods can be useful. If, as in 

the Zoogonidae, it is difficult to assign numerical values to characters, 

to confidently assemble character states into numerical categories, 

and if there are not many characters to work with, then numerical 

taxonomy may be of less value or occasionally misleading.

Appendix 2 shows two examples of the numerical cladistic results, 

showing how they differ, and how limited was the value of this exercise. 

These computer generated results were also difficult to interpret.

It is not possible, for any but the smallest data set, for a computer 

to look at all possible cladograms and to assess the most parsimonious. 

There are (2t-3)!/2t ^ ^(t-2)lj different rooted cladograms for t OTUs

(Dunn & Everitt, 1982). When t=4 this means 15 cladograms must be
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compared, but when t=10 the figure has risen to 34,459,425. Seventy 

seven species are recognized in the current study, but it has not been

possible on the computers available, to find the result when t=77.

96
If t=60, however, the result is approximately 5.86 x 10 . Clearly

full analysis of all cladograms is out of the question! In practice 

the OTUs used in a numerical cladistic exercise are fed into the 

computer in a reasonable, predetermined order and the program compares 

each OTU only with the few preceding OTUs. If the order is 

randomized and subjective weighting of characters added, as has been 

done in the current study, the various results conflict in general and 

in detail. The numerical cladistic results, even those of nonrandom 

runs, gave relatively little useful information.

The most useful technique used was considered to be the manual 

cladistics. The fact that in many cases the level of resolution of the 

cladogram was low (e.g. the six-way polytomy in Fig. 1:12), merely 

reflected, in my opinion, the usefulness, or lack of it, of the types 

of character used in general. Cladistics relies on a careful 

consideration of characters and their likely status (plesiomorphic or 

apomorphic etc.). This may be a major contribution of this technique 

to taxonomy, for as Brooks (1984) put it 'phylogenetics directs 

systematic research toward more and better character analysis rather 

than toward more clustering algorithms and jazzier computer programs.' 

Another important feature of cladistics is the explicitness it imposes 

on the proposed system. At each stage the character state(s) defining 

a group are given, and the rank of that state must be assessed. Being 

so explicit, the classification has a built-in susceptibility to 

falsifiability. Not only does manual cladistics have these
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advantages but it allows, at all parts in the process, the judgement 

of the taxonomist to be at work, such that strictly parsimonious 

interpretations can, if necessary, be avoided and polarity of 

transformation series can be reconsidered in the light of other 

information.

A classification is not an hypothesis, but it has some characteristics 

in common with a scientific hypothesis. Hypotheses are said to be never 

unequivocally proved, but they may be disproved, i.e. it is an 

asymmetrical system in which only disproof is logically conclusive.

The 'probationary status' of an hypothesis is similar to the 

'provisional status' of any taxonomic scheme. Although the rigour 

and degree of proof with which a taxonomic scheme may be tested is 

probably of a different order than can be brought against a chemical or 

physical hypothesis, it is clear that a classification can only survive 

if it represents an approximation to the relationships in the group.

Beta taxonomy tends to be sluggish, however, and poor schemes may be 

followed for a long time merely because they exist and it is laborious 

and time consuming to work out a better system. Nevertheless, 

when a new classification is produced it should be judged on its 

testability, explicitness and predictive value rather than on the 

techniques used to produce it.

Host specificity

As a basis for the discussion of host-specificity among zoogonids 

the major work of Nelson (1976) has been consulted with regard to fish 

taxonomy. In order to aid discussion the parasites have been fitted 

into four categories, the nomenclature of which is based on the three 

groups proposed by Euzet & Combes (1980) and used by Maillard (1982) in
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his discussion of fish-helminths. The three groups these authors 

use are:-

1) Oioxenic specificity - exhibited by a single species of parasite 

which is restricted to one host-species.

2) Stenoxenic specificity - exhibited by a species which parasitizes 

directly related species of host (those of the same genus - for 

example).

3) Euryxenic specificity - exhibited by a species which parasitizes 

a wide range of host species which are probably more closely related 

ecologically than systematically.

It emerged, however, that the pattern of specificity actually seen 

in the zoogonids is somewhat more complicated and, therefore four 

categories have been used. Only those species of zoogonids which 

have been recorded more than once (48 in all) can be studied in relation 

to specificity and it should be borne in mind that the number of times 

a species has been recorded will be directly related to the reliability 

of the categorization. Several species have changed category during 

the period of the study as more information has come to hand.

Category 1 . Strict oioxenic specificity. Those species which 

have been recorded from one fish species only. Only 7 species 

appear in this category (see Table 1:2), 14.6% of the total, and 

in each case only a few records have been made.

Category 2 . Strict stenoxenic specificity. Those species 

restricted to a single supra-specific fish group. The taxa used 

are genus, family and order. Strict stenoxenicity is exhibited 

by 37.5% of zoogonids, of these 50% are family specific, 27.8% 

genus specific and a smaller proportion, 22.2% are order specific

(Table 1:3).
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Table 1:2 Strict oioxenlc zoogonids (category 1).

Species Host-species

Diphterostomum vividum Paqellus boqaraveo (Sparidae)
Panopula bridqeri Polyacanthonotus rissoanus (Notacanthidae)
Panopula spinosa Notacanthus chemnitzii (Notacanthidae)
Steqanodermatoides aqasizi Alepocephalus aqassizi (Alepocephalidae)
Steqanodermatoides maceri Alepocephalus bairdii (Alepocephalidae)
Steqanoderma macrophallos BasilichthYS microlepidotus (Atherinidae)
Deretrema (Luxitrema) philipplnensis Anomalops katoptron (Anomalopidae)

Table 1:3 Strict stenoxenic zoogonids (category 2).

Species Host-qroup

Parvipyrum acanthuri
Genus
Acanthurus (Acanthuridae, Perciformes)

Lepidophyllum steenstrupi Anarhichas (Anarhichadidae, Perciformes)
Urinatrema hispidum Hexaqrammos (Hexaqrammidae, Scorpaeniformes)
Urinatrema hirudinacea Hexaqrammos (Hexagrammidae, Scorpaeniformes)
Brachyenteron pycnorqanum Anarhichas (Anarhichadidae, Perciformes)

Neozooqonus californicus
F a a l ly
Embiotocidae (Perciformes)

Pseudozooqonoides uqui Cyprinldae (Cyprlnlformes)
Lepidophyllum brachycladium Cottldae (Scorpaeniformes)
Lepidophyllum appyl Zoarcldae (Cadlformes)
Steqanodermatoides allocytti Oreosomatldae (Zelformes)
Steganoderma (Leclthostaphylus) nitens Belonldae (Atherlniformes)
Steqanoderma (Lecithostaphylus) Exocoetldae (Atherlnlformes)

parexocoetl
Deretrema (Deretrema) cholaeum Scorpaenidae (Scorpaeniformes)
Lepidophyllum pyriforme Tetraodontldae (TetraodontIformes)

Order
GadlformesProctophantastes abyssorum

Deretrema (Spinoderetrema) acutum Perciformes
Deretrema (Deretrema) fusillus Perciformes
Steqanoderma (Steqanoderma) atherinae Atheriniformes (mainly Atherinidae, occasionally

Belonidae)

Table 1:^ Predominantly stenoxenic zoogonids (category 3).

Species Predominant 
host qroup

Other hosts

Diphterostomum betencourti
Genus
Scyliorhinus ? Chelon (Perciformes)

Steqanoderma (Lecithostaphylus)
(Lamniformes) 

Belone Atherlniformes, Perciformes
retroflexum (Atherlniformes)

Zooqonus dextrocirrus
F a m ily
Pleuronectldae Zoarcidae, Stlchaeidae, Emblotocidae

Zoogonoldes vlxiparus Pleuronectldae Cottidae, Callionymidae, etc. etc.
Lepidophyllum pleuronectini Pleuronectidae Emblotocidae
Brachyenteron parexocoeti Exocoetidae Selar (Carangidae)
Steqanoderma (Steqanoderma) formosum Pleuronectidae Gadidae, Scorpaeniformes, etc. etc.
Steqanoderma (Lecithostaphylus) Exocoetidae Gerres (Perciformes)

hemirhamphi
Deretrema (Spinoderetrema) sebastodis Scorpaenidae Serranus (Serranidae)
Pseudochetosoma salm<wcola Cyprlnidae Cobitidae, Salmonidae, Siluridae,

Diphterostomum indicum Pomadasyidae
Cottidae

Stichaeldae

Diphterostomum brusinae
O rd e r
Perciformes Tetraodontiformes, Mycto(i>hiformes

Diphterostomum americanum Perciformes Batrachoidiformes, Lophiiformes
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Category 3 . Predominant stenoxenic specificity. These species 

exhibit a strong prediliction for fish in one taxonomic group, but 

which are occasionally recorded in species from other groups.

(A predominant oioxenic category was postulated, but no zoogonids 

exhibited this pattern). Accidental infestation may occur when 

the parasite survives for a time in a piscivorous fish which has 

eaten the normal definitive host or possibly an intermediate host 

harbouring a progenetic metacercaria. A notable example of an 

accidental infestation in the Zoogonidae is the occurrence of 

Steganoderma (Steganoderma) formosum in the elasmobranchs Squalus 

acanthias and Raja laevis.

Predominant stenoxenicity was exhibited by 27.1% of zoogonid 

species and of these 69.2% show a predeliction for a family, 15.4% 

for a genus and 15.4% for an order. Many of the most well-known 

species occur in this category, e.g. Zoogonoides viviparus, 

Diphterostomum brusinae, Steganoderma (Steganoderma) formosum 

(Table 1:4). It seems likely that more of the strict stenoxenic 

group will pass into this category as more records accumulate. 

Category 4 . Euryxenic specificity. No obvious specificity or 

predeliction for a species or a higher taxon of fishes was 

exhibited by 20.8% of zoogonids (Table 1:5). Maillard (1982) 

reckoned that this category is more common in fish 'trematodes' 

(?digeneans) than oioxenicity or stenoxenicity, but also indicated 

that, where euryxenicity is proved experimentally, it is clear 

that there are principal and secondary hosts, which suggests a 

category closer to the 'Predominant stenoxenic' suggested above. 

Some species will probably be placed in the latter category when

they are better known.
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Table 1:5 Euryxenic zoogonids (category k ) ,

Species Hosts

Zooqonus rubellus 
Zooqonus laslus 
Zooqonoldes laevis 
Zooqonoldes pyrlformis 
Pseudozooqonoides subaequlporus 
Brachyenteron doederleiniae 
Neosteqanoderma qlandulosum 
Deretrema (Splnoderetrema) plotosl 
Deretrema (Deretrema) paciflcum 
Metaderetrema minutum

Labridae, Pleuronectidae, Carangidae, Anarhichadidae, etc. 
Anguillidae, Pleuronectidae, Sciaenidae, Soleidae, etc. 
Etrumeus (Clupeiformes), Tautoqa (Perciformes)
Malacanthus, Cheilinus (Perciformes), Synodus (Myctophiformes) 
Pleuronectidae, Anarhichadidae, Cottidae, etc.
Perciformes, Syngnathiformes, Zeiformes, Pleuronectiformes 
Polymixiiformes, Zeiformes, Beryciformes 
Perciformes, Siluriformes, Scorpaeniformes 
Scorpaeniformes, Perciformes, Beryciformes 
Salmoniformes, Perciformes

Table 1:6 Pattern of host-species in the Zoogonidae.

Number of species In 1 species 
of Zoogonidae of fish

In 2 species 
of fish

In 3 species 
of fish

In more than 
3 species of 
fish

Total

In species of 1 7 
genus of fish

3 2 1 13

In species of 2 
genera of 1 family

2 - 1 3

In species of 3 
genera of 1 family

- 1 1 2

In species of more 
than 3 genera of 
1 family

“ ~ 3 3

In species of 2 
genera of different 
families in same order

~ - ~ 0

In species of 3 
genera of different 
families of same order

1 1 2

In species of more 
than 3 genera of 
different families 
of same order

3 3

In species of 2 
genera of different 
families and orders

1 1 1 3

In species of 3 
genera of different 
families and orders

2 ■ 2

In species of more 
than 3 genera of 
different families and 
orders

~ - 17 17

Total 7 6 7 28
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Bychowsky (1957) devised another way of indicating the type of 

specificity exhibited by members of a group:- in this case the 

Monogenea. His system has been used to generate Table 1:6. This 

clearly shows that in general the members of the Zoogonidae show a 

lower degree of specificity than the Monogenea. According to 

Bychowsky's Table 4, 74% of Monogenea are oioxenic and most other 

species show varying degrees of stenoxenicity. In contrast, only 

14.6% of zoogonids are oioxenic and many species show euryxenicity, 

with most species (35%) being found in the bottom right hand sector 

of Table 1:6. It should be noted however that this sector does not 

correspond exactly to the Category 4 above.

Looking at the groups from a wider angle, certain genera or 

subgenera show signs of specificity. The genus Urinatrema is 

specific to Hexagrammos spp., the genus Steganoderma, and in particular 

the subgenus S. (Lecithostaphylus), is most usually recorded from 

atheriniforms and several Deretrema spp. are found in scorpaeniform 

and perciform fishes. A large proportion of zoogonid host species 

are in the Perciformes and Pleuronectiformes, while other frequently 

recorded host-groups are the Gadiformes, Atheriniformes and 

Scorpaeniformes, and a great deal of the oioxenic and stenoxenic 

specificity exhibited (Tables 1:2,3,4) involves members of these 

five orders. Only two, possibly only one, zoogonid occurs normally 

in elasmobranch hosts, but the accidental occurrence of Steganoderma 

(Steganoderma) formosum in Raja and Squalus, suggests a possible 

mechanism for secondary invasion of elasmobranchs by these essentially

teleosts worms.
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The results given above show that most zoogonids show some level 

of specificity, and that the group as a whole is not spread at random 

throughout all fish groups. As Maillard (1982) said, however, at the 

present state of knowledge it is not possible to draw conclusions 

related to parallel evolution of digeneans and their fish hosts.

Site of infestation

The major regions parasitized by adult zoogonids are the gastro

intestinal tract, the biliary system and the urinary bladder. In 

many cases the literature does not give detailed information on site 

but the number of species recorded from each region or sub-region is 

listed below. Some species are listed from more than one site. 

Intestine (general) - 43 species 

Anterior or Upper intestine - 5 species 

Small intestine - 6 species 

Mid-intestine - 2 species 

Large intestine - 2 species 

Posterior intestine - 9 species 

Rectum - 12 species 

Pyloric caeca - 7 species 

Stomach - 8 species 

Oesophagus - 1 species 

Nares - 1 species 

Gall-bladder - 14 species 

Bile-duct - 2 species 

Urinary bladder - 10 species 

'Rectal gland' - 1 species 

Viscera - 1 species
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The sites of digeneans are discussed in more detail in Chapter 3, 

but two points can be made here. Firstly, careful dissection shows 

that parasites are often quite specific to their sites, but rupture of 

organs during dissection can cause incorrect and misleading site data 

to be given, as can post-mortem migration and freezing of hosts. 

Secondly, it is appropriate to quote Crompton (1973) who stated that 

'an accurate description of a helminth's site is fundamental to our 

understanding of its ecology'.

Depth

Not many data are available on the depth at which fishes harbouring 

zoogonids are found. Campbell, Haedrich & Munroe (1980) listed the 

Zoogonidae among the major taxa they found in deep-sea benthic fishes 

and my own findings indicate that the family may be widespread and 

common at considerable depths. A list of some deep-sea lepidophylline 

species and the greatest depth at which they have been found is given 

below.

Panopula cavernossa - 3208 m 

Proctophantastes gillisi - 3208 m 

Steganodermatoides agassizi - 2297 m 

Proctophantastes abyssorum - 1350 m 

Brachyenteron campbelli - 1320 m 

Steganodermatoides maceri - 1220 m 

Panopula bridgeri - 1030 m 

Neosteganoderma glandulosa - 530 m
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Campbell et a l . (1980) found that deep-sea helminths were useful 

indicators of 'host-community interactions', and it seems likely that 

helminths will become useful indicators of various other biological 

features in a group of fish whose study is not always straightforward.

Zoogeography

Any study of zoogeography of a little known group should be 

prefaced with certain observations. The amount of collecting has 

been limited and its distribution patchy, so statements about 

distributions of species may often represent little more than 

statements of the localities where collecting has taken place.

Despite this reservation, and the possibility of mis-identification, 

some comments on the distribution of a few species can be made, but it 

is not possible to draw general conclusions as to the overall 

zoogeographical characteristics of the group. Manter (1955) in his 

major review of the zoogeography of marine 'trematodes' made only 

fleeting mention of marine zoogonids.

Very few zoogonids have been reported in the Southern hemisphere, 

but some of the forms which occur there, e.g. Metaderetrema minutum, 

Brevicreadium congeri and Overstreetia sodwanaensis, are morphologically 

rather atypical, and may be part of a southern fauna which will, when 

described, shed much light on the relationships within the group and 

also provide some clues to its affinities.

Five species of lepidophyllines are known from freshwater, the 

best documented probably being Pseudochetosoma salmonicola, from

rivers in Bulgaria, Albania, Yugoslavia, Iraq and Morocco.
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Metaderetrema minutum from New Zealand is also fairly well known, but 

the other three species, Steganoderma macrophallos and S. oviformis 

from South America and Deretrema plagiorchis from China, need much 

further study. Manter (1955) drew attention to the apparently close 

relationship between the New Zealand and South American freshwater 

zoogonids.

Several of the marine zoogonids are well-known enough for general 

comments on distribution to be made. Diphterostomum brusinae appears 

to be the most widespread zoogonid, being found in subtropical and 

tropical zones of the Atlantic, Pacific and Indian oceans. The 

distribution of other species tends to be rather more restricted, 

although Neosteganoderma glandulosum is now reported from the subtropical 

Atlantic and the SW and Mid-Pacific Ocean. Two species, at least, are 

probably circum-arctic-boreal. These are Steganoderma (Steganoderma) 

formosum and Pseudozoogonoides subaequiporus. Zoogonoides viviparus

may also be circum-arctic-boreal, but it is suggested in Chapter 2 

that it may, in fact, be restricted to the NE Atlantic and that other 

records are erroneus. One species, Steganodermatoides allocytti, is 

probably circum-antiboreal. Of the species with a more restricted 

distribution, Zoogonus rubellus, found in the eastern Atlantic, 

Mediterranean and Red Seas, is apparently replaced in the NW Atlantic 

by the closely related species, Zoogonus lasius. Amongst other well- 

known North Atlantic forms, the distribution of the lepidophyllines, 

Lepidophyllum steenstrupi and Brachyenteron pycnorganum appears to be 

restricted to the distribution of the NE Atlantic Anarhichas spp. to

which they are both specific.
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Much further work on the zoogeography of marine helminths is 

needed. Rohde (1982) indicated in a chapter entitled 'Future Research' 

that much could be gained in our knowledge of helminth and host 

evolution from this type of study.

Summary and Conclusions

The current study has enabled a reduction in the numbers of 

subfamilies, genera and species recognized. In all, thirty genera have 

been named but only 21 are considered valid. One hundred and twenty- 

seven species have been described and these have been reduced to seventy- 

seven in the present study. Two subfamilies have been retained.

Of the three modern taxonomic techniques utilized it was found 

that manual cladistics appeared to produce the most useful results on 

this family. It was also concluded that this was, to some extent, a 

reflection of the difficulty in reliably delineating character states 

and assessing homologies as well as the relatively few characters 

available.

The patterns of host specificity discovered showed that most species 

exhibited some degree of specificity but that strict oioxenic 

specificity was not usual. Some comments were also made on site, depth 

and zoogeography. Adult zoogonids inhabit not only the gastro

intestinal tract but also are not infrequently found in the biliary 

system and urinary bladder. Lepidophylline zoogonids were found at 

considerable depths, and it was suggested that further forms are likely 

to be discovered in deep-sea benthic fishes. Finally, it was possible 

to make some statements relating to the zoogeography of some species 

but it was felt that much further collecting was needed, especially in 

the Southern Hemisphere, before any more general points could be made.
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Introduction

The format of this chapter follows that of the series on helminth- 

parasites of the northeastern Atlantic (Bray & Gibson, 1977, 1980; 

Gibson & Bray, 1977). The family treated is the Zoogonidae, a 

widespread group, restricted to fishes, mainly marine but with a 

few freshwater examples. A general taxonomic review of the family 

from a world wide point of view and larger problems of the taxonomy 

of the group were covered in Chapter 1.

Materials and Methods

Specimens of all species discussed have been examined. Information 

on collecting and processing is included in the introduction.

Systematic section

Family ZOOGONIDAE Odhner, 1902 

synonym: Steganodermatidae Yamaguti, 1934 

Definition: see p. 27.

A key to the subfamilies of the Zoogonidae was given on p. 33.
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Subfamily ZOOGONINAE Odhner, 1902.

Key to the genera of the Zoogoninae from the northeast Atlantic

1 a. Vitelline mass single  ................................. 2

b. Vitelline mass bilobed (double) ............................. 3

2 a. Genital pore and intestinal bifurcation in mid-forebody.

Caeca n a r r o w ..................Zoogonoides Odhner, 1902 (p. 209).

b. Genital pore at level of ventral sucker. Intestinal bifurcation 

dorsal to ventral sucker or in hindbody. Caeca short, saccular

.........  Zoogonus Looss, 1901 (p. 159).

3 a. Caeca short, saccular, divergent. No atrial sac. Muscular

lamellar lips may occur on ventral sucker. Ovary pre- or

inter- testicular ............ Diphterostomum Stossich, 1903 (p. 175).

b. Caeca long, parallel. Atrial sac present. No muscular lips

on ventral sucker ............ Pseudozoogonoides Zhukov, 1957.

(p. 197)

Genus ZOOGONUS Looss, 1901.

DIAGNOSTIC FEATURES: see p. 39.

COMMENT.Only one species occurs in the northeast Atlantic.

Zoogonus rubellus (Olsson, 1868) Odhner, 1902 

synonyms: Distoma rubellum Olsson, 1868.

Lecithodendrium rubellum (Olsson, 1868) Stossich, 1899. 

Zoogonus mirus Looss, 1901.

(?) Cercariaeum reticulatum Stunkard, 1932.

(?) Zoogonus sp. of Richard (1971).

TYPE-HOST AND LOCALITY. Labrus bergylta, Bergen, Norway.
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RECORDS

(i) Material studied

(a) From the NE Atlantic

Anarhichas lupus ^posterior intestine^ Kristineberg, Sweden (Jan. 1971) 

Material studied for us by J. Thulin.

------  J^rectumJ Off NE Scotland (58°N, 00°; depth 99-111 m; & 59 N

01° E; depth 107-117 m; Dec. 1979) BM(NH) 1982.1.20.1-5; Bell Rock, 

North Sea (56°N, 02°E; depth 52 m; May 1982) and Copinsay, North 

Sea (59° N, 02°W; depth 75 m; June 1983) BM(NH) 1983.11.23.19-22. 

Labrus bergylta j^intestinej Kristineberg, Sweden (Aug. 1976)

BM(NH) 1982.1.20.6-7.

Labrus bimaculatus ^intestine Plymouth, Devon, England (May 1932).

BM(NH) 1932.11.25.53-64 (see Baylis & Jones, 1933:630).

Limanda limanda Jintestinej Plymouth, Devon, England (May, 1932).

BM(NH) 1932.11.25.65-66 (see Baylis & Jones, 1933:630).

Platichthys flesus j^rectumj Plymouth, Devon, England (May 1972).

BM(NH) 1982.1.20.8.

Pleuronectes platessa ^intestine, rectumj Plymouth, Devon, England 

(May 1972). BM(NH) 1982.1.20.9-10.

(b) From elsewhere, 

none.

(ii) NE Atlantic records from the literature.

Anarhichas lupus ^rectum, lower intestine^ St Andrews Bay, Scotland

Nicoll (1909a:17).

Blennius pholis J^rectumj Roscoff, Finistère, France. Sproston (1939:40) 

Labrus bergylta jjintestinej Bergen, Norway. Olsson (1868:40).

-------  £?J Kristineberg, Sweden. Odhner (1902:59).
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Labrus bimaculatus lintestine Plymouth, Devon, England. Baylis &

Jones (1933:630); Baylis (1939:483).

Limanda limanda intestine^ Plymouth, Devon, England. Baylis & Jones 

(1933:630); Baylis (1939:483).

Pleuronectes platessa |?J Roscoff, Finistère, France. Sproston (1939:40) 

Trachurus trachurusjintestinej near Straits of Gibraltar. Kovaleva 

(1969:132; 1970:52), Gaevskaya & Kovaleva (1980a:53; 1980b:19;

1982:61).

ASPECTS OF BIOLOGY

Records of larval stages in the northeast Atlantic:

(a) First intermediate host

Nassarius reticulatus [?j S t . Efflam, Cotes du Nord, Finistère,

France. Richard (1971:154; as Zoogonus sp.).

-------  ^digestive glandj Roscoff, Finistère, France. Stunkard (1932:

339; as Cercariaeum reticulatum).

(b) Second intermediate host

Psammechinus miliaris jmuscles and connective tissue of Aristotle's 

lanternj Wimereux region, Artois, France. Stunkard (1941:208). 

Stunkard (1941) believed that there might be a biological distinction 

between Z. rubellus in the northeastern Atlantic and Mediterranean Sea 

and the form Z. lasius in the northwestern Atlantic. He not only 

emphasized apparent differences in life-cycle, but pointed out that, 

according to Goldschmidt (1905), Z. rubellus (=mirus) had 10 

chromosomes and the North American form had 12 according to Brooks 

(1930). Benazzi & Benazzi Lentati (1976), however, stated that 

Goldschmidt's observations were disputed by Schreiner & Schreiner 

(1908), Grégoire (1909) and Wassermann (1913), all of whom say 2n=12
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in Z. mirus. The differences that Stunkard (1941) detected in the

life-cycle included the observation that, whereas at Wimereux in

Northern France he found the metacercariae commonly in the sea-

urchin Psammechinus miliaris, he failed to find the cercariae in over

1200 specimens of Nassarius reticulatus from the same region, although

he found Cercariaeum reticulatum at Roscoff. Earlier (1933, 1936, 1938,1940)

Stunkard had completed the life-cycle of the North American form and

had found that Nassarius obsoletus was the first intermediate host

and the annelid Nereis virens the second intermediate host. In 1941

he failed to find Zoogonus metacercariae in nereids around Wimereux

and in sea-urchins in Massachusetts. He was, however, able to

experimentally infest the echinoid Arbacia punctulatus with the

North American form. He considered the 'data on Zoogonus are hard

to interpret. In view of the lack of specificity in life-cycles of

their trematodes, it is not impossible that a single species of

Zoogonus employs different primary, secondary and definitive hosts

on the two sides of the Atlantic Ocean'. The metacercaria of the

North American form has since (Stunkard, 1972) been found in the

limpet Acmaea intestinalis, indicating that a wide range of

invertebrates serve as second intermediate hosts for this species.

A number of minor morphological differences between the larval 

stages of the North American and European forms are mentioned by 

Stunkard (1941), but these do not appear to be sufficient to distinguish

these forms as species in the absence of other evidence. I have

been able to examine adult specimens of the North American form 

Z. lasius from the posterior intestine of Leiostomus xanthurus 

(Sciaenidae) (BM(NH) 1983.11.1.1-8) and Trinectes maculatus (Soleidae)

(BM(NH) 1983.11.1.9) from Lower Chesapeake Bay, Virginia, USA
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(collector: E.M. Burreson). Their dimensions are included on Table 

2:3. There seems to be a consistent difference between these forms 

and Z. rubellus from the northeast Atlantic, in that the suckers are 

relatively distinctly smaller and the prepharynx longer and usually 

narrower. These features are so striking when comparing specimens 

(Figs. 2:1, 2) that it appears most prudent to consider Z. lasius 

distinct. It should also be noted that, despite a reasonable amount 

of collecting in the area, no Zoogonus specimens have been found in 

the Iceland/Greenland region which suggests that there is a 

discontinuity in the distribution of these forms. The work of 

Stunkard (1938, 1941) has shown that Cercariaeum lintoni Miller & 

Northup, 1926 is the larval form of the American species, Z. lasius, 

and that C. reticulatum is likely to be identical to the European 

species, Z. rubellus.

The first intermediate host of Z. rubellus is, therefore, most 

probably Nassarius reticulatus. Cercariaeum reticulatum, as described 

by Stunkard (1932), is a tailless xiphidiocercaria emanating from 

the digestive gland of the host. In 1941 Stunkard believed it to be 

a larval Zoogonus, although originally he pointed out its similarity 

to the larva of Diphterostomum brusinae. It differs from D. brusinae 

cercaria, however, in that it lacks a very large ventral sucker with 

muscular lips and possesses a long prepharynx. In fact C. 

reticulatum is very similar to the larva of Z. lasius, also known as 

Cercariaeum lintoni which has been described by Leidy (1891), Stunkard 

(1938), Linton (1915), Miller & Northup (1926), Africa (1930) and

Shaw (1933).
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The host-parasite relationships of the larval stages of Z. lasius 

(often as Z. rubellus) are surprisingly well studied considering 

the rather small amount of work, done on the adult form. A number of 

studies have been undertaken on the eastern coast of the USA which 

may be relevant to the biology of Z. rubellus in the northeastern 

Atlantic. These studies have usually involved the first intermediate 

host Nassarius obsoletus, a snail which is also regularly infested with 

a number of other digeneans. The sporocyst generations were 

described by Stunkard (1938) - rediae do not occur. The seasonal 

prevalence in N. obsoletus was studied on Rhode Island by Gambino (1959) 

and in North Carolina by McDaniel & Coggins (1971, 1972). Gambino 

found that May saw the peak of infestation, and also found that the 

higher rate of infestation was to be found in the high tide zone. 

Sindermann (1960) reported that Z. lasius (as Z. rubellus), along with 

other larval digeneans, retarded or inhibited the off-shore migration 

of the snail host, thus contributing to the relatively high inshore 

prevalence in Autumn, and leaving the snails in a progressively more 

unfavourable environment, the high-tide zone, in winter. Laboratory 

experiments on the locomotion of infested and uninfested N. obsoletus 

by Stambaugh & McDermott (1969) supplemented Sindermann's findings. 

Schaefer, Milch & Levin (1970) found that a Zoogonus infection 

'decreases the ability of the snail host to withstand dessication'.

This may have a serious effect on the parasitized snails which are 

'reluctant' to undergo their seasonal migration offshore. Further 

effects of Z. lasius infestation on N. obsoletus were investigated by 

Vernberg & Vernberg (1963, 1967) who found that the snail's resistance 

to thermal stress was reduced, and later (1971) they showed that Z. 

lasius metacercariae had a similar effect on its annelid host,
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Leonereis culverti. Riel (1975), on the other hand, found that 

infected N. obsoletus survived higher temperatures than uninfested 

and explained the discrepancy with earlier findings by suggesting 

seasonal differences. He also found that infested snails survived 

longest in distilled water. The cytochrome-c-oxydase activity and 

fatty acid composition of N. obsoletus digestive gland tissue were 

found by Vernberg (1969) and Lunetta & Vernberg (1971), respectively, 

to be altered by Z. lasius infestation, and it was suggested that this 

effect played a role in the lowered resistance to thermal stress 

reported at that time. Protein content in infested snails digestive 

glands decreased sharply (by 50%) according to Schilansky, Levin &

Fried (1977). A further result of Z. lasius infestation of _N. 

obsoletus is, according to Cheng, Sullivan & Harris (1973), 'direct 

chemical castration' and this prompted these authors to suggest that 

Z. lasius could represent a possible biological control agent of 

Austrobilharzia variglandis (Miller & Northup, 1926), the cause of 

'swimmer's itch', the larvae of which also parasitize N. obsoletus.

Studies of the various larval digeneans found in N. obsoletus 

have shown that the thermal toleration of various larval parasites 

and the host are unconnected (Vernberg & Vernberg, 1965, 1966, 1968), 

and, therefore, 'each species of parasite retains its own physiological 

integrity' (Vernberg & Vernberg, 1965). 'The response of the 

larvae sharing the same thermal environment differs so greatly that 

one can only conclude that this is a genetically predetermined 

response which is not markedly influenced by the thermal environment 

of the intermediate host' (Vernberg & Vernberg, 1966). Vernberg
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(1961a, b) contrasted the temperature tolerance of the cercariae 

of Himasthla quissetensis (Miller & Northup, 1926), which has gulls 

as its final host, and Z. lasius, and found that whilst Z. lasius 

cercariae cannot survive temperatures above 39°C, H. quissetensis 

cercariae can tolerate 41°C for prolonged periods. Vernberg 

correlated these findings with the body temperature of the definitive 

hosts of these species and suggested (1968) that this ' could well 

reflect a physiological preadaptation'.

Z. lasius was found to be more frequently involved in double 

infections than any of the other six relatively common digenean 

parasites of N. obsoletus. Vernberg, Vernberg & Beckerdite (1969) 

found that 12 out of 14 double infestations involved Z. lasius, and 

De Coursey & Vernberg (1974) found that 57% of the double infestations 

of Z. lasius were with Lepocreadium setiferoides (Miller & Northup, 

1926). Both species tend to shed cercariae in daylight and _L. 

setiferoides tends to suppress the shedding of Z. lasius. McDaniel 

& Coggins (1971, 1972), on the other hand, could not find more than 

one species shed by any individual snail. Although primarily found 

in the digestive gland, Z. lasius was found by De Coursey & Vernberg 

(1974) to spread to the gonadal area and the hepatopancreas in heavy 

infestations.

In Europe the metacercaria of Z. rubellus occurs in the connective 

tissue and muscles of Aristotle's lantern of sea-urchins. Timon- 

David (1933, 1934, 1937a, 1938) records it in Paracentrotus lividus, 

Sphaerechinus granularis and Arbacia aequituberculata in the 

Mediterranean, and experimental infestations (Timon-David, 1937a, 1938) 

of Blennius gattorugine yielded immature worms after 45 days.
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Stunkard (1941) described the metacercaria from the sea-urchin 

Psammechinus miliaris in northern Brittany. The metacercariae of 

Z. lasius in the USA are reported from the polychaetes Nereis virens 

(by Stunkard, 1938) and Leonereis culverti (by Vernberg & Vernberg, 

1971) and the limpet Acmaea intestinalis (by Stunkard, 1972).

The distribution of Z. rubellus includes, in addition to the 

northeastern Atlantic and the Mediterranean Sea, the Red Sea and the 

west coast of Africa. A wide range of teleosts have been recorded 

as definitive hosts, apparently Perciformes and Pleuronectiformes are 

the major groups implicated, but records from Clupeiformes and 

Zeiformes have been made. The records from Trachurus trachurus 

need confirmation as this fish does not prey on the known intermediate 

hosts of Z. rubellus.

PREVIOUS DESCRIPTIONS. Olsson (1868:40; as D. rubellum); Looss 

(1901:439; as Z. mirus); Goldschmidt (1902:870; 1905:607; as Z. mirus); 

Odhner (1902:59; 1911a:245); Nicoll (1909a:17).

Description: (Figs 2:1, 2a,b). 29 whole-mounts and 10 sets of serial 

sections were examined. The largest, most highly developed worms 

are from Anarhichas lupus (Fig. 2:1a, 2a,b). Dimensions of this 

species are included in Tables 2:1 and 2:2. The worms are very small 

and bear annular rows of very small tegumental spines. These reach 

posteriorly only as far as about the middle of the hindbody, and may 

not always be apparent at all. The subterminal oral sucker is more 

or less globular and leads to a distinct wide prepharynx and to an 

oval pharynx situated in about the mid-forebody. This gives rise to 

a long, wide oesophagus which is lined with tegument. It divides
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A

Fig. 2:1 Zooqonus rubellus (Olsson). a) Dorsal view, ex Anarhichas 
lupus, b) Terminal genitalia, c) Everted cirrus, 
d) Proximal female genitalia. Scale bar a = 0.2 mm.
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Table 2:1 Dimensions of Zoogonus rubellus as recorded in the literature.

Authority Olsson (1868) Looss (1901) Odhner (1902) Nicoll (1909) Odhner (1911)

Name used Distoma Zooqonus Zooqonus Zooqonus Zooqonus
rubellum mirus rubellus rubellus rubellus

Hosts Labrus Labrus Labrus Anarhichas Labrus &
berqyIta merula berqylta lupus Anarhichas

Locality Bergen Trieste Kristineberg St Andrews Sweden &  
Scotland

Length (mm) 0.7 1.55 1.1-1.9 0.75-1.0 0.9-1.2

Breadth (mm) - 0.95 0.95 - 0.25

Length:forebody
ratio

[1:0.35] [1:0.375] [1:0.28] [1:0.32] -

Oral sucker (mm) 0.12 0.15 0.115-0.135
diam.

0.10-0.12

Ventral sucker 
(mm)

0.22 0.13 0.18 0.135-0.165
diam.

0.13-0.19

Sucker ratio [1:1.2] [1:1.2] [1:1.2]

Prepharynx (mm) - 0.09 - - -

Pharynx (mm) - - 0.09-0.11 x 
0.085

0.10-0.13 x 
0.08-0.09

0.08-0.085 x 
0.06-0.065

Oesophagus (mm) - - - -

Cirrus-sac (mm) - - - - -

Testes (mm) - - - - -

Ovary (mm) - - - - -

Hlracldlum (urn) - 130 x 70 100 long - 100 long



Table 2:2 Dimensions of Zoogonus rubellus from various fishes

Host Anarhichas Labrus Labrus Limanda
lupus berqylta bimaculatus limanda

Locality North Sea Krlstlneberg Plymouth Plymouth

Length (mm) 0.87-1.16 0.80-0.93 0.62-0.69 1.1-1.2

Breadth (mm) 0.35-0.AO 0.19-0.20 0.29-0.32 0.53-0.56

Length : forebody 1:0.30-0.395 1:0.30-0.35 1:0.30-0.35 1:0.39-0.36
ratio

Oral sucker (mm) 0.12-0.19 x 0.10 x 0.08-0.09 x 0.19-0.19 x
0.12-0.19 0.11-0.12 0.10-0.12 0.16-0.18

Ventral sucker 0.15-0.18 x 0.12 x 0.10-0.12 x 0.19-0.20 x
(mm) 0.15-0.19 0.12 0.09-0.13 0.21-0.22

Sucker ratio 1:1.29-1.36 1:1 1:0.9-1.2 1:1.2-1.9

Prepharynx (mm) 0.09-0.05 0.05 0.05 0.06-0.08

Pharynx (mm) 0.10 x 0.07 x - 0.08-0.10 x
0.10 0.08 0.12-0.19

Oesophagus (mm) 0.22-0.37 - - 0.06

Cirrus-sac (mm) 0.20-0.29 x _ - 0.28-0.32 x
0.07-0.09 0.08-0.10

Testes (mm) 0.13-0.15 x _ 0.10-0.11 x 0.09-0.12
0.10 0.10-0.12 0.09-0.11

Ovary (mm) 0.13-0.17 x - - -

0.08-0.12

Miracidium (urn) 85-135 x immature immature immature
97-55

Platlchthys Pleuronectes
flesus olatessa

Plymouth Plymouth Mean

0.50-0.76 0.56-0.58 0.80

0.15-0.17 0.15 0.29

1:0.38-0.98 1:0.37-0.90 1:0.35

0.10 x 
0.10

0.09 x 
0.09

0.11 x 
0.12

0.09 x 
0.09

0.075-0.08 x 
0.075-0.08

0.13 x 
0.13

1:0.9 1:0.9 1:1.12

0.11 0.095-0.08 0.06

0.06 x 
0.06

0.05-0.055 x 
0.095-0.05

0.076 x 
0.066

0.20 0.16-0.22 0.20

- - 0.26 x 
0.08

- 0.07-0.08 x 
0.095-0.06

0.11 x 
0.09

- - 0.15 x 
0.10

immature immature

1
7
0



171

level with the posterior part of the ventral sucker or a little more 

posteriorly. There is a short, narrow region lined with tegument 

which leads to the wide, short, saccular caeca which are lined with 

epithelium. These caeca do not reach far into the posterior half 

of the hlndbody, but as the hindbody apparently develops allometrically, 

this relationship varies with age. The ventral sucker, which lies 

within the anterior half of the body, is similar in size to the oral 

sucker or may be slightly larger or smaller.

The excretory pore is terminal and leads into a short sac-like 

vesicle, which does not normally reach as far forward as the gonads.

The large testes lie symmetrically just posterior to the ventral 

sucker. It was not possible to fully trace the vasa efferentia, but 

there is, apparently, a very short vas-deferens which divides close 

to the cirrus-sac. This latter organ is elongate and reaches well 

into the hindbody to about the level of the posterior margin of the 

testes and is often twisted distally. It contains a bipartite 

seminal vesicle which may be narrow (Fig. 2:1b) or bulbous (Fig.2:2a), 

a short, vesicular pars prostatica and a narrow ejaculatory duct which 

is, apparently, not lined with spines. The remainder of the cirrus- 

sac is filled with gland-cells and connective tissue. A small genital 

atrium receives the ejaculatory duct beside the metraterm. The 

genital pore lies almost marginally at about the level of the middle 

of the ventral sucker and on the left side of the body. The cirrus 

is often everted a short way through the genital atrium (Fig. 2:1c).
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A

Fig. 2:2 a,b) Zooqonus rubellus (Olsson). a) Ventral view,
ex Labrus berqylta. b) Ventral view of immature worm 
ex Pleuronectes platessa. c) Zooqonus lasius (Leidy), 
subventral view, ex Leiostomus xanthurus.
Scale bars a,b,c = 0.2 mm.
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Table 2:3 Dimensions of Zooqonus lasius.

Authority 

Name used

Stunkard
(1938)

Zooqonus

Present
study
Zooqonus

Present
study

Zooqonus
rubellus lasius lasius

Hosts 4 fish spp. Leiostomus Trinectes
(3 expl) xanthurus maculatus

Locality Massachusetts Chesapeake Bay Chesapeake Bay

Length (mm) 0.7-1.2 0.94-1.05 0.84

Breadth (mm) 0.18-0.28 0.15-0.18 0.18

Length:forebody 
ratio
Oral sucker (mm) 0.07-0.08

diam.

1:0.37-0.«

0.04-0.06 x 
0.05-0.06

1:0.35

0.08 x 
0.07

Ventral sucker 
(mm)

0.075-0.085
diam.

0.06-0.08 x 
0.07-0.08

0.09 x 
0.08

Sucker ratio - 1:1.3-1.4 1:1.1

Prepharynx (mm) - 0.25-0.31 0.17

Pharynx (mm) 0.04-0.06 
diam.

0.03-0.05 x 
0.04-0.05

0.06 diam.

Oesophagus (mm) - 0.17-0.24 0.17

Cirrus-sac (mm) - 0.15-0.20 x 
0.04-0.05

0.17 x 
0.04

Testes (mm) 0.032-0.073
diam.

0.12-0.13 x 
0.09

0.08 x 
0.05-0.06

Ovary (mm) 0.04-0.06 0.08 diam. 0.07 x 0.06

Miracidium (urn) 90-120 x 36-45 
(fixed) 

100-130 x 
45-56 (alive)

94-128 x 
40-47

102-137 x 
50-59
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The ovary, canalicular seminal receptacle and single, subglobular 

vitellarium are situated close together in the area between the 

short caeca. Unfortunately the 10 sets of sectioned specimens do 

not clearly show the ducts which connect these organs, or Laurer's canal, 

although it appears that this latter organ opens on the dorsal 

surface at about the level of the ovary (Fig. 2:Id). The ovary lies 

more or less in the median line close to the dorsal surface with the 

seminal receptacle ventro-dextral and the vitellarium sinistral.

The vitellarium is in the form of a small, subspherical body. The 

uterus fills the hindbody posterior to the gonads and passes forward 

to form a short, narrow, muscular metraterm apparently lined with 

fine spines. The uterus contains miracidia apparently surrounded 

by an egg-capsule, which may vary in thickness but is never tanned, 

being membraneous. The eggs may be elongate in the uterus or packed 

closely and flattened at the ends. Thus measurements of eggs 

in utero are of limited taxonomic value.

DISCUSSION. The validity of Z. rubellus and Z. lasius was discussed 

on p. 162. Z. mirus, the original type of the genus was considered

a synonym of Z. rubellus by Nicoll (1909a) and no one has seriously 

questioned this conclusion. Stunkard (1941) believed that 'at 

present there is no basis for a positive distinction between species 

of Zoogonus from the North Sea (i.e. rubellus) and the Mediterranean 

(i.e. mirus) . . . ' I agree with this, there being no morphological 

or other features which have been raised to substantiate the validity

of Z. mirus.
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Genus DIPHTEROSTOMUM Stossich, 1903. 

synonyms: Diphtherostomum Stafford, 1905.

Zoonogenus Nicoli, 1912.

DIAGNOSTIC FEATURES: see p. 52.

Key to Diphterostomum spp. found in the northeast Atlantic.

1 a. Ventral sucker with muscular lips . . D. brusinae (Stossich, 1888)(p . 175).

b. Ventral sucker lacking muscular lips .....................  2

2 a. Sucker ratio 1: greater than 2.3; parasite of teleosts . .

. . . .  D. vividum (Nicoli, 1912)(p. 193).

b. Sucker ratio 1: less than 2.3; parasite of elasmobranchs . .

. . . .  D. betencourti (Monticelli, 1893)(p. 187).

Diphterostomum brusinae (Stossich, 1888) Stossich,

1903

synonyms: Distoma brusinae Stossich, 1888.

Pleurogenes brusinae (Stossich, 1888) Stossich, 1899.

Distoma (Brachycaecum) brusinae (Stossich, 1888) Barbagallo

& Drago, 1903

(?) Sporocystis sp. de Filippi, 1854.

(?) Distomum buccini mutabilis de Filippi, 1855.

(?) Cercaria (Acanthocephala) buccini mutabilis (de Filippi,

1855)Diesing,1858.

(?) Agamodistomum buccini mutabilis (de Filippi,1855) Parona,

1912

Cercaria inconstans Sinitsin, 1911.

Adolescaria inconstans Sinitsin, 1911.

(?) Cercaria crispata Pelseneer, 1906.

Diphterostomum sargus annularis Vlasenko, 1931.
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Diphterostomum spari Yamaguti, 1938.

Diphterostomum macrosaccum Montgomery, 1957.

Diphterostomum anisotremi Nahhas & Cable, 1964.

Diphterostomum tropicum Durio & Manter, 1968.

Diphterostomum israelense Fischthal, 1980.

TYPE-HOST AND LOCALITY. Oblada melanura, Trieste, Italy.

RECORDS

(i) Material studied

(a) From the NE Atlantic.

None

(b) From elsewhere.

Split, Yugoslavia 

(May, 1968), material lent by 0. Sey (see Sey, 1970); and (Sept. 

1975). BM(NH) 1982.4.21.1-2.

Lethrinus sp. £?J New Caledonia. Holotype of D. tropicum.

USNM 63308.

Sillago analis Jrectumj Deception Bay, Queensland, Australia.

(Jan. 1981). Collector: G. Berry. BM(NH) 1982.12.22.38.

Sillago maculata jrectumj Deception Bay, Queensland, Australia.

(Sept. 1980, 1981). Collector: G. Berry. BM(NH) 1982.12.22.14-37. 

Symphodus tinea Jrectumj Split, Yugoslavia. (Sept. 1975). BM(NH) 

1982.4.21.3-12.

Diplodus annularis rectum, small intestine

(ii) NE Atlantic records from the literature.

Blennius ocellaris intestine Roscoff, Finistère, France.

(?)

Sproston (1939:40).

Diplodus vulgaris JJ?j Oveido, 

Cordero del Campillo (1975:81;

Spain. Martinez Fernandez, 

as _D. sp., not described).

in



Fig. 2:3 Diphterostomum brusinae (Stossich) ex Symphodus 
tinea, a) Tegumental spines in ventral forebody, b) Lateral 
view of ventral sucker opening and lips. Scale bars, a = 
2 /¿m, b = 20 ¿jm.

c) Diphterostomum brusinae (Stossich), ventral sucker lip.
d) Zooqonoides viviparus (Olsson), photomicrograph of section 
showing atrial sac (arrowed). Scale bars, c = 10 /¿m, d 
= 30 jjm.
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ASPECTS OF BIOLOGY

Records of larval stages in NE Atlantic, 

(a) First intermediate host.

(?) Natica alderi

Cercaria crispata).

Boulogne, France. Pelseneer (1906:171; as

(?) Nassarius reticulatus ? St. Efflam, Finistère, France. Richard 

(1971:151; as D. sp.).

(b) Second intermediate hosts.

None.

Richard (1971) described the chaetotaxy of the cercaria she 

considered Diphterostomum sp. and Bayssade-Dufour. & Maillard (1974), 

also using chaetotaxy, compared it with the cercariae of D. brusinae 

from Nassa mutabilis in the Mediterranean Sea. They concluded that 

Richard's cercaria belonged to the same genus, but did not comment 

as to whethèr they might be conspecific. Palombi (1930) also 

found the daughter-sporocyst in Nassa mutabilis in the Mediterranean. 

He found the sporocysts to contain about 20 cercariae in various 

stages of development. The cercaria itself is a tailless 

xiphidiocercaria, without eyespots, and bears a prominent ventral 

sucker with the characteristic muscular lips. In N. mutabilis 

the metacercariae develop within the daughter-sporocysts and, 

therefore, this snail serves as both first and second intermediate 

hosts. On being fed to Blennius gattorugine, Crenilabrus pavo and 

Sargus vulgaris by Palombi metacercariae developed to ovigerous 

adults in 40 days, the entire life-cycle requiring about six months. 

Other reports of the life-cycle (Dolgikh, 1965a, b, 1966a, b, 1968, 

1970; Prevot, 1966; Zaika 1966; Dolgikh & Naidenova, 1967; Gaevskaja, 

1972; Zdun & Ignatyev, 1980a, b) suggest that it is rather variable
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Fig. 2:4 Diphterostomum brusinae (Stossich). a) Ventral view, 
ex Symphodus tinea, b) Cirrus-sac, ex S. tinea, 
c) Cirrus-sac, ex Diplodus annularis, d) Diagram 
of female proximal genitalia.
Scale bar a = 0.5 mm.
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and that a number of different types of organism can be utilized as 

second intermediate host. Prevot (1966) described a metacercaria 

from the crinoid Antedon mediterranea, and Zaika (1966) described a 

metacercaria similar to D. brusinae in the cephalochordate 

Branchiostoma lanceolatus. Dolgikh 4 Naidenova (1967) and other 

workers in the Black Sea region discovered the cercaria ('Cercaria 

inconstans') from Nassa reticulata and Cyclonassa kamyschiensis.

In addition to encysting within the daughter sporocyst in the gastropod 

and passing to lamellibranch second intermediate hosts (Venus, Pitar, 

Gouldia, Spisula, Modiolus, Chamelea, Parvicardiumj: to encyst, the 

cercariae may also encyst on plants, sponges and hydroids. This 

flexibility and variability of the life-cycle is reflected in 

considerable morphological variability in the adult.

The adult is normally to be found in the posterior intestine and 

rectum of perciform teleosts, notably of the families Sparidae, 

Gobiidae, Labridae, Pomadasyidae and Blennidae. Most records are 

from the Mediterranean and Black Seas, with occasional reports from 

the north Atlantic, Caribbean Sea and Gulf of Mexico, Arabian Sea,

North Pacific Ocean, Queensland (Australia), New Zealand, New 

Caledonia and SW Atlantic.

PREVIOUS DESCRIPTIONS: Stossich (1888:99; 1889:25); Looss (1901:

399); Palombi (1930:111); Vlasenko (1931:103;as D. sargus annularis); 

Yamaguti (1934:400; 1938:92;as D. spari); Timon-David (1937b:3); 

Montgomery (1957:16; as D. macrosaccum); Ergens (1960:80; as D. spari); 

Nahhas & Cable (1964:200; as D. anisotremi); Brinkmann (1967:6); 

Naidenova (1967:488); Durio & Manter (1968:152; as D. tropicum);

Fischthal & Thomas (1968:139; as D. anisotremi); Fischthal (1980:14;
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A B

Fig. 2:5 Diphterostomum brusinae (Stossich). a) Lateral view, 
ex Diplodus annularis, b) Ventral view, ex Sillaqo 
maculata. Scale bars a = 0.5 mm, b = 0.2 mm.
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as D. israelense); Amato (1983:692; as D. anisotremi).

DESCRIPTION. (Figs. 2:3a-c, 4, 5).

Five whole mounts from Diplodus annularus and 11 wholemounts and 

two sets of serial sections from Symphodus tinea were studied along 

with eight whole mounts from Sillago maculata, three whole mounts 

from Sillago analis and the holotype of D. tropicum. Whilst much of 

the morphology of these worms from all hosts is similar, striking 

differences in the structure of the cirrus-sac will be described below. 

The dimensions of this worm are given in Table 2:4. The worms 

are elongate oval (Figs.2:4a, 5), bearing annular rows of acuminate 

tegumental spines (Fig. 2:3a) reaching posteriorly to the region of 

the ventral sucker. The subterminal to terminal (Fig. 2:5) oral 

sucker leads, via a short prepharynx, into a small, globular 

pharynx. This, in turn, leads to a distinct, long oesophagus which 

bifurcates in the posterior forebody. The caeca are short, and 

somewhat saccular, overlapping the ventral sucker slightly or to about 

its middle. The large ventral sucker lies mainly in the posterior 

half of the body. It is strongly muscular and has protruding 

lamellar muscular anterior and posterior lips (Fig. 2: 3b, c).

The excretory pore is terminal and leads via a short narrow 

duct into a small, globular vesicle.

The testes, which are often surrounded by eggs and therefore not 

easily seen, lie obliquely or symmetrically either side of the 

proximal female complex and often overlap the posterior border of 

the ventral sucker. They are oval, normally slightly smaller 

than the ovary and may lie contiguous to the vitelline masses.

The vas deferens was not seen. Two types of cirrus-sac were seen:



Table 2:4 Dimensions of Dlphterostoroum brusinae.

Author!ty Stosslch
(1888, 1889)

T imon-David 
(1937)

Vlasenko
(1931)

Ergens
(1960)

Fischthal
(1980)

Present
study

Present
study

Present
study

Name used Distoma Dlphterostomum Dlphterostomum Diphterostomum Diphterostomum Dlphterostomum Diphterostomum Diphterostomum

bruslnae bruslnae sarqus-
annularis

sparl israelense brusinae bruslnae brusinae

Hosts Oblada Blennius Diplodus Diplodus Diplodus spp. Crenilabrus Diplodus Slilaqo spp.

melanura aattoruqine annularis annularis Saurida tinea annularis

Locality Trieste Gulf of 
Marseilles

Black Sea Albania Israel Yugoslavia Yugoslavia Queensland

Length (mm) 0.75-1.2 0.90 0.97-1.09 1.09-1.29 0.73-1.18 0.63-0.81 0.89-1.0 0.60-0.70

Breadth (mm) 0.3 0.25-0.30 0.39-0.92 0.31-0.38 0.17-0.26 0.21-0.28 0.27 0.15-0.29

Length:forebody 
ratio

Oral sucker (mm)

[1:0.93] [1:0.97]

0.10-0.11
diam.

[1:0.39]

0.12-0.13

[1:0.96-0.99]

0.11-0.16

[1:0.53-0.55]

0.09-0.12 x 
0.09-0.13

1:0.98-0.53

0.10-0.11 x 
0.10-0.12

1:0.93-0.52

0.12 x 
0.09-0.12

1:0.35-0.50

0.09-0.10 x 
0.06-0.09

Ventral sucker 
(mm)

- 0.20-0.23 0.25-0.26 0.25-0.29 0.16-0.23 x 
0.19-0.20

0.18-0.21
0.15-0.18

0.18 *  
0.20

0.19-0.15 x 
0.13-0.17

Sucker 1 width 
ratio | length

[1:2.29]
[1:1.69]

[1:1.7]
[1:1.8]

[1:1.9]
[1:2.7]

[1:1.7] 
[1:2.1-2.9]

1:1.92-1.61
1:1.62-1.90

1:1.50-1.59 
1:1.62-2.08

1:1.67
1:1.50-2.39

1:1.9-2.0

Pharynx (mm) - 0.09 diam. 0.09 0.09-0.095 x 
0.05

0.039-0.098 x 
0.032-0.099

0.09-0.05
diam.

0.09-0.05
diam.

0.09-0.05 x 
0.03-0.09

Oesophagus (mm) - 0.19 - 0.25-0.32 0.22-0.35 0.13-0.17 0.125-0.25 0.07-0.11

Cirrus-sac (mm) [straight] straight crescent 
0.20-0.30 x 
0.09-0.075

recurved 
0.16-0.20 + 
0.19-0.15 x 
0.05-0.06

straight 
0.15-0.20 x 
0.06-0.07

0.15-0.29 x 
0.09-0.095

Testes (mm) - - 0.07-0.12 x 
0.08-0.19

0.11-0.13 x 
0.08-0.11

0.06-0.07 x 
0.085-0.11

- 0.08-0.11 x 
0.06-0.08

0.07-0.10 x 
0.09-0.06

Ovary (mm) - - 0.08-0.12 0.07-0.11
diam.

0.07-0.10 x 
0.07-0.09

0.09-0.10 x 
0.08-0.09

0.12 x 
0.09

0.04-0.06
diam.

Eggs (urn) - 95 x 20 35-38 x 13-16 93-57 x 19-21 33-99 x 13-18 30-95 x 15-29 35-39 x 12-18 28-31 x 9-11

182
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1) In Diplodus annularis the cirrus-sac is short, straight or 

slightly curved and slants posteriorly at an acute angle

(Fig 2:4c). The bipartite seminal vesicle has a larger proximal 

section and leads into a vesicular pars prostatica lined with 

globule-like anuclear bodies. Numerous glandular prostatic 

cells surround the pars prostatica and the straight ejaculatory 

duct and tend to obscure their details.

2) In Symphodus tinea and Sillago spp. the cirrus-sac is long 

and strongly reflexed and overlaps the ventral sucker to a much 

greater degree than is seen in the specimens from D. annularis 

(Fig. 2:4b). The bipartite seminal vesicle has subequal, 

globular portions and leads to a long pars prostatica which is 

particularly wide proximally. It is lined with globule-like 

anuclear bodies or villous filaments. It apparently reaches 

almost to the distal extremity of the cirrus-sac, where it becomes 

a short, narrow ejaculatory duct could not be precisely 

delineated. The cirrus-sac also contains numerous gland-cells.

In both cases the ejaculatory.duct opens into a shallow genitali:al 

atrium on the left margin of about the middle of the forebody. .¿y.

The subglobular ovary lies dorsally to the posterior half of the 

ventral sucker in about the median line or slightly displaced to the 

right. The oviduct passes posteriorly from the ovary and receives 

the common vitelline duct and the duct from both Laurer's canal and 

the seminal receptacle before entering Mehlis' gland. The small, 

sac-like, canalicular seminal receptacle is connected to the dorsal 

surface by a convoluted Laurer's canal which opens dorsally to one 

of the testes (Fig. 2:4d). The uterus containing numerous eggs 

fills much of the hindbody. The egg-capsules are very thin and in
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fixed specimens the eggs may appear to vary in size according to 

the medium in which they are mounted. In some preparations the egg- 

capsule appears completely membraneous while in others it appears, 

under certain optical conditions, to be very lightly tanned.

The metraterm is wide and muscular in the S. tinea and Sillago spp. 

specimens and is much less so in D. annularis. The vitellarium 

consists of two subglobular masses which lie either side of the ovary 

and are connected by a broad isthmus from which the common vitelline 

duct leads.

DISCUSSION. The two distinct forms of terminal genitalia described 

above indicates that two species may be present. I have not, 

however, separated these forms for a number of reasons.

1) The literature, in particular Palombi (1930), shows a wide 

variation in the form of the cirrus-sac. In Palombi's paper 

the cirrus-sac is figured in a variety of forms and the figure 

(Table 1, Fig. 1) which shows the longest, most reflexed cirrus- 

sac is of a specimen from Diplodus vulgaris, a fish congeneric 

with the host of my 'short cirrus-sac' form (1). Some figures 

in the literature (e.g. Looss, 1901) show an intermediate form, 

but in my, admittedly limited, material there is no evidence of 

an intermediate form.

2) My studies of the species Pseudozoogonoides subaequiporus 

(see below p. 198) indicate that the cirrus-sac varies in form 

in a similar way to that postulated here for D. brusinae.

3) It is difficult to be certain from Stossich's (1889) figure 

to which form the type-specimens belong.
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4) This species has been recorded, as such, only once in the NE Atlantic 

and I have no specimens from this region.

It is clear, however, that the structure of the cirrus-sac needs more 

careful study in this species. Further studies of material from the 

Mediterranean basin may show that more than one species have been 

confused; and this may account for the variation apparently found 

in the life-cycle.

The Sillago specimens occasionally show a slightly infundibuliform 

terminal oral sucker (Fig. 2:5b), but not invariably. The eggs in 

these specimens also tend to be smaller than the Mediterranean form.

Diphterostomum sargus annularis Vlasenko, 1931, from Diplodus 

annularis in the Black Sea has been considered a synonym of D. 

brusinae by Dolgikh & Naidenova (1967) and this seems acceptable as 

no differences between it and the generalized form of D. brusinae 

which I describe can be found. This also applies to D. spari 

Yamaguti, 1938, of Ergens (1960), who describes his form from 

Diplodus vulgaris off Albania. I am inclined to consider that 

Yamaguti's original single specimen of D. spari, from Sparus 

longispinus in Japan, belongs to D. brusinae. He distinguishes 

this species on egg-size (about 60 x 24pm), but this single 

measurement indicates that he measured only one or a few eggs. The 

egg-capsule is very thin and I have found that specimens mounted in 

Canada balsam show an egg-size distinct from those mounted in 

glycerine jelly, so it appears that this character should be used 

with caution in this group. Published measurements of D. brusinae

approach those quoted for D. spari.
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Diphterostomum macrosaccum Montgomery, 1957, from the 'cardiac end 

of stomach' of Neoclinus uninotatus from California appears to be 

a typical example of the long cirrus-sac form of D. brusinae.

The genital pore is said to be dorsal, but is close to the lateral 

margin and is not readily distinguishable from the lateral pore of 

D. brusinae. This is, therefore, the first record of D. brusinae 

from the western coast of USA although it has previously been 

recorded in the north Pacific by Yamaguti (1934, 1938) from Japan.

Diphterostomum anisotremi Nahhas & Cable, 1964, from pomadasyid 

fishes off Florida, Jamaica, Venezuela, southern Brazil and Ghana 

is herein considered a synonym of D. brusinae. The sucker is 

obviously strongly muscular although the lips were not originally 

described, and in the specimen figured in the original description 

the sucker has taken up a lateral configuration which often happens in 

D. brusinae (see Fig. 2:5a). Amato's (1983) description, 

however, stresses the muscular 'flap-like' extensions of the ventral 

sucker. The sucker ratios quoted by Nahhas & Cable (1964) and Amato 

(1983) are 1:2-2.35 and 1:2.06-2.47, respectively, which appear to be 

slightly more than is usual for D. brusinae. Fischthal & Thomas 

(1968) quoted the figures 1:1.46-2.0 when recording this parasite 

from Pomadasys jubelini off Ghana. It should be noted that this 

host in the southeast Atlantic has been recorded as a host of I). 

brusinae by Aleshkina (1979).

Diphterostomum tropicum Durio & Manter, 1968, recorded from 

Lethrinus sp., New Caledonia, L. glyphodon, Queensland, Australia
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(Durio & Manter, 1968) and Chrysophrys auratus, New Zealand (Korotaeva, 

1975) is herein considered a synonym of D. brusinae. Examination of 

the holotype (USNM 63308) has shown that muscular lamellar lips 

are present on the ventral sucker, so the major point of difference 

reported by Durio & Manter appears to be invalid. The other 

differentiating features invoked by Durio & Manter do not appear to 

differ from those exhibited by D. brusinae as described above.

Diphterostomum israelense Fischthal, 1980, from Diplodus sargus,

D. annularis and Saurida undosquamis from the Israeli coast of the 

Mediterranean, is not distinguishable from D. brusinae. The 

variations in this species which we describe above comfortably 

encompass Fischthal's (1980) description, and D. annularis is one 

of the hosts from which our material was recovered.

Diphterostomum betencourti (Monticelli, 1893)

Odhner, 1911

synonyms: Distomum betencourti Monticelli, 1893.

Pleurogenes betencourti (Monticelli, 1893) Stossich, 1899.

Distoma lutea van Beneden, 1871 nec von Baer, 1857.

Brachycoelium luteum (van Beneden, 1871) Giard, 1897.

Diphterostomum luteum (van Beneden, 1871) Stossich, 1903.

Distomum (Brachycoelium) luteum (van Beneden, 1871)

Giard, 1907

TYPE-HOST AND LOCALITY. Scyliorhinus caniculus, Belgian coast. 

RECORDS

(i) Material studied from the NE Atlantic

(a) From the NE Atlantic

Scyliorhinus caniculus spiral intestine^ Roscoff, Finistère, France
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(Sept. 1938). Collected by 0. Nybelin. Lent by Goteborgs 

Naturhistoriska Museet.

Scyliorhinus stellaris ^spiral intestine^ Roscoff, Finistère, France 

(Sept. 1938). Collected by 0. Nybelin. Lent by Goteborgs 

Naturhistoriska Museet.

(b) From elsewhere

None.

(ii) NE Atlantic records from the literature 

(?) Chelon labrosus Jintestine^ Ostende, Belgium. van Beneden (1871: 

28; as Distoma luteum, 'Elles ressembles beaucoup à un Distoma 

que nous avons vu dans le Scillium canicula').

Scyliorhinus caniculus jjintestinej Belgian coast.van Beneden (1871:3; 

as Distoma lutea).

-------  JrectumJ Saint Serran, Ille-et-Vilaine, France. Dollfus

(1937:60).

------ JrectumJ Roscoff, Finistère, France. Dollfus (1937:60).

-------  [Spipiral intestine Roscoff, Finistère, France. Sproston

(1939:37).

Scyliorhinus stellaris Wimereux, Artois, France. Monticelli

(1890:424; as Distomum luteum); Odhner (1911a:242).

stomach Boulogne, Artois, France. Dollfus (1937:61).

ASPECTS OF BIOLOGY. This species, along with Pseudozoogonoides 

sp. innom., is among the few zoogonids described from elasmobranchs. 

In contrast to the third zoogonid species from elasmobranchs, 

Steganoderma (Steganoderma) formosum, reported as an accidental

parasite of Squalus acanthias and Raja naevus by Myers (1959) and
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Threlfall (1969), this species appears to inhabit these dogfish as 

its preferred hosts. The above records are, I believe, a complete 

list of the records of this species. It is, therefore, reported 

from a very restricted area.

No details of the life-history are known.

PREVIOUS DESCRIPTIONS, van Beneden (1871: Plate IV fig.9; as Pistoma 

lutea); Monticelli (1890:424; as Distomum luteum); Stossich (1903:193; 

as Distomum betencourti); Odhner (1911a:242).

DESCRIPTION (Fig. 2:6). Five specimens from S. caniculus and two from 

S. stellaris were examined in flattened whole-mount preparations 

(Fig. 2:6). The dimensions are given on Table 2:5. The body is 

oval in outline and bears spines back to about the level of the 

ventral sucker. The subglobular oral sucker opens subterminally, 

and leads via a small prepharynx, or sometimes apparently directly, 

into a small globular pharynx. The distinct oesophagus varies 

considerably in length and bifurcates in the posterior half of the 

forebody, giving rise to short caeca which reach to about the middle 

of the ventral sucker, abutting the anterior edge of the testes.

They are normally bulbous, but may appear narrow. The ventral 

sucker is larger than the oral, but does not bear the conspicuous 

muscular lips of D. brusinae. It is transversely elongate, lying 

in the posterior half of the body.

The excretory pore is terminal. The details of the vesicle were 

not seen, but in some worms a large, bulbous vesicle can be seen 

posteriorly to the uterine field.



Fig. 2:6 Diphterostomum betencourti (Monticelli). a,b) Flattened specimens, ex Scyliorhinus
caniculus. c) Flattened specimen, ex Scyliorhinus stellaris. Scale bar a,b,c = 0.5 mm.

1
9
0
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The oval testes usually lie with their long axis orientated 

longitudinally in a symmetrical to oblique configuration to either 

side of the anterior, middle or occasionally posterior region of 

the ventral sucker. The long cirrus-sac reaches to a point between 

a level just posterior to the anterior margin of the ventral sucker 

and a level just posterior to the ventral sucker. It is usually more 

or less straight, but may be twisted distally. A bipartite seminal 

vesicle, which varies in size, is contained within the cirrus-sac 

along with a long wide pars prostatica lined with cell-like blebs 

and filaments and surrounded by gland-cells and a muscular ejaculatory 

duct which may occasionally be everted to form an irregularly lobed 

cirrus (Fig. 2:6b). A small, distinct genital atrium occurs. The 

genital pore lies on the left lateral margin of the mid-forebody.

As only flattened wholemounts were available for study some details 

of the female system were not seen. The oval ovary lies dorsally 

to the posterior edge of the ventral sucker or in that vicinity.

The seminal receptacle and Laurer's canal were not seen. The egg

shells are thin, but apparently very lightly tanned, and are mostly 

collapsed, and the uterus occupies much of the hindbody. The 

muscular metraterm loops anteriorly to the distal end of the cirrus-sac 

and enters the genital atrium via its anterior wall. Two large 

subglobular masses form the vitellarium, which lies dorsally or 

posteriorly to the ventral sucker, the lobes lying in either an 

oblique or a tandem arrangement.

DISCUSSION. This species is poorly known. Monticelli (1893) 

replaced the preoccupied name Distoma lutea van Beneden, 1871, with 

D. betencourti; but no full description, with adequate metric data,

has previously been presented. Cercaria lutea (van Beneden) of



Table 2:5 Dimensions of Diphterostomum betencourti.

Authority

Host

Monticelli
(1890)

S. caniculus

Stossich
(1903)

S. caniculus

Odhner
(1911a)

S. stellaris

Present
study

S. caniculus

Present
study

S. stellaris

Length (mm) 2-3 2-3 2-2.5 0.81-1.62 0.69-0.75

Breadth (mm) - 1-1.5 1.1-1.3 0.41-0.85 0.43-0.44

Length:forebody 
ratio

- - - 1:0.44-0.51 1:0.43-0.51

Oral sucker (mm) 0.3 diam. 0.16-0.25 x 
0.17-0.25

0.15-0.17 x 
0.17-0.18

Ventral sucker 
(mm)

- - 0.43 x 
0.60-0.65

0.10-0.32 x 
0.27-0.55

0.19-0.20 x 
0.29-0.28

Sucker ratio - - - 1:1.5-2.3 1:1.6

Pharynx (mm) - - 0.24 0.07-0.11 x 
0.06-0.12

0.08 diam.

Oesophagus (mm) - - - 0.06-0.18 0.06-0.17

Cirrus-sac (mm) - - - 0.30-0.78 x 
0.08-0.18

0.40-0.41 x 
0.10

Testes (mm) - - - 0.12-0.30 x 
0.07-0.20

0.17-0.18 x 
0.10-0.12

Ovary (mm) - - - 0.11-0.20 x 
0.06-0.15

-

Eggs (urn) - - 34-36 30-34 x 13-16 31-32 x 15-16

192
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Giard (1897) is probably a synonym of Bacciger bacciger (Rudolphi,

1819) (see Bray & Gibson, 1980).

Diphterostomum vividum (Nicoll, 1912) n.comb. 

synonyms: Zoonogenus vividus Nicoll, 1912.

Zoogonoides vividus (Nicoll, 1912) Yamaguti, 1953.

TYPE-HOST AND LOCALITY. Pagellus bogaraveo, Aberdeen.

RECORDS.

(i) Material studied

(a) From NE Atlantic

Pagellus bogaraveo jrectumj Plymouth, Devon, England (Oct. 1972).

(b) From elsewhere 

None.

(ii) NE Atlantic records from the literature

Pagellus bogaraveo jrectumj Aberdeen, Scotland. Nicoll (1912:200; 

1913:189).

-------  j^rectumj Plymouth, Devon, England. Nicoll (1912:200; 1913:189).

ASPECTS OF BIOLOGY. This species is little known. It has only 

been recorded from the rectum of P. bogaraveo in the two localities 

mentioned above.

PREVIOUS DESCRIPTION. Nicoll (1912:200).

DESCRIPTION. (Fig. 2:7a, b). Five specimens, two as both whole mounts 

and serial sections, have been studied. The dimensions are 

included in Table 2:6. These oval worms have transverse rows of 

tegumental spines which reach back to about the level of the middle 

of the ventral sucker. The oral sucker may be terminal and slightly 

infundibuliform or more or less globular with a subterminal opening.



Fig. 2:7 a,b) Diphterostomum vivldum (Nicoll), Ventral views, c) Pseudozoogonoides sp. 
ex Sgualus acanthias, Ventral view. Scale bars a,b,c = 0.5 mm.

innom.

1
9
4
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A short prepharynx leads via a small, globular pharynx to a distinct 

oesophagus which bifurcates in the mid to posterior forebody region.

The caeca reach no further posteriorly than the middle of the ventral 

sucker. In about the middle of the body a large, subcircular ventral 

sucker is found, without a strongly developed musculature.

The excretory pore is terminal, leading into a small sac-like 

vesicle, often containing acinous crystalline structures.

The testes, which are not clearly seen in whole mounted worms, 

lie symmetrically to slightly obliquely close to the posterior 

margin of the ventral sucker. They are mainly post-ovarian and 

lie contiguous with the vitelline masses. The large, recurved 

cirrus-sac reaches dorsally to the ventral sucker (Fig. 2:7a, b).

The proximal part contains a bipartite seminal vesicle and part of a 

wide pars prostatica. The distal part runs transversely and contains 

the remainder of the pars prostatica and a short ejaculatory duct 

which may be extended to form a cirrus. The small genital atrium

opens on the left lateral margin at about the level of the intestinal 

bifurcation.

The subglobular ovary overlaps the posterior margin of the ventral 

sucker. The elements of the female system are closely packed making 

interpretation of details difficult. The oviduct appears to pass 

posteriorly from the ovary and receives Laurer's canal, which passes 

anteriorly and opens dorsally at about the mid-level of the ovary. 

Posteriorly to the ovary and vitellarium is the ampullaceous seminal 

receptacle with a duct whose full course could not be traced. An 

amorphous Mehlis' gland apparently lies in about the median line at 

about the level of the seminal receptacle. The uterus, which occupies
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Table 2:6 Dimensions of Diphterostomum vividum and 
Pseudozooqonoides sp. innom.

Diphterostomum vividum Pseudozooqonoides
sp. innom.

Authority Nicoll
(1912)

Present
study

Present
study

Length (mm) av. 1.9 0.80-0.89 0.59

Breadth (mm) av. 0.9-6 0.32-0.37 0.25

Length:forebody 
ratio

[1:0.50] 1:0.32-0.37 1:0.99

Oral sucker (mm) c. 0.16 diam. 0.10 x 0.13 0.11 x 0.08

Ventral sucker 
(mm)

c. 0.39 diam. 0.30-0.33 x 
0.30

0.15 x 0.13

Sucker ratio § width:1:2.3 
length: 
1:2.08-3.3

width:1:1.6 
length:1:1.9

Pharynx (mm) 0.07 diam. 0.05-0.06
diam.

0.32 x 0.27

Oesophagus (mm) 'shorter than 
pharynx'

0.13 x 0.19 0.07

Cirrus-sac (mm) - 0.36-0.91 x 
0.05

0.29 x 0.06

Testes (mm) c. 0.25 x 
0.12

- 0.10-0.11 x 
0.05

Ovary (mm) 0.09 - 0.075 x 0.05

Eggs (]jm) 16-36 x 12-18 31-39 x 12-19 95-55 x 19-25

§ Ventral sucker 'distinctly more than twice [size] of oral sucker 
and in some cases it is nearly three times.'
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much of the hindbody contains small eggs with thin membraneous 

capsules. Dorsally to about the middle of the ventral sucker the 

uterus forms a wide, muscular metraterm which enters the genital atrium 

through a narrow opening in its posterior wall. The vitellarium 

consists of two masses joined by a broad isthmus from which the 

common duct passes into the oviduct.

DISCUSSION. The major discrepancy between my observations and those 

of Nicoll (1912) concerns the nature of the vitellarium. Nicoll 

describes it as 'a small compact mass lying near the ovary, sometimes 

on its right side, sometimes behind it', In none of my wholemounts 

could the vitellarium be adequately observed. Perhaps Nicoll had 

similar problems. He also stated that 'the parasites were usually 

in a more or less macerated condition'. My observations indicate 

that this species should be included in the genus Diphterostomum and 

differs from D. brusinae in the size and nature of the ventral sucker. 

In the few specimens of D. vividum I have available I was unable to 

see muscular, lamellar lips on the ventral sucker. Both the sucker- 

width and sucker-length ratios of D. vividum exceed that of D. brusinae 

with no overlap (see Tables 2:4 and 6).

Genus PSEUDOZOOGONOIDES Zhukov, 1957.

DIAGNOSTIC FEATURES: see p. 61.

COMMENT. Zhukov (1957) distinguished the genus Pseudozoogonoides from 

Diphterostomum on the structure of the ventral sucker, which in the 

latter genus has strongly muscular lamellar lips. To some extent 

it is a matter of personal preference whether this single character 

is considered to be of generic importance, but my studies reported 

below have suggested that Pseudozoogonoides should be retained for 

those zoogonines with two vitelline masses, relatively narrow

elongate caeca and an atrial sac. Skrjabin (1957) refers to Zhukov's
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unpublished dissertation and mentions two possible further 

differentiating features; these are 1) that Diphterostomum is a 

southern form while Pseudozoogonoides is northern and 2) the known 

details of the life-cycle are different, in that the metacercariae of 

P. microacetabulum (=subaequiporus) are said to occur in a fish.

The genus Pseudozoogonoides has been credited with two further 

species, P. ugui Shimazu, 1974, from the posterior intestine of the 

cyprinid Tribolodon hakonensis from inshore waters and a river in 

Japan, and P. albulae (Overstreet, 1969) Madhavi, 1979 from the 

intestine and pyloric caeca of Albula vulpes from Florida. P. albulae 

was originally placed in Diphterostomum and is considered a member of 

that genus (see p. 58 ).

Key to Pseudozoogonoides spp. found in the northeast Atlantic.

a. Sucker ratio 1: less than 1.2; parasite of teleosts.........

. . . P. subaequiporus (Odhner, 1911)(p.l98)

b. Sucker ratio 1: greater than 1.2; parasite of elasmobranchs . . .

. . . .P. sp. innom. (p. 206)

Pseudozoogonoides subaequiporus (Odhner, 1911)

n .comb.

synonyms: Zoogonoides subaequiporus Odhner, 1911.

Diphterostomum microacetabulum Shulman-Albova, 1952.

Pseudozoogonoides microacetabulum (Shulman-Albova, 1952)

Zhukov, 1957.

Zoogonoides viviparus of Scott (1973, 1975a, b).

(?) Diphterostomum sp. of Brinkmann (1975).

TYPE-HOST AND LOCALITY. Anarhichas lupus, Trondheim, Norway.
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RECORDS

(i) Material studied.

(a) From the NE Atlantic.

Anarhichas lupus ^intestine, posterior intestine^ off NE Scotland 

(58°N, 00°; depth 99-lllm; and 59°N, 01°E; depth 107-117m;

Dec. 1979) BM(NH) 1982.4.21.13-16; Bell Rock, North Sea (56°N, 02#W; 

depth 52 m; May 1982) BM(NH) 1983.11.23.17-18; W of Bressay Bank 

(59°N, 00°; depth 140 m; June 1983) BM(NH) 1983.11.23.17-18. 

Anarhichas minor JjlntestineJ Anton Dohrn Bank, E. Greenland (66°N,

30° W ; depth 336-380 m; May 1973) BM(NH) 1982.4.2.17-19.

Hippoglossoides platessoides Jintestine| Latragrunn, W. Iceland 

(66°N, 27°W; depth 216-228 m; May 1973) BM(NH) 1982.4.21.20.

Lycodes esmarkii intestine^ Foula, Scotland (60 N, 06 W; depth

800 m; June 1974) BM(NH) 1982.4.21.21.

(b) from elsewhere.

Hippoglossoides platessoides ^intestine 

Scotia, Canada (see Bray, 1979: 417;

off Newfoundland and Nova 

as D. microacetabulum).

BM(NH) 1977.2.15.54-58.

(ii) NE Atlantic records from the literature.

Trondheim, Norway (1905),Anarhichas lupus ^posterior intestine

Odhner (1911a:244).

(?) Anarhichas minor ^gall-bladder off Umîvik, E. Greenland (July,

1959). Brinkmann (1975:40; as Diphterostomum sp.).

ASPECTS OF BIOLOGY. The life-history of this worm is not known in 

any detail. The miracidium, which bears a dense coat of cilia, is

enclosed by a thin membraneous capsule (see Fig. 3:9), but according 

to Shulman-Albova (1952) hatches and swims freely in the host’s
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intestine. There appears to be a direct relationship between 

'viviparity' and the situation in the posterior part of the gut.

The host of the sporocyst generations is not known. Cercaria 

zoogonoides Chubrik, 1966 from the gastropods Buccinum finmarchianum 

and Sipho islandicus from the Barents Sea could represent this species 

or possibly Zoogonoides viviparus. Shulman-Albova (1952), drawing 

a parallel with Diphterostomum brusinae, speculates that gastropods 

of the genus Natica constitute the first intermediate hosts and that 

the definitive host (Anarhichas in this case) gains the parasite 

directly by feeding on these molluscs. The parallel with D. brusinae, 

however, may not be valid as in this study Diphterostomum and 

Pseudozoogonoides are not considered to be particularly closely 

related (Fig. 1:2)

The only record of metacercariae is that of Zhukov (1960), who 

claimed to have found some in the mesenteries of the flatfish 

Limanda punctatissima punctatissima in the north Pacific Ocean.

Scott's (1975a) studies suggested to him that brittle-stars were the 

second intermediate hosts of his 'Zoogonoides viviparus' which he 

later (1982) re-identified as Diphterostomum microacetabulum £=

P. subaequiporus|.

The adult worm has been recorded in the NE and NW Atlantic, the 

White and Barents Seas and in various regions of the north Pacific. 

Most records are from pleuronectid flatfishes and anarhichadids, but 

cottids, zoarcids and salmonids are also recorded as hosts. In the 

NW Atlantic, however, it apparently occurs only in Hippoglossoides 

platessoides and has been known under the name 'Zoogonoides viviparus'

in that region. As mentioned above, Scott (1982) corrected his
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earlier identifications (1973, 1975a, b ) of worms from H. platessoides, 

and all the worms I have recovered from this host in the NW Atlantic 

(Bray, 1979) are P. subaequiporus.

PREVIOUS DESCRIPTIONS. Odhner (1911a:244); Shulman-Albova (1952:86; 

as Diphterostomum microacetabulum); Shulman & Shulman-Albova (1953:

46; as D. microacetabulum); Zhukov (1960:28; as Pseudozoogonoides 

microacetabulum); Brinkmann (1975:38; as D. microacetabulum and (?) 

Diphterostomum sp.).

DESCRIPTION. (Fig. 2:8) Forty-six wholemounts and five sets of serial 

sections were examined. For dimensions see Table 2:7. These small 

fusiform worms are normally widest in the forebody and may bear 

transverse rows of small, peg-like spines. The spines are 

more often than not apparently worn down, or at least not clearly 

seen. The subterminal oral sucker leads, via a short prepharynx 

into a small, globular pharynx. The oesophagus divides in the 

mid-forebody region, giving rise to narrow caeca which terminate at 

about the level of the posterior margin of the ventral sucker or 

posterior margin of the testes, but this varies a little either 

anteriorly or posteriorly to that point. The subcircular ventral 

sucker is nearly always slightly larger than the oral.

The terminal excretory pore leads into an elongate, oval excretory 

vesicle which reaches almost halfway along the hindbody.

Oval testes lie almost symmetrically at the level of the ventral 

sucker, but occasionally one of the pair may be displaced into the 

forebody. The cirrus-sac is a variable structure and may be claviform 

and straight or distinctly recurved, i.e. formed of two parts: the
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Fig. 2:8 Pseudozooqonoides subaequiporus (Odhner).
a) Ventral view, ex Anarhichas lupus, Scotland.
b) Ventral view, ex Hippoqlossoides platessoides, 
Canada, c) Ventral view, ex Lycodes esmarkii, 
Scotland. Scale bars, a,b,c = 0.5 mm.
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distal part running almost transversely across the body and the 

proximal part running longitudinally. Intermediate forms occur 

(Fig. 2:8b) and, therefore, these differences cannot be considered 

as of taxonomic importance (see also D. brusinae, p. 184). The 

figures in Zhukov (1960) and Brinkmann (1975) show that this variation 

also occurs in other parts of the species' range. Proximally within 

the cirrus-sac lies a seminal vesicle,consisting of two oval parts, 

which leads into a wide, oval, vesicular pars prostatica, lined with 

cell-like, but apparently anuclear, structures and surrounded by 

glandular cells and connective tissue. Distally the pars prostatica 

narrows to form the ejaculatory duct, which opens into the base of 

the genital atrium. A small sac-like diverticle arises from the 

posterior margin of the genital atrium. The genital pore opens on 

the left margin of the mid-forebody or just ventrally sublateral.

The oval ovary lies on about the median line, overlapping the 

posterior border of the ventral sucker. From the ovary the oviduct 

passes posteriorly and receives the ducts from the seminal receptacle 

and Laurer's canal, close together, and the common vitelline duct.

The seminal receptacle is variable in size, but is often a large, 

globular structure. A narrow Laurer's canal arises close to the 

opening of the seminal receptacle into the oviduct, so close in fact 

that it may be interpreted as a common opening, and passes dorsally 

to open on the surface dorsally to the seminal receptacle. Mehlis' 

gland is inconspicuous, lying, as far as can be ascertained, just 

anterior to the vitellarium. The uterus occupies much of the 

hindbody and contains numerous fairly large eggs with very thin

capsules with little or no sign of tanning. The metraterm is wide



Table 2:7 Dimensions of Pseudozooqonoldes subaequlporus.

Authority Odhner (1911a) Shulman-Albova
(1952)

Brlnkmann 
(197S)

Present
study

Present
study

Present
study

Present
study

Present
stjdy

Name used Zooqonoides Dlphterostomum Diphterostomum P' zooqonoides P'zooqonoides P'zooqonoides P'zooqonoides P 'zooqonoides
subaequiporus microacetab'm microacetab'm subaequiporus subaequiporus subaequiporus subaequiporus subaequiporus

Hosts Anarhichas Anarhichas Anarhichas Anarhichas Anarhichas Hippoqloss'des Lycodes Hippoqloss'dcs

lupus lupus spp. lupus minor platessoides esmarkii piatessoides

Locality Norway White Sea W Greenland Scotland E Greenland Iceland Scotland E Canada

Length (mm) - 0.6-1.0 1.0-1.1 0.81-0.96 0.68-0.69 0.69-0.93 0.76 0.67-1.09

Breadth (mm) - 0.28-0.«) 0.90-0.99 0.31-0.90 0.20 0.30-0.38 0.30 0.29-0.37

Length:forebody 
ratio

- [1:0.37] [1:0.37-0.38] 1:0.27-0.38 1:0.39-0.38 1:0.30-0.39 1:0.28 1:0.30-0.36

Oral sucker (mm) c. 0.10-0.11 
dlam.

0.09-0.20 0.16-0.18
dlam.

0.18-0.16 x 
0.18-0.17

0.12-0.13 x 
0.11

0.09-0.11 x 
0.09-0.11

0.13 x 
0.12

0.10-0.18 x 
0.09-0.12

Ventral sucker c. 0.12-0.13 0.09-0.20 0.16-0.18 0.17-0.18 x 0.12 x 0.10-0.13 x 0.H X 0.11-0.16 x
(mm) diam. dlam. 0.18-0.18 0.11 0.10-0.12 0.12 0.11-0.19

Sucker ratio [1:1.18-1.20] [1:0.93] 1:1 1:1.0-1.2 1:0.98 1:1.09-1.17 1:1 1:1.0-1.3

Pharynx (mm) - - 0.09 long 0.05-0.055
diam.

0.039 diam. 0.08-0.088 x 
0.096-0.088

0.08 x 
0.088

0.<*0-0.M* X  

0. <*5-0.50

Oesophagus (mm) - - 2-3 x pharynx 0.08 ♦ ? 0.03-0.078 ? 0.02-0.06

Cirrus-sac (mm) 0.19-0.16 x 
0.0S-0.09

straight 
0.38 x 
recurved* 
A:0.22-0.23 
B:0.22-0.28 
x 0.03S-0.08

0.22 x 0.08 recurved* 
A:0.22-0.28 
B:0.17-0.18 
x 0.06S-0.07

0.18 x 0.08 straight 
0.18-0.39 x 
recurved* 
A:0.19-0.18 
B:0.07-0.19 
x 0.08-0.08

Testes (mm) - 0.09-0.12 x 
0.08-0.06

- 0.11-0.18 x 
0.09-0.11

0.08-0.09 x 
0.08

0.08-0.10 X 
0.07-0.09

0.06-0.09 x 
0.08-0.06

0.08-0. 11 x 
0.09-0.08

Ovary (mm) - 0.08-0.09 0.08-0.10
diam.

0.13 x 
0.10-0.11

0.07 x 
0.06

0.08-0.10 x 
0.07-0.10

0.08 x 
0.10

0.06-0.10 x 
0.08-0.08

tqgs (,un) - 37-80 x 38 60 x 30 67-80 x 27-32 88-62 x 20 - 83-87 x 22-23 62-70 x 28

* Recurved cirrus-sac length measured in two parts, A: distal part, B: proximal part.

2
0
4
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and muscular, surrounded by gland-cells and opens into the base of 

the genital atrium.

The vitellarium consists of two compact masses which are connected 

by a broad isthmus which feeds the oviduct through a common duct.

DISCUSSION. This species is best known under the names Diphterostomum 

and Pseudozoogonoides microacetabulum but, as such, has never been 

recorded in the NE Atlantic. I have found it on a number of occasions, 

including two where it was sympatric with Zoogonus rubellus. Odhner 

(1911a) described briefly a form which he considered close to 

Zoogonoides viviparus, which he named Zoogonoides subaequiporus 

as the ventral sucker was much smaller. This characteristic fits 

closely with the present species and, in fact, is the most convenient 

feature for initial differentiation from Z. viviparus. The host 

Odhner mentions is Anarhichas lupus, which is also the type-host of 

Diphterostomum microacetabulum, originally reported from the White 

Sea. I have found specimens indistinguishable from D. 

microacetabulum from the same host in regions off NE Scotland, and, 

therefore, it is likely that the distribution stretches from north 

Britain up the Norwegian coast to the Barents Sea (Polyansky, 1955) 

and the White Sea (Shulman-Albova, 1952; Shulman & Shulman-Albova, 

1953). This part of this species' range includes Trondheim, the 

type-locality of Z. subaequiporus. Shulman-Albova (1952) considered 

it likely that Z. subaequiporus and D- microacetabulum were synonyms 

and the evidence presented by the discovery of this parasite fairly 

commonly in the NE Atlantic region makes this likelihood so strong 

that I have taken the step of sinking D. microacetabulum into what is

now P. subaequiporus.



206

The unnamed Diphterostomum sp. of Brinkmann (1975) from the gall

bladder of Anarhichas minor off east Greenland is very similar to 

D. subaequiporus and is,herein, tentatively considered a young 

representative of this species. Brinkmann's distinguishing features 

should, however, be borne in mind. He enumerates six, these are:

1) parasite of gall-bladder; 2) easily observed tegumental spines;

3) more posteriorly situated ventral sucker; 4) the wide, thin-walled 

intestinal caeca; 5) testes side by side level with, or posterior to 

ovary; and 6) large excretory vesicle. Some of these characters 

(2,3,5) may result from immaturity, while others (?4,6) may result from 

the different physiological regime encountered in the gall-bladder.

Pseudozoogonoides ugui differs from P. subaequiporus in having a 

relatively larger ventral sucker (sucker ratio 1:1.28-1.78) and larger 

eggs. The latter character is not a clear-cut one as my measurements 

show that the egg-sizes reach into the range given by Shimazu (1974), 

and the egg-size in this subfamily tends to be somewhat unreliable.

Two other distinguishing features mentioned by Shimazu are not valid, 

since the diverticulum of the genital atrium (atrial sac) is present in 

both species and the position of the genital pore is more or less 

identical.

Pseudozoogonoides sp. innom.

RECORD

(i) Material studied.

Squalus acanthias [spiral valve} Faxa Floi, S.W. Iceland (Oct. 1966)

Collector: B.R. Manger. BM(NH) 1982.5.4.4.
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ASPECTS OF BIOLOGY. Manger (1972) collected helminths from seven 

specimens of S. acanthias and 'some small, unidentified digenetic 

trematodes were found in the stomach and spiral valve'. Those from 

the stomach are Derogenes varicus (Muller, 1780), while the single 

specimen from the spiral valve is described below as P. sp. innom.

The Derogenes are certainly accidental records in elasmobranchs 

(Threlfall, 1969; McVicar, 1977; Orlowska, 1980), but it is not 

possible to be certain if this is the case for P. sp. innom. Its 

location in the spiral valve and the known occurrence of the related 

worms in elasmobranchs (i.e. D. betencourti) indicate that S. acanthias 

may be a preferred host.

PREVIOUS DESCRIPTIONS.

None.

DESCRIPTION. (Fig. 2:7c) The single worm available is of a pyriform 

shape, widest in the region of the ventral sucker (Fig. 2:7c). The 

dimensions are given on Table 2:6. The spines on the body surface 

reach back as far as the ventral sucker with a patch on the ventral 

surface posterior to the ventral sucker. An oval oral sucker opens 

subterminally, leading via a distinct prepharynx into a small, oval 

pharynx. The long oesophagus reaches into the posterior forebody 

before bifurcating to form two narrow caeca which reach to about 

the posterior margin of the testes and ventral sucker. The ventral 

sucker has a wide opening and a fairly narrow muscular wall, but it 

is distinctly larger than the oral sucker and lies just within the 

posterior half of the body.

The excretory pore is terminal and the vesicle, although not 

clearly seen may be a small, flattened sac posterior to the uterine

field.
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The two oval testes lie, with their long axes longitudinally, 

on either side of the ventral sucker. The cirrus-sac is long 

and recurved, reaching almost to the ovary. It contains a bipartite 

seminal vesicle, the distal part being globular and the proximal 

elongate-saccular. The pars prostatica forms a wide, oval vesicle 

and narrows distally where it is lined with filamentous structures.

The cirrus-sac also contains numerous gland-cells. The ejaculatory 

duct opens into a distinct genital atrium with a small diverticulum 

(atrial sac). The genital pore lies on the ventral surface very 

close to the left margin of the body, in about the middle of the 

forebody.

The irregularly lobed ovary lies overlapping the posterior margin 

of the ventral sucker. A small, globular seminal receptacle lies to 

the left of the vitelline masses, immediately posterior to the ovary. 

The uterus occupies most of the posterior part of the worm and 

contains numerous large eggs, with thin, but apparently rigid, 

capsules. The metraterm is strongly muscular and runs from the 

hindbody towards the cirrus-sac over which it loops dorsally to 

enter the genital atrium from the anterior aspect. Two small, 

irregular vitelline masses lie in tandem postero-dextral to the ovary.

DISCUSSION. This single worm appears to differ from other described 

species of the genus, although from a single specimen no indication 

of intra-specific variation is possible. It differs from P. 

subaequiporus primarily in the sucker ratio, from

P. ugui by egg-size, caeca and cirrus-sac length and from both species

by its occurrence in an elasmobranch.
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Genus ZOOGONOIDES Odhner, 1902. 

DIAGNOSTIC FEATURES, see p. 69.

COMMENT. Only one species occurs in NE Atlantic.

Zoogonoides viviparus (Olsson, 1868) Odhner, 1902. 

synonyms: Distoma viviparum Olsson, 1868.

Zoogonus viviparus (Olsson, 1868) Looss, 1901.

(?) Distoma callionymi van Beneden, 1871.

(?) Cercaria megalocotylea Villot, 1878.

Cercaria capriciosa Cuenot, 1892.

Cercaria giardi Pelseneer, 1906.

TYPE-HOST AND LOCALITY. Microstomus kitt, Bergen, Norway.

RECORDS.

(i) Material studied.

(a) From NE Atlantic.

Callionymus lyra ^rectum, posterior intestinej Plymouth, Devon, 

England. Collector: M. Rothschild. BM(NH) 1932.11.22.43; and 

(May, 1972). BM(NH) 1982.3.4.13-20.

O O
off Myggenoes, Faroe Bank (61 N, 09 W; depth 

172-176 m; July, 1976). BM(NH) 1982.3.4.21.

--- |intestinej NNW Flannan Is., NW Scotland (58 N, 08 W; depth

116-120 m; July, 1976). BM(NH) 1982.3.4.22.

—  j^intestinej W of Hoy Sound, Orkneys (60 N, 04 W; depth 96-97 m; 

July, 1976). BM(NH) 1982.3.4.23.

—  ^intestinej off Wick, Moray Firth, Scotland (58 N, 03 W; depth 

62-65 m; July, 1976). BM(NH) 1982.3.4.24-25.
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----  Jrectum, posterior intestinej northern North Sea (59 N, 04 W;

depth 66 m; and 58 N, 03 W; depth 35 m; June, 1982). BM(NH)

1982.9.14.1-50.

Callionymus maculatus ^posterior intestine, rectumj NE off Scotland 

(58°N, 02°W ; depth 79-81 m; Dec., 1979). BM(NH) 1982.3.4.26. 

Callionymus reticulatus jjrectum, posterior intestinej Firth of Forth 

(56° N, 02° W ; depth 60 m; May, 1982). BM(NH) 1982.9.14.51-55. 

Glyptocephalus cynoglossus |jintestinej NW Flannan Is., NW Scotland 

(59°N, 06° W ; depth 106-108 m; July, 1976) BM(NH) 1982.3.4.27. 

Gobius niger ^posterior intestine, rectumj Crouch estuary, Essex, 

England. (May, 1980). BM(NH) 1982.3.4.28.29.

Hippoglossoides platessoides ^intestine, rectumj Aberdeen, Scotland. 

(Oct, 1973; March, 1977). BM(NH) 1982.3.4.30-33.

jjintestine ] Latragrunn, W of Iceland (66 N,

O

26 W; depth 248-

250 m; May, 1973). BM(NH) 1982.3.4.34.; (65 N, 26 W; depth 110- 

208 m; May, 1974). BM(NH) 1982.3.4.35.

-------  Jjrectumj tfresund, Helsingor, Denmark (Aug.,1981). BM(NH)

1982.3.4.36.

-------  jintestine, rectumj Firth of Forth (56 N, 02 W; depth 60 m;

May, 1982) BM(NH) 1982.9.14.56-60.

-------  |_rectumj Alle Bank, North Sea (60 N, 03 E; depth 120 m;

May, 1983) BM(NH) 1983.6.22.20.

Hippoglossus hippoglossus ^rectumj S.E. Sule (59 N, 04 W; depth 55 m 

June, 1982). BM(NH) 1982.9.14.61-62.

Lepidorhombus whiffiagonis jj?J Off Aberdeen, Scotland. BM(NH)

1982.3.4.37-38.
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Limanda limanda intestine 'Off Scottish coast'. Collector: Z.

Kabata. BM(NH) 1964.6.23.4/25-28.

posterior intestine] Plymouth, Devon, England. (May, 1972).

BM(NH) 1982.3.4.39.

jrectum, intestine] Aberdeen, Scotland. (Oct., 1973). BM(NH)

1982.3.4.40-41.

0
intestine off Wick, Moray Firth, Scotland. (58 N, 02 W; 

depth 96-106 m; July, 1976). BM(NH) 1982.3.4.42.

----  jrectum, intestine] Kristineberg, Sweden. (Aug., 1976).

BM(NH) 1982.3.4.43.

-  jj rectum] Crouch estuary, Essex, England. BM(NH) 1932.3.4.44.

----  ^intestine] Tromstf, Norway (June, 1980). BM(NH) 1982.3.4.45.

----  jrectum] $resund, Helsingor, Denmark (Aug. 1981). BM(NH) 1982.

3.4.46-48.

-------  ^posterior intestine, rectum] Montrose Bank, North Sea (56°N,

02°W ; depth 50 m; May, 1982). BM(NH) 1982.9.14.63-80.

-------  jrectum] Turbot Bank, North Sea (57°N, 01 W; depth 67 m;

June, 1982). BM(NH) 1982.9.14.63-80.

-------  ^posterior intestine, rectum] Moray Firth (58 N, 03 W; depths

64 and 35 m; June, 1982). BM(NH) 1982.9.14.63-80.

Microchirus variegatus jjintestine] off SW Ireland. (48 N, 09 W; 

depth 145-174 m; Jan., 1971). BM(NH) 1982.3.4.49.

-------  ^intestine] Bay of Biscay (44*N, 07 W; depth 272-280 m;

Jan., 1971). BM(NH) 1982.3.4.50.
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-------  j^intestinej NW o£ Flannan Is., NW Scotland. (59 N 06 W;

depth 106-108 m; July, 1976). BM(NH) 1982.3.4.51.

Microstomus kitt ^rectumj Plymouth, Devon, England. (May, 1982).

BM(NH) 1982.3.4.52.

-------  [intestine^ Aberdeen, Scotland. (Oct., 1973). BM(NH) 1982.

3.4.53.

-------  ^rectumj Lossiemouth, Grampian, Scotland. (Oct., 1973). BM(NH)

1982.3.4.54.

-------  £intestine^ Faroe Islands. (62*N, 08 W; depth 112 m; July,1976).

BM(NH) 1982.3.4.55.

-------  JintestineJ Moray Firth. (58 N, 02 W; depth 156 m; July, 1976).

BM(NH) 1982.3.4.56.

-------  j^intestinej Öresund, Helsingör, Denmark. (Aug., 1981).

BM(NH) 1982.3.4.88-89.

-------  ^posterior intestine, rectumj Moray Firth. (58 N, 03 W; depth

64 m; June, 1982). BM(NH) 1982.9.14.81.

Platichthys flesus £rectum^ sea off Aberdeen. (Material of Gibson, 1972). 

BM(NH) 1972.3.27.15.; (Oct., 1973). BM(NH) 1982.3.4.57.

-------  ^rectumj Plymouth, Devon, England. (April, 1969). BM(NH) 1982.

3.4.58.; (May, 1972). BM(NH) 1982.3.4.59-60.

Pleuronectes platessa £rectumj Plymouth, Devon, England. (May, 1932). 

Collector: H.A. Baylis. BM(NH) 1932.11.28.1-8; (May, 1972). BM(NH) 

1982.3.4.61-63.

-------  Jjlntestine| off Scottish coast. Collector: Z.Kabata. BM(NH)

1964.6.23.5-24.

-------  ^intestinej Southern North Sea. Collector: J.F. Wickins. BM(NH)

1966.1.13.39-41.
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Intestine Faroe Islands. (62 N, 08 W; depth 112-120 m;

July, 1976). BM(NH) 1982.3.4.64.

rectum Kristineberg, Sweden. (Aug., 1977). BM(NH) 1982.

3.4.65-66.

---- ^intestine, rectumJ Aberdeen, Scotland. (March, 1977). BM(NH)

1982.3.4.67.

---- posterior intestine, rectumj Crouch estuary, Essex, England.

(Sept., 1979). BM(NH) 1982.3.4.68-70.

---- jrectumj off Start Point, Devon, England. (March, 1980). BM(NH)

1982.3.4.71.

|rectumj 0resund, Helsing^r, Denmark. (Aug., 1981). BM(NH)

1982.3.4.72-74.

-jrectumj Swatchway, North Sea (58 N, 01 E; depth 84 m; June, 1982) 

BM(NH) 1982.2.9.82-85.

Pomatoschistus minutus jintestine, rectumj Crouch estuary, Essex,

England. (Sept., Oct., 1979). BM(NH) 1982.3.4.75-77.

Solea vulgaris jrectum, intestinej Plymouth, Devon, England. (May,

Oct., 1972). BM(NH) 1982.3.4.78-82.

-------  posterior intestine, rectumj Crouch estuary, Essex, England.

BM(NH) 1982.3.4.83-85.

Zeus faber JjintestineJ Bay of Biscay. (45 N, 03°W; depth 132-280 m;

Jan., 1971). BM(NH) 1982.3.4.86.

-------  jjrectumj Plymouth, Devon, England. (May, 1972) BM(NH)

1982.3.4.87.
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(b) From elsewhere 

None.

(ii) NE Atlantic records from the literature.

Anarhichas lupus jrectum, intestinej St. Andrews Bay, Scotland. 

Nicoll (1909a: 16; 1914:483).

Blennius gattorugine Jrectum, intestinej Plymouth, Devon, England. 

Nicoll (1914:483).

Blennius ocellaris JrectumJ Plymouth, Devon, England. Nicoll 

(1914:483).

Callionymus lyra ^posterior intestinej Kristineberg, Sweden.

Odhner (1902:62).

^intestineJ St. Andrews Bay, Scotland. Nicoll (1909a:16).

-------  JrectumJ Millport, Firth of Clyde, Scotland. Nicoll (1910:348).

-------  JrectumJplymouth, Devon, England. Nicoll (1914:483); Baylis & Jones

(1933:630); Baylis (1939:483).

(?)-----Jintestine] Belgian coast, van Beneden (1871:53; as Distoma

callionymi - unrecognizable).

Glyptocephalus cynoglossus JJrectumJ North Sea. Nicoll (1909a:16).

Jrectum] Aberdeen, Scotland. Nicoll (1913:190).

Gobius niger ^posterior intestine, rectumj Bergen, Norway. K^ie 

(1976:12).

Hippoglossoides platessoides posterior intestine Kristineberg,

Sweden. Odhner (1902:62).

posterior intestine Northumberland coast, England. Lebour

(1908:53).

North Sea. Nicoll (1909a:16).
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rectum Aberdeen, Scotland. Nicoll (1913:190). 

posterior intestine] 0resund, Denmark. K0ie (1976:1).

Limanda limanda

(1902:62).

posterior intestine Kristineberg, Sweden. Odhner

rectum St. Andrews Bay, Scotland. Nicoll (1907:83).

posterior intestine Northumberland coast, England. Lebour

(1908:53).

---- [rectum] Millport, Firth of Clyde, Scotland. Nicoll (1910:348)

---- [rectum]] Plymouth, Devon, England. Nicoll (1914:483).

---- [rectum] Aberdeen, Scotland. Nicoll (1915:360).

---- [rectum]] Galway Bay, Ireland. Little (1929:26).

---- [posterior intestine, rectum] Danish waters. K$ie (1976:

1; 1981a:61 ; 1983:215),

-------  ^posterior intestine, rectum] Faroe Islands. K^ie (1983:215).

Microchirus variegatus [rectum, intestine] Plymouth, Devon, England. 

Nicoll (1914:483).

Microstomus kitt [stomach] Bergen, Norway. Olsson (1868:28).

-------  [posterior intestine] Kristineberg, Sweden. Odhner (1902:62).

-------  [rectum] Firth of Clyde, Scotland. Nicoll (1909a:16; 1910:348)

-------  [rectum] Plymouth, Devon, England. Nicoll (1914:483); Baylis

& Jones (1933:630); Baylis (1939:483).

[?] St. Andrews, Scotland. McIntosh (1927:54).

Myoxocephalus scorpius [?] Molengrat, Texel, Netherlands. Willemse

(1968:85).
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Platlchthys flesus ^posterior intestine] Kristineberg, Sweden. 

Odhner (1902:62).

rectum Ythan estuary, Scotland. MacKenzie & Gibson (1970: 

4); Gibson (1972:6).

----  jrectum] Sea off Aberdeen. MacKenzie & Gibson (1970:4);

Gibson (1972:6).

____  jrectum] Loch Ewe, Scotland. MacKenzie & Gibson (1970:4).

----  jrectum] Dee estuary, Scotland. Gibson (1972:6).

----  ^posterior intestine, rectum] 0resund, Sweden. K^ie (1976:1).

----  ^posterior intestine, rectum] Bergen, Norway. K^ie (1976:12).

("posterior intestine] SW coast of Sweden. Thulin (1981:22).

Pleuronectes platessa ^posterior intestine] Kristineberg, Sweden.

Odhner (1902:62).

rectum ] St. Andrews, Scotland. Nicoll (1907:83).

---- ^posterior intestine] Northumberland coast, England. Lebour

(1908:53).

---- posterior intestine] Luce Bay, Irish Sea (Oct., 1908).

Johnstone (1909:191).

----  ^rectum] Millport, Firth of Clyde, Scotland. Nicoll (1910:348)

____  jrectum] Plymouth, Devon, England. Nicoll (1914:483); Baylis

& Jones (1933:630); Baylis (1939:483); Dawes (1947:245).

----  jrectum] Aberdeen, Scotland. Nicoll (1915:360).

----  ^intestine] Dale Fort, Dyfed, Wales. Crothers (1966:23).

----  ("rectum] Loch Ewe, Scotland. MacKenzie (1968:13); MacKenzie

& Gibson (1970:4).
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Irectum Flamborough Head, German Bight and Southern Bight, 

North Sea. Wickins & MacFarlane (1973:14).

-------  ^rectum] 0resund, Sweden. K^ie (1976:1).

Psetta maxima jrectumj St. Andrews, Scotland. Nicoll (1907:83).

Solea vulgaris j?j Kristineberg, Sweden. Odhner (1911a:244).

-------  ^intestine] Plymouth, Devon, England. Nicoll (1914:483).

-------  |rectumj Whitstable, Kent, England. Maghraby & Perkins

(1956:486).

-------  £?j East Frisian waters. Lammert (1974:149).

Taurulus bubalus £?J Cullercoats, Northumberland, England. Crofton 

(1947:62).

-------  ^posterior intestine, rectumj Bergen, Norway. K^ie (1976:12).

Trachurus trachurus |̂ ?j Texel, Netherlands. Willemse (1968:85).

Zeus faber |rectumj Plymouth, Devon, England. Nicoll (1914:483).

ASPECTS OF BIOLOGY.

Records of larval stages in the NE Atlantic.

(i) First intermediate host:

Buccinum undatum £? 'the young distomes appear abundantly without 

tails in the sporocyst .. .. in the Buccinum undatum of our 

coast'J - presumably Belgium, van Beneden (1876:194, also 1875:

173 = Z. viviparus according to K^ie, 1969:261).

-------  |?J Boulogne, France. Pelseneer (1906:170 as Cercaria giardi).

-------  £' digestive gland unhealthy pinkish yellow - cercariae in

sporocysts occupying almost whole of spire of shell' sporocyst 

and cercaria 'almost certainly a larval stage of Zoogonus viviparus'
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presumably at Plymouth, Lebour (1918:514).

-------  ^digestive gland, gonad] <))resund, Sweden. K^ie (1968:21 ;

1969:261; 1971:165; 1974:417; 1976:3).

-------  £?] ?Scotland. McNair, in DAFS (1972:34).

- - -  JT?j Heligoland. Lauckner (1973:73; 1980:374).

(ii) Second intermediate hosts:

(a) Echinoderms.

Leptosynapta inhaerens ^peribuccal tentacles] Roscoff, Finistere, 

France. Cuenot (1892:9 as Cercaria capriciosa).

Ophiothrix fragilis jgonads, viscera] Roscoff, Finistere, France. 

Cuenot (1892:9 as Cercaria capriciosa).

Ophiura albida |gonads, viscera] Roscoff, Finistere, France. Cuenot 

(1892:9 as Cercaria capriciosa).

-------  ^'everywhere'] 0resund, Sweden. K^ie (1976:6 - most highly

infested natural second intermediate host, also has been 

experimentally infested),

Ophiura robusta [?] 0resund, Sweden. K0ie (1976:6 - one in 1 of 

50 in area where 0. albida is rarely infested).

Ophiura texturata [?] 0resund, Sweden. K$ie (1976:6 - naturally 1 

in 1 of 20, also experimentally).

(b) Polychaetes.

Ammotrypane aulogaster ^?] West Kattegat. K0ie (1976:7 - once).

Amphicteis gunneri £?] West Kattegat. K0ie (1976:7 - once).

Gattyana cirrosa ? West Kattegat. K0ie (1976:7 - once).

Lagis koreni M
(Jresund, Sweden. K0ie (1976:7 - naturally one or two

in nearly half of 30, also experimentally),
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Trochochaeta multisetosa [palps, anterior segments^ Gullmar and Elios 

Fjords, West Sweden. Orrhage (1973:179).

various polychaetes £?] ? Scotland. McNair, in DAFS (1972:34).

(c) Lamellibranch molluscs.

Nuculana minuta £?J 0resund, Sweden. K0ie (1976:7 - rarely, naturally 

and experimentally).

Nuculana pernula [mantle edge, occasionally in gills]] (Jlresund, Sweden. 

K$ie (1976:7 - naturally and experimentally).

(d) Gastropod molluscs.

Cythara attenuata [mantle] West Kattegat. K0ie (1976:7 - in 2 of 20).

Lora turricula [mantle] West Kattegat. K0ie (1976:7 - in 8 of 40).

Nassarius incrassatus [mantle] West Kattegat. K0ie (1976:7 - in 

1 of 30).

(e) Crustaceans.

(?) Mysis sp. [body-cavity] Cuenot (1892:9) believed that Villot's 

(1878:30) record of Cercaria megalocotylea was possibly equivalent 

to his Cercaria capriciosa.

Lauckner (1973) and K0ie (1976) also managed to infect a number 

of second intermediate hosts which were not found to harbour Z. 

viviparus naturally. Lauckner infected the echinoderm Psammechinus 

miliaris, while K^ie infected the echinoderms Ophiura affinis, Amphiura 

filiformis, A. chiajei, Ophiocomina nigra and P. miliaris, the 

lamellibranchs Nucula sulcata, Modiola marmorata, Spisula subtruncata, 

Corbula gibba, Venus striatula and V. ovata and the gastropod 

Aporrhais pespelicani.

K0ie (1980a) described the miracidium within the membraneous

non-operculate egg-capsule. The entire surface, apart from the apical
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papilla, is covered by a homogeneous layer of regularly arranged 

cilia. The next generation is found inside. My TEM studies 

of this miracidium give similar results (Fig. 3:10).

Mature daughter sporocysts are found in the tissue between the 

tubules of the digestive gland, and released cercariae are most 

commonly found in this organ. The location of other cercariae 

suggests that it is possible that the cercariae leave the whelk through 

the mantle epithelium, distal to the kidney.

The tailless cercaria, which bears a simple, pointed stylet, has 

been described by Lebour (1918) and K0ie (1976). The ultrastructure 

and histochemistry were described by K0ie (1971, 1974). On leaving 

the first intermediate host the cercariae creep, leech-like, using 

the posterior end and the oral sucker. The posterior end is 

distinctly sucker-like as can be seen in the scanning electron- 

micrographs of K0ie (1971, 1976). Under experimental conditions the 

cercariae were observed penetrating the polychaete Lagis koreni and, 

after bending ventrally, formed a thin, transparent spherical or oval 

cyst within less than an hour. The surface ultrastructure changes 

greatly in the first 40 days of the sojourn in the second intermediate 

host in that the microvilli atrophy and the spines become shorter, 

but the size of the worm does not alter during this period.

Cercaria zoogonoides Chubrik, 1966, from the gastropods Sipho 

islandicus and Buccinum finmarchianum from the Barents Sea could 

represent this species or possibly Pseudozoogonoides subaequiporus.

In general the most important second intermediate hosts are 

ophiuroid echinoderms, particularly Ophiura albida, in the 0resund,
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in which there is no apparent host-reaction to the parasite.

Other echinoderms are only rarely infested. K^ie (1976) suggested 

that polychaetes are probably important hosts only in regions where 

ophiuroids are rare, but it seems that many hosts of Z. viviparus 

apparently prey heavily on polychaetes and rarely pick up ophiuroids 

(see also p. 335). Molluscs are generally poor hosts. The cercariae 

enter the ophiuroids mainly between the shields on the arms and encyst 

in all parts of the arms (as well as many other parts of the body) 

sometimes forming bulges. In the polychaete L. korenl, under 

experimental conditions hundreds of cercariae were found, and heavily 

infested worms died within a day. Smaller infestations caused less 

damage but sometimes granulomata were formed around the metacercariae. 

In the tubicolous polychaete Trochochaeta multisetosa, Orrhage (1973) 

found the metacercariae in the palps and anterior few segments only, 

the part of the body which is protruded from the tube and is 

therefore most liable to predation by fishes. In lamellibranchs 

(e.g.-Nuculana pernula), although no host-reaction is evident, the 

metacercariae usually die and form hard, brown deposits.

The adult normally occurs in the posterior intestine, and, 

particularly, the rectum of various teleosts (see Fig. 14 of Mackenzie 

& Gibson, 1970), lying deep between the irregular corrugations and 

adhering strongly with the ventral sucker. In the flounder 

(Platichthys flesus) they often lie close to the rectal valve which 

may serve to protect the worms from abrasion by gut-contents such as 

mollusc and echinoderm remains. In in vitro experiments Gibson (1971) 

found Z. viviparus survives most successfully in osmolarities of

between 200 and 400 mOsm/litre (Fig. 2:9a) and at a high pH (Fig. 2:9b),
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Fig. 2:9 Studies on Zooqonoides viviparus (Olsson) from 
Platichthys flesus, Scotland, a) Osmolarity 
and survival in vitro, b) pH and survival 
in vitro. (Error bars indicate twice the standard 
error of the mean survival.) c) Seasonal 
prevalence, Ythan estuary, d) Seasonal mean 
intensity, Ythan estuary, e) Seasonal prevalence, 
sea off Aberdeen, f) Seasonal mean intensity, 
sea off Aberdeen, g) Host-age and prevalence 
and mean intensity, Ythan estuary, (after 
Gibson, 1971).
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conditions which correspond to those found in the flounder rectum 

(MacKenzie & Gibson, 1970). It is commonly found in flatfish, and 

a number of other groups of teleosts, notably Callionymus (Callionymidae/ 

Gobiesociformes), Zeus (Zeidae/Zeiformes), sculpins (Cottidae/

Scorpaeniformes), blennies (Blenniidae) and gobies (Gobiidae - both 

Perciformes). It appears that Callionymus spp. are amongst the 

preferred hosts. Frequently the rectum and the posterior third of the 

intestine of C. lyra is 'carpeted' with numerous (up to 800) specimens 

of Z. viviparus. Gibson (pers. comm.) found up to 416 in the 

flounder in the sea off Aberdeen and in Danish waters nearly 100% of 

the Limanda limanda specimens are infested, with up to 200 per host 

(K^ie, 1983). Its distribution includes the north Atlantic, 

Mediterranean, Barents and White Seas and the northern Pacific Ocean.

It is recorded from Hippoglossoides platessoides in the NW Atlantic 

by Scott (1973, 1975a, b), Umnova (1979) and Zubchenko (1980), but 

all my zoogonine specimens from this host in that area belong to 

Pseudozoogonoides subaequiporus (see Bray, 1979; as Diphterostomum 

microacetabulum) and Scott (1982) reidentified his material as 

D. microacetabulum. Some of the records from the Pacific Ocean may 

be questionable, e.g. Shimazu (1974) questions the record of Isakova- 

Keo (1952), who records Z. viviparus from the cyprinid Leuciscus 

brandti, believing these specimens to be close to his species 

Pseudozoogonoides ugui. The other two descriptions of the north 

Pacific form, those of Zhukov (1960) and Ichihara et a l .(1966), also 

suggest that a different species may be involved in the N Pacific 

records, e.g. both descriptions show that the caeca pass the testes, and 

the testes are well forward. K0ie (1983) points out that Buccinum

undatum does not occur in the North Pacific. Thus it may be that
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the northern Pacific form is different to that of the north Atlantic 

and should be carefully compared with Zoogonoides acanthogobii 

Yamaguti, 1938 and Z. yamagutii Kamegai, 1973.

Gibson (1972) showed that Z. viviparus has a higher prevalence 

in marine than in estuarine flounders, and was able to utilize 

this species as an indicator (tag) of the area of origin of the 

flounders. It has 'very high' prevalence in the sea off Aberdeen 

but 'very low' prevalence in the estuary he investigated in detail, 

the Ythan at Newburgh, Grampian region of Scotland. Results for 

these localities, along with three others (Gibson, 1971) are 

tabulated below (Table 2:8).

Table 2:8

Zoogonoides viviparus in Platichthys flesus.

Locality No of fish No % No of Mean

examined infested prevalence parasites intensity

Ythan estuary 740 45 6 598 13.3

Sea off

Aberdeen 170 116 68 3622 31.2

River Dee 50 8 16 494 61.7

Plymouth 42 18 43 464 25.8

Loch Ewe 7 7 86 52 8.7

In contrast to those in the sea the estuarine flounders show low 

levels of prevalence and intensity throughout the year (Figs. 2:9c,d) 

(although one or two fishes of marine origin probably exert an influence 

in Fig.2'-9d). The results from marine flounders (Figs. 2:9e, f) 

suggest that their main period of parasite acquisition is in the
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autumn, and as the estuarine flounders pass into the sea in spring 

to spawn, they are not exposed to the peak period of parasite 

acquisition and, although most of their Z. viviparus burden is 

acquired at this time,they never have the opportunity to build up 

higher intensity levels. The presence of estuarine flounders in the 

sea in spring probably influences the spring data (Fig. 2:9e) 

accounting partly for the spring drop. The reasons for the low 

prevalence in the estuary may well be connected with the rarity of 

Buccinum undatum. Ophiuroids were not found in the diet of the Ythan 

estuary flounders. K^ie (1983) found that the dabs from Koge Bay, at 

the Baltic end of the Çfresund, were not infested with Z. viviparus 

whereas at all her other, more marine, stations there was a high 

prevalence. K0ie (1969) showed that the infestation of B. undatum 

in the Çlresund is lowest in December and rises in spring, and Gibson's 

(1971) data agree with this, in that presumably the cercarial 

production builds up during spring and summer and the metacercarial 

population builds up during summer and autumn. Host-age effects 

(Fig. 2:9g) suggest that the parasite intensity increases after the 

flounder has fed on copepods and while it is of the size to feed on 

annelids, but decreases when the flounder diet changes to include 

more molluscs and small fish.

PREVIOUS DESCRIPTIONS. Olsson (1868:28); Odhner (1902:62; 1911a:243); 

Nicoll (1907:83; 1909a:16); Lebour (1908:53); Johnstone (1909:191);

K0ie (1976:11); jzhukov (1960:29); Ichihara et a l . (1966:4)j.

DESCRIPTION. (Figs. 2: 3d, 10) Over 200 specimens were studied (including 

two in serial sections). The dimensions are given in Tables 2:9,10. 

Unflattened, the worms are fusiform (Fig. 2:10a, b); flattening of
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A

Fig. 2:10 Zooqonoides viviparus (Olsson). a) Dorsal
view, ex Callionymus lyra. b) Ventral view, 
ex Pomatoschistus minutus. c) Terminal 
genitalia. Scale bars, a,b = 0.2 mm.
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these very small trematodes, although sometimes useful for particular 

purposes, distorts the overall morphology. The tegument bears small 

spines in transverse rows in the forebody, down to about the level of 

the ventral sucker. The oral sucker is subterminal, globular and 

leads into a short prepharynx and thence to a small globular to oval 

pharynx. The distinct oesophagus is straight or slightly sinuous.

It bifurcates just inside the posterior half of the forebody. The 

caecal length varies, reaching to a level just anterior to the testes 

and the posterior edge of the ventral sucker or just overlapping the 

testes either slightly or considerably up to the posterior edge of the 

testes or just beyond. The ventral sucker is larger than the oral 

sucker in the ratio 1:1.1-2.0. It lies just anterior to the middle 

of the body. It is strongly muscular and not quite circular, with 

a transversely oval aperture.

The terminal excretory pore leads via a narrow duct into a small, 

oval vesicle which just overlaps the uterus.

The oval testes lie symmetrically to slightly obliquely just 

posterior to or at the posterior margin of the ventral sucker with 

their long axis lying longitudinally. The vasa efferentia were not 

traced. The cirrus-sac is claviform and variable in that it may lie 

straight or be strongly or weakly reflexed, normally overlapping the 

ventral sucker almost to its middle. It contains a small, bipartite 

seminal vesicle, a short, wide, oval, vesicular pars prostatica and 

a long, muscular, wide, annularly wrinkled ejaculatory duct - all 

surrounded by numerous gland cells (Fig. 2:10c). Often the lining of 

the ejaculatory duct has been described as spined. Close examination 

of sections under oil immersion does not clearly show whether tiny spines
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Table 2:9 Dimensions of Zoogonoldes viviparus from the literature.

Authority

Hosts

Olsson
(1868)

Microstomus

Odhner
(1902)

Flatfish,

Nicoll
(1907)

Limanda,

Lebour
(1908)

Limanda,

3ohnstone
(1909)

Pleuronectes
kitt Callionvmus Pleuronectes, Hippoqloss'des platessa

lyra Rhombus Pleuronectes

Locality Bergen Krlstineberg St Andrews Northumb'land Irish Sea

Length (mm) 1.2 1.0-1.25 0.8-1.6 1.1 1.03

Breadth (mm) 0.5 c. 0.9 0.31-0.92 0.90 0.33

Length:forebody 
ratio

[1:0.35] [1:0.39] [1:0.90] [1:0.36] -

Oral sucker (mm) - 0.19 x 0.16 0.19-0.16 0.12 0.12

Ventral sucker 
(mm)

- 0.25-0.31 not twice 
oral sucker

0.29 0.19

Sucker ratio [1:1.28] '1:2' - 1:2 1:1.58

Pharynx (mm) - 0.095 - 0.05 long -

Oesophagus (mm) - - - about 2 x 
pharynx

-

Cirrus-sac (mm) * - -

Testes (mm) - 0.16 x 0.08 - 0.01 across -

Ovary (mm) - - - c. 0.01 across -

Miracidium (urn) 70 70 x 30 
(outer skin c. 
80 at birth)

89-99 x 92-99
(miracidial
capsule)

70-80

Authority Nicoll
(1909a)

Odhner
(1911a)

Zhukov
(1960)

Ichihara et 
al. (196ôT~

Koie
(1976)

Hosts many Calllonymus
lyra

many Karelus
bicoloratus

flatfish

Locality Britain Kristineberg Oapan Tokyo Bay Oresund

Length (mm) 0.9 to 0.9 0.83-1.28 0.99-1.7 0.835-1.1 (mean 0.98)

Breadth (mm) - to 0.25 0.37-0.53 0.25-0.93 0.28-0.36 (mean 0.31)

Length:forebody 
ratio

- - [1:0.35] [1:0.39] -

Oral sucker (mm) 0.195 0.11-0.19 0.13-0.19 x 
0.15-0.20

0.11-0.16 0.12-0.13 x 0.13-0.145 
(mean 0.12 x 0.14)

Ventral sucker 
(mm)

0.22 0.17-0.21
diam.

0.19-0.30 x 
0.20-0.32

0.22-0.27 0.16-0.19 x 0.18-0.19 
(mean 0.17 x 0.18)

Sucker ratio 1:1.5 1:1.5 [1:1.58] [1:1.5] -

Pharynx (mm) - 0.04-0.45
diam.

0.050-0.066 x 
0.059-0.071

- -

Oesophagus (mm) - - - - -

Cirrus-sac (mm) - - . - - -

Testes (mm) - - 0.085-0.125 x 
0.058-0.096

0.10-0.13 x 
0.09-0.13

-

Ovary (mm) - - 0.079-0.117 x 
0.079-0.087

0.10-0.11 -

Miracidium (urn) - - 60-75 x 27-37 66.5 x 30-33.2 -
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are present or whether small papillae of the ejaculatory duct lining 

extend into the lumen. It is possible that the spine-like effect 

is the result of the wrinkling in the ejaculatory duct which occurs 

when it is withdrawn. If the cirrus-sac is reflexed the bend occurs 

at about the junction of the pars prostatica and ejaculatory duct 

or further posteriorly. It opens into a distinct genital atrium, 

which in turn opens via the genital pore close to or on the left 

lateral margin about halfway between the suckers. There is a distinct 

sac-like diverticle (atrial sac) leading posteriorly from the genital 

atrium (Fig. 2:3d). The function of this is not obvious, but a 

similar structure is referred to as an'accessory seminal receptacle' 

by Arai (1954).

The oval ovary is usually just smaller than the testes. The 

long axis tends to lie diagonally, just overlapping the posterior 

margin of the ventral sucker and between the testes. The oviduct 

passes posteriorly and receives the ducts of the seminal receptacle 

and the vitellarium. No Mehlis' gland was detected. The canalicular 

seminal receptacle is globular. Laurer's canal apparently arises at 

or near the proximal end of the seminal receptacle and passes 

posteriorly opening dorsally, posteriorly to the seminal receptacle.

The bulk of the hindbody is filled with the uterus containing

the developing miracidia each enclosed in a thin membraneous capsule.

No shell is developed. The metraterm is strongly muscular and is 

ensheathed with gland cells distally. It opens into the genital 

atrium dorsally to the cirrus-sac. Between the seminal receptacle 

and the ovary lies the subglobular, oval or slightly irregular

single vitelline mass.



Table 2:10 Dimensions of Zooqonoldes viviparus.

Host Callionymus Glyptocephalus Hippoqloss'des Lepidorhombus Limanda Microchirus Microstomus

lyra cynoqlossus platessoides whiffiaqonls limanda varleqatus kitt

Length (mm) 0.69-1 .46 0.68 0.5«*-0.57 0.35-0.«*7 0.«*9-0.73 0.63-0.93 0.40-0.58

Breadth (mm) 0.24-0.34 0.19 0.19 0.21 0.17-0.2«* 0.23-0.31 0.14-0.23

Length : forebody 
ratio

1:0.30-0.1*2 1:0.37 1:0.32-0.«*5 1:0.38-0.«*2 1:0.28-0.«*5 1:0.30-0.35 1:0.34-0.40

Oral sucker (mm) 0.12-0.14 x 
0.11-0.1«*

0.11 x 0.10 0.09-0.11 x 
0.09

0.08-0.09
down

0.08-0.12 x 
0.07-0.11

0.13 x 
0.10-0.1«*

0.07-0.11 x 
0.07-0.10

Ventral sucker 
(mm)

0.17-0.22 x 
0.15-0.22

0.17 x 0.15 0.15-0.16 x 
0.15

0.12 down 0.12-0.22 x 
0.13-0.19

0.20-0.27 x 
0.16-0.20

0.11-0.15 x 
0.10-0.17

Sucker ratio 1:1.36-1.60 1:1.5 1:1.67 1:1.3-1.5 1:1.27-1.86 1:1.43-2.0 1:1.3-1.7

Pharynx (mm) 0.04-0.06
diam.

0.0«« diam. 0.0«* diam. - 0.04-0.05
diam.

0.04-0.06
diam.

0.03-0.04
diam.

Oesophagus (mm) 0.05-0.07 0.07 - - 0.02-0.06 0.04-0.10 0.02-0.07

Cirrus-sac (mm) straight 
0.18-0.2«* 
recurved* 
A:0.14-0.17 
B:0.11-0.1«* 
x 0.0«*-0.07

straight 
0.18 x 0.0«*

0.1«* x 0.05 straight 
0.1«*-0.19 
recurved* 
A:0.09 
B:0.07 
x 0.03-0.06

straight 
0.20-0.21 x 
0.05-0.06

straight 
0.10-0.19 x 
0.03-0.05

Testes (mm) 0.10-0.15 x 
0.06-0.11

0.07-0.08 x 
0.05-0.06

0.05-0.07 x 
0.0«*

- 0.06-0.10 x 
0.03-0.06

0.09-0.11 x 
0.05-0.06

0.06-0.11 x 
0.04-0.07

Ovary (mm) 0.05-0.12 x 
0.05-0.09

0.065 x 0.05 - - 0.05-0.09 x 
0.04-0.06

0.09 x 0.06 0.05-0.10 x 
0.04-0.07

Miracidium (urn) 60-70 x 25-30 62 x 25 - - 52-65 x 17-30 60 x 22 52-60 x 20-27

* Recurved cirrus-sac length measured in two parts, A is distal part, B is proximal part.

2
3
0



Table 2:10 contd] Dimensions of Zooqonoldes vlvlparus

Host Platlchthys Pleuronectes Solea Zeus Callionymus Pomatoschlstus
flesus platessa vulqarls faber maculatus minutus

Length (mm) 0.72-0.85 0.80-0.88 0.31-0.70 0.82-0.90 0.82 0.80-0.58

Breadth (mm) 0.27-0.28 0.13-0.27 0.15-0.20 0.18-0.28 0.27 0.10-0.15

Length:forebody 
ratio

1:0.35-0.81 1:0.26-0.50 1:0.38-0.81 1:0.33-0.80 1:0.39 1:0.27-0.37

Oral sucker (mm) 0.12-0.13 x 
0.13

0.08-0.13 x 
0.075-0.13

0.09-0.11 x 
0.08-0.11

0.12-0.13 x 
0.11

0.13 x 0.11 0.P7-0.09 x 
0.08

Ventral sucker 0.19-0.22 x 0.11-0.20 x 0.12-0.18 x 0.19 x 0.22 x 0.18 0.12-0.18 x
(mm) 0.18-0.20 0.11-0.19 0.11-0.18 0.16-0.17 0.09-0.11

Sucker ratio 1:1.38-1.58 1:1.27-1.9 1:1.1-1.62 1:1.85-1.58 1:1.6 1:1.125-1.37

Pharynx (mm) 0.05-0.06
dlam.

0.03-0.05
diam.

0.04-0.05
diam.

0.04-0.05
diam.

0.05 diam. 0.03-0.04
diam.

Oesophagus (mm) 0.05-0.07 0.03-0.07 0.03-0.07 0.06 0.08 0.08

Cirrus-sac (mm) straight 
0.16-0.19 
recurved* 
A:0.19 
8:0.19 
x 0.05

straight 
0.18-0.19 
recurved* 
A:0.10-0.18 
B:0.08-0.15 
x 0.03-0.06

straight
0.15
recurved* 
A:0.13 
B: 0.09 
x 0.08

recurved* 
A:0.16 
8:0.11 
x 0.05

straight
0.15
recurved*
A : 0.11 
B:0.10 
x 0.03-0.08

Testes (mm) 0.09-0.13 x 0.06-0.10 x 0.06-0.07 x 0.10-0.11 x 0.13 x 0.09-0.11 x
0.06-0.08 0.03-0.08 0.08-0.05 0.07 0.06-0.07 0.08-0.05

Ovary (mm) 0.08-0.10 x 
0.06-0.08

0.06-0.10 x 
0.08-0.07

0.06 x 0.08 0.08-0.07 0.10 x 0.08 0.09-0.10 x 
0.06-0.08

Miracidium (urn) 85-82 x 82-62 62-75 x 22-30 55-62 x 22-25 62 x 25 70 x 36 52 x 20

* Recurved cirrus-sac length measured In two parts, A Is distal part, B Is proximal part.

2
3
1
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DISCUSSION. Of the species mentioned in the synonymy, Pistoma 

callionymi and Cercaria megalocotylea are too poorly known to be 

definitely considered synonyms, but in the former case the host 

suggests that the synonymy is likely. The status of this species is 

fairly straightforward, but the possibility of its confusion with 

Pseudozoogonoides subaequiporus (see pp. 200, 223) should be stressed.

Subfamily LEPIDOPHYLLINAE Stossich, 1903.

Key to the genera of the Lepidophyllinae from the northeast Atlantic.

1 a. Body flattened, spatulate. Testes deeply lobed. Excretory

pore subterminal. In urinary bladder. . . Lepidophyllum Odhner,

1902 (p.233).

b. Body more or less oval or rounded in cross-section. Oval to 

pyriform or fusiform in ventral view. Testes more or less 

entire. Excretory pore terminal. Not usually found in urinary 

bladder .........................................................  2

2 a. Caeca short, saccular or not reaching into hindbody . . .  3 

b. Caeca reaching to testes or beyond .........................  4

3 a. Testes overlapping ventral sucker into forebody. Ovary post-

testicular. Vitellarium in forebody ..........................

............  Panopula Overstreet & Pritchard, 1977 (p. 250).

b. Testes not reaching into forebody. Ovary pre-testicular.

Vitellarium at or near level of ventral sucker or posterior 

forebody ................. Brachyenteron Manter, 1934 (p. 258).

4 a. Ventral sucker divided equatorially by ridge or row of large

papillae ......................................................  5

b. Ventral sucker undivided . . . .  Steganoderma Stafford, 1904

(p. 288).
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5 a. Ventral sucker divided equatorially by internal (ventral)

ridge and external (dorsal) cleft ..........................  6

b. Row of large paptllae across internal equator of ventral

sucker. No dorsal cleft . . Steganodermatoides Parukhin &

Lyadov, 1979 

(p. 269)

6 a. Genital atrium large, pocketed. Periatrial gland undivided,

massive, also enveloping distal regions of metraterm and

cirrus-sac............Neosteganoderma Byrd, 1964 (p. 276).

b. Genital atrium small, tubular. Periatrial gland divided into 

separate, claviform sacs. . . . Proctophantastes Odhner, 1911

(p. 281).

Genus LEPIDOPHYLLUM Odhner, 1902. 

synonym: Paralepidophyllum Yamaguti, 1934.

DIAGNOSTIC FEATURES: See p. 81.

COMMENTS. Two species are recognised in the NE Atlantic which can be 

differentiated thus:-

a) Uterus always surrounded by wide band of parenchyma - no uterine

slings reaching to body margin. Ovary always posterior to

ventral sucker with distinct gap; oval to smoothly rounded;

length 3-7% of body length. Testes relatively smaller, less

deeply lobed with fewer (average 5.6) lobes. Spines distinct

but relatively small. In Anarhichas spp. . . L. steenstrupi

Odhner, 1902 (p. 237).

b) Uterus fills post-testicular region, or single slings tend to 

reach body-margin. Ovary often overlaps ventral sucker, close 

to or contiguous with ventral sucker; often smooth but may be
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Legends to figures 2:11 and 12.

Fig. 2:11 Lepidophyllum steenstrupi Odhner. Photomicro
graphs of specimens showing variation, all to same scale, 
ex Anarhichas lupus, a) NE Scotland, b) Faeroes, c) Tromso, 
e) Nova Scotia, g) Newfoundland, h) Anton Dohrn Bank, i) 
Passamaquoddy Bay. ex Anarhichas minor, d) Iceland-Faeroes 
Channel, f) Anton Dohrn Bank. Scale bar = 1 mm.

SEE FRONTISPIECE

Fig. 2:12 Lepidophyllum appyi sp. nov. Photomicrographs 
of specimens to show variation, all to same scale. ex 
Lycodes vahli, a,f,h,i) Newfoundland, m) Gulf of St. Lawrence, 
ex Macrozoarces americanus, b,k) Passamaquoddy Bay, g) Gulf 
of St. Lawrence. ex Lycodes esmarkii, c) NW Scotland, 
ex Lycodes reticulatus, d) Newfoundland, e,j,l) Scotian 
Shelf. Scale bar = 1 mm.
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Fig. 2:13 Lepidophyllum steenstrupi and L. appyi, the length of 
the ovary as a % of body-length.

L. steenstrupi from Anarhichas lupus
n - 62, mean 5.^ ± 0.12

L. steenstrupi from Anarhichas minor
n = 8, mean 5.6 * 0.30

L. steenstrupi from Anarhichas denticulatus
n = 2, mean 6.2 t 0.50

L. appyi from Macrozoarces americanus
n - 75, mean 9.06 t 0.17

L. appyi from Lycodes reticulatus
n - 18, mean 10.08 ± 0.̂ 9

L. appyi from Lycodes vahli
n = 25, mean 9.96 t 0.37

L. appyi from Lycodes esmarkii 
n - 1
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L. steenstrupi from Anarhichas lupus
n = 62, mean 46.OS t l.40

L. steenstrupi from Anarhichas minor
n = 8, mean 36.75 t 3.12

L. steenstrupi from Anarhichas denticulatus 
n = 2, mean 61.5 t 5.5

L. appyi from Macrozoarces americanus
n = 75, mean 66.22 t 1.39

L. appyi from Lycodes reticulatus 
n = 18, mean 78.67 t 2.75

L. appyi from Lycodes vahli
. n = 25, mean 77.92 s 3.70

L. appyi from Lycodes esmarkii 
n = 1
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U T E R U S  A S  %  O F  B O D Y I D T H

Fig. 2:14 Lepidophyllum steenstrupi and L. appyi, the 
uterus as a % of body-width.
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distinctly but weakly lobed, length 7-14% of body length. Testes 

relatively larger with more (average 7.7) lobes. Spines larger.

In zoarcid t e l e o s t s ................... L. appyi sp. nov. (p. 245).

Both species, in particular L. appyi, are very variable and a 

series of microphotographs of each species is included to illustrate 

this (Figs. 2:11, 12). Conjectures on whether these forms are 

host-induced varieties (Bray, 1979) are rather premature. It seems 

most useful to erect a new species, in so doing drawing attention to 

the fact that there are two forms to be found in the north Atlantic, 

apparently strictly separated by host. The difference in ovary:body- 

length ratio, illustrated on Fig. 2:13 shows that there is little 

overlap in this feature. Fig. 2:14 showing the width of the extreme 

extent of the uterus as a percentage of the body-width indicates a 

difference which is much less distinct, but serves as a crude 

measure of the first point made in the key above. This feature is, 

unfortunately, not invariable (see Fig. 2:12) so that these two species 

must be considered to be separated by a polythetic assemblage of 

characters. The testicular lobation is statistically different 

using a simple statistical test (d-statistic - see Parker, 1973).

Lepidophyllum steenstrupi Odhner, 1902.

TYPE-HOST AND LOCALITY. Anarhichas minor, Iceland.

RECORDS

(i) Material studied.

(a) From NE Atlantic

Anarhichas lupus [urinary bladderj east coast of Iceland (13 W, 66°N;

depth 65 f m s ; Aug. 1948). (see Rees, 1953:21). BM(NH) 1976.4.9.17.
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-  ^------J Eldey Bank, off Reykjanes, Iceland (64 N, 24 W; depth

148-152 m; May, 1974). BM(NH) 1982.10.8.1.

- £------- "] Anton Dohrn Bank (65° N, 30 W; depth 370-440 m;

May, 1974). BM(NH) 1982.10.8.2-6.

- [------- ] Orkneys (59 N, 04 W; depth 164-172 m; July, 1976)

BM(NH) 1982.10.8.7.

[_-------"] Faroes (62 N, 08 W; depth 112m; July, 1976). BM(NH)

1982.10.8.9.

[------- "] Moray Firth (58 N, 02 W; depth 150-152m; July, 1976).

BM(NH) 1982.10.8.8.

£------- J NE Scotland (59°N 01°E; depth 107-117 m; Dec., 1979).

BM(NH) 1982.10.8.10-13.

[-

[-

---] Troms^, Norway (June, 1980). BM(NH) 1982.10.8.14.

---] Bell Rock, North Sea (56 N, 02 W; depth 52 m;

May, 1982); Swatchway, North Sea (57 N, 00*; depth 80 m; June,

1982); Beryl, North Sea (60*N, 02 E; depth 118 m; June, 1982);

NW of Ninian Field, North Sea (61 N, 01 E; depth 150 m; May, 1983);

SW of Ninian Field, North Sea (61 N, 01 E; depth 140 m; May, 1983);

West of Bressay Bank, North Sea (59 N, 00 ; depth 140 m; June, 1983); 

Strathey Point, N. of Scotland (59 N, 04°W; depth 100 m; June, 1983). 

BM(NH) 1983.11.23.16.

Anarhichas minor ^urinary bladderj Anton Dohrn Bank (65 N; 30 W;

depth 370-440 m; May, 1974). BM(NH) 1982.10.8.15.

----- £------- J Iceland-Faroes Channel (63 N, 11 W; depth 410-420 m;

June, 1974). BM(NH) 1982.10.8.16.
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(b) From elsewhere. 

Anarhichas denticulatus Newfoundland. Material ofurinary bladder 

Bray (1979:418). BM(NH) 1977.2.15.139.

Anarhichas lupus [urinary bladder] Newfoundland and Nova Scotia. 

Material of Bray (1979:418). BM(NH) 1977.2.15.112-138.

Passamaquoddy Bay, New Brunswick (May, 1976). 

Collector R. Appy. BM(NH) 1983.3.16.27.

(ii) NE Atlantic records from the literature.

Anarhichas lupus jurinary bladderj Trondheim, Norway. Odhner (1911a:240)

[------ ]

[--1
Kristineberg, Sweden, 

east coast of Iceland.

Odhner (1911a:240). 

Rees (1953:21).

-------  [_-------, gall-bladderj Neskaupstadur and Hdsavik, Iceland.

Brinkmann (1956:15).

Anarhichas minor [urinary bladder] Iceland. Odhner (1902:68; 1911a:240).

-------  [-------] Neskaupstadur and Husavik, Iceland. Brinkmann (1956:15).

ASPECTS OF BIOLOGY. Little is known of the life-cycle of this species.

It develops from a narrow lanceolate form (Fig. 2:12a, f, 15b) to a 

wide, spatulate form (Fig. 2:12b, g, 15a) while within the urinary 

bladder (see also Brinkmann, 1975). The route of entry to the urinary 

bladder is not known. Specimens have not been detected in the 

intestine or the ureter, but the opening of the urinary bladder is 

distinct from the anus so the latter seems the more likely point of 

entry. A record of a single specimen in the gall-bladder is given 

by Brinkmann (1956). This worm is known exclusively from Anarhichas 

spp.; records from Macrozoarces americanus (see Stafford, 1904; 1907; 

Cooper, 1915: Linkletter et a l ., 1977) and Lycodes spp. (see Bray, 1979)
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Fig. 2:15 Lepidophyllum steenstrupi Odhner. a) Ventral view, 
ex Anarhichas lupus, b) Ventral view, ex A. minor, 
c) Terminal genitalia, d) Proximal female genitalia. 
Scale bars a,b = 1 mm, c - 0.2 mm, d = 0.5 mm.
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are considered to represent a separate but closely related species,

L. appyi. L. steenstrupi is restricted to the North Atlantic Ocean 

and the Barents and White Seas.

PREVIOUS DESCRIPTIONS. Odhner (1902:68; 1911a:240); Stafford (1904:

487); Miller (1941:47); Rees (1953:21); Brinkmann (1975:43).

DESCRIPTION. (Figs. 2; 11, 13, 14, 15). This description is based on 

many specimens, the dimensions, meristic features and numbers of specimens 

are given in Table 2:11. The worms are flattened, with a fusiform to 

broadly pyriform outline (Figs. 2: 12, 15a, b). Much of the 

surface of the worm has irregularly spaced peg-like or scale-like 

spines. At the posterior end they are embedded in the tegument.

The oral sucker is subglobular with a terminal opening. A minute 

prepharynx leads to a large, subglobular pharynx and a distinct 

oesophagus. The intestinal bifurcation is in about the middle of 

the forebody. The caeca, which may be quite wide, reach just past

the ovary and in larger specimens may terminate at the level of the 

testes, but generally terminate just anteriorly to the testes - usually 

among the vitelline follicles, but occasionally median to them.

The circular ventral sucker protrudes slightly from the surface of the 

worm and is normally slightly larger than the oral sucker.

The excretory pore lies just dorso-subterminally, just anterior to 

a slight notch in the middle of the posterior margin of the worm.

The vesicle is an elongate sac, reaching forward for about K  of the 

length of the hindbody. It is fed by a complex system of small

convoluted tubules.



Table 2:11 Dimensions of Lepldophyllunt steenstrupl.

Authority Odhner (1902) Miller (19*1) Rees (1953)

Host Anarhlchas Anarhlchas Anarhlchas
minor lupus lupus

Locality Iceland E Canada Iceland

Number studied - 5 2

Length (mm) 2.1-2.i> 1.5 1.*1-2.00

Breadth (mm) 1.1-1.* 0.9 1.*5-1.7*

Length:forebody 
ratio

[1:0.3*] [1:0.*1] -

Orai sucker (mm) c. 0.18 diara. 0.17 0.17-0.19

Ventral sucker 
(mm)

c. 0.17 diam. 0.15 0.15-0.18

Sucker ratio [c. 1:0.9*] 1:0.88 1:0.88-0.95

Pharynx (mm) 0.12 x 
0.13

0.13 0.13-0.1*

Oesophagus (mm) - - -

Cirrus-sac (mm) - - -

Testes (mm) - - -

Testes lobation [c. 3] 3-* -

Ovary (mm) - - -

Body length: 
ovary .ratio

[1:0.07] [1:0.06] -

Vitellinclporal [10] [12] -
follicles!aporal [8] [10] “

Eggs (um) *3 x 21 <♦0 x 20 *3 x 20-21

Brinkmann
(1975)

Present
study

Present
study

Present
study

Anarhichas Anarhlchas Anarhichas Anarhichas
spp. lupus minor denticulatus

W Greenland see text see text see text

- 62 8 2

1.6-5.5 0.92-5.*5 1.*5-3.1 3.85-*.68

0.6-6.0 0.*9-3.3 0.*7-1.83 1.9-2.1

[1:0.36-0.38] 1:0.31-0.*0 1:0.37-0.*6 1:0.32

larger than 0.11-0.2* x 0.11-0.17 x 0.21-0.22 x
ventral 0.12-0.28 0.12-0.18 0.23-0.2*

0.09-0.19 x 0.11-0.17 x 0.20-0.23 x
0.09-0.20 0.10-0.17 0.20-0.23

1:0.58-0.95 1:0.83-1.00 1:0.87-0.96

_ 0.09-0.20 x 0.09-0.1* x 0.16-0.18 x
0.08-0.22 0.08-0.13 0.18-0.20

- 0.05-0.*5 0.13-0.37 0.33-0.*2

_ 0.*1-0.75 x 0.23-0.56 x 0.55-0.59 x
0.03-0.08 0.03-0.05 0.07

- 0.27-0.73 x 0.12-0.55 x 0.61-0.72 x
0.13-0.*6 0.10-0.3* 0.32-0.50

- 2-9[av. 5.**] *-9[5.93] 6-8[6.75]

. 0.10-0.31 x 0.07-0.18 x 0.26-0.28 x
0.07-0.*0 0.07-0.22 0.23-0.2*

[1:0.03-0.05] 1:0.0*-0.07 1:0.0*-0.07 1:0.06-0.07

[11-12] 9-12[av.11.5] 8-12[av.10.3] 12
[9] 9 8-10[av.8.67] 9

- 35-*3 x 18-20 37-*2 x 17-20 35-*2 x 15-21

2
4
2



243

The large testes lie laterally, subsymmetrically in the anterior 

half of the hindbody. They are distinctly lobate. The vasa 

efferentia pass from the anterior part of the median edge of the 

testes and pass diagonally forward, apparently uniting just 

posteriorly to the cirrus-sac to form a short vas-deferens, which in 

turn passes through the posterior extremity of the cirrus-sac, swelling 

there to form a bipartite seminal vesicle, whose posterior part is 

much the larger. This posterior moiety is an elongate sac, the anterior 

part is an oval chamber. The pars prostatica is long, with a 

narrow lumen and changes imperceptibly to form a fairly weakly 

muscular ejaculatory duct. The cirrus-sac is narrow and elongate 

oval, having parallel sides for much of its length (Fig. 2:15c).

It has a distinct, if not thick, muscular wall. It may reach, or 

just overlap the ventral sucker but, as the worm elongates, the 

forebody apparently lengthens more rapidly than the cirrus-sac and in 

the larger worms the cirrus-sac terminates well within the forebody 

(Fig. 2:15a). Its posterior end lies quite near to the dorsal 

surface, but the sac loops ventrally to the left caecum before 

opening into a small genital atrium, which opens sublaterally 

on the dorsal surface of the sinistral side of the mid-forebody, 

through a small eminence.

The small, subglobular ovary (Fig. 2:13) lies just posteriorly 

to, or just overlapping, the ventral sucker. A short oviduct passes 

posteriorly, receives the ducts from the canalicular seminal 

receptacle and Laurer's canal, more or less together, then receives 

the common vitelline duct before passing into Mehlis' gland. The 

seminal receptacle lies just posteriorly to the ovary and may be
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larger than the ovary, or much smaller. Laurer's canal is short and 

opens dorsally at about the level of the ovary. The uterus consists 

of a number of irregularly radiating slings, lying posteriorly to 

the gonads. There is always a large area of unoccupied parenchyma 

between the uterus and the body margin (Fig. 2:14). A single 

uterine sling, in which the eggs lie in a single file, passes 

anteriorly between the vitelline fields and enters the genital atrium 

via a strongly muscular metraterm. The uterus contains not only 

numerous small operculate eggs but also numerous narrow strands of 

egg-shell material. It is not clear whether these are egg-filaments 

or unattached strands. The vitelline duct passes posteriorly from 

the oviduct,bifurcates and the two collecting ducts run laterally to 

a point at about the centre of the cluster of vitelline follicles 

(Fig. 2:15d). These follicles lie in two lateral fields between the 

testes and the ovary and are fairly uniformly subglobular and constant 

in number (Table 2:11).

DISCUSSION. This is a distinct species, and the only controversy 

surrounding its taxonomy is its relationship to the Lepidophyllum 

from zoarcids in the north Atlantic which I have described as L. 

appyi. Odhner's original description is of a fairly young 

lanceolate worm, but subsequent authors (e.g. Miller, 1941: Brinkmann, 

1975) have had no difficulty in recognizing their wide spatulate 

forms as being conspecific and representing different developmental 

phases.
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Lepidophyllum appyi sp. nov.

synonyms: Lepidophyllum sleenstrupi Odhner, 1902 of Bray (1979) 

in part and probably Stafford (1904, 1907) in part, 

Linkletter et a l . (1977) in part and Cooper (1915).

TYPE-HOST AND LOCALITY. Lycodes vahli, Grand Bank, Newfoundland.

RECORDS.

(i) Material studied.

(a) From the NE Atlantic.

Lycodes esmarkii Jurinary bladder] off NW Scotland. BM(NH) Paratype 

1983.3.16.1.

(b) From elsewhere.

Lycodes reticulatus Jurinary bladderj Grand Bank, Newfoundland.

Material of Bray (1979:419; as L. steenstrupi). BM(NH) Paratypes 

1977.2.15.140-155.

f------ 1 Scotian Shelf (44 N, 63 W; and 42°N, 66 W; July, 1975),

Collector: R. Appy. BM(NH) Paratypes 1983.3.16.2-4.

[------ ] Gulf of St. Lawrence (62 N, 49 W; Sept. 1975).

Collector: R. Appy. BM(NH) Paratypes 1983.3.16.5-6.

Lycodes vahli Jurinary bladder] Sable Island Bank, Nova Scotia.

Material of Bray (1979:419; as L. steenstrupi). BM(NH) Paratypes 

1977.2.15.157-185.

-------  [j------ [) Grand Bank, Newfoundland. Material of Bray (1979:419;

as L. steenstrupi). BM(NH) Holotype 1977.2.15.156. Paratypes 

1977.5.15.157-185.

--  [------ "] Funk Island Bank, Newfoundland. Material of Bray

(1979:419; as L. steenstrupi). BM(NH) Paratypes 1977.2.15.157-185.



Fig. 2:16 Lepidophyllum appyi sp. nov. a,b) Ventral views, ex Lycodes vahli. c) Ventral view 
ex Macrozoarces americanus. Scale bar = 1 mm.

2
4
6
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t------ ] Gulf of St. Lawrence. (48 N, 63 W; May, 1975).

Collector: R. Appy. BM(NH) Paratypes 1983.3.16.7-10.

Macrozoarces americanus [̂ urinary bladder^ Passamaquoddy Bay, New

Brunswick (May, June, 1975; May, Nov. 1976). Collector: R. Appy. 

BM(NH) Paratypes 1983.3.16.11-19, also material lent by R. Appy.; 

and (Aug. 1982). BM(NH) Paratypes 1983.3.16.20.

[-- 1Gulf of St. Lawrence (48 N, 65 W; May, 1975; 48 N, 64 W,

Sept. 1975). Collector: R. Appy. BM(NH) Paratypes 1983.3.16.21-25 

also material lent by R. Appy.

t-------] Scotian Shelf (45 N, 66 W; July, 1975). Collector:

R. Appy. BM(NH) Paratypes 1983.3.16.26.

(ii) NE Atlantic records from the literature.

None.

ASPECTS OF BIOLOGY. The four species of fish recorded as hosts are 

all members of the family Zoarcidae and the distribution covers the 

NW and NE Atlantic. As with L. steenstrupi nothing is known of the 

life-cycle, transmission or route of invasion of this worm.

PREVIOUS DESCRIPTIONS.

None.

DESCRIPTION. (Figs. 2:12, 13, 14, 16). This description is based on 

many specimens, the numbers of which are included with the dimensions 

on Table 2:12. The worms are flattened, with a fusiform to spatulate 

outline (Figs. 2:12, 16), and bear prominent tegumental spines, 

reaching well into the hindbody. The subglobular oral sucker opens 

subterminally to terminally and leads via a short prepharynx to a 

large, subglobular pharynx and a distinct oesophagus which bifurcates 

in about the middle of the forebody giving rise to caeca which reach
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Table 2:12 Dimensions of Lepldophyllum appvi.

Host Lycodes Lycodes Lycodes Macrozoarces
vahl i reticuiatus esmarkii americanus

Number studied 25 18 1 77

Length (mm) 1.45-3.54 2.17-4.60 1.75 1.80-4.18

Breadth (mm) 0.65-2.35 1.57-2.30 0.9 0.95-2.85

Length:forebody 
ratio

1:0.29-0.41 1:0.32-0.38 1:0.24 1:0.33-0.40

Oral sucker (mm) 0.13-0.26 x 0.18-0.24 x 0.22 x 0.20-0.39 x
0.13-0.27 0.18-0.22 0.25 0.21-0.41

Ventral sucker 0.12-0.22 x 0.15-0.22 x 0.21 x 0.18-0.29 x
(mm) 0.11-0.22 0.15-0.21 0.23 0.17-0.31

Sucker ratio 1:0.78-0.95 1:0.83-1.05 1:0.92 1:0.67-0.86

Pharynx (mm) 0.10-0.17 x 0.10-0.17 x 0.13 x 0.12-0.22 x
0.09-0.19 0.12-0.18 0.12 0.13-0.21

Oesophagus (mm) 0.12-0.32 0.15-0.30 0.05 ♦ 0.16-0.35

Cirrus-sac (mm) 0.20-0.45 x 0.30-0.63 x 0.37 x 0.33-0.90 x
0.03-0.09 Q.04-0.10 0.06 0.06-0.13

Testes (mm) 0.16-0.66 x 0.35-0.63 x 0.40-0.56 x 0.36-0.73 x
0.19-0.57 0.32-0.65 0.25-0.42 0.20-0.70

Testes lobation 5-14[av. 7.85] 5-11[av. 7.3] 5-6 7-1Q[av. 7.6]

Ovary (mm) 0.11-0.40 x 0.17-0.47 x 0.28 x 0.18-0.34 x
0.11-0.29 0.18-0.25 0.22 0.14-0.31

Body-length: 
ovary ratio

1:0.06-0.14 1:0.07-0.14 1:0.16 1:0.05-0.14

Vitellinelporal 10-18[av11.95] 13-14[av13.5] 10 10-12[av10.87]
follicles)aporal 8-14[av. 9.2] 10-12[av 10.5] 9 7-10[av 8.12]

Eggs (ym) 35-41 x 16-22 38-45 x 19-25 39-44 x 18-26 33-43 x 17-26
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into the hindbody and terminate in the vitelline field. The ventral 

sucker lies in the anterior half of the body and is generally 

distinctly smaller than the oral sucker.

The excretory pore is dorsally subterminal and leads to a short, 

narrow vesicle which reaches to the uterus.

The deeply lobed, large testes lie symmetrically in the anterior 

to mid hindbody. The long, narrow cirrus-sac contains a bipartite 

seminal vesicle, with the proximal part an elongate sac and the distal 

part a smaller globular sac, a short pars prostatica and ejaculatory 

duct. It opens, via the genital atrium, on the submarginal dorsal 

surface, sinistrally at the level of the intestinal bifurcation.

The large ovary (Fig. 2:13) is oval to lobate, lies between the 

ends of the caeca, pretesticularly and often close to the ventral 

sucker. Mehlis' gland and the canalicular receptacle lie posteriorly 

to the ovary, and Laurer's canal opens dorsally. The uterine coils 

lie mainly post-testicularly (Fig. 2:14), and the uterus may 

completely fill the post-testicular region.(Figs. 2: 12c, i, 16b) or have 

an area of parenchyma surrounding it (Figs. 2:12g, m, 16c). In 

the latter case, it is usual for a few slings to reach close to the 

body margin (Fig. 2: 12f, j, 16a). The numerous eggs are small, 

with strongly tanned, operculate shells and narrow strands of egg

shell-like material lie in the uterus. The vitellarium consists 

of two subsymmetrical fields of follicles lying between the testes and 

the ovary.

DISCUSSION. Bray (1979) included his specimens from zoarcid teleosts 

(Lycodes spp.) in his list of hosts of L. steenstrupi from the eastern
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coastal regions of Canada. He mentioned that there appeared to be 

a host-induced effect on the morphology of the zoarcid forms which 

developed larger gonads and a more extensive uterus than the forms 

from Anarhichas spp., but that intermediate forms were present. 

Subsequent studies (see Bray & Rollinson, in press) have shown the 

dangers in postulating host-induced variation without proof, so that 

it was felt that the features listed above in the key and discussion 

were sufficient to distinguish this form from L. steenstrupi at the 

specific level.. Other records of L. steenstrupi from zoarcids - 

i.e. those of Stafford (1904, 1907), Cooper (1915) and Linkletter et a l . 

(1977), are all from Macrozoarces americanus from the Canadian east 

coast and, therefore, probably represent the same form as the one I 

have studied.

Genus PANOPULA Overstreet & Pritchard, 1977. 

DIAGNOSTIC FEATURES: see p. 91.

Key to Panopula spp. found in the northeast Atlantic.

a. Testes almost entirely in forebody. Sucker ratio greater than 

1:1.5. Caeca overlapping testes . . . P. bridgeri sp. nov. (p. 250).

b. Testes lateral to ventral sucker. Sucker ratio less than

1:1.25. Caeca not reaching testes . . P. spinosa (Zubchenko, 1978)

(p. 255).

Panopula bridgeri sp. nov.

TYPE-HOST AND LOCALITY. Polyacanthonotus rissoanus, off Tory Island,

NW of Ireland (55*N, 10°W.)

RECORDS.

Material studied from NE Atlantic.

Polyacanthonotus rissoanus upper intestine off Tory Island, NW of
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Ireland (55 N, 10 W; depth 800-1000 m; June, 1974). BM(NH) 

holotype 1982.12.8.1. paratypes 1982.12.8.2-5.

-------  [------ ] St. Kilda, W. of Scotland (57 N, 09 W; depth 980-1030 m;

June, 1974). BM(NH) paratypes 1982.12.8.6-7.

-------  f------ 1 East Rockall, W. of Scotland (57 N, 13 W; depth 1000-

1020 m; June, 1974). BM(NH) paratypes 1982.12.8.8.

ASPECTS OF BIOLOGY. Virtually nothing is known of the biology of 

this parasite of deep-sea notacanthid eels. The above records 

indicate its known range. The related species P. spinosa (see below) 

occurs in a closely related eel.

PREVIOUS DESCRIPTIONS.

None.

DESCRIPTION: (Fig. 2:17) 15 specimens (one as sections) were studied.

The measurements are given in Table 2:13. The mature worms are 

fusiform (Figs. 2:17a, b), bearing scale-like spines which reach just 

into the hindbody. The oval oral sucker opens subterminally with 

a somewhat slit-like opening and leads into a short prepharynx which 

is not always apparent in wholemounts. A small, oval pharynx leads 

to a long, narrow oesophagus, which bifurcates at about the level of 

the genital pore, just anteriorly to the middle of the forebody.

The caeca are short, but fairly narrow and reach back to about the 

level of the anterior margin of the ventral sucker and almost to 

the posterior edge of the testes, where they terminate blindly. The 

transversely elongate-oval ventral sucker lies in about the centre of 

the body and is larger than the oral sucker. It is rather weakly 

developed and is reduced to the form of a weakly-muscled pad rather



252

Fig. 2:17 Panopula bridqeri sp. nov. a) Ventral view, 
mature worm, b) Ventral view, immature worm, 
c) Terminal genitalia, d) Proximal female 
genitalia. Scale bars, a,b = 0.5 mm.
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than a sucker.

The excretory pore is terminal and leads into the vesicle which 

is in the form of a flattened sac reaching almost to the seminal 

receptacle.

The testes are smoothly or slightly irregularly oval, and lie 

extracaecally and subsymmetrically in the posterior forebody. The 

worm is clearly protandrous. The cirrus-sac is claviform and reaches 

posteriorly to about the anterior edge of the testes. It contains 

a seminal vesicle composed of two oval parts, a vesicular pars 

prostatica and a narrow, long, coiled or sinuous ejaculatory duct, 

which is sometimes extended to form a cirrus (Fig. 2:17c). It opens 

into a small, simple genital atrium which opens on the sinistrally 

submarginal ventral surface, just anterior to the middle of the 

forebody.

The oval ovary lies post-testicularly and dorsally to the ventral 

sucker. The oviduct passes posteriorly from the ovary and receives 

the duct from the canalicular seminal receptacle and Laurer's canal, 

and the common vitelline duct, before entering Mehlis' gland which 

lies sinistrai to the ovary. The large seminal receptacle lies 

posteriorly to the ovary and Laurer's canal arises from it.

Laurer's canal is short, muscular and sinuous, opening dorsally at the 

level just posterior to the ovary .(Fig. 2 :17d ). The uterus takes up

nearly the whole of the post-testicular region of the worm (in the 

hindbody and dorsally to the ventral sucker) and contains numerous 

eggs with tanned, operculate shells. A muscular metraterm enters

the genital atrium beside the cirrus-sac. The vitellarium consists
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Table 2:13 Dimensions of Panopula spp.

P. bridqeri P. spinosa

Authority Present
study

Zubchenko
(1978)

Present
study

Present
study

Locality see text 2 localities SW Iceland NW Atlantic

Length (mm) 0.67-2.01 3.2-4.2 3.5 2.9

Breadth (mm) 0.22-0.55 1.1-1.5 1.15 1.4

Length:forebody 1:0.39-0.56 - 1:0.53 1:0.54
ratio
Oral sucker (mm) 0.09-0.20 X 0.45-0.48 0.40 X 0.41 X

0.09-0.19 0.47 0.44

Ventral sucker 0.16-0.35 X 0.47-0.53 0.46 X 0.46 X
(mm) 0.16-0.43 0.44-0.56 0.45 0.50

Sucker ratio 1:1.5-2.8 - 1:0.96 1:1.14

Prepharynx (mm) V. short 0.03-0.04 0.02 0.06

Pharynx (mm) 0.04-0.07 X 0.21-0.27 X 0.21 X 0.21 X
0.04-0.07 0.19-0.21 0.22 0.19

Oesophagus (mm) 0.09-0.74 0.55-0.75 0.75 ? 0.2 curved

Cirrus-sac (mm) 0.18-0.35 X — 1.0 X 1.2 X
0.05-0.13 0.22 0.31

Testes (mm) 0.07-0.28 X 0.43-0.59 X 0.45-0.30 0.50-0.55 X
0.04-0.19 0.25-0.40 0.31-0.33

Ovary (mm) 0.06-0.20 X 0.25-0.35 X 0.26 X 0.31 X
0.08-0.17 0.25-0.32 0.24 0.30

Vitelline poral 10-12 9 - 1 0 12 12
follicles aporal 9-10 9 10

Eggs (¿jm) 36-40 X 15-17 33-38 X 13-17 33-36 X 15-17 33-36 X 16-17
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of two lateral bunches of subglobular follicles which almost meet 

in the median line posteriorly. The aporal field reaches from the 

intestinal bifurcation and overlaps the anterior edge of the testis 

posteriorly, but the poral field does not reach as far anteriorly, 

always being confined to the region postero-lateral to the cirrus-sac.

DISCUSSION. This species clearly belongs in Panopula, as the testes lie 

in the forebody. The features which distinguish it from P. spinosa 

are mentioned in the key. As far as the type of the genus, _P. 

cavernossa Overstreet & Pritchard, 1977, is concerned, the present 

species and P. spinosa can be distinguished by having the poral field 

of the vitellarium entirely posterior to the cirrus-sac and in having 

a bipartite, as opposed to a coiled, tubular, seminal vesicle.

Panopula spinosa (Zubchenko, 1978) n. comb, 

synonym: Antorchis spinosus Zubchenko, 1978.

TYPE-HOST AND LOCALITY. Notacanthus chemnitzii £= nasus] , Rejkjanes 

Ridge, SW Iceland.

RECORDS.

(i) Material studied.

(a) From the NE Atlantic.

Notacanthus chemnitzii ^intestine] off SW Iceland (March, 1973).

Donated by A.V. Gaevskaya. BM(NH) 1981.12.3.7.

(b) From elsewhere.

Notacanthus chemnitzii ("intestine] NW Atlantic (Nov. 1974). Donated by

A.V. Gaevskaya. BM(NH) 1981.12.3.6.



Fig. 2:18 Panopula spinosa (Zubchenko), 
dpecimen from SW of Iceland.

dorsal view, 
Scale bar = 1mm.
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(ii) NE Atlantic records from the literature.

Notacanthus chemnitzii Jintestinej northern part of Rejkjanes Ridge, 

off SW Iceland. Zubchenko (1978:117 as Antorchis spinosus).

ASPECTS OF BIOLOGY. One host species only is recorded. My 

specimens bear the information quoted for them and Zubchenko's (1978) 

locality information is more detailed. His record from the NW 

Atlantic is from off Labrador.

PREVIOUS DESCRIPTION. Zubchenko (1978:117).

DESCRIPTION. (Fig. 2:18). Based on two flattened wholemounts. The 

dimensions are included on Table 2:13. These elongate pyriform worms 

have an extensible forebody. The surface bears large spines which 

reach to the posterior extremity, becoming slightly more widely 

spaced posteriorly. The oral sucker is almost terminal, infundibuliform 

and leads through a short but distinct prepharynx to an oval pharynx.

The oesophagus is long, either straight or curved depending on the 

extension of the forebody. It bifurcates in about the mid-forebody 

giving off short, saccular caeca which just reach to the vitelline 

fields. The rounded ventral sucker is slightly smaller to slightly 

larger than the oral sucker.

The excretory pore is terminal and the excretory system is not 

clearly seen, but in the region posterior to the uterus, appears to 

be a broad sac.

The elongate oval testes lie laterally to antero-laterally to the 

ventral sucker in a more or less symmetrical arrangement. The large, 

curved cirrus-sac overlaps the ventral sucker to about the middle to 

the posterior edge. It contains a large seminal vesicle made up of
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two broadly oval parts, a wide, vesicular pars prostatica and a long, 

muscular ejaculatory duct which may form a large cirrus bearing 

numerous small bosses. The genital atrium is large, with muscular 

walls, and opens at or near the left lateral margin of the mid-forebody.

The rounded ovary lies submedially, post-testicularly and overlaps 

the posterior edge of the ventral sucker. Almost immediately posterior 

to it lies a small seminal receptacle, with a prominent Mehlis' gland 

to the left of the ovary. Laurer's canal was not visible on these 

flattened worms. The uterus fills most of the post-testicular 

and post-ovarian space and contains numerous thick-shelled, operculate 

eggs. The strongly muscular metraterm opens into the base of the 

genital atrium. The vitellarium consists of two small lateral fields 

of follicles lying immediately anterior to the testis on either side.

DISCUSSION: I believe that this species is clearly a zoogonid, not

a fellodistomid, as suggested by Zubchenko (1978). Although in some 

ways similar to Antorchis spp., the sublateral genital pore, large 

tegumental spines and apparently undivided excretory vesicle clearly 

associate it with the zoogonids, and the location of the testes and 

vitellarium, the structure of the intestine and the host suggest 

affinities with the genus Panopula.

Genus BRACHYENTERON Manter, 1934. 

synonyms: Cypseluritrematoides Yamaguti, 1970.

Prolateroporus Yamaguti, 1971.

DIAGNOSTIC FEATURES: see p. 96.
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Key to Brachyenteron spp. found in the northeast Atlantic.

a. Sucker ratio 1:2. Genital pore at level of pharynx. Tegumental 

pit on posterior lip of ventral sucker. Oral sucker subglobular 

...............................  B. pycnorganum (Rees, 1953)(p. 259).

b. Sucker ratio 1:1. Genital pore at level of intestinal bifurcation.

No tegumental pit seen. Oral sucker infundibuliform ..............

...............................  B. campbelli sp. nov. (p. 267).

Brachyenteron pycnorganum (Rees, 1953) Overstreet &

Pritchard, 1977

synonyms: Steganoderma pycnorganum Rees, 1953.

Deretrema pycnorganum (Rees, 1953) Yamaguti, 1953.

Steganoderma spinosa Polyansky, 1955.

Pseudochetosoma spinosa (Polyansky, 1955) Yamaguti, 1971.

Brachyenteron spinosum (Polyansky, 1955) Overstreet & Pritchard,

1977.

Yamagutia anarhichae Brinkmann, 1956.

Prolateroporus anarhichae (Brinkmann, 1956) Yamaguti, 1971.

TYPE-HOST AND LOCALITY. Anarhichas minor, Iceland.

RECORDS.

(i) Material studied.

(a) From the NE Atlantic region.

Anarhichas denticulatus Jgal1-bladder, bile-ductj Iceland-Faeroes 

Channel (64°N, 10°W; depth 592-620 m; June, 1974). BM(NH) 1982.

12.9.18-40.
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Anarhichas minor jbile-ductj east coast of Iceland (66 N, 13 W; depth 

65 fms.) Material of G. Regs (possibly type, but not labelled 

as such). (see Rees, 1953:21). BM(NH) 1976.4.9.16.

------  [gall-bladder] Neskaupstadhr, Iceland. Material lent by

Museum of Natural History, Reykjavik. Type-specimen of Yamagutia 

anarhichae. (see Brinkmann, 1956:17; Bray & Gibson, 1980:202).

------  £------ ] Anton Dohrn Bank (65 N, 30 W; depth 370-440 m; May,

1974). BM(NH) 1982.12.9.4-13.

-------  [gall-bladder, bile-duct] Iceland Faeroes Channel (63 N, 11 W;

depth 410-420 m; June, 1974). BM(NH) 1982.12.9.14-17.

(b) From elsewhere.

Anarhichas lupus [gall-bladder] off Nova Scotia, (see Bray, 1979: 418;

as Deretrema p.). BM(NH) 1977.2.15.103-110.

Anarhichas minor [gal 1-bladderj off Newfoundland, (see Bray, 1979:

418; as Deretrema p.). BM(NH) 1977.2.15.111.

(ii) NE Atlantic records from the literature.

Anarhichas minor jbile-duct] east coast of Iceland. Rees (1953:21; 

Brinkmann (1956) erroneously quotes this record as from A. lupus).

------  [gall-bladder] Neskaupstadur and Husavik, Iceland. Brinkmann

(1956:16; as S. pycnorganum: 17; as Yamagutia anarhichae).

ASPECTS OF BIOLOGY. Nothing is known of the life-cycle of this worm. 

It is found almost exclusively in the gall-bladder and bile-duct of 

Anarhichas spp. in the North Atlantic Ocean. Polyansky (1955) 

recorded 9 specimens in the intestine in 6.7% (1 of 15) specimens of 

A, lupus in the Barents Sea. In the NE Atlantic it has been recorded

only in A. minor and A. denticulatus and appears to fill the niches
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occupied by Fellodistomum fellis (Olsson, 1868) and possibly 

Steringophorus agnotus (Nicoll, 1909) in A. lupus (see Bray & Gibson, 

1980) but is sometimes found sympatrically with F. fellis in A. minor 

(see Brinkmann, 1956, 1975, Bray, 1979). Outside this region it is 

occasionally found in A. lupus (Polyansky, 1955; Bray, 1979).

PREVIOUS DESCRIPTIONS. Rees (1953:21); Brinkmann (1956:16, 17); 

Polyansky (1955:58).

DESCRIPTION. (Figs. 2:19, 20). Five worms, three in serial section 

were studied. Their dimensions are included in Table 2:14. They 

are somewhat fusiform, with the forebody being asymmetrical due to the 

genital pore being carried on a slight eminence.(Fig. 2:19a). The 

surface normally bears small spines embedded in the tegument over 

almost the entire surface, often with only the tips showing through.

A distinct tegumental pit lies on the median line close to the 

posterior border of the opening of the oral sucker. It is seen 

clearly only on SEM preparations (Fig. 2:20). The globular oral 

sucker opens subterminally, leads via a short prepharynx and a small 

subglobular pharynx into a distinct oesophagus, lined with tegument, 

which bifurcates in the posterior forebody. The short, wide, 

divergent caeca reach to about the middle of the ventral sucker.

Most of each caecum is lined with epithelium, with tegumental lining 

occurring only anteriorly. The large circular, ventral sucker, 

normally about twice the width of the oral sucker, lies in the middle 

of the worm.

The excretory pore lies terminally and leads to a narrow, 11 ' — 

shaped undivided vesicle reaching to the level of the seminal 

receptacle.
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A

Fig. 2:19 Brachyenteron pycnorqanum (Rees), a) Ventral
view, ex Anarhichas minor, b) Terminal genitalia, 
c) Proximal female genitalia. Scale bars, 
a = 0.5 mm, b = 0.2 mm.



Fig. 2:20 Brachyenteron pycnorqanum (Rees). SEM micrograph 
showing tegumental pit (arrowed). Scale bar = 0.2 mm.
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Large, oval testes lie more or less symmetrically in the anterior 

hindbody. The cirrus-sac is large, usually recurved sharply (in 

unflattened material) and has a strongly muscular wall. It reaches 

posteriorly to a level between about the middle of the ventral sucker 

to well within the hindbody (Fig. 2:19a, b). Proximally, the cirrus 

sac contains a large, bipartite seminal vesicle, the two broadly oval 

parts have muscular walls which may be lined with a single layer of 

anuclear blebs. The vesicular pars prostatica is lined with 

filaments which project into the lumen and are embedded in a granular 

matrix. Prior to the point where the cirrus-sac curves sharply, 

the ejaculatory duct has its origin. It is distinguishable from

the pars prostatica by its initially narrower lumen and thicker 

muscular wall. Its inner surface is covered with muscular tubercles. 

The pars prostatica and the proximal part of the ejaculatory duct are 

surrounded by a layer of gland-cells. At about the point of 

recurvature the gland-cell layer more or less disappears, leaving a 

narrow layer of connective tissue, containing an occasional gland-cell, 

between the thick muscular ejaculatory duct and the thinner, but still 

strongly muscular, wall of the cirrus-sac. The ejaculatory duct may 

be extruded to form a cirrus, which is usually short (See Fig. 23c of 

Polyansky, 1955) and covered with tubercles. When the worm is 

flattened (see Rees, 1953, Fig. 2) the cirrus may be almost completely 

extended and the relative positions and shape of some of the contents 

of the cirrus-sac may be substantially altered, as may the shape of 

the cirrus-sac itself. The withdrawn cirrus opens into the base of 

a distinct, narrow genital atrium which opens on a slight eminence 

on the left margin of the forebody at the level of the pharynx.



Table 2:14 Dimensions of Brachyenteron spp.

B. pycnorqanum

Authority Rees (1953) Polyansky
(1955)

Length (mm) 2.44-2.82 1.87-1.2

Breadth (mm) 1.41-1.52 0.87-1.2

Lengthiforebody
ratio

- -

Orai sucker (mm) 0.36 x 0.34 0.29-0.37

Ventral sucker 
(mm)

0.62 diam. 0.42-0.50

Sucker ratio 1:1.85 [1:1.2-1.3]

Pharynx (mm) 0.14 dlam. 0.11-0.14
diam.

Oesophagus (mm) 0.20 0.12

Cirrus-sac (mm) 0.98 x 0.26 1.04-1.37
long

Testes (mm) 0.27-0.38 x 
0.23-0.33

0.19-0.25 x 
0.30-0.40

Ovary (mm) 0.25 diam. 0.17-0.25
diam.

Vlteliinelporal
folllcles|aporal

10-12
8-11

9-12

Eggs (ym) 31-38 x 19-20 29-34 x 16-21

B. campbelll

Brlnkmann Present Present
(1956) study study

1.04 0.94-2.1 2.1

0.49 0.37-0.98 0.43

- 1:0.32-0.44 1:0.36

0.13 diam. 0.14-0.28 x 
0.12-0.29

0.22 x 0.17

0.32 diam. 0.24-0.55 x 
0.24-0.58

0.11 x 0.17

1:2.45 1:1.6-2.0 1:1

0.06 diam. 0.05-0.16 x 
0.06-0.16

0.11 x 0.08

- 0.06-0.23 c. 0.09

0.55 long 0.48-1.52 x 
0.10-0.20

0.51 x 0.09

. 0.12-0.42 x 0.19-0.22 x
0.09-0.36 0.13

- 0.08-0.32 x 
0.06-0.22

0.20 x 0.12

11-14 10
8-13 9

40 x 25 34-40 x 18-24 32-33 x 14-17

2
6
4
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The oval ovary lies on, or to the right of, the median line, 

overlapping the posterior margin of the ventral sucker and is either 

pretesticular or overlaps the testes. The narrow oviduct passes 

from the left dorsal side of the ovary, receiving the ducts of the 

canalicular seminal receptacle and the vitelline system before passing 

into a small Mehlis' gland lying sinistrally to the ovary. The 

seminal receptacle lies more or less directly posterior to the ovary 

and may be nearly as large. Laurer's canal passes dorsally from the 

seminal receptacle arising close to its junction with the oviduct 

(Fig. 2:19c). Initially it is dilate and contains a small amount of 

apparently spent spermatozoa and vitelline material. Distally it is 

narrow, convoluted and ensheathed in a narrow layer of gland-cells.

It opens dorsally at about the level of the seminal receptacle.

The uterus, on leaving Mehlis' gland anteriorly, curves posteriorly 

and coils throughout most of the hindbody, both anteriorly and 

posteriorly to the testes. It contains numerous operculate, tanned 

eggs with numerous fine filaments (Fig. 3:11). The metraterm is long, 

strongly muscular and surrounded by a layer of gland cells. It 

commences dorsally to the ventral sucker and runs a convoluted 

course to enter the genital atrium dorsally to the cirrus-sac.

The common vitelline duct widens to form a reservoir almost 

immediately on leaving the oviduct. Two narrow ducts pass from the 

reservoir towards the vitellarium, which consists of two subsymmetrical 

lateral fields of globular follicles in the forebody, but posterior 

to the cirrus-sac on the poral side. The fields reach from a level 

just posterior to the cirrus-sac to about the middle of the ovary.
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Fig. 2:21 Brachyenteron campbelli sp. nov. a) Ventral
view, b) Terminal genitalia. Scale bar = 0.5 mm.
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DISCUSSION: Brinkmann (1956) was the first to consider S. spinosa a 

synonym of S. pycnorganum. Overstreet & Pritchard (1977), however, 

pointed out that S. spinosa apparently differs from S. pycnorganum in

despite this fact, and the finding of S. spinosa in the intestine of 

A. lupus, the overall morphology is so similar that it is apparent 

that I am dealing with a single sub-arctic form. Zubchenko (1980) 

records S. spinosus from A. minor in the NW Atlantic, and my specimens 

from this host and region are clearly B. pycnorganum.

As mentioned by Bray & Gibson (1980) I have examined the single 

specimen of Yamagutia anarhichae Brinkmann, 1956, and consider it 

a teratological specimen of Brachyenteron pycnorganum.

TYPE-HOST AND LOCALITY. Polyacanthonotus rissoanus, 58 N, 10 W. 

RECORD.

(i) Material studied, from the NE Atlantic region.

depth 1300-1320 m; Oct. 1978). BM(NH) holotype 1981.2.18.1.

(ii) NE Atlantic records from the literature.

None.

PREVIOUS DESCRIPTIONS.

None.

DESCRIPTION. (Fig. 2:21). Only a single worm was recovered and its 

dimensions are given on Table 2:14. It has been examined in whole- 

mount preparation and as serial sections. Certain details,

lacking a 'well-developed metraterm-complex'. I believe that,

Brachyenteron campbelli sp. nov.

Polyacanthonotus rissoanus

particularly of the proximal female system, were not clearly seen.

The worm is elongate (Fig. 2:21a), and the surface bears spines to the
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level of the anterior part of the hindbody. It is widest at the 

level of the ventral sucker and vitellarium, and the contours of the 

lateral margins of this region reflect the outlines of the underlying 

vitelline follicles. The infundibuliform oral sucker leads via a 

short prepharynx to an oval pharynx and a distinct oesophagus which 

divides in about the middle of the forebody. The caeca are narrow 

and fairly short, terminating at the level of the ventral sucker, 

which is relatively weakly developed and lies in the anterior half of 

the body.

The excretory pore is dorsally subterminal and leads to a narrow 

vesicle which reaches to the gonads.

The testes are oval and lie slightly obliquely in the anterior 

hindbody, with the anterior testis on the poral side of the body, close 

to the ovary. The cirrus-sac is a long, narrow, claviform organ 

curved at a right-angle at its anterior end (Fig. 2:21b). It 

contains a small, bipartite seminal vesicle, made up of a larger 

slightly elongate proximal part and a small globular distal part. A

long, vesicular pars prostatica reaches to about halfway to the point 

of curvature and leads to a long, muscular ejaculatory duct. The 

genital atrium is small, but distinct, muscular and surrounded by 

gland-cells as are the distal regions of the cirrus-sac and particularly 

the metraterm. The pore opens ventrally close to the sinistral 

margin at the level of the oesophagus.

The oval ovary lies more or less on the median line, overlapping 

the posterior edge of the ventral sucker. The seminal receptacle is 

smaller than the ovary and overlaps it posterodorsally. Laurer's
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canal was not clearly seen, but apparently opens dorsally at the level 

of the testes. The uterus, distended with operculate eggs fills most 

of the hindbody and also lies in the median region of the forebody, 

between the caeca. The post-testicular eggs are relatively weakly 

tanned compared with those in the pretesticular region. The strongly 

muscular metraterm enters the genital atrium dorsally to the cirrus-sac 

and is surrounded by a thick layer of gland-cells. The vitellarium 

consists of oval follicles in fields lateral to the region around 

the ventral sucker, but overlapping into both the fore and hindbodies.

DISCUSSION: This is one of the occasions when, despite having but one 

specimen available, it is practically certain that I am dealing with 

a new form. It is the only member of the genus to possess an 

infundibuliform oral sucker and a uterus which reaches anteriorly 

to the testes and into the forebody.

Genus STEGANODEKMATOIDES Parukhin & Lyadov, 1979. 

synonyms: Hudsonia Campbell, 1975 nec Edwards, 1923.

Allosteganoderma Campbell, 1983.

DIAGNOSTIC FEATURES: see p. 103.

COMMENTS. This genus is discussed in detail by Bray (in press) and 

on p. 105. One species is found in the NE Atlantic.

Steganodermatoides maceri sp. nov.

TYPE-HOST AND LOCALITY. Alepocephalus bairdii, off Tory Island, W. of 

Ireland.

RECORDS.

(i) Material studied from NE Atlantic region.

Alepocephalus bairdii rectum off Tory Island, W. of Ireland,
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Fig. 2:22 Steqanodermatoides maceri sp. nov. a) Ventral 
view, b) Terminal genitalia, c) Proximal 
female genitalia. Scale bars, a = 1 mm, 
b = 0.2 mm.
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(55°N, 10°W; depth 800-840 m; and 55°N, 11°W; depth 800-820 m, 

April, 1973). BM(NH) Holotype 1984.2.23.1. Paratypes 1984.2.23. 

2- 8 .

---- [------- "j St. Kilda, off W. Scotland. (57 N, 10°W; depth 650-

660 m and 800-830 m; June, 1974). BM(NH) Paratypes 1984.2.23.9-11.

---- [------- "] Porcupine Bank, off W. Ireland. (54° N, 14 W; depth

1000 m; June, 1974). BM(NH) Paratypes 1984.2.23.12.

---- [------- ] South Rockall, off W. Scotland (55 N, 17 W; depth

821-850 m; June, 1974). BM(NH) Paratype 1984.2.23.13.

---- [j------- ] East Rockall, off W. Scotland (57°N, 13 W; depth

1000-1060 m; June, 1974). BM(NH) Paratypes 1984.2.23.14-20.

---- [------- J Sulisker, off NW Scotland (60 N, 07°W; depth 900 m;

June, 1974). BM(NH) Paratypes 1984.2.23.21. (59°N, 08°W; depth 

1160-1220 m; Oct. 1978). BM(NH) Paratypes 1984.2.23.22-23.

---- [------- ] Flannan, off NW Scotland (59°N, 09°W; depth 1000 m;

Oct. 1978). BM(NH) Paratype 1984.2.23.24.

(ii) NE Atlantic records from the literature. 

None.

ASPECTS OF BIOLOGY. This species is clearly both host-specific to 

A. bairdii and site-specific to the rectum. Nothing is known of 

the life-history or wider distribution.

PREVIOUS DESCRIPTIONS.

None.

DESCRIPTION. (Figs. 2:22, 23) Thirty eight specimens, including one 

set of serial sections, were studied. The dimensions are given on
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Table 2:15 Dimensions of Neosteqanoderma qlandulosum and 
Steqanodermatoides maceri.

N. qlandulosum S. maceri

Authority Byrd (1964) Bray (1973) Vamaguti
(1970)

Present
study

Length (mm) 1.80-3.42 1.0-1.38 2.2-2.5 3.75-6.2

Breadth (mm) 0.74-1.26 0.76-0.96 0.85-1.7 0.55-1.1

Length:forebody 
ratio
Oral sucker (mm)

[1:0.49-0.51]

0.19-0.23
wide

1:0.26-0.38

0.26-0.33 x 
0.27-0.38

[1:0.47]

0.20-0.25 x 
0.20-0.27

1:0.35-0.47

0.38-0.60
diam.

Ventral sucker 
(mm)

0.24-1.22 
wide

0.27-0.33 x 
0.69-0.77

0.25-0.32 x 
0.57-0.78

0.53-0.65 x 
0.48-0.98

Sucker ratio 1:3.9-1.6 1:2.1-2.8 [1:3] 1:1.18-1.64

Prepharynx (mm) - - - 0.02-0.05

Pharynx (mm) 0.06-0.10 x 
0.06-0.09

0.11-0.13
diam.

0.08-0.09 x 
0.05-0.08

0.13-0.25 x 
0.12-0.19

Oesophagus (mm) 0.50-0.98 - 0.15-0.20 0.52-0.90

Cirrus-sac (mm) - 0.94-1.01 x 
0.15-0.30

0.52-0.60 x 
0.12-0.14

0.80-1.25 x 
0.17-0.23

Testes (mm) 0.24-0.47 x 
0.25-0.43

0.19-0.30 x 
0.27-0.40

0.25-0.30 x 
0.15-0.18

0.30-0.80 x 
0.17-0.50

Ovary (mm) 0.21-0.27 x 
0.19-0.25

0.27 x 0.27 0.13 x 0.12 0.25-0.30 x 
0.17-0.30

Eggs (pm) 26-31 x 12-15 26-31 x 16-21 25-35 x 16-20 28-33 x 14-19



Fig. 2:23 Steqanodermatoides maceri sp. nov. a) SEM micro
graph of the anterior end. b) Optical photomicrograph showing 
papillae/in ventral sucker. Scale bars, a,b = 0.01 mm.
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Table 2:15. The worms are elongate, widest at about the level of 

the ventral sucker, or in larger worms just posterior to the ventral 

sucker (Fig. 2:22a). The forebody is narrow, being constricted just 

posteriorly to the oral sucker and gradually widening towards the 

ventral sucker. The hindbody is elongate, wider anteriorly and 

tapering to a narrow, pointed end. The surface bears large spines, 

the only parts lacking these spines being a narrow band around the oral 

sucker (Fig. 23a) and the posterior extremity. The large oral sucker 

opens subterminally to virtually terminally. It is more or less 

globular and leads via a distinct prepharynx to an oval pharynx which 

is often orientated obliquely and apparently distorted (Fig. 2:22a).

A long, sinuous oesophagus reaches just into the posterior half of 

the forebody where it bifurcates, giving rise to two narrow caeca 

which diverge and, passing close to the lateral margin of the body, 

reach to about the level of the anterior margin of the posterior 

testis. The large ventral sucker lies in about the centre of the 

body. It tends to have a rather angular shape, rather than being 

circular, and across its internal equator there lies a row of about 

5 or 6 large, fungiform papillae (Fig. 2: 23b).

The terminal excretory pore leads into a narrow vesicle which 

reaches about halfway to the posterior testis in larger worms, 

lying dorsally to the uterus. In younger worms it may reach to, 

but not overlap, the testes.

The testes lie close together, diagonally in about the middle 

of the hindbody. They are oval to pyriform with more or less 

smooth margins. The cirrus-sac is a large recurved or coiled organ, 

with strong muscular walls, reaching from a level dorsal to the
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anterior half of the ventral sucker to the sinistrally placed genital 

atrium (Fig. 2: 22b). The seminal vesicle is bipartite. The proximal 

part is saccular or tubular and smaller than the large oval distal 

part, to which it is connected by a short, narrow canal. The long, 

convoluted vesicular pars prostatica is lined with a layer of large, 

anuclear blebs or globules, and passes through a mass of gland cells.

The male duct forms, distally, a narrower, muscular ejaculatory duct, 

lined with muscular annuli. It may extend through the genital pore 

as a wide blunt cirrus or be withdrawn into the proximal part of the 

cirrus-sac. When the cirrus is extended the genital atrium forms a 

strongly muscular sucker-like protuberance and it appears that 

spermatophores may be formed. The genital atrium in resting condition 

is large and pocketed with a strong muscular wall lined with long 

filamentous structures reaching well into the lumen. The so-called 

periatrial gland surrounds the genital atrium and extends along the 

metraterm (Fig. 2: 22b). It appears to be delimited by a membraneous 

layer or parenchymatous capsule. The genital pore lies on the 

sinistral margin just posteriorly to the intestinal bifurcation.

The large, oval ovary lies anteriorly to the testes, usually 

closer to them than to the ventral sucker and more or less in the 

median line. The oviduct passes from the ovary close to its posterior

end and soon receives both the common duct from Laurer's canal and 

canalicular seminal receptacle and the common vitelline duct 

(Fig. 2: 22c); then it enters Mehlis' gland. The seminal receptacle 

lies directly posterior to the ovary, lying anteriorly to or 

overlapping the anterior testis. It may be larger than the ovary 

when fully distended. Laurer's canal passes from the anterior edge
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of the seminal receptacle and is a short, convoluted tube opening 

dorsally at the level of the ovary. The vitelline connecting 

ducts join close to Mehlis' gland to form a small reservoir which is 

connected to the oviduct by a narrow common duct. The initial sling 

of the uterus passes posteriorly from Mehlis' gland and contains 

components of the eggs, but it is not clear where they are assembled 

so a uterine ootype may be present. The uterus passes into the post- 

testicular region. All specimens have at least some slings in this 

region and in larger worms a substantial part of the uterus is post- 

testicular. Eggs in the post-testicular part of the uterus are 

weakly tanned, and as the uterus passes the level of the testes going 

anteriorly, the eggs become fully tanned and may obscure the gonads.

The uterus is convoluted between the testes and the ventral sucker 

and a narrow, convoluted sling passes dorsally to the latter. The 

uterine wall widens about halfway between the ventral sucker and the 

genital atrium forming a metraterm which is a strongly muscular, 

wide tube surrounded by a prominent glandular sheath and which opens 

into the dorsal part of the genital atrium. The vitellarium consists

of two lateral fields of about 15 follicles extending between about 

the posterior margin of the ventral sucker and the ovary.

DISCUSSION. This species differs from the three previously described 

members of the genus, S. kergeleni Parukhin & Lyadov, 1979, S. 

allocytti (Tkachuk, 1979) and S. agassizi (Campbell, 1975) by having 

a conspicuous post-testicular uterine development. This means that 

the testes are relatively further forward in S. maceri and the excretory 

vesicle does not always reach to the testes, as it does in the other 

species. The eggs of S. maceri (28-33p.m) are distinctly smaller

than those of S. agassizi (48-55pm).
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Genus NEOSTEGANODERMA Byrd, 1964.

DIAGNOSTIC FEATURES See p. 109

COMMENT. One species is found in the NE Atlantic.

Neosteganoderma glandulosura Byrd. 1964. 

synonyms: Proctophantastes glandulosa (Byrd, 1964) Yamaguti, 1971. 

Proctophantastes polymixiae Yamaguti, 1970.

Neosteganoderma pblymixiae (Yamaguti, 1970) Bray, 1973.

TYPE-HOST AND LOCALITY. Polymixia lowei, Straits of Florida.

RECORDS.

(i) Material studied.

(a) From the NE Atlantic region.

Beryx decadactylus jintestinej SW Bay of Biscay (44 N, 07 W; depth 

340-350 m; Jan. 1971). Material of Bray (1973:170). BM(NH) 

1973.5.17.54-56.

(b) From elsewhere.

Polymixia japónica |intestine] Hawaii. Holotype and paratype of 

Proctophantastes polymixiae. USNM 63568.

Polymixia lowei jlower intestinej Straits of Florida. Paratype.

USNM 60166.

(ii) NE Atlantic records from the literature.

Beryx decadactylus £intestinej SW Bay of Biscay. Bray (1973:170).

ASPECTS OF BIOLOGY. Nothing is known of the life-history of this 

species. It occurs in fishes of the genera Polymixia, Beryx, 

Cyttoidops and Cyttus from Florida, the Bay of Biscay, Hawaii and the

Australia-New Zealand region.
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PREVIOUS DESCRIPTIONS. Byrd (1964:105); Bray (1973:170); Yamaguti 

(1970:35).

DESCRIPTION. (Figs. 2: 24, 25) Ten specimens from B. decadactylus 

were studied, one in serial section, one wholemount from P. lowei 

and 2 wholemounts from P. japonica. The dimensions are given on 

Table 2:15. When contracted the worms have a broadly pyriform 

outline (see Bray, 1973. fig. 8a) but when relaxed they are more 

elongate (Fig. 2: 24a). Quincunxially arranged acuminate spines are 

distributed throughout the surface of the forebody and a few spines 

are to be found at the posterior extremity. The subterminal oral 

sucker leads through a small prepharynx and a globular pharynx to a 

distinct, dorsally-curved, oesophagus which bifurcates close behind 

the pharynx to form caeca which reach back just dorsally to the testes. 

The large, muscular, transversely elongate ventral sucker is almost 

as wide as the body and,in these contracted specimens, lies in the 

anterior half of the body. It is divided equatorially by a cleft in 

the dorsal surface of the musculature and a corresponding ridge 

across the inner, ventral surface (Fig. 2: 25a).

The excretory system was seen only in the sectioned specimen and 

in this case the pore was subterminal on the dorsal surface, 

possibly displaced by either the enlargement of the uterus or the 

contraction during fixation. Initially narrow, the vesicle widens 

anteriorly and terminates as a sac ventrally to the seminal 

receptacle.

The large testes are obscured by eggs in wholemounts, but 

apparently lie symmetrically just posterior to the ventral sucker and
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Fig. 2:2k Neosteqanoderma qlandulosum Byrd, a) Ventral
view of paratype specimen, b) Terminal genitalia 
of specimen ex Beryx decadactylus. c) Proximal 
female genitalia of specimen ex B. decadactylus. 
Scale bar,a= 0.5 mm.



Fig. 2:25 Neosteqanoderma qlandulosum Byrd, photomicro
graphs of section of specimen ex Beryx decadactylus. a) 
Divided ventral sucker showing internal ridge (r) and dorsal 
cleft (c). b) Periatrial gland surrounding cirrus-sac (cs) 
and metraterm (m). Scale bars, a,b = 0.1 mm.
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close to the lateral margins of the worm. The cirrus-sac is very

large with well-developed muscular walls. It is strongly recurved

with the proximal part curved round dorsally to the distal part, 

which lies transversely across the worm overlapping the anterior 

margin of the ventral sucker (Fig. 2: 24b). The proximal part reaches 

from close to the aporal margin nearly to the median region. The 

seminal vesicle is in the form of a tightly coiled tube and takes up 

a relatively small proportion of the cirrus-sac. The main part of 

the male duct within the cirrus-sac is the pars prostatica, which is 

lined with numerous, closely packed filamentous projections. The 

ejaculatory duct is wide with prominent muscular walls, and, at about 

its middle, a radial layer of hyaline spine-like structures may be 

seen. It is not clear whether these are in fact, spines or fragments 

of longitudinal muscle. The male duct within the cirrus-sac is 

surrounded by numerous gland-cells. The genital atrium has a thick, 

muscular wall, thrown into complex pockets and ridges, and opens via 

a narrow genital pore submarginally, close to the left margin of the 

posterior forebody. The genital atrium is surrounded by a thick 

layer of gland-cells which forms a sheath surrounding not only the 

genital atrium but also the distal end of the cirrus-sac and a 

considerable length of the metraterm. This glandular mass is 

distinctly delimited from the parenchyma and apparently forms a 

discrete organ which has been called a 'periatrial gland' (Yamaguti, 

1970) (Fig. 2:25b).

The subglobular to irregularly quadrilateral ovary lies aporally 

to the median line between the testes. It gives off from its left 

margin a muscular oviduct which almost immediately enters a well-
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developed Mehlis' gland. A narrow duct passes dorsally leading 

to a large, oval canalicular seminal receptacle and a narrow, 

undulating Laurer's canal which opens at about the level of the 

posterior part of the seminal receptacle (Fig. 2:24c). The oviduct 

also receives the common vitelline duct, the vitelline collecting ducts 

having, apparently, anastomosed close to the oviduct. From Mehlis' 

gland the uterus passes ventrally to fill most of the post-testicular 

region and the region ventral to the gonads with small, tanned, 

operculate eggs. The metraterm is a long tube, which, as it approaches 

the genital atrium, becomes increasingly muscular and develops an 

internally rugate wall. For much of its length it is ensheathed by 

an extension of the periatrial gland. It enters the genital atrium 

through the dorsal wall. The vitellarium consists of two lateral 

fields of about four to eight follicles which lie immediately 

posteriorly to the ventral sucker.

DISCUSSION. Proctophantastes polymixiae Yamaguti, 1970, from Polymixla 

japonica from off Hawaii is very similar to N. glandulosum.

Yamaguti (1970) did not compare the two species, but Bray (1973) 

suggested that they might be conspecific. There appears to be no 

substantial morphological difference between the species and they have 

been recorded in closely related hosts although in widely separated 

geographical areas. Korotaeva's (1982) record of Neosteganoderma 

polymixiae from the zeid fishes Cyttus novaezealandiae and Cyttoidops 

mccullochl in the Australia/New Zealand region extends the known 

distribution of that species, so that at present there seems no good

reason why N. glandulosum and P. polymixiae should be considered

distinct. Examination of the holotype of N. glandulosum (USNM 60166)
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and of the holotype and paratypes of Proctophantastes polymixiae 

(USNM 63568) clearly shows the equatorial division of the ventral 

sucker.

Genus PROCTOPHANTASTES Odhner, 1911.

DIAGNOSTIC FEATURES: see p. 111.

COMMENT. Bray (1973), following the work of Manter (1947), considered 

Proctophantastes a synonym of Steganoderma Stafford, 1904. He 

described a 'low muscular ridge' running transversely across the inside 

of the ventral sucker. Careful observation of serial sections shows 

that the sucker is in fact divided equatorially by this ridge and a 

narrow, dorsal cleft. This suggests that Proctophantastes is 

similar to Neosteganoderma (whose type-species, at least, has this 

type of sucker development) and differs only in the simple, unpocketed 

genital atrium and the weak development of the periatrial gland.

The structure of the ventral sucker, however, serves as a useful 

feature differentiating Proctophantastes and Steganoderma, thus 

reversing Bray's earlier decision. The difference between the periatrial 

gland of Neosteganoderma (Fig. 2: 25b) and the small tubular or 

claviform agglomerations of gland-cells surrounding the genital atrium 

and metraterm of Proctophantastes (Fig. 2:27c) should be stressed.

The periatrial gland is an undivided large mass of gland-cells, 

possibly delimited by a membraneous sac. In contrast the few gland 

cells in Proctophantastes lie in narrow tubular or claviform

membraneous packets which are sparsely scattered in the parenchyma.
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Proctophantastes abyssorum Odhner, 1911. 

synonyms: Deretrema abyssorum (Odhner, 1911) Price, 1934.

Steganoderma abyssorum (Odhner, 1911) Manter, 1947.

TYPE-HOST AND LOCALITY. Coryphaenoides rupestris, Trondheim, Norway 

RECORDS.

(i) Material studied, from NE Atlantic.

Coelorinchus caelorhinchus Jintestinej Northern Bay of Biscay

(47° N, 06* W ; depth 650 m; Jan., 1971). BM(NH) 1973.5.17.48-50. 

Material of Bray (1973:167).

----- ^intestine] Southern Bay of Biscay (44 N, 07 W; depth 340-350 m

Jan., 1971). BM(NH) 1973.5.17.48-50. Material of Bray (1973:167) 

----- [intestinej St. Kilda, NW Scotland (57 N, 10 W; depth 650-660 m

June, 1974). BM(NH) 1984.2.24.1.

Lepidion eques ^intestine] Northern Bay of Biscay (47 N, 06 W; depth 

650 m; Jan., 1971). BM(NH) 1973.5.17.51-53. Material of Bray 

(1973:167).

----  [jintestinej WSW Barra Head, NW Scotland (57 N, 09 W; depth

656-665 m; May, 1973) BM(NH) 1984.2.24.2-4.

Phycis blennoides Jintestinej NW of Rona, NW Scotland (60 N, 07 W;

depth 900 m; May, 1973). BM(NH) 1984.2.24.5-6.

Rhinonemus cimbrius [jintestinej Tjarno, Sweden. (June, 1971).
S

Material of J. Thulin.

Trachyrincus trachyrincus [jintestinejj Northern Bay of Biscay (47 N, 

06 W; depth 330-650 m; Jan., 1971). BM(NH) 1973.5.17.42-47. 

Material of Bray (1973:167).

----- [jintestinej Southeastern Bay of Biscay (45 N, 02 W; depth

575-665 m; Jan., 1971). BM(NH) 1973.5.17.42-47. Material of 

Bray (1973:167).
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-------  jrectum] NW of Scotland (58 N, 10 W; depth 1300-1310 m;

and 57°N, 09*W; depth 1330-1350 m; Oct., 1978). BM(NH) 1984.2.24.7-9.

(ii) NE Atlantic records from the literature.

Coelorinchus caelorhinchus jintestinej Bay of Biscay. Bray (1973:167). 

Coryphaenoides rupestris ^posterior intestine] Trondheim, Norway.

(1905). Odhner (1911a:238).

Lepidion eques ^intestine] Bay of Biscay. Bray (1973:167).

Melanogrammus aeglefinus ^posterior intestine”] Trondheim, Norway.

(1905). Odhner (1911a:238).

Trachyrincus trachyrincus intestine! Bay of Biscay. Bray (1973:167).

ASPECTS OF BIOLOGY. Nothing is known of the life-history of this 

parasite. It occurs only in gadiform fishes in the NE Atlantic 

region and appears to show a predeliction for fishes from the deeper 

waters, having been found as deep as 1350 m.

PREVIOUS DESCRIPTIONS. Odhner (1911a:238); Bray (1973:167).

DESCRIPTION. (Figs. 2:26, 27) Seventy two wholemounts and two sets of 

serial sections were studied. Dimensions are given on Table 2:16.

The worm has a pyriform to elongate pyriform outline (Fig. 2:26a), 

with a spinous body-surface in the forebody and most of the hindbody. 

The subterminal globular oral sucker leads to a short, often obscured, 

prepharynx, a small, globular to slightly oval pharynx, and a distinct 

oesophagus which bifurcates in about the middle of the forebody.

The caeca reach to the level of the testes or vitellarium. The 

ventral sucker is distinctive in that it is large, often transversely 

elongate, and divided equatorially by a ventral muscular ridge 

and a dorsal cleft (Figs. 2:27a, b).
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A

B

Fig. 2:26 Proctophantastes abyssorum Odhner. a) Ventral 
view of specimen ex Trachyrincus trachyrincus. 
b) Dorsal view of terminal genitalia of specimen 
ex Coelorinchus caelorhinchus. c) Proximal 
female system. Scale bar a = 0.5 mm.



Fig. 2:27 Proctophantastes abyssorum Odhner. a) Ventral 
sucker showing division (arrowed), ex Trachyrincus trachy- 
rincus. b) Longitudinal section of divided ventral sucker 
showing internal ridge (r) and dorsal cleft (c), ex Phycis 
blennoides. c) Longitudinal section of distal end of cirrus- 
sac (cs), metraterm (m) and claviform membraneous sacs 
containing gland-cells (arrowed), ex P. blennoides. Scale 
bars, a = 0.2 mm, b = 0.1 mm, c = 0.05 mm.
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The terminal excretory pore leads through a narrow duct surrounded 

by a few gland cells, into a flattened sac-like vesicle which reaches 

up to about the level of the testes.

The testes are oval to elongate oval and lie symmetrically or 

subsymmetrically close to the posterior margin of the ventral sucker. 

The proximity of the testes to the ventral sucker depends on the degree 

of contraction of the worm (see Bray, 1973, fig. 7), but they are 

often separated from the sucker by some of the vitelline follicles.

The cirrus-sac is large, often recurved, and overlaps the anterior 

edge of the ventral sucker (Fig. 2: 26b). The seminal vesicle is a 

coiled tube with the proximal portion occasionally forming a globular 

sac. It leads into an elongate, vesicular pars prostatica and 

thence into a muscular ejaculatory duct lined with tegumental rugae 

and pinnacles. The cirrus-sac also contains numerous gland-cells.

The cirrus-sac opens into a distinct, but small, genital atrium which 

opens on or near the left lateral margin at about the middle of the 

forebody. Around the genital atrium and distal regions of cirrus-sac 

and metraterm are tubular to claviform membraneous sacs containing 

gland cells, which may be indistinct (Figs. 2: 26a, 27c) or quite 

well developed (Fig.-2: 26b).

The ovary is more or less globular and lies just antero-medial 

to the right testis, at the level of the posterior edge of the 

ventral sucker. From its left side an oviduct passes towards a 

prominent Mehlis' gland. It receives the common duct from the 

seminal receptacle and Laurer's canal and the common vitelline duct 

prior to entering Mehlis' gland. The subglobular, seminal 

receptacle is often of a similar size to the ovary, posteriorly to
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Table 2:16 Dimensions of Proctophantastes abyssorum.

Authority Odhner (1911a) Bray (1973) Present
study

Hosts Coryphaenoides
Melanogrammus

see text see text

Locality Norway see text see text

Length (mm) 0.8-1.1 0.62-1.66 0.85-1.65

Breadth (mm) 0.35-0.A- 0.28-0.63 0.37-0.70

Length:forebody 
ratio

- - 1:0.34-0.54

Oral sucker (mm) 0.25 diam. 0.18-0.32
diam.

0.15-0.26 x 
0.16-0.29

Ventral sucker 
(mm)

0.35 x 0.45 0.18-0.44 x 
0.25-0.60

0.20-0.45 x 
0.33-0.63

Sucker ratio - 1:1.08-2.1 1:1.42-3.1

Pharynx (mm) 0.06 diam. 0.03-0.08
diam.

0.05-0.10 x 
0.05-0.10

Oesophagus (mm) 1-21/2 x 
pharynx

0.08-0.22 0.065-0.15

Cirrus-sac (mm) - 0.2-0.37 x 
0.06-0.09

0.28-0.66 x 
0.06-0.12

Testes (mm) - 0.16-0.22 x 
0.13-0.20

0.10-0.23 x 
0.08-0.12

Ovary (mm) - c. 0.15 diam. 0.11-0.15 x 
0.10-0.12

Eggs (¿im) 34-37 x 18 34-41 x 16-21 33-38 x 15-19
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which it lies. The duct leading from the oviduct to the seminal 

receptacle is short, and gives rise to Laurer's canal near its 

distal end. Laurer’s canal passes anteriorly, following a 

convoluted course and surrounded by gland-cells, to open dorsally 

just anteriorly to the ovary (Fig. 2: 26c). The common vitelline 

duct is a slightly enlarged reservoir fed by two narrow collecting 

ducts. Mehlis' gland lies to the left of the ovary and the uterus 

passes posteriorly from it and fills much of the hindbody. It contains 

numerous strongly-tanned operculate eggs. The metraterm is muscular 

and runs beside the cirrus-sac prior to entering the genital atrium 

dorsally. It is invested for part of its length by a narrow layer 

of gland cells. The vitellarium consists of two symmetrical 

clusters of distinct, globular follicles, lying on either side of the 

body at the posterior margin of the ventral sucker. The clusters 

consist of 8 to 10 follicles on the poral side and 7 to 9 on the 

aporal.

DISCUSSION. This species is very similar to the only other member of 

the genus, P. gillissi (Overstreet & Pritchard, 1977) which is 

recorded from the Pacific Ocean. Slight differences in size and 

sucker-ratio constitute the only morphological differentiating

features.
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Genus STEGANODERMA Stafford, 1904. 

synonyms: Lecithostaphylus Odhner, 1911.

Nordosstrema Issaitschikov, 1928.

Manteroderma Skrjabin, 1957.

Cypseluritrema Yamaguti, 1970.

Steganoderma (Opisthoarchiotrema) Gupta & Sharma, 1974. 

DIAGNOSTIC FEATURES: see p. 128.

COMMENT. Only one species, S. (Lecithostaphylus) retroflexum has 

hitherto been found in the NE Atlantic. It may well be that Ŝ. 

(Steganoderma) formosum Stafford, 1904 will be found eventually, 

as it occurs both in the North-Western Atlantic and in the Barents Sea.

Steganoderma (Lecithostaphylus) retroflexum

(Molin, 1859) Yamaguti,1953

synonyms: Dlstomum retroflexum Molin, 1859.

Podocotyle retroflexum (Molin, 1859) Barbagallo & Drago, 1903.

Lecithostaphylus retroflexum (Molin, 1859) Odhner, 1911.

Steganoderma retroflexum (Molin, 1859) Manter, 1947.

Lecithostaphylus spondyllosomae Fantham, 1938.

Steganoderma spondyliosomae (Fantham, 1938) Manter, 1947.

Steganoderma (Lecithostaphylus) spondyliosomae (Fantham, 1938)

Yamaguti, 1953.

Manteroderma spondyliosomae (Fantham, 1938) Skrjabin, 1957.

TYPE-HOST AND LOCALITY. Belone belone, Padua, Italy.

RECORDS.

(i) Material studied.

(a) From the NE Atlantic.

Belone belone fintestinej Lisbon, Portugal. BM(NH) 1984.2.29.1.



289

(b) From elsewhere.

Belone belone ¡intestine Split, Yugoslavia. Material of 0. Sey.

record it from the Canary Islands.

ASPECTS OF BIOLOGY. Odhner (1911b) believed that Cercaria 

thaumantiatis Graeffe, 1860, from a coelenterate was the larval stage 

of this species, but it is now considered likely to be the larva of 

Lepocreadium album (Stossich, 1890) (Dollfus, 1925; Palombi, 193l).

The great majority of records of this worm are from Belone belone, 

and its possible synonym Belone acus, in the Mediterranean Sea. 

Barbagallo & Drago,(1903) recorded it in the flying fish Exocoetus 

volitans and Papoutsoglou (1976) listed the wrasse Labrus merula as 

a host. Both records are from the Mediterranean. The finding of a 

worm indistinguishable from S. retroflexum in the local sparid 

Pachymetopon blochii in a marine aquarium at Cape Town, South Africa 

(Fantham, 1938; as Lecithostaphylus spondyliosomae) considerably 

widens the known distribution.

PREVIOUS DESCRIPTIONS. Molin (1859:290); Odhner (1911b: 115); 

Timon-David (1937b:4); Fantham (1938:387).

DESCRIPTION. (Fig. 2: 28). Three good specimens and some poorly fixed 

and fragmentary specimens were available for study. The dimensions 

are given on Table 2:17. The body has an elongate oval outline

Zadar, Yugoslavia. BM(NH) 1984.2.29.2.

(ii) NE Atlantic records from the literature.

None. Gijon, Lopez-Roman, De Armas & Valladares (1982)

(Fig. 2:28a), and the surface of these specimens has apparently 

lost its (usually reported) spines. The globular oral sucker opens
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Fig. 2:28 Steqanoderma (Lecithostaphylus) retroflexum
(Molin). a) Flattened specimen, b) Terminal 
genitalia. Scale bar,a= 0.5 mm.
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subterminally leading to a short prepharynx, large globular pharynx 

and a short or practically absent oesophagus. The intestinal 

bifurcation, which occurs in the mid-forebody, gives rise to narrow 

caeca which reach into the post-testicular region, usually 

significantly but often only slightly. The globular ventPal sucker 

is borne on a short, protrusible peduncle which may be visible in 

ventrally mounted preparations as a series of ridges around the sucker. 

Alternatively it may be deeply withdrawn into the body, but when this 

occurs clear evidence of the peduncle in the shape of folds around 

the sucker is apparent. The oral and ventral suckers are of similar 

sizes. Numerous flask-shaped glandular cells can be seen in the 

lateral forebody region and reach just into the hindbody.

The longitudinally elongate, oval testes lie symmetrically in the 

mid-hindbody. The elongate-oval cirrus-sac, usually just reaching 

or overlapping the ventral sucker, contains a claviform, saccular 

seminal vesicle, a short, vesicular pars prostatica and a short 

ejaculatory duct, all surrounded by gland-cells (Fig. 2: 28b).

It opens into a distinct genital atrium which is surrounded by gland- 

cells. The genital pore is sinistral, submarginal and at the level 

of the pharynx or just posterior to it.

The ovary is also longitudinally elongate-oval, lies about 

half-way between the testes and the ventral sucker, and is separated 

from the testes by uterine coils. The seminal receptacle and Mehlis' 

gland lie just posteriorly to the ovary. Laurer's canal opens 

dorsally at the level of the posterior margin of the ovary. The 

uterus, containing numerous tanned, operculate eggs, fills much of 

the hindbody. Post-testicularly it reaches close to the lateral



Table 2:17 Dimensions of Steqanoderma (Leclthostaphylus) retroflexum.

Authority Odhner
(1911k)

Tlmon-Davld
(1937ki

Eantham
(1938)

Present
study

Present
study

Host Belone acus Belone acus Spondyliosoma Belone belone Belone belone
blochii

Locality Italy Gulf of 
Marseille

S. Africa Portugal Yugoslavia

Length (mm) 1.5-2.5 2.5 1.62-1.65 2.03 2.01-2.18

Breadth (mm) 0.6-0.55 - - 0.60 0.38-0.56

Length:forebody 
ratio
Oral sucker (mm) 0.15-0.2

diam.
0.19 0.13 dlam.

1:0.23 

0.11 x 0.16

1:0.26-0.31

0.13-0.16 x 
0.13-0.16

Ventral sucker 
(mm)

0.18-0.23
dlam.

0.22 t  oral 0.16 x 0.16 0.19 x 0.16

Sucker ratio - - t 1:1 1:1 1:1.15

Pharynx (mm) 0.12-0.16
dlam.

0.16 dlam. 0.08-0.85 x 
0.09

0.11 x 0.10 0.10-0.12 x 
0.08-0.12

Oesophagus (mm) - - - - 0.08

Cirrus-sac (mm) - 0.60 - 0.35 x 0.12 0.26-0.36 x 
0.09-0.11

Testes (mm) - 0 A Q - 0 A Z

long
0.18-0.195 x 
0.10-0.13

- 0.25-0.31 x 
0.12-0.17

Ovary (mm) - 0.17 0.13 dlam. - 0.17-0.22 x 
0.11-0.16

Eggs (pm) 38-61 x 20 60 x 20 60 36-60 x 20-21 37-61 x 20-25

2
9
2
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margins of the worm, but is restricted pretesticularly to the regions 

median to the vitelline follicles. The metraterm is weakly 

developed.

The vitellarium consists of two lateral fields of regular 

follicles arranged 6-11 on the poral side and 8-9 on the aporal side. 

Anteriorly the vitelline field reaches from the level of the ovary to 

the level of the ventral sucker and posteriorly it just overlaps the 

anterior edge of the testes. The field of flask-shaped gland-cells 

mentioned above may reach back almost to the posterior region of the 

vitellarium.

DISCUSSION. Lecithostaphylus spondyliosomae Fantham, 1938, is 

indistinguishable morphologically from S. retroflexum and is, 

therefore, considered a synonym. It is said to differ in having more 

oblique testes and fewer vitelline follicles. The testes in the 

figure, however, are precisely symmetrical. This figure, in fact, 

is very similar to that of S. retroflexum in Odhner (1911b): they 

could almost be of the same specimen. The vitelline follicles as 

drawn, 7 aporal, and 9 poral (in L. spondyliosomae) fit comfortably

within the variation found in S. retroflexum.
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Discussion

The discussion in chapter one partly covers the findings of this 

chapter, in particular in relation to taxonomic methods, host-specificity, 

depth and site of infestation. A discussion of the general 

zoogeography of the Zoogonidae was given there, but it is appropriate 

to include here some more specific comments on the zoogeography of 

the NE Atlantic fauna.

The geographical region covered by the work reported in this chapter 

includes the Atlantic boreal and Atlantic lusitanean regions 

(Ekman, 1953; Briggs, 1974), and therefore, Manter's (1955) comments 

on the European coastal 'trematode' fauna are of direct interest to 

the current study. He found that the 'trematodes' of the British 

Isles were 'much more similar to those of the Mediterranean than of 

any other region', and indicated that the British Isles and 

northwestern Europe shared 27% of their marine fish 'trematodes' with 

the Mediterranean Sea but only 13% with the 'American Atlantic'.

My findings in the Zoogonidae differ somewhat. 25% of the 16 named 

species also occur in the Mediterranean Sea (4 species; Zoogonus 

rubellus, Diphterostomum brusinae, Zoogonoides viviparus, Steganoderma 

(Lecithostaphylus) retroflexum), but 37.5% also occur in the NW Atlantic 

(6 species; Pseudozoogonoides subaequiporus, Lepidophyllum steenstrupi,

L. appyi, Panopula spinosa, Brachyenteron pycnorganum, Neosteganoderma 

glandulosum). Two species are very widespread; i.e. D. brusinae 

and N. glandulosum, both of which have been reported from as far 

away as the southern Pacific Ocean, while Z. rubellus is also reported 

in the southern Hemisphere, from the SE Atlantic. Of the boreal forms 

that reach to the American coast only one, P. subaequiporus, is believed
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to be circum-polar, but a species not yet reported from the NE Atlantic, 

Steganoderma (Steganoderma) formosum, appears likely to have a 

circum-polar distribution and may yet be discovered in the north of 

the study area.

Manter's (1955) results were based on data supplied by the studies 

of Nicoll, Odhner, Lebour and others and presumably mainly involved 

the inshore fauna. It is apparent that the inshore fauna in the present 

study, as represented mainly by the members of the subfamily Zoogoninae, 

shows a much closer relationship to the Mediterranean fauna than do 

the deep-water forms, as represented by members of the subfamily 

Lepidophyllinae. Thus it appears that my results do not necessarily 

contradict those of Manter, but indicate that the deep-water fauna is 

better represented in my studies, than in those of earlier workers.

It is far from clear whether the complete ranges of those forms 

which are apparently restricted to the study area are yet established.

Of these six species, three (Panopula bridgeri, Brachyenteron campbelli, 

Steganodermatoides maceri) are described as new in this chapter and of 

the remaining three, Diphterostomum betencourti is reported from the 

English Channel, Diphterostomum vividum from Plymouth and Aberdeen 

and Proctophantastes abyssorum from the region between Norway and the 

Bay of Biscay.

The results of this brief survey of the zoogeography of NE Atlantic 

zoogonids indicate that the overall relationships of the complete 

fauna is closer to the NW Atlantic fauna than other studies have 

suggested, but that this probably results from the increase in sampling

from deeper-waters.
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An interesting aspect of the morphology of certain lepidophyllines 

which has arisen in this study is the equatorial division of the 

ventral sucker, by a ventral ridge and dorsal cleft in the genera 

Neosteganoderma and Proctophantastes and by a ventral (internal) row 

of large papillae in Steganodermatoides. The functional significance 

of these adaptations is not understood. I have observed that 

Steganodermatoides maceri and Proctophantastes abyssorum are normally 

firmly attached to the intestinal or rectal wall by the ventral sucker 

but details of the mode of attachment have not been studied. A 

similar divided ventral sucker is described by Fischthal & Kuntz (1964) 

for their new species Meristocotyle varani from the lizard Varanus 

salvator in the Philippines. They describe the ventral sucker as 

'divided internally into separate contiguous, muscular, anterior and 

posterior portions enclosed by a common rim'. In this case there is 

also no indication of the functional significance and, in fact, there 

is some doubt as to the normal site, the single adult having been 

found in the stomach and 'may represent postmortem wandering' and 

the four immature specimens having been found in the lungs. The 

ventral sucker papillae of Steganodermatoides £= Hudsonia^j are, 

according to Overstreet & Pritchard (1977), 'similar, but different' to 

the adhesive organs found in the ventral sucker of the cephaloporid 

A1loplectognathotrema tsushimaense Kamegai, 1970. These organs 

appear from Kamegai's (1970) text and illustrations to be rather more 

complex than the sucker papillae of Steganodermatoides and caused Kamegai 

to speculate that they secrete a mucous substance to aid adhesion of 

the large, shallow ventral sucker. In contrast, the ventral sucker in 

the lepidophyllines is strongly muscular and shows no sign of reduction 

so that it is not clear that any aid in adhesion is necessary.
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Summary and Conclusions

This chapter has shown that seventeen zoogonid species have, so far, 

been found in the NE Atlantic region, seven in the subfamily Zoogoninae 

and ten in the Lepidophyllinae. The deep-water forms are the least 

well known, such that of the four new lepidophylline species described, 

Lepidophyllum appyi, Panopula bridgeri, Brachyenteron campbelli and 

Steganodermatoides maceri, the latter three are from deep-water fishes. 

The zoogonines are better known and only one, Pseudozoogonoides sp. 

innom., known from a single specimen from the spiral valve of the 

elasmobranch Squalus acanthias, is not identified to a previously 

described species. In addition the new combinations, Diphterostomum 

vividum and Pseudozoogonoides subaequiporus, are made for the zoogonines 

previously known as Zoonogenus vividus and Zoogonoides subaequiporus, 

respectively.

Zoogonids are now known to occur in 47 species of fishes, 44 of 

them teleosts, in the NE Atlantic. It is apparent that the zoogonines

occur mainly in inshore and shallow water fishes, particularly 

flatfishes, and that the lepidophyllines tend to be found in deeper- 

water fishes. Although the zoogonine fauna of the NE Atlantic is 

quite well documented, it is likely that further forms, presumably 

lepidophyllines, will be found in the future in deep waters.

It is clear that, apart from the life-cycle studies on some 

zoogonines, very little is known of any aspect of the biology of most 

species. Practically nothing of the life-history of any lepidophyllines 

has been described and in no case has the first intermediate host been 

discovered. The prevalence of Lepidophyllum steenstrupi in Anarhichas 

lupus suggests that it might be a prime candidate for studies to

elucidate a lepidophylline life-history.
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Introduction

Anarhichas lupus Linnaeus, 1758, known in the north-eastern 

Atlantic region as the wolffish or marine catfish, is restricted in 

its distribution to the north Atlantic Ocean and the Barents and White 

Seas. These large, blenny-like teleosts have robust muscular bodies, 

large heads and prominent canine-like teeth at the front of the mouth 

with flattened grinding teeth at the sides. Nelson (1976) placed 

the family Anarhichadidae in the perciform suborder Blennioidei, 

whose other major families include the Blenniidae and the Stichaeidae. 

Recently, (1984), Nelson has revised his work and places the 

Anarhichadidae in the perciform suborder Zoarcoidei, whose other 

major families include Zoarcidae and Stichaeidae. The Blennidae 

is included in the suborder Blenniodei. Anarhichas lupus belongs 

to a small genus of about six species, two of which are partly 

sympatric with A. lupus. These are A. minor Olafsen, 1772, and 

A. denticulatus Kr^yer, 1845, and the few helminths which have been 

found in these fishes suggest that they have a similar helminth- 

fauna to A. lupus. Two members of the family which are found in the 

north Pacific Ocean, A. orientalis Pallas, 1811 and Anarhichthys 

ocellatus Ayres, 1855, have had very few helminthological observations 

made on them. In contrast, A. lupus has been examined several times

and its helminth fauna is relatively well known.
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Although good to eat, its relatively non-gregarious habits and 

preference for rocky areas of sea floor has meant that it has not 

become a major food-fish, but, as Barsukov (1959) pointed out, 

its catch has increased sevenfold since the turn of the century.

Beese & Kandler (1969) stated that the total catch of A. lupus and A. 

minor in 1963 was 56,820 tonnes, i.e. 1.4% of the landings of demersal 

fishes. Between 1966 and 1979 the average catch of A. lupus alone, 

in the north-eastern Atlantic was 35,112 tonnes (Jonsson, 1982).

British statistics (MAFF Sea Fisheries Statistics, 1929-30, 1947, 

1949-82), however, show a fairly consistent decline in landings (Fig.3:l) 

along with a concomitant rise in its value. These figures probably 

reflect the decline in British fish landings generally as the 

proportion of A. lupus in landings has not changed much (e.g. 1969:

0.47% of demersal fish landings, 0.38% of total catch; 1977: 0.56% 

of demersal fish landings, 0.34% of total catch).

A. lupus commonly harbours several digenean species, most of which 

are apparently co-extensive with the host and many of which are 

specific to A. lupus and its congeners. A few species show a less 

extensive range (e.g. Brachyenteron pycnorganum) and because of this 

may be potential biological tags. Other helminths may be useful 

indicators of further information relating to the biology of A. lupus.

Read (1950) stated that 'in order to understand the host parasite 

relationships of intestinal helminths we must separately investigate 

the physiology of host and parasite.' Following from this Crompton 

(1973) pointed out that there were few facts, as yet, which supported 

the idea 'that the distribution of helminths in the alimentary tract 

of vertebrates is related to different conditions therein.'
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Studies of the distribution of teleost helminths in relation to the 

structure of the alimentary tract and its physico-chemical 

characteristics have been made by MacKenzie & Gibson (1970) and 

Williams et a l . (1970), and a few authors have attempted to describe 

in detail the longitudinal distribution of helminths in the gut of 

teleosts (e.g. Hine, 1980a, b; Renard, Romestand & Trilles, 1980).

The present study is an attempt to describe the gastro-intestinal 

tract and urinary bladder of Anarhichas lupus in morphological and 

some physico-chemical terms in conjunction with a study of the helminths. 

To the best of my knowledge this is the first time that this has been 

attempted on a large, off-shore marine teleost which has, of necessity, 

to be studied while at sea.

Materials and methods

Specimens of A. lupus have been collected and examined for 

parasites on the following cruises: "Cirolana" 4/1973; 5/1974; 5/1975; 

7/1976; 11/1979; "Explorer" 5/1982; 5/1983; "Scotia" 5/1984.

The full details of the stations at which A. lupus was collected are 

included in Table 3:1. No A. lupus were collected from shore stations. 

In the earlier cruises (up to 1979), the collections were made with 

general helminth-taxonomic aims in view. In the later cruises 

(1982-4) the study of A. lupus and its parasites was a major aim.

On these cruises careful dissections were made on fresh animals to 

study the parasites and in 1982 and 1983 the fluids from the lumen 

of the gut, gall-bladder and urinary bladder were taken for testing.

In addition, during the 1983 cruise, specimens of two parasites,

Fel1odistomum fellis and Steringophorus agnotus, were collected in 

liquid for an isoelectric focusing study which has been presented
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Table 3:1. Stations at which A. lupus was examined.

Cruise Stn. 
No.

Area Latitude Longitude Depth m. Date

Cirolana ^/1973 7 Anton Dohrn Bank 66°N 30°W 408-410 2.5.1973

Cirolana 5/197^ 1 off Rejkjanes 64° N 24°W 148-152 28.5.1974
8 Anton Dohrn Bank 65°N 30°W 370-440 30.5.1974
11 Angmagsalik 64°N 37°W 198-215 1.6.1974

Cirolana 5/1975 12 Flemish Cap 47°N 45°W 104 11.7.1975
13 Flemish Cap 47°N 1*5 °W 104 11.7.1975
23 Funk Island Bank 51°N 52°W ? 13-14.7.1975
30 Green Bank i»5°N 55°W 82 17-18.7.1975
38 St Pierre Bank 46°N 57°W 170 18.7.1975
k k Banquereau 45°N 57°W 7 19.7.1975
05 Banquereau 45°N 57°W 76 21.7.1975

Cirolana 7/1976 A93 Faeroes 62°N 08°W 112 9.7.1976
821 Orkneys 59°M 0̂ °W 164-172 17.7.1976
B53 Moray Firth 59°N 02°W 150-152 24.7.1976
B72 Moray Firth 58°N 02°W 164 26.7.1976

Cirolana 11/1979 17 North Sea 58°N 00° 99-111 2.12.1979
36 North Sea 59°N 01 °E 107-117 10.12.1979

Explorer 5/1982 78 Bell Rock 56°N 02°W 52 29.5.1982
82 Swatchway 57°N 00° 80 5.6.1982
80 Swatchway 58°N 01°E 93 5.6.1982
86 Beryl 60°N 02°E 118 6.6.1982

Explorer 5/1983 69 Bell Rock 56°N 02°W 50 21.5.1983
71 Sth Devil's Hole 56°N 00» 85 22.5.1983
70 Aberdeen Bank 57°N 01°W 67 23.5.1983
82 Ling Bank 58°N 02°E 70 25.5.1983
80 SW of the Patch 59°N 02°E 110 25.5.1983
85 Walker Bank 59°N 02»E 114 25.5.1983
86 Beryl 60°N 02»E 120 26.5.1983
89 Thistle Field 61°N 01 °E 160 29.5.1983
90 Ninian Field 61°N 01°E 150 29.5.1983
91 Ninian Field 61°N 01 °E 140 29.5.1983
93 E of Sumburgh 60°N 00» 122 1.6.1983
90 W of 8ressay Bank 59°N 00» 140 1.6.1983
96 Copinsay 59°N 02°* 75 4.6.1983
98 ME Start Point 59°N 02°W 72 4.6.1983

Scotia 5/1980 28 off Stabbs Head 56°N 02°W 65 12.5.1984
29 Bell Rock 56°N 02»W 50 13.5.1984
32 Aberdeen Bank 57°N 01°W 82 13.5.1984
35 Beryl 59°N 02°E 110 14.5.1984
36 Brent 61°N 02°E 143 15.5.1984
01 Forty Mile Ground 60°N 00» 124 17.5.1984
02 E of Sumburgh HeadI 60°N 00° 128 17.5.1984
03 E of Fair Isle 60°N 01°W 40 17.5.1984
W Fair Isle 60°N 02°W 73 17.5.1984
05 W of Fitful Head 60°N 02°W 55 17.5.1984
07 S of Fair Isle 59°N 02»W 100 18.5.1984
63 South Deep 58°N 03°W 85.2 22.5.1984
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for publication (Bray & Rollinson, in press).

For the study of the parasites and body-fluids, the organs 

examined were divided into seven parts (Fig. 3:2). These were: 1) 

the stomach; 2) the anterior third of the intestine; 3) the middle 

third of the intestine; 4) the posterior third of the intestine;

5) the rectum; 6) the gall-bladder; and 7) the urinary bladder.

The fish were taken from the delivery pound and killed by a blow on the 

head. Immediately the body-cavity was opened and the gut displayed. 

Fluids were collected using a Pasteur pipette after making a small 

incision in the wall of the organ. After pH measurements had been 

carried out the fluids were centrifuged and immediately frozen. The 

gastrointestinal tract etc. were then divided into the seven parts 

described above, and each part was examined for parasites with a 

dissecting microscope. The ease with which this was accomplished 

depended largely on sea conditions. The parasites were examined, 

counted, note taken of their site and, in cases where identification 

was not certain, collected by fixing in Berland's fluid and preserving 

in 70-80% ethanol. Note was also made of the contents of the stomach 

and intestine, particularly in terms of the hard remains of shellfish.

The pH measurements were taken in the 1982 and 1983 cruises by the 

use of Whatman narrow range pH indicator papers. The readings were 

made by dipping small lengths of paper into the small plastic tubes 

into which the fluids were pipetted. In 1984 a portable Jenway PH M4 

pH/temperature meter was used with a PCP201 general purpose electrode, 

with a quoted accuracy of +_ 0.02 pH over a range of 0-14 pH. This 

electrode is fairly large and was immersed in the tubes containing 

lumenal fluid leaving no room for the thermocouple. The temperature



Fig. 3:2 Drawing of Anarhichas lupus with gastro
intestinal tract etc. exposed. Regions 
sampled for helminth-parasites numbered 1-7.
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of the fluid and the thermocouple were equalized in a water-bath.

When only small amounts of body-fluid were available indicator papers 

were used. (The Jenway meter had been taken on the 1983 cruise but 

was found to be damaged at the first attempt at use.) The pH readings, 

therefore, contains two types of data (see Appendix 4 and Fig. 3:4) 

which agree fairly closely.

Body-fluid ion concentrations were studied at the Mineralogy 

Department of the British Museum (Natural History) by Mr. Vic Din.

The levels of Na+ , K , Mg and Ca were assessed using a Perkin- 

Elmer 403 Atomic Absorbtion Spectrophotometer and Cl by Nephelometry. 

Controls were made to test the possibility of drastic deterioration of 

the samples during the holding period between collecting and testing.

A sample of sea-water was treated in the same way as the lumenal fluids 

and the results compared with published figures for sea-water:

Ions % according to % in current
Hood, 1966 study

Na+ 30.61 31.70

K+ 1.10 1.31

Mg++ 3.69 3.32

+ +
1.16Ca 1.22

Cl" 55.04 54.03

Ions

Mg
++

Ca
++

0/00 of Cl according to 0/00 of Cl in 
Culkin & Cox, 1966 Present Study

0.5544-0.5567 0.5871 

0.01953-0.0263 0.0250 

0.06632-0.6695 0.0633

0.02122-0.02126 0.0233
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As a further control, small fish were collected at the MAFF laboratory 

at Burnham-on-Crouch, Essex (thanks to the kindness of Mrs Francis 

Franklin) and taken alive to the BM(NH). Specimens of cod (Gadus 

morhua), eelpout (Zoarces viviparus) and rockling (Gaidropsarus 

vulgaris) were dissected and body-fluids removed. Due to the small 

size of the fish and consequent small amounts of fluids removed, the 

fluid was amalgamated and divided into two parts, one of which was 

immediately tested by Mr. Din and the other was frozen and kept for 

12 weeks prior to thawing and testing. The results of this exercise 

were as follows:

Ion Immediate testing 12 weeks later
ppm ppm

+
Na 580 574

K+ 114 104

Mg++ 93 94

Ca++ 102 98

The results of these control measures indicate that the technique is 

likely to give a reasonable general indication of ion concentrations.

Osmolarity of the fluids was measured using a Camlab digital 

micro-osmometer at the Department of Zoology and Applied Entomology, 

Imperial College (by kind permission of Dr. D.P. McManus).

Specimens for electron microscopy were fixed for about 2 hours in 

0.9m glutaraldehyde in 0.1m cacodylate buffer at pH 6.9 and washed 

and stored in 0.1m cacodylate buffer. Post-fixation was in osmium 

tetroxide and embedding in Spurr's resin. Sections were cut on a 

Reichert Om U2 ultramicrotome, mounted on grids, stained in uranyl 

acetate and lead citrate and examined with a Siemens Elmiskop 101
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Electron Microscope.

Some A. lupus guts were frozen at sea and examined later at the 

BM(NH). The distribution of some worms (see Steringophorus agnotus) 

was clearly greatly affected by this procedure, so the results 

obtained from frozen guts were used with some caution.

Results

The results of the study of parasites, food, and data on sex, 

length, gut-length etc. are included on Table 3:2. The distribution 

of the four main intestinal parasites is shown graphically in Fig. 3:3. 

The food data is summarised in Tables 3:3 and 3:4.

The results of the tests on pH and osmolarity are given in Fig. 3:4 

and those on the various ion concentrations in Fig. 3:5. The figures 

on which these graphs are based are given in Appendix 4.

The gastro-intestinal tract

The gastro-intestinal tract is illustrated in Fig. 3:2, which 

shows the sections into which it has been divided for this study. 

According to Fänge & Grove (1979) the major divisions of the teleost 

alimentary canal are mouth, buccal cavity, pharynx, oesophagus, stomach, 

intestine, rectum and related organs. The intestine of A. lupus has 

been described by Haus (1897) and Verighina (1974) and detailed 

descriptions of parts of the gut will be included below. The gut is 

relatively short and wide, as would be expected in the case of a strictly 

carnivorous fish. According to my measurements (Table 3:2) the gut of 

A. lupus is 0.55-1.05 times the body-length, a similar result to that
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able 3:2. Details of the A. lupus examined , their f oodi and ;parasites.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Explorer 1982
1 78 61 - - - 4 - - - - - - - - - 2 18 1 3 - - -
2 78 83 - - F - - - - - 4 - - - - 1 4 9 3 6 - -
3 78 38 - - - 4 - - - - - - - - - 2 - - 2 - - 3
4 82 58 - - F - - 4 3- 4 - - - - 16 - 9 27 - 18 -
5 89 59 - - - ♦ - + 4 4 - - - - - 4 - 16 - 97 2 -
6 89 - - - - - - - ♦ 4 4 - - - - 5 - 100 - 64 1 -
7 86 70 - - - ♦ - + - - 4 - - - - 2 - 46 5 59 20 -

Explorer 1983
8 79 67 - - F - 4 + 4 ► - 4 - - - 4 - - 2 2 2 -
9 82 95 - - - - - + - - - - + - 4 - - 103 - 57 - -
10 89 - - - M + - - 4 4 - - - - - - - - 1 - - -
11 89 50 - - M 4 + - - - - - - - - - - - 2 - - -
12 91 69 - - M - 4 - + + - 4 - + 4 2 - 1 1 - 6 -

13 96 55 - - F - ♦ + - 2 9 - - 11 -

19 98 59 - - M 4 - - - - - - - - - - 10 - - - 6 -

15 99 98 - - F 4 - 4 4 2 - 33 4 19 - 3
Scotia 1989
16 28 50 53 105 F - - - - 4 4 - - 4 - - - 9 i 5 3
17 29 51 59 105 F 4 - + 4 4 - - - - - 1 8 4 3 - 6 -

18 32 78 68 87 F - - + 4 + 4- - - - - 1 - 1 - - - -

19 32 59 90 79 F - 4 f - 4 - - - - - 1 - - 2 - 3 -

20 35 28 21 79 F 4 - + - - 4 - - - - - - 53 - 10 2 -

21 35 65 90 61 M 4 4 + - 4 - - - - - - - 115 6 52 - 9
22 36 39 33 89 H ♦ 4 - - 4 - - - - - 1 - - 1 - 1 8
23 36 25 19 75 - 4 4 - - - - - - - - - - - 2 - - ~
29 91 85 86 101 M - - 4 - - - - - - - - - 73 - 9 1 2
25* 91 65 99 73 M - ♦ ♦ 4 4 - - - - 56 -

26* 91 85 82 96 M - - + ♦ 73 -

27* 91 87 81 93 M 902 1
28* 91 69 58 90 M - ♦ + ♦ 4 - - - - - 229 -
29* 91 75 79 98 F - - ♦ - - - - ♦ - - 65 3
30* 91 79 66 89 M - + ♦ 20 1
31* 91 69 69 100 M - 4 + - - - 4 - - - 9 8
32* 91 99 93 87 F - 4 ■f ♦ ♦ - - - - - 2
33 92 72 69 88 M ♦ 4 - ♦ - 2 178 1 26 - -

39 92 20 11 55 - 4 - + - - - - - - - - - - 1 - 1 -

35* 92 57 60 109 M - 4 + + - - - - 4 - 0
36 44 67 98 72 M 4 ♦

37 95 59 90 73 F - + - - - 4 - - - - - - - 1 - 3 -

38 97 36 26 72 M 4 ♦ 4 4 - - - f - - 1 - - - - 9 2
39 63 53 99 92 H ♦ ♦ + 4 - ♦ - - - - - - - - - 9 1

* Frozen fish - parasites of the gall-bladder and urinary bladder only were examined due to 
displacement of intestinal parasites by the freezing and thawing process.

Key to columns.

1 - Fish number.
2 - Station number.
3 - Fish length in cm.
4 - Gut length in cm.
5 - Gut length as % of fish length.
6 - Sex.
7-16 - Food items
7 - Ophiuroids - frequency of occurrence 43.6%.
8 - Echinoids - frequency of occurrence 46.2%.
9 - Bivalves - frequency of occurrence 64.1%.
10 - Gastropods - frequency of occurrence 43.6%.
11 - Hermit crabs - frequency of occurrence 38.5%.
12 - Crabs - frequency of occurrence 25.6%.
13 - Spider crabs - frequency of occurrence 10.3%.
14 - Nephrops - frequency of occurrence 7.7%.
15 - Sea mouse - frequency of occurrence 7.7%.
16 - Fish - frequency of occurrence 7.7%.
17-23 Numbers of common parasites.
17 - Hysterothylacium aduncum - prevalence 50%, intensity range 1-16, mean 3.
18 - Zooqonus rubellus - prevalence 20%, Intensity range 2-18, mean 7.3.
19 - Fellodlstomum fellls - prevalence 64.9%, intensity range 1-402, mean 66.8.
20 - Lepldophyllum steenstrupl - prevalence 61.5%, intensity range 1-27, mean 3.5.
21 - Sterlnqophorus aqnotus - prevalence 40%, intensity range 2-64, mean 29.2.
22 - Peracreadlum idoneum - prevalence 60%, intensity range 1-20, mean 5.5.
23 - Pseudozooqonoides subaequiporus - prevalence 23.3%, intensity range 1-9, mean 4.
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Fig. 3:3 Distribution of four helminth-parasites in
gastro-intestinal tract of Anarhichas lupus.
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Fig. 3:^ Anarhichas lupus. Gradients of pH and osmolarity 
in gastro-intestinal fluids, bile and urine.
[pH - bold marks from meter readings, faint 
marks from indicator paper readings.] Error 
bars = range. 0 = sea-water. 1-7 see Fig.
3:2.
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for carnivorous fish as given by Kapoor, Smit & Verighina (1975).

As Smith (1982) points out, however, gut-length appears to relate 

more to the amount of indigestible material than to whether the prey 

is plant or animal. He also points out that 'intestines with folds or 

mechanisms for increasing surface area are usually shorter than those 

in related species with a simple tubular intestine'. In A. lupus, 

as will be described, the surface area is greatly increased by 

complex folding of the intestinal mucosa.

The results of the analyses of physico-chemical conditions in the 

gut show that pH tends to rise slightly along the gut (Fig. 3:4a), 

but was practically always between 6 and 8.5, with a mean between 

7 and 8, generally encompassing the range of activity of trypsin 

(pH 7-11). Marine teleosts must drink seawater to replace water lost 

osmotically across the body-surface and a major organ in this 

osmoregulation is the intestine. Osmolarity decreased slightly along 

the gut in this study (Fig. 3:4b), and the levels of ion concentration 

showed some reasonably distinct gradients (Fig. 3:5). The variability 

in osmolarity measurement decreased along the gut, as was found in 

the flounder (Platichthys flesus) by Mackenzie & Gibson (1970).

The gastric fluid had Na and Cl concentrations which were already 

much lower than in seawater, while concentration of the other ions 

was similar to seawater. Na+ , Cl and K+ showed some decrease in 

concentration along the gut while Mg++ showed an increase and Ca++ 

stayed practically the same. These results are similar to those 

found by Shehadeh & Gordon (1969) in the rainbow trout (Salmo gairdneri) 

in seawater and by Mackenzie & Gibson (1970) in the flounder.

Hickman (1968) found that in the southern flounder (Paralichthys
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Fig. 3:5 Anarhichas lupus. Gradients of various ion 
concentrations in gastro-intestinal fluids, 
bile and urine. From top N +, K +, Ca++,
Mg , Cl . Error bars = range. 0 = sea-water. 
1-7 see Fig. 3:2.
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lethostigma), the monovalent ions were absorbed from the gut and 

excreted primarily by the gills. In the present study it appears that 

the monovalent ions are absorbed by the gut; divalent ions, in 

contrast, remain mostly in the intestinal fluid, as was also found 

by Hickman (1968). Hickman considered that the removal of the 

monovalent ions provides the major osmotic driving force for water 

absorption through the gut, but that the divalent ions are passively 

concentrated by removal of monovalent ions and water. Thus the 

intestine has a series of gradients of ion concentrations, but the 

overall osmolarity appears to decrease relatively slowly.

Feeding

The food items found are mentioned in Tables 3:2 and 3:3. Most 

prey-items are sedentary benthic organisms with tough shells, tests or 

carapaces. The broken remains of these hard parts are found 

throughout the length of the gut and are voided apparently unaffected by 

gastro-intestinal enzyme activity. The frequency of occurrence of 

various prey-types clearly varies throughout the fish's range, but the 

overall pattern found is not greatly different from that found by 

other workers. Bigelow & Schroeder (1953) stated 'so far as we can 

learn fish have never been found in the stomach of a wolffish'. In the 

present study 7.7% of A. lupus contained fish remains which were 

identifiable as small haddock (Melanogrammus aeglefinus) and Norway 

pout (Trisopterus esmarkii).

Each part of the gastro-intestinal tract, the biliary system and the 

urinary bladder harbour characteristic helminths which are discussed 

in turn.

The mouth and buccal cavity

In A. lupus the anterior region of the gut is notable for its 

heavy dentition, except during the annual period of 'tooth-exchange'
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Table 3:3 Percentage of A. lupus containing particular food items.

Bivalves 64.1%
Echinoids 46.2%
Ophiuroids ¿t-3.6%
Gastropods ¿1-3.6%
Hermit crabs 38.5%
Crabs 25.6%
Spider crabs 10.3%
Fish 7.7%
Nephrops 7.7%
Sea-mouse 7.7%

Table 3:4 Comparison of present results with previously published 
quantitative data on feeding in A. lupus.

Food Barsukov (1959) Present study

Molluscs 72% 69.2%
Crustaceans 62% 56. ¿4-%
Echinoderms 37% 76.9%
Fishes 8% 7.7%
Others 13% 7.7%

Food Le Cabellec
et al. (1978)

Present Study

Gastropods 95% ¿13.6%
Bivalves 23% 64.1%
Ophiuroids 85% 43.6%
Echinoids 53% 46.2%
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when for a period the fish is toothless and does not feed (Luhmann, 1954). 

Barsukov (1959) described and illustrated the teeth in some detail and 

Le Cabellec et a l . (1978) described how the 'dental system and tooth

morphology are perfectly suited to the mode of feeding'. The teeth 

in the anterior part of the buccal cavity, which are pointed and 

canine-like, are used for grasping prey and the lateral, molar-like, 

teeth along with the posterior teeth, i.e. the teeth on the palate 

and the vomer, are used to crack or crush the hard parts of the molluscs, 

echinoderms and crustaceans which form such a large proportion of the 

prey. This battery of teeth along with the heavy musculature of the 

head (Theile, 1963) form a formidable instrument. The shells are 

generally not crushed into small fragments, but are broken to expose 

the flesh, and large, often sharp and apparently abrasive shell 

particles pass through the entire gut. No helminth parasites have 

been recorded in the mouth or buccal cavity.

Gills (Table 3:5).

Digenean (? Cryptocotyle) metacercariae have been recorded from 

the gills, but no monogeneans have been reported. Malmberg (1970) 

recorded a single specimen of Gyrodactylus errabundus Malmberg, 1970, 

on the fin of A. lupus. The fish had been kept in a tank with Zoarces 

viviparus, the 'true-host'. G. errabundus is said to have a high 

capacity for temporarily spreading to other fishes, including 

elasmobranchs.

Stomach (Table 3:6).

The stomach is a thick-walled sac, not sharply delimited from the 

oesophagus, and is, on average, about 13% of body-length (Verighina, 1974).
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Table 3:5. Helminth parasites of the gill of Anarhlchas lupus.

Parasite Locality Prevalence/
Intensity

Reference and remarks

Dlgenea sp. larva Gridina, White Sea 12.5%/? Shulman-Albova (1952:93)

Tocotrema sp. larva Chernopechen Bay, 13.3%/1 Shulman 4 Shulman-Albova
(= Crvptocotyle) White Sea 

Crldino Bay, White 
Sea

H.3%/1-9 
(mean ^.1)

(1953:58,132).
Shulman 6 Shulman-Albova 
(1953:58,132)

Table 3:6. Helminth parasites of the stomach of Anarhlchas lupus, and some helminths normally 
recorded from the stomach but found elsewhere In this fish.

Parasite

Distoma incisa Rudolphl,1809 
Distoma anarrhlchae lupi 
Rathke, 1799

Deroqenes varicus 
(Muller, 1780)

Manter, 1934

Genolinea laticauda
Manter, 1925

Conocerca phycidis
Manter, 1925

Proqonus muelleri
(Levinsen,1881)

Locality Prevalence/
Intensity

? ?
? ?

? East coast of ?

Canada

Maine, USA ?/1
Godhavn, West 2 of 3
Greenland
Newfoundland 25%
N. Scotland, 1984 6.6%/1

Grldlno Bay, White ?

Sea 6.1%/1-16 
(mean 6.0)

NW Atlantic 6.7%/1

Anton Dohrn Bank ?/2
(65°N,30°W), East 
Greenland

Chernopechen Bay, 6.6%/1
White Sea

Newfoundland 1 of 8

Reference and remarks

Rudolphl (1809:361,435)
Rathke (1799:70)
both unrecognizable according
to Bray 6 Clbson, 1980^209,209)

Stafford (1904:989; as 
Deroqenes plenus - possibly 
a synonym of 0. various - 
Manter,1926:103; site not given 
Manter (1925:17; 1926:103) 
Brinkmann (1975:71)

Bray (1979:422)
Present study, in intestine.

Shulman-Albova (1952:92)
Shulman 6 Shulman-Albova 
(1953:58,132; in intestine).

Zubchenko (1980:42 - site 
not given)

Present study - one in stomach, 
one in upper intestine.

Shulman 6 Shulman-Albova 
(1953:58,132; in Intestine) 
Bray (1979:423)

)



Fig. 3:6 Sections of stomach lining of Anarhichas lupus, 
a) Oblique section showing epidermis of inner surface of 
stomach at top, cross-sections of fossae at bottom. b) 
Section of fossa with gland-cells at base, c) Cross-section 
through fossae showing stellate lumen. d) Epithelium of 
stomach lining. Scale bars, a = 0.2 mm, b,c,d = 50 ym.
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Although thick-walled, the stomach is not particularly muscular in 

comparison with some other fishes with similar diets (Verighina, 1974), 

and it has a rather inconspicuous 'blind' region. The slender, 

longitudinal folds of the oesophageal mucosa merge with the thicker, 

undulating longitudinal folds of the stomach mucosa. The lining of 

the stomach, as described by Haus (1897) and Verighina (1974), is a 

tunica propria formed of a deep, spongy layer of connective tissue and 

a few muscle bundles, into which fossae lead from the lumenal surface.

At the base of each fossa are several alveolar gland cells opening into 

the fossa. In cross-section the fossae tend to be subcircular while 

the lumen is collapsed and stellate (Fig. 3:6). The epidermis lining 

the fossae consist of tall, narrow, closely packed cells, becoming 

even taller towards the lumen and merging into the very tall, narrow 

cells of the internal epidermal layers of the stomach lining.

These fossae and their associated gland cells occur closely packed 

throughout the stomach.

The pH of the gastric juices was normally found to be high 

(Fig. 3:4), between 7 and 8, but occasionally it was lower (4-5 by 

indicator papers, 6.08 was the lowest meter reading). The pH, 

therefore, is not as low as is found in many teleosts 

(Barrington, 1957; MacKenzie & Gibson, 1970; Williams et al., 1970).

It is unlikely that the fluid tested is just ingested seawater, as the 

osmolarity and certain ion concentrations differ distinctly (Figs.3:3,4), 

but some regurgitation of intestinal fluid may have occurred. It 

should be noted, however, that the stomach of A. lupus is rarely 

everted when captured, as is often the case with teleosts taken from
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greater depths. The short delay between killing, opening of the fish 

and testing for pH may have affected the readings. As Mackenzie &

Gibson (1970) showed, pH of the gastric juices rises quickly after 

the fish is killed. Specimens of other teleosts tested in a similar 

way with indicator papers, however, show a distinctly lower pH in 

general. These results were: cod (Gadus morhua) 3; haddock 

(Melanogrammus aeglefinus) 3.5; long rough dab (Hippoglossoides 

platessoides) 5 - 6 ;  dab (Limanda limanda) 4.5; herring (Clupea harengus) 

4.5 - 5; lemon dab (Microstomus kitt) 3. So it appears that the pH 

of the stomach in A. lupus tends to be rather high, indicating that 

there may be some 'reduction of normal gastric function' as was 

suggested for the related fish Zoarces spp. by Barrington (1957) and 

was referred to by Pernkopf & Lehner (1937) in relation to Anarhichas 

and Zoarces. The lowest pH readings in my study came from fish which

had empty stomachs, in contrast to the findings reported by Barrington 

(1957) and Fänge & Grove (1979), who reported that pH tends to be 

lowest in fishes which have fed recently, although it should be noted 

that Williams et al. (1970) did not find this relationship in cod.

It seems that there is a low level of acid production in the stomach, 

but the presence of food tends to neutralize the gastric juices, 

possibly due to the ingestion of sea-water (pH 8 - 8.5) with the food 

or possibly a reaction with the high calcium carbonate content of the 

prey (i.e. shells, tests etc.).

Pernkopf & Lehner (1937) indicated that in Anarhichas spp. the 

stomach is poorly differentiated from the intestine but Haus (1897) 

found the gastric glands described above uniformly distributed 

throughout the stomach and Verighina (1974) described them as a rare
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alveolar type (Fig. 3:6). These authors give no data on the pH 

of the gastric juices, but Verighina (1974) and Kapoor et a l . (1975) 

quote Szarski (1956) as indicating that there is a particularly high 

level of secretion of HCL in the stomach. This is said to neutralize 

the effect of large amounts of calcium carbonate in the diet and 

maintains a sufficiently low pH for the proteolytic gastric enzymes. 

Szarski (1956), in fact, stated 'it is not known how these animals 

J^Anarrhichadidae (sic)j dispose of the ingested calcium'. He 

suggested two possibilities, 1) the intensification of HC1 secretion 

as mentioned above and 2) the excretion of calcium chloride. Thus 

there is no actual evidence of high production of HC1 in A. lupus, 

and in my study the results indicate a depressed secretion.

Verighina (1974) stated that the high HC1 level in the stomach 'largely 

dissolves the calcareous exterior of the food organisms' such that 

mechanical processing of the food is unnecessary. Her later 

discussion is somewhat confusing as she suggested that the large 

quantity of mucous cells in the intestine produce a secretion which 

protects the surface from shell-fragments - which should have been 

dissolved! In any case my observations indicate that the shells etc. 

of the prey are not dissolved, but cracked open by the very powerful 

head and its battery of teeth (Thiele, 1963; Le Cabellec et a l ., 1978) 

and the fragments of shell pass rigid and apparently unaffected 

through the intestine to be passed through the large anus. This 

observation is hardly new, however, as it was made as early as 

1769 by Pennant who stated that the shells do not appear to be 

'dissolved in the stomach but are voided with the foeces, for which 

purpose the aperture of the anus is wider than in any other fish of

the same size!.
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The stomach of A. lupus is not a highly parasitized site.

In the present detailed study no parasites have been recorded and the 

few records from the literature and my general collecting, all of which 

relate to digeneans, are given in Table 3: 6. The readily 

identifiable forms are all non-ecsomate hemiuroids. The lack of 

members of the Hemiuridae (sensu stricto - Gibson & Bray, 1979a) and 

of adults of the nematode Hysterothylacium aduncum may be due to a 

high pH level or to the diet, which does not include planktonic forms 

and does not commonly include fishes. Hemiurids (sensu stricto) tend 

to use planktonic invertebrates as second intermediate hosts and 

fishes as paratenic or third intermediate hosts and as fishes are not 

unknown in the prey of A. lupus it is perhaps surprising that no 

records at all occur. Hemiurids are strictly stomach worms, and 

possess an organ, the ecsoma, which appears to have some direct 

relationship with the normal site of these worms, the pyloric end of 

the stomach (MacKenzie & Gibson, 1970). The sac-like stomach of A. 

lupus has practically no blind portion unlike so many other fishes. 

Ecsomate worms (i.e. hemiurid trematodes with a retractible ecsoma) 

are often found in the blind region in pelagic fishes e.g. 

(Lecithocladium excisum (Rudolphi, 1819) in Scomber scombrus, Hemiurus 

luehei Odhner, 1905 in Clupea harengus). The non-ecsomate hemiuroids 

recorded in A. lupus, i.e. Derogenes various, D. crassus, Progonus 

muelleri, Genolinea laticauda and Gonocerca phycidis, are all also 

normally recorded in the stomach, although where careful studies 

have been made, these worms are often found in the cardiac part of 

the stomach or posterior oesophagus (MacKenzie & Gibson, 1970). It 

should be noted, however, that for those worms recorded in Table 3:6, 

where detailed site information is available, most were actually
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found in the intestine. Derogenes various is the most commonly 

recorded and is the only form listed for which the life-cycle is 

known. K^ie (1979a) found the major second intermediate hosts to be 

calanoid copepods and chaetognaths, and that hermit crabs may become 

infested at the planktonic larval stage. A. lupus does not consume 

calanoids or chaetognaths directly, but it picks up hermit crabs 

(which may harbour progenetic metacercariae) frequently and the 

occurrence of D. various in A. lupus probably results from preying on 

such anomurans or, possibly, fish. These 'accidental' parasites 

however, do not apparently remain in the stomach, but are more 

usually found in the anterior intestine and may be on their way through 

the gut.

The two live specimens recovered during the 1984 "Scotia" cruise 

were both found in the anterior intestine (area 2) and in one case it 

was found in the posterior half of this arbitrary region. There seems 

no chance that post-mortem migration is influencing these results 

(see Material and Methods). D. various is a very widespread parasite 

which occurs throughout the range of A. lupus in numerous teleost 

species. Manter (1955) commented that 'it is one of the world's 

most widely distributed animals and perhaps no helminth of vertebrates 

has so many hosts'.

Intestine (Table 3:7)

The intestine is separated from the stomach by the pyloric valve 

which bears gastric epithelium on the gastric side and intestinal 

epithelium on the intestinal side. The weak pyloric valve system 

indicates that there is possibly less of a sharp division between
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Table 3:7 Helminth parasites of the intestine and rectum of Anarhichas lupus.

Parasite Locality Prevalence/
Intensity

Peracreadlum idoneum (Nicoll, 
1909) Gibson & Bray, 198? 
[synonyms: Allocreadlum sp. of 
Lebour, 1908; Lebourla ldonea 
Nicoll, 1909; Plaqioporus 
idoneus (Nicoll, 1909) Price, 
"19341

Northumberland

St Andrews Bay

East coast, Iceland 
Barents Sea 
Reykjavik, Iceland 
Fyllas Bank, West 
Greenland

Flemish Cap, 
Newfoundland 
NW Atlantic

Anton Dohrn Bank 
1973/Stn. 74 

Angmagsalik 1974/Stn. 
Orkneys 1976/Stn. 21 
Moray Firth 1976/stn. 
Moray Firth 1979/Stn. 
N. Scotland,
1982, 3 and 4

4 of 12

50-75%/50-100

1 specimen 
13.3%/ 1 -4 
1 of 3
1 of ?

2 Of 8/1^-21

40%/1-42 
mean 7.9 

? / 2 7?/6 
?/1 
/ 2

?/16
60%/1-20 
mean 5.5

Pseudozooqonoldes subaequlporus 
(Odhner, 1911) n. comb, 
[synonyms: see text]

Trondheim, Norway 
White Sea

White Sea

Barents Sea 
Godhavn, W. Greenland 
N. Scotland,
1982, 3 and 4

93%/8-3000 
mean 1000 

67.3%/1-3000 
mean 103 

6.7%/35 
1 of 2 
23.3%/1-9 
mean 4

Zooqonus rubellus (Olsson, 1868) 
[synonyms: see text]

St Andrews Bay

N. Sea 1979/Stn. 17 
N. Scotland,
1982, 3 and 4

100%/50-100 

?/8
20%/2-18 
mean 7.3

Zooqonoldes vlvlparus (Olsson, 
1868)
[synonyms: see text]

St Andrews Bay 

White Sea 

White Sea 

Barents Sea

25-50%/less 
than 50

4. 1%/ 2-4 
mean 3 

6 . 7%/1

Neophasls anarrhichae (Nicoll, 
1909) n. comb.
[synonyms: Acanthopsolus 
anarrhichae Nicoll, 1909; 
Dlstomum sp. of Lebour, 1908; 
Acanthopsolus laqenlformis 
Lebour, 1910; Neophasls 
laqenlformls (Lebour,1910) 
Miller, 1941).]

Northumberland 

St Andrews Bay

Northumberland
Shetland

White Sea

White Sea

Barents Sea

Öresund, Denmark 
NW Atlantic

Moray Firth 1979/Stn 36 
N. Scotland, 1984

25-50%/less 
than 50

40% April-Oct 
0% winter/ 
up to 100s 
26.8-77%

73.3%/500-3000 
mean 1000 

40.8%/15-3000 
mean 500 

53.3%/from 16 
to many 1000s
?
46.7%/4-1364 
mean 180.5 

?/1
numerous

Reference and remarks

Lebour (1908:36; as Allocreadlum 
sp. - to be described by Nicoll). 
Nicoll (190Ste4; 1909b:441; also 
occasionally in stomach).
Rees (1953:17)
Polyansky (1955:40,104). 
Brinkmann (1956:13).
Brinkmann (1975:64; in gall
bladder with Sterlnqophorus 
aqnotus I).
Bray (1979:400)

Zubchenko (1980:42).

Gibson 4 Bray (1982:538).

Present study 
Present study 
Present study 
Present study 
Present study

Odhner (191W244; intestine). 
Shulman-Albova (1952:86; as 
Dlphterostomum microacetabulum - 
hind-intestine).
Shulman 4 Shulman-Albova 
(1953:46,132; post-intestine).

Polyansky (1955:104). 
Brinkmann (1975:36) 
Present Study

Nicoll (1909a:4,17; intestine 
and rectum).
Present study; rectum.
Present study; rectum

Nicoll (1909a:4,161.

Shulman-Albova (1952:85; 
intestine and mid-intestine). 
Shulman 4 Shulman-Albova 
(1953:45,132; posterior intestine). 
Polyansky (1955:56,104; 
boundary of range).

Lebour (1908:51; as Distomum 
sp.; upper intestine close to 
stomach).
Nicoll (1909a:4,15; as 
(Acanthopsolus) anarrhichae, 
provisional name for Lebour's 
Distomum).
Lebour (1910:29; as Acanthopsolus 
laqeniformls; mainly, upper intestine 
also stomach, mouth, pharynx). 
Shulman-Albova (1952:84; as 
N. laqeniformis).
Shulman 4 Shulman-Albova 
(1953:45,132; as N. laqenlformis).

Polyansky (1955:52,104; 
as N. laqeniformls).
K6ie ( 1973:206 ; 1983:206). 
Zubchenko (1980:42; as 
A. anarrhichae).
Present study 
Present study
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Table 3:7 contd]

Parasite Locality Prevalence/
Intensity

Reference and remarks

Neophasls pusilla Stafford, 1904 E. Canada 

Nova Scotia 1 of 8/ 
about 350

Stafford (1906:685); Miller 
(1961:33) - urinary bladder. 
Bray (1979:616; In intestine).

Podocotyle atomon (Rudolph!, 
1802)
[synonyms: see Bray, 1979:400)

Varberg, Sweden 
Maine, USA 
White Sea 
White Sea

Barents Sea

twice
- n
6.7-1656/2-30 
6.656/1 
18.656/2-22 
mean 11.6 

13.351/2

Olsson (1868:30)
Manter (1925:11; 1926:81). 
Shulman-Albova (1952:83) 
Shulman & Shulman-Albova 
(1953:61,132)

Polyansky (1955:61,106).

Podocotvle reflexa (Creplin, 1825) 
[synonyms: see Brinkmann, 1975:67]

Godhavn, W Greenland 1 of 1 Brinkmann (1975:67).

Hellcometra plovmorninl 
Issaltschikov, 1928

Green Bank, 
Newfoundland

1 of 8 Bray (1979:601)

Caudotestis nicolli 
Issaitschikov, 1928

Green Bank, 
Newfoundland

1 of 8 Bray (1979:607)

Sterlnqotrema ovacutum (Lebour, 
1908)
[synonyms: see Bray & Gibson, 
1980:242]

Funk Island Bank, 
Newfoundland 

NW Atlantic

1 of 8 

6.756/1

Bray (1979:620); Bray 4  Gibson 
(1980:262).
Zubchenko (1980:62).

Sterinqophorus furciqer (Olsson, 
1868)
[synonyms: see Bray 4  Gibson, 
1980:212]

White Sea 

Barents Sea

6.656/1

6.7*/6

Shulman 4  Shulman-Albova 
(1953:67,132).
Polyansky (1955:52,106).

Leclthaster qibbosus (Rudolphl,
T8Ö25
[synonyms: see Bray, 1979:425]

White Sea 
White Sea

N Sea 1979/Stn. 17

?
256/1

- / 1

Shulman-Albova (1952:91). 
Shulman ft Shulman-Albova 
(1953:56,132).
Present study

Leclthaster confusus Odhner, 1905 White Sea 
White Sea

once
Z X / ' i

Shulman-Albova (1952:92). 
Shulman 4  Shulman-Albova 
(1953:57,132).

Prosorhynchus squamatus Odhner, 
1905

Barents Sea 2056/2-37 Polyansky (1955:39,106).

Bothrlocephalus scorpli (Müller, 
1776).

Barents Sea 6.756/5 Polyansky (1955:73,106).

Bothrimonus olrikii (Krabbe, 1874) Barents Sea In one 
flngerllng

Polyansky (1955:73; as 
Diplocotyle nylandica).

Hepatoxylon trichiuri (Holten,
56021

Lcitragrunn, W Iceland once Oonsson (1982:25).

Scolex polymorphus Rudolphi, 1619 St Andrews Bay 

White Sea

25-5056/ 
less than 50 
13.3%/1-5 
mean 3

Nicoll (1909a:5).

Shulman 4 Shulman-Albova 
(1953:66,132).

_______________ I_________________________________
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Table 3:7 contd]

Parasite Locality Prevalence/
Intensity

Reference and remarks

Hysterothylacium aduncum 
(Rudolph!, 1802)
[synonyms: see Hartwich, 1973:103. 
and Deardorff & Overstreet,
1980:1040]

North Sea 
White Sea

Barents Sea 
Iceland 
Norway 
White Sea 
Anton Dohrn Bank, 
1973/Stn. 74 

Newfoundland 
1975/Stns. 12,13 

Orkneys 1976/Stn. 21 
Moray Firth 1976/Stn. 72 
North Sea 1979/Stn. 17 
N Scotland 
1982, 3 and 4

1 of 11/1 
66.6%/1-52 
mean 22.6 
69.9%/1-38 
60%/1-9 
?
1 of 6
7
2 specimens

2 of 3/2-7

3 specimens 
15 specimens 
6 specimens 
50%/1-16
mean 3

Punt (1961:88,91).
Shulman A Shulman-Albova 
(1953:76,132).

Polyansky (1955:83,106). 
Krels (1958:13).
Berland (1961:6).
Popova 4 Valter (1965:175). 
Present study

Present study

Present study 
Present study 
Present study 
Present study

Ascarophis morhua van Beneden, 
1871

Ascarophis sp. I?

NW Atlantic 

Barents Sea

1 of 15/1 

33.3%/1-82

Zubchenko (1980:42) may be 
A. arctica Polyansky, 1952, see
Appy (1981:2197). 
Polyansky (1955:79,106).

Caplilaria qracllis (Bellinqhara, 
1860)

NW Atlantic 2 of 15/1-2 Zubchenko (1980:42; as C. 
kabatai Inqlis 4 Coles, 1963).

Echinorhynchus qadi (Zoeqa, in 
Muller, 1776)
[synonyms: seeColvan, 1969:199]

Kattegat 
White Sea

Barents Sea 
Anton Dohrn Bank 
1976/Stn. 8

N Scotland 1986/Stn. 61

7
6.1%/2

13.3%/1 
5 specimens

2 specimens

Olsson (1893:35; as E. acus). 
Shulman 4  Shulman-Albova 
(1953:90,132).
Polyansky (1955:87,106). 
Present study

Present Study

Acanthocephalus anquillae ? 7 7 Golvan (1969:365; in host-list - 
original not traced).

Acanthocephala Newfoundland 
Barents Sea

2 of 15 Noble (1973:152).
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stomach and intestine, in physiological terms, than is found in many 

other teleosts. The osmotic variability of the stomach, for example, 

appears to extend into the anterior intestine (Fig. 3:4b), but it 

decreases along the length of the gut. The pyloric caeca are 

represented by very short, bulbous outpocketings at the anterior end 

of the intestine (Fig. 3:2), but these are often so slight as to be 

practically unnoticeable. In this anterior region of the intestine 

the bile-duct debouches into the intestine. The lining of the 

intestine is thrown into a deeply-folded, complex system (Fig. 3:7,

8a, b). Verighina (1974) described these as second and third order 

folding. This folded region may be up to 7mm thick in the anterior 

part of the intestine, and viewed from the lumen consists of tongue

like structures overlapping each other and generally directed 

posteriorly. The thickness and complexity of the folded lining 

decreases gradually along the length of the intestine to where the 

rectum is dilineated by a distinct rectal valve (Fig. 3:8c). The 

surface of the folded intestinal lining is a tall, cylindrical 

epithelium interspersed with a large number of goblet cells 

(Verighina, 1974). A heavy production of mucus is evident, particularly 

in the anterior intestine.

During this study 13 species of helminth have been found in the 

intestine, four of which have been studied in detail (Fig. 3:3).

These four species will be considered first and then the other species 

will be discussed in turn, starting with the digeneans, and followed 

by the cestodes, nematodes and acanthocephalans. Species recorded 

in the literature, but not encountered in the present study will also 

be briefly discussed.
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Fig. 3:7 Anarhichas lupus. Drawing of lining of anterior 
intestine, with Peracreadium idoneum specimen 
in situ.



a b

c d

r

Fig. 3:8 Anarhichas lupus. a,b) Sections of wall of 
anterior intestine showing complex folding and Peracreadium 
idoneum specimen in situ (arrowed). c) Section of rectal 
valve region of intestine (arrow shows direction of movement 
of food). d) Section of wall of gall-bladder with Fello- 
distomum fellis (arrowed) attached. Scale bars, a,b,c,d 
= 1 mm.
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Peracreadium idoneum (Opecoelidae:Digenea).

This species occurred most commonly in the anterior intestine 

(area 2), with occasional records in area 3 and one in area 4 (Fig. 3:3). 

These worms are of a similar colour to the lining of the deeply- 

divided intestinal wall and, despite their quite reasonable size, 

are often not seen when the intestine is first opened, due either to 

the colour similarity or the fact that frequently they lie amongst 

the tongue-like foldings of the intestinal lining. Feeding was not 

observed, but it is presumed that this species feeds on epithelium 

or mucus.

This plagioporine opecoelid occurred at a prevalence of 60% and 

with an intensity of 1-20 (mean 5.5), results which are similar to 

those of other workers (Table 3:7). Nicoll (1909b) recorded P. 

idoneum occasionally in the stomach, perhaps due to post-mortem 

migration, and also stated that it occurred commonly in the intestine 

with Zoogonus rubellus. My findings demonstrate that there is usually 

no overlap in site. Brinkmann's (1975) record of P. idoneum from 

the gall-bladder, with Steringophorus agnotus, is puzzling, as my 

observations on freshly-killed fish show that S. agnotus is always 

found in the bile-duct and P. idoneum in the intestine.

P. idoneum is apparently restricted to the three Anarhichas 

species of the north Atlantic and its range coincides with the range 

of the three species. It has been reported in sparid, labrid and 

maenid fishes in the Mediterranean Sea (Sey, 1970; Papoutsoglou, 1976; 

Fischthal, 1980) and from the south Atlantic (Parukhin, 1968; 1976), 

but as Bray (1979) points out these records probably stem from Koval's
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(1959) belief that Plagioporus alacris (Looss, 1901) and Plagioporus 

varius (Nicoll, 1910) are synonyms of P. idoneum. Gibson & Bray 

(1982) have studied specimens of the three species and consider P. 

alacris and P. varius distinct species in the genus Macvicaria, although 

P. varius should be known under the older name Macvicaria soleae 

(Dujardin, 1845).

The intermediate host and larval stages of P. idoneum are 

not known and virtually no information is available for any members 

of the genus. Prudhoe (1945) described Peracreadium (?) sp. from 

an Australian polyclad turbellarian of the genus Planocera. Other 

information, as summarized by Yamaguti (1975), suggests that the first 

intermediate hosts of plagioporines are gastropods. Maillard (1971) 

found that Gibbula adamsoni was the first intermediate host of the 

related worm Cainocreadium labracis (Dujardin, 1845). The 

metacercariae are found encysted in small teleost fishes such as 

gobies and pipefishes. Some other plagioporines utilize fishes 

as second intermediate hosts, e.g. Hamacreadium mutabile Linton, 1910, 

according to McCoy (1929), but most plagioporines utilize crustaceans. 

These are generally small decapods (e.g. Crangon, Pandalus, Leander) 

or amphipods (e.g. Corophium, Gammarus) (see Mackenzie & Gibson, 1970; 

Yamaguti, 1975; K{$ie, 1981b). None of these types of host, small 

crustaceans, small fish or polyclads, are likely candidates for second 

intermediate host of a common parasite of A. lupus, as they occur 

infrequently or never in the diet. A. lupus feeds more commonly 

on large decapods, particularly, according to my findings, hermit-crabs, 

crabs and spider-crabs, which may be found to be the source of P. idoneum.
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Hysterothylacium aduncum (Anisakidae:Nematoda)

50% of specimens of A. lupus harboured 4th-stage larvae or adult 

H. aduncum in the intestine. The great majority were 4th-stage 

larvae as defined by Fagerholm (1982). A few specimens showed 

characteristics of adult worms, i.e. spicules and male-tail papillae, 

but no ovigerous females were seen. The worms are found only in the 

intestine, in the middle (area 3) and anterior (area 2) parts mainly 

(Fig. 3:3), and were not found in either the stomach or rectum. It 

is not certain whether it has ever been recorded in the stomach of A. 

lupus as, of those records listed in Table 3:7, only Kreis (1958) 

mentions the stomach, and this site is mentioned generally for all six 

host species and not specifically for A. lupus. In the flounder 

(Platichthys flesus), H. aduncum is also found most commonly in the 

anterior and mid-intestine but enters the stomach when food is 

available (Mackenzie & Gibson, 1970). Gibson (1972) notes that these 

are all 4th-stage larvae and suggests that H. aduncum does not moult 

to the adult stage in this host. In gadids, where the worm appears 

to become adult, H. aduncum is found more commonly in the stomach. 

Williams et a l . (1970) found the worm in the stomach, pyloric caeca 

and anterior intestine of cod (Gadus morhua), but Soleim (1976) found 

it in the stomach of cod only when food was present. In fact, when 

the gut was completely empty the worm was rarely found. Cubbin (1969) 

in her study of two other gadid species, the saithe (Pollachius virens) 

and the pollack (P. pollachius) found 9.8% and 34.3%, respectively, 

of the worms in the stomach. Scott (1981) found only about 5% in the 

stomach of haddock (Melanogrammus aeglefinus). In these cases it

seems likely that Mackenzie & Gibson's (1970) and Soleim's (1976)
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observations also apply and that H. aduncum only enters the stomach 

after food has been ingested, presumably shuttling between stomach 

and intestine at will. Although food was found in the stomach of 

82% of the A. lupus specimens studied, H. aduncum was never found in 

the stomach. This may be due to the fact that the stomach is less 

physiologically distinct from the intestine than in the gadids, and 

solid food tends to pass well into the intestine, so that an 

energetically expensive forward migration into the stomach is not 

profitable.

The life-cycle of H. aduncum has been the subject of a number of 

studies; but, as Fagerholm (1982) stated it 'is yet not completely 

understood'. He reviews the literature and points out that the 

3rd-stage larva has been recorded in chaetognaths, polychaetes, isopods, 

amphipods, mysids and decapods in addition to numerous teleosts.

Norris & Overstreet (1976) listed the known invertebrate hosts of 

Hysterothylacium j= Thynnascaris"| spp. and add to the list given above, 

hydrozoan and scyphozoan coelenterates, ctenophores, gastropods, 

cephalopods, copepods, euphausiaceaids and asteroid echinoderms.

These latter authors figure a schematic life-cycle diagram which 

suggests that the fish definitive host (harbouring 3rd or 4th-stages 

to adult worms in the gut) may acquire their infestations by feeding on 

fish or invertebrate intermediate hosts or fish or invertebrate 

paratenic hosts. Of the prey organisms recorded for A. lupus, the 

most likely sources of infestation are probably fish and decapod 

crustaceans. Two species of fish make up the 7.7% of the prey 

of A. lupus in this study. These were small haddock (Melanogrammus

aeglefinus) and Norway pout (Trisopterus esmarkii). Wootten (1978)
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found the Norway pout the most heavily infested of five gadid species 

he studied in the North Sea with 100% prevalence in fish over 12 cm. 

Lower, but significant, levels were found off West Scotland and 

Faeroes by Kabata, in Raitt (1968). Haddock were found to harbour 

between 19.0% and 48.1% (depending on age or length) in the North Sea 

(Wootten, 1978) and in the North Atlantic, Radulescu (1969) recorded 

numerous H. aduncum larvae. Thus if A. lupus is occasionally picking 

up these small gadids, it is likely to acquire H. aduncum from them. 

Little is known of the occurrence of H. aduncum in crabs, but it is 

recorded in Carcinus mediterraneus in the Black Sea by Mordvinova 

(1980) and Naidenova & Mordvinova (1981).

Pseudozoogonoides subaequiporus (Zoogonidae:Digenea).

This worm, found in 23.3% of A. lupus studied, is found in the 

posterior intestine (area 4), in the region just anterior to the rectal 

valve and,less commonly, and in the absence of Zoogonus rubellus, in 

the rectum just posterior to the rectal valve (Fig. 3:3). The species 

is discussed and described in detail on p. 198. Other workers have 

found a higher prevalence and intensity (Table 3:7) of up to 93% and 

3000, respectively, and Zubchenko (1980) mentioned up to 5000 in 

Anarhichas minor. The high figures in A. lupus came from the White 

Sea studies (Shulman & Shulman-Albova, 1953): much lower figures have 

been quoted for the Barents Sea (Polyansky, 1955). In the detailed 

survey it was not found in the same host specimen as Zoogonus rubellus, 

although these two species had been found sympatrically in earlier

collections.
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Practically nothing is known of the life-cycle of this parasite. 

Zhukov (1960) claimed to have found metacercariae in the mesenteries 

of the flatfish Limanda punctatissima punctatissima in the northern 

Pacific Ocean. It seems unlikely that it is acquired from fish prey 

by A. lupus as no flatfish, and few roundfish,are found in its diet.

The other hosts of P. subaequiporus in the northeast Atlantic are 

Hippoglossoides platessoides (in which it is commonly found) and Lycodes 

esmarkii, neither of which is a major piscivore (Wheeler, 1978).

Several authors (e.g. Brinkmann, 1975; Scott, 1982) have commented on 

the superficial similarity of this species to Zoogonoides viviparus. 

Scott (1975a) gave trophic evidence that the second intermediate 

hosts of his ’Zoogonoides viviparus' from H. platessoides are brittle 

stars, and then, in 1982, he reidentified this worm as Diphterostomum 

microacetabulum, a synonym of P. subaequiporus see p. 200. The 

relationships between the life-cycles of P. subaequiporus and Z. 

viviparus are discussed below.

The egg-capsule of P. subaequiporus is thin and apparently 

consists of a 'membrane' (Fig. 3:9). The TEM picture illustrates 

an egg in utero, and according to Shulman-Albova (1952) the worms are, 

in fact, viviparous and the miracidia swim freely in the host's 

intestine. She relates the viviparity of P. subaequiporus to its 

position in the hinder regions of the gut. The TEM pictures indicate 

that the membraneous capsule is variable in thickness between about 

0.10 and 0.30 pm. A thick coat of cilia invests the miracidium and 

the capsule tightly ensheaths the miracidium with small amounts of 

amorphous material also enclosed in irregular patches. The capsule 

lies snugly in the uterus with no lumen visible around it.

t
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Fig. 3:9 Pseudozooqonoides subaequiporus■ a) TEM micrograph 
of section through miracidium (M) showing densely-packed 
layer of cilia (c) on surface and narrow, membraneous capsule 
(arrowed). b) Outer surface of miracidium with cilia (c) 
and membraneous capsule (arrowed). Scale bars, a = 15 urn, 
b = 5 urn.
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Zoogonus rubellus (Zoogonidae:Digenea).

20% prevalence was recorded for this species, which was found in 

the anterior rectum, close to the rectal valve with an intensity of 

between 2 and 18. The species is discussed in detail on p. 159.

Nicoll (1909a) found 100% prevalence in A. lupus from St. Andrews Bay 

with an intensity of 50-100, but no further records from the literature 

have been found. In contrast to my findings, Nicoll records the worm 

from both the posterior intestine and the rectum.

The life-cycle of the worm is likely to include echinoids as 

second intermediate hosts (see p. 161), organisms which are recorded 

in the prey of 46.2% of A. lupus studied. The closely related worm 

Z. lasius (Leidy, 1891) occurs in other benthic organisms such as 

annelids and limpets (see p. 167).

This worm is a zoogonine and, therefore, has a membraneous egg- 

capsule rather than a tanned egg-shell. This may be related to 

the preferred site, the rectum, from where the route to the external 

environment is relatively short.

Zoogonoides viviparus (Zoogonidae:Digenea).

This species was not found in the present study of A. lupus.

Nicoll (1909a) recorded a prevalence of between 25 and 50%, with less 

than 50 worms per fish, in the rectum and intestine. Z. viviparus 

has been confused with Pseudozoogonoides subaequiporus and Brinkmann 

(1975) stated that the latter 'at first glance appears rather like 

Z. viviparus and as both are parasites of Anarhichadidae, it has 

probably often been identified as Z. viviparus '. Nicoll's (1909a)

record may have been of misidentified worms, but in discussing
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Z. viviparus from several hosts he gives a sucker ratio of 'almost 

constantly' 3:2, which would suggest that his specimens were 

correctly identified. It seems, therefore, that Z. viviparus 

probably occurs occasionally in A. lupus, a conclusion reinforced by 

the observations of Shulman-Albova (1952), Shulman & Shulman-Albova 

(1953) and Polyansky (1955), who recorded both Z. viviparus and .P. 

subaequiporus in their surveys in the White and Barents Seas.

Z. viviparus is a common parasite of marine fishes in the 

northeast Atlantic. It may be that it is restricted to this and 

adjacent regions (p. 223), but questionable records from the 

north Pacific Ocean exist. In total it has been recorded from some 

41 fish species out of 13 families. K$ie (1976) considered the most 

important second intermediate hosts to be ophiuroids, particularly 

Ophiura albida, in the 0resund. Other recorded second intermediate 

hosts are polychaetes and both lamellibranch and gastropod molluscs 

although the latter are 'poor hosts'. The pre-eminence of ophiuroids 

and molluscs in the list of second intermediate hosts serves to 

suggest that the species is likely to be acquired by A. lupus and 

causes a degree of puzzlement that it has not been encountered more 

often. Gibson (1971), with the aid of host-age studies (Fig. 2:9g), 

showed that the flounder acquires Z. viviparus at the time when 

polychaetes are a major part of its prey. Studies of the feeding 

of the flounder indicate that it does not prey on ophiuroids. On the 

other hand, species which prey heavily on ophiuroids, such as A. lupus 

and Hippoglossoides platessoides, tend to harbour P. subaequiporus.

It seems possible that, due to the superficial morphological similarity, 

K<^ie confused two species in her life-cycle studies and that the major



Fig. 3:10 Zooqonoides viviparus, ex Callionymus lyra.
a) cross-section of miracidium (M) in utero, showing closely- 
packed layer of cilia (c) on the surface and the narrow, 
membraneous capsule (arrowed). ex Hippoqlossoides plates- 
soides. b) Surface of miracidium (on right), with cilia 
(c) and membraneous capsule of varying thickness (arrowed), 
c) Higher magnification of membraneous capsule, showing 
three-layered structure in parts (arrowed), amorphous granular 
material between capsule and miracidium (a) and circular 
muscle-bundles of uterus (m). Scale bars, a = 10 jum,
b = ^ /¿m, c = 2 /¿m.
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second intermediate hosts of Zoogonoides viviparus and Pseudozoogonoides 

subaequiporus are polychaetes and ophiuroids, respectively.

The egg-capsule of Z. viviparus is illustrated (Fig. 3:10), from 

specimens taken from the rectum and posterior intestine of 

Callionymus lyra and Kippoglossoides platessoides. The details are 

similar to those found in P. subaequiporus where there is no shell 

but a very thin membrane of uneven thickness between about 0.11-0.33 pm. 

The membrane fits snugly around the layer of cilia on the miracidium, 

and the uterus wall is closely applied to -the outer membrane of the 

egg-capsule.

Neophasis anarrhichae and N. pusilla (Enenteridae:Digenea).

N. anarrhichae was occasionally observed in this study, but it 

appears to lie loose in the mucus of the anterior intestine and it 

was felt that many of the worms were lost during the sampling of the 

intestinal fluid. The small size of the worms made their detection 

under the dissecting microscope at sea unreliable.

The distinctness of N. anarrhichae jj= lageniformis^ and N. pusilla 

has been questioned by Odhner (1911a) and Caballero y C. (1952) who 

considered them synonymous. Brinkmann (1975), however, rediscovered 

both species and carefully tabulated their distinctive features.

He used the name Neophasis lageniformis (Lebour, 1910) for the former 

species and listed among the'synonyms' the phrase *Acanthopsolus 

anarrhichae Nicoll, 1909, appears to be a nomen nudum'. The species 

was originally described and figured in some detail by Lebour (1908), 

who used the name Distoma sp. Nicoll (1909a) mentioned the species,

referring to Lebour's description and using the name 1(Acanthopsolus
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anarrhichae sp. inq.', but considered that it probably belonged to a 

new genus. Lebour (1910) then described the worm in further detail 

under the name Acanthopsolus lageniformis, disagreeing with Nicoll's 

ideas on generic status and not using the name he gave to the species. 

Subsequently, the name A. lageniformis, or more latterly Neophasis 

lageniformis, has usually been used for this species, with, occasionally 

A. anarrhichae listed as a synonym (e.g. Caballero y C., 1952). A few 

authors (Skrjabin, 1954; Zubchenko, 1980) used the name A. anarrhichae. 

Now that the type of the genus Neophasis, N. pusilla Stafford, 1904, 

is reasonably well known (Miller, 1941; Brinkmann, 1975; Bray, 1979) 

the genus can be adequately defined and the name be considered valid.

It appears therefore, that Neophasis anarrhichae (Nicoll, 1909) n. comb, 

is the correct name for the species hitherto known as N. lageniformis 

or A. anarrhichae. Brinkmann's (1975) belief that A. anarrhichae is 

a nomen nudum cannot be sustained as Nicoll clearly gives an 

indication of the species (see ICZN Art. 16(a) (i)(1964)).

N. pusilla was originally described from the urinary bladder of 

A. lupus by Stafford (1904) and this original material was restudied 

by Miller (1941). Brinkmann (1975) found the worm in the gall-bladder 

of A. minor from west Greenland and Bray (1979), using Brinkmann's 

morphological criteria to identify the worm, reported the species 

from the intestine of A. lupus off Nova Scotia. Thus there are 

problems in defining the site of N. pusilla.

N. anarrhichae, on the other hand, appears to be, unequivocally, 

a parasite of the intestine. Lebour (1908) recorded it from the upper 

intestine near the stomach and, later, (1910) recorded it mainly from 

the upper intestine but also in the stomach, mouth and pharynx, the
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younger stages occurring in the latter regions. She decribed the 

normal habitat as the 'creamy, opaque and very thick intestinal slime 

just beyond the stomach' and speculated that this acts as an obstacle 

to the worm being 'swept away' with the intestinal contents. She 

reckoned that the ventral sucker is too feeble to attach to the walls 

of the intestine. Shulman-Albova (1952) found it in the anterior 

part of the intestine and Polyansky (1955) described the site as the 

stomach and anterior part of the intestine with a few worms penetrating 

the posterior parts. K^ie (1973) also described the worm as being 

found in the 'creamy, opaque and thick mucus of the fish intestine' 

and never found the worm attached to the intestinal wall, although 

she suggested that the tegumental spines might have some attachment 

function. My observations are similar to those of previous authors.

The life-cycle has been studied several times. Lebour (1908) 

ascribed to this species the daughter sporocysts and cercariae she 

described from Buccinum undatum from northeast England in 1905.

As B. undatum is a particularly common prey organism of A. lupus, 

she suggested that N. anarrhichae has a two-host life-cycle with the 

second intermediate host omitted. In 1910 she redescribed the larval 

stages, this time describing rediae, rather than daughter sporocysts, 

which contain tailled or tailless, oculate cercariae. Most intra

redial cercariae lacked a tail and all moved in a leech-like manner.

This loss of a tail, and the absence of cystogenous glands, led her 

to reiterate her belief in the two-host life-cycle and the lack of 

an encysted stage. Chubrik (1966) and K0ie (1968, 1969) described 

similar situations in the Barents Sea and Kristineberg (Sweden) regions, 

respectively. K0ie (1969) suggested that the unencysted, tailless
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cercariae within the redia can be considered metacercariae, being more 

mature than the tailled cercariae and being inactive. Further, in 

1973, K^ie pointed out that no stylet, penetration glands, anteriorly 

located sensory structures or cystogenous glands were present. 

Nevertheless, the ’eyes' and the presence of a tail on younger 

cercariae suggested that the truncation of the life-history is a 

recently evolved condition. Chubrik's (1966) study of the congeneric 

worm, N. oculatus, which possesses an encysted stage in a second 

intermediate host, reinforces this idea.

It is very likely, therefore, that the occurrence of N. anarrhichae 

in A. lupus is directly related to the occurrence of Buccinum undatum 

in the diet (Le Cabellec et a l ., 1978). The adult N. anarrhichae 

is apparently specific to Anarhichas spp. K^ie (1983) found hundreds 

of immature specimens in the dab (Limanda limanda) and the plaice 

Pleuronectes platessa), but experimentally infested dabs lost their 

infestation within eight days and no mature worms were found.

The life-cycle of N. pusilla is not known. Appy & Burt (1982) 

found immature Neophasis in the intestine and stomach of cod (Gadus 

morhua) and encysted in the mesenteries of the American plaice 

(Hippoglossoides platessoides). As A. lupus does not usually feed

on fish, it is unlikely that these records relate to N. pusilla, 

which is, apparently, specific to Anarhichas spp. It seems probable 

that these records relate to N. oculatus, and that N. pusilla has a

life-cycle similar to N. anarrhichae.
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Podocotyle atomon and P. reflexa (Opecoelidae: Digenea)

The distinguishing features of these two, closely related species 

have been given by Brinkmann (1975) and K(j(ie (1981b). Neither species 

is a major parasite of A. lupus and in neither case does A. lupus 

constitute a major host.

P. atomon is a widespread species, considered by Gibson & Bray 

(1982) to be an intertidal or coastal species, distinct from the 

estuarine (brackish water) species P. angulata (Dujardin, 1845) £=

P. staffordi Miller, 194lj. K^ie (1983) disagreed, stating that 

the differentiating features advanced by Gibson & Bray 'do not stand 

up to critical examination!. K^ie's arguments are themselves open to 

criticism, but whoever is correct, it is clear that both forms use 

the littoral gastropod Littorina as first intermediate host and small 

crustaceans, such as amphipods, isopods and mysids, as second 

intermediate hosts, and tend to be found in shallow inshore waters or 

estuaries (K0ie, 1983).

On the other hand, the first intermediate hosts of P. reflexa 

are the sublittoral gastropods Buccinum undatum and Neptunea antiqua, 

according to K0ie (1981b). Unfortunately, K0ie was, in part, 

confusing P. reflexa with a superficially similar opecoeline 

Anomalotrema koiae Gibson & Bray, 1984 Gibson & Bray (1984) suggested 

that P. reflexa and A. koiae may be specific to either of the 

gastropods mentioned by K0ie, but it seems that both species utilize 

decapod crustaceans, such as Crangon spp. and Pandalus montagui, as

second intermediate hosts.
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It is not clear how A. lupus acquires Podocotyle spp. as they do 

not normally prey on the known second intermediate hosts. Podocotyle 

reflexa would appear to be the more likely candidate for acquisition 

by A. lupus as it occurs in deeper waters and the metacercariae are 

found in larger crustaceans, which might be more likely to be 

captured by an active, large predator. It could also be the case 

that Podocotyle is acquired from the occasional fish in the prey.

With no material available from A. lupus and no descriptions in the 

literature which apply unequivocally to A. lupus material, there must 

remain some doubt as to the identity of the worms from this host.

Helicometra plovmornini (Opecoelidae:Digenea)

I found eight specimens of this little known species in the 

intestine of one (of 8) A. lupus from Newfoundland (Bray, 1979). It 

has been reported also in fishes of the genera Aspidophoroides (Agonidae), 

Triglops, Artediellus and Myoxocephalus (Cottidae), Cottunculus 

(Cottunculidae) and Lycodes (Zoarcidae) in the Barents Sea, White Sea 

and eastern Canada (Issaitschikov, 1928; Shulman & Shulman-Albova, 1953; 

Polyansky, 1955).

The little that is known of the life-cycle of members of the genus 

Helicometra is limited to the finding of metacercariae of H. fasciata 

(Rudolphi, 1819) in the prawns Leander £= Palaemonj squilla and L,. 

serratus by Palombi (1929) and Palaemon elegansj= L. squillaj and P. 

adspersus by Naidenova & Mordvinova (1981). H. plovmornini and H. 

fasciata are clearly closely related (Sekerak & Arai, 1974; Bray, 1979), 

so it is likely that H. plovmornini also uses small decapods as second 

intermediate hosts. The occasional discovery of Podocotyle spp. and
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Helicometra in A. lupus suggests that small decapods are occasionally 

ingested, perhaps accidentally.

Caudotestis nicolli (Opecoelidae:Digenea).

Apart from its original recovery in the scorpaeniform Icelus 

bicornis (Icelidae) in the Kara Sea (Issaitschikov, 1928), Bray's 

(1979) records from the cottid Triglops murrayi and A. lupus from 

the same station off Newfoundland are the only ones of this species. 

One worm only was recovered from A. lupus. Bray (1979) and Gibson 

& Bray (1982) considered that Caudotestis should be placed in the 

opecoelid subfamily Stenakrinae along with the genera Stenakron 

Stafford, 1904, Eurycreadium Manter, 1934, Anisorchis Polyansky, 1955, 

and Hexagrammia Baeva, 1965.

Little is known of the biology of members of this subfamily.

The life-cycle of Stenakron vetustum Stafford, 1904, was investigated 

by Chubrik (1952a, 1966; under the name Rhodotrema quadrilobata 

Bazikalova, 1932). The first intermediate hosts are gastropods of the 

genus Solariella. Cercariae were fed to arctic cod yearlings and 

the worms survived for up to three days. Similar immature forms were 

found in the intestine of flatfish (the normal hosts of Stenakron 

vetustum), prompting Chubrik to suggest that the metacercarial stage 

is omitted from the life-cycle. Yamaguti (1975), on the other hand, 

believed that the cephalic glands and small tail indicate that it 

becomes a metacercaria in the first intermediate host or some other 

organism. It is conceivable that A. lupus has acquired Caudotestis 

directly from the gastropod, but as these results are controversial, 

and do not apply directly to this species, the route of this
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occasional (presumably accidental) transmission to A. lupus cannot 

be usefully commented on in detail.

Steringotrema ovacutum and Steringophorus furciger (Fellodistomidae: 

Digenea).

Occasional records of these two worms in A. lupus are known, although 

the great majority of the records are from flatfish. S. ovacutum has 

been considered a synonym of Fellodistomum fellis, a common parasite 

of A. lupus, by K^ie (1980b), but Bray & Rollinson (in press) have 

shown, by enzyme electrophoresis, that they are genetically distinct. 

There is now, therefore, some confusion over the life-cycles of 

F. fellis and S. ovacutum due to K<^ie treating them as the same species, 

but Bray & Rollinson (in press) believed that the life-cycle of the 

latter can be briefly summarised thus: sporocysts in lamellibranchs, 

metacercariae in ophiuroids and adults in flatfish. As A. lupus 

preys heavily on ophiuroids it is not surprising that occasional 

records of S. ovacutum in the intestine occur, but it probably fails 

to become ovigerous in this host (Bray & Gibson, 1980). The only 

host in which it is known to become ovigerous in the northern Atlantic 

is Hippoglossoides platessoides, a flatfish which also preys heavily 

on ophiuroids.

Steringophorus furciger, although fairly closely related to 

Steringotrema ovacutum, lacks a metacercarial stage (according to 

K0ie, 1979b) and various species acquire the parasite by ingesting 

cercariae. K0ie pointed out, however, that larger piscivorous 

flatfish, such as the halibut (Hippoglossus hippoglossus) probably

acquire their infestation from their fish prey. This seems the more
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probable source of infestation for the occasional records from the 

literature of A. lupus. Polyansky's (1955) record, however, appears 

erroneous, as the specimen illustrated clearly belongs to the related 

species Steringophorus agnotus, which is normally found in the bile 

duct of A. lupus, but may migrate into the intestine after the death 

of the host. S. furciger was recorded by Bray (1979) in A. minor 

and Bray & Gibson (1980) in A. denticulatus, and in both cases fully- 

developed, ovigerous specimens were recovered. This is, therefore, 

another example of a predominantly flatfish parasite:; which is 

occasionally able to survive and possibly to mature in A. lupus.

Lecithaster gibbosus and L. confusus (Lecithasteridae:Digenea).

These very closely related species are practically identical 

morphologically, being differentiated only on egg-size. Naidenova 

(1974) considered L. confusus a subspecies of L. gibbosus. Lecithaster 

species are normally found in the anterior intestine of their 

definitive hosts (in contrast to other hemiuroids which are normally 

found in the stomach). Shulman-Albova (1952) and Shulman & Shulman- 

Albova (1953) recorded a single specimen of each species from A. 

lupus in the White Sea, while I also found a single specimen, whose 

egg-size placed it unequivocally in L. gibbosus. K^ie (1983) thought 

it likely that she had found the cercaria of L. gibbosus in the parasitic 

snail Odostomia eulimoides in the Kattegat, and that the cercariae 

enter calanoid copepods, as was described by Hunninen & Cable (1943) 

for L. confusus. Records of L. confusus (possibly) and L. gibbosus 

in Thais spp., from the northwestern coast of North America by Ching 

(1960b) and Boyce (1969), respectively, indicate either that these 

worms are not particularly specific to their molluscan hosts, or more
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probably, that our present understanding of the taxonomy of the group 

is wanting. Apparently Boyce found some specificity in infestations 

of copepods with his L. gibbosus in that Centropages and Pseudocalanus 

spp. were infested, but Calanus spp. were consistently refractive. 

Nechaeva (1964) found Lecithaster metacercariae in copepods of the 

genera Acartia and Calanipeda in the Azov Sea. As A. lupus does not 

prey directly on copepods, it seems likely that its occasional 

infestations with Lecithaster are acquired from the ingested fish.

Prosorhynchus squamatus (Bucephalidae: Digenea).

Polyansky (1955), the only author to record this bucephalid in 

A. lupus, found a relatively high prevalence (20%) and intensity (2-37) 

in the Barents Sea, but it has not been recorded elsewhere. The 

attachment organ, the rhynchus, in this genus appears to have an 

important influence on the site of the worm. The closely related 

forms P. crucibulum (Rudolphi, 1819) and P. aculeatus Odhner, 1905 

occur in the intestine of the conger eel, Conger conger. Matthews 

(1973) points out that the folds in the intestinal wall diminish in 

size along its length in the conger, and the sites of the two species 

appear to be related to the size of the rhynchus and the size of the 

intestinal folds. P. crucibulum occurs in the anterior intestine and 

P. aculeatus, with the relatively much smaller rhynchus, occurs in the 

posterior part of the intestine where the folds are smaller. P. 

squamatus also has a small rhynchus, but was recorded by Polyansky 

(1955) from 'intestines (mainly pyloric caeca)' of several species of 

fish. The pyloric caeca of A. lupus, if they can be said to occur 

are very inconspicuous, so details of the site of P. squamatus in A.

lupus are not known.
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Brinkmann (1975) summarized much of what is known of the life-cycle 

and hosts of P. squamatus. The first intermediate hosts are bivalves 

of the genera Mytilus and Modiolus. In the Barents, White and 

Laptev Seas the metacercariae, which sometimes show a degree of 

progenesis, have been recorded in the fishes Liparis liparis, 

Myoxocephalus scorpius, M. quadricornis and Boreogadus saida 

(Issaitschikov, 1928; Kutikova, 1950; Chubrik, 1952b; Shulman-Albova, 

1952; Polyansky, 1955). The other reported host of P. squamatus 

metacercariae is the amphipod Caprella septentrionalis from the White 

Sea (Valter, 1976, 1977). It seems likely that the source of A. 

lupus infestations is small gadid species (such as Boreogadus saida) 

rather than amphipods.

Cestodes

Four cestode forms are recorded from A. lupus. None were 

encountered in the present study.

Bothriocephalus scorpii (Bothriocephalidae:Pseudophyllidea) was 

found 'rarely' by Polyansky (1955). Its first intermediate host is 

a planktonic copepod (Eutemora according to Markowski, 1935;

Acartia, Calanus and Paracalanus according to Solonchenko, 1979), and 

small fish, such as gobies, harbour the plerocercoid, at which stage 

segmentation begins and genital rudiments are formed. A. lupus 

presumably acquires this cestode with its infrequent fish prey.

B. scorpii has been recorded in many fish species, but recent studies 

suggest that more than one species is involved in a morphologically 

homogeneous species-complex. The B. 'scorpii' forms from turbot

(Psetta maximum and brill (Scophthalmus rhombus) have been distinguished
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by enzyme electrophoresis (Renaud, Gabrion & Pasteur, 1983), whole 

protein electrophoresis and immunoelectrophoresis (Renaud, Gabrion & 

Romestand, 1984).

Bothrimonus olrikii (Cyathocephalidae:Spathebothriidea) was 

recorded from a fingerling A. lupus by Polyansky (1955). Gibson & 

Valtonen (1984) suggested that the name B. olrikii should be used for 

all members of the genus recorded from teleosts, leaving the names 

B. sturionis and B. fallax for the chondrostean forms. Burt &

Sandeman (1969) went further and considered all species (except possibly 

B. fallax) as synonyms of B. sturionis. The amphipod genera Gammarus, 

Dikerogammarus, Chaetogammarus, Aonyx, Psammonyx and Pontoporeia 

have been recorded as intermediate hosts, which often harbour progenetic 

specimens (Sandeman & Burt, 1972; Gibson & Valtonen, 1984). It appears, 

from Barsukov's (1959) discussion of the biology of the younger stages 

of A. lupus, that after separation of the yolk-sac the larvae feed 

on small benthic organisms; a likely source of infestation for these 

small A. lupus.

Hepatoxylon trichiuri (Hepatoxylidae:Trypanorhyncha) is reported 

as a large plerocercoid in the body-cavity and gut of numerous teleost 

and elasmobranch species (Dollfus, 1942) and also in lampreys 

(Lethbridge, Potter, Bray & Hilliard, 1983), in cephalopods (Dollfus, 

1974; Gaevskaja & Nigmatullin, 1981) and even as a 'spurious' 

parasite of man (Fripp & Mason, 1983). As an adult the worm is 

found in large sharks (Dollfus, 1942). The first intermediate host 

is likely to be a copepod, so it seems that A. lupus has probably 

acquired the parasite from preying on a fish already harbouring the 

plerocercoid, as has been postulated by Lethbridge et a l . (1983) for
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the infestations of the lamprey Geotria australis. The finding of 

the plerocercoid in the 'small intestine' (Jonsson, 1982) of A. 

lupus, reinforces this conclusion.

Scolex pleuronectis (Tetraphyllidea) is a general larval name 

for tetraphyllidean larvae which occur commonly in the intestine 

of teleosts as well as molluscs and other invertebrates. It is, 

perhaps, surprising that none have been encountered in the present 

study and so few have been recorded in the literature. The first 

intermediate hosts of tetraphyllideans are copepods, the second 

intermediate hosts are fish, molluscs, etc. and the definitive hosts 

are elasmobranchs, but, unlike trypanorhynchs, it is practically 

impossible, currently, to identify species at the larval stages 

(Overstreet, 1978). It seems probable that this form is acquired 

by A. lupus in a similar way to H. trichiuri or from molluscs.

Nematodes

Two species of nematode have been recorded in A. lupus in 

addition to the common species Hysterothylacium aduncum.

Ascarophis arctica (Cystidicolidae:Habronematoidea), is probably 

the species found in A. lupus. Polyansky (1955) found immature 

females of an Ascarophis species in 33.3% of A. lupus in the Barents 

Sea, but was unable to decide whether these worms constituted 

characteristic parasites or whether the infestations were accidental. 

He considered that they most closely resembled A. arctica. Zubchenko 

(1980) records a lower prevalence (6.7%) of A. morrhuae in A. lupus

in the NW Atlantic, but Appy (1981) did not find this species in this
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region. He thought it likely that Zubchenko's worms were in fact,

A. arctica, which he found in nine fish species in the NW Atlantic.

There are numerous records in the literature to show that 

Ascarophis spp. larvae can be found in crustaceans of various kinds 

(see e.g. Poinar & Thomas, 1976; Mauchline, 1980; Naidenova & 

Mordvinova, 1981). Included are records from brachyuran and anomuran. 

decapods, both of which feature strongly in the diet of A. lupus and 

may be considered likely to constitute the source of Ascarophis.

Clearly A. lupus preys on decapods frequently enough for Ascarophis 

to be an adapted parasite of it, but the relative paucity of records 

indicates that this is probably not the case.

Capillaria gracilis (Capillariidae:Trichinelloidea). Capillaria 

kabatai Inglis & Coles, 1963 was recorded in two A. lupus specimens 

by Zubchenko (1980). This species is considered a synonym of C. 

gracilis by Moravec (in lift.). Nothing is known of the life-cycle 

of marine capillariids. Terrestrial mammalian capillariids may have 

earthworms or freshwater fishes as intermediate hosts; alternatively 

they may have a direct life cycle. C. gracilis £= C. kabataij is 

also recorded in gadid, pleuronectid and macrourid fishes in the 

northern Atlantic.

Acanthocephala

Echinorhynchus gadi (Echinorhynchidae:Palaeacanthocephala) has 

been reported infrequently, but throughout a wide area, from the 

intestine of A. lupus. It is recorded in numerous species of marine

fishes, in particular gadiforms, but is in need of a critical taxonomic
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reexamination. Amphipod crustaceans of the genera Amphithoe,

Calliopus, Pontoporeia, Gammarus and Caprella have been recorded as 

intermediate hosts (see Valtonen, van Maren & Timola, 1984), and 

this type of organism seems not to enter directly into the diet of 

A. lupus. This species may be acquired from the occasional small 

gadid ingested.

Gall-bladder and bile-duct (Table 3:8).

The gall-bladder of A. lupus is a large, subglobular sac with a 

muscular wall which lies between the lobes of the liver and the 

alimentary canal and is connected to the latter by a muscular bile- 

duct. Love (1980) discussed the function of the gall-bladder of 

fishes and reported some original observations. Apart from its 

mechanical function as a container for bile it can produce certain 

concentration effects by the reabsorption of water and some ions.

The bile salts aid in digestion by emulsifying dietary lipids when 

the bile is discharged into the intestine. The discharge of bile is 

also a means of excretion of cholesterol, bile acids, broken-down 

blood pigments and salts. Love (1980) described how the colour of 

the bile can be an indicator of feeding. During starvation the bile 

changes from a light, straw colour to a deep blue and the volume 

increases. Thus straw-coloured bile indicates continuous feeding 

over a period and a large, firm, deep-blue gall-bladder with a tight 

skin indicates starvation in progress. A wrinkled skin around a blue 

gall-bladder indicates a recent resumption of feeding after starvation.
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Table 3:8 Helminth parasites of the gall-bladder of Anarhlchas lupus.

Parasite Locality Prevalence/
Intensity

Reference and remarks

Fellodistomum fellis (Olsson, Britain (?) ?/12 Cobbold (1865:325; as D. inclsum).
1868) Varberg, Sweden frequent/ Olssùn (1868:44; usually in gall-
[synonyms: see Bray 4 Gibson copious bladder, occ. anterior intestine).
1980:205] Belgium more than 100 van Beneden (1871:48; as D. inclsum

North Sea 7 Oacoby (1899:12)
E Canada 7 Stafford (1904:486; as D. incisum - 

includes both F. feilis and 
S. aonotus: Miller, 1941:43).

Northumberland 100% Lebour (1908:36).
St Andrews Bay over 75%/50-100 Nicoll (1909a:4; 1909b:458).
7 7 Odhner (1911b:100).
Barents Sea - Layman 4 Borovkova (1926:28)
Barents Sea 100%/to 107 Bazikalova (1932:143).
Barents Sea 100%/up to 8037 Chubrik (1952c:655).
White Sea 5.3-20%/max. 6 Shulman-Albova (1952;88).
White Sea 86.6%/1-27 

mean 11.2 
10.2%/1-6 
mean 2.4

Shulman 4 Shulman-Albova 
(1953:48,132).

E Iceland 3 specimens Rees (1953:17).
Barents Sea 100%/8-4000 

usually 17-100
Polyansky (1955:55,104; occ. in 
duodenum, once in urinary bladder).

Iceland 90%/1-253 Brlnkmann (1956:20)
? given as India by 
Gupta 4 Ghosh (1979:265) 
A. lupus does not occur 
there'.

7 Srivastava 4 Ghosh (1968:46; 
see Bray 4 Gibson, 1980:205).

W Creenland 75%/- Brinkmann (1975:51).
Newfoundland 1 of 8/113 Bray (1979:419).
Iceland, Norway, 
Scotland

—/8—18 Bray 4 Gibson (1980:205).

0resund, Denmark 2 of 2/3-11 Kfiie (1980^226; one in duodenum).
Disco Bay, W Creenland 2 of 4/2-5
NW Atlantic 66.7%/1-90 

mean 22.6
Zubchenko (1980:42).

North Sea, 
1979/Stns. 17, 36

3 of 5/1-5 Present study

Trj>mso, Norway 2 of 2/22-59 Present study
N Scotland, 64.9%/1-402 Present study (see also Bray
1982, 3 and 4 mean 66.8 4 Rolllnson, in press).

Brachyenteron pycnorqanum (Rees, Barents Sea 6.71/9 Polyansky (1955:58,104; in intesti
1953)
[synonyms: see Chapter 2]

Nova Scotia 1 of 8/19 Bray (1979:418).

Sterinqophorus aqnotus (Nicoll, St Andrews Bay 50-75%/ Nicoll (1909a:4; 1909b:469;
1909) less than 10 also in intestine).
[synonyms: see Bray 4 Gibson, Trondheim, Norway - Odhner (1911b:99; in foregut).
1980:217] E Canada - Miiler (1941:43).

Barents Sea 13.3/14-4000 Polyansky (1955:56,104; also 
In duodenum).

Iceland 5 of 8 Brinkmann (1956:22; bile-duct).
W Greenland 60% Brlnkmann (1975:52; also bile-duct
Newfoundland 1 of 8/1 Bray (1979:420; intestine).
Iceland 6 specimens Bray 4 Gibson (1980:217;
Scotland 2 specimens bile-duct).
NW Atlantic 53.3%/1-117 

mean 11.9
Zubchenko (1980:42).

North Sea, 
1979/Stn 36

3 of 5/1-4 Present study

N Scotland, 406/2-64 Present study (see also Bray
1982, 3 and 6 mean 29.2 4 Rollinson, in press).

Fellodlstomlds Newfoundland 7 Noble (1973:152).
Small trematodes Iceland 1 Brinkroann (1956:26).
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Love studied the cod (Gadus morhua) and considered the colour of the 

bile to be blue; I interpret his colour photographs and the bile 

from A. lupus as green.

The concentration of inorganic substances in the bile changes 

due to diffusion of ions through the gall-bladder wall. In Squalus 

acanthius the bicarbonate and Cl concentrations decrease during the 

stay of the bile in the gall-bladder, but there are big increases in 

Na , K and Ca . Love (1980) showed that during the course of 

starvation in Gadus morhua the concentration of K+ in bile varies 

between 2400 and 300 ppm.. The higher concentrations occurred within 

a very few days of the start of starvation and for the remaining 

200 or so days the concentration was between about 1100 and 300 ppm. 

figures which coincide fairly closely with the concentrations found 

in A. lupus (Fig. 3:5). There was, however, no other indication 

of starvation in A. lupus.

The gall-bladder of A. lupus is the site of infestation of two 

important digeneans. The most commonly recorded and most widespread 

is Fellodistomum fellis, which occurs solely in the gall-bladder of 

Anarhichas spp. and often in large numbers. Brachyenteron pycnorganum 

is also found in the gall-bladder, but it appears to be more common 

in the related fish Anarhichas minor.

Fellodistomum fellis (FellodistomidaerDigenea)

This species has a high prevalence and intensity in A. lupus and 

is found almost exclusively in the gall-bladder lumen. The occasional 

records from the intestine (Olsson, 1868; Polyansky, 1955) and urinary
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bladder (Polyansky, 1955) may be a result of post-mortem migration 

or damage to the organs during dissection. My study of fresh fish 

has shown that very occasionally this worm is found in the lower 

bile-duct, the normal site of Steringophorus agnotus (see below); 

but this is exceptional and the great preponderance of worms are 

confined to the gall-bladder.

As the concentration of ions in the bile is said to differ as a 

function of the length of time the gall-bladder has been full, it may 

be possible, by studying the ion concentrations in both heavily and 

lightly infested and uninfested gall-bladders, to ascertain whether 

these large, sub-globular worms tend to occlude the opening of the 

bile-duct, thus causing a change in the rate of bile discharge. 

Unfortunately, the sample available was too small for any conclusion 

to be drawn here (the ionic concentration is known for only 10 

specimens, of which only two had non-infested gall-bladders). The 

gall-bladder in A. lupus, however, is usually found to be full and to 

contain dark green bile, which may indicate some degree of occlusion 

of the bile duct.

I have found up to 402 worms in a gall-bladder, but this number 

appears insignificant beside Chubrik's (1952c) report of 8000 and 

Polyansky's (1955) statement that he had, on occasions, found over 

4000 worms per gall-bladder, when the worms completely occluded the 

gall-bladder. Many stages of the worm are found simultaneously, 

from immature to large dead worms, suggesting a more or less continuous 

reinfestation process. The dead worms take up the greenish 

colouration of the bile, while live worms remain pinkish with a bright

red ventral sucker.
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The gall-bladder of infested fish contains much haematin-like 

material in addition to the bile. The evidence that F. fellis feeds 

on blood components is given by Halton (1982), who studied the 

ultrastructure of the caecal lining. This is described as digestive 

cells embedded in supporting tissue made up of another type of cell 

type, which is continuous with and similar to, the oesophageal tegument 

The digestive cells, which undergo asynchronous cyclical transformation 

are involved in extracellular digestion of haematin, apparently 

released from ingested erythrocytes by haemolysis in the lumen of the 

caeca. The haemoglobin is taken into an apical cavity of the cell, 

where it is sequestered by an infolded cell surface. The haemoglobin 

is here digested and the soluble products transported into the cell 

while the indigestible residue accumulates in the apical cavity.

This residue consists mainly of blood pigment, haematin, and lipid 

and, when the apical cavity is full, is evacuated into the caecal lumen 

The remaining basal nucleated part of the cell restarts the cycle by 

forming a new apical cavity. My frequent finding of patches of 

haematin-like material loose in the bile suggests that it may be 

regurgitated by F. fellis. This material could also be the result 

of bleeding of the gall-bladder wall during the feeding of F. fellis.

Chubrik (1952c, 1966) and K^ie (1980b) claimed to have elucidated 

the life-cycle of this species and indicated that the second 

intermediate hosts are ophiuroids, a common prey organism of A. lupus. 

Bray & Rollinson (in press), however, questioned these findings and 

provided evidence to suggest that the larval stages described by 

Chubrik and K^ie belong to the related fellodistomine Steringotrema

ovacutum. They concluded that it is not clear which invertebrate
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is the second intermediate host of F. fellis, but that gastropods, in 

particular Buccinum undatum, and ophiuroids are candidates.

Metacercariae from B. undatum donated by M. K$ie represent, I believe, 

the species F. fellis.

It is not known how F. fellis reaches the gall-bladder, although 

it seems likely that they pass up the bile-duct. Small, immature 

specimens occur frequently amongst the large, mature worms in the gall

bladder. Polyansky (1955) described several, usually immature, worms 

in the duodenum and K^ie (1980b) also found an immature specimen in 

the duodenum. Immature F. fellis may be difficult to distinguish from 

immature S. ovacutus (which occasionally occurs in A. lupus) and 

Steringophorus agnotus (which may appear in the intestine if the 

material is not very fresh).

The distribution of F. fellis appears to be more or less 

coextensive with that of A. lupus, but on the edge of its range it 

may be displaced by Brachyenteron pycnorganum. It is recorded in 

the congeneric fishes A. minor by Brinkmann (1956, 1975), Polyansky, 

(1955), Bray (1979) and K^ie (1980b) and A. denticulatus by Bray (1979). 

In addition, Polyansky (1955) and K0ie (1980b) reported immature 

specimens in the gall-bladder of plaice Pleuronectes platessa.

Brachyenteron pycnorganum (Zoogonidae:Digenea).

I have found 19 specimens in the gall-bladder of one A. lupus 

from off Nova Scotia (Bray, 1979), but not in the presence of F. fellis. 

The only other record of this species from A. lupus is from the 

intestine in the Barents Sea (Polyansky, 1955). Brinkmann (1956,

1975) and I (Bray, 1979) both found B. pycnorganum and F. fellis



Fig. 3:11 Brachyenteron pycnorqanum. a) SEM micrograph 
of eggs in utero in fractured specimen, showing filaments 
on egg-shell. Steganoderma (Steqanoderma) formosum. b) 
TEM micrograph of section of egg-shell. c) Higher magnifi
cation of egg-shell showing radial striations and origin 
of egg-shell filament (arrowed) on outer surface. Scale 
bars, a - 20 xm, b = 2 ¿¿m, c = 0.5 ,um.
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sympatrically in the gall-bladder of A. minor. Rees (1953) originally 

described the worm from the bile-duct of A. minor and most records 

are from the gall-bladder (Brinkmann, 1956, 1975; Bray, 1979) or bile- 

duct (see p. 259). Unfortunately, this species was not encountered 

during my recent surveys, but it seems possible that a further study 

might discover a detailed niche separation from F. fellis as is 

demonstrated in the present study for Steringophorus agnotus.

B. pycnorganum is stenoxenic to Anarhichas spp. , but has a less 

extensive distribution than most stenoxenic parasites of this genus 

(e.g. Peracreadium idoneum, Fellodistomum fellis, Steringophorus 

agnotus, Lepidophyllum steenstrupi). In contrast to the other forms 

it appears to occupy the periphery of the fishes' range, particularly 

the Arctic (Iceland, Greenland and Barents Sea) and Western (Nova Scotia, 

Newfoundland) fringes.

The life-cycle of this worm is unknown, as is the complete life- 

cycle of all members of its subfamily. Metacercariae of the related 

worm Steganoderma (Steganoderma) formosum are reported in decapod 

crustaceans, including crabs and hermit crabs (see p. 134). which 

constitute common prey items of A. lupus.

As opposed to the zoogonids found in the posterior intestine and 

rectum, B. pycnorganum has eggs with strongly tanned shells and a 

distinct operculum. The shell appears in SEM micrographs to be 

covered in numerous filamentous outgrowths (Fig. 3: 11a), which may 

be similar to those revealed by TEM micrographs of the eggs of the 

related worm Steganoderma (S.) formosum (Fig. 3: lib, c).
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Fig. 3:12 Diagrammatic drawing of gall-bladder and bile-duct 
of Anarhichas lupus.
Abbreviations: g - Gall-bladder containing Fellodistomum 
fellis. b - Bile duct, occasionally site of F. fellis. 
c - Chamber at base of bile duct, site of Steringophorus 
agnotus. p - Pancreatic duct, i - Anterior intestine.
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Steringophorus agnotus (FellodistomidaerDigenea).

In freshly-killed specimens of A. lupus this species invariably 

occurred in a subglobular chamber at the base of the bile-duct, 

i.e. just prior to its entry into the intestine (Fig. 3:12). This 

chamber may be formed from the intestine as it is lined with tall, 

narrow epithelium, somewhat similar to that of the intestine, but the 

surface is not as deeply divided as is the wall of the anterior 

intestine in the region where the bile-duct joins. By contrast the 

wall of the bile-duct has a much lower epithelium. In some cases, 

but not all, when no worms are present, the globular chamber at the base 

of the bile-duct cannot be readily found, suggesting the possibility 

that it could result from a host reaction to S. agnotus. Evidence 

against it being a part of the intestine is the fact that, in addition 

to receiving the bile-duct, it also receives several smaller ducts 

presumably emanating from the pancreas. In teleosts the pancreatic 

ducts usually open into the intestine via a common duct with the bile- 

duct (Smith, 1982).

In common with most authors I have found a prevalence of over 50%, 

and the intensity I report (1-20, mean 5.5) is fairly typical.

Polyansky (1955), on the other hand, found a lower prevalence (13.3%) 

but an intensity of 14-4000,' although with a 'most usual intensity' 

of 10-20!

This species appears to be particularly susceptible to post-mortem 

migration or displacement. Several workers report it from the 

intestine (Nicoll, 1909a; Odhner, 1911b; Polyansky, 1955; Bray, 1979). 

Some of the guts I studied had been frozen very fresh and later thawed
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for examination (table 3:2), and in this condition the worm is often 

found in large numbers in the anterior intestine floating in the 

runny mucus (sometimes along with Neophasis). The wall of the 

intestine and bile duct chamber tends to become somewhat flaccid on 

thawing and it seems that the flow of mucus during thawing flushes 

these worms from their normal preferred site. For this reason S. 

agnotus and the intestinal worms were not studied in frozen specimens.

Occasionally F. fellis is found sympatrically with S. agnotus in 

fresh dissections, but is readily distinguishable by its size, shape, 

colour and enzyme-types (Bray & Rollinson, in press).

The full life-cycle is not understood, but it is known that the 

metacercariae are found in Buccinum undatum. K0ie (in litt.) has 

pointed out that the worms she identified as Steringophorus furciger 

in B. undatum (see K0ie, 1969), are, in fact, S. agnotus. Thanks to 

Ms K0ie, I have been able to examine metacercariae from this gastropod 

and found two readily distinguishable forms which I identified as 

F. fellis and S. agnotus. Buccinum is a major prey organism of A. 

lupus in parts of its range. The species S. agnotus appears to be 

restricted to Anarhichas spp., although in the collection of the BM(NH) 

there are three immature specimens collected from the posterior 

intestine of Pleuronectes platessa from the 0resund, Denmark. It is 

found only in the north Atlantic and Barents Sea, but a similar worm 

is reported from the gall-bladder of Sebastes spp. in the North Pacific 

Ocean under the name Steringophorus sebastodis (Yamaguti & Matumara, 1942).

Urinary bladder (Table 3:9).

Love (1980) used to be puzzled why fishes needed a urinary bladder;
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he did not see 'why they did not just allow the urine to dribble 

out continuously - after all, they have no underclothing or carpets 

to ruin.' Love further discussed the function of the fishes urinary 

system by pointing out that while 'fishes are able to tolerate a high 

proportion of waste nitrogen and ammonia because it can be eliminated 

rapidly and continuously by the gills', kidneys are also needed for 

the excretion of less diffusible nitrogenous end products, such as uric 

acid. Re-absorption of necessary products from the ultrafiltrate 

occurs in the tubule and in the urinary bladder. ATP-ase mediated 

Na+ transport has been demonstrated in the urinary bladder of the 

flatfish Pseudopleuronectes americanus and it is said that there is 

an inverse relationship between Na+ and Mg++ in the bladder of several 

marine teleosts and Latimeria chalumnae. It is presumed that the 

bladder, in reabsorbing Na+ and water, leaves a more concentrated Mg+ + . 

Water re-absorption is the important aspect of urinary bladder function 

for marine fishes, sodium re-absorption for freshwater fishes. My 

figures, however, show no clear inverse relationship between Mg++ and 

Na+ concentrations (Fig. 3:5).

The urinary bladder in A. lupus is usually a distinct, claviform 

sac lying directly dorsally to the rectum. Its wall is elastic and, 

when the bladder is full, is stretched and thin. The wall is distinctly 

thicker when the bladder is empty and reduced in size. The opening 

of the urino-genital system is separate and just posterior to the anus. 

There is a distinct fold of the skin running between the anus

and the urino-genital opening. One species of digenean is found 

commonly in the urinary bladder of A. lupus.
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Table 3:9 Helminth parasites of the urinary bladder of Anarhlchas lupus.

Parasite Locality Prevalence/
Intensity

Reference and remarks

Lepidophyllum steenstrupi Odhner, E Canada . Stafford (1909:487); Miller (1941:4
1905 Kristineberg, Sweden 

Trondheim, Norway
'*■ Odhner (1911a:240).

Barents Sea 66% Bazikalova (1932:143).
White Sea 40% Shulman-Albova (1952:88).
White Sea 26.6%/1-2 

mean 1.2 
14.3%/1-16 
mean 4.1

Shulman A Shulman-Albova 
(1953:47,132).

E Iceland 2 specimens Rees (1953:21).
Barents Sea 60%/1-8 Polyansky (1955:57,104).
Iceland 7 of 11 Brinkmann (1956:15; one in gall

bladder!) .
Newfoundland - Noble (1973:152)
W Greenland 100%/up to 13 Brinkmann (1975:43).
Passamaquoddy Bay Linkletter, Lord 4 Dadswell 

(1977:12).
E Canada 7 of 8/1-13 

mean 5
Bray (1979:418).

NW Atlantic 80%/1-44 
mean 6.7

Zubchenko (1980:42).

Eldey Bank, Iceland 
1974/Stn.1

1 specimen Present study

Anton Dohrn Bank 
1974/Stn.8

3 of 3/5-10 
mean 7.3

Present study

Orkneys 1976/Stn. 21 5 specimens Present Study
Faeroes 1976/Stn. 93 2 specimens Present study
Moray Firth 

1976/Stn. 53
3 specimens Present study

NE Scotland 1-5 specimens Present Study
Trfimso, Norway - Present Study
Passamaquoddy Bay - Present study
N Scotland 
.1982, 3 and 4

61.5%/1-27 
mean 3.5

Present study

Table 3:10 Helminth parasites in body-cavity, encysted in tissue etc. of Anarhlchas lupus.

Parasite Locality Prevalence/
Intensity

Reference and remarks

Pseudophyllidean larva sp. I White Sea 2%/2 Shulman & Shulman-Albova (1953: 
68,132; in intestinal wall).

Hysterothylacium aduncum 
(Rudolphi, 1802) larvae

White Sea 33.3%/1-4 
mean 1.8 
8.2%/1-2 
mean 1.2

Shulman A Shulman-Albova (1953: 
80,132; in body-cavity).

Pseudoterranova decipiens 
(Krabbe, 1878) larvae

White Sea 

NW Atlantic

40%/1-2 
mean 1.3 
53.1%/1-8 
mean 3 
6.7%/2

Shulman 4 Shulroan-Albova (1953: 
74,132; body-cavity).

Zubchenko (1980:42).

Pseudoterranova sp. $ 
Las Porrocaecum sp. ?]

Barents Sea - Layman A Borovkova (1926:28).

Anisakis sp. larvae White Sea

Barents Sea

Norway 
Barents Sea

20%/1-2 
mean 1.7 
16.3%/1-18 
mean 4.6 
liver 13.3%/1 
body-cavity, 
mesenteries 
20%/2-6 
1 of 5 
?

Shulman 4 Shulman-Albova (1953: 
72,132; body-cavity).

Polyansky (1955:84,104)'.

Berland (1961:29).
Noble (1973:152).

Anisakls simplex (Rudolphi, 1809) N Scotland 1984 - Present study

Contracaecum sp. larva Barents Sea ? Noble (1973:152).

Nematodes Barents Sea 1924 - 50% 
1929 - 16.6%

Bazikalova (1932:146).

Corynsoma sememe (Forssell, 1904) White Sea 2%/1 Shulman A Shulman-Albova 
(1953:84,132).
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Lepidophyllum steenstrupi (Zoogonidae:Digenea).

This large, leaf-like zoogonid occurs commonly in the urinary 

bladder of A. lupus and is discussed on p. 237. The worm shows no 

particular orientation within the bladder and its small suckers are 

usually rather weakly attached to the bladder wall. The flattened 

form is similar to that of some other bladder digeneans, e.g. the 

gorgoderids Phyllodistomum Braun, 1899 and Progorgodera Brooks &

Buckner, 1976, and the related zoogonid Urinatrema Yamaguti, 1934.

Gibson & Bray (1977) pointed out that digeneans and monogeneans from 

the urinary bladder, body-cavity and swim-bladder often exhibit a 

spatulate form, which may serve to prevent the loss of the worms 

through the pores or ducts leading out of the organ. In common with 

other spatulate forms, the Lepidophyllum adult develops from a 

lanceolate juvenile as illustrated by Brinkmann (1975) and in Fig. 2:11. 

These lanceolate juvenile forms have not been found in a brief 

examination of the kidney and ureters of A. lupus, but this may 

represent the route of entry of L. steenstrupi into the bladder. On 

the other hand, where the life-cycle of gorgoderids has been studied, 

it appears that, despite spending time in the kidneys and ureters, 

the worms initially enter the urinary system via the intestine and 

cloaca (Mitchell, 1973). If this type of infestation process occurs 

in L. steenstrupi, the juvenile form would find it necessary to migrate 

from the anus to the urino-genital opening along fche grooves and 

wrinkles of the skin in this region. As yet no recognizeable 

juvenile forms of L. steenstrupi have been recovered from any site

other than the urinary bladder.



364

Adult worms have, almost invariably, been recorded in the urinary 

bladder, the exception being Brinkmann's (1956) record of one 

specimen in the gall-bladder. The genus Lepidophyllum contains 

several species, all of which are known from the urinary bladder of 

marine fishes, but Moser & Haldorson (1982) recorded L. pleuronectini 

from the intestine of two embiotocid species rather than its usual 

site, i.e. the urinary bladder of pleuronectid flatfishes. These 

authors gave no further information on their findings.

The life-cycle of L. steenstrupi is not known, but extrapolating 

from the little that is known of the life-cycle of the lepidophyllines, 

it appears that crustaceans, including crabs and hermit crabs, are 

possible candidates as second intermediate hosts. The eggs of 

L. steenstrupi have thick (about 1.8 - 2.5 pm), tanned, operculate 

shells (Fig. 3:13). The inner surface of the shell is smooth and the 

outer surface is rougher, with long filaments of egg-shell-like 

material emanating from the surface and lying curled in the uterus. 

These filaments can often be clearly seen in optical examination of 

whole-mounts. The eggs laid in the bladder clearly need some 

protection from the conditions in the urine, and presumably may remain 

in the urinary bladder for some time between periods of micturition.

Body-cavity and tissue parasites (Table 3:10).

These were not collected extensively in this study. All the 

larval nematodes I have found in this fish appear to belong to Anisakis 

simplex (Rudolphi, 1809). Large A. lupus must be unusual prey for any

but the largest cetacean so it is likely that this fish is a dead-end 

for any Anisakis, Hysterothylacium, Pseudoterranova, Contracaecum and

Corynosoma larvae.



Fig. 3:13 Lepidophyllum steenstrupi, egg. a) TEM micrograph 
of oblique section through opercular end of egg, also showing 
filaments of egg-shell-like material in uterus (arrowed), 
b) TEM detail of opercular suture (arrowed). Scale bars, 
a = 3 AJm, b = 2 jum.
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Discussion

Anarhichas lupus as a suitable or unsuitable host.

Dogiel, Polyansky & Kheisin (1964) point out that there are a 

series of types of host in which the parasite develops to different 

degrees, either quickly and reproducing rapidly and well, or relatively 

slowly, reproducing slowly or not at all. Holmes (1976) calls these 

extremes suitable and unsuitable hosts. In A. lupus the parasites 

fall into two distinct groups based on the frequency of finding and 

specificity. It seems likely that these latter criteria could also 

be used to distinguish whether A. lupus is a suitable or unsuitable 

host for a given parasite. There is a group of parasites for which 

A. lupus is one of the commonest, the commonest or only host, and 

which may be considered to be well adapted to the ecological, 

physiological and immunological conditions imposed by parasitism in 

this fish. These are:- Peracreadium idoneum, Pseudozoogonoides 

subaequiporus, Zoogonus rubellus, Neophasis anarrhichae, N. pusilla,

Fellodistomum fellis, Brachyenteron pycnorganum, Steringophorus 

agnotus and Lepidophyllum steenstrupi. Although it occurs frequently 

in A. lupus, the nematode Hysterothylacium aduncum appears not fully 

adapted to this fish, as it has not yet been found to become ovigerous. 

The other worms recorded, all from the gastro-intestinal tract, can be 

considered accidental parasites in an 'unsuitable' host. These worms 

are 15 digenean species (see Tables 3:6, 8), three adult cestodes, 

two nematodes and one acanthocephalan (Table 3:8). The status of 

some helminths is not yet entirely clear. In particular, the evidence
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given above does not rule out the possibility that Zoogonoides 

viviparus and Ascarophis arctica may utilize A. lupus as a 'suitable' 

host in parts of its range. Thus 21 (about 68%) of the 31 species 

recorded from A. lupus appear to be accidental parasites.

Site segregation.

The ten species of helminth which are considered to find A. lupus 

a 'suitable' host, show little evidence of site sympatry or competition. 

With the possible exception of Neophasis spp. and Brachyenteron 

pycnorganum which were not studied in detail, each helminth appears to 

have a preferred site from which it rarely strays. In some cases 

the site is easily defined, as it is constituted by a single organ, 

e.g. the gall-bladder or urinary bladder., in other cases the niche 

is represented by a particular distribution in the intestine. Apparent 

overlap of niches, e.g. Peracreadium idoneum and Hysterothylacium 

aduncum (see Fig. 3:3) is probably illusory. P. idoneum is usually 

found in amongst the complex folds of the intestinal mucosa and H. 

aduncum is found in the lumen or on the superficial surface of the 

intestinal lining. P. idoneum, in its normal site amongst the mucosal 

folds is probably in the 'paramucosal lumen' (Read, 1950), and 

presumably encounters quite different physico-chemical conditions to 

those encountered by H. aduncum in the general lumen. There appears 

to be greater site specificity in those parasites, e.g.F. fellis,

L. steenstrupi, which inhabit sites where adjacent sites have strikingly 

different physico-chemical or topological characteristics.

On occasion, however, worms have been found straying into sites 

normally occupied by other worms. F. fellis was once found in the
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bile-duct chamber with Steringophorus agnotus (see Bray & Rollinson, 

in press), and in the absence of Zoogonus rubellus, Pseudozoogonoides 

subaequiporus was found in the rectum. In the detailed study, Z. 

rubellus and P. subaequiporus were not detected in the same fish and 

while Zoogonus rubellus was always found in the rectum, P. 

subaequiporus, which was usually found in the posterior intestine, was 

found fairly frequently in the rectum (Fig. 3:3). Whether the 

relationship between these two species represents 'interactive site 

segregation' as described, for example, by Holmes (1976), it is really 

not possible to say. As the prevalence of each species is rather low 

(Table 3:7) and as they have not been found in the same fish, the type 

of data needed to substantiate the claims for exclusion and the 

concomitant shift from fundamental to realized site (see list in Price, 

1980, Table 6:1) is not available. The evidence from this study tends 

to support the conclusions of Price (1980) and Rohde (1982), that 

site (or niche) saturation does not generally occur in marine helminths 

and that there are plenty of available empty sites. The stomach, 

which so rarely harbours helminths, is a clear example of a practically 

empty site. In other respects, A. lupus seems to have several sites 

filled which are often not filled, by helminths at least, in other 

marine teleosts. In particular this applies to the gall-bladder, 

bile-duct and urinary bladder. All of these organs in A. lupus tend 

to be rather voluminous, which may partly account for their being 

regularly parasitized. This is probably not on its own, sufficient 

reason for the gall-bladder being utilized. Burn (1980a) who 

discovered a zoogonid later named Deretrema (Luxitrema) philippinensis 

(Beverley-Burton & Early, 1982), from the gall-bladder of a flashlight 

fish (Anomalops katoptron) in New York Aquarium, provided evidence
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that size is not a factor in whether the gall-bladder is parasitized, 

although it may be a regulating factor with regard to the intensity 

of infection. He observed that, in every case, the infection 

consisted of two worms and suggested that a possible regulatory 

mechanism was the size of the worms which occluded a large proportion 

of the gall-bladder. Thus a gall-bladder which is small enough to be 

occluded by two worms is regularly infested (100% prevalence). On 

the other hand, the regulating mechanism postulated by Burn, certainly 

does not apply in A. lupus where even the uninfested gall-bladder is 

large and can accomodate, according to my counts, up to 400 specimens 

of F. fellis, with much greater numbers mentioned in the literature 

(up to 8000 - Chubrik, 1952c). Despite occasional records of F. fellis 

from other sites it is clear that, whatever the population size, the 

species is, in fact, restricted to the gall-bladder. Similar 

observations could be applied to Steringophorus agnotus and Lepidophyllum 

steenstrupi.

The type of food may serve to segregate the parasites to some 

extent. Only F. fellis, of the parasites of A. lupus, has been 

closely studied as far as feeding is concerned (Halton, 1982): it 

is found to feed on blood and to expel haematin residues. Other 

digeneans are seen to ingest intestinal epithelium and mucus, but 

there is often no evidence of blood feeding. In F. fellis the caeca 

tend to be very prominently pigmented by the enclosed haematin. No 

such pigmentation is seen in the other digeneans of A. lupus. The 

nematode Hysterothylacium aduncum was not found attached by its mouth 

to the intestinal surface and the adults in gadids often appear to be 

feeding directly on the food bolus. This feeding pattern may represent
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a means of segregation of H. aduncum and the digenean Peracreadium 

idoneum, whose longitudinal distributions in the intestine overlap 

(Fig. 3:3).

Parasite acquisition.

Not a great deal is known of the detailed life-cycles of the 

parasites which find A. lupus a 'suitable' host, but it is presumed 

that they are acquired from common and preferred prey items. According 

to my data (Table 3:3), bivalve molluscs are found in the prey of most 

A. lupus specimens and, strangely, none of the speculations made 

earlier suggest that helminths are acquired from these. Echinoids, 

the next commonest prey, are thought to be the source of Zoogonus 

rubellus. Ophiuroids, which occur at about the same frequency as 

gastropods, are considered likely to be the source of Pseudozoogonoides 

subaequiporus and, possibly, the less common parasites Steringotrema 

ovacutum and Zoogonoides viviparus. Gastropods, in particular 

Buccinum undatum, appear to be the source of Fellodistomum fellis, 

Steringophorus agnotus and Neophasis spp. The large decapod 

crustaceans, which overall constitute a major prey of A. lupus are 

postulated as the source of several important parasites, i.e. Peracreadium 

idoneum, Brachyenteron pycnorganum and Lepidophyllum steenstrupi, 

possibly Hysterothylacium aduncum and also, possibly, the less common 

forms Derogenes varicus, Podocotyle spp., Helicometra plovmornini and 

Ascarophis arctica. Fish are a minor prey organism, but it is 

suggested that several of the less common parasites of A. lupus are 

acquired from occasional ingestion of fish. Some of them are very 

common parasites of other fish species. The parasites which may have 

been acquired from fish prey include Hysterothylacium aduncum, Derogenes
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various, Podocotyle spp., Steringophorus furciger, Lecithaster spp., 

Prosorhynchus squamatus, Bothriocephalus scorpii, Hepatoxylon 

trichiuri and Echinorhynchus gadi. The cestode Bothrimonus olrikii 

was probably acquired by the fingerling A. lupus during its larval 

stages, when it feeds on small crustaceans.

Egg-shell development in the Zoogonidae.

During this study the egg-shell or capsule of several zoogonid 

digeneans, some from hosts other than A. lupus, was studied (Figs.3:9, 

10, 11, 13). There appears to be some relationship between the type 

of development of the structure enveloping the embryo or miracidium 

in utero and the length of time the egg or larva is likely to remain 

within the lumen of the host-organ. Those species which live in the 

rectum or posterior intestine (Pseudozoogonoides subaequiporus, Zoogonus 

rubellus, Zoogonoides viviparus) lack a tanned egg-shell, appear to 

lack a well-developed Mehlis' gland and the vitellarium is greatly 

reduced. This is the major characteristic of the subfamily Zoogoninae 

although in one or two cases optical microscopy suggests some tanning 

of the egg. In fact, in the little known zoogonine Brevicreadium 

congeri the vitellarium and egg-capsule appear to be developed to a 

greater extent than in the remainder of the subfamily. The single, 

median follicular vitellarium found in this case suggests a secondary 

re-acquisition of the tanning process and a parallel enlargement of the 

vitellarium. The members of the other zoogonid subfamily, the 

Lepidophyllinae, which live in the gall-bladder (Brachyenteron 

pycnorganum), the upper intestine and pyloric caeca (Steganoderma S. 

formosum) and the urinary bladder (Lepidophyllum steenstrupi), have

a well-developed, tanned egg-shell with a distinct operculum.
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It is presumed that eggs laid in the bladders may remain there for 

some time between the periodic discharges, and those laid in the 

anterior intestine will be exposed to harsh enzymatic conditions.

Wharton (1983) points out how little is known of the structure 

of the egg-shell of digeneans, apart from the tanning system.

Authors who have studied the eggs of Schistosoma (e.g. Race, Michaels, 

Martin, Larsh & Matthews, 1969; Race, Martin, Moore & Larsh, 1971) 

describe a structure-less, slab-like shell with 'micro-barbs' on the 

outer surface and pores for the passage of metabolites. My studies 

indicate that the tanned egg-shell of the lepidophyllines has 

a similar slab-like structure, but it is not clear whether the 

striations which occur at right angles to the egg-shell surface in 

S. (S.) formosum (Fig. 3:11b, c) eggs are pores or artifacts of 

microtomy. Functions of the egg-shell pores of schistosomes, as 

suggested by Race et a l . (1969), include the idea that they allow 

the release of the antigenic materials that produce a granuloma 

response and enzymes which are responsible for the eruptions of eggs 

from veins into tissues. This function is, of course, not likely 

to be of significance in lepidophyllines. The outer surface of the 

egg-shell of the lepidophyllines studied appears to be extended into 

filaments whose function is not known.

The egg-shell of digeneans is formed of three layers, a middle 

layer of tanned protein (sclerotin, keratin or elastin) sandwiched 

between two lipoprotein layers derived from Mehlis' gland (Wharton, 

1983). It is not clear which, if any, of these layers is omitted 

from the zoogonine egg-capsule, as both vitellarium and Mehlis' 

gland appear to be greatly reduced.
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Some evidence of three layers, greatly reduced, can be seen in Fig. 3:10c. 

The membraneous capsule can be seen to vary in thickness and in places 

(see arrow) the structure could be interpreted as two narrow layers 

with a layer of amorphous or granular material between them. It is 

not clear whether the miracidium escapes from the membrane immediately 

on laying or not. Shulman-Albova (1952) described Pseudozoogonoides 

subaequiporus as viviparous and indicated that the miracidia swim 

freely in the posterior intestine of the host. On the other hand, 

Stunkard (1943) described how the miracidium of Zoogonoides laevis may 

remain within the membrane in sea-water and how the beating of the 

cilia increases in this medium. My observations have been made mostly 

at sea so that no high-power microscopical observations of the 

miracidium has been practicable, but I have seen miracidia of Zoogonoides 

viviparus escape from the capsule, soon after it has left the body of 

the adult worm, in sea-water.

Summary and Conclusions

Several conclusions on the gastro-intestinal physiology of A. lupus 

can be drawn from this study along with a few tentative suggestions 

relating to the helminth-parasites.

The functional state of the stomach of A. lupus differs from that 

of most teleosts in that the secretion of HC1 appears to be greatly 

reduced in line with the reduction in certain morphological features, 

e.g. the rather small blind portion. This may have some phylogenetic 

significance, particularly as the fish is now believed to be related 

to zoarcids (Nelson, 1984), which also have a morphologically defined 

stomach but high pH (Barrington, 1957). It is also pointed out by
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Smith (1982) that microphagous fishes may lack a stomach, and groups 

derived from them which have secondarily adapted to macrophagy may 

develop sac-like intestinal pouches which may resemble a stomach in 

some functional aspects, but do not produce acid.

The intestine of A. lupus is fairly short, but the internal 

surface area is greatly increased by complex folding of the intestinal 

mucosa. In addition to allowing increased secretion and absorption 

this folding and the copious supply of mucus it produces may have 

a function in protecting the intestinal wall from the sharp edges of 

shells, tests and carapaces of prey animals. The gastro-intestinal 

tract has gradients of the ions Na+ , K+ , Mg+ + , Ca++ and Cl which are 

consistent with its function as an organ of osmo-regulation.

The organisms which are preyed upon by A. lupus are mainly benthic 

invertebrates with hard outer shells, tests or carapaces. These are 

grasped by the canine-like anterior teeth and broken by the posterior 

teeth and the heavily muscular head. The hard parts pass through the 

gut unchanged and are expelled through a large anus.

Anarhichas lupus was found to regularly harbour about 10 species of 

helminths, mostly digeneans, with about a further 20 species 

occasionally recorded. Some of the common species are specific to 

A. lupus and its congeners in the North Atlantic and seem to share 

the fish's range. They are found not only in the intestine but also 

in the gall-bladder, bile-duct and urinary bladder and, very rarely, 

in the stomach. Each parasite studied in detail has been shown to 

have a restricted distribution, which can sometimes be delimited by 

reference to topology and physico-chemical conditions. There is not
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much evidence of detailed site overlap or interactive displacement 

and there appears to be some areas where empty sites are available.

As far as can be ascertained the major parasites of A. lupus are 

acquired from major items in the prey. Less common, or possibly 

accidental, parasites are probably only in transit and do not establish 

themselves in the gut of A. lupus.

Correlating morphological features with sites of infestation is 

usually not possible. In the case of the development of the female 

system of zoogonid digeneans, however, it seems likely that there is 

a direct connection between a reduction in the egg-shell forming 

mechanism and the site of the parasite and thus the distance to the 

outside environment, or the length of time the egg is retained in the 

host. The leaf-like shape of the lepidophylline Lepidophyllum 

steenstrupi may be associated^ with its site, the urinary bladder.

Worms reported from this site in other hosts frequently exhibit a 

similar body-shape which may serve to prevent the premature passing

of worms in the urine.
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GENERAL DISCUSSION

The study of marine helminths is in its infancy. Rohde (1982) 

stated that 'in spite of their importance, marine parasites are 

probably the least known group of organisms'. Many species remain 

to be described and even such significant features as the life-history 

strategy of the large majority are not known. Our understanding of 

the importance of these parasites is, however, increasing. Marine 

helminths have been implicated in several human disease conditions 

(zoonoses), as was described by Williams & Jones (1976) and in some 

cases the presence of worms in fish has become a cosmetic or aesthetic 

problem to fish-merchants (e.g. Overstreet, 1977). Probably of more 

consequence than the direct effects on human health or susceptibilities 

is the importance of helminths in fish disease and mortality. It 

has been suggested that well-adapted parasites tend not to kill their 

hosts, but Ewald (1983) pointed out that 'current theory in 

evolutionary biology indicates that host-parasite relationships may 

evolve toward equilibrial states of severe disease!. Lester (1984) 

recently suggested, at a symposium on 'Diseases of marine organisms', 

that 'parasitic disease has the potential to be a major contributor 

to host-mortality rates and even to regulate host population size' 

and described six methods of estimating parasite induced mortality 

in wild fish populations. The effect of most helminths on fish health 

and population is, however, not well understood. Paperna (in Sinderman, 

1984) said that 'the assessment of the role of parasite as pathogens 

remains still a major debatable issue. This applies especially to 

the marine environment'. It has long been recognised that some 

helminths have been major pathogenic agents in farmed fish, but evidence
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is accruing that in the wild similar worm infestations can be equally 

devastating. For example, Heggberger & Johnsen (1982) described 

heavy mortality of salmon parr in Norwegian rivers wherever Gyrodactylus 

is observed and Paperna, Diamant & Overstreet (1984) demonstrated mass 

mortalities in wild mullet (Liza carinata) caused by Benedenia 

monticelli in the Red Sea. Indications that other marine animals are 

adversely affected by helminths include evidence of their pathogenicity 

to, and involvement in strandings of, cetaceans (see Dailey & Walker, 

1978; Stroud & Roffe, 1979) and good evidence is also available that 

they are agents in the mass mortality of sea-birds (e.g. Claugher,1976; 

Randall & Bray, 1983). In addition, marine helminths have been 

successfully used as indicators (’tags') of some aspects of the biology 

of the host. The considerable amount of information relating to fish 

stocks, migrations and distribution which has been gained from biological 

tag studies was summarised by Mackenzie (1983), and this type of 

tagging will undoubtedly become even more valuable in the future when 

it is extended to deeper water fishes where mechanical tagging is not 

possible. Indications relating to fish-feeding habits (e.g. Lethbridge 

et al. , 1983) and water quality (e,g. Burn, 1980b, c) have been 

supplied by studies of marine helminths. Pollution studies are not, 

as yet, an important aspect of helminth research but Williams (in 

Waldichuk, 1979 and Stebbing, 1979) pointed out the potential of 

parasites as indicators of sublethal effects of pollutants. Evans 

(1978) described the effect of some heavy metals on digenean larvae in 

freshwater and several other workers have discussed the effects

of thermal pollution on parasites in freshwater (see Jadin, 1981) and 

in a marine environment (Thulin, 1981, 1984). Further helminthological

studies have added to the knowledge of other aspects of the host, e.g.
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physiology (MacKenzie & Gibson, 1970; Williams et a l ., 1970) and 

phylogeny (Llewellyn & Tully, 1969). It should also be stressed 

that the intrinsic interest of the study of marine helminths, 

particularly from the evolutionary point of view, is great as it seems 

probable that many groups evolved the parasitic way of life in the sea.

Marine invertebrate, fish, bird and mammal ecology, mortality and 

disease, zoonoses, biological tagging and the indicator functions in 

pollution, feeding, physiological and phylogenetic research are some of 

the areas in which the demand on the marine helminth taxonomist is 

directly related to practical studies. It has been recognized in the 

recent reports by NERC (1976), ESF (1977 and Heywood & Clark, 1982) and 

ABRC (1979), that an essential of good biological research is accurate 

identification of organisms. As ABRC (1979) put it 'taxonomy is an 

essential basis for all biological science'. There are few biologists 

who would be inclined to disagree with this view, although taxonomy 

has long been an unfashionable scientific discipline. The recent 

resurgence of interest may be due to the reports of committees of 

governmental or international bodies mentioned above and also to the 

increased interest given to the study of evolution and phylogeny by 

several events and trends. The introduction of the controversial 

ideas on 'punctuated equilibria' by Eldridge & Gould (1972), on 

'selfish DNA' by Orgel & Crick (1980) and Doolittle & Sapienza (1980) 

and the renewed interest in Lamarkism stimulated by the claims of 

Steele (1979), among other events, have stimulated further research 

activities in evolutionary subjects. The increased use of 'phylogenetic 

systematics' or cladistics by taxonomists and the resurgence of 

creationism under the guise of 'Scientific Creationism' as a political
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force in the USA, have also served to enliven discussion and controversy. 

The present lively condition of evolution research is described by 

Brooks (1983), an author who has been instrumental in introducing new 

taxonomic techniques into parasitology.

The study of the Zoogonidae reported here is part of a wider 

programme of research in the taxonomy of marine helminths, mainly in the 

NE Atlantic, which has been undertaken by members of the Parasitic Worms 

Section of the British Museum (Natural History). The idea behind the 

project was to produce strong classifications of marine helminths which 

are seen to tie in with the biology of the worms and which can be used 

to further all aspects of the study of these helminths. It is also 

expected that, as these further aspects of the biology of the worms 

are elucidated, they will be fed back into the taxonomic study to refine 

the system further. This study of the zoogonids has been an attempt to 

bring various aspects into the sphere of taxonomy. The Parasitic Worms 

Section is, therefore, working towards the general aims of the Museum 

which are described (Report on the British Museum (Natural History), 

1981-1983) as 'to engage in research in the field of taxonomy . . . .  

These studies contribute to the elucidation of the mechanisms and 

course of evolution but their material importance lies in many applied 

fields where an accurate knowledge of the identity of organisms . .

is essential'. It is hoped that this thesis, along with other 

publications in the series, will materially advance the study of marine 

helminths by providing thorough studies of the relationships and 

enabling accurate identification of these organisms of economic, 

environmental and academic importance.



379

ABRC (Advisory Board for Research Councils), 1979. Taxonomy in 

Britain. HMSO; London, viii + 126pp.

AFRICA, C.M., 1930. The excretory system of Cercariaeum lintoni 

Miller, 1926. Journal of Parasitology, 17: 14-17.

ALDRICH, L.E. Jr., 1961. Two new digenetic trematodes from marine 

fishes of Puget Sound, Washington. Journal of Parasitology, 47: 

77-80.

ALESHKINA, L.D., 1979. Characteristics of trematode fauna in fish of 

the South-Eastern Atlantic. In: O.N. Bauer et al. (Editors), 

Tezisÿ Dokladov. VII All-Union Conference on parasites and 

diseases of fish. Nauka Leningradskoe Otdelenie: Leningrad,

5-6 (In Russian).

AMATO, J.F.R., 1983. Digenetic trematodes of percoid fishes of 

Florianopolis, Southern Brasil - Fellodistomidae, Monascidae, 

Diplangidae, Zoogonidae and Waretrematidae with description of 

two new species. Revista Brasileira de Biologia, 42: 681-699.

ANNEREAUX, R.F., 1947. Three new trematodes from marine fishes of 

California. Transactions of the American Microscopical Society,

66: 249-255.

APPY, R.G., 1981. Species of Ascarophis van Beneden, 1870 (Nematoda: 

Cystidicolidae) in North Atlantic fishes. Canadian Journal of 

Zoology, 59: 2193-2205.

APPY, R.G. & BURT, M.D.B., 1982. Metazoan parasites of cod, Gadus 

roorhua L., in Canadian Atlantic waters. Canadian Journal of 

Zoology, 60: 1573-1579.

ARAI, H.P., 1954. Helminth parasites of embiotocid fishes. I. A new 

genus of the trematode family Zoogonidae. Journal of Parasitology,

40: 356-359.



380

ARAI, H.P., 1969. A new trematode of the genus Lepidophyllum (Digenea: 

Steganodermatidae) from a cottid fish, Hemilepidotus hemilepidotus. 

Journal of the Fisheries Research Board of Canada, 26: 799-803.

BAER, J. & JOYEUX, C., 1961. Classe des Trématodes (Trematoda Rudolphi) 

In: Grasse, P.-P. (Editor ) Traite de Zoologie, Masson et Cie:

Paris, 4_: 561-692.

BARBAGALLO, P. & DRAGO, U . , 1903. Primo contributo alio studio della 

fauna elmintologica dei pesci della Sicilia orientale. Archives 

de Parasitologie 7: 408-427.

BARRINGTON, E.J.W., 1957. The alimentary canal and digestion. In:

M.E.Brown (Editor), The physiology of fishes, Vol. 1, Academic 

Press: New York, 109-161.

BARSUKOV, V.V., 1959. The wolffish (Anarhichadidae). Fauna SSSR 

Zoologicheskii Institut Akademii Nauk SSR (n.s.) 5 (5), 1-171.

(In Russian:English Translation by Indian National Scientific 

Documentation Centre, New Delhi, 1972, 292pp.).

BAYLIS, H.A., 1939. Further records of parasitic worms from British 

vertebrates. Annals and Magazine of Natural History (ser. II),

4: 473-498.

BAYLIS, H.A. & JONES, E.I., 1933. Some records of parasitic worms

from marine fishes at Plymouth. Journal of the Marine Biological 

Association of the United Kingdom, 18: 627-634.

BAYSSADE-DUFOUR, C.A. & MAILLARD, C., 1974. Chetotaxie de quatre 

cercaires d'Allocreadioidea. Annales de Parasitologie humaine 

et comparée, 4 9 : 521-554.

BAZIKALOVA, A . Y . , 1932. Studies on the parasitology of Murmansk fishes 

In: S.Y. Mittelman (Editor). Sbornik nauchno-promyslovykh rabot na 

Murmane, Snabtekhizdat: Moscow and Leningrad :36-153 (In Russian).



381

BEESE, G. & HANDLER, R . , 1969. Beitrage zur Biologie der drei

nordatlan-tischen Katfischarten Anarhichas lupus L. , A. minor 

Olafs. und A. denticulatus Kr. Berichte der Deutschen 

Wissenschafflichen Kommission fur Meeresforschung, 2 0 : 21-59.

BENAZZI, M. & BENAZZI LENTATI, G., 1976. Platyhelminthes. Animal 

Cytogenetics, _1: 1-182.

BERLAND, B., 1961. Nematodes from some Norwegian marine fishes.

Sarsia, 2: 1-50.

BEVERLEY-BURTON, M. & EARLY, G., 1982. Deretrema philippinensis n.sp. 

(Digenea:Zoogonidae) from Anomalops katoptron (Beryciformes: 

Anomalopidae) from the Philippines. Canadian Journal of Zoology,

60: 2403-2408.

BIGELOW, H.B. & SCHR0EDER, W.C., 1953. Fishes of the Gulf of Maine.

Fishery Bulletin of the Fish and Wildlife Service, 5 3 : viii + 577pp.

BOYCE, N.P.J., 1969. Parasite fauna of pink salmon (Oncorhynchus 

gorbuscha) of the Bella Coola River, Central British Columbia, 

during their early sea life. Journal of the Fisheries Research 

Board of Canada, 2 6 : 813-820.

BRAY, R.A., 1973. Some digenetic trematodes in fishes from the Bay of 

Biscay and nearby waters. Bulletin of the British Museum (Natural 

History) (Zoology), 26̂ : 151-183.

BRAY, R.A., 1979. Digenea in marine fishes from the eastern seaboard 

of Canada. Journal of Natural History, 13: 399-431.

BRAY, R.A., 1982. Two new species of Bacciger Nicoll, 1914 (Digenea: 

Fellodistomidae) from mullet in Australia. Journal of Natural 

History, 16: 23-29.



382

BRAY, R.A., 1983. On the fellodistomid genus Proctoeces Odhner, 1911 

(Digenea), with brief comments on two other fellodistomid genera. 

Journal of Natural History, 17: 321-339.

BRAY, R.A., 1984. The curation of helminths at the British Museum 

(Natural History). In: D.I. Gibson (Chairman). Technology as 

applied to museum collections: The collection, fixation and 

conservation of helminths. Systematic Parasitologyt g. 251-253.

BRAY, R.A., in press. Some helminth parasites of marine fishes of 

South Africa: Families Gorgoderidae, Zoogonidae, Cephaloporidae, 

Acanthocolpidae and Lepocreadiidae (Digenea). Journal of Natural 

History

BRAY, R.A. & GIBSON, D.I., 1977. The Accacoeliidae (Digenea) of fishes 

from the North-East Atlantic. Bulletin of the British Museum 

Natural History) (Zoology), 31: 51-99.

BRAY, R.A. & GIBSON, D.I., 1980. The Fellodistomidae (Digenea) of 

fishes from the northeast Atlantic. Bulletin of the British 

Museum (Natural History) (Zoology), 37: 199-293.

BRAY, R.A. & ROLLINSON, D . , in press. Enzyme electrophoresis as an aid 

to distinguishing species of Fellodistomum, Steringotrema and 

Steringophorus (Digenea:Fellodistomidae). International Journal of 

Parasitology

BRGLEZ, J. , 1961. Prilog poznavanju parazitske faune potoine pastrve 

i lipljana rijeke Savinje i njezinih pritoka. Veterinarski 

Arkiv, 31: 8-10.

BRGLEZ, J., 1973. Zajedavci in zajedavske bolezni sladkovodnik rib v 

Sloveniji. Zbornik Biotehniske fakultete Univerze v Ljubljani 

(Veterinarstvo - 1) (cited in Kazic, Cankovic & Kiskarolj, 1979).

BRIGGS, J.C., 1974. Marine Zoogeography. McGraw-Hill Book Company: New

York etc., 475 p p .



383

BRINKMANN, A. J r . , 1956. Trematoda. The Zoology of Iceland, 2 (11):1-34

BRINKMANN, A. J r ., 1967. Some trematodes from marine fishes in the

waters of Rhodes. Arbok for Universitetet i Bergen, 10: 2-13. 

BRINKMANN, A. Jr., 1975. Trematodes from Greenland. Meddelelser om 

Gr^nlancL 205: 2-88.

BRITISH MUSEUM (NATURAL HISTORY), 1984. Report on the British Museum 

(Natural History) 1981-1983. Trustees of the British Museum

(Natural History): London, 204 pp.

BROOKS, D.R., 1983. Whats going on in evolution? A brief guide to

some new ideas in evolutionary theory. Canadian Journal of 

Zoology, 6 1 : 2637-2645.

BROOKS, D.R., 1984. Quantitative parsimony. In: T. Duncan & T.F. 

Stuessy. Cladistics: Perspectives on the Reconstruction of 

Evolutionary History, Columbian University Press: New York,

119-132.

BROOKS, D.R., CAIRA, J.N., PLATT, T.R. & PRITCHARD, M.H., 1984.

Principles and methods of phylogenetic systematlcs: a cladistics 

workbook. Special Publication No. 12 of Museum of Natural History, 

University of Kansas. 88pp.

BROOKS, F.G., 1930. Studies on the germ cell cycle of trematodes.

American Journal of Hygiene, 12: 299-340.

BURN, P.R., 1980a. Density dependent regulation of a fish trematode 

population. Journal of Parasitology. 66: 173-174.

BURN, P.R., 1980b. The parasites of the smooth flounder, Liopsetta 

putnami (Gill), from the Great Bay Estuary, New Hampshire.

Journal of Parasitology, 6 6 : 532-541.

BURN, P.R., 1980c. Effects of water quality on the parasites of winter 

flounder. Abstract of paper presented at 5th Annual Eastern Fish 

Health Workshop, Leetown, W. V a . , June 17-19, 1980. Ip.



384

BURT, M.D.B. & SANDEMAN, I.M., 1969. Biology of Bothrimonus (=Diplocotyle) 

(Pseudophyllidea:Cestoda) : Part 1. History, description, synonymy 

and systematics. Journal of the Fisheries Research Board of 

Canada, 26: 975-996.

BYCHOWSKY, B.E., 1957. Monogenetic trematodes. Their systematics and 

phylogeny. (English translation by P.C. Oustinoff, edited by 

W.J. Hargis, 1961) American Institute of Biological Sciences ; 

Washington , 627pp.

BYRD, M . A . , 1964. Neosteganoderma glandulosa gen. n . , sp. n.

(Trematoda:Steganodermatidae) from an Atlantic fish. Proceedings 

of the Helminthological Society of Washington, 3 1 : 105-108.

CABALLERO y C., E . , 1952. Revision de los géneros y especies que

integran la familia Acanthocolpidae Líihe, 1909. (Trematoda:Digenea). 

Revista de Medicina Veterinaria y Parasitologia, 11: x + 231pp.

CABALLERO y C., E . , BRAVO-HOLLIS, M. & GROCOTT, R.G., 1955. Helmintos 

de la República de Panama. XIV. Tremátodos monogeneos y digeneos 

de peces marinos del Océano Pacifico del Norte, con descripción 

de nuevas formas. Anales del Instituto de Biología. Universidad 

de Mexico 26: 117-147.

CABLE, R.M., 1974. Phylogeny and taxonomy of trematodes with reference 

to marine species. In: W.B. Vernberg (Editor) Symbiosis in the Sea. 

University of South Carolina Press; Colombia, 173-193.

CAMPBELL, R.A., 1975. Hudsonia agassizi gen. et sp. n. (Zoogonidae: 

Hudsoniinae subf. n.) from a deep-sea fish in the western North 

Atlantic. Journal of Parasitology, 6 1 : 409-412.

CAMPBELL, R.A., 1983. Allosteganoderma: A replacement name for Hudsonia 

Campbell, 1975. (Digenea:Zoogonidae). Journal of Parasitology, 6 9 :

889.



385

CAMPBELL, R.A., HAEDRICH, R.L. & MUNROE, T.A., 1980. Parasitism and 

ecological relationships among deep-sea benthic fishes. Marine 

Biology 57: 301-313.

CHENG, T.C., SULLIVAN, J.T. & HARRIS, K.R., 1973. Parasitic castration 

of the marine prosobranch gastropod Nassarius obsoletus by 

sporocysts of Zoogonus rubellus (Trematoda): Histopathology.

Journal of Invertebrate Pathology, 21: 183-190.

CHING, H.L., 1960a. Some digenetic trematodes of fishes of Friday 

Harbor, Washington. Journal of Parasitology, 4 6 : 241-250.

CHING, H.L., 1960b. Studies on three hemiuroid cercariae from Friday 

Harbor , Washington. Journal of Parasitology, 46: 663-670.

CHUBRIK, G.K., 1952a. The life-cycle of Rhodotrema quadrilobata

Basikalova, 1932, parasitic in the intestinal tract of flatfishes. 

Doklady Akademii Nauk SSSR., 8 3 : 981-983. (In Russian).

CHUBRIK, G.K., 1952b. The life-cycle of Prosorhynchus squamatus

Odhner, 1905. Doklady Akademii Nauk SSSR, 83: 327-329. (In Russian).

CHUBRIK, G.K., 1952c. Larval stages of the trematode Fellodistomum 

fellis Nicoll, 1909 from invertebrates of the Barents Sea. 

Zoologicheskii Zhurnal, 31: 653-658.(In Russian).

CHUBRIK, G.K., 1966. Fauna and ecology of trematode larvae from 

molluscs in the Barents and White Seas. Trudy Murmanskii 

Biologicheskii Institut, 10 (14): 78-166. (In Russian).

CLAUGHER, D . , 1976. A trematode associated with the death of the white

faced storm petrel (Pelagodroma marina) on the Chatham Islands. 

Journal of Natural History, 10: 633-641.

COBBOLD, T.S., 1865. Note on some entozoa collected by Mr. Charles W. 

Devis. Proceedings of the Zoological Society of London, 325-326.



386

COOPER, A.R., 1915. Trematodes from marine and fresh-water fishes

including one species of ectoparasitic turbellarian. Transactions 

of the Royal Society of Canada (Sect 4; Ser 3), 9: 181-205.

CORDERO DEL CAMPILLO, M . , 1975. Tremátodos. In: Comisión para la 

compilación del índice-catalogo de Zooparásitos ibéricos.

Instituto Bayer de Terapéutica Experimental; Barcelona : 75-115.

CORT, W.W., 1918. A new cercariaeum from North America. Journal of 

Parasitology, 5: 86-91.

CR0FT0N, H.D., 1947. The parasites of some littoral fishes of 

Northumberland. Report Dove Marine Laboratory. Cullercoats,

Third Series No 9: 59-64.

CROMPTON,EKW.T. 1973. The sites occupied by some parasitic helminths 

in the alimentary canal of vertebrates. Biological Reviews of the 

Cambridge Philosphical Society, 48: 27-83.

CROTHERS, J., 1966. Dale Fort marine fauna. Field Studies, 2 (Supp). 

xxiv + 169.

CUBBIN, C.M., 1969. Notes on the intestinal parasites of coalfish and 

pollack from the south of the Isle of Man. Report of the Marine 

Biological Station at Port Erin, Isle of M a n , 8 1 : 51-55.

CUENOT, M.L., 1892. Commensaux et parasites de Echinodermes

(Deuxieme note). Revue Biologique du Nord de la France, _5: 1-23.

CULKIN, F. & COX, R.A., 1966. Sodium, potassium, magnesium, calcium 

and strontium in sea water. Deep-Sea Research, 13: 789-804.

DAFS (DEPARTMENT OF AGRICULTURE & FISHERIES FOR SCOTLAND), 1972.

Fish parasites and diseases. Directorate of Fisheries Research 

Report (1971): 33-46.

DAILEY, M.D. & WALKER, W.A., 1978. Parasitism as a factor (?) in single

strandings of southern Californian cetaceans. Journal of Parasitology,

64: 593-596.



387

DARWIN, C., 1859. On the origin of species by means of natural selection. 

John Murray:London. 502pp.

DAWES, B., 1947. The Trematoda of British fishes. Ray SocietyrLondon. 

364pp.

DEARDORFF, T.L. & OVERSTREET, R.M., 1981. Review of Hysterothylacium 

and Iheringascaris (both previously = Thynnascaris) (Nematoda: 

Anisakidae) from the northern Gulf of Mexico. Proceedings of the 

Biological Society of Washington, 93: 1035-1079.

DE COURSEY, P.J. & VERNBERG, W.B., 1974. Double infections of larval 

trematodes: competitive interactions. In: W.B. Vernberg (Editor) 

Symbiosis in the Sea. University of South Carolina Press; Columbia, 

93-109.

DIESING, K.M., 1858. Berichtigungen und Zusatze zur Revision der 

Cercarieen. Sitzungsberichte der Akademie der Wissenschaften. 

Mathematisch .-Naturwissenschaftliche Classe. Wien, 31: 239-290.

DOBZHANSKY, T . , 1958. Species after Darwin. In: S.A. Barnett (Editor)

A century of Darwin. Heinemann:London, 19-55.

DOGIEL, V.A., POLYANSKY, Y.I. & KHEISIN, E.M., 1964. General

Parasitology. English Translation by Z. Kabata, Oliver & Boyd: 

Edinburgh, 516pp.

DOLGIKH, A.V., 1965a. Larval trematodes - parasites of molluscs from the 

Crimean shore of the Black Sea. Autoreferat dissertachii na 

soiskanie uchenoj stepeni kandidata biologicheskikh nauk. Lovoskii 

Ordena Lenina gosudarstvennikh Universitet im. I. Franko. 20pp.

(In Russian).

DOLGIKH, A.V., 1965b. Trematode larvae, parasites of the Black Sea 

mollusc Nassa reticulata var. pontica Mont. In: Bentos. Naukova

Dumka: Kiev, 122-138. (In Russian).



388

DOLGIKH, A.V., 1966a. Helminthfauna of molluscs of the family

Veneridae from the oceans of the world. In: Questions of marine 

biology. Essays for the symposium of young scientists.

(Sevastopol. 13-16 April 1966). Naukova Dumka: Kiev: 31-33.

(In Russian).

DOLGIKH, A.V., 1966b. Helminth fauna of molluscs from Novorossiysk 

Bay. Biologiya Morya, Kiev. Helminthofauna of animals of the 

southern seas : 114-133.

DOLGIKH, A.V., 1968. Helminthfauna of molluscs of the northern part

of the Black Sea. Biologiya Morya, Kiev, 14: 114-126. (In Russian).

DOLGIKH, A.V., 1970. Material on the helminth fauna of molluscs on 

the Caucasian coasts of the Black Sea. Biologiya Morya, Kiev,

20: 3-28. (In Russian).

DOLGIKH, A.V. & NAIDENOVA, N.N., 1967. The biology of Diphterostomum 

brusinae (Stossich, 1899) Stossich, 1914. Zoologicheskii Zhurnal,

46: 1094-1097.

DOLLFUS, R.P., 1925. Liste critique des cercaires marines à queue 

sétigère signalées jusqu'à présent. Travaux de la Station 

Zoologique de Wimereux, 9: 43-65.

DOLLFUS, R.P., 1937. Les trematodes Digenea des sélaciens (Plagiostomes) 

Catalogue par hôtes. Distribution géographique. Annales de 

Parasitologie humaine et comparée, 15: 57-73.

DOLLFUS, R.P., 1942. Etudes critiques sur les Tétrarhynques du Muséum 

de Paris. Archives du Muséum National d'Histoire Naturelle, Paris 

(sixième sérié). 19: 1-466.

DOLLFUS, R.P., 1951. Miscellanea helminthologica Maroccana. I. Quelques 

trématodes, cestodes et acanthocéphales. Archives de l'Institut

Pasteur du Maroc, 4: 104-229.



389

DOLLFUS, R.P., 1952. Miscellanea helminthologica Maroccana. IV.

Affinités naturelles de Pseudochetosoma salmonicola R. Ph. Dollfus 

1951 (Famille Steganodermatidae nov.). - Emendation de la 

superfamille Haploporoidea W. Nicoll, 1935. Archives de l'Institut 

Pasteur du Maroc, 4: 369-386.

DOLLFUS, R.P., 1974. Enumeration des cestodes du plancton et des

invertébrés marin. 8e contribution avec un appendice sur le genre 

Oncomegas R.-Ph. Dollfus, 1929. Annales de Parasitologie humaine 

et comparée, 49: 381-410.

DOOLITTLE, W.F. & SAPIENZA, C., 1980. Selfish genes, the phenotype 

paradigm, and genome evolution. Nature, 284: 601-603.

DUNCAN, B.L. & DE GIUSTI, D.L., 1976. Three new lissorchiid cercariaea

of the Mutabile group from Laevapex fuscus (Adams, 1841) and Ferrissia 

rivularis (Say, 1917). Proceedings of the Helminthological Society 

of Washington, 4 3 : 1-9.

DUNN, G. & EVERITT, B.S., 1982. An introduction to mathematical 

taxonomy. Cambridge University Press: Cambridge etc. 152pp.

DURAN, L.E. & OLIVA, M . , 1980. Estudio parasitológico en Merluccius 

gayi peruanus Gingsberg 1954. Boletín Chileno de Parasitología,

35: 18-21.

DURIO, W.O. & MANTER, H.W., 1968. Some digenetic trematodes of marine 

fishes of New Caledonia. Part 1. Bucephalidae, Monorchiidae, and 

some smaller families. Proceedings of the Helminthological Society 

of Washington, 35: 143-153.

DYK, V. & DYK0VÁ, S., 1964. Prispévek k znalosti helmintu pstruha a 

lipana reky Savinje (SFRJ). Sborník Vysoké Skoly Zemidelské a 

Lesnické Fakulty v Brne (Rada B), 12: 399-408.



390

ESF (European Science Foundation), 1977. Taxonomy in Europe: Interim 

report of a study by an European Science Research Council ad hoc 

group. ESRC Review No. 13; ESRC Secretariat; Strasbourg. 95pp.

EDWARDS, F.W., 1923. A preliminary revision of the crane-flies of

New Zealand (Anisopodidae, Tanyderidae, Tipulidae). Transactions 

and Proceedings of the New Zealand Institute, 54: 265-352.

EKMAN, S., 1953. Zoogeography of the S e a . Sidgwick & Jackson : London, 

417pp.

ELDRIDGE, N.I. & GOULD, S.J., 1972. Punctuated equilibria, an

alternative to phyletic gradualism. In: T. Schopf. Models in 

paleobiology. Freeman, Cooper and Co.; San Francisco, 82-115.

v

ERGENS, R . , 1960. Gelmintofauna nekotorych ryb Albanii. Ceskoslovenska 

parasitologie, _7: 49-90. (In Russian).

ERGENS, R., 1963. Über Pseudochetosoma leucisci n. sp. (Trematoidea) 

und Ancyrocephalus cobitis n. sp. (Monogenoidea), zwei neue 

parasitische Würmer der Fische Albaniens. Zeitschrift für 

Parasitenkunde, 2 2 : 287-291.

EUZET, L. & COMBES, C., 1980. Les problèmes de l'espèce chez les

animaux parasites. In: Bocquet, C., Genermout, J. & Lamotte, M. 

[Editors] Les problèmes de l'espèce dans le règne animal.

Memoire No. 40 de la Société Zoologique de France, Ji: 239-285.

EVANS, N.A., 1978. Some effects of heavy metals on digenean larvae in 

freshwater. Short Communications. Fourth International Congress 

of Parasitology (19-26 August, 1978, Warsaw) Section H (Environmental 

Parasitology and geographical distribution), 15-16.

EWALD, P.W., 1983. Host-parasite relations, vectors, and the evolution 

of disease severity. Annual Review of Ecology and Systematics,

14: 465-485.



391

FAGERHOLM, H.-P., 1982. Parasites of fish in Finland. VI. Nematodes. 

Acta Academiae Aboensis, ser. B. 40(6): 128pp.

FÄNGE, R. & GROVE, D . , 1979. Digestion. In: W.S. Hoar, D.J. Randall & 

J.R. Brett (Editors) Fish Physiology, Volume VIII Bioenergetics 

and Growth, Academic Press: New York etc. 161-260.

FANTHAM, H.B., 1938. Lecithostaphylus spondyliosomae n. sp., a

trematode parasite of the hottentot fish, Spondyliosoma blochii, 

found in South African waters. Transactions of the Royal Society 

of South Africa, 26: 387-393.

FILIPPI, F. de, 1854. Memoire pour servir ä l'histoire génétique des 

trématodes. 30pp., Turin, also (1854) Annales des Sciences 

Naturelles, Paris (Zool.) (4 ser.), 2: 255-284.

FILIPPI, F. de, 1855. Deuxiéme mémóire pour servir a l'histoire

génétique des trématodes. 26pp. Turin, also (1857) Memorie della 

(Reale) Accademia della Scienze di Torino (2 ser.) 16: 419-442.

FISCHTHAL, J.H. , 1980. Some digenetic trematodes of marine fishes from 

Israel's Mediterranean coast and their zoogeography, especially 

those from Red Sea immigrant fishes. Zoológica Scripta, 9: 11-23.

FISCHTHAL, J.H. & KUNTZ, R.E., 1964. A monogenetic and seven digenetic 

trematodes of amphibians and reptiles from Palawan Island, 

Philippines. Proceedings of the Helminthological Society of 

Washington, 31: 230-240.

FISCHTHAL, J.H. & THOMAS, J.D., 1968. Digenetic trematodes of some 

freshwater and marine fish from Ghana. Proceedings of the 

Helminthological Society of Washington, 35: 126-140.

FRIPP, P.J. & MASON, P.R., 1983. Spurious human infection with a

trypanorhynchid tapeworm. South African Journal of Science, 79:

473.



392

FUHRMANN, 0., 1928. Zweite Klasse de Cladus Plathelminthes. Trematoda. 

In: W. Kiikenthal & T. Krumbach, Editors Handbuch der Zoologie,

2: 140pp. Walter de Gruyter & Co: Berlin & Leipzig.

GAEVSKAYA, A.V. , 1972. Effect of light and water temperature on the 

emergence of some species of cercariae from Black Sea mollusks. 

Gidrobiologicheskii Zhurnal, 8(5): 104-105. (In Russian; English 

translation: Hydrobiological Journal, 8(5); 84-85).

GAEVSKAYA,. A.V. & ALESHKINA, L.D., 1983. New data on the trematodes

from fishes of Atlantic coast of Africa. Parazitologiya, 17: 12-17. 

(In Russian).

GAEVSKAYA, A.V. & KOVALEVA, A.A., 1980a. On the reasons of similarity 

and differences in parasitofauna of two subspecies of common 

horse-mackerel of the Atlantic Ocean. Nauchnyi Doklady Vyssnet 

Shkoly. Biologicheskie Nauki, (6): 52-56.

GAEVSKAYA, A.V. & KOVALEVA, A.A., 1980b. Ecological-geographical 

peculiarities of parasitic fauna of the Atlantic horsemackerel.

Trudy AtlantNIRO (Study in the Atlantic Biological Resources),

18-24.(In Russian).

GAEVSKAYA, A.V. & KOVALEVA, A.A., 1982. Trematodes infesting the

Atlantic horse mackerels of the genus Trachurus. Gidrobiologicheskii 

Zhurnal, 18(1): 60-65. (In Russian; English translation, 

Hydrobiological Journal, 18(1): 50-55.).

GAEVSKAYA, A.V. & NIGMATULLIN, C.W., 1981. Some ecological aspects

of the parasitic relationships of the squid (Stenoteuthis pteropus 

Steenstrup, 1855) in the tropical Atlantic Ocean. Nauchnyi 

Doklady Vysshei Shkoly. Biologicheskie Nauki (6): 52-56. (In

Russian).



393

GAEVSKAYA, A.V. & RODJUK, G.N., 1983. A new data on fish trematode

fauna of the south-west Atlantic. Nauchnÿi Dokladÿ Vÿssheï Shkolÿ. 

Biologicheskie Nauki, (3): 28-32. (In Russian).

GAMBINO, J.J. , 1959. The seasonal incidence of infection of the snail 

Nassarius obsoletus (Say) with larval trematodes. Journal of 

Parasitology, 45: 440 and 456.

GIARD, A., 1897. Sur un cercaire sétigère (Cercaria lutea), parasite 

des pélécypodes. Compte Rendu des Seances de la Société de 

Biologie, 49: 954-956.

GIARD, A., 1907. Sur les trématodes margaritigènes du Pas-de-Calais 

(Gymnophallus somateriae Levinsen et G. bursicola Odhner).

Compte Rendu des Séances de la Société de Biologie, 63: 416-420.

GIBSON, D.I., 1971. Studies of some helminth parasites of the

flounder Platichthys flesus (L.). PhD Thesis, Univ. Aberdeen. 375pp.

GIBSON, D.I., 1972. Flounder parasites as biological tags. Journal 

of Fish Biology, 4_: 1-9.

GIBSON, D.I., 1983. Kenmackenzia gen. nov. and Kenmackenziinae

subfam. nov. (Digenea, Sclerodistomidae): new taxa to accommodate 

the giant trematode Distoma gigas Nardo. Journal of Natural 

History, 17 : 189-202.

GIBSON, D.I. & BRAY, R.A., 1977. The Azygiidae, Hirudinellidae,

Ptychogonimidae, Sclerodistomidae and Syncoeliidae of fishes from 

the north-east Atlantic. Bulletin of the British Museum (Natural 

History) (Zoology), 32: 167-245.

GIBSON, D.I. & BRAY, R.A., 1979a. The Hemiuroidea: terminology,

systematics and evolution. Bulletin of the British Museum (Natural

History), (Zoology Series), 36: 35-146.



394

GIBSON, D.I. & BRAY, R.A., 1979b. Cirkennedya porlockensis, a new 

genus and species of digenean from the sunfish, Mola mola.

Journal of Helminthology, 53: 245-250.

GIBSON, D.I. & BRAY, R.A., 1982. A study and reorganization of

Plagioporus Stafford, 1904 (Digenea:Opecoelidae) and related genera, 

with special reference to forms from European Atlantic waters. 

Journal of Natural History, 16: 529-559.

GIBSON, D.I. & BRAY, R.A., 1984. On Anómalotrema Zhukov, 1957,

Pellamyzon Montgomery, 1957, and Opecoelina Manter, 1934 (Digenea: 

Opecoelidae), with a description of Anomalotrema koiae sp. nov. 

from North Atlantic waters. Journal of Natural History,IS: 949-964.

GIBSON, D.I. & BRAY, R.A., in press. The Hemiuridae (Digenea) of 

fishes from the north-east Atlantic. Bulletin of the British 

Museum (Natural History) (Zoology),

GIBSON, D.I. & VALTONEN, E.T., 1984. Two interesting records of 

tapeworms from Finnish waters. Aquilo (ser.Zool.), 22: 45-49.

GIJON, H., LOPEZ-ROMAN, R . , DE ARMAS, F. & VALLADARES, B., 1982.

Some Digenea of marine fish in the Canary Islands. Molecular 

and Biochemical Parasitology, (Supplement: Parasites - their world 

and ours. Abstracts of the Fifth International Congress of 

Parasitology, Toronto, Canada, 7-14 August, 1982), 712.

GLADING, B., 1934. The life-cycle of Cercariaeum lintoni Miller and 

Northup. Journal of Parasitology, 21: 434.

GOLDSCHMIDT, R.B., 1902. Ueber Bau und Embryonalentwickelung von

Zoogonus mirus Lss. Centralblatt fiir Bakteriologie, Parasitenkunde

und Infektionskrankheiten, 32: 870-876.



395

GOLDSCHMIDT, R.B., 1905. Eireifung, Befruchtung und Embryonalentwicklung 

des Zoogonus mirus Lss. Zoologische Jahrbücher (Anatomie), 21 :

607-654.

GOLVAN, Y.J., 1969. Systématique des Acanthocéphales (Acanthocephala 

Rudolphi, 1801). Premiere partie. L'ordre des Palaeacanthocephala 

Meyer, 1931. Premier fascicule la super-famille des 

Echinorhynchoidea (Cobbold, 1876) Golvan et Houin, 1963. Mémoires 

des Museum National d'Histoire Naturelle, nouvelle série, Ser. A. 

Zoologie, 5 7 : 373pp.

GRAEFFE, E . , 1860. Beobachtungen über Radiaten und Würmer in Nizza.

Neue Denkschriften der Allgemeinen Schweizerischen Gesellschaft 

für die Gesammten Naturwissenschaften, 17: 59pp.

GRÉGOIRE, V., 1909. La reduction dans le Zoogonus mirus Lss. et le 

"Primärtypus". Cellule, 2 5 : 243-287.

GU, C. & SHEN,J ., 1979.Ten new species of digenetic trematodes of

marine fishes. Acta Zootaxonomica Sinica, 4: 342-355.(In Chinese:
=  English summary)

GU, C. & SHEN, J., 1983. Digenetic trematodes of fishes from the Xisha 

Islands, Guangdong Province, China. I. Studia Marina Sinica, 2 0 : 

157-184. (In Chinese: English summary).

GUPTA, A.N., 1968. Paradiplangus indicus sp. nov. (Trematoda: Digenea: 

fam. Callodistomidae Poche, 1926) from Tetradon viridipunctata 

(Gunther) from India. Rivista di Parassitologia, 2 9 : 17-20.

GUPTA, A.N. & SHARMA, P.N., 1972. Follicovitellosum indicum a new

trematode found in the fish Belone belone. Marine Biology, Berlin 

12: 99-102.

GUPTA, A.N. & SHARMA, P.N., 1974. Studies on digenetic trematodes from 

marine fishes of Indian waters. Part III. Anales del Instituto 

de Biología. Universidad de México (serie Ciencias del Mar y

Limnología) 43: 93-102.



396

GUPTA, P.D. & GHOSH, R.K., 1979. Catalogue of type specimens present 

in the Zoological Survey of India. Part 3. Helminths. Records of 

the Zoological Survey of India, 7 9 : 243-331 .

HAFEEZULLAH, M . , 1977. On synonymy of some genera in subfamilies 

Stomachicolinae Yamaguti, 1958, Dinurinae Looss, 1907, and 

Prolecithinae Yamaguti, 1971 (Digenea:Hemiuridae). In: D.N.

Fotedar [Editor], Abstracts of Papers, All-India Symposium on 

Helminthology, Srinagar, Aug. 8-11, 1977, 19-20.

HALTON, D.W., 1982. An unusual structural organization to the gut of 

a digenetic trematode, Fellodistomum fellis. Parasitology, 8 5 : 

53-60.

HANSON, M. L . , 1950. Some digenetic trematodes of marine fishes of

Bermuda. Proceedings of the Helminthological Society of Washington, 

1£: 74-89.

HARTWICH, G., 1975. Schlauchwürmer, Nemathelminthes. Rund-oder

Fadenwürmer, Nematoda. Parasitische Rundwürmer von Wirbeltieren.

I. Rhabditida und Ascaridida. Die Tierwelt Deutschlands, 6 2 : 256pp.

HAUS, G.A., 1897. Beiträge zur Anatomie und Histologie des Darmkanales 

bei Anarrhichas lupus. Internationale Monatsschrift für Anatomie 

und Physiologie, 14: 42-51.

HEGGBURGER, T.G. & JOHNSEN, B.O., 1982. Infestations by Gyrodactylus 

sp. of Atlantic salmon, Salmo salar L . , in Norwegian rivers.

Journal of Fish Biology, 21: 15-26.

HEWITT, G.C. & HINE, P.M., 1972. Checklist of parasites of New Zealand 

fishes and of their hosts. New Zealand Journal of Marine and

Freshwater Research, 6: 69-114.



397

HEYWOOD, V.H. & CLARK, R.B. (Editors), 1982. Taxonomy in Europe. Final 

report of the European Science Research Councils' Ad hoc Group on 

biological recordings, systematics and taxonomy. ESRC Review No.17, 

European Science Foundation. North Holland Publishing Company:

Amsterdam etc., 170pp.

HICKMAN, C.P. Jr., 1968. Ingestion, intestinal absorption, and elimination 

of seawater and salts in the southern flounder, Paralichthys 

lethostigma. Canadian Journal of Zoology, 46: 457-466.

HINE, P.M., 1977. Two new digenean trematodes from New Zealand

freshwater fishes. Journal of the Royal Society of New Zealand, 

163-170.

HINE, P.W., 1980a. Distribution of helminths in the digestive tracts 

of New Zealand freshwater eels. 1. Distribution of digeneans.

New Zealand Journal of Marine and Freshwater Research, 14: 329-338.

HINE, P.W., 1980b. Distribution of helminths in the digestive tracts 

of New Zealand freshwater eels. 2. Distribution of nematodes.

New Zealand Journal of Marine and Freshwater Research, 14: 339-347.

HOLMES, J.C., 1976. Host selection and its consequences. In: C.R.

Kennedy (Ed.) Ecological aspects of Parasitology. North-Hoiland 

Publishing Company: Amsterdam, 21-39.

HOLTON, A.L., 1984. Observations on the life history of Deretrema

minutum Manter, 1954 (Digenea:Zoogonidae) in freshwater crustacean 

and fish hosts from Canterbury, New Zealand. New Zealand Journal of 

Marine and Freshwater Research, 17: 373-376.

HOOD, D.W., 1966. Seawater:Chemistry. In: R.W. Fairbridge (Ed.) The

Encyclopedia of Oceanography, Vol. 1, Reinhold Publishing Corporation:

New York, 792-799.



398

HOOD, J., 1893. Abstract of paper communicated by Prof. Bell, and

subsequent discussion. Journal of the Royal Microscopical Society, 

281.

HUNNINEN, A.V. & CABLE, R.M., 1943. The life-history of Lecithaster 

confusus Odhner (Trematoda:Hemiuridae). Journal of Parasitology,

29: 71-79.

HUSSEY, C.G., 1981. A checklist and bibliography of records of Rotifera 

(Rotatoria) in Britain. British Museum (Natural History),Publ.

No. 844: London 8pp. + 10 fisches.

ICHIHARA, A., KATO, K., KAMEGAI, S., KAMEGAI, S., NONOBE, H. & MACHIDA, 

M . , 1966. On the parasites of fishes and shell-fishes in the Bay 

of Tokyo. (No. 5) Parasites of Kareius bicoloratus (Basilewsky). 

Meguro Kiseichu Kan Geppo (Monthly Report Meguro Parasitological 

Museum) (85-87): 2-14.

ISAKOVA-KEO, M . M . , 1952. Parasite fauna of Leuciscus brandti and 

its specificity. TJchenye Zapiski Leningradskogo Ordena Lenina 

Gosudarstvennogo Universitita (141) Ser. biol. nauk. (28), 230-237. 

(In Russian).

ISSAITSCHIKOV, I.M., 1928. Contributions to parasitic worms of some 

groups of vertebrates from Russian Arctic. Trudy Morskogo 

Nauchnogo Instituta 3(2):l-79. (In Russian; partial English 

Translation: 1933 Trudy Gosudarstvennogo Okeanograficheskogo 

Instituta 3(1): 37-44).

JACOBY, S., 1899. Beitrage zur Kenntnis einiger Distomen. Archiv 

fur Naturgeschichte, 66: 1-30.

JADIN, J.B., 1981. L'effet de la civilisation a la formation des 

systeme l'hote et les parasites dans 1'environment naturel. In:

W. Slusarski(Editor), Review of Advances in Parasitology, PWN-Polish

Scientific Publishers:Warsaw, 899-908.



399

JOHNSTONE, J., 1909. Internal parasites and diseased conditions of 

fishes. Proceedings and Transactions of the Liverpool Biological 

Society (1908-1909), 23: 189-202.

JONSSON, G . , 1982. Contribution to the biology of catfish (Anarhichas 

lupus) at Iceland. Rit Fiskideildar, 6(4): 3-26.

KAGEI, N. & KON, T . , 1978. Metacercariae of genus Steganoderma (Trematoda) 

in a crab, Chionoecetes opilio (0. Fabricius), from Northern-Sea. 

Japanese Journal of Parasitology, 27: 27-30.

KAKACHEVA-AVRAMOVA, D . , 1966a. Pseudochetosoma salmonicola Dollfus,

1951 et Pseudochetosoma leucisci Ergens, 1963 sont-elles des 

especes differentes? Annales de Parasitologie humaine et 

comparée, 41: 307-312.

KAKACHEVA-AVRAMOVA, D . , 1966b. On the problem whether Pseudochetosoma 

salmonicola Dollfus, 1951 and Pseudochetosoma leucisci Ergens,

1963 are different species. Izvestiya na Tsentralnata 

Khelmintologichna Laboratoriya, 11: 67-70. (In Bulgarian).

KAKACHEVA-AVRAMOVA, D . , 1973. The helminth fauna in fish in the rivers 

of the central and eastern Balkan mountains. Izvestiya na 

Tsentralnata Khelmintologichna Laboratoriya, 16: 87-110.

KAMEGAI, S., 1970. Plectognathotrema (Alloplectognathotrema) 

tsushimaense n. subg., n.sp. (Trematoda:Cephaloporidae, 

Plectognathotrematinae n. subfam.), from intestine of marine fish, 

Navodon modestus. Research Bulletin of Meguro Parasitological 

Museum, 3: 5-11.

KAMEGAI, S., 1973. Zoogonid trematodes from marine fishes near the 

Tsushima Islands in the Sea of Japan. Research Bulletin of the

Meguro Parasitological Museum, 7: 19-23.



400

KAPOOR, B.G., SMIT, H. & VERIGHINA, I.A., 1975. The alimentary canal 

and digestion in teleosts. Advances in Marine Biology, 13:109-239.

KAZIC, D.M., 1980. Endohelminti salmónida skadarskog jezera- 

Crna Gora. Glasnik. Republickog Zavoda za Zastitu Prirode- 

Prirodnjackog Muzeja, Titograd, 13: 81-99.

KA2lC, D.M., CANKOVIC, M. & KISKAROLJ, M . , 1979. Salmonids'

endohelminths of the Moraca River-Montenegro. Glasnik. Republickog 

Zavoda za Zastitu Prirode-Prirodnjackog Muzeja, Titograd, 12:147-164.

K0IE, M. , 1968. Buccinum undatum's larvale trematoder, deres

indflydelse pâ vaertens ferlilitet og udvikling af de sekundaere 

k^nskarakterer. Tiedoksianto-Information, 9: 21-22.

K0IE, M. , 1969. On the endoparasites of Buccinum undatum L. with 

special reference to the trematodes. Ophelia, 6: 251-279.

K0IE, M. , 1971. On the histochemistry and ultrastructure of the

tegument and associated structures of the cercaria of Zoogonoides 

viviparus in the first intermediate host. Ophelia, 9: 165-206.

K0IE, M. , 1973. The host-parasite interface and associated structures 

of the cercaria and adult Neophasis lageniformis (Lebour, 1910). 

Ophelia, 111 205-219.

K0IE, M., 1974. The fine structure of rediae and daughter sporocysts 

in relation to their effect on the host. Proceedings of the 3rd 

International Congress of Parasitology (Munich), 1: 417-418.

K0IE, M. , 1976. On the morphology and life-history of Zoogonoides 

viviparus (Olsson, 1868) Odhner, 1902 (Trematoda, Zoogonidae). 

Ophelia, 15: 1-14.

K0IE, M . , 1979a. On the morphology and life-history of Derogenes 

various (Müller, 1784) Looss, 1901 (Trematoda, Hemiuridae).

Zeitschrift fur Parasitenkunde, 59: 67-78.



401

K0IE, M . , 1979b. On the morphology and life-history of Monascus 

£ = HaplocladusJ filiformis (Rudolphi, 1819) Looss, 1907 and 

Steringophorus furciger (Olsson, 1868) Odhner, 1905 (Trematoda, 

Fellodistomidae). Ophelia, 18: 113-132.

K0IE, M . , 1980a. On the morphology of the miracidia of Derogenes various 

(Hemiuridae) and Zoogonoides viviparus (Zoogonidae). Proceedings 

of the 3rd European Multicolloquium of Parasitology (Cambridge),185.

K0IE, M. , 1980b. On the morphology and life-history of Steringotrema 

pagelli (van Beneden, 1871) Odhner, 1911 and Fellodistomum fellis 

(Olsson, 1868) Nicoll, 1909 [syn. S. ovacutum (Lebour, 1908)

Yamaguti, 1953J (Trematoda, Fellodistomidae). Ophelia, 19:215-236.

K0IE, M. , 1981a. Digenetic trematodes in some gadid and pleuronectid

©

fishes from Danish waters. Information. Abo Akademi, 16: 61-62.

K0IE, M. , 1981b. On the morphology and life-history of Podocotyle 

reflexa (Creplin, 1825) Odhner, 1905, and a comparison of its 

developmental stages with those of P. atomon (Rudolphi, 1802)

Odhner, 1905 (Trematoda, Opecoelidae). Ophelia, 20: 17-43.

K0IE, M. , 1983. Digenetic trematodes from Limanda limanda (L.)

(Osteichthyes, Pleuronectidae) from Danish and adjacent waters, 

with special reference to their life-histories. Ophelia, 22:201-228.

KOROTAEVA, V.D., 1975. Contribution to the fauna of helminths and

parasitic crustaceans of marine commercial fishes of the Australian 

and New Zealand waters. Trudy biologo-pochvenn1ï Institut. 

Vladivostok (Novaja serija), 26: 46-60.(In Russian).

KOROTAEVA, V.D., 1982. The fauna of trematodes in fishes of the order 

Zeiformes. Parazitologiya, 16: 464-468. (In Russian).



402

KOVAL, V.P., 1959. Critical review of the specific composition of the 

genus Plagioporus Stafford, 1904 (Trematoda:Digenea). Trudy 

G e l 'mintologicheskoï Laboratoriï, 9: 129. (In Russian).

KOVALEVA, A.A., 1969. Helminth fauna of Trachurus in the Atlantic 

Ocean basin. Materialÿ Nauchnoi Konferentsii Vsesoyunogo 

Obshchestra Gel'mintologov, (1): 129-134. (In Russian).

KOVALEVA, A.A., 1970. Helminth fauna of the mackerel genus Trachurus 

(Carangidae, Perciformes) in the Atlantic Ocean basin. Biologiya 

Morya, K i e v , 20: 37-66.(In Russian).

KREIS , H . A . , 1958. Parasitic Nematoda. The Zoology of Iceland, _2(156), 

1-24.

KULIKOV, V.V., TZIMBALJUK, E.M. & KASATSCHENKO, V.N., 1968. A new

species of trematodes from Zoarces viviparus elongatus Kner, 1886 

in the intertidal zone of the Shantar Islands. Parazitologiya,

2_: 167-169. (In Russian).

KUROCHKIN, Y.V., 1980. On the parasitic fauna of flying fishes 

(family Exocoetidae) in the World Ocean. Trudy Instituta 

Okeanologii im. P.P. Shirmova, 97: 276-295. (In Russian).

KUROCHKIN, Y.V. & TSIMBALYUK, E . , 1980. Helminth larvae in shrimps of 

far-eastern seas of the USSR. Problemy Ratzional'nogo Ispol' 

zovaniya Zapasov Krevetok. Tezisy Dokladov Nauchnoi Konferentzii 

(Murmansk, 19-21 Feb., 1980^, 26-29. (In Russian).

KUTIKOVA, L.A., 1950. Influence of dietary regime of host on fish 

parasitofauna as exemplified by Arctic cod and other gadids.

Vestnik Leningradskogo Universiteta (ser. 5), 2: 134-141. (In Russian).

LAMMERT, H . , 1974. Einige Beobachtungen zur Parasitologie der Seezunge, 

Solea solea (L.). Bericht der Deutschen Wissenschaftlichen

Kommission fur Meeresforschung, 23: 149-152.



403

LAUCKNER, G . , 1973. Fischpathologische Untersuchungen. Jahresbericht 

Biologische Anstalt Helgoland (1972): 73-74.

LAUCKNER, G., 1980. Diseases of Mollusca:Gastropoda. In: 0. Kinne 

(Editor) Diseases of marine animals. Volume 1. General aspects, 

Protozoa to Gastropoda. John Wiley & Sons : Chichester etc., 311-424.

LAYMAN, E.M. & BOROVKOVA, A.M., 1926. Parasitic worms from fishes of 

the Murman coast. Raboty Parazitologicheskoi Laboratorii 

Moskovskii Gosudarstvennyi Universitet, 27-37. (In Russian).

LEBOUR, M.V., 1905. Notes on Northumbrian trematodes. Report on the 

Scientific Investigations. Northumberland Sea Fisheries Committee. 

(1905), 100-105.

LEBOUR, M.V., 1908. Fish trematodes of the Northumberland coast.

Report on the Scientific Investigations. Northumberland Sea 

Fisheries Committee. (1907), 23-67.

LEBOUR, M.V., 1910. Acanthopsolus lageniformis n. sp. A trematode in

the catfish. Report on the Scientific Investigations. Northumberland 

Sea Fisheries Committee. (1909-10), 29-35.

LEBOUR, M.V., 1918. A trematode larva from Buccinum and notes on

trematodes from post-larval fish. Journal of the Marine Biological 

Association of the United Kingdom, (n.s.) 514-518.

LE CABELLEC, M - T . , DACULSI, G. & GEISTDORFER, P . , 1978. Rapports de la 

morphologie et de l'histologie dentaires d'Anarhichas lupus L. 

(Poisson Teleosteen Perciforme) avec son mode d 'alimentation:apport 

de la microradiographie et du marquage par la tetracycline.

Canadian Journal of Zoology, 5 6 : 1103-1109.

LEIDY, J . , 1891. Notices of entozoa. Proceedings of the Academy of 

National Sciences of Philadelphia, 4 2 : 410-418.



404

LEROUX, P.L., 1940. On the division of the genus Oesophagostomuru 

Molin, 1861, into subgenera and the creation of a new genus 

for the oesophagostomes of the wart-hog. Journal of Helminthology, 

18: 1-20.

LESTER, R.J.G., 1984. A review of methods for estimating mortality 

due to parasites in wild fish populations. In: 0. Kinne & H.P. 

Bulnheim (Editors) Diseases of marine organisms. International 

Heligoland Symposium, 1983. Helgolander Meeresuntersuchungen,

37: 53-64.

LETHBRIDGE, R.C., POTTER, I.C., BRAY, R.A. & HILLIARD, R.W., 1983.

The presence of helminths in a Southern Hemisphere Lamprey (Geotria 

australis Gray), with a discussion of the significance of feeding 

mechanisms in lampreys in relation to the acquisition of parasites. 

Acta Zoológica, 6 4 : 79-83.

LINCOLN, R.J., BOXSHALL, G .A. & CLARK, P.F., 1982. A dictionary of 

ecology, evolution and systematics. Cambridge University Press: 

Cambridge, 298pp.

LINKLETTER, L.E., LORD, E.I. & DADSWELL, M.J., 1977. A checklist of 

marine fauna and flora of the Bay of Fundy. Huntsman Marine 

Laboratory: St. Andrews, 68pp.

LINTON, E., 1898. Notes on trematode parasites of fishes. Proceedings 

of the United States National Museum, 2 0 : 507-548.

LINTON, E . , 1910. Helminth fauna of the Dry Tortugas. II. Trematodes. 

Papers from the Tortugas Laboratory of the Carnegie Institute of 

Washington, 4_: 11-98.

LINTON, E., 1915. Note on trematode sporocysts and cercariae in 

marine mollusks of the Woods Hole region. Biological Bulletin.

Marine Biological Laboratory, Woods Hole, Massachusetts, 28:198-209.



405

LINTON, E . , 1940. Trematodes from fishes mainly from the Woods Hole 

region, Massachusetts. Proceedings of the United States National 

Museum, 88: 1-172.

LITTLE, P.A., 1929. The trematode parasites of Irish marine fishes. 

Parasitology, 21: 22-30.

LLEWELLYN, J. & TULLY, C.M., 1969. A comparison of speciation in

diclidophorinean monogenean gill parasites and their fish hosts. 

Journal of the Fisheries Research Board of Canada, 26: 1063-1074. 

LOOSS, A., 1899. Weitere Beiträge zur Kentniss der Trematoden-Fauna 

Aegyptens, zugleich Versuch einer natürlichen Gliederung des 

Genus Distomum Retzius. Zoologische Jahrbücher (Systematik),

12: 521-784.

LOOSS, A . , 1901. Ueber einige Distomen der Labriden des TriesterHafens. 

Centralblatt für Bakteriologie, Parasitenkunde und 

Infektionskrankheiten, 2 9 : 398-405, 437-442.

LOVE, R.M., 1980. The Chemical Biology of Fishes. Volume 2 .

Advances 1968-1977. Academic Press: London etc. 943pp.

LÜHMANN, M . , 1954. Die histogenetischen Grundlagen des periodischen 

Zahnwechsels der Katfische und Wasserkatzen (fa. Anarrhichadidae, 

Teleostei). Zeitschrift für Zellforschung und mikroskopische 

Anatomie, 4 0 : 470-509.

LUNETTA, J.E. & VERNBERG, W.B., 1971. Fatty acid composition of 

parasitized and nonparasitized tissue of the mud-flat snail,

Nassarius obsoleta (Say). Experimental Parasitology, 30:244-248.

MAFF(MINISTRY OF AGRICULTURE, FISHERIES AND FOOD), 1929-30, 1947,1949-82.

Sea Fisheries Statistical Tables. HMSO:London.

MACCALLUM, G.A., 1921. Studies in Helminthology. Zoopathologica, 1:

135-284.



406

MACHIDA, M . , 1984a. Two digeneans from gall-bladder of fishes.

Japanese Journal of Parasitology, 3^(1, suppl.): 6, (Abstract)

(In Japanese).

MACHIDA, M . , 1984b. Two new trematodes from gallbladder of tropical

marine fishes, Myripristis and Abudefduf. Bulletin of the National 

Science Museum, Tokyo, ser. A, JUJ: 1-5.

MACHIDA, M., ARAKI, J . , KAMIYA, H. & OHBAYASHI, M. , 1972. Trematodes 

collected from seafishes of the Hidaka District, Hokkaido. Memoirs 

of the National Science Museum, Tokyo, _5: 1-9.

MACHIDA, M., ICHIHARA, A. & KAMEGAI, S., 1970. Digenetic trematodes

collected from the fishes in the sea north of the Tsushima Islands. 

Memoirs of the National Science Museum, Tokyo, 3^:101-112.

MACKENZIE, K., 1968. Some parasites of 0-group plaice, Pleuronectes 

platessa L . , under different environmental conditions. Marine 

Research, No. _3: 23pp.

MACKENZIE, K., 1983. Parasites as biological tags in fish population 

studies. Advances in Applied Biology, ]_: 251-331.

MACKENZIE, K. & GIBSON, D.I., 1970. Ecological studies of some parasites

of plaice Pleuronectes platessa L. and flounder Platichthys flesus (L.). 

Symposia of the British Society for Parasitology, 8_: 1-42.

MADHAVI, R., 1975. Digenetic trematodes from marine fishes of Waltair 

coast, Bay of Bengal. Family Fellodistomatidae. Rivista di 

Parassitologia, 36: 267-278.

MADHAVI, R . , 1979. Digenetic trematodes from marine fishes of Waltair 

coast, Bay of Bengal. Family Zoogonidae. Rivista di Parassitologia,

4 0 : 249-259.

MAGATH, T.B., 1917. The morphology and life history of a new trematode 

parasite, Lissorchis fairporti nov. gen. et nov. spec., from the 

Buffalo fish Ictiobus. Journal of Parasitology,4: 58-69.



407

MAGHRABY, A.M. El & PERKINS, E.J., 1956. Additions to the marine fauna of 

Whitstable. Annal and Magazine of Natural History (ser.12), 9:

481-496.

MAILLARD, C., 1971. Cycle évolutif de Cainocreadium labracis (Dujardin, 

1845) (Trematoda, A l locreadiidae). Compte Rendu hebdomadaire 

des séances de l'Académie des sciences, Paris, ser. D, 272:

3303-3306.

MAILLARD, C., 1982. Spécificité des trlmatodes de poissons. In:

Deuxieme symposium sur la spécificité parasitaire des parasites de 

vertebres, 13-17 Avril 1981. Mémoires du Muséum National d'Histoire 

Naturelle (nouvelle série) (ser. A; zoologie), 123: 313-317.

MALMBERG, G., 1970. The excretory systems and the marginal hooks as a 

basis for the systematics of Gyrodactylus (Trematoda, Monogenea).

Arkiv fur Zoologi, (ser. 2), 23(1): 235pp.

MANGER, B.R., 1972. Some cestode parasites of the elasmobranchs Raj a 

batis and Squalus acanthias from Iceland. Bulletin of the British 

Museum (Natural History) (Zoology), 24_: 161-181.

MANTER, H.W., 1925. Some marine fish trematodes of Maine. Journal of 

Parasitology, 12: 11-18.

MANTER, H. W . , 1926. Some North American fish trematodes. I1linois 

Biological Monographs, 10: 1-138, (also paginated 127-265).

MANTER, H. W . , 1934. Some digenetic trematodes from deep-water fish of 

Tortugas, Florida. Papers from Tortugas Laboratory, 28: 257-346.

MANTER, H.W., 1947. The digenetic trematodes of marine fishes of Tortugas, 

Florida. The American Midland Naturalist, 3 8 : 257-416.

MANTER, H.W., 1954. Some digenetic trematodes from fishes of New Zealand. 

Transactions of the Royal Society of New Zealand, 82: 475-568.

MANTER, H.W., 1955. The zoogeography of trematodes of marine fishes. 

Experimental Parasitology, 4: 62-86.



408

MANTER, H.W., 1961. Studies on digenetic trematodes of Fiji. I.

Families Haplosplanchidae, Bivesiculidae, and Hemiuridae.

Proceedings of the Helminthological Society of Washington, 2 8 :

67-74.

MARKOWSKI, S., 1935. Über den Entwicklungszyklus von Bothriocephalus

scorpii (Miiller, 1776). Bulletin d l'Académie Polonaise de Sciences 

et des Lettres, Classe des Sciences Mathématiques et Naturelles.

Sérié B: Sciences Naturelles (II), 1-17.

MATTHEWS, R.A., 1973. The life-cycle of Prosorhynchus crucibulum 

(Rudolphi, 1819) Odhner, 1905, and a comparison of its cercaria 

with that of Prosorhynchus squamatus Odhner, 1905. Parasitology,

66j 133-164.

MAUCHLINE, J., 1980. The biology of mysids and euphausiids. Advances 

in Marine Biology, 18: 681pp.

McCOY, O.R., 1929. The life-history of a marine trematode, Hamacreadium 

mutabile Linton, 1910. Parasitology, 2 1 : 220-225.

McDANIEL, J.S. & COGGINS, J.R., 1971. Seasonal trematode infection

dynamics in Nassarius obsoletus. Journal of Elisha Mitchell;Scienlific 

Society, 8 7 : 169.

McDANIEL, J.S. & COGGINS, J.R., 1972. Seasonal larval trematode 

infection dynamics in Nassarius obsoletus (Say.). Journal of 

the Elisha Mitchel17Scientific Society,.88 :_ 55r57.

MeDOWALL, R.M., 1978. New Zealand Freshwater Fishes. - a guide and

natural History. Heinemann Educational Books (NZ) Ltd.: Auckland,

230pp.

McFARLANE, S.H., 1936. A study of the endoparasitic trematodes from 

marine fishes of Departure Bay, B.C. Journal of the Fisheries

Research Board of Canada, 2: 335-347.



409

McINTOSH, W.C., 1927. Additions to the marine fauna of St. Andrews 

since 1874. Annals and Magazine of Natural History (ser. 9)

19: 49-94.

McVICAR, A.H., 1977. Intestinal helminth parasites of the ray Raja 

naevus in British waters. Journal of Helminthology, 51: 11-21.

MEDAWAR, P., 1984. Pluto's Republic. Oxford University Press: Oxford, 

New York. 351pp.

MHAISEN, F.T., 1980. Fish parasitology in Iraq. Publications. Basrah 

Natural History Museum. No. 3, 36pp.

MILLER, H.M. Jr. & NORTHUP, F.E., 1926. The seasonal infestation of 

Nassa obsoleta (Say) with larval trematodes. Biological Bulletin, 

Marine Biological Laboratory, Woods Hole, Massachusetts, 50:490-508.

MILLER, M.J., 1941. A critical study of Stafford's report on

"Trematodes of Canadian fishes" based on his trematode collection. 

Canadian Journal of Research, 19D: 28-52.

MITCHELL, J.B., 1973. Gorgoderina vitelliloba (Trematoda:Gorgoderidae) 

in its definitive host Rana temporaria. International Journal for 

Parasitology, 3̂ : 539-544.

MOLIN, R . , 1859. Prospectus helminthum, quae in parte secundum prodromi 

faunae helminthologicae Venetae continentur. Sitzunsberichte der 

Akademie der Wissenschaften Mathematisch-Naturwissenschaftliche 

Classe, W i e n , (1858) _33: 287-302.

MONTGOMERY, W.R., 1957. Studies on digenetic trematodes from marine 

fishes of La Jolla, California. Transactions of the American 

Microscopical Society. 76: 13-36.

MONTICELLI, M . , 1890. Elenco degli elminti studiati a Wimereux nella 

primavera del 1889. Bulletin Scientifique de la France et de la

Belgique, 22(ser. 4): 417-444.



410

MONTICELLI, F.S., 1893. Studii sui trematodi endoparassiti: Primo 

contributo di osservazioni sui Distomidi. Zoologische Jahrbucher 

(Systematik), (supplement 3), 1-229.

MORDVINOVA, T.N., 1980. Studies on the helminth fauna of certain

Black Sea crabs. In: A.P. Markevich et al (Editors). Tezisy Dokladov. 

IX Konferentsiya Ukrainskogo Parazitologicheskogo Obshchestva 

Naukova Dumka: Kiev (3) 83-84. (In Russian).

MOSER, M. & HALDORSON, L . , 1982. Parasites of two species of surfperch 

(Embiotocidae) from seven Pacific coast locales. Journal of 

Parasitology, 6 8 : 733-735.

MULLER, O.F., 1780. Zoologia Danica seu animalium Daniae et Norvegiae 

rariorum ac minus notorum icones. Fasciculus secundus continens 

tabulas XLI-LXXX. Havniae, 4pp., 40pls.

MYERS, B.J., 1959. Parasites from elasmobranch hosts from the Magdalen 

Islands region of the Gulf of St. Lawrence. Canadian Journal of 

Zoology, 37: 245-246.

NERC (NATURAL ENVIRONMENT RESEARCH COUNCIL), 1976. The Role of Taxonomy 

in Ecological Research. Publications Series 'B', No. 14. 48pp.

NAHHAS, F.M. & CABLE, R.M., 1964. Digenetic and aspidogastrid

trematodes from marine fishes of Curacao and Jamaica. Tulane Studies 

in Zoology, 11: 167-228.

NAIDENOVA, N.N., 1967. Study of the helminth fauna of Gobius niger 

Linne in the Black Sea . Problemy Parazitologii. Trudy Nauchnoi 

Konferentsii. Parasitologov USSR. Kiev, _5: 486-488.(In Russian).

NAIDENOVA, N.N., 1974. Parasitic fauna of fish of the family Gobiidae

from the Black and Asov Seas. Izdatels'tvo Naukova Dumka: Kiev. 183pp.

(In Russian).



411

NAIDENOVA, N.N. & MORDVINOVA, T.N., 1981. The helminths and commensals 

of crustaceans of the Black Sea. In: O.N. Bauer et a l . Editors 

Abstracts of Communications. Symposium on parasitology and pathology 

of marine organisms (Leningrad 13-16 Oct. 1981) Nauka:Leningrad,

61-69. (In Russian).

NECHAEVA, N.L., 1964. Parasitofauna of some invertebrates in the Azov 

Sea Basin. Trudy Vsesoyuznogo-Nauchnogo-Issledovatel'skogo Instituta 

Morskogo Rybnogo Khozyaistva i Okeanografii (VINRO), 55: 167-170.

(In Russian).

NELSON, J.S., 1976. Fishes of the world. Wiley-Interscience:New York etc. 

416pp.

NELSON, J.S., 1984. Fishes of the world. 2nd edition. John Wiley & Sons: 

New York etc. 523pp.

NICOLL, W., 1907. A contribution towards a knowledge of the entozoa of 

British marine fishes. Annals and Magazine of Natural History 

(ser. 7), 66-94.

NICOLL, W . , 1909a. A contribution towards a knowledge of the entozoa 

of British marine fishes. Annals and Magazine of Natural History 

(ser. 8) 4: 1-25.

NICOLL, W . , 1909b. Studies on the structure and classification of 

the digenetic trematodes. Quarterly Journal of Microscopical 

Science, 53: 391-487.

NICOLL, W . , 1910. On the entozoa of fishes from the Firth of Clyde. 

Parasitology, 3̂: 322-359.

NICOLL, W . , 1912. On two trematode parasites from British food-fishes. 

Parasitology, _5: 197-202.

NICOLL, W . , 1913. Trematode parasites from the food-fishes of the North 

Sea. Parasitology, 188-194.



412

NICOLL, W . , 1914. The trematode parasites of fishes from the English 

Channel. Journal of the Marine Biological Association of the 

United Kingdom, n.s. 1(3: 466-505.

NICOLL, W . , 1915. A list of the trematode parasites of British marine 

fishes. Parasitology, lj 339-378.

NIKOLAEVA, V.M. & PARUKHIN, A. M . , 1968. The study of fish helminths 

in the Gulf of Mexico. In: Investigations of Central American 

Seas. 2; Naukova Dumka: Kiev: 126-149 (In Russian).

NOBLE, E.R., 1973. Parasites and fishes in a deep-sea environment. 

Advances in Marine Biology, 11: 121-195.

NORRIS, D.E. & OVERSTREET, R.M., 1976. The public health implications 

of larval Thynnascaris nematodes from shellfish. Journal of Milk 

and Food Technology, 3 9 : 47-54.

ODENING, K., 1974. Verwandtschaft, System und zyklo-ontogenetische

Besonderheiten der Trematoden. Zoologische Jahrbücher (Systematik), 

101: 345-396 (In German: English translation (1977) Agence 

Tunisienne de Public-Relations, Tunis for National Science 

Foundation and US Department of the Interior, Fish and Wildlife 

Service, Washington, D.C. 107pp.).

ODHNER, T., 1902. Mitteilungen zur Kenntnis der Distomen. I. 

Centralblatt für Bakteriologie, Parasitenkunde und 

Infektionskrankheiten, 3 1 : 58-69.

ODHNER, T., 1911a. Zum natürlichen System der digenen Trematoden. II. 

Zoologischer Anzeiger, 3 7 : 237-253.

ODHNER, T., 1911b. Zum natürlichen System der Trematoden. III. (Ein 

weiterer Fall von sekundärem Anus.). Zoologischer Anzeiger, 38:

97-117.



413

OLSON, R.E., 1978. Parasitology of the English sole, Parophrys vetulus, 

Girard in Oregon. Journal of Fish Biology, 13: 237-248.

OLSON, R.E. & PRATT, I., 1973. Parasites as indicators of English 

sole (Parophrys vetulus) nursery grounds. Transactions of the 

American Fisheries Society, 102: 405-411.

OLSSON, P., 1868. Entozoa, iakttagna hos skandinaviska hafsfiskar. 1. 

Platyhelminthes. Acta Universitatis Lundensis, 4_: 1-64.

OLSSON, P., 1893. Bidrag til Skandinaviens Helminthfauna. II. Kongliga 

Svenska Vetenskaps-Akademiens Handlingar, Z5(12): 41pp.

ORECCHIA, P. & PAGGI, L . , 1978. Aspetti di sistematica e di ecologia

degli elminti parassiti di pesci marini studiati presso l'Istituto 

di Parassitologia dell'Università' di Roma. Parassitologia, 2 0 :

73-89.

ORGEL, L.E. & CRICK, F.H.C., 1980. Selfish DNA: the ultimate parasite. 

Nature, 284 : 604-607.

ORLOWSKA, K., 1980. Parasites of North Sea spiny dogfish, Squalus

acanthias L. (Selachiiformes, Squalidae). Acta Ichthyologica et 

Piscatoria, 9(1): 33-44.

ORRHAGE, L . , 1973. Description of the metacercaria of Zoogonoides

viviparus (Olsson, 1868) Odhner, 1902 with some remarks on life- 

cycles in the genus Zoogonoides (Trematoda, Digenea, Zoogonidae). 

Zoologica Scripta, 2_: 179-182.

OSHMARIN, P.G. & MAMAEV, Y.L., 1963. A new subfamily of the trematode 

with the closing mechanism of bursa from a fish caught in the 

South-Chinese sea. Zoologicheskii Zhurnal, 4 2 : 665-669. (In Russian).

OVERSTREET, R.M., 1969. Digenetic trematodes of marine teleost fishes 

from Biscayne Bay, Florida. Tulane Studies in Zoology and Botany,

15: 119-176.



414

OVERSTREET, R.M., 1971. Glauclvermis spinosus gen, et sp. n. (Digenea: 

Zoogonidae) from the southern kingfish, Menticirrhus americanus 

(Linnaeus), in the coastal waters of Mississippi. Journal of 

Parasitology, 5 7 : 536-538.

OVERSTREET, R.M., 1977. Poecilancistrum caryophyllum and other 

trypanorhynch cestode plerocercoids from the musculature of 

Cynoscion nebulosus and other sciaenid fishes in the Gulf of Mexico. 

Journal of Parasitology, 63: 780-789.

OVERSTREET, R.M., 1978. Marine maladies? Worms, germs and other

symbionts from the northern Gulf of Mexico. Mississippi-Alabama 

Sea Grant Consortium & R.M. Overstreet: Ocean Springs, 140pp.

OVERSTREET, R.M. & PRITCHARD, M. H . , 1977. Two new zoogonid Digenea

from deep-sea fishes in the Gulf of Mexico. Journal of Parasitology, 

6_3: 840-844.

PAGGI, L. & ORECCHIA, P . , 1976. Su di una nuova specie Plagioporus 

(Caudotestis) tyrrhenicus sp. n. e su due nuovi reperti 

parassitologici in Blennius pavo Risso, 1810. Parassitologia, 18: 

21-32.

PALOMBI, A., 1929. Richerche sul ciclo evolution di Helicometra 

fasciata (Rud.). Revisione delle specie del genere Helicometra 

Odhner. Pubblicazioni della Stazione Zoologica di Napoli, 9̂:

238-292.

PALOMBI, A., 1930. Il ciclo biologico di Diphterostomum brusinae 

Stossich (Trematode digenetico: fam. Zoogonidae Odhner). 

Considerazioni sui cicli evolutivi delle species affini e dei 

trematodi in generai. Pubblicazione della Stazione Zoologica di 

Napoli, 10: 111-149.



415

PALOMBI, A., 1931. Rapporti genetici tra Lepocreadium album Stossich 

e Cercaria setifera (non Joh. Muller) Monticelli. Bollettino 

di Zoologia, 2: 165-171.

PAPOUTSOGLOU, S.E., 1976. Metazoan parasites of fishes from Saronicos 

Gulf, Athens-Greece. Thalassographica, 1: 69-102.

PARKER, R.E., 1973. Introductory statistics for biology. Institute of 

Biology's Studies in Biology, No. 43. Edward Arnold:London. 122pp. 

PARONA, C ., 1912. L'elmintologia italiana da'suoi primi tempi

all'anno 1910. Bibliografia, sistematica, corologia Storia, voi. 2. 

Sistematica, corologia, storia. Novara: 540pp.

PAPERNA, I., DIAMANT, A., OVERSTREET, R.M., 1984. Monogenean

infestations and mortality in wild and cultured Red Sea fishes.

In: 0. Kinne & H.P. Buln.heim (Editors). Diseases of marine 

organisms. International Heligoland Symposium, 1983. Helgolander 

Meeresuntersuchungen, 37 : 445-462.

PARUKHIN, A.M., 1968. Helminthofauna of fishes of South Atlantic.

Biologiya Morya, Kiev, 14: 96-113. (In Russian).

PARUKHIN, A.M., 1971. A study of the trematode fauna of fishes of the 

Red Sea and Gulf of Aden. Biologiya Morya, Kiev, 2 5 : 136-146.

(In Russian).

PARUKHIN, A.M., 1974. Pseudocypseluritrema kurotschkini gen. et spec, 

nov. ein neuer Trematode aus Flugfischen des Roten Meeres.

Angewandte Parasitologie, 15: 124-126.

PARUKHIN, A.M., 1976. Parasitic worms of food fishes of the Southern 

Seas. Naukova Dumka: Kiev, 183pp. (In Russian).

PARUKHIN, A M. & LYADOV, V.N., 1979. New genus and species of trematodes 

fish parasites in the Subantarctic zone of the Indian Ocean. 

Zoologicheskii Zhurnal, 5 8 : 637-642. (In Russian).



416

PARUKHIN, A.M., NAIDENOVA, N.N. & NIKOLAEVA, V.M., 1971. The parasite 

fauna of fishes caught in the Mediterranean Sea. In: V.A.

Vodjanitsky (Editor) Expeditionary investigations in the 

Mediterranean Sea in May-July 1970 (66th voyage of the RV Ak A. 

Kovalevsky), Naukova Dumka: Kiev, 64-87. (In Russian).

PARUKHIN, A.M. & SOLONCHENKO, A.I., 1967. Helminth fauna of fishes from 

the Red Sea and Gulf of Aden. In: V.A. Vodjanitsky (Editor) Some 

results of the work of the III Red Sea Expedition. Izdatel'stvo 

Naukova Dumka: Kiev, 79-89. (In Russian).

PATTERSON, C., 1980. Cladistics. Biologist, 27j 234-240.

PELSENEER, P., 1906. Trematodes parasites de mollusques marins.

Bulletin Scientifique de la France et de la Belgique,4 0 : 161-186.

PENNANT, T., 1769. British Zoology Volume III. Class IV. Fish.

Benjamin White: Chester, 27-351.

PERNKOPF, E. & LEHNER, J . , 1937. III. Vorderdarm. A. Vergleichende 

Beschreibung des Vorderdarmes bei den einzelnen Klassen der 

Kranioten. In: L. Bolk et a l . (Eds.) Handbuch der vergleichenden 

Anatomie der Wirbeltiere, 3: Urban and Schwarzenberg ¡Berlin, Vienna, 

349-476.

POCHE, F., 1926. Das System der Platodaria. Archiv für Naturgeschichte, 

Abteilung A, 9Ĵ : 1-459.
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Appendix 1. Matrix of character states for numerical 
taxonomy program.
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1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 1 0 0 2 0 l 0 0 0 0 1 0 0 0 0 0 0 0
t 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 0 0 l 0 0 2 0 1 0 3 0 0 1 0 0 0 4 0 0 0
l 0 0 0 0 0 8 2 0 0 0 0 1 0 0 2 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 1 I 0 2 0 1 0-0 0 0 1 0 0 1 0 0 0 0
1 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 t a 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 1 0 1 0 0 0 0 1 0 0 0 0 1 0 1 3 4 0 0 0
0 1 0 0 0 0 1 3 1 0 0 0 1 0 0 3 0 0 0 0 0 1 0 » 0 0 0 0 1 0 0 0 0 2 1 t
0 4 0 0 0 1 0 3 0 0 0 0 0 0 0 3 0 l 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 1 t 0
0 1 0 0 0 1 0 3 0 0 0 0 0 0 0 3 0 1 0 0 0 1 0 4 0 0 0 0 4 4 0 1 4 0 0 0
3 1 0 0 0 1 0 3 0 0 0 0 t 0 0 3 0 1 0 1 0 1 0 4 0 0 0 0 4 4 0 1 0 1 0 0
0 r 0 0 0 1 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 1 3 0 1 0 0 0 0 0 2 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 2 0 0 1 0
0 o 0 3 0 0 1 3 0 0 0 0 0 0 0 2 0 0 0 2 0 2 3 0 0 0 0 0 1 0 3 2 0 0 0 0
0 0 0 1 0 0 0 l 0 0 0 0 0 0 0 3 0 0 0 1 0 2 0 0 l 0 0 0 1 0 3 2 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 3 0 0 0 1 0 1 3 0 0 0 0 3 l 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 1 0 2 0 0 0 0 0 0 1 0 0 1 0 0 1 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 3 0 0 0 1 0 0 0 0 0 0 0 0 1 3 0 0 0 0 1 0
0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 3 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 1 1 0
0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 1 0 a 0 0 0 0 0
0 3 0 0 0 0 0 2 0 1 0 0 1 0 0 3 0 0 0 0 1 2 0 0 0 8 3 0 1 0 a 0 0 1 1 0
0 0 0 3 4 0 1 3 0 0 0 0 0 0 0 2 0 1 0 0 1 1 0 0 0 0 0 0 0 0 e 0 0 2 4 0
0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 2 0 1 0 0 1 0 0 0 1 0 2 0 1 0 a 0 0 2 1 0
0 0 0 0 1 0 1 3 0 0 0 0 0 l 0 2 0 0 0 0 1 2 0 0 I 0 2 0 1 0 0 0 0 2 1 0
0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 2 0 1 0 0 1 2 0 0 1 0 2 0 1 0 0 0 0 1 1 0
0 0 0 0 2 0 1 3 0 0 0 0 0 0 0 2 0 0 8 8 1 0 0 0 1 0 2 0 1 0 3 0 0 0 1 0

DISK JOB EX YY/MM/DD TIME--0N TIME-NO* CPU-TIME PAGE 2
D 1 T 8  8 3 / 0 6 / 1 6  1 0 , 3 2 , 3 0  1 2 , 0 0 , 5 1  0  1 0 5 :  3 6 5  M P / 3  m * 6 . 1

0 0 0 1 2 0 1 3 0 0 0 0 0 1 0 2 0 0 0 0 1 0 3 0 1 0 2 0 1 0 0 0 0 l 1 0
0 0 0 3 2 0 1 3 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0 3 l 0 1 0 0 0 0 0 1 0
PI 0 0 0 2 0 1 3 0 0 0 0 1 0 0 2 0 0 0 0 0 3 0 0 0 0 1 0 1 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 1 0 0 0
PI 0 0 0 0 0 3 0 0 0 0 0 2 0 0 2 0 0 1 0 3 0 0 4 0 0 71 3 3 0 1 0 3 l 0 0
0 0 0 3 8 4 1 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 a 0 0
a 0 0 0 0 1 0 2 0 3 0 0 1 0 0 1 0 0 0 0 0 3 0 0 0 3 0 0 1 0 0 0 3 l 0 0
a 0 0 3 0 1 0 l 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0
0 0 0 3 0 1 0 1 0 0 3 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 l 0 0
0 0 0 3 0 0 0 1 0 0 0 0 1 0 0 2 0 0 1 1 0 1 0 0 3 0 0 0 1 a 3 1 4 3 0 0
a 0 0 0 0 0 0 3 0 0 0 0 1 0 0 2 0 0 1 0 0 2 0 4 0 0 0 0 0 0 1 0 0 1 0 0
pi 0 0 0 0 0 1 3 3 0 0 1 1 0 0 1 0 0 0 e 0 1 0 1 0 0 0 0 0 0 3 0 3 0 0 0
U 0 3 0 0 0 1 3 0 0 0 1 1 0 0 1 0 0 0 a 0 1 0 1 0 0 0 0 1 0 0 0 0 8 3 0
a 0 0 0 0 0 3 1 3 0 0 0 0 0 0 2 0 0 0 0 0 2 0 l 0 0 0 0 1 0 0 0 0 3 0 0
pi 0 0 0 0 3 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 1 0 0 0 0 1 0 0 3 0 3 0 0
a 1 0 3 0 3 1 2 0 0 0 1 0 0 0 2 0 3 0 0 3 1 0 0 3 0 0 0 1 0 0 0 a 1 0 0
a 1 0 0 0 0 3 1 0 0 0 1 0 0 0 2 0 0 0 0 0 2 0 l 0 0 0 0 1 0 0 0 a 1 3 0
e 1 0 0 0 0 0 1 0 0 0 1 1 0 0 2 0 0 0 0 0 3 0 1 0 0 0 0 1 0 0 0 0 1 0 0
0 0 0 0 0 3 0 1 0 0 0 1 2 0 0 1 0 0 0 1 0 2 1 0 0 0 0 0 1 0 0 2 0 1 0 0
a 1 0 3 0 0 3 1 3 0 0 0 3 0 0 2 0 0 0 3 0 0 0 1 0 3 0 3 0 0 0 3 0 1

1
<s 0

a 0 1 0 8 0 1 2 0 0 1 0 0 0 0 0 0 1 0 8 0 1 1 0 0 0 0 3 1 0 3 3 a 0 0
a 0 0 3 0 0 3 2 0 0 0 0 3 0 1 3 0 0 0 0 0 2 0 0 0 0 0 1 1 0 0 2 • 0 3 2
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Appendix 1 [continued] Key to numerical taxonomy matrix and ordination 
(see Fig. 1:1).

1 Zooqonus rubellus
2 Zooqonus arqentopsi
3 Zooqonus dextroclrrus
4 Zooqonus paqrosomi
5 Zooqonoides vlviparus
6 Zooqonoides acanthoqobii
7 Zooqonoides laevis
S Zooqonoides pyriformls
9 Zooqonoides yamaqutli
10 Neozooqonus callfornicus
11 Neozooqonus lonqlcecus
12 Neozooqonus malacanthl
13 Parvlpyrum acanthurl
14 Proparvlpyrum israelense
15 Dlphterostomum brusinae
16 Dlphterostomum albulae
17 Dlphterostomum amerlcanum 
16 Dlphterostomum betencourtl
19 Dlphterostomum lndlcum
20 Pseudozooqonoldes subaequlporus
21 Dlphterostomum maqnacetabulum
22 Dlphterostomum troplcum
23 Pseudozooqonoldes uqul
24 Dlphterostomum vlvldum
25 Pseudozooqonoldes sp. lnnom.
26 Glauclvermls splnosus
27 Lepldophyllum steenstrupl
28 Lepldophyllum appyl
29 Lepldophyllum armatum
30 Lepldophyllum brachycladlum
31 Lepldophyllum cameronl
32 Lepldophyllum pleuronectlnl
33 Lepldophyllum pyrlforme
34 Lepldophyllum schantarlcum
35 Urlnatrema hlspldum
36 Urlnatrema hlrudlnacea
37 Brevlcreadlum conqerl
38 Cypselurltrematoldes trlanqularls
39 Cypselurltrematoldes lonqlclrratus
40 Cypselurltrematoldes minor
41 Cypselurltrematoldes parexocoetl
42 Panopula cavernossa
43 Panopula brldqerl
44 Panopula spinosa
45 Metaderetrema mlnutum
46 Brachyenteron perlstedlonl
47 Brachyenteron acropomatls
48 Brachyenteron campbelll
49 Brachyenteron doederlelnlae
50 Brachyenteron pycnorqanum
51 Steqanodermatoldes kerqelenl
52 Steqanodermatoldes aqasslzl
53 Steqanodermatoldes allocyttl
54 Steqanodermatoldes maceri
55 Neosteqanoderma qlandulosum
56 Neosteqanoderma Infundlbulum
57 Proctophantastes abyssorum
58 Proctophantastes qllllssl
59 Steqanoderma formosum'
60 Steqanoderma atherlnae
61 Steqanoderma depauperati
62 Steqanoderma hemlrhamphl
63 Steqanoderma nltens
64 Steqanoderma parexocoetl
65 Steqanoderma retroflexum
66 Steqanoderma macrophallus
67 Steqanoderma ovlformls
68 Deretrema plotosl
69 Deretrema acutum
70 Deretrema fellls
71 Deretrema sebastodls
72 Deretrema fuslllus
73 Deretrema cholaeum
74 Deretrema paclflcum
75 Deretrema phllipplnensls
76 Pseudochetosoma salmp/iicola
77 Overstreetla sodwanaensis 
7S Zooqonoides mazurl
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Appendix 2. Examples of matrices and results of two numerical 
cladistic exercises.
a) Matrix of a randomised, unweighted run.

► ***#****•**♦■**•***♦♦****** v •; 305,, :• c 4 : :u t f u t : 1

Carr :n - 3 o ' - a ■ pare-1 m-::r-'/ a 'gcr i t hri .6 — i c,n 2 .

52 species. ?9 c’' ?r a c t er s

C r! 3 r 3 r  tor - e-tare datar

S ^ A C P O P H A L coeoo 00000 01000 1 100 0 cocco 0 1  eoo 00901 1 eoo
E P A C H Y E M T E 0 0 0 0 O’ 00000 01 100 01001 0000 0 CICCO ocoo: loco
D P A C I F I C U M 01900 OOC01 OlOCO 0001 0 C C 0 0 c COCIO 90001 ' 100
D ^ A C N A C E T A 00000 C 1000 01100 00001 cocco 01090 11100 0000
ST AGA3SIZI 00010 00000 01001 COOIO 10110 00011 0000 1 oc oc
N M A L A C A N T H 0 0 0 0 0 coooo 1 0000 C001C C-1C01 CI! 00 11119 ceco
BCArPBELLI 00000 00000 0! 100 0000 1 oooco 00010 90001 1900
C L A ’JCIVEPM 001 DO 0 0 0 0 0 C U C I COCO ! oc eco 0 C 0 C 0 I l i c e 0000
PA EPIDGEPI 00000 00000 01000 01101 10000 01 100 00001 i n o
D E C H C L A E U M C 1 000 0000! 01 000 oooco oooco o:o:  o c-ocoi 1 1 00
LS CHANTARI 10000 00000 OlOCO : ìoo i cocco 01000 0000! 1000
EACPOPOflAT coooo coooo 01 ICC 01010 COOCO cocco 0C0C1 I l i o
STEGNI TENS coooo 10000 00000 00010 00000 00010 00009 0000
STEGOI DESK 00010 coooo 01001 cocco ocooo eoo: i ooooc ecco
3TECMACERI 0001 0 00000 01001 00001 10 110 90010 OOOCO 0090
S D E P A U P E P A ocooo 1C000 coooo 00010 ooooc oocoo 00000 0900
O V E R S T R E E T 00100 00010 C0001 00001 cocco OCCIO ooooc 0009rEETElYCOL’P 00009 coooo Olio? 01 OC! oc ccc CICCO I M O ! 0000
S P E T P O F L E X 00000 1 00 00 ocooo oocoo coooo OCO 10 ocooo 0000
P S E U D O C W E T 01000 n fi o o o 0 ’ 0 0 c coooo r.nonn 0CC10 ocoo : ! 100
B P E V I C P E A D 01000 01000 01 ICO ooooc coooo 0C01 1 l i ceo 0000
Z D E X T P O C I P 00000 ocooo 11100 0C001 90001 0 ! ! CO ! 1 ! IO 0000
STFOPYlOSUn coooo 00000 oi eco o n n w C 0 0 0 0 90000 00001 0000
D P H I L I P P I N 00000 oooci oocoo 01001 occc-o 01 ! 10 0CC01 Ilio
ZOI DI^AZUP I ocooo ocooo 1 1 10C OOCOl COCCI 01100 11 ICO 0000
Z 0 I D 7 I V I P A 00000 00000 01000 ceco: CICCO 01 000 11 : i c ceco
Z O I D A C A N T H coooo 00000 00000 01001 C1000 01100 ! 1 1 1 0 ocoo
Z C I D L A E V I S 00000 oocoo cocco C 1 CO 1 oco e c 01100 1! ! 10 0000
SP !N O D E F E T 00000 00001 ocooo ocooo ooooc oocoo COCCI 1100
SPINACUTUr" 00000 C0001 00000 oocoo C 0 0 0 0 cooco OCOO! Ilio
S P I N F E L L  IS 00000 00000 01000 00001 ocooo ocSoo 0C001 1 1 90
UP INATPEMA 1 0000 00000 oocoo 10010 ocooo ¡ceco OCOO! coco
UH  I PUD I MAC 10000 00000 oooco 10010 oooco 10000 00001 1000
SA LLOCYTTI 00010 00000 01000 00001 10110 0001 1 oocoo ooco
D A M E P I C A N M 00000 01000 01 100 00001 oocoo 01000 11101 0000
N I N F U N D  IBU 0001 1 00900 01000 00010 10110 0CC1C cocco 0000
P A N O P U L A C A 00000 00100 01000 01010 ocooo 01100 00001 1111
PAMSPI NCSA 00000 00000 01 1 00 01001 10000 01 10C COCCI 1 I 10
P ^ O C T O P H A N 0001 1 00000 OlOOO 00010 00100 coooo ocooo ocoo
Z O C C O N U S P U o o o e o 0001 0 11100 C090! 9090! 0 2 2 00 1 3 2 2 0 ceco
N L O N G I C E C U 00000 ocooo 100CO 00001 01001 01100 i m o 0000
P R O P A R V I P Y 00000 coooo 0! ICC 0 0 0 0 ! ceco : ceceo 1 ! 1 1 ! ocoo
N E O S T E G A N O 0001 1 oocoo 01000 0C010 10110 00000 ooooc ocoo
NEOZOOCCAL coooo 000 1 0 1 C000 ooooc 0 ! oc 2 01100 : : 1 1  o oc-oc
LEPApriATur" 1C000 00000 c i o : o 100C1 cocco oocoo C0001 0000
D I P H E R U 3 I M 00000 01000 0 1  1 co 00001 ocooo coooo I l i c i 090C
D I F H A L B U L A 00000 00000 0 1 1 C 0 01001 coooo 01000 1 1100 coco
DI PHTEUGUI ooooc 00000 coooo o i co : o : eoo CI 100 m o o coco
D I P I N G I C I * coooo 01000 01103 0000! cocce ocooo I l i c i 1009
L E P I D O P H Y L 10000 oocoo CI 000 : coc : cocco C 0 C 0 0 nnran 0090
DIPP AN CE PI ocooo occc-o OlOCO 0 1  coi 01009 0 I ! 0 0 11100 oocc
r I P V I V !DUN 00000 coooo 01 1 00 00001 ocooo cocce n i c e oooc
ClPYTOIZ-ES 00000 1 oooc 01 100 0000! oocoo oocoo C 0 0 C 1 1000
D E P E T P E W AF 01000 00001 0 1  eoo oooco oocoo 0 C 0  \ u ocec : : oco
P A P V I P Y R U N 90000 01000 " ' I l i o 1000 1 Q 0 Q C 1 0000 0 m i o 0000
f^E^AGEPETP 0 0 0 0 0 oooco 1 1 eoe 0 1 0 0 o 0 C 0 0 0 c i oec r- P r o * : ¡oc
sathepinae 00000 ocooo CICCO ! 9010 ■ocooo ! 0010 ooooc 0 0 0 0
ditpop  rCUM coooo 0 0 ? c 0 o i 1 r- a r i o n i n - n r "1 CICCO : i : c o c o r o
I S JBAEG'JI D 0 0 0 0 0 o e '* o  o o i o ;■ c A 1 0 "• t 0 1 0 0 0 0 ' 1C‘ » * 1 P O 00 0 0
C £/ J CQ Ofvj T p 0 0 0 0 0 r  o  n n f: c : o o ;> : co; : o A o r r « A " -; A n o  P O * ; "00
E P Y C N O F G A N 0 Q r. 0 •" 0 0 ! 0 0 0 i i r, n OC 00 1 cocco COCI 0 C 0901 M  | fi
LPYPI FORME 10900 cocco 0 1 0 0 c ; 0 0 C J oooco e e o c ? C C C 0 1 ceco
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Appendix 2 continued] b) Cladogram and character 
analysis generated from matrix a.
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Appendix 2 continued] c) Matrix of a randomised, 
weighted run with weighting.

1305,004) OU TPUT

Camin-Saka! p a r s i m o n y  a l g o ri th m version 2.0 

52 soecies, 39 c h ar ac te rs

; 1

C h ar ac te rs 
0 1

ar e 
2

we
3

i gh tec* 
4 5

as
É

*ol
7

Ì OH'S :
S 9

0! 5 r> 2 5 5 4 3 4 4
10 i 4 4 i 1 1 3 3 1 i 0
20 ! 0 4 5 5 5 5 3 2 2 0
30 i 1 5 5 5 5 1 1 1 1 1

C h a r a c t e r - s t a t e  data:

BA CP O P O M A T 00000 00000
BCAMPBELLI 00000 00000
B P Y C N O R C A N 00000 00100
BR AC H Y E N T E 00000 00000
B R E V I C R E A D 01000 01C00
C T P Y T O I D E S 00000 10000
BA ME R I C A N M 00000 01000
D B E T E N C O U P 00000 00000
DERETPE0IAF 01000 00001
D E C H O L A E U M 01000 00001
DI PH B R U S I N 00000 01000
D I P H A L B U L A 00000 00000
DIPINDICUM 00000 01000
D 1 T R O P I C U 1 00000 00000
DtPHTEUCUI 00000 00000
DIPVIVIDUÍ1 00000 00000
DI PMANCERI 00000 00000
D M A G N A C E T A ocooo 01000
D P A C I F I C U M 01000 0C001
D P H I L I P P I N 00000 00001
D S U E A E Q U I P 00000 00000
G L A U C I V E R M C0100 00000
L E P I D O P H Y L 10000 00000
L E P A R M A T U n 10000 0000'"
L P Y R I F O P H E 10000 ocooo
LSCHANTARI 10000 00000
M E T A E E P E T R 00000 00000
ME OZ O O C C A L 00000 00010
N E O S T E C A N O 00011 00000
N I N F U M D I B U 0001 1 00000
N L O N G 1 C E C U 00000 00000
NMAL.ACANTH 00000 00000
O V E P S T R E E T 00100 00010
P A PV I Pi'RUM 00000 010C0
P A N O P U L A C A 00000 00100
PA BPIDGEPI 00000 00000
PA NS P I N 0 5 A oocfoo 00000
P P OP AF VI PY 00000 00000
P P O C T O P H A N 0001 1' 00000
P S E U D O C H E T 01000 00000
S A T H E R I N A E 00000 00000
SALLOCYTTI 00010 00000
S D E P A U P E R A 00000 10000
ShlACROPHAL coooo 00000
S O V I F G P n i S 00000 00000
SP IMODEPET 00000 00001
S P I N A C U T U M 00000 00001
S P 1 N F E L L I S 00000 00000
S R E T P O F L E X 00000 10000
S T F O S M O S U M 00000 00000
STEGIM ITEMS 00000 10000
ST EC O I P E S K 00010 oocoo
3T ACASS1ZI 00010 00000
ST ECMACEPI 0001 0 oocoo
UH  IR U D I MAC 10000 00000
UR IN A T F E M A 10000 00000
Z D E X T P O C I P 00000 00000
Z O O C O N U S P U 00000 00010
ZOID MA ZU RI ocooo 00000
ZO ÍD V I V 1 P A 00000 00000
Z O I D A C A N T H 00000 00000
ZO ID L A E V I S coooo 00000

0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
01 100 
0 1 0 0 0  
0 1 0 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 1 0 0  
00000 
0 1 1 0 0  
0 1 0 0 0  
0 1 1 0 0  
0 1 0 0 0  
00000 
0 1 0 0 0  
0 1 101  
0 1 0 0 0  
0 1 0 0 0  
0 1 0 0 0  
0 1 0 0 0  
1 1000  
1 0 0 0 0  
0 1 0 0 0  
0 1 0 0 0  
1 00 0 0  
1 0 0 0 0  
0 0 0 0 1  
71110 
0 1 0 0 0  
0 1 0 0 0  
0 1 1 0 0  
0 1 1 0 0  
0 1 0 0 0  
0 1 0 0 0  
0 1 0 0 0  
0 1 0 0 0  
00000 
0 1 0 0 0  
0 1 0 0 0  
0 0 0 0 0  
00000 
0 1 0 0 0  
00000 
0 1 0 0 0  
0 0 0 0 0  
0 1 001  
0 1 001  
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0 0 0 0 0  
0 0 0 0 0  
1 11 0 0  
1 1 1 0 0  
1 1100 
0 1 0 0 0  
00000 
0 0 0 0 0

0 1 0 1 0  
00001 
0 0 001  
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00000 
00001  
00001  
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00000 
00000 
00001  
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00001  
01001  
01001  
0 0 0 0 1  
01001  
0C0C1 
0 0 0 1 0  
01001 
01001  
00001 
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10001 
1 0 000  
1 1001 
0 1 0 0 0  
0 0 0 0 0  
0 0 0 1 0  
0 0 0 1 0  
0C001 
0 0 0 1 0  
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0 1 0 1 0  
0 1 101  
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0 0 0 1 0  
00000 
1 0010  
00001 
0 0 0 1 0  
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00000 
000C0 
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00000 
C00T? 
0 0 0 1 0  
0 0 0 0 0  
0 0 0 1 0  
0 0 001  
10010 
1 0 010  
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00001 
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0000 : 
0 1 0 01
01 COI

00000  
00000  
00000  
00000  
00000  
00000  
00000  
00000  
00000  
ocooo 
00000  
00000  
00000 
00000 
0 1 0 0 0  
00000 
01000  
00000 
00000 
00000  
01000  
00000  
00000  
00000  
00000  
oooco 
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01001 
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10110  
01001  
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00010 00001 1110
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0001 1 1 1 000 0000
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OlOOO 11101 0000
01000 11101 0000
00010 00001 1000
00010 00001 1 100
00000 11101 0000
01000 11100 0000
00000 11101 1000
01000 11100 0000
01100 11100 0000
00000 11100 0000
01100 11100 0000
o i o o o 11100 0000
00010 00001 1100
01 1 10 00001 1110
01100 11100 0000
00000 1 1 1 oo 0000
00000 00000 0000
00000 000C1 0000
00000 00001 0000
01000 00001 1000
01000 00001 1 100
01100 11110 0000
00000 00000 0000
00010 ocooo 0000
01100 11110 0000
01100 11110 0000
00010 00000 0000
00000 11110 0000
01100 00001 1111
01100 C0001 1110
01 100 00001 1110
00000 : n  11 0000
00000 00000 0000
C0010 00001 1 1 00
10010 00000 0000
0001 1 oooco 0000
00000 00000 0C00
01000 00001 1000
10010 00001 1000
00000 0000! 1 1 00
00000 00001 1110
ocooo 00001 1100
00010 oooco 0000
00000 00001 0000
00C10 00000 0000
0001 1 0C00C 0000
0001 1 00001 0000
00010 00000 0000
10000 00001 1000
10000 0C001 0000
01 100 11110 0000
01100 1 1 1 10 0000
01100 1 1 ! 00 0000
01000 11110 0000
Cl 100 11110 0000
01100 11110 0000
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Appendix 2 continued] d) Cladogram and character 
analysis generated from matrix c.
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Appendix 3 Host-parasite list for the Zoogonidae
(Fish classification based on Nelson, 1976)

CLASS CHONDRICHTHYFS 
ORDER SCVLI0RH1H01DE1 
Family Scyliorhinidae
Scyllorhlnus canlcula (L .): Diphterostomum betencourtl 
Scyllorhlnus stellaris (L.): Diphterostomum betencourtl 
ORDER SQUALIFORMES 
Family Squalidae
Squalus acanthlas (L.): Pseudozooqonoides sp. innom.

Steqanoderm3 (Steqanoderma) formosum (accidental)
ORDER RA3IF0RHES 
Family Rajidae
Raja laevis Mitchill: Steqanoderma (Steqanoderma) formosum (accidental)

CLASS OSTF1CHTHYFS 
ORDER CLUPE1FORMES 
Family Clupeidae
Etrumeus sadlna (Mitchill): ¿ooqonoldes laevis 
Family Engraulldae
Enqraulls capensls Gilchrist: Zoogonus rubellus 
Enqraulls encraslcolus (L.): Zooqonus rubellus 
ORDER EEOPIFORMES 
F a m ily  A lb u lld a e
Albula vulpes (L.): Diphterostomum albulae 
ORDER ANCU1LLIFORMES 
Family Anguillldae
Anguilla rostrata (LeSueur): Diphterostomum bruslnae (exptl)

Zoogonus laslus
F a m ily  S ynaphobranch ldae
Histlobranchus bathyblus (Gunther): Proctophantastes qllllssl 
Family Congrldae
Conger verreauxi Kaup: Brevicreadium conqeri 
ORDER N0TACANTH1F0RMES 
F a m ily  N o ta c a n th id a e
Notacanthus chemnltzl Bloch: Panopula splnosa 
Polyacanthonotus rlssoanus (Filippi 4 Verany): Panopula brldqerl

Brachyenteron Campbell!
ORDER SALHONIFOR)CS 
F a m ily  S alm onldae
Coreqonus lavaretus pldschlanoides Pravdin: Pseudozooqonoides subaequlporus
Hucho hucho (L.): Pseudochetosoma salmonicola
Salmo dentex Heckel: Pseudochetosoma salnwwcola
Salmo lrldeus Gibbons: Pseudochetosoma salfHonicola
Salmo qalrdnerl Richardson: Pseudochetosoma salmonicola
Salmo macrostiqma (Dumeril): Pseudochetosoma salmooicola
Salmo marmoratus Cuvier: Pseudochetosoma salmonicola
Salmo trutta L.: Pseudochetosoma salmon/'cola
Thymallus thymallus (L.): Pseudochetosoma salmonicola
F a m ily  R e tro p in n id a e
Retroplnna retropinna (Richardson): Hetaderetrema minutum 
F a m ily  A p lo c h ito n ld a e
Aplochlton zebra 3enyns: Steqanoderma ovlformis 
F a m ily  C a la x i id a e
Galaxlas brevlplnnls Gunther: Hetaderetrema minutum 
Calaxlas diverqens Stokell: Hetaderetrema minutum 
Galaxlas maculatus Oenyns): Hetaderetrema minutum 
F a m ily  A le p o c e p h a lid a e
Alepocephalus aqasslzl Goode 4 Bean: Steqanodermatoldes aqasslzl 
Alepocephalus balrdll Goode 4 Bean: Steqanodermatoldes maceri 
ORDER CYPR1N1F0RHES 
F a m ily  C y p r ln ld a e
Acanthobrama marmld Heckel: Pseudochetosoma salmoo/cola 
Alburnoldes blpunctatus (Bloch): Pseudochetosoma salmorwcola 
Alburnus alburnus alborella Flllppl: Pseudochetosoma salmonicola 
Barbus callensls Cuvier 4 Valenciennes: Pseudochetosoma salmonicola 
Barbus meridlonalls petenyl Heckel: Pseudochetosoma salmonicola 
Chondrostoma knerl Heckel: Pseudochetosoma salmonicola 
Chondrostoma nasus (L.): Pseudochetosoma salmonicola 
Gobio qoblo (L.): Pseudochetosoma salmonicola
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Gobio gobio lepidolaemus (Kessler): Pseudochetosoma salmonicola 
Labeobarbus paytoni Boulenger: Pseudochetosoma salmonicola
Leuciscus brandti (Dybowskii): Zooqonoides viviparus (probably Pseudozooqonoides uqui)
Leuclscus cephalus (L.): Pseudochetosoma salmopicola
Leuciscus cephalus albus Bonaparte: Pseudochetosoma salmorwcola
Pachychilon pictum (Heckel 4 Kner): Pseudochetosoma salmorttcola
Phoxinus phoxlnus (L.): Pseudochetosoma salmonicola
Rutllus rubllio (Bonaparte): Pseudochetosoma salnumt'cola
Scardlnlus erythrophthalmus scardafa Bonaparte: Pseudochetosoma salmowcola 
Trlbolodon hakonensls (Gunther): Pseudozooqonoides uqui 
Family Cobitidae
Cobltis taenia (L.): Pseudochetosoma salmotn'cola 
Noemachllus barbatulus (L.): Pseudochetosoma salmcnfcola 
ORDER SILURIFORfCS 
Family S ilu rldae
Sllurus qlanls L .: Pseudochetosoma salmontcola 
Family P lotosldae
Plotosus anqulllarls (Bloch): Zooqonoides yamaqutli

Deretrema (Splnoderetrema) plotosl
ORDER KYCTOPHIFORMES 
Family Synodontidae
Saurlda undosquamls (Richardson): Dlphterostomum bruslnae 
Synodus dermatoqenys Fowler: Zooqonoides pyrlformis 
ORDER POLYMÍXI IFOR)CS 
Family Polym ixlidae
Polymlxla japónica Gunther: Neosteqanoderma qlandulosa 
Polymlxla lowel Gunther: Neosteqanoderma qlandulosa 
ORDER CADIFORMES 
Family Cadidae
Cadus macrocephalus Tiiesius: Steqanoderma (Steqanoderma) formosum 
Gadus morhua L.: Steqanoderma (Steqanoderma) formosum 
Helanoqrammus aeqleflnus (L.): Proctophantastes abyssorum 
Phycls blennoldes (Brünnich): Proctophantastes abyssorum 
Rhlnonemus clmbrlus (L.): Proctophantastes abyssorum 
Theraqra chalcoqramma (Pallas): Steqanoderma (Steqanoderma) formosum 
Family H erlucclldae
Herlucclus qayl peruanus Ginsburg: Zooqonus sp. innom.
Family Horldae
Lepldlon eques (Günther): Proctophantastes abyssorum 
Family Hacrouridae
Coelorlnchus caelorhlnchus (Risso): Proctophantastes abyssorum 
Coryphaenoldes rupestris Gunnerus: Proctophantastes abyssorum 
Trachyrincus trachyrlncus (Risso): Proctophantastes abyssorum 
Family Ophidildae
Enchylebrotula (?) paucldens Smith 4 Radcliffe: Panopula cavernossa 
Family Zoarcldae
Lycodes brevlpes Bean: Zooqonus dextroclrrus 
Lycodes esmarkll Collet: Pseudozooqonoides subaequlporus 

Lepldophyllum appyl
Lycodes retlculatus Reinhardt: Lepldophyllum appyl 
Lycodes vahll Reinhardt: Lepldophyllum appyl 
Lycodopsls pacifica (Collet): Zooqonus dextroclrrus 
Macrozoarces amerlcanus (Bloch 4 Schneider): Lepldophyllum appyl 
Maynea mlcrophthalmus (Norman): Steqanodermatoides kerqeleni 
Zoarces viviparus elonqatus Kner: Lepidophy1lum schantarlcum 
ORDER BATRACHOIDIFORHES 
Family Batrachoidldae
Opsanus beta (Goode 4 Bean): Dlphterostomum amerlcanum 
Opsanus tau (L.): Zooqonus laslus (exptl)
ORDER LOPHIIFORMES 
Family Lophlldae
Lophlomus setlqerus (Vahl): Zooqonoides viviparus 
Lophius plscatorlus L.: Dlphterostomum amerlcanum

A p p e n d i x  3 c o n t i n u e d ]
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ORDER ATHLRINIf ORMI S 
Family Exocoetidae
Cypselurus bahlensls (Ranzani): Brachyenteron parexocoeti

Steqanoderma (Leclthostaphylus) parexocoeti 
Cypselurus comatus (Mitchill): Brachyenteron parexocoeti

Steqanoderma (Lechlthostaphylus) parexocoeti 
Cypselurus furcatus (Mitchill): Brachyenteron parexocoeti 
Cypselurus oliqolepis (Bleeker): Brachyenteron parexocoeti 
'Cypselurus robustris1 : Steqanoderma (Leclthostaphylus) parexocoeti 
Cypselurus spllonotopterus (Bleeker): Brachyenteron parexocoeti

Steqanoderma (Leclthostaphylus) parexocoeti 
Cypselurus spllopterus (Valenciennes): Brachyenteron parexocoeti 
Cypselurus sp.: Brachyenteron parexocoeti

Steqanoderma (Leclthostaphylus) parexocoeti 
Euleptorhamphus brevoortl Gill: Steqanoderma (Leclthostaphylus) hemlrhamphl 
Exocoetus voi Hans L.: Brachyenteron parexocoeti

Deretrema (Deretrema) fuslllus 
Steqanoderma (Leclthostaphylus) parexocoeti 
Steqanoderma (Leclthostaphylus) retroflexum 

Hemlrhamphus brasiliensls (L.): Steqanoderma (Leclthostaphylus) hemlrhamphl 
Hemirhamphus depauperatus Lay 4 Bennett: Steqanoderma (Leclthostaphylus) depauperati 
Hlrundichthys rondeletll (Valenciennes): Brachyenteron parexocoeti 
Hyporhamphus ballnensls (Bleeker): Steqanoderma (Leclthostaphylus) hemlrhamphl 
Parexocoetus brachypterus (Richardson): Brachyenteron parexocoeti 
Parexocoetus mesoqaster (Bloch): Brachyenteron parexocoeti

Steqanoderma (Leclthostaphylus) parexocoeti
Family Belonldae
Ablennes hlans (Valenciennes): Steqanoderma (Leclthostaphylus) nltens 
Belone belone (L.): Steqanoderma (Leclthostaphylus) retroflexum 
Belone platyura Bennett: Steqanoderma (Leclthostaphylus) nltens
Stronqylura ardeola (Cuvier 4 Valenciennes): Steqanoderma (Leclthostaphylus) nltens 
Stronqylura qlqantea (Temminck 4 Schlegel): Steqanoderma (Leclthostaphylus) nltens 
Stronqylura marina (Walbaum): Steqanoderma (Steqanoderma) atherlnae

Steqanoderma (Leclthostaphylus) nltens 
Tylosurus acus (Lacepede): Steqanoderma (Leclthostaphylus) nltens 
Tylosurus carlbbaeus (LeSueur): Steqanoderma (Leclthostaphylus) nltens 
Tylosurus crocodllus (Peron 4 LeSueur): Steqanoderma (Leclthostaphylus) nltens 
Xenentodon canclla (Hamilton): Steqanoderma (Leclthostaphylus) nltens 
Family Atherlnidae
Allanetta harrlnqtonensls araea (Jordan 4 Gilbert): Steqanoderma (Steqanoderma) atherlnae
Atherlnomorus stipes (Müller 4 Troschel): Steqanoderma (Steqanoderma) atherlnae
Baslllchthys mlcrolepldotus Girard: Steqanoderma (s.l.) macrophallos
Pranesus plnquls (Lacepede): Overstreetla sodwanaensls
ORDER BERYCIFORMES
Family Berycldae
Beryx decadactylus Cuvier: Neosteqanoderma qlandulosa 
Family Honocentrldae
Honocentrls paclflcus (Lockington): Deretrema (Deretrema) paclflcum 
Family Holocentrldae
Hyrlprlstls vlolaceus Bleeker: Deretrema (Splnoderetrema) ovale 
Family Anosalopldae
Anomalops katoptron Bleeker: Deretrema (Luxltrema) phlllpplnensls 
ORDER ZEIFORHES 
Family Zeidae
Cyttoldops mccullochl Whitley: Neosteqanoderma qlandulosa 
Cyttus novaezealandlae Arthur: Neosteqanoderma qlandulosa 
Zeus faber L.: Zooqonus rubellus

Zooqonoldes vlvlparus 
Family Oreosomatidae
Allocyttus verrucosus (Gilchrist): Steqanodermatoldes allocyttl 
Cyttosoma boops Gilchrist: Steqanodermatoldes allocyttl 
Neocyttus rhomboldalis Gilchrist: Brachyenteron doederlelnlae

Steqanodermatoides allocytti
ORDER SYNGNATHIFORHES 
Family F is tu la r ild a e
Flstularia petlmba Lacepede: Brachyenteron doederlelnlae

A p p e n d i x  3 c o n t i n u e d ]
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ORDER SYNBRANCHIFORMES 
Faaily Synbranchidae
Monopterus alba (Zuiew): Deretrema (s.l.) plaqlorchis 
ORDER SCORPAENIE ORHES 
Easily Scorpaenidae
Scorpaenopsis cirrhosa (Thunberg): Deretrema (Deretrema) pacificum

Deretrema (Spinoderetrema) sebastodis
Sebastes aleutianus (Jordan A Evermann): Steqanoderma (Steqanoderma) formosum
Sebastes alutus (Gilbert): Steqanoderma (Steqanoderma) formosum
Sebastes caurlnus Richardson: Deretrema (Deretrema) cholaeum
Sebastes elonqatus Ayres: Deretrema (Deretrema) cholaeum
Sebastes maliqer (Jordan A Gilbert): Deretrema (Deretrema) cholaeum
Sebastes nlqroclnctus Ayres: Deretrema (Deretrema) cholaeum
Sebastes paucisplnls Ayres: Deretrema (Deretrema) cholaeum
Sebastes ruberrimus (Cramer): Deretrema (Deretrema) cholaeum
Sebastes schleqell Hilgendorf: Deretrema (Deretrema) pacificum

Deretrema (Spinoderetrema) sebastodis
Sebastes (chrysomelas (Jordan A Gilbert) group): Deretrema (Deretrema) cholaeum 
Sebastes sp.: Deretrema (Deretrema) cholaeum 
F aa ily  T r ig lid a e
Chelldonichthys kumu (Lesson A Carnot): Deretrema (Deretrema) pacificum

Deretrema (Spinoderetrema) plotosl 
Perlstedlon platycephalum Goode A Bean: Brachyenteron perlstedionl 
F aa ily  Hexagraaaldae
Hexaqrammos laqocephalus (Pallas): Urlnatrema hlrudlnacea 
Hexaqrammos octoqrammus (Pallas): Urinatrema hlrudlnacea 
Hexaqrammos otakll Jordan A Starks: Urlnatrema hlspldum 
Hexaqrammos superclllosus (Pallas): Urlnatrema hlspldum 
Faa ily  Cottidae
Cllnocottus qloblceps (Girard): Zooqonoldes vlvlparus
Cottus qoblo L.: Pseudochetosoma salmomcola
Enophrys dlceraus (Pallas): Lepldophyllum brachycladlum
Enophrys dlceraus namlyel (Jordan A Starks): Pseudozooqonoldes subaequlporus 
Gymnacanthus detrlsus Gilbert A Burke: Lepldophyllum brachycladlum 
Gymnacanthus qaleatus Bean: Lepldophyllum brachycladlum

Steqanoderma (Steqanoderma) formosum 
Gymnacanthus herzenstelnl Jordan A Starks: Lepldophyllum brachycladlum 
Hemllepldotus gilbert! Jordan A Starks: Lepldophyllum brachycladlum 
Hemllepldotus hemllepldotus (Tilesius): Lepldophyllum cameronl

Steqanoderma (Steqanoderma) formosum
Hemllepldotus hemllepldotus jordanl Bean: Steqanoderma (Steqanoderma) formosum 
Myoxocephalus ,1aok (Cuvier A Valenciennes): Pseudozooqonoides subaequlporus

Lepldophyllum brachycladlum 
Steqanoderma (Steqanoderma) formosum 

Myoxocephalus octodecemsplnosus (Mitchill): Steqanoderma (Steqanoderma) formosum 
Myoxocephalus scorplus (L.): Zoqonoldes vlvlparus

Steqanoderma (Steqanoderma) formosum 
Myoxocephalus stellerl Tilesius: Steqanoderma (Steqanoderma) formosum 
Ollqocottus snyderl Grealey: Zooqonoldes vlvlparus 
Taurulus buballs (Euphrasen): Zooqonoldes vlvlparus 
F aa ily  Cyclopterldae
Careproctus sp.: Steqanoderma (Steqanoderma) formosum 
Llparls sp.: Zooqonoldes vlvlparus 
F aa lly  Agonidae
Podothecus aclpenserlnus (Tilesius): Steqanoderma (Steqanoderma) formosum 
ORDER PERCIFORiCS 
F aa ily  Perclchthyldae
Doderlelnla berycoldes (Hilgendorf): Brachyenteron doederlelnlae 
F aa ily  Serranldae
Mycteroperca bonacl (Poey): Deretrema (Deretrema) fuslllus 
Serranus cabrllla (L.): Deretrema (Deretrema) fuslllus 
Serranus hepatus (L.): Deretrema (Spinoderetrema) sebastodis 
F aa ily  Prlacanth idae
Prlacanthus arenatus Cuvier: Deretrema (Deretrema) fuslllus 
Prlacanthus boops (Schneider): Neosteqanoderma Infundibulum 
F aa ily  Acropomatidae
Acropoma japonlcum Gunther: Brachyenteron acropomatus

A p p e n d i x  3 c o n t i n u e d ]
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Family Sillaginidae
Sillaqo analls Whitley: Diphterostomum brusinae 
Sillaqo maculata (Quoy 4 Gaimard): Diphterostomum brusinae 
Sillaqo sihama (Forsskal): Deretrema (Spinoderetrema) fellls 
Family Branchiostegidae
Malacanthus hoedti Bleeker: Zooqonoldes pyrlformls 
Malacanthus plumleri (Bloch): Neozooqonus malacanthi 
Family Echeneldae
Echeneis naucrates (L.): Deretrema (Spinoderetrema) plotosl 
Family Carangldae
Alectls indicus (Rüppell): Deretrema (Spinoderetrema) acutum 
Caranqoldes sp.: Deretrema (Spinoderetrema) acutum 
Caranx luqubris Poey: Deretrema (Spinoderetrema) plotosl 
Elaqatls blplnnulatus (Quoy 4 Gaimard): Deretrema (Spinoderetrema) acutum
Scomberoides sanctipetrl (Cuvier, in Cuvier & Valenciennes): Deretrema (Spinoderetrema) acutum 
Selar crumenophthalmus (Bloch): Brachyenteron parexocoetl 
Trachurus trachurus (L.): Zooqonus rubellus

Zooqonoldes vlvlparus
Trachurus trecae Cadenat: Zooqonus rubellus 
Family Lutjanldae
Aphareus furcatus (Lacepède): Deretrema (Spinoderetrema) acutum 
Aphareus rutllans Cuvier 4 Valenciennes: Deretrema (Spinoderetrema) acutum 
Aprlon vlrescens Cuvier 4 Valenciennes: Deretrema (Spinoderetrema) acutum 
Ocyurus chrysurus (Bloch): Deretrema (Deretrema) fuslllus 
Family Nemipteridae
Nemlpterus japonlcus (Bloch): Diphterostomum brusinae 
Family Cerreidae
Gerres clnereus (Walbaum): Steqanoderma (Leclthostaphylus) hemirhamphl 
Family Pomadasyldae
Anlsotremus vlrqlnlcus (L.): Dlphterostomum brusinae 
Brachydeuterls auratus (Valenciennes): Zooqonus rubellus 
Brachyqenys chrysarqyreus (Gunther): Diphterostomum americanum 
Haemulon album Cuvier 4 Valenciennes . Deretrema (Deretrema) fuslllus 
Haemulon aurollneatum Cuvier: Diphterostomum brusinae 
Haemulon macrostomum Gunther: Deretrema (Deretrena) fuslllus 
Haemulon plumier! (Lacepède): Diphterostomum brusinae 
Haemulon sclurus (Shaw): Diphterostomum brusinae 
Orthoprlstls ruber (Cuvier): Diphterostomum brusinae 
Pomadasys hasta (Bloch): Diphterostomum indlcum
Pomadasys jubellnl (Cuvier 4 Valenciennes): Diphterostomum brusinae 
Pomadasys maculatus (Bloch): Diphterostomum lndicum 
Rhonclscus furcatus (Schneider): Diphterostomum lndicum 
Family Pentaceratidae
Parlstlopterus qalllpavo Whitley: Zooqonus mazurl 
F aa ily  Lethrin ldae
Lethrlnus qlyphodon Günther: Diphterostomum brusinae 
Lethrlnus haemopterus (Schlegel): Diphterostomum brusinae 
Lethrlnus nebulosus (Forsskal): Diphterostomum brusinae 
Lethrlnus sp.: Diphterostomum brusinae 
F aa ily  Sparldae
Archosarqus rhomboldalls (L.): Diphterostomum americanum 
Arqentops splnifer (Forsskal): Zooqonus arqentopsl
Arqyrops filamentosus (Cuvier 4 Valenciennes): Diphterostomum brusinae
Boops boops (L.): Zooqonus rubellus
Chrysophrys aurata (L.): Diphterostomum brusinae
Chrysophrys major (Temminck 4 Schlegel): Zooqonus sp.

Zooqonoides sp.
Dlplodus annularis (L.): Diphterostomum brusinae 
Dlplodus sarqus (L.): Diphterostomum brusinae
Diplodus vulgaris (E. Geoffroy Saint-Hilaire): Diphterostomum brusinae 
Laqodon rhomboïdes (L.): Diphterostomum americanum 
Oblada melanura (L.): Diphterostomum brusinae 
Paqellus boqaraveo (Brunnich): Diphterostomum vlvidum
Pachymetopon blochli (Valenciennes): Steqanoderma (Leclthostaphylus) retroflexum
Paqrosomus unlcolor Quoy 4 Gaimard: Zooqonus paqrosoml
Sparus heterodus Peters: Diphterostomum americanum
Sparus lonqispinls (Temminck 4 Schlegel): Diphterostomum brusinae
Sparus paqrus L .: Zooqonus rubellus

Diphterostomum americanum

A p p e n d i x  3 c o n t i n u e d ]
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Faaily  Sciaenidae
Johnius aeneus (Bloch): Diphterostomum lndicum 
Lelostomus xanthurus Lacepède: Zooqonus lasius 
Menticirrhus amerlcanus (L - ) : Glaucivermls spinosus 
Umbrlna cirrhosa (L.): Diphterostomum brusinae 
Family Hullidae
Mulloidichthys martinicus (Cuvier): Neozooqonus lonqicecus 
Mullus surmuletus l .: Proparvipyrum israelense 
Upeneus parvus Poey: Deretrema (Deretrema) fuslllus 
Faaily  Peapheridae
Parapriacanthus beryclformls Franz: Deretrema (Deretrema) paclflcum 
Family Oplegnathidae
Opleqnathus fasclatus (Temminck 4 Schlegel): Deretrema (Splnoderetrema) plotosl 
Faa ily  Eabiotocidae
Cymatoqaster aggregata Gibbons: Neozooqonus californicus 
Damallchthys vacca (Girard): Neozooqonus californicus

Lepidophyllum pleuronectlnl 
Emblotoca jacksonl Agassiz: Neozooqonus californicus 
Emblotoca lateralis Agassiz: Neozooqonus californicus

Lepidophyllum pleuronectlnl 
Hypsurus caryl (Agassiz): Neozooqonus californicus 
Mlcrometrus minimus (Gibbons): Neozooqonus californicus 
Phanerodon furcatus Girard: Neozooqonus californicus 
Rhacochllus toxotes Agassiz: Zooqonus dextroclrrus

Neozooqonus californicus
Zalembius rosaceus (Jordan 4 Gilbert): Neozooqonus californicus 
Faaily Poaacentridae
Abudefduf marqlnatus (Bloch): Deretrema (Deretrema) fuslllus 
Abudefduf saxatllls (L.): Deretrema (Deretrema) fuslllus 
Abudefduf sordidus (Forsskal): Deretrema sp.
Pomacentrus leucostlctus Muller 4 Troschel: Diphterostomum amerlcanum 
Faaily  C h eilodacty lldae
Gonllstlus zonatus (Cuvier): Deretrema (Splnoderetrema) acutum 
Faaily  H ugilidae
Chelon labrosus (Risso): (?) Diphterostomum betencourti 
Faaily  Sphyraenldae
Sphyraena barracuda (Walbaum): Deretrema (Splnoderetrema) acutum 
Sphyraena hellerl Jenkins: Deretrema (Splnoderetrema) acutum 
F aa ily  Labridae
Chelllnus diagramma (Lacepède): Zooqonoldes pyrlformls 
Decodon puellarls (Poey): Deretrema (Deretrema) fusillus 
Labrus berqylta Ascanius: Zooqonus rubellus

Diphterostomum brusinae 
Laorus blmaculatus L.: Zooqonus rubellus 
Labrus merula L .: Zooqonus rubellus

Diphterostomum brusinae
Steqanoderma (Leclthostaphylus) retroflexum 

Symphodus clnereus (Bonnaterre): Diphterostomum brusinae 
Symphodus rolssall (Risso): Diphterostomum brusinae 
Symphodus tinca (L.): Zooqonus rubellus

Diphterostomum brusinae 
Tautoqa onltls L.: Zooqonus lasius (exptl)

Zooqonoldes laevls
Thalassoma hardwlckl (Bennett): Deretrema (Deretrema) paclflcum 
Faa ily  B lennildae
Blennlus qattoruqlne Brünnich: Zooqonus rubellus

Diphterostomum brusinae 
Zooqonoldes vlvlparus 
Deretrema sp.

Blennius ocellarls L.: Diphterostomum brusinae 
Zooqonoldes vlvlparus 

Blennlus pavo Risso: Deretrema sp.
Blennius pholis L .: Zooqonus rubellus
Chasmodes saburrae Jordan 4 Gilbert: Diphterostomum amerlcanum 
Faa ily  C lin idae
Neocllnus uninotatus Hubbs: Diphterostomum brusinae
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Family Stichaeidae
Bryostemma sp.: LepidophyIlum armatum 
Lumpenus gracilis (Ayres): Zooqonus dextroclrrus 
Lumpenus mackayi Gilbert: Zooqonoides vivlparus 
Family Anarhichadidae
Anarhichas denticulatus Krtfyer: Pseudozooqonoides subaequlporus

Lepidophyllum steenstrupi 
Brachyenteron pycnorqanum 

Anarhichas lupus L.: Zooqonus rubellus
Pseudozooqonoides subaequiporus 
Zooqonoides viviparus 
Lepidophyllum steenstrupi 
Brachyenteron pycnorqanum

Anarhichas minor Olafsen: Pseudozooqonoides subaequiporus 
Lepidophyllum steenstrupi 
Brachyenteron pycnorqanum

Family E leotridae
Goblomorphus cotidlanus McDowall: Metaderetrema mlnutum 
Gobiomorphus hubbsl Stokell: Metaderetrema mlnutum 
Family Goblidae
Acanthoqobius flavlmanus (Temminck &  Schlegel): Zooqonoides acanthoqobli 
Goblosoma robustum Ginsburg: Dlphterostomum amerlcanum 
Goblus nlqer L.: Diphterostomum bruslnae 

Zooqonoides vlvlparus
Mesoqoblus batrachocephalus (Pallas): Dlphterostomum bruslnae 
Neoqoblus cephalarqes (Pallas): Dlphterostomum bruslnae 
Pomatoschlstus mlnutus (Pallas): Zooqonoides vlvlparus 
Suffloqoblus blbarbatus (von Bonde): Dlphterostomum amerlcanum 
Zosterlsessor ophiocephalus (Pallas): Dlphterostomum bruslnae 
Family Acanthuridae
Acanthurus dussumlerl Cuvier & Valenciennes: Parvlpyrum acanthurl
Acanthurus ollvaceus Bloch & Schneider: Parvlpyrum acanthurl
Naso brevlrostrls (Cuvier & Valenciennes): Deretrema (Splnoderetrema) acutum
Naso hexacanthus (Bleeker): Deretrema (Splnoderetrema) acutum
ORDER GOBITSOCIFORMES
Family Calllorym ldae
Callionymus lyra L.: Zooqonoides vlvlparus 
Calllonymus maculatus Rafinesque: Zooqonoides vlvlparus 
Callionymus retlculatus Valenciennes: Zooqonoides viviparus 
ORDER PLEURONECTIFORHES 
Family C ltharldae
Cltharus macrolepldotus (Bloch): Zooqonus rubellus 
Family Bothldae
Lepldorhombus whlffiaqonis (Walbaum): Zooqonoides vlvlparus 
Mancopsetta maculata Gunther: Brachyenteron maqnibursatum 
Parallchthys dentatus (L.): Zooqonus laslus (exptl)
Parallchthys oblonqus (Mitchill): Steqanoderma (Steqanoderma) formosum 
Psetta máximos (L.): Zooqonoides vlvlparus 
Family Pleuronectidae
Acanthopsetta nadeshnyi Schmidt: Lepidophyllum pleuronectlnl
Atherestes evermannl 3ordan & Starks: Steqanoderma (Steqanoderma) formosum
Atherestes stomlas (Jordan & Gilbert): Brachyenteron doederlelnlae

Steqanoderma (Steqanoderma) formosum
Clelsthenes plnetorum herzenstelnl (Schmidt): Pseudozooqonoides subaequiporus

Zooqonoides vlvlparus 
Lepidophyllum pleuronectlnl

Clldoderma asperrlmum (Temminck & Schlegel): Pseudozooqonoides subaequiporus 
Glyptocephalus cynoqlossus (L.): Zooqonoides vlvlparus 
Glyptocephalus stellerl (Schmidt): Zooqonoides vlvlparus

Lepidophyllum pleuronectlnl
Hippoqlossoldes elassodon Jordan & Gilbert: Pseudozooqonoides subaequiporus

Lepidophyllum pleuronectlnl 
Steqanoderma (Steqanoderma) formosum

Hippoqlossoldes elassodon dublus Schmidt: Pseudozooqonoides subaequiporus
Zooqonoides vlvlparus 
Lepidophyllum pleuronectinl

Hlppoqlo5soides platessoides (Fabricius): Pseudozooqonoides subaequiporus
Zooqonoides vlvlparus 
Steqanoderma (Steqanoderma) formosum
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Hlppoqlossus hippoqlossus (L . ) : Zooqonoldes vivlparus
Steqanoderma (Steqanoderma) formosum 

Hlppoqlossus stenolepls Schmidt: Steqanoderma (Steqanoderma) formosum 
Isopsetta isolepls (Lockington): Zooqonus dextroclrrus 
Karelus bicoloratus (Basilevsky): Zooqonoides vlviparus 
Lepidopsetta bllineata (Ayres): Zooqonus dextroclrrus

Pseudozooqonoldes subaequlporus 
Zooqonoldes vivlparus 
Lepidophyllum pleuronectlnl 
Steqanoderma (Steqanoderma) formosum 

Llmanda aspera (Pallas): Pseudozooqonoldes subaequlporus 
Zooqonoldes vivlparus 
Lepidophyllum pleuronectlnl 
Steqanoderma (Steqanoderma) formosum 

Llmanda ferruginea (Storer): Steqanoderma (Steqanoderma) formosum 
Llmanda llmanda (L.): Zooqonus rubellus

Zooqonoldes vlvlparus
Llmanda punctatIsslma (Steindachner): Lepidophyllum pleuronectlnl

Steqanoderma (SteqanodermaT formosum
Llmanda puntatissima punctatlsslma (Steindachner): Pseudozooqonoldes subaequlporus (metacercaria)

Zooqonoldes vivlparus
Llopsetta qlaclalls (Pallas): Zooqonoldes vivlparus 
Llopsetta obscura (Herzenstein): Zooqonoldes vivlparus 
Llopsetta putnaml (Gill): Zooqonus laslus 
Hlcrostomus achne (Jordan & Starks): Pseudozooqonoldes sp.
Mlcrostomus kltt (Walbaum): Zooqonoides vivlparus 
Hlcrostomus paclflcus (Lockington): Zooqonus dextroclrrus

Zooqonoldes vivlparus
Parophrys vetulus Girard: Zooqonus dextroclrrus

Steqanoderma (Steqanoderma) formosum 
Platlchthys flesus (L.): Zooqonus rubellus

Zooqonoldes vlvlparus
Platlchthys flesus boqdanovl Zanderberg: Zooqonoldes vlvlparus 
Platlchthys stellatus (Pallas): Zooqonoldes vlvlparus

Lepidophyllum pleuronectlnl 
Steqanoder.na (Steqanoderma) formosum 

Pleuronectes platessa L.: Zooqonus rubellus
Zooqonoldes vlvlparus

Pleuronectes quadrltuberculata (Pallas): Lepidophyllum pleuronectlnl
Steqanoderma (Steqanoderma) formosum 

Poecllopsetta pllnthus (Jordan & Starks): Dlphterostomum maqnacetabulum 
Pseudopleuronectes americanus (Walbaura): Steqanoderma (Steqanoderma) formosum 
Pseudopleuronectes herzenstelnl (Jordan A Schneider): Zooqonoldes vlvlparus

Lepidophyllum pleuronectlnl
Pseudopleuronectes yokohamae (Gunther): Zooqonoldes vlvlparus

Lepidophyllum pleuronectlnl
Relnhardtlus hlppoqlossoldes (Walbaum): Steqanoderma (Steqanoderma) formosum 
Family Soleidae
Mlcrochlrus varleqatus (Donovan): Zooqonoldes vlvlparus 
Solea vulgaris (Quensel): Zooqonoldes vlvlparus 
Trlnectes maculatus (Bloch & Schneider): Zooqonus laevls 
ORDER TETRAODONTIF0R3CS 
Family O straclootldae
Lactophrys quadrlcornls (L.): Dlphterostomum bruslnae 
Family Tetraodontldae
Canthlqaster rlvulatus Schlegel: Lepidophyllum pyrlforme 
Sphaeroides sp.: Lepidophyllum pyrlforme
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Appendix k .  Lists of readings of pH, osmolarity and concentrations of ions Na4, K4, My44, Ca44 
and Cl in the body-fluids of Anarhichas lupus.

a] pH

Fish code-numbers
78/6 82/26 82/29 84/30 84/31 86/35 74/22 62/31 89/45 93/52 96/57 28 29

1 7.5 8 7.5 8 7 7 7 8.0-8.5 8 5 4 7.88 7
2 7 8 7.5 5 7 8 7.5 8.5 8 5 7.5 7.92 8
3 7.0-7.5 8 8? 8 7 8 8.5 8.5 8 8 7.5 8.02 8.17

7.5 8 8? 6 7 8 8.5 8.5 8 8.5 8 8.44 8.02
5 6-8? 8 8? 8 7 8 8.5 8.5 8 7.5 8 8.24 8.08
6 ? 6* 4.5 7 6 5 4.0-4.5 6 4.0-4.5 6.5 6.73 6.19
7 6 9 6.5 7 6.7 6 6 6 6 6 7 6

32 26 41 42 44 45 63 mean nean
(range) (range)

1 7.81 6.85 6.55 7.05 6.08 7.55 7.40 7.14 (4.0-8.5) 7.15 (6.08-7.88
2 7.72 7.17 7.62 7.95 6.49 7.81 7.61 7.55 (5 0-8.5) 7.54 (6.49-7.92)
3 7.84 7.95 8.04 8.17 7.61 8.12 8.30 7.91 (7 0-8.5) 8.02 (7.61-8.30)
4 7.97 8.31 7.75 8.28 7.80 8.33 8.55 8.10 (7 5-6.5) 8.16 (7 75-8.55)
5 8.03 8.45 7.78 8 7.87 8.23 8.51 7.95 (67-6.5) 8.15 (7.78-8.51)
6 7 7 6.78 6.72 5.5 7 6.34 5.20 (4.0-6.5) 6.55 (6.19-6.78)
7 5.84 5? 6.42 6 5.5 7 6.68 5.96 (5?-7) 6.13 (5 84-6.68)

______L

Normal type - Whatman pH narrow range Indicator papers. 
Bold type - pH aeter.

b] Osmolarity in mOsm.

78/8 82/28 82/29 84/30 86/35 22 31 45 52 57 mean ranqe

1 444 7 748 7 592 691 527 801 391 330 524.25 391-801
2 7 7 7 316 435 647 467 701 349 383 471.14 316-701
3 358 470 550 376 464 7 456 573 391 318 439.78 318-573
4 426 264 652 357 374 400 433 416 377 360 405.90 264-652
5 7 7 7 374 344 383 454 7 378 369 383.67 344-454
6 7 360 370 396 329 324 384 242 313 326 338.44 242-398
7 7 7 7 339 325 348 503 7 350 7 373.00 325-503

c] Concentration of Na* In ppm.

78/8 82/28 82/29 84/30 86/35 22 31 45 52 57 mean ranqe

1 2650 2650 3900 2600 3600 4850 3450 5600 2850 3050 3255 2650-5600
2 1800 2400 2500 2100 2000 4400 1250 4150 2250 2650 2550 1250-4400
3 1300 1850 1900 2100 1200 2150 1100 3550 1550 1300 1800 1100-3550
4 1600 1950 2100 1950 1200 1200 400 2050 1050 1600 1510 400-2100
5 7 2250 1600 1950 1200 1150 600 2750 1800 2050 1705 600-2750
6 3900 3600 4150 3100 3100 3700 2750 3950 3700 2900 3485 2750-4150
7 7 7 3200 3250 3150 2900 3150 7 1950 7 2933 1950-3250

d] Concentration of K4 in ppm.

78/8 82/28 82/29 84/30 86/35 22 31 45 52 57 mean ranqe

1 475 400 1100 375 1100 600 375 450 125 150 515 125-1100
2 1050 625 1300 300 675 575 175 500 125 425 575 125-1300
3 600 300 550 375 225 375 175 575 150 125 345 125-600
4 425 375 450 200 300 150 125 325 100 150 260 100-450
5 7 400 450 200 225 150 200 925 175 200 325 150-925
6 250 350 350 400 1100 225 250 400 200 350 387.5 200-1100
7 7 7 600 425 625 250 525 7 275 7 450 250-625
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Appendix k  continued]

e] Concentration of Mg4* in ppm.

Fish code-numbers
78/8 82/28 82/29 88/30 86/35 22 31 85 52 57 mean range

1 1850 1550 725 1200 750 900 500 650 700 675 910 500-1550
2 1800 1700 775 1750 1100 925 900 850 875 1150 1102.5 850-1800
3 1800 1950 1200 1950 1650 2600 1050 575 2700 1100 1657.5 575-2700

2500 1700 1600 1900 1700 3850 2250 950 1700 1350 1730 950-3850
5 7 1500 1250 1900 1650 2750 2200 1550 1700 1900 1822.2 1250-2750
6 70 25 50 15 225 25 8 25 30 15 88.8 8-225
7 7 7 1000 975 525 1550 1050 7 750 7 975 525-1550

f] Concentration of Ca+* in ppm.

78/8 82/28 82/29 88/30 86/35 22 31 85 52 57 mean ranqe

1 550 850 800 675 550 375 200 225 200 200 822.5 200-800
2 850 625 650 325 500 375 100 175 200 175 397.5 100-850
3 600 675 350 600 675 1950 125 175 100 90 376.7 90-675

825 900 875 325 1100 325 875 100 50 90 826.5 50-1100
5 7 575 825 500 700 350 650 650 225 175 872.2 175-700
6 500 225 375 125 1000 200 60 200 125 80 289 60-1000
7 7 7 625 275 875 175 850 ? 150 7 825 150-850

g] Concentration of Cl” in ppm.

78/8 82/28 82/29 88/ 30 86/35 22 31 85 52 57 mean ranqe

1 1250 1100 900 1850 1800 900 6000 7800 5500 5900 3260 900-7800
2 850 750 525 675 375 800 275 6800 8600 950 1580 375-6800
3 250 175 250 675 150 7 125 8600 850 550 802.8 150-8600

225 350 225 675 125 250 150 950 325 625 390 150-950
5 7 800 175 725 150 975 225 7 1300 900 656.25 150-1300
6 1350 1300 100 1050 1500 1800 1950 2000 2700 1900 1565 100-2700
7 7 7 700 325 200 20 7 7 2700 7 789 20-2700

_

1 - Stomach
2 - Anterior intestine
3 - Mid-intestine
^ - Posterior intestine
5 - Rectum
6  -  Gall-bladder
7 - Urinary bladder
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Appendix 5. Glossary of some taxonomic terms.

Apomorphy - a term used in cladistics referring to a character 

state which is considered derived from a more primitive 

(plesiomorphic q.v.) character state.

Autapomorphy - a term used in cladistics referring to an apomorphic 

(derived) character state shared by members of a taxon. 

This shared character state may help to define the taxon.

Cladistics - a taxonomic method, also known as phylogenetic 

systematics, Hennigian systematics and cladism. It is 

based (in its untransformed condition) on a phylogenetic 

hypothesis using recentness of common ancestry (as 

indicated by autapomorphies q.v.) as a basis for grouping 

rather than overall (phenetic q.v.) similarity. It may 

use numerically coded character states which may be 

processed by computer or manually. See Patterson (1980) 

for more detailed explanation including reference to 

transformed cladistics.

Cladograms - a dendrogram derived by cladistic analysis where 

branching points (nodes) correspond to putative 

speciation events. It is usually labelled to indicate 

the apomorphic character states defining the taxa.

Homoplasy - refers to similar character states occurring in more 

than one taxon, but whose resemblance is considered to 

be due to some reason other than the phylogenetic 

proximity of the taxa, i.e. due to convergent or

parallel evolution.
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Numerical taxonomy -- a taxonomic system based on the quantitative 

similarity of taxa calculated by the use of 

numerous unweighted (or occasionally weighted) 

characters, giving an estimate of general overall 

similarity unrelated to phylogenetic considerations. 

Often processed by computer using such statistical 

techniques as principal co-ordinates analysis.

OTU (Operational Taxonomic Unit) - a term referring to any individual,

group or taxon (population, subspecies, species, 

genus etc.) used as a unit in a given taxonomic 

exercise.

Phenetics - a system using overall similarity as a basis for 

grouping taxa without regard for phylogenetic 

considerations, often used more or less 

synonymously with the term Numerical Taxonomy (q.v.)

Plesiomorphy - a term used in cladistics referring to character 

which is considered ancestral or primitive.

Polytomy - a term referring to a branching point (node) in 

a cladogram (q.v.). These should ideally give 

rise to two branches forming a dichotomy but in 

poorly resolved cladograms more than two branches 

may arise from a node forming a polytomy.

Transformation series - sequence of homologous character states

representing evolutionary trend (from plesiomorphic 

to apomorphic), usually with the polarity defined.
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Appendix 6. Copies of relevant papers published between 1979 and 1984 

and in press. |see pocket inside back coverj
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