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ABSTRACT 

During the examination of Salmo gairdneriq Salmo, trutta 

and Thymallus thymallus from the Driffield section of the 

river Hull and its tributaries, Eastburn Beck and Driffield Beck,, 

all fish were found to be infected with the cestode Qvathocephalus 

truncatuse 

A prevalence of 2,2ý6 was recorded for the procercoids of 
R C. truncatus in the amphipod crustaceaýv Gammarus pulex 

in the same habitat. Other helminth parasites recorded in 

both fish and gammarid hosts include Echinorhynchus truttap., 

Echinorhynchus salmonisv NeoechinorILynchus rutili, Cystidicola-- 

farionisy Cucullanus truttae and Crepidostomilm metoecuse 

The life cycle of C. truncatus has been studied in the 

laboratory together with aspects of embryonic development, 

procercoid and adult morphology, establishment of infection 

and host-cestode interractions. 

Hexacanth embryos of JQ. 
truncatus were found to develop 

optimally in eggs cultured at between 15 0C 
and 20 0C for about 

25 days. Gammarus Pulex became infected only by swallowing egg 
a capsules containing hexcanth embryos fed to them on pieces of 6 

lettuce leaves. The young developing embryo grows over a 

period of about 10 weeks to the infective procercold stage in 

the body cavity of the amphipod. 

In fish,, the tapeworm forms an attachment in the distal 

end of a pyloric caecum 3 days after infection and matures in 

8-10 days with production of eggs. By the 15th daTv the 
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attachment to host tissue has become so firm that it is 

impossible to separate the worm from it. The tapeworm's hold 

on the caecal wall is probably achieved by the sucking effect of 

the funnel-shaped scolex supplemented by the spike-like 

microtriches of the inner scolex surface. 

The ultrastructure, of the soolex and body wall of strobila 

of both the procercoid and adult tapeworm have been described, 

Hydrolytic enzymes such as alkaline phosphatasep acid phosphatase 

and non-specific esterase have been localised in both the 

procercoid and adult tapeworm. 

Pathological effects of the tapeworm infection in fish are 

seen as swelling and proliferation of tissues of the caecal wall 

where the tapeworm forms an attachment. In long established 

infections erosion of the caecal wallq penetration by worms through 

the caecal wall into the body cavity and their attachment to the 

abdominal musculature of the fish host are common notable 

features. 
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INTRODUCTION 

Qyathocephalus truncatus is a tapeworm parasite most 

usually of salmonid fishes in some temperate freshwaters of 

the world. The life cycle involves one intermediate host always 

a crustacean. Amphipods are mainly known to serve as 

intermediate host but other crustaceans, possibly nysids 

(Amin, 1977) may also be utilized. Infections are usually 

associated with areas of shallow rivers a-ad streams with slow 

running water and in most cases with water weeds. 

Occurrence of the tapeworm in different species of primary 

and intermediate hosts in many parts of Europe and North 

America has been reported by several authors. 

There are now about 24 recorded primary host species and about 

10 recorded intermediate host species. 

Very little work has been done on the biology of the tape- 

worm - it includes investigations on distribution and ecology 

in Norway by Vik (1954P 1958), in Ladogap U. S. S. R. by Bauer and 

Nikdska, va (1957)p and in Wales, U. K. by Awachie (3.966a)l on the 

effects of infection on fish in Sarajevol Yugoslavia by Wisniewski 

(1932b)and Senk (1956), in Norway by Vik (1954P 1958) and in 

Italy by Catalini et al-(1978); on the site of occurrence 

in fish by Halvorsen and Macdonald (1972); and on stages of the 

life cycle by Wisniewski (1932ja9b9c)e 
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In most of the areas of previous studies such low 

levels of prevalence have been recorded that it has often 

not been possible to conduct useful experiments. In fact most 

of the previous accounts of C. truncatus consist of reports 

of single or occasional occurrences of relatively few tapeworms 

in already known hosts or in new hosts. 

The life cycle of CyaAhocephalus truncatus has not been 

fully investigated or experimentally verified. Although the 

general outline of development was first put forvard by 

Wisniewski (1932c)there have been doubts concerning the 

true nature of the oncosphere infective to the amphipod and 

views have varied between the undifferentiated type described 

by Wisniewski (1932c)azid the hexacanth type described by Gauthier 

(1923)- Although the former description is at present 

acceptedv as expressed by Freeman (1982)q Gauthier's (1923) 

report has not been conclusively proved to be untrue of C. Yathocephaluso 

Also Amin (1978) reported the maturation of C. truncatus 

procercoids in the intermediate hostv Pontoporeia, affinis, 

with production of eggs* This report thus created a new line 

of thought as to whether the tapeworm life-cycle could be 

completed using only the amphipod intermediate host in the 

absence of the fish primary host. 

A peculiar and characteristic feature of C.. truncatus 

infection is that the tapeworm is highly pathogenic and 

causes much tissue destruction at the site of attachment 

within the primary host. Its pathogenic effects have been 
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reported to be possibly lethal to the fish (Huitfeldt-Kaas, 1927; 

Wisnimskit 1932b; Viks 1958) but much still remains to be 

elucidated about the method of attachment and the tapeworm's 

pathogenicity. 

The area of present study (the river Hull and its tributaries 

at Driffield in Humberside., North East England) provided a 

supply of C. truncatus particularly in the primary host and to 

a lesser extent in the intermediate hosts thus making it 

possible to conduct studies on certain aspects of its biology 

that have not been previously thoroughly examined. 

These include: 

1, Monthly prevalence of infection in the intermediate host, 

Gammarus Pulex 

2o Distribution of the tapeworm, in the body of the primary 

hosts Salmo, gairdneriv Salmo trutta and Thymallus thymallus. 

3, Determination of the life cycle and the stages of 

development of the tapeworm in the intermediate and final 

hostso 

4- Structural and ultrastructural studies on the procercoidp 

the adult tapeworm, and the site of attachment of the adult 

tapeworm in its fish host. 

5* Histochemical studies on some enzymes of the procercoid and 

adult tapeworms and the infected host tissues. 

6o Observations on pathogenic effects of infection on the 

intermediate and final hostso 
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Experimental infections were established in fish to 

enable the study of the stages of its life cycle and to 

investigate as far as possible the form of any pathogenic 

effects and the stage of infection at which they occurred. 
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CHAPTER 1 

A REVIEW OF THE HISTORY, SYNONYMS, PRI11URY 

AND INTMUMIATE HOMS AND RECORDED OCCURRENCE 

OF CYATHOCEPHALUS TRUNCATUS 
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1*1 Outline history- of Cýrathocephalus truncatus 

Cyathocephalus truncatus was first discovered and described 

by Pallas (1781) when he found it attached within the pyloric caeca. 

in, Esox lucius from Leningradý U. S. S. R. He named it Taenia 

truncatus. 

Zeder (1803) also recorded and described the tapeworm 

in E. lucius but he called it Echinorhynchus believing it to be 

an acanthocephalan with a withdrawn proboscis. 

Rudophli (1810p 1819) described a similar tapeworm 

attached within the caeca of two fish, j. lucius and 

Perca fluviatilis and referred to it by the name Dubium 

Esocis lucii* 

Diesing (1850) in his "Systema helminthum! ' placed the 

tapeworm in the category "Cephalocotylea subordine v. 

Renere penitus dubia" and called it Cephalocotyleum Esocis lucii 

(Rud. olphi). 

Kessler (1868) first recorded the tapeworm in the trout, 

Salmo trutta and allocated it to a specific genus - Qyathocephalus 

- since the scolex appeared funnel-shaped. The characters he 

saw were different from those in already existing genera into 

which the tapeworm had been classified by previous authors. 

He named it Gýjathocephalus truncatus (Pallas, 1781)- 

Grimm (1871) in a review discussed the anatomy and 

histology of the speciesand said he preferred to name it 

Monobothrium because of the shape of the scolex. 
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Olsson (1872) described as Acrobothrium typicum a new tapeworm 

species found in Lota, vulgaris, from StorsjJen in Sweden. Olsson 

(1893)9 referring to the same tapeworm he found in Thymallus 

vulgaris changed his mind after careful studies of its 

features and decided to call it Cýjathocephalus truncatus 

(Kessler, 1868) with which it was characteristically similar. 

Using Olsson's work as a source of reference Linstow (1878) 

and Hofer (1904) in their separate reviews used the name Acrobothrium 

typicum (Olsson, 1872) for C. truncatus found in Lota vulparis 

whereas for the same tapeworm found in Perca flaviatilis 

they used the name Cyathocephalus truncatus (Kessler, 1868) 

Kraemer (1892) following Kessler's (1868) studies first 

gave a thorough description of the tapeworm accompanied by 

well-documented illustrations. 

Riggenbach (1899) found a tapeworm in Solea vulgaris 

and named it Cyathocephalus catinatus. This tapeworm is referred 

to as a synonym of Cyathocephalus truncatus by Vik (1954)- 

It is also referred to as a synonym of Bothrimonus (= Diplocotyle) 

(Cestoda: Spathebothridea) by Sandeman and Burt, (1972). It is thus 

difficult to say which of them is correct. 

Lilhe (1899,1910) recommended the acceptance of the 

description by Kraemer (1892) and the nomenclature given by 

Kessler (1868) - Cyathocephalus truncatus (Pallasp 1781) 

the name by which it is known today. 

In whitefishv Coreg-onus clupeaformis from Lake Itichigan 

in North Americal Cooper (1918) found a species of Qyathocenhalus 

which he named Cyathocephalus americanus* Nybelin (1922) found that 
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the apparent anatomical differences between the accounts of 

Kraemer (1892) and Cooper (1918) which according to Cooper 

justified the allocation of his specimens to a new species 

were uncertain and it was his (ITybelin's) opinion that the 

two species (termed by Cooper as European and American types) 

were identifical. Nybelin regarded Kraemer's (1892) 

description as poor in comparison with those of Cooper (1918), 

lacking in substance as well as being less detailed and 

accurate. 

Nybelin (1922) also redescribed the anatomy of the tape- 

worm. Other reviews of the characters of the tapeworm have 

been published by Wardle (1932)9 Wardle and McLeod(1952)y Vik 

(1954P 1958) and Amin (1977)- 

During considerations of the life cycle and intermediate 

hosts, Olsson (1893) assumed that the tapewo---m was transmitted 

by Gggmarus species which serve as the major food of pike in 

Storsj/env Sweden. Wolf (1906) was the first to record the 

occurrence of the procercoid in. Garimarus -Pulex but could not infect 

the amphipods with the ova-laden faeces of the infected fish, 

Salmo gairdneri and S. truttae 

Cooper (1918) indicated that species of the amphipod genus 

Ponteoporeial which form the major food of Coregonus clupeaformisp 

could possibly be the intermediate host of C. truncatus in Lake 

Michigang North America. He was proved correct by Wardle (1932)o 

The occurence of C. truncatus procercoids in the amphipods 

Pontogammarus bosniacus and Rivulogammarus spinicandatus were 

also recorded in river Bosnia, Sarajevo, Yugoslavia by SchAferna (1922)9 



-9- 

Gauthier (1923) gave an account of the development of 

C. truncatus ova into hexacanth embryos but could not infect 

azaphipods with them. Wisniewski (1932c)however disagreed 

with Gauthier's report and described a developed embryo 

lacking larval hooks and also recorded the stages of development 

of the tapeworm in the amphipods Ponto---a=arus bosniacus 

and rtivulogammarus spinicaudatus. 

1.2 : ýynonyms of Cyathocephalus truncatus (Pallas, 1781) 

Taenia truncatus Pallas (1781) 

Echinorhynchus sp. 

Dubium Esocis lucii 

Cephalocotylum Esocis lucii 

Monobothrium sp. 

Acrobothrium typi 

C. Vathocephalus americanus 

Cýjathocephalus truncatus 

Zeder (1803) 

Rudolphi (1810,1819) 

Diesing (1850,1851) 

Grimm (1071) 

Olsson (1872) 

Cooper (1918) 

Kessler (1868) 

Only the species Cvathocephalus truncatus is known so far 

to exist. The single genus Cyathocephalus is classified 

under the family Cyathocephalidae which -with two other 

families (Spathebothridae and Diplocotylidae) are placed in 

the order Spathebothridea of the class Cestoda. (Vlardle and McLeod, 1952). 
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1-3 Primary host records 

Primary hosts Common Name Relative frequency of 
occurrence as host 

1. Salmo trutta Brown trout 
Linnaeusp 1758 

2, Salmo, alpinas Red char 
Linnaeusp 1758 

3- Salmo irideus Trout 
Gibbons 18J5 

4- Salmo gairdneri Rainbow trout 
Richardsont 1836 

5- Salmo obtrusirostrus Trout 
Linnaeus, 1758 

6. Salvelinus alpinus Char 
malma TE-innaeusv 1768) 

7. Coregonus albula Houting 
(Lirmaeusl 1768) 

a. Coregonus j1Ue_a- White fish 
formis Mitobill 1818 

9. Coregonus laveratus 
(Li eus 1756) 

Houting 
nna , 

10. Tlxvmallus, t lus Grayling 
(Linnaeusp 1758 

11. ThymallMs vul ari s Grayling 
(Nilsson 1855 

12* Esox lucius Pike 
(Linn eus, 1758) 

13- Tinca tinca Tench 
(Linnaeusg 1758) 

14- Leiciththys Whitefish 
zenithicus 
(Valenciennes, 1822) 

15, Luceoperca sandra Zander (Pike perch) 
(Linnaeust 1758) 

16. Perca fluviatilis Perch 
(Linnaeus, 1758) 
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17* Lota lota Burbot 
Linnae s, 1758) 

18,, Lots, vulgaris Burbot 
Te'i5; ýs 1835 ' 

19, Anguilla anguilla Eel 
(Lirmaeuso 1758) 

20, Anguilla vulgaris Eel 
Turton 

21* Cottus gobio Miller's thumb/ 
=naeýsp 1758 bullhead 

22,, Cottus cognatus Slimy sculpin 
Richardson 1836 

23- Cotus as r Prickly sculpin 
Richards n 1836 

2A. Gasterosteus Stickleback 
aculeatus 
Linnaeus 1758 

Very common 

Frequent 

Rare 
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1-4 Intermediate host records 

Intermediate hosts 

1. Gammarus Pulex Linnaeus*1758 

2* Gammarus lacustris 
G. 0. Bars 

3o Gammarus italicus 
Goedmakers and Pinksterv1977 

EchinoAwmmrus roco 
Kan=, 1973 

5- Echinogammarus tibaldi 
Pinkster and Stock, 1970 

6. Pontogammarus bosniacus 
(Sch7ifernav 1922) 

7. Rivulogammarus spi caudatus 
(Schafema 1922) 

B. Pontoporeia affinis 

9. Pallasea quadrispinoSa 

10. lkvsis relica 
Loven 1934 

Invertebrate crustacea order 

Amphipoda 

it 

to 

It 

to 

it 

It 

11 

is' 

Mysidacea 
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CHAPTER 2 

ECOLOGICAL OBSE111VATIONS ON CYATHOCEPHALUS 

TRUNCATUS IN THE FISH AND AM11HIPOD HOSTS, 
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2.1 Introduction, 

As noted in the previous chapter2 only a few accounts 

have been given of occurrence of Cyathocephalus truncatus 

in Britain. 

During the present investigation however C. truncatus 

was present in all trout caught from the Driffield end of the 

river Hull and its tributaries in Yorkshire, England. The 

area also harbours an abundant population of amphipods. 

In the present study an account is given of the infection 

with Cyathocephalus truncatus and siy, other species of helminth 

parasites occuring in three species of fish (Salmo pairdneri, Salmo 

trutta and TIxymallus thymallus from the area of study. 

The intensity of infection of the tapeworm in different regions 

of the pyloric caeca is described. 

An account is also given of the prevalence of infection 

with the tapeworm procercoids and the juvenile stages of six 

other species of helminth parasites in Gammarus Pulex. 

2.2 Literature review 

All the published records show that Cyathocephalus truncatus 

infection is alway-9 associated with freshwater lakesp streams 

and rivers. 

Senk (1952) reported that the infection rate of Salmo 

trutta with C. truncatus decreased along the river Bosnia, 

Sarajevo, Yugoslavia from its source to its mouth. The author 

indicated that infected Gammarus were mostly found in the 

tributaries Vacerial Bukulas and Zejevina where the speed of 
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water flow was nruch reduced due to presence of water plants 

and where the amphipods were abundant. Vik (1954) in his 

investigations in the injOya water system in TrXndelag., Norway,, 

believed that infection was governed by the level of abundance 

of intermediate host, Ganmarus lacustri which he found to 

occur mostly in slow running shallow water with water plants. 

Also Rukavina and Delic (1959) in their account of C. truncatus 

in salmon established that the occurrence of infection was 

mostly in the upper shallow streams of the rivers of the 

Black Sea conflux and the Adriatic conflux. 

Most of the reports on the occurrence of C. trancatus 

are restricted to that in the fish primary hosts. The early 

reports although referring to light infections mostly concerned 

fish like the pikey percht burbot and whitefish (Pallas, 1781; 

Zschokkej 1884; Olsson, 1872; Kraemerv 1892). Fishes of the 

family Salmonidae have been found to be the most frequently and 

most he-; vily infected (Huitfeldt-Kaasv 1913., 1927; Wisniewski, 

1932alb-, Vikg 1954). There are ha. yever reports of occasional 

occurrence in certain other fish. Examples are the bullhead, 

eel and sticklebacke While 4 of 37 Cottus cognatus examined 

by Amin (1977) were infected only 1 of the 344 Cottus asper 

was reported to have C. truncatus infection by Bangham and Adams 

(1954)- Awachie (1966a)recorded no infection in 44 Cottus gobio 

whereas 254 of the 252 Salmo trutta were infected. Baylis 

(1939) stated that he had found C. truncatus in eels (Anguilla 

anguill)a while Vik (1954) made a similar discovery in the eel 

species Anguilla vulgaris but observed that the tapeworms 



-22- 

were never attached at any time in the intestine of the fish. 

Although Baylis did not give full details of how established the 

tapeworms were in the intestine of the fish he examinedq Vik 

remarked that eels cannot possibly be a host for C. truncatus 

and that the woms he found had only newly escaped from the 

Tnm. q Ids which the eel had eaten and would have been digested 

or expelled later on. Vik (1954) also reported the occurrence 

of a single tapeworm in a stickleback, Gasterosteus aculeatus 

ihich he regarded as unique since he was unable to infect, G,, aculeatus 

experimentally where he succeeded with Salmo trutta. 
-In a recent repbrt 

Reimchen (1982) also found the worm in the stickleback. 

K: raeme. r (1892) stated that members of the species C. truncatus 

were rare and that probably only a few specimens live in a 

single host at the same time. The greatest number recorded in 

a single Salmo alpinus by Nufer (1905) was 35. Although 

distribution of the tapeworm is generally sparse and with 

low rate of occurrence, occasional heavy infections have been 

reported. Olsson (1893) reported that the tapeworm was 

common in Jghtlandy Sweden, though he gave no detailed data 

of incidence. Huitfeldt-Kaas (1913) from Sweden, reported mass 

infection of Salmo alpinus and in 1927, he recorded a maximum 

infection of 200 tapeworms per fish. Even heavier infection was 

recorded by Wisniewski (1932b)who reported a 10Cýo infection rate 

and a mean of 50 tapeworms per fish in the 60 Salmo trutt! I 

and Salmo, irideus he examined from river Bosniat Sarajevo, 

Yugoslavia. The most heavily infected fish harboured 400 tape- 

worms. Wisniewski inferred that the number of tapeworms occuring in 
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a fish was entirely a matter of chance -depending on the 

extent to which individual fish prey on infected shrimps. 

Vik (1954) recorded a Tna3dimim number of 250 tapeworms in a 

single infected fish in his 1943 collection and as many as 400 

tapeworms in another single fish in the 1950 collection from the 

Wya Water Systemp Tr/ndelagg Norway. The percentage numbers 

of fish (Salmo trutta and Salmo alpinus infected in the two 

ye, -ýrs of collection were 22*% and 16. Va for 1943 and 1950 respectively. 

Only very few reports exist on the incidence of the larval 

stages in Gammarus. The levels are sometimes very low - only 

O. OV6 prevalence in Go pulex recorded by Awachie (1966a)at 

Afon Terrigv Wales althougli a higher infection rate (7e1,, ) wqs 

noted in Fontogammarus bosniacus and Rivuloganmarus spinicaudatus 

recorded by Wisniewski (1932b)from river Bosniaq Yugoslavia. 

Although no regular monthly or seasonal sample data were 

taken., Vik (1954) and Wolf (1906) in their separate investigations 

believed that there was no variation in the intensity of infection 

at different periods of the year. Awachie (1966a)however 

observed that the maximum infection in Gammarus Pulex occurred 

between January and February. Also the intensity of infection 

in fish increased at the same period of the year with a high 

prevalence usually tending to spread over the period October 

to April, Awachie thus concluded that there was an annual 

cycle and periodicity of occurrence of C. truncatus in the 

intermediate and definitive hosts at Afon Terrigg Wales, 

Halvorsen andMacdonald (1972) reported that C. truncatus 

attached preferentially within the anterior pyloric caeca 

particularly in a small group of dorsally located caeca. 
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They also observed that in trout paraisitized only by the digenean 

Crepidostomum metoecus the anterior caeca were the preferred site 

of the fluke while in fish infected with both,, cestode and fluke, 

C. metoecus was found mainly in the posterior caeca and small 

intestine with the tapeworm restricted to the anterior caeca. 

2-3 Materials and Methods 

2-3-1 Area of collection 

The area investigated comprised part of the river Hull 

adjacent to Driffield Canal and the river's tributaries namely 

Driffield Beck2 and Eastburn Beek. 

In the Ordnance Survey Sheet 107 (Landranger series of Great 

Britain) grid reference scale2 the areaslie between TA 022 564 

and TA 054 564- The water system is located in Driffield2 

North East of England and referred to as Driffield trout streans 

for convenience in the present account. 

The water system is about a 10-mile stretch in the area of 

the Yorkshire 'Water Authorityl East Divisiong but managed by 

the Angling Club of Driffield. Angling rights are restricted 

to members. 

The water is shallcvvý usually about 1*3m deep but up to 2m 

deep in certain Places. Its width varies from about 3m to gm 

In areas where most specimens of fish or gammarids were collected, 

the water contains dense beds of vegetation, largely with 

plants of Ranunculus aguafalis and Fontinalis, anti-pyrectica, 

The presence of water plants allied with the slow speed of 

water flow afford a good environment for an abundant population 
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Fig: 2*1 Monthly water temparamre at Driffield 

trout streams. 
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of Gammarus Pulex individuals of which apparently form the 

major food items of the fish and also serve as the intermediate 

host of the tapeworm Cyathocephalus truncatus and some other 

helminth parasites. 

The water harbours fish including brown trout (Salmo trutta , 

rainbow trout (Salmo gairdneri , grayling (Tlxvmallus thymallus) 0 

stickleback (Gasterosteus aculeatus)v Miller's thumb or bullhead 

(Cottus gobio and eel (Anguilla anguilla . 

Temperature of water varied from about 40C in colder - 

months to about 18 0C in warmer months (Fig 2.1) 

There is a continuous flow of water in the stream throughout 

the year and it did not become ice-covered in winter months. 

The water system does not appear to serve any navigational 

purpose but the vegetation is out at intervals to facilitate 

fishing activities with unknown effects on the populations of 

the organisms living in it. 

2-3.2. CollectiOn and examination of specimens 

Fish specimens (Salmo trutta Salmo gairdneri and Th7mallus 

tlxymallUS) were netted. They were trqnsported to the University 

Aquarium at Leeds in bins of aerated river water. Unfortunately 

the supply of fish was rather spasmodic and the numbers available 

for study generally low hence compreh, -nsive survey could not 

be conducted. 

Some fish were examined for parasites within a few days of 

collection, Others were maintained in aquaria for long-term 

study and to provide a supply of parasite material for 
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experimental purposes and histological and histochemical. studies* 

The viscera of fish which could not be inspected i=ediately were 
M, Z., A& ICb 

preserved in 4FIfo formol, saline. Paecal material of fisheas used 

as a source of tapeworm eggs in studies of the tapeworm's 

life cycle. 

The external body surfacep entire alimentary canalf gills, 

swimbladders and the body cavity of the fish were examined for 

helminth parasites. The distributions of the tapeworm, 

C. truncatus and of other helminth parasites in different parts 

of the fish were noted. 

Garmarus -Pulex were also collected from various accesAble 

points of the river with the aid of hand nets. The anphipods were 

collected every fortnight and after each collection some specimens 

were examined immediately in the laboratory for the presence 

of the tapeworm and other helminth parasites. This was 

done initially in case infected shrimps might not survive 

if kept for long in laboratory aquaria as stated by Awachie (1965). 

It was however found that if gammarids were transported to the 

laboratory in open containers filled with damp water weeds, 

mortality was usually low; subsequently the survival of infected 

shrimps in the laboratory appaared to be similar to that of non- 

infected specimens. 

On examination, the amphipods -; 7ere teased apart with the aid 

of pins or needles and the intestine, hepattopancreas and body 

cavity were examined under a low power dissecting microscope 

for parasites. The stages of development of Co truncatus 

in the amphipods were categorised into 3 groups by 17isniewski 

(1932bl Based on their sizes and structure he described 
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the stages as early procercoid (fruhprocercoidstadion), 

middle procercoid (mittelprocercoidstadien) and mature 

procercoid (reifeprocercoidstadien). In the present 

study2 it was thought appropriate to refer to them as procercoid 

stages 12 11 and III respectively. 

2-3-3- Identification of parasites 

For proper identification, the parasites found in fish and 

amphipod were first placed in O. SF% saline and examined live. 

Then whole mount preparations of them were madet stained with 

Borax carmine (Hum son, 1962) or with hematoxylin using 

acetic acid aa diluent and dehydrant -a technique devised by 

Chubb (1962)o 

2-4 Results 

2-4-1 Incidence and Intensity of infection in fish, 

200 specimens of fish from the 232 specimens obtained 

between May 1981 a4d December 1983 were examined. The remaining 

32, all rainbow trout were maintained in aquaria and later used 

for other studies. The fish examined comprised 160 rainbow 

trouty 31 grayling and 9 brown trout. They ranged in size from 

8an to 36cm in total length and from 109 to 3509 in 

fresh weight. Apart from the tapewormp Cyathocephalus 

truncatusq other helminth parasites identified include 
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le Echinorh3rnehus truttae Schrankg 1788 

2. Echinorhynchus salmonis Mullerg 1784 

3- Neoechinorhynchus rutili (Muller, 1780) 

4- Qfstidicola farionie Fischer, 9 1798 

5- Crepidostomum metoeaus Brwin, 1900 

6. Cucullanus truttae (Fabriciusg 1794) 

(Ac-QnAhccA-? llqtO ) 

�1 

Cmcvocta ) 

The sum rised data on infection of fish with helminth 

parasites are given in Tables 2.11 2.2 and 2.3- 

All the fish examined were infected with Cyathocephalus 

truncatus and three other helminths: Echinorhynchus truttae 

Echinorhynchus salmonis and Cystidicola farionis. Of the 

other species of helminth parasites found Crepidostomum metoecus 

occurred in 132 (82*5/1o) rainbow trouty 7 (77oWo) brown trout and 

23 (74-e- graYlings ; Neoechinorhynchus rutili in 128 (90.0ý6) 

rainbow trouto 4 (44.4ý6) broim trout and 16 (5146) grayling and 

Cucullanus truttae in 13 (84o) rainbow trout, 5 (55-6c/o) brown 

trout and 4 (12.9%) grayling. 
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None of the rainbow trout and grayling contained any 

species of Crepidostomum other than C. metoecus. Six 

specimens of Crepidostomum farionis were identified from 3 

brown trout. Additionally 4 specimens of an unidentified trematode, 

possibly Allocreadium sp. was recorded from 4 brown trout. 

Apart from Cystidicola farionis, which inhabits the swim 

bladder all the other species listed above occupy various regions 

of the alimentary canal. Acanthocephalans were found in all 

the regions of the pyloric caeca and the small intestine whereas 

the trematode Crepidostomum metoecus and nematode Cucullanus 
awr-cý 4. %d VecjLsvAAI poe4-iov% t+ rmolj 

truttae were located in the posterior&intestine. The distribution 

of Cyathocephalus truncatus in the body of the fish examined is 

given in Aýpendix 1 and described below. 

(a) qyathocephalus truncatus 

The intensity of infection with C. truncatus ranged between 

2 and 117 tapeworms per fish with a mean of 44. worms per fish in 

rainbow troutp 24 worms per fish in brown trout and 43 worms per 

fish in grayling. (Tables 2*1,2e2 and 2-3). 

The frequency distribution of the_%apeworms in rainbow trout 

of different sizes is tabulated in Table 2-4 Infection appearS 

to be intense among the fish in the size groups 18.1 - 22 . 0cm 

and 22,1 - 26.0cm which recorded a mean infection of 52 worms per 

fish and 68 worms per fish respectively. The small sized fish 

(10-0 - 14. Ocm and 14-1 - 18-0 cm) recorded a mean infection of 

14 worms per fish and 31 worms per fish respectively while the 

apparently large ones (26.1 - 30-0 CM9 30-1 - 34-0 cm and 34-1 - 38-0 c=) 
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recorded a mean infection of 33 worms per fish, 35 worms per 

fish and 22 worms per fish respectively. 

Most of the tapeworms were firmly attached to the distal ends 

of the pyloric caeca. In light infections usually only a single 

worm was present in each infected caecum but in heavy infections 

up to 6 individuals were recorded in separate caeca. In such 

cases one tapeworm occupied the distal portion of the caecum 

-xith the others attached to the mucosa along the length of the 

caecum. 

The worms appear to establish mostly in the anterior dorsal 

caeca and the anterior ventral ceca but infection spreads to the 

posterior ventral caeca and the proximal region of the small 

intestine with the increase in number of tapeworms. The incidence 

of worms in the various regions of pyloric caeca of'the rainbow 

trout examined is presented in Table 2 As the number of 4 -5- 

worms increases from the ranges 1-10 to 111-120, there is a 

lightly marked tendency for a decrease in percentage occurrence 

in the dorsal caeca from 6ZS to 3Wo; increase in the anterior 

ventral caeca from 32*6do to 43-7ilo and increase in the 1posterior i 

ventral caeca, from eo to 10, Woo Also with increase in number 

of worms there is slight increase in percentage number of worms 

in the intestine from Cri'* to 2. Wo and in the body cavity from 

CO to 744 

There is no clear line of dema cation between anterior ventral 

caeca. and posterior ventral caeca other than the fact that the 

former are anterior-laterally directed and the latter pos-, %-Ieriorly 

directed (see Fig. 2*2). 
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Fig: 2*2 The alimentary tract of rainbow trout 
(Salmo gairdneri 

A Vc Anterior ventral 
C st Cardiac stomach 
Dc Dorsal caeca 
Int Intestine 
Oe Cesophagus 
Pst Pyloric stomach 
Pvc Posterior ventral 
Re Rectum 

cae ca 

caeca 

A\, 
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In a small number of cases, some tapeworms were also found free 

in the body cavity or attached to the abdominal muscles. A 

few worms with deformed appearance and enclosed in a 'cysts were 

also seen. A few of the latter worms were sometimes found 

dead among the -xorms that occurred outside the alimentary tract. 

Presence of such individuals in the body cavity indicate long 

standing infection during which time the worms have broken 

through the caecal, wall. 

Except for a few worms found free in the intestine and in 

the body cavity all other worms were attached. Most of the 

unattached worms found in the small intestine were dead a-ad 

-were evidently being eliminated from the alimentary canal. Some 

of the dead worms had no scolex perhaps indicating that the scolex 

may be so firmly attached to the host that it could no longer 

separate on its own even after the death of the worm. Others pos- 

sessed a scolex carrying a lump of host tissue attached to the 

concavity of the funnel. These latter worms were usually found 

alive and had probably moved into the but following the breakdown 

of host tissue at the distal end of the caeca to which they had 

been attached. It was not uncommon to find some caeca lacking 

their distal ends and others in which their distal ends had 

been transformed into a cyst-like structure encapsulating the 

tapeworm. 

In the rainbow trouty all individuals of both sexes examined 

were infected with a mean number of 42 worms (Standard Deviation 28,1) 

per fish in the 95 males and a mean of 45 worms (S. D. 28.2) per 

fish in the 65 females (Table 2.6). Similarlyq all the 

individuals of both sexes of the brown trout and g-Tayling examined 
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TABLE 2-5: Percentage occurrence of Cvathocenhalus truncatus 
in the body of the rainbow trout from Driffield trout stream 

PERC34TAGE OCCURRM CE (17o) IN 

Range of No. Dorsal Anterior Posterior Intestine Body 
of worms Caeca, ventral Ventral Cavity 

Caeca, Caeca, 
(10*) (50*) (12*) 

1- 10 65.2 32.6 2*2 - 

11- 20 50-7 43-5 4-8 1.0 - 

21- 30 48-8 45.1 5.8 1.0 0-3 

31- 40 43-3 48.8 6-5 1.0 0.4 

41- 50 45.2 46-4 6.6 1-3 0-5 

51- 60 38-6 51-9 6.6 1.1 1.6 

61- 70 34.2 54.2 817 1.2 1.7 

71- 80 37-4 54.4 6.2 1.0 1.0 

81- go 35-1 53.8 7.8 le2 2.1 

91-100 35-5 55-0 8.1 0-4 1.0 

101-110 35.6 53.6 7-7 1-4 1-7 

111-120 35-9 43-7 10.8 2.6 7.0 

* Approximate numbers of caeca in the region 
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were infected. A mean number of 22 worms (S. D- 30-1) per fish in 

males and 28 worms (S. D. 20.2) per fish in females was recorded 

for brown trout while a mean number of 47 worms (S. D. 28.1) per 

fish in males and 39 worms (S. D. 29-5) per fish in females was 

recorded for grayling. 

(b) Other helminth parasites 

Echinorhvnchus truttae - The mean numbers in rainbow troutq 

brown trout and. grayling were 60,31 and 37 worms per fish respectively 

(Tables 2.192.2 and 2. ). The distribution of E. trattae in the 

alimentary tract of 40 of the rainbow trout examined is given in 

Table2. -7* This random number from the first group of the fish 

collected was chosen to demonstrate the occurrence of the worm in 

the intestinal tract. The prevalence of E. truttae in the 

pyloric caeca. was low (10.4ý6) but high in the small intestine 

(89.61jfo) 
. E. truttae occurred in very small numbers (in most 

cases fewer than 10 specimens) in the caeca. as young orange 

coloured individuals but the great majority were located in the 

small intestine-where they varied between brick-red coloured middle- 

sized individuals in the region of small intestine proximal to 

the pyloric caeca to dark coloured large and mature specimens 

near the rectum. They were easily distinguishable from other 

-canthocephalan species which are whitish or light grey in 

colour. 
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Tqble_ýý-Distribution of Echinorhynchus trut; tae in the alimentary 
canal of 40 rainbow trout examined between November 1981 and May 1982. 

No. Total Weight Sex Total Number (ýo) Number 
Length (g) Of Number of in the in the 
(cm) fish E. truttae cae ca inte stine 
of fish 

1 13-1 12-4 M 52 8 3 15 44( : 4.6 
2 14.2 26.8 M 38 7 4 

: 
18 31 1-5 

3 14-5 35.2 M 82 3 3.6 7 9ý 6 3 9 
4 13-0 15-5 M 21 21 1 

ý) ý 

5 28.0 208-7 M 85 4 7) 81 2 95 
6 20-7 84-4 F 57 2 

: 5 55 : 96 4 
7 18-3 54-0 F 85 5 

1 

8 80 94-1 
8 14.6 28.2 M 102 3 9 2: 

1 
99 97-0 

9 22.5 115-9 F 42 6 1492 36 85.8 
10 22.2 12892 F 87 1 141 86 8.9 
11 17-0 58-1 M 25 - 25 
12 21.2 62-5 M 62 8 9 12 54 *0 
13 19-7 51-9 M 89 2 

: 
22 87 9 -7 

14 19.8 75-5 M 92 3 3.2 89 96-7 
15 22.0 104-5 M 32 - 32 00 
16 20.0 a6-4 P 77 6 07 71 2.2 
17 18-5 65.2 M 35 a 2 .8 27 7-1 
18 17-0 46-5 M 83 11 1 .2 

1 

72 86-7 
19 34.0 246.2 M 132 17 12.8 115 87-1 
20 22-5 126. a M 42 7 16*6 35 63*3 
21 22.2 132.0 M 97 14 14-4 83 85-5 
22 21-5 119-8 p 110 10 9.0 100 90.9 
23 23.0 120.0 M 39 2 5-1 37 94-8 
24 20.8 92,0 F 103 13 12.6 go 87.3 
25 22.1 116-7 M 47 6 l2e7 41 87.3 
26 22-4 145.0 F 33 4 12.1 29 :7 2 
27 21.6 94-5 M 113 14 12-3 99 7: 
28 20.0 104-0 F 108 2 1.8 106 98.1 
29 18.7 78.5 M 23 9 39.1 14 6o. 8 
30 22.0 112-5 M 43 1 27 9 31 72 0 
31 21.3 96.8 M 26 5 19: 2 21 60: 7 
32 18.2 70.8 p 26 10 38-4 16 61.5 
33 17.2 67-0 P 34 3 8-8 31 91-1 
34 12.8 20.0 M 5 1 20.0 4 80-0 
35 24.0 141-3 M 25 7 28 0 18 72 0' 
36 19.8 82-5 F 35 4 11: 4 31 88: 5 
37 14-1 25-0 M 32 6 18-7 26 81.2 
38 14-0 24-1 M 4 4 100) 
39 22.2. 112*2 p 75 13 ý17-ýý 62 82.6) 
40 11-3 12*2 F 14 4 28-5 10 74-4) 

C+C, ) rIV- 3. ý99-8 - 2312 240 (10-4) 2072 (89.6) 

r1jeAn 1q. 6 85-0 - 
S F6 6 S2- 
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Echinorhynchus salmonis - The worm occurred in the mean numbers 

of 21,5 and 9 worms per fish in the rainbow trout, brown trout 

and grayling respecitvely. Its distribution in the intestine of 

fish was similar to that of E. truttae except that E. salmonis was 

less prevalent. 

Cystidicola farionis - The nematode recorded a mean number of 

58 worms per fish in rainbow trout, 29 wo=s per fish in brown 

trout and 51 worms per fish in grayling. 

Neoechinorhynchus rutili - The intensity of infection was 

low and the mean numbers recorded were 7,2 and 5 worms per 

fish in the rainbow troutp brown trout and grayling respecitvely. 

Cucullanus truttae -A mean number of 23 worms per fish was 

recorded in the brown trout whereas in the rainbow trout and 

grayling the mean number was less than 1. 

The level of helminth infection observed in the fish was 

relatively high. The most heavily infected fish harboured 

114 Cyathocephalus truncatus, 132 EchinoEhjMchus truttae, 

47 Echinorhynchus salmonist 30 Cystidicola farionis and 5 Crepidostomum 

metoecus. The maximum incidence number of each species of helminth 

parasites per fish excluding the tapeworm were 203 Echinorhynchus 

- 
ystidicol% truttae, 372- salmonis 36 Neoechinorlxynchus rutili, 47 C 

farionis, 34 Crepidostomum metoecusp 62 Cucullanus truttae. 

The ex;; mination of a few specimens of other fish species present 

namely Cottus gobio2 Gasterosteus aculeatus and Anguilla anguilla 

gave negative results except for the presence of small 
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numbers of Echinorltynchus truttae in some Cottus gobio. 

2-4.2. Incidence and intensity of infection in Gamarus pulex. 

Ctrathocephalus truncatusq together with 5 other species of 

helminth parasite (Echinorhynchus truttae, Echinor_hynchus salmonist 

Neoechinorhynchus rutilit gZstidicola farionis and Crepidostomum 

metoecus) were found to utilize Gammarus pulex as an intermediate 

host. The juvenile stages of the above helminths as well as an 

unidentified cestode cysticercoid larva occurred in the 

examined gamma-rids. 

Infection was usually higzh in the cold months of 

December to April and low in the warmer months of May to November. 

The prevalence of infection of G. pule with the helminth 

juveniles reached a maximum level of 12. Wo in January 1982 while 

the lowest level was 1.4ýo in May 1981 (Table 2.8 and Fig. 2-3) 

The Juvenile stages of all species of the helminth parasites were 

recorded in the body cavity of Gammarus pulex lying free among 

the 2 pairs of hepatic caeca and the intestine except for the meta- 

cercariae of Crepidostomum metoecus which were found to be 

attached to the hepatic caeca, or the external wall of the intestine. 

Multiple infections of a single G&mmarus pulex with 2 to 

of the different species of helminth juveniles were co=on. 

(a) Cyathoceohalus truncatus p rocercoids 

The prevalence of C. truncatus procercoids in Gamnarus Pulex 

was highest in January 1982 with 2.2. % of gammarids infected and 

I 

lowest in May 1982 with 0-2ý. No infection was recorded in --, w=arids 
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Table 2-6: Monthly prevalence of infection by helminth juvenile stages 
in Gammarus pulex from Driffield trout streams. 2t5OO G. pulex 
examined per month. 

Month Total No. of Prevalence of Total No. 
Gaxmarus infected infection of worms 

May 1981 35 1.4 57 
June 207 8-3 227 
July 97 3-9 132 
August 72 2.9 104 
September 162 6-5 200 
October 140 5.6 267 
November 279 11.2 345 
December 176 7-0 280 

January 1982 321 12.8 393 
February 276 11*0 338 
March 234 9-4 281 
April 255 10.2 288 
May 102 4-1 189 
June 157 6-3 253 
July lo6 4.2 159 
August 93 3-7 124 
September 135 5.4 207 
October 121 4-8 272 
November 240 9.6 317 
December 211 8-4 229 

January 1983 365 lo. 6 388 
February 247 9.9 352' 
Ma. r Ch 182 7.3 274 
April 174 7-0 257 
May 193 7-7 221 
June 208 4.3 226 
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pig: 2-3: Monthly prevalence of infections with the 
juveniles of at least one of the following 
helminths - Cyathocephalus truncatus 
Echinorhynchus truttae, E. salmonis, 0 

- ystidicola 
farionis, Crepidostomum metoecus and 
Neoechinorhynchus rutili in Gýa-m-arus pulex 
from Driffield trout streams. 
29500 G. pulex examin d per month 



18 

17 

15 

15 

14 

13 

12 

10 

9 
0 

CH 9: 

Cc 

P-1 
4. 

3 

MJ JA SON DJ FMAMJ J ASO N DJ FMAMJ J 
1981 1982 1983 

Months 



-46- 

in May 1981 (Table 2.9 and Fig. 2-4). As expressed above (page 28) 

the different stages of the procercoid of C. truncatus recovered 

from G. Dulex in each month have been categorised into 3 groups - 

Stages I. II and III. 

. 
Stage I procercoid: - These are less than 2.5mm in length. 

Structurally they appear pear-shaped or slightly elongated and 

dark in colour. They lack the scolex and cercomer. This stage 

was rare and was found only in September 1981 with a prevalence of 

0.1% and in September, October> November 1982 and March 1983 

with a ma3dmum, prevalence of 0.2% in September 1982 (Fig. 2-4(a))o 

Only 12 such procercoids were recovered from gammarids between 

May 1981 and June 1983- 

. 
Stage II procercoid: - These are between 2mm and 5mm ih length 

and each possess an anterior distinct A scolex and a posteriorly placed 

cercomer. The prevalence of this stage was at its highest, 

exceeding O. %o during the period September 1981 to January 1982 

inclusive and between October 1982 and February 1983 inclusive. 

At other periods of the yeary the prevalence was low (Fig 2-4 (b)). 

Stage III procercoid: - Thisstage includes specimens frOm 5MM 

to about 14mm in length similar in external morphology to the adults 

in fish except for the possession of aLA,, 9-1--,, hApeJscolex and the cercomer 

and is probably the only stage infective to trout. Specimens were found 

in amphipods throughout the year but most frequently in the colder months 

of January and February with a max1milm prevalence of 1.2% in January 1982. 

Infected gammarids were least common during the warmer months of 

Aprilp May and June (Fig. 2-4(c))- 
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Fig: 2-4 Monthly prevalence of stages Iq II and III 
procercoids of Cyathocephalus truncatus in 
Ganmarus Pulex from Driffield trout stre 
between May 1981 and June 1983- 
2500 G. pulex examined per month. 
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Fig: 2,, 5 The relationship between the length of C. truncatus 
procercoids and the host Ga=arus, pulex 
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The Stage I procercoid was found mostly in small specimens 

of Go pule approximately 3mm to 5mm in length; Stage II usually 

in gammarids 5mm-to 7mm long and Stage III usually in gammarids 

measuring 5mm and above in length* The approximate distribution 

of the procercoid stages in different sizes of Gammarus pulex: 

shown in Pig. 2-5 indicates that gammarids are only capable of 

being infected when young. It also indicates that there is little 

increase in length of the tapeworm procercoid as it reaches 12mm 

size. 

Occasionallyv infected gammarlds harbouredtwtapeworms but 

most frequently only a single indiv'idual was present. Multiple 

infections of a single amphipod with the tapeworm and up to two 

of the other species of helminth juveniles were also frequently 

seene 

(b) Other helminth parasites 

The prevalences of all helminth larvae in samples of 2,500 

Gammarus pule examined monthly between May 1981 and June 1983 

are shown in Table 2ege 

Echinorlxvnchus trattae juveniles were more frequent in gammarids 

than any other helminth parasiteg including 
. 
2. truncatus. They showed 

their highestoccurrence in the period January to June, inclusive with 

a maximum prevalence of 4-eo (104 gammarids infected) in March and April 1982. 

The two most conspicuous stages were the orange-coloured encysted cystacanthe 

and the pink coloured excpted juvenile stage. The encysted cystacanths were 

most cornon between March and June (maximum prevalence of 2.6ý6 [64 gammarids 

infected] in June 1981) while the encysted juveniles stage was most frequent 

between September and Aprils with a maximum prevalence of 2. Vo (67 gammarids 
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infected) in February 1982 (Table 2,, 10). The number of 

E. truttae larvae per amphipod ranged between 1 and 4- Multiple 

infections of gaomrids with this species and other helminth 

larvae were co=on. 

EchinorIxynchus salmonis juveniles occurred as white coloured 

encysted cystacanth and excysted juvenile stage in Gammarus 

pule o, Its prevalerice was 1.6ý. (40 gammarids infected) at 

its peak in March 1982. The period of highest infection of 

amphipods with E. salmonis was between January and June. Although 

most infection consisted of single individuals a few gammarids 

harboured 2 specimens. 

Neoechinorhynchus rutili juveniles found in gammarids were 

not encysted and were similar to the adults found in fish except 

that the proboscis was usually withdrawn. No cystacanth stage 

occurred. The prevalence was low and -. 7orms were most frequently 

found between October and March with the highest incidence of 1.2ý6 

(31 gammarids infected) in January 1982ý' Only single infection 

were recorded. 

gZstidicola farionis larvae were most common between 

September and March with a peak prevalence of 346 (79 garn-arids 

infected) in November 1981. Most infections consisted of single 

worms per gammarid but on a few cases., 2 or 3 worms were recorded, 

Crepidostomum metoecus metacercaria -mere frequently seen in 

gammarids between October and April with a peak of 3-46 (84 gammarids 

infected) in January 1983. Number per ganmarid ranged between 1 

and 15* 

Individuals of an unidentified species of cestode cysticercoid 

larva found in gammarids appear cyclophyllidean in type. Their 
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ocqarrence (Table 2.9) was highest in the cold months with a 

prevalence peak of 1-46 (36 gammarids infected) in January 1983- 

Numbers ranged between 1 and 10 per infected gammarid. These 

larvae were not infective when infected gammarids were fed to 

laboratory maintained brown troute 

2.5 Discussion 

It is somewhat unusual for a parasite species to be found 

in every host individual examined but this has been the case 

with. qyathocephalus truncatus as well as with Echinorhynchus truttae, 

Echinorhynchus salmonis and Cystidicola farionis in rainbow 

trout$ brown trout and grayling examined during the present 

investigation. A similar situation was also reported for 

C. truncatusl by 'Wisniewski (1932b) from river Bosnia, Yugoslavia 

although he found a maximum of 400 worms per fish while in Driffield 

(for the present study) the maximum number of worms per fish was 117- 

The ecology of the area investigated in the present study 

is similar to that of other environments in which C. truncatus 

occurrences have been studied (see Wolf 1906; Wisniewski 1932a, 1932b; 

Senk 1952; Vik 19549 1958)- The abundance of the intermediate 

hostp Gammarus pulex and the fact that the amphipod appears to 

form the major food item of the fish in Driffield trout streams 

ensures the continuity of parasitic infections in the fishery. 

This is in spite of a relatively low level of prevalence of larval 

stages in gammarids. "Nith a maximum tapeworm prevalence of 

2*2% in Gammarus pulex. fish thus have to feed on large numbers 

of amphipods to become heavily infected - for example to reach 
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a total of 43 worms - the mean per fish recorded in rainbow 

trout - the fish would have to feed on about 21250 gammarids, 

even if there were no losses of worms following the ingestion of 

procercoids by the fish. 

C. Yathocephalus truncatus appears to use amphipods as 

intermediate hosts almost exclusively. Although the report on 

occurrence of the procercoid in Rysis relica (see Aming 1977) 

concerned only a single worm. in a single infection it however 

showed that C.. truncatus may also use other crustacea"., species 

as intermediate host. In the present investigation a critical 

study was not made experimentally to observe whether freshwater 

isopods or other species of crustacea" could be hosts. This 

was due to /I 
low rate of materials available and the fact that 

attention was given to other aspects of the tapeworms biology. 

A critical examination of other crustaceaand planktonic 

organisms present in the area of collection is necessary to 

investigate the possible occurrence of C. truncatus procercoids 

in them. 

. 
C. truncatus however shows the ability to infect a wide 

range of fish species of various families. From available 

records the tapeworm occurs in fish of 11 Families belonging to 

7 orders of the Class Pisces as shown below: 
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Order Family Exam-ole 

Isospondyli Salmonidae Salmo trutta 

Coregonidae Coregonus clupeaformis 

Thymallidae Thymallus thvmallus 

Haplomi Esocidae Esox lucius 

Ostariophysi Cyprinidae Tinca tinca 

Anacanthini Gradidae Lota lota 

Percomorphi Pecidae Perca fluviatilis 

Anarhichadidae Luceoperca sandra 

Scleroparei Cottidae Cottus gobio 

Gasterostidae Gasterosteus aculeatus 

Apodes Anguillidae Anguilla anguilla 

The wide range of host specificity demonstrated byg. truncatus 

suggests that other fish species in the orders and families listed 

above but not yet known to harbour 
_G, 

truncatu may possibly 

become infected when fed on amphipods harbouring the procercoid 

of the tapeworm. 

The tapeworm has been found to establish remarkably well and 

in large numbers in host species of the order Isospondyli 

(families Salmonidae, Coregonidae and Thymallidae),, 

The heaviest infections recorded so far have been on species in 

the family Sa. Imonidae - the maximum numbers recorded in single 

specimens of Salmo, al-pinus were 200 and 400 by Huitfelclt-Kaas(1927) and 

liVianiewski(1932a, b) respiýatively. 



-56- 

Additionally, fish species of the family Salmonidae have been 

found to be suitable for experimental infections (Vikv 1958)) 

and Chapter3 of the present report) although other fish species 

have not been subjected to experimental infections. 

Members of other genera for example Cottus and Anguilla 

appear to be less suitable as hosts for the tapeworm. In 

Cottus gobio only a few individuals have been recorded and in a 

particular case (Awachie, 1966, ýL)were found to be uninfected 

whereas Salmo trutta occurring in the same water harboured the 

tapeworms. Vik (1954) reported that tapeworms recovered from 

Anguill vulgaris were unattached and are evidently being 

voided with fish faeces. It is difficult to access the suitability 

of these two fish species as hosts of C. truncatus and it is 

possible that such information may be gained only by further 

experiments, 

In the rainbow trout examined during the present study the 

tapeworms were most frequent in the middle sized fish (18: 1cm 

to 26.0cm) than in smaller or larger individuals. This may be 

due to difference in food and feeding habits of the small and 

large sized fish from those of the middle sized fish. It may also 

be that they develop some form of resistance makin3 them less 

susceptible to infection. Some large fish that are heavily 
r4 Ls 6 

infected may,, die and are not represented in collections. Although 

there was no report of death to fish due to tapeworm infection, 

in the present study, Huitfeldt-Kaas (1927) and Wisniewski (1932a, b) 

reported that the tapeworm infection does result in fish mortality. 
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Observations on the establishment of the tapeworm sequentially 

in the dorsal caecal the anterior ventral caeca then the posterior 

ventral caeca and the proximal portion of the sm 11 intestine 

of fish is similar to that reported in trout by Halvorsen and 

Macdonald (1972). While the reason for such an apparent 

preference for site of attachment is not fully knm7n, these 

authors suggested that it could possibly be due to the fact 

that the bile duct opens through the region of the dorsal 

caeca into the intestine. Bilehas been found to encourage the 

movement of cestode larvae (Smyth, 1969) and is important for 

their growth and development (Eývans and Ryche, 1969; Smytht 1969). 

Halvorsen and Macdonald(1972) also cited Williams and Halvorsen 

(1971) who reported that in cod,, the cestode. Abothrium gadi 

was found to attach preferentially in one of the two pyloric 

caeca neaxest to the entrance of the bile duct. Although the - 

effect of bile was not thoroughly investigated in the present 

study the fact that the tapeworms also establish successfully 

in the anterior ventral caeca posterior ventral caeca and in the 

proximal portion of the small intestine where there is no bile 

opening, suggests that the presence of bile may not be the only 

factor determining the attachment of C. truncatus in the pyloric 

caeca. It may be simply that the dorsal caeca and the anterior 

most ventral caeca are the regions where the tapeworms arrive first 

after being released from the disintegrating body of theg* pulex: 
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intermediate host in the pyloric stomach. It is clear that 

the pyloric caeca. constitute naturally suitable sites in which 

the tapeworms may obtain a firm attachment from which dislodgement 

is minimal. 

The occurence of free, apparently moribundp tapeworms in 

the intýstine still with a mass of host tissue lodged in the 

scolex possibly indicates that the tapeworm does not ever 

release its grip or change its site of attachment. Thus such 

worms are incapable of re-establishing and are voided along 

with the fish faeces. 

The occurence of C. truncatus in the body cavity of the 

fish host noted by the present author was also reported by Vik 

(1954). He stated that worms found in tbis region are those that 

have penetrated through the caecal wall to which they were 

originally attached. A similar observation was made in the 

present study and additionallyv damaged caeca which lack 

distal tips (point of attachment through the erosion of which 

some worms apparently move into the body cavity) were 

frequently seen. Some heavily infected fish with worms in the 

body cavity and abdominal musculature were examined histologically 

and the observations are presented below (page 189)o 

Worms lying free or attached in the body cavity of fishl 

except those found dead and usually enclosed in a cyst-like 
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capsule could possibly establish in larger fish preying upon 

already infected fish although this was not investigated. 

This may possibly be a means of dissemination of infection 

accounting fcr transmission of some C. truncatus to large 

trout or to other species such as pike. On the other hand such 

individual worms may not, as pointed out above, be able to 

reattach even if presented with the opportunity to do so. 

The high rate of occurrence of other helminth parasites 

inhabiting the alimentary tract along with the tapeworm is 

noteworthy. Negative interraction, is known to exist between 

two parasite species occurring simultaneously resulting in 

site displacement or exceptionally competitive exclusion. As 

reviewed by Kennedy (1983) interactive segregation resulting in 

site displacement of a cestode seems to be a more widespread 

feature of concurrent infections of cestodes and parasites of 

other groups especially acanthocephalans and nematodes 

rather than of concurrent infections involving cestodes only. 

Several authors including Chappell (1969) and Amin (1975) 

have reported on anterior displacement and partial segregation of 

tapeworm populations in concurrent infections of fish with tape- 

worms and acanthocephalans. In the present study there appears 

to be an overlap of site between the tapeworm and acanthocephalans 

although the tapeworm tend to group together in the pyloric caeca 

where the prevalence of thorny-headed worms are relatively low. 

The distribution of acanthocephalans - few and scattered in the 

caeca and proximal portion of small intestine but tending to 
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accumulate in the distal portion of the small intestine - appears 

in the present investigation as a normal attribute of the group 

rather than a reaction to the universal presenEt of CyathoceDhalus 

truncatuse Individuals of Echinorhynchus truttae in single species 

infection are known to move gradually and take up a more posteriorly- 

placed sites in the small intestine with the development of 

maturity (Awachie2 1965ý) 

Infections with the tr=atode Cre-pidostomum metoeaus 

were located in the posterior ventral caeca and in the anterior 

portion of the small intestine. Since all the fish examined 

had. C. truncatus infection with the tapeworm occupying in 

particular the anterior pyloric caecal it is not known whether the 

trematode would prefer the anterior caeca in single species 

infections as reported by Halvorsen and Macdonald (1972) * 

The relative numbers of helminth parasites in fish recorded 

in the present investigation do not absolutely reflect the 
4; t. b 

situation in the river in view of the small numbers of 1ý hosts. 

More rainbow trout were e=ined because they were more readily 

available by the Angling Club than brown trcut while grayling were 

in any case less numerous. 

Although the overall prevalence of infection with the procercoids 

of C. truncatus in G,: unmarus -pulex was loiv throughout the year, 

ýhere seems to be a seasonal pattern of occurrence of 

procercoids in the amphipods - hi6ti in the colder months and low 

in the wa=er months. A similar trend in both fish and amphipod 

hosts was reported by Awachie (19664 
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Young procercoids of C. truncatus were found only in young 

specimens of Ga=arus pulex with the infective procercoids of the 

tapeworm in older gazimarids. It thus seems that amphipods are 

infected when they are young and both tapeworm and amphipod grow 

together until the tapeworm reaches the infective stage. 

'Wisniewski (1932b)earlier suggested a similar trend adding 

that young ga=arids appear more susceptible to infection while 

the older ones are somewhat resistant to infection. I 

Since the majority of infections with Stages I and II 

procercoids recorded between September and November occurred 

in small size specimens of amphipods, probably the young ones, 

it is most likely that the gamr2arids become infected mainly in 

the spring and summer monthst harbouring the growing procercoids 

until the winter months when they become the Stage III procercoido 

The latter stage is relatively more common during the winter 

months than at any other period of the year and thus coincides 

with the above supposition. The occurrence of Stage III 

procercoids in amphipods throu6; hout the year is probably due to 

their persistence in ageing gaxunarids. Wolf (1906)y Janicki (1928) and 

. 7isniewski (1932b)stated that amphipods were capable of 

tolerating the infection and carrying it for over 1 year. 

The comparative rarity of C. truncatus in amphipods but 

not in fish as might be expected cannot easily be explained. 

The possibility that interspecific competition with other helminth 
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parasites utilixinga. pule as intermediate host may be 

responsible for the very low occurrence of the tapeworm in 

amphipods is ruled out by the observation that concurrent 

infection with the juveniles of other helminth parasites occur 

in nature. The low prevalence in G. Pulex could even be c1ue 

to possible death of some amphipods resulting from the 

infection. 

There is evidently a similar seasonal pattern of 

occurrence of other helminth juvenile stages in Gammarus Pulex 

to that of the tapeworm in the present study* 

Pluctuations in the percentage infection of G. pule 

with acanthocephalans appear seasonal: h character similar to that 

reported by Avachie (1965 )at Afon Terrig, Wales. However 

seasonal cycle could not be confirmed for the acanthocephalans 

since cystacanth and excysted larval stages were found to 

overlap in occurrence throughout the year. Also the occurrence 

of Crepidostoimim metoecus metacercaria in G. 
-Pulex agree with the 

reports of Baylis (1931) and Awachie (1968)o 
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Plate 2.1 Unidentified cestode cysticercoid larva in 
Gargiarus pulex from Driffield trout streams. 
(Unstained) Scale - 0.25=o 
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THE LIFE, CYCLE OF CYATHOCEPHALUS TRUNCATUS 
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3-1 Introduction 

The life cycle of Qvathocephalus truncatus has beenrtedlfýE3 to 

11 involve certain species of fish as primary hosts and crustaceaý 

usually amphipodspas intermediate hosts (see Chapter 1). 

The stages of development of the procercoid in gammarids, 

although originally described by Wisniewski (1932)., have not yet 

been experimentally verified and established. Also the true 

structure of the infective embryo - whether it is a hexacanth 

embryo as described by Gauthier (1923) or an embryo lacking 

larval hooks as described by Wigniewski (1932)-still remains to 

be elucidated. 

In the present study the processes of development of the 

egg structure of the oncosphere, mode of infection of the amphipod 

and stages of development of the embryo within the amphipod have 

been investigated experimentally in the laboratoryv and the results 

discussed. Data on experimental infections in fish are also 

presented. 

3.2 Literature review 

As stated in Chapter 19 early reports on C. truncatus 

life-cycle dealt only with the incidence of the procercoid in 

the crustacean intermediate host. It was Gauthier (1923) who 

first tried to establish the life cycle under experimental 

condition. She described a hexacanth embryo which subsequently 

developed within the cultured egg capsule but did not succeed in 

infecting amphipods with it. No further details of experimental 

work were provided. 
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Wisniewski (1932) conducted a similar attempt and reported 

that it took about 35 days for the embryo in freshly laid eggs 

cultured in freshwater to develop to the infective stage. He 

further stated that eggs developed better when cultured in fish 

faeces. He. described the developed embryo as lacking hooks and 

swimmin organelles like cilia but appearing somewhat colourless 

or jelly-likewithin the egg capsule. Wisniewski stated that 

although operculated, the eggs did not hatch in water at any time 

to release the infective embryos. Although he did not succeed 

in infecting amphipods with the culturedeggs he believed that they 

required to be swallowed by the gammarids for infection to take 

place. He disagreed with Gauthier's (1923) description of the 

embryo as being a hexa can th and stated that Gauthier probably 

used a different species and not 
-Cyathocephalus 

trimcatus. 

Wisniewski (1932b) described the developmental stages of the 

tapeworm he retrieved from the intermediate hosts Fontogammartis 

D bosniacus and Rivul, --a=arus spinicaudatuso He also reported 

that within the gammarid hostj the procercoid had developed 

clearly recognisable sexual organs and suggested that the 

worms may possibly attain maturiy in the intermediate host. 

He stated that gamnarids usually produce a capsule around the 

worm and although the worms could free themselves from the 

capsules, the procercoids sometimes died within them, 
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No other report is available on attempts to infect 

amphipods with C. Yathocephalus truncatus eggs. Sandeman and 

Burt (1972) dealing with the life cycle of Bothrimonus 

(= Diplocotyle) sturionis, which bears a close affinity to 

C. truncatus in the order Spathebothrideaq described the 

operculated eggs and the infective non-ciliated hexacanth 

larvae. They stated that as in C.. truncatus, eggs containing 

developed embryos did not hatch in water to release the oncospheres 

and that infection was certainly by ingestion of the eggs by 

gammarids. The authors were unsuccessful in attempts to infect 

gammarids but thought that this was due to the fact that 

amphipods probably crush the eggs with their powerful r-, andibles 

while feeding thereby destroying the oncospheres. Additionally 

they thought that gammarids appear somewhat resistant to 

infection. 

Sandeman and Burt (1972) comparing the procercoid of 

Bothrimonus sturionis with that of Cyathocephalus truncatus 

described by Wisniewski (1932agb) stated that B. sturionus 

procercoid attains sexual maturity within the ga-mmarid host 

accompanied by the production of apparently normal eggs. They 

also reported on the presence of eggs in the uterus of a 

specimen of Cyathocephalus truncatus obtained from a gammarid 

by Mr. B. H. Hall of the University of Leicester, U. K., in the 

March of that year. The authors concluded that this 

progenetic development appeared to be characteristic among 

members of the order Spathebothridea. 
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The apparent maturity of CO truncatus, procercoid in the 

intermediate host was again highlighted by Amin (1978) who 

recorded the production of eggs "which appeared viable" by 

gravid genital organs of the procercoid in the body cavity of 

the amphipod, Pontoporeia affinis. He raised the possibility 

that the fish host may not be necessary for the completion of 

C. truncatus life-cycle and that maturation in gammarids cou3d 

also serve for the dissemination of infection. 

Vik (1958) brought about experimental infection of fish by 

feeding them on infected Gammarus lacustris carrying 

Cýrathocephalus truncatus procercoids. He reported that the 

worms matured and produced eggs 10 days after infection of 

fish and that worms could remain in the fish intestinal tract 

for up to 55 &Vs. Apart from this report no experimental 

infection of fish has been published. 

The affinities of C. truncatus and indeed of other tape- 

worms in the order Spathebothrides, have not been conclusively 

ascertained. Wisniewski (19M however stated that the 

tapeworm compares closely with Archigetes siebioldi 

(Cestoda Caryophyllaeidea) in its life-cycle adding that 

C. truncatus is a neotenic procercoid, 

Species of Archigetes are known to become sexually mature 

in Oligochaetes (the original intermediate hosts). (Wisniewskip 

1930; Calentinel 1964P 1965; Kermedyp 1965). This precocious 

development appear similar to that reported for Ce trLmeatus 

procercoid byWisniewskil (1932b)and Amint(1978) as already 

stated in this review. - 
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3-3 Materials and Methods 

Eggs used for the study of the life cycle were 

obtained from two sourceso Some were obtained from naturally 

infected fish - they were shed with fish faecal matter 

from which they could be separated by teasing them apart 

with the aid of needles under a dissecting microscope. 

Others were deposited by adult worms in O*Vo saline 

following the removal of the worm from the fish hosts, 

The eggs were cultured in a petri-dish in about 0-5 cm 

depth of freshwater. The eggs were constantly checked 

and the freshwater replaced every other day. Experimental 

containers were left open to aid aeration. The above steps 

were very important aa eggs cultured in deep water or in 

closed containers died soon and did not develop. 

To investigate optimal conditions for development of 

embryo egg cultures were maintained at 00C,, 60C9 120C9 

150Cy 200C and 250C- The success rates were expressed 

in percentages according to the proportion of eggs 

containing hexacanth embryoss 
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3-3-1 Infection of Gammarus pulex 

Gammarus pulex for experimental use were collected from 

Loadpit Beck, Shipley Gleny Baildon necirLeeds. 9 an area where no 

helminth infections are known to occur. Initially.. 3 groups of 

anphipods were used - those exceeding 4-9mm in length, those 

between 2mm and 4-9= long and those less than 2mm long. 

In obtaining the latter size group, females carrying a brood 

were isolated in separate containers and left for a day or two 

until the young were released. Then they in turn were separated 

from the parent female. This group of young amphipods ivere used 

for subsequent experimental infections. Experiments were conducted 

in clear plastic containers measuring 17 cm longp llcm wide 

and 5cm deep. 

The method of infecting the amphipods was a slight modi- 

fication of the technique of Hynes and Nicholas (1957)- It 

involved placing eggs previously cultured to the infective stage 

either on vegetation collected along with Gammarus pulex 

or on pieces of fresh lettuce leaves so that when immersed in 

water the eggs were available to the feeding amphipods. The use 

of lettuce proved to be more successful in inducing the gramma ids 

to feed and therefore was adopted in later experiments as the 

standard method. 

Twenty experimental Gammarus pulex were introduced 

into each container half filled with freshwater. Pieces of leaves 

were immersed in the water and infective eggs were gently 

pipetted on them. An estimated number of about 1000 eggs were 

placed into the container. This was found to be ideal and 
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ensured that majority of the eggs remain available on the 

lettuce for the feeding 2. pulex, The container was left 

undisturbed overnight or for 24 hours during which time the 

gammarids fed on the lettuce leaves and ingested some of the 

eggs. The amphipods were then removed and returned to 

labelled containers with fresh lettuce until required for examination. 

3-3.2 Infection of Salmo trutta, 

Hatcbery bred brown trout usually 10 an to 14 cm in 

length collected from Washburn Valley trout farm, Otley and Kilnsey 

Park Hatchery Cottage at Kilnsey near Leeds., were used for 

experimental infection. Two methods were used for infectinn 

the fish with the tapeworm procercoids. 

The experimental fish was lightly anaesthetized with 

MS222 of concentration lg per 15 litres of water. A procercoid 

of C. truncatus teased out of an infected Gammarus Dulex 

was pipetted into the oesophagus and washed down into the 

stomach of the fish which was then allowed to recover in clean 

aerated water. 

2, This method involved feeding fish with infected 

Gammarus pulexo Although the percentage of infected gammarids in 

the field was low it was relatively easy to detect and isolate 

infected individuals from groups examined in a dish. Infected 

amphipods were easily recognised since the cestode larvae can 

be seen through the body wall of intact gammarids. 
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Experimental fish were left to acclimatize in their tanks 

for about 2 days and were fed constantly with non-infected 

Gammarus pule . Fish were maintained in numbers of 2 or 3 per tank 

since single fish kept in a tank showed little interest in 

feeding even when starved. When feeding Gammarus pule to fish 

small numbers (20 to 30) of the amphipods were placed in the 

tank at frequent intervals. The fish tended to become very 

active and dashed around the tank looking for the amphipods, 

thus ensuring that all g= rids were rapidly consumed. 

Infected G. pulex were fed to the fish as follows: - 

Eight tanks each containing 2 fish were used - 16 fish 

in all. In each tank 12 infected G. Dulex were fed to the 

fish which'were then fed everyday with uninfected gammarids 

until they were examined. One fish selected from those in tanks 

1 to 5 was examined each day for 10 days while one fish from those 

in tanks 6 to 8 was examined at 5 day intervals starting from 

15 days after infection. Faecal matter of fish was collected 

from all the tanks daily from the day fish were fed with 
I 

infected G. Pulex so as to know when tapeworm eggs first appeared 

in the fish faeces. 

3-3-3 Microscopy and measurements 

Whole mount preparations were made using Borax Carmine or 

Hematoxylin stains as stated above (page 28). 

The eggs and the early procercoids in Gammarus Pulex were examined 

unstained. Sizes of eggs and procercoids were measured under 

high power magnification with the light microscope. 
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3-3-4 Terminology 

The terms used in the present account conform with those 

used by Stunkard (1983). and Wardle and McLeod (1952). 

In Cyathocephalus truncatus, the linear sets of genital 

organs are not separated by partitions and therefore are not 

properly described as proglottides. For this reason it is 

thought appropriate in the present work to refer to each set 

of genital structures as genital areas* 

The term "larval' which is used to describe the early stage 

of development of some worms has been avoided in the present 

I study. This is because a larva by definition is very distinctly 

different from the sexually mature adults in form and require 

to metamorphose to become the adult. The helminth parasites 

found in Gagmarus pulexin the present study were in some 

of their stages (especially the infective stages) similar 

morphologically to the adult stage in fish. They are therefore 

being referred to as juvenile stages in the present account. 

As in previous reports, C. truncatus retrieved from 

Garunarus pulex has been referred to as procercoid in the present 

report. 
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3-4 Results 

3-4-1 Egg production 

Eggs egested with fish faeces occur in clusters embedded 

in a colourless mucus string within which they can be separated 

with the aid of needles and cultured in isolation from other 

faecal matter including undigested food items. 

Adult tapeworms placed in 0.9% saline produce their 

first eggs within about 3 hours. The eggs cluster together 

around the female genital opening to which they retain attachment 

by means of a mucus-like string. Later eggs tend to push earlier 

egg clusters further away from the female genital opening. 

Eggs continue to be released for at least 7 hours and as time 

progressesl the rate of egg production decreases ceasing after 

about 14h, Eggs number between 12 and 50 (mean 30) per kmale. 

genital opening all along the strobila, (Table 3-1)- 

There were no observed differences between the number and 

structure of eggs produced in the anterior genital areas and 

those produced in the posterior ones. The first group of eggs laid 

were light brown in colour and very similar to eggs released with 

fish faeces but later ones did not possess any colouration 

possibly because any tanning process has not proceeded very far. 

The total number of eggs laid per tapeworm depends on the 

total number of genital areas which range between 7 and 45 in 

Cýrathocephalus truncatus (Amino 1977)- 
h Porty-three was the higest number of genital areas seen in an 
1'ý 

individual tapeworm during the present study. 
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J, J; Numbers of eggs laid by individual C. truncatus Table - 
in 0.9j, 7fo -saline. 

Wom No. of Total No. Mean no. of 
Number genital of eggs eggs per vagino- 

areas laid uterine opening 

1 30 843 28 
2 12 372 31 
3 9 307 34 
4 15 06 32 
5 36 1193 33 
6 17 427 25 
7 21 632 30 
a 24 736 30 
9 27 813 30 

10 33 1159 35 
11 31 1003 32 
12 22 724 33 
13 18 583 32 
14 29 gas 34 
15 3-IB 

1178 31 
16 16 483 30 
17 25 775 31 
is 43 1216 28 
19 23 739 32 
20 36 1126 31 
21 28 870 31 
22 34 1023 30 
23 37 1373 37 
24 42 1346 32 
25 13 402 31 

Total 659 20797 751 

Mean 26 832 30 
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3-4.2 The E 

The egg capsule is ovoi4gasymmetrically operculated at one 

pole and bearing a protruslion at the other (Fig 3-1A le MAR- 

The operculum is hard to see in freshly laid eggs. The capsules 

vary between 0-044mm and 0-052mm with a mean of 0-049mm, in 

length and between 0-030mm and 0-040mm with a mean of 0-035mm in 

width (Table 3*2). 

The embryo of the freshly laid egg is not differentiated and 

does not possess any colouration but is surrounded by yolk 

cells which are large and slightly dark in colour. The 

embryo is usually borne at the centre of the egg masked by 

the yolk cells or may be situated slightly to one side of the 

egg capsule always near the pole with the protuberance. 

The egg capsule is surrounded by a thin and sticky film to 

which under natural conditions small faecal particles attach; 

additionally the film aids the adhesion of one egg to another 

causing eggs to appear in clusters as seen both in eggs 

produced by adult tapeworms in O. eo saline and those shed 

with fish faeces. The egg capsules appear rigid and do 

not alter in size whether cultured or not; apparently there 

is no size difference between a freshly laid egg and that with 

a hexacanth embryo (Table 3.2)o 
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3-4-3 Development of the embryo 

Embryos developed in eggs which were cultured at 

temperatures of 12ýC, 150C and 200C. Those cultured at OOC, 

60C and 250C did not develop; the contents of the capsule 

changed after 3 days of culture to a jelly-like mass -a 

state in which they remained throughout 40 days of observation 

as well as for a further period of 30 days when the temperature 

was later changed to one within the range 12 0C to 260C, 

The phases of development of eggs cultured at 20 0C is 

presented in Fig. 3-l-, There was considerable variation in 

the speed of development of individual embryos; therefore the 

period stated here for each phase of development to occur 

is that required for approximately 5C% of embryos to reach that 

phase* 

Phase 1 is that of a freshly laid egg described above. 

Phase 2- The yolk cells are no longer distinguishable 

individually after 3 days but appear to have fused together. 

The embryo possesses a distinct central dark region termed 

the endodermal region by Wardle and McLeod (1952); the inner 

region is surrounded by a clear outer region termed the ectodermal 

region. Cells that probably constitute these inner and outer 

regions could not be identified individually at any time. 

The embryo is distinguishable from the yolk material within 

the egg capsule. 

Phase 3- this is seen about the twelfth day (Fig 1,10 

the endode=, ql region of the embryo begins to increase in size. 

It is at this stage that the operculum becomes very clearly visible, 
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Phase 4- at about 15 davs of culturev the embryo is seen to 

have increased in size reducing the apparent volume of the yolk 

material within the egg capsule. (Fig 3-1D) The irmer region of 

the embryo becomes less dark in colour. 

Phase 5- After 19 to 20 days of culture the inner region 

of the embryo can barely be identified most of the space within 

the egg capsule becomes apparently occupied by the developing 

embryo which shows some weak movements. 

Phase 6- At 21 days, the embryo is still not distinctly 

marked out from remains of yolk but hooks can be seen in some 

eggs although partially masked by other material within the 

egg capsule. 

Phase 7- The hexacanth embryo is seen distinctly in some 

eggs at 22 days. The 6 hooks are very clearly marked out and 

additionally a pair of dark bodies is always present clear of 

the embryo and located at the edges of the capsule among the 

debris of yolk remains (Fig -3. lG and Plate 3*2) *The embry 0 at 

this stage is the fully developed oncosphere infective to 

gammarids. It measures in length between 0-030mm and 0-036mm 

(mean 0-033mm) and in width between 0.019mm and 0*027mm (mean 

0.023mm). (Table 3-2B)- 

An estimated 750 of the eggs appeared with hexacanth 

embryos 22 days after culture at 20C but the great majority 

were developed by the 24th day. 

Eggs cultured at 12 0C and 150C have similar phases of 

development as described for those at 20 0C except for the 
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extended times occurring between one phase and another* 

0 For eggs cultured at 12 C the durations were 4 days., 13 

days., 18 days., 22 days, 27 days and 30 days for phases 2,3Y 49 

5,6 and 7 to be seen respectively. A few hexacanth embryos 

were first seen in 30 days but an estimated 750 of eggs had 

hexacanth embryos at 35 days. 

At 150C, the durations for the different phases of 

development of embryos were 3 days, 12 daysy 18 days 20 days, 

23 days, and 25 days., for phases 2,3Y 4t 5f 6 and 7 to be seen 

respectively. The first few hexacanth embryos appear in 25 

days but in 28 days a great majority of the eggs had hexacanth 

embryos. 

The oncospheres did not hatch out of the egg capsules in 

water butremained intact and infective for a short period 

(5 to 12 days) after which they disintegrated within the egg 

capsules. Oncospheres of eggs shed with fish faeces usually 

remained infectivefor 12 days after maturity while those of 

eggs laid by adult tapeworms in O-5FI- saline usually remained 

infective for only about 5 days after reaching maturity. 

Disintegration of oncospheres is brought about by the activity 

of microorganisms observed in the egg capsule apparently having 

moved in through inlets at the operculum. slit. These inlets 

probably result from breakdown of the cement substance that 

keep the operculum, closed and intact. 

Eggs with infective oncospheres were made to hatch mechanically 

when put on a clean slide and slight pressure applied on a 

cover slip placed over the eggs. Vdth the operculum forced openg 
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Fig 3-1 Appearance of the eggs of C. truncatus 

maintained at 20 0 C. (Not to scale) 

A Phase 1 

B it 2 

C to 3 

D to 4 

E of 5 

F6 

G7 



1 day old 

Yolk cells clearly distinguishable. 
Operculum present but visible with 
difficulty. 

8 

3 clays old 

Yolk cells no lor)ger clearly 
distinguishable but appear to 
fuse together. Operculum not 
clearly visible. 

C 
12 days old 
Endodermal region of embryo become 
very distinct surrounded by a 
clearer ectoaermal region. Yolk 

region-, still dense and occupying greate: o 
part of egg space. Operculum 
clearly visible, *. 
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15 days old i 
The clear ectodermal region of 
embryo increasedin size and expands 
reducing the size of the yolk. Also 
the dense endodermal region 
increase in size. 

18 days ol 
Embryo expands in size and yolk 
only occupies small portions at both 
ends of the egg space. 
Endodermal region grows in size 
and become less dense in appearancee 

20 cL-: kvs old 
The endodermal region can no longer 
be identified as a separate structure, 
Most of space within capsule apparently 
occupied by developing embryo 
showing weak movements. 



G 
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22 days ol 

Fully developed embryo clearly 
separated from remains of yolk. 
Possesses 6 hooks which move 
weakly. A pair of dark bodies 
always present. 
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Table 3-2: Measurements of Cyathocephalus truncatus egg 
capsules and oncospheres. All measurements are 
in mm. 

A. DEPOSITED EGGS BY INDIVIDUAL WORMS PLACED IN 0,9ýo SALINE 

No. Capsule Capsule 
Length width 

1 0.047 0.034 
2 0-047 0.037 
3 0.049 0.033 
4 0-051 0.035 
5 0-050 0.030 
6 0.048 0.032 
7 0.050 0.035 
a 0.050 0.034 
9 0-052 0.036 

10 0-048 0-040 
11 0-051 0.032 
12 0.049 0-038 
13 0.046 0.037 
14 0.050 0.035 
15 0.051 0-037 
16 0.047 0.036 
17 0.047 0-036 
18 0.050 0.034 
19 0.044 0.033 
20 0.052 0.038 

Mean 0-049 0-035 

B. EGGS CONTADTING ONCOSPHMES AFTLM CULTURE AT 20 0C FOR 22 DAYS 

No. Capsule Capsule Oncosphere Oncosphere 
Length width Length Width 

1 0-045 0.036 0.031 0.026 
2 0-051 0-040 0-036 0.026 
3 0-045 0-034 0-030 0.022 
4 0-047 0.032 0.030 0.020 
5 0-050 0-035 0-031 0.025 
6 0-048 0-038 0-035 0.027 
7 0-049 0-031 0-035 0.025 
8 0-052 0-033 0-036 0.024 
9 0-050 0-033 0-035 0.024 

10 0-046 0-040 0.032 0.020 
11 0-044 0-038 0.030 0.020 
12 0-048 0-035 0-031 0.019 

Mean 0-048 0-035 0-033 0.023 
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c. SIzES OF OIICOSPBFarS OF C. TRUNCATUS mechanically hatched 
FROM EGG CAPSULES 

No. Diameter 

1 0.044 
2 0-040 
3 0-045 
4 0.043 
5 0-040 
6 0-042 
7 0-045 
8 0.040 
9 0.038 

10 0.037 
11 0.036 
12 0.042 
13 0.039 
14 0.041 
15 0.041 
16 0.040 
17 0.038 
la 0.043 

Mean 0-041 
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the true nature of the oncosphere was revealed (Plate 392C and 

3-3-. L)- It has no Erwimming appendages like cilia and even when 

carefully forced out of the egg capsulel the oncosphere apparently 

is incapable of separate existence in water outside the capsule, 

The shape of each hook is similar to that described for other 

cestode oncospheres and consists of a straightl rodlike 

structure (the handle) and a shorted curved blade like portion. 

At the junction of the rod and the blade there is a slight 

englargement (the guard). The onoosphere hatched out of the 

egg is spherical in shape with a mean diameter of 0-041mm 

(Table 3- 2-C) - 

3-4-4 Infection of Gammjjr! Ls jLulex and development of procercoid 

Amphipods examined 24h after feeding on infective eggs 

were found to contain only broken pieces of egg capsules in 

their intestine. Oncospheres freed from the egg capsules were 

not found in the intestine or in the body cavity; they were 

also not observed penetrating the intestinal wall. 

However a young developing prooercoid was first identified 

in G. Pulex 5 days after it was exposed to infective eggs of 

C. truncatus. The young prooercoid lies not entirely free within 

the body cavity but is enclosed within a transparent sheath 

attached either to the external wall of the alimentary canal 

or to one of the hepatopancreatic caeca The procercoids at this stage are pear- 

shaped (Plate 3-3B) and measure in length from 0-40Mm to 0-50= 

(mean Oo44mm) and in imaxl=im width at the anterior end from 

0.24mm to 0.38mm (mean 0.31m). 
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The developing scolex appear as a slight depression at the 

anterior-most end while the posterior portion (the narrow end 

of the "pear") bears the remains of hooks which in most cases 

are masked and can barely be seen. (Plate 3-3. B). 

In a series of ti-lal infection experiments (See Table 3-3) 

a maximum of 25% Gammarus Pulex were infected and the maximum 

number of larvae per amphipod was 5,, This young procercoid 

stage was found in G. Pulex, 5 to 10 days after their exposure 

to infective eggs. Young specimens of amphipods less than 2= 

long appeared to be the most easily infected. 

Table 3-4 is the record of infection in experimental 

Gammarus pulex fed with C. trLmcatus infective eggs and 

examined after 15 dayst 25 days, 35 days, 50 dayst 70 days 

and 84 days respectively. Measurements of the procercoids 

retried are given in Table 3-5- 

The procerooid in Gammarus,, oulex examined 15 days 

after infection is elongated and slightly dark in colour 

(Plate 3-30- The procercoids vaxy in length from 1-45mm 

to 1-52ma (mean 1.48mm); the width of the body vary from about 

0.29mm to about 0-40= (Table 3-5B). The developing scolex 

appear as an apical, depression at the anterior end of the worm, 

The dark coloured appearance and fragile nature of the procercoid 

made it difficult to identify its anatomical details. 

The procercoids retrieved from G, Pulex 25 days after 

infection measured in length from 2; 49= to 2-54mm (mean 2-51mm)- 
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The width of the body is about 0.38mm (Table 3-50- 

The body of the procercoid at this stage is being differentiated 

to form a strobila and formation of genital arfaS, is seen, to 

have commerced (Plate 3-4A)- The scolex retains its appearance 

as a depression in the anterior region of the worm and the 

cercomer is beginning to develop at the posterior end. 

The procercoid is still extremely fragile but gradually becoming 

less dark in colour. This stage is similar to the Stage I 

procercoid recovered from field-infected 
_G. Pulex as reported 

above (page 46). 

At 35 days of infectiong procercoids recovered from 

G. Pulex measure in length between 3-85mm and 3-92mm, (mean 3-88mm) 

as shown in Table 3-5Dq The width of the strobila is about 

0-50mm to 0.60mm, The procercoids show clearly the development 

of the genital areas which can be counted although the individual 

components are not yet distinguishable (Plate 3-4B). The 

posteriorly-placed cercomer is retained. Anteriorly the depression 

marking the scolex further deepens so that the acolex becomes 

almost tubular in shape. The worm at this stage is light in 

colour and to some extent details of its anatomy can be 

perceived including the osmoregulatory vessels in the strobila 

and the cercomer. 

The procercoid obtained from a 50 days infected gamma-rid 

was 5-48mm in length (Table 3-5E)- The positions of the 

developing sets of genitalia are well marked although the genital 
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organs themselves and their apertures remain difficult to 

identify individually (Plate 3-5)- Compared to other 

experimental trials (stated in Table 3-4) where up to 20% 

infection of G. pule was recorded, most of the gammarids in the 

4 trial experiments meant for examination at 50 days of 

infection died prematurely and only 8 specimens remained alive 

for the whole period. The cause of such deaths is not known. 

In the 70 days infected amphipods the procercoids recovered 

were similar in external morphology to that of the 50 day old 

procercoid described above except that they showed an increase 

in length which varied between 6-50mm and 6-55mm (6-52mm) 

(Plate 3-5B). They vary from about 0.60mm. to 0-70mm. in width 

of strobila. The genital apertures can be identified at this 

stage. The scolex with its tubular invagination is very 

clearly formed but it was observed that the edges were not of 

even thickness; the margins corresponding to the flat surfaces 

of the strobila are less thick than the lateral margins (Plate 3.6). 

Posteriorly the cercomer is also clearly formed. 

The proceicoids described in the 35 days -9 50 days - and 

70 days - infected amphipods were similar to those categorised 

as Stage II procercoids in Chapter 2 (page 46). 

The procercoids recovered from Go pulex examined 84 days 

after infection were similar to the Stage III procercoids 

described above (page 46 ). They varied in length between 

7-31mm. and 10.25mm and in most cases were longer than the 

amphipod host. In field-infected gammaridsp the procercoid can 
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grow to about 14mm long. It always bears a famel-shaped scolex 

and a cercomer (Plage 3-7)o The genital plate bearing the 

genital openings (cirrus aperture and the vagino-uterine apterture) 

are conspicuously seen all along the strobila. A maximum of 

15% Gammarus Pulex were infectedv all with single specimens 

(Table 3-4)- Single infections of amphipods with C. truncatus 

procercoid were also frequently seen in gammarids collected in 

the field (Chapter 2). 

The transparent sheath seen to envelop the young procercoid 

at 5 days of infection is also seen to envelop all other 

procercoid stages already described including the above Stage III 

procercoid. When dissected out of G. pulex the Stage III 

procercoid exhibits a vigorous movement accompanied by undulating 

contractions and relaxations of body wall muscles all along 

the strobila. During this time the transparent sheath 

becomes ruptured freeing the juvenile tapeworm (Plate 3-8). 

Some field-infected amphipods with Stage III procercoids 

deliberately maintained in the laboratory were observed to 

harbour the procercoids for over 6 months with apparently no 

change in their condition* Despite the period spent in the 

amphipods, on examination the procercoids were never seen to 

mature to the egg-laying condition* 
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Table 3-3: Infections of Gammarus pulex with C. truncatus 
7 days af ter exposure of the amphipods to infec tive 
eggs of t he worm. 20 Go pulex- were expos ed to eggs 
in each t rial. 

Size of No. of No. of No. (ý*) of No. of No. of 
Trials Go Pulex Go pulex woms wo=s 

Go Pulex surviving infected per infected 
TMZ- and examined amphipod 

5 1 20 - - 
2 20 5) 4 4 
3 is - - 
4 20 5) 2 2 
5 20 

2*1 to 4- 91 19 
2 20 3 15 ý 3 1; 1; 1 
3 17 3 15 5 1; 1; 3 
4 20 2 10ý 2 1; 1 
5 12 2 (10 7 2; 5 

ý4ý 
2 1 18 3 15 3 1; 1; 1 

2 19 5 25 
1 1 

7 1; 1; 2; 2; 1 

3 20 2 10 6 1; 5 
4 15 15 3 a 2; 2; 4 
5 20 - 
6 20 

qre-(,, ky 44,10ýn 0'. A; o 

Less to 
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Table 3-5: Measurements of Cyathocephalus truncatus procercoids from 
Gammarus Pulex. All measurements are in mm. 

A- 7 DAYS OLD PROCERCOIDS 

Ga=arus Serial 
length Noe 

6 Multiple 1 

5 

infection 

Double 
infection 

4 
3 
4 
2 multiple 

infection 

2 

2 
3 
4 
5' 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 

Mean 

Length of 
moms 

0-45 
0-45 
0.40 
0-41 
0-48 
0-46 
0-42 
0-45 
0.45 
0-40 
0-41 
0-50 
0-47 
0-46 
0-43 
0-44 

Max. anterior 
width 

0-38 
0-35 
0-31 
0-33 

0.28 
0.27 

0*26 
0-30 
0-33 

0*24 
0. '28 
0-36 
0-32 
0-30 

0.30 
0-31 

B. 15 DAYS OLD PBOCEROOIDS 

Gammarus Serial Length of Max. scolex 
length No. worms width 

2 1 1-48 0-30 
3 Multiple 2 1-47 0.28 

infection 3 1-47 0-31 
4 1-49 0.26 
5 1-46 0.28 

4 Triple 6 1 48- 0.26 
infection 7 1: 50 0-32 

8 1-47 0-30 

3 Multiple 9 1-45 0-30 
infection 10 1-51 0-31 

11 1-50 0-30 
12 1-50 0-30 
13 1-48 0-32 
14 1-52 0-31 

Mean 1-48 0-30 
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C. 25 DAYS OLD PROCERCOIDS 

Gammarus Serial 
length No* 

4 )Multiple 1 
I infection 

5 
2 

3 

4 

Double 
infection 

Triple 
infection 

Triple 
infection 

1 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 

12 
13 
14 

Mean 

D- 35 DAYS OLD PROCE-RCOIDS 

Gammarus Serial 
length No* 

5 ý Double 
infection 2 

3) Multiple 3 
infection 4 

5 
6 

Triple 7 
infection a 

9 
Mean 

E- 50 DAYS Old) PROCMOOIDS 

Gammarus Serial 
length NO. 

Length of Max. scolex 
worm width 

2-50 0-42 
2-52 0-40 
2-50 0-44 
2.50 0-40 
2.53 0.38 
2.50 0-40 
2.51 0-35 
2-54 0-37 

2.50 0-41 
2-51 0-41 
2-52 0.42 

2*50 0.40 
2-49 0-40 
2-50 0-43 

2-51 0-40 

Length of Max. scolex 
worm width 

3-90 0-43 
3-87 0-40 
3-84 0-42 
3-85 0.38 
3-90 0.39 
3-92 0-44 
3.88 0.42 
3-85 0-38 
3-90 0.40 
3-88 0-41 

Length of Max. scolex 
worm width 

1 5-48 0-5P 
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F- 70 DAYS OIJ) PROCEaCOIDS 

Gammarus Serial Length of Max. scolex 
length No* worm width 

3 Triple 1 6-52 0-52 
infection 2 6-50 0-53 

3 6-50 0-50 

6 Double 4 6-50 0-51 ýinfection 
5 6-53 0-53 

5 6 6-55 0-49 
5 7 6-51 0-50 

Mean 6-52 0-51 

G. 84 DAYS OLD PROCERCOIDS 

Gammarus Serial Length of Max. scolex 
length No, worm width 

6 1 10.25 o. 64 

4 2 9.18 0.60 
5 3 10.00 0.62 
5 4 7-31 o. 60 

Mean 9.19 0.62 
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3-4-5 Infection and development of C. truncatus and Salmo trutta 

Only 2 of the 10 Salmo trutta were infected in attempts 

made by pipetting tapeworm procercoids retrieved from G. -pulex 

into the alimentary canal of the anaesthetised fish. In all 

other cases, the worms were regurgitated by the fish on recovery 

and when not regurgitated the worms were usually found dead in 

the intestine of fish 12 h after introduction. Such specimens 

were probably digested or expelled with the faecal matter. 

Feeding infected Garmarus, -Pulex to fish proved more 

successful in establishing infection xvith mature tapeworms. Of 

the 96 specimens introauced 67 (69. Wa) became established and 

-were recovered at autopsy. (Table 3.6 ). The worms evidently 

preferred the dorsal and anterior ventral caeca as sites of 

attachment - 52.20/a incidence in the dorsal caecap 46. -r. 
in the 

anterior ventral caeca and l. V5 in the posterior ventral caeca. 

Observations made on the progressive development and attachment 

pattern of adult worms within the pyloric caeca of fish (shown 

in Table 3.6) are treated in detail below (see page 173). 

Tapeworms were found already lodged in the pyloric caeca. 

in fish examined 24 h after feeding with infected amphipods. 

These worms as well as those recovered from fish after 2 days 

of infection were found unattached in the pyloric caeca. Three 

days after infection the tapeworms were found to be attached to 

the mucosa at the distal end of the caeca but they could easily 

be dislodged on examination. Worms recovered from fish on the 

7th day had formed a firm attachment with the mucosa. The worms in 
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15 days infected fish were found to be very strongly attached 

to the muscularis of the caeca having eroded the mucosa. This 

is discussed in detail below (page 175)- 

Evidence of maturity was first noted in tapeworms 
I 

recovered 5 days after infection. The worms had gonads that 

appeared well developed but did not produce eggs in O-V* 

saline. It was the tapeworms recovered after 8 days of infection 

that first produced eggs in 0.9% saline. Eggs were first 

noted in fish faeces 10 days after infection (Table 3.6). 

The cercomer was observed often to be shed following maturity 

although it was still intact in some egg-laying adults. 

Adult tapeworms in fish vary in length usually between 5-0mm 

and 40mm and the number of genital areas vary accordingly. 
I 

In the 25 worms measured (Table 3-7 )the length varied between 

5-56mm and 32-31mm (mean 19-07mm). The width of scolex is 

maximum at the tip (recording a mean of 0-59mm) and minimum at the 

base (recording a mean of 0-38mm). The scolex is about 0.59mm 

long; also the width of the strobila is about 1.07mm. The 

mean number of genital areas was 24- 



-98- 0m0 -P 11 r-4 14 

00 43 al r-I 0m 02 
; 2; +3 94) 

9 

0km 42 $4 
Q P4 
14 02 

4-1 (1) 0) 0 14 02 
0U ý4 Cd 1 43 

0 +3 
3 

+2 e $4 0 43 
14 Cd a (D t-- 03 

aa 42 
+2 0 

$4 42 
Its (D 000 

03 (D 0 +3 44 +2 -H 

;g00 P4 (D 14 

'A 
C3 --ýA-Wý0, ýs (n 

Cd 
A 

-42 
>. 4-3 UN 43 -ri +2 r-I 

r-I 4-3 Cd C) 

+3 -r4 Cd cl 
0QMQ Id -P 

1 
(03 

(D (D Tj Cs >3. Cd 0) +2 03 (D MMw 
4-4 Cý (1) 0 qj cd 

(D 0 Cd a00 42 *9 
ý4 

4- 4-1 
N 4) +31 4.0 +3 +2 43 14 El 4. o 
(D $4 43 :j 43 a) kP 

0m CH -P 14 cc .0 +2 CO-1 P4 -P 
>0 ca 0 Cd $4 El 

M r-4 0) H C2 o 8 
Cd 'd co ra 0 cc ot cc ID 0 

a) 00 44 P +a 0 43 

R0 

0, ?0 
$1: 
4 :3140 S4 -1.4 040 Al 

Pd ýc P4 ct) ým 
8 P4 C/I ý:: 

I 

cn a :ý !ý 
10 Q 

44 ýL :ý9 is 
3- 
2im +3 

02 s4 
:i (D zj +a --% e-i CY t'n 

p4 00 G2 
. ri 

CM, 

C) 
0 

14 , r-" 0 0 

-p Irl 0) $4 
rl -H -k3 -2 0 al 

00 
> 

C) 
0 
g4 

0 
94 g4 CY CY 

Al -A a) -4.3 94 +3 12 
04 (1) 

11 

91 Cd Nu r-i > 
30 >3 

(D ; 24 

0 

o r-4 
Co 
ca #In r-i r-i ll ý 1: 1) eg p0 

0 A-, -d 08 
40 

0 

%l 
0Md m 

0 
a) ý4 VN rm 

(L) 
f4-4 > 4-4 
00 

C) 
00 

f" 

0 

r-i 

12 Mä 
C-4 Z 9-1 CY 

xt Lr% %I0 LI- CD cr% 0 
f-t 

IIIIIII 

I r-I ka I C\l rn ri 

r-I cli rn cli "t C\j en 

r-4 rn Ch N %-0 Ul% IRt 

9" 11, LC% 



-99- tm 
Q 

a] 
0 ý 

3 r-4 
03 

3 

- 
>31 
- u9 a] ca r f 

r-4 $4 (1) -r4 
03 
93 

Cd 
C ) 

42 Q 
(D . 

. r4 CS l 4 
N 

. r4 
2 

AV -4 - (D 
F-I a) , j, 
-4 ef 

+ 0 
-ri M 
'd 9 

0 
0 

w 
rd 4.2 

0o li 4 0) -J. 3 
ýc 0 0 Id ri 
mN 8 

(1) 0 
J3 

+3 0 
(D 
a0 

+30 
0 

0 
Lc% 

. 
LC% +3 

_ 
(111) 1 C-4 

ý4 (1) 
rn 

ol d 
(1) A 
-4 

a 
0 

ý l 

d 'd 0 
Cc 4 

+3 +2 
r 
C) r4 q j c 

+3 
Cd +3 19 0 

(D 
0 Cd 

4-3 -r4 
Cd BC 

t) . 
m +3 

+3 
0 

-po cis 
P 

43 +-v 0 
44 (D 

S: a) 
In 

+2 

Cýi 14 $4 0 0m 

m o cd 

r 
cc CD 

C-1 a) H (D (D 

0 -r4 0 
ý3-- ca al co P 4 E-4 

LC% 0 LC% 0 UN 

r-i CM CM cn en le 

I 

cli 

%D 

%ýo 

IM-, % 

cli rn en VA I 

k i - 

rrl CM cli UN ci 

rei UN 
ý-. o 

Lr% co (Y) rn 04 t- 
%lo 

t- Co 



-100- 

01 

0 
-r4 

. ri 

0 
43 

0 
113 Is 

13 
0 

4! 

H 
0.0 

�p u-% CD Co t-- 0 CD A ý, 0 g cr% 00N, 0 CO 0 t- t-- t'- cr% CO g00 LA CD 
rn r-i rri (-i r-i nt (n fei r-1 e zr rn (-i u-% en rn (" rrl rn -e -r en rn 

4-3 

4-3 

C) 54 aj 0 Ic: CD 
+3 

+3 

El 

Cd 

Ln 02 

0 

4.3 
I- 
0) 
El 

+3 
4-3 

;4 
t- 
rn 
0 

r-4 
.0 ca 
E-4 

0 

r-4 440 
0 Id 
() 

CY% cr% CD UN CD 0 CM 1,0 Q0 t- CO CD (XD C) 0 CY% 0 C) 0 t-i 04 ýlo CO q c% 
%. 0 \M \M \M "0 U-N U-N 1£1% 

112 uý uý uý uý Ili Ilý uý \ý \lý Ilý Llý Ilý Llý \ýý %ý Ilý ........ 0000000000000000000000000 0 

X4,0 
Go (X) CO CN CD CM 0 r-I CIN 0 LC'% 1.0 No co cm r-- L, - r-i Cm ý, o C) 000, C- 

r-I "o %. o ý, o LCN %, o Lc. % tc, % "D %-o Lr% %. o LC% U'% "o 1-0 U-N %, D io %'0 %'0 U-N UN U-% U-N U-% 
0 

(D C3 C; C3 
6 

C; C3 
66 

(3 Ic; (3 C; 

f4--l 
0 

M -ri 
r-1 CY% t-- 0 u-% cy ý, 0 cm r-1 t- tr-, -t cr% Co Co -, 0 cy C) e" -e 0 CK2 rn t-- -t 
0 r-i cli evi cli cq rn CNJ cu cli r-4 CM C\i cli M r-i nt r-i r-1 r-1 cli cli (" 

;g 
cli 

C. -I 0 
cm en q un cm t-- ý*, co r-i o c-- o rn un ý, o a) op r-4 :to cj c% co o rn 
Lfý N. 0 H0 rn C-- Ul% C\j 0 UN co cr% CV) C\l Ul% LI- rn U-\ U-\ co I'll 1.3 Cli LI- 

to 4AC; co fn 0 \0 tr\ cli rn LI- A U"\ CM cli M Ll- UN UIN 0 Lý- Lr% C\ 
ZHN C\j CA r-I N CM r-4 Cli r-I r-I N oj r-4 r-I rn N CM cli N r-I 
a) 0 

ý4 x 

9 

r-I C14 rn 'ot LM %D tl- CO CT% 0H Of ff) 'cr UN %0 r- CO CP% 00 C'J rn 'Ir UN 
r-I r-4 r-I r-4 r-i r-4 r-I r-4 r-4 H C\j C-4 C14 C14 N 



-101- 

3-5 Discussion 

The present observation on development and the occurrence 

of a hexacanth embryo in Cyathoce-phalus t runcatus eggs agrees 

with the report of Gauthier (1923). The description of the 

hexcanth embryo is also similar to that of Gauthier (1923). 

Both reports above however contradict that of Wisniewski (1932b, c) 

who described an embryo that lacked larval hooks. Since 

Wisniewski did not state the temperature conditions under which 

he cultured the eggs and did not succeed in infecting amphipods 

with the mature embryo he described, it is difficult to say 

whether the embryo actually developed. 

On the development of the pmbrýoq the present study indicates 

that low temperatures of 60C and below as well as high temperatures 

of 25 0C and above are unsuitable for culture of the tapeworms eggs* 

It is important to emphasize that temperature and shallow well- 

aerated water are vital conditions for C. truncatus egg development; 

in the laboratory eggs develop optimally at between 15 0C and 20 0C 

in water about lcm deep and which is replaced every other day. 

In the fieldv infections of amphipods axe likely to be more fre- 

quent in the summer months when the higher temperature causes 

accelerated egg development so that infective stage III procercoids 

are common during the winter months. This would explain the 

apparent seasonal cycle of the procercoids in amphipods described 

in Chapter 2 (page 43)- 

Although eggs containing infective embryos did not hatch 

in the laboratory at any time it is not known 'whether they do so 

under natural conditions in the field. Observations show that 
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oncosPheres lack cilia and the writer believes it is 

unlikely that they are normally liberated into water where 

they probably cannot survive. Moreoverp since Gammnrus Pulex 

were only infected in the laboratory by feeding on eggs containing 

hexcanth embryos it is possible that this is the only way that 

amphipods can become infected. 

The observation that younger specimens of Gammarus Pulex 

appear more frequently infected than older ones under laboratory 

conditions shows that the former are pTobably more susce-pkiMe- 

to infection and agreeswith observations on natural infections by 

Wisniewski (1932avb) -Subsequently it would appear that the chances of 

amphipods becoming infected is probably reduced by the masticatory 

effects of the amphipod mandibles that could crush the infective 

embryoswhen amphipods pick up the eggs while feeding. This 

was also suggested by Sandeman and Burt (1972) for infection 

of amphipods with the cestode Bothrimonus sturionis. 

Gammarus Pulex may also have difficulty in tolerating multiple 

infections - whereas in the early procercoid stages up to 5 or 

6 worms were recovered from a single gammarid (page 91) 

the number of procercoidsper gammarid decreased to 1 as the 

worms grow to the Stage III procercoid (pages qljq2) * 

It seems probable that amphipods carrying multiple infections 

the before the procercoids growto the infective stage. All 

the factors mentioned above are likely to be responsible for 

the low infection generally seen in GO Pulex Contrary to the 

reports of Sandeman. and Burt (1972) and Amin (1978) no egg-laying 
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procercoid was ever recovered from. Gammarus -pulex in the present 

studies. Since the infective stage III procercoids recovered from 

G. pulex have conspicuous gonads and genital apertures it might 

be possible that these gonads mature and the procercoids become 

egg-laying within the amphipod. 

In fish, the tapeworms emerge when the body of the amphipod 

hosts (preyed upon by the fish) start to disintegrate on being 

digested in the pyloric stomach and region of pyloric caeca rather 

than in the small intestine; hence the process of migrating to 

their site of final attachment is evidently rapid - individual 

worms are already found in the pyloric caeca 24h after being 

fed with infected gammarids. Establishment of the tapewo= in 

fish is also fast - becoming firmly attached by the 7th day of 

infection and initiating the processes of irritation, swellingg 

vascularisation, and eroding of host tissues. 

Observations that eggs were produced in fish faeces on 

the 10th day after infection agree with the report of Vik (1958) 

although from the present study the worms were actually found 

to mature and become egg-laying in O*5F, '- saline 8 days after 

infection. Thus the experimental infection demonstrated that 

tapeworm maturity is accelerated when procercoids enter the fish 

whereas similar procercoids in the body cavity of the amphipod 

host could remain for over 6 months in the laboratory without 

becoming mature. Maturity of C. truncatus in fish is accompanied 

by shedding of the cercomer and although it is sometimes retained 

by some egg-laying worms, its possession by the worm does not seem 

to play any functional part in the developmentof the tapeworm. 

I 
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Because of the small number of infected amphipods 

available for experiments it was not 2ossible to determine the 

actual longevity of tapeworm in both amphipod and fish hostso 

In experimental infections, fish examined after 40 days 

still harboured tapeworms firmly established. Vik (1958) 

reported that tapeworms could remain for over 43 days and 

possibly up to 55 days in fish gut before being eliminatedo 

In the present studyq infected fish could not be left 

for a longer period than the one stated above because of their 

poor condition in the aquariumo 
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Plate 3-1 A* Freshly laid eggs of C. truncatus 
embedded in mucus anS-eliminated from the 
fish host in faeces. Scale - 0.30 mm 

B. Single freshly laid egg. Scale - 3()Pm- 
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Plate 3*2 A. and B. Hexacanth embryos of C* truncatus 
withinegg capsules 9 Scale = 30 Am 

C. Eggs with hexacanth embryos hatched 
mechanically under the pressure of 
a cover slip. Scale = 20 pm. 
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Plate 3-3 A. The released oncosphere of one of the 
mechanically hatched eggs of C. trancatus. Scale = 30 i'm 

B- 7 days ola procercoid of C. truncatus in 
body cavity of Gammarus 1:; ýI E-. ---CU-nstainedý Scale - O. lQnm 

......... . scolex 
Sh aheath 

C- 15 daYs old procercoid of C. truncatus. 
(Unstained) Scale = 0-40mm 
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Plate 3-4 A. 25 days old procercoid of C. truncatus 
Borax carmine . Scaýle = &767mrn 

B- 35 days old procercoid of C. truncatus 
Borax carmine . Scale = d--7d=-n 
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Plate 3-5 A- 50 days old procercoid of C. truncatus 
Borax carmine Scale = 

B. 70 days old procercoid of C. truncatus 
Borax carmine Scale - loOmTa 
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Plate 3.6 A. scolex of the Stage II procercoid of 
C. truncatus showing thickness of its lateral 
wAlls. Ifematoxylin. Scale - 0.30mm 

B. Diagrammatic representation transverse section 
of scolex of C. truncatus procercoids showing 
the relative Thickness of the surficial and 
lateral walls. Scale - 0-30mm 

((iý 
Scolex of Stage I procercoid 

ii Scolex of Stage II procercoid 

L Lateral walls 
S Surficial walls. 
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Plate 3-7 Stage III procercoid of C. truncatus 
Hematoiqrlin * Scale . 1.0mm 

c .......... cercomer 
U .......... Uteri 
3 .......... Scolex 
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Plate 3.8 Procercoid of C. truncatus freshly removed from 
the gammarid, b t. The sheath arrowed is being 
shed. Scale = l. Cmm 

A*......... Anterior and scolex end 
B .......... Trunk (mid body) 
c ......... * Posterior end 
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Plate 3-9 Adult Ce truncatus removed from pyloric caecum 
of S. truttae Borax carmine * Scale - 1.0mm 

G ......... 9 Genital area 
S .......... Scolex showing slight damage 

caused during removal from host- 
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CHAPTER 4 

STUDIES ON THE: PROCEROOID OF CYATHOCEPHALUS 

TRUNCATUS IN GAIEURUS PULEX 
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4-1 Introduction 

Considerable work has been done on the structure and 

ultrastructure of metacestodes particularly of the cyclophyllidean 

cestodes, for example Hymenolepis sppo There have been no such 

reports on the procercoid of Cyathocephalus truncatus or of, other 

related tapeworms in the order Spathebothridea. 

Metacestodes of members of the order Pseudophyllidea which 

possibly bear a close affinity to the spathebothrids have been 

studied and reports published by several authors especially on 

species of Diphyllobothriume Among others are the reports of 

Braten (1968 a9b) in which he compared the procercoid, plerocercoid 

and adult of. Diphyllobothrium latum and that of Gustafsson and 

Vaihela (1981) on the structure of the scolex and scolex glands 

in the plerocercoid and adult of, Diphyllobothrium dendriticum. 

In the present investigationp with the aid of light and 

electron microscopyl the structure and ultrastructure of the 

procercoid of C. truncatus have been studied with particular 

attention to the body wall and the scolex of the Stage III 

procercoid. Histochemical studies have been conducted on 

the procercoid and the scolex again studied in detail in an 

attempt to understand features that make it an efficient 

attachment organ when the procercoid reaches the adult stage 

in fish. The possible pathogenic effects of the procercoid on 

Gammarus pule have also been considered. 
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4*2 Literature review 

The structure of the metacestode presents a wide range 

of features - showing those inherited from the oncosphere and 

in particular the features that are developed by the metacestode 

which are utilizable in the adult stage. Features like scolex 

glands that develop in the procercoid enable it to penetrate 

host tisses and gain access to the body cavity or muscle for 

encystment. These glands are usually referred to as penetration 

glands and are known to contain proteinaceous substances and 

possibly enzymes in their secretions. 

Gustafsson and Vaihela (1981) described two types of 

frontal glands in plerocercoids of Diphyllobothrium dendriticum 

Type I glands,, they stated, disappeared while Type II remained 

as the plerocercoid developed to the adult worm. Although 

the precise chemical composition of the glands is not fully known 

the authors believed that they play an adhesive role -enabling 

the tapeworm to attach to host tissue. However Kwa (1972 ) 

did not find any glands in the scolex of the plerocercoid of 

Spirometra erinacei (Cestoda: Pseudophyllidea) but after 

ultrastructural observation described the presence of organelles 

which bear granules. He suggested that the granules might 

represent proteins transported to the outside and which 

probably aid in attachment to host tissue. 

The body wall structure of metacestodes has been studied 

and is very well known. Ubelaker (1983) in his reviewp stated 

that all metacestodes have their external surfaces covered by 

a tegument inherited from the oncosphere. The tegument 



consists of a distal, cytoplasm connected to underlying cytons 

by thin cytoplasmic processes - the i4ternuncial processes. 

The distal cytoplasm is distinguished by a brush-border of 

microtriches which are retained as the tapeworm develops 

to the adult stage. Charles (1970) identified microtriches in 

procercoids of Schistocephalus solidus and Ligula intestinalis 

as early as 2 to 4 days after penetration of oncospheres into 

the copepod haemocoel. BrAten (1968 a1b) compared the 

taguments of procercoidv plerocercoid and adult of Diphyllobothrium. 

latum and revealed changes in the adult tapeworm including 

an increase in size and number of mitochondria, an increase in 

the length and number of microtriches and the disappearance 

of I'lamellated bodies" present in the procercoid and plerocercoid. 

Like adult cestodes, metacestodes depend on the host for 

nutritional requirements which are obtained via their body 

surfaces. Polysaccharides, fats a-ad hydroly-tic enzymes like 

alkaline phosphatasep acid phosphatase and non-specific esterase 

have been demonstrated by histochemical studies an some metacestodess 

These enzymes wherever they occur also indicate intense metabolic 

activities. Takahasi (1959 ) reported on heavy glycogen deposits 

and positive reaction to -tests for alkaline and acid phosphatases 

in the "cuticle" and"subauticlar cells" of Diphyllobothrium mansoni. 

A similar report was repsented on the plerocercoid of Ligula intestinalis 

by Arme (1966). 

Vik (1954) 9 Awachie (1966a) and Amin (1978) have noted that 

the procercoid of C. truncatus can grow to a large size within 

the body cavity of the amphipod. Awachie (1966) emphasized 
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on the "rather large" procercoid in the haemocoel of Gammarus 

Pulex but could not do any work on effects of infection on 

the gammarid because of the low rate of incidence of the 

tapeworm. He however quoted Beckman (1954) who reported that 

the larva of Cyathocephalus truncatus seemed to induce sterility 

in female amphipods which he stated lacked gonads. Apart from 

this report, there has been no other published reports on the 

possible pathogenic effects of the procercoid of C. truncatus 

on Gammarus, -pulex. 

Among tapeworms of other families belonging to the order 

Spathebothrideap Scott and Bullock (1974) reported that females 

of the amphipods Psammon: yx nobilis infected with the tapeworm 

Bothrimonus sturionis similarly lacked gonads whereas infected 

males appeared normal. Sandeman and Burt (1972) found that 

gammarids infected with. Bothrimonus sturionis lost normal pigmen- 

tation to the extent that the outline of the larva could be 

distinguished through the body wall. Because of the size of 

the larva the authors believed that the parasite burden could 

weigh more than the crustacean host. Also, observations of 

Stack (1965) revealed that Gammarus zaddachi infected with 

Diplocotyle sp. became sluggish tending to rise in the water and 

sticking to the water surfacep apparently tooweak to free themselves 

from the effects of surface tension. The above reports 

obviously demonstrate that spathebothrid larvae may be markedly 

pathogenic to the crustacean host. Further contributions on this 

topic are however required to enable a clear understanding of such 

host-parasite relationships. 
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4-3 Materials and methods 

Infected Gamaarus pulex were sorted out from field- 

collected amphipods and used in the dudies. Only the 

Stage III procercoids were studied extensively since they were more 

readily available. 

4-3.1 Light microsco-py 

SectiorLs were at times obtained of both the amphipods 

and the procercoids intact in the body cavity. In other 

cases the procercoid was teased out of the amphipod and sectioned 

separately. 

(a) Histology: Standard histological methods were used. 

Specimens were fixed in Bouin's fluidq washed and dehydrated 

in graded alcoholds (70%, 
s 9Cýa and 100/6) and then cleared 

in xylene before being embedded in paraffin wax (mop. 600C). 

Sections 10, um thick were made and stained using hematoxylin/ 

eosin and Masson's stains. 

(b) Histochemical studies: Fresh living specimens of C. 

truncatus Stage III procercoids dissected out of G. Pulex 

were washed briefly in Os9ýo saline and fixed immediately in 

10,06' buffered formalin at 40C for 12h, washed and dehydrated 

rapidly in series of acetone of concentrations 70%# 90% and 

100%, Specimens were then embedded in paraffin wax (m. pe 41 0 C). 

10j=-thick sections were obtained, stained, washed in water 

and mounted directly in glycerol jelly. 
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(i) Periodic acid Scbiff Is (PAS) stain was used for 

demonstration of glycogen materials as stated -by Irumason (1962) 

and Pearse 

(ii) Lipid was demonstrated by staining with oil-red-10, 

(Humason, 1962). 

(iii) Alcian blue stain was used for acid mucopoly- 

saccharide demonstration. 

(c) Enzyme histochemistry: Sections were obtained as stated 

above for histochemical studies but different incubating media 

were used for demonstration of the enzymes thus: 

(i) Alkaline phsophatse activity was demonstrated 

using the Naphthol - AS - BI phosphate method. (Appendix 2) 

The incubating medium containing the substrate (Naphthol AS - 

BI phosphate) and Red violet LB salt was maintained at PH 8-3- 

Sections were rapidly dewaxed in xylol and also hydrated rapidly 

in graded acetone in the order 10Cýoy 90ýv Mo and 5009 then 

washed in water before incubating at 37 0C for 3h, Sections 

were then washed in water and mounted in glycerol jelly. 

(ii) Acid phosphatase activity was demonstrated using the 

same method above for alkaline phosphatase but with the PH of the 

v incubating medium montained at 5*2 (see Pearse 19721 Hassall and 

Jenningsp 1975)- Components of the incubating medium is given 

as for alkaline phosphatase in Appendix 2* 



-12]. - 

(iii) Non-specific esterases was demonstrated by the 

Indigogenic method of Holt (1958) using an incubating 

medium containing 0- acetyl- 5- bromoindoxyl as substrate 

(Appendix 3)- The esterase was characterised, into A-, B- and 

C- types as stated by Pearse (1972) and Hassall and Jennings (1975)- 

(iv) The distribution of lipase enzyme was investigated 

using an incubating medium containing Tween 60 (method of 

Gomori (1952) as given in Appendix 4)- 

Controls: Three control methods were used to ensure that 

the results obtained were accurate as reported. 

lo Heat control Control sections were subjected to a 

temperature of 90 0C before incubation. At such a temperature 

enzymes become denatured and on incubation gives no 

reaction thus enabling the elimination of any reaction that 

might be positive but is not enzymic. 

2* Substrate elimination Control sections were 

incubated in a medium in which the substrate has been eliminated 

and substituted with 0.9116 saline. This is also to avoid a 

false positive reaction that might be due to components of 

the incubating medium other than the substrate. 

3* Tissues of the parasite host already known to be 

Positive to the enzymes tested for also serve as controls. 
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4-3.2 Electron microscopy 

A single specimen each of the stages Iv II and III procerooids 

was studied by transmission electron microscoPY. 

The procercoids were teased out of the amphipods and 

fixed immediately for 2h at 18 0C in 3% glutaraldehyde 

buffered to PH 7.2 with Millonigs buffer. Specimens were then 

cut into pieces of about Imm thick, rinsed in buffer and dehydrated 

i. n graded acetone (Mot 9C% and 10C%); tissues were bathed in epoxyl 

propane before being embedded in aralditeo (Appendix 5). 

Semithin sections (0.5pm thick) were first cut stained 

with Toluidine blue and examined under the light microscope in 

order to find and identify the areas to be sectioned for ultra- 

structural studies. Then thin sections (60nm to 90nm thick silver 

and gold sections) were obtainedp picked up on coated grids and 

double stained with %* Uranyl acetate and lWo Reynold's lead 

citrate. Sections were then examined in an AM EM 6B transmission 

electron microscope, 

4-3-3 Observations on pathogenic effects 

As well as conducting light microscope studies on histological 

sections of host tissues for possible damage of the tissuesp visual 

observations were also made on the behaviour of the few Gammarus, 

pulex harbouring large procercoids of Cyathocephalus trun2atuse 

The infected gammarids were sorted out from the field-collected 

stock and observed together with a few non-infected ones. 
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Wdights of infected G. pulex and of the procercoid were 

determined by teasing apart the infected amphipod releasing the 

tapeworm in a pre-weighed oluminium. foil boat which was then put 

in a drying oven at 60 00 overnight. By weighing separately the 

dried amphipod and the tapeworm with the a. Luminium foil boatp 

the dry weights of the G. Pulex and of the tapeworm were 

determined. Similarly dry weights of non-infected G. Pulex 

of the same length as the infected ones were determined for 

comparison. 

4-4 Results and Observations 

4-4-1 Structural studies 

(a) Histological studies of C. truncatus procercoid 
_and 

G. M. 11ex host 

The anatomy of Gammarus -Pulex has been well described by 

Cussans (1904), Lincoln (1979) andMcLaughlin (1980). As shown 

diagramatically in Fig- 4-1 the alimentary system of G. pulex 

consists of a straight canal which branches ant ero-vent rally 

to form two pairs of backwardly directed and long diverticuls, 

(hepatic caeca or hepatiopancreas). The members of one pair lie 

on either side of the intestine while those of the second pair 

are located ventral to the intestine as shomn in a transverse 

section (Plate 4-2A). The intestinal canal also branches anterio- 

dorsally to form a single short anterior diverticulum. Posteriorly 

the intestinal canal again branches dorsally to form a pair of 

diverticuls, (posterior diverticula) that are long and forwardly 

directed* (Fig- 4-1) 
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Fig- 4.1 Anatomical representation of Gammarus pulex 
viewed from the left side* (Mascalature removed to show major organ systems) 
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The intestinal canal occupies a rather central position 

of the amphipod surrounded by its diverticula, connective 

tissues and fat bodies which occupy the greater part of the 

body cavity. The fat bodies although appearing free are 

actually held by fine fibres to the intestinal wall and the 

inner surface of the exoskeletal plates of the body wall. 

The single heart and pair of gonads are located dorsally to the 

intestinal canal. 

(i) Site of occurrence of the procercoid in G. pulex 3 

Procercoids of Cyathocephalus truncatus were always found lying 

passively either among thetwo pairscfhepatic caeca ventral to 

the intestine or by the side of the intestine but were never seen 

to be located dorsal to it; the latter is the position 

occupied by the gammarid heart and gonads. Because of its large 

size the Stage III procercoid is usually folded over once 

or twice (Plate 4-1) within the ventral space thus displacing 

and pushing the hepatic caeca and intestine upwards to a. doral 

position (Plate 4.2oB). 

Although displacedv the intestinal wall and hepatgopancreas 

of infected Gammarus, 'Pulex were similar in histological structure 

to those of non-infected garnm rids. Similar observations were 

also made in amphipods infected with the juvenile stages of other 

helminths such as Echinorh. )mchusltruttaeo However infected 

amphipods usually have fewer fat bodies than non-infected 

individuals. In some casest the fat bodies appear to be absent 

within the body cavity except for a few still stuck to the inner 

surface of the exoskeleton. 
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The apparent absence of structural dazwge to organs like 

the intestine and hepatýopancreas in the body cavity of the 

amphipod caused by the procercoid is probably because the 

latter is entirely enclosed in a sheath seen in a transverse 

section as a thin superficial coat. 

(ii) Structure of the procercoids The external morphology 

of the Stage III procercoid has been described above (page 46). 

In its internal structure the procercoid is similar to the adult 

tapeworm except that some organs of the procercoid such as 

uterip sperm cells and vitellaria of the reproductive systems 
ý% mcbst C. A. SX. S. 

are not fully developed; they are , A: 
not clearly distinguishable. 

In the scolex and strobilaq the tegument, the medullary 

located band of longitudinal muscles, cortical transverse 

muscle fibres and subtegument longitudinal and circular muscles 

are clearly marked out. The testes are laterally borne in the 

medulla while the ovary is located at a central position in the 

modulla. Pairs of genital openings (cirrus apertures and 

-f 101t 
vagino-uterine apertures) alternate irregularly on eitheroide of 

the worm along the strobila. The cirrus and vagino-uterine 

apertures connect with the cirrus organ and vagino-uterine duct 

respectively which are both located in a subteg=ental 

position. 

The structures of these organs have been described in the 

adult Cyathocephalus truncatus-by Cooper (1918), Wardle (1932) 

Wardle and McLeod (1952) and Vik (1954)- 
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(b) Histochemical studies 

The results of reactions shovm by the procercoid of C. 

truncatus and organs of the body cavity of Gammarus pulex 

to certain histochemical procedure are presented in Tables 

4-1 and 4.2o 

(i) The procercoid: In the sheathp a strongly positive 

reaction was obtained f or glycogen and acid mucopolysaccharide but 

only a weakly positive reaction for lipid (Plate 4-4). Strongly 

positive reactions were also demonstrated for glycogen, 

acid mucopolysaccharide and lipid in the tegument bitin the 

reproductive system, apart from the ovary, reactions were weakly 

positive. Similar positive reactions were obtained in the 

scolex, musculature and excretory ducts. 

(ii) Gammarus pulex: Strongly positive reactions were 

demonstrated in the lumen and mucosa of the intestine and 

hepatýopancreas for glycogeng acid mucopolysaccharide and lipid. 

The gonads and fat bodies also gave positive reactions. 

(c) Enzyme histochemistry 

(i) The procercoidt The sheath gave a negative 

reaction to tests for alkaline and acid phosphatasesp a weakly 

positive reaction for non-specific esterase and a weakly positive 

reaction for lipase. (Table 4.1 and Plate5 4.5p 4.6). Positive 

reaction for theý enzymes occurred in the distal cytoplasm. 

Tegumentary cytonsp the musculature and parenchyma of the 

strobila showed only weakly positive or negative reactions to 
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tests for enzyme activity as shown in Table 4.1. In t he 

scolexq thoughq there were extensive and strongly positive 

reactions particularly for phosphatases in the tegumentary cytonse 

(Plate 4-5) 

(ii) Gammarus -pulext Acid and alkaline phosphatase 

reactions were found in the distal portion cr the mucosa of the 

intestine ard hepatýopancreasj and in the gonads, Non-specific 

esterase activity was particulary prominent in the hepatýopancreas 

and gonads (Plate 4.7)- All these enzymic activities were 

either positive or weakly positive in the fat bodies. 

(iii) Characterisation of the esterases: 

A-p B- and C- type esterases are recognised by histochemists 

and according to Pearse (1972) these are convenient terms of 

reference for esterase enzyme systems that may include a 

variety of similar but not necessarily identical enzymes. 

Basically, A- type esterases are similar in reaction to 

protease - like enzymes, B-type esterases are similar to 

the cholinesterases type while C-type esterases resemble lipases, 

In the present study, the effects of inhibitors and activators 

on the non-specific esterase in the procercoid of C. truncatus 

as well as in the Gamnarus, Pulex host are given in Table 4-3- 

The esterase activity was not diminished by preincubation of 

sections in 10-5M diethyl P- nitrophenyl phosphate (ie E-600) 

indicating the probable absence of cholinesterase and in general 
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B-type esterases in both the procercoid and G. pulex 

tissues; this was confirmed by the total inhibition observed 

with 10-2M silver nitrate. 

However sections of the procercoid and of tissues of 

Gammarus pulex were activated by 10-3M Cysteine which is 

characteristic of A- esterases and by 10-4-M sodium p-chloromecuri- 

benzoate and 10_3M lead nitrate which is characteristic of 

C-esterases. Thus it is concluded that the non-specific esterase 

reactions obtained at the sites named are produced by a 

mixture of A- and C-type esterases. 

I 
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4-4.2. Ultrastructural *studies 

The structural plan of the procercoid of C. truncatus 

1ý is similar to that previously described for metacestodes of 

other tapewom species by several authors and included in 

the review of Ubelaker (1983). Each individual consAs of a K 

central core or medulla of parenchyma surrounded by a thin 

layer of distal cytoplasm the outer free surface of which is 

thrown into digitiform projections (the microtriches). 

Beneath the distal cytoplasm is the basal lamina underlain 

by layers of circular and longitudinal muscles. Cytoplasmic 

processes (intemuncial processes) penetrate the basal lamina and 

pass between bundles of muscles at intervals connecting the distal, 

cytoplasm with cell bodies of the basal epidermis (tegamentary 

cytons) located beneath'the muscle layers in, the region of the 

outer medullary parenchyma. The distal, cytoplasm bears 

granules which appear to originate within the tegumentary 

cytons and are transported outwards via the internuncial 

processes. 

Other structures such as those comprising excretory, nervous 

and reproductive systems are located in the medulla. These 
0 j- 

structures are however not highly elaborate in Frocer, cý%& \ and 

are not described in the present account. The present account 

deal mostly with the body wall structures of the procercoids and 

their variations in the Stages Iq II and III fo=s, 

Each of the procercoid stages possesses a sheath which 

entirely envelops the whole body as previously described (page 89). 

The sheath which is present continuously throughout the life of 

the procercold is apparent3, v produced by host reaction* 
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A description of the sheath as it appears in each procercoid 

stage is given below. 

(a) Stage I procercoid 

The Stage I procercoid of C. truncatus studied ultrastructurally 

measured 2.5mm long , and 0-5mm in mayinnun width. A transverse 

section of the procercoid is represented diagrammatically 

in Fig- 4.2 and transmission electron micrographs of portions 

of it are shown in Plate 4-8- 

The sheath is about 6.5pm thick. The material constituting 

the sheath is difficult to describe ultrastructurally but appears 

to be tiny deposits of substance bonded together (Plate 4-8)- 

Reactions of the sheath to certain histochemical tests are 

described on page 127- 

The sheath does not only occur as an outer body covering but 

also its materials extend into the speaces between individual 

microthrix. The sheath thus appears to embed the microtriches. 

The microtriches are few and small in size (Plage 4-8B) 

Each microthrix measures about 0.6= long and consists of 

a stout basal part measuring 0.2ý= long and an electron-dense 

apical cap which is about 0-4= long. At the base plate, 

the microthrix is about 0.2gm thick. 

The distal cytoplasm possesses an undulating outer 

surface (Fig- 4.2) and consequently it shows some variations in 

thickness (0.5pm to Z=. ) The granules within the distal cytoplasm 

are ovoid-shaped and rod-shaped. 
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Fig: 4.2 Diagrq= tic representation of the transverse 
section of the Stage I procercoid of C. truncatus,, 
Ultrastructure of the sheath and body wall are shown 
in Plate 4-8- 
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Bundles of circular and longitudinal muscles located 

in the outer medullary parenchyma are hot compacted together 

but have wide spaces of connective tissues between them. 

Each bundle of muscle fibres bear granules of glycogen and 

mitochondria, 

Tegumentary cytons of the outer medullary parenchyma as 

well as cells of the inner medullary parenchyma are irregularly 

shaped and few in number. Most of the medulla is filled with 

the parenchyma which bears deposits of glycogen granules, 

tiny fibresg mitochondria and fat droplets. 

Stage II procercoid 

The Stage II procercoid of C.. truncatus studied ultrastructurally 

measured 4mm in length* 

(i) The scole :- Because of the tubular-shaped structurep 

the scolex possesses an outer surface and an inner surface 

(ie. in the scolex cavity). The scolex ma gin possesses the distal. 

cytoplasm on both inner and outer surfaces with an inner 

medullary region between both surfaces as shown in Fig- 4-3- 

In the Stage II procercoid of C. truncatus, both surfaces 

were not found to differ in structure and only the inner scolex 

surface is presented in Plate 4.9B. 

The sheath at the scolex measures about 4pm. in depth 

and appears in two bands - an upper denser band (about 0.6Pm thick) 

lying beyond the zone of microtriches and less dense zone in 

the region of the microtriches (Plate 4-9B). The latter zone 



-137- 

bear vesicles whose origin is not clear but which appear to 

be released from the distal cytoplasm. 

Microtriches are few and scattered and only one type is seen 

compared to two types found on the distal, qytoplasm of the 

strobils, as described below. The microtriches measure about 2.6. Um 

in length. 

The distal, cytoplasm of the tegument is undulating in 

nature and varies in thickness between 0-5)m and 2pm. The bundles 

of muscle fibres occupy most of the outer medullary region. 

The only other structures occupying this region are the inteniuncial 

processes and connective tissue. The tegumentary cytons that 

connect to the distal cytoplasm of the outer scolex surface and 

the inner scolex surface occur all over the medulla. The cytons 

have relatively small nuclei but large cytoplasmic space in which 

are borne numerous cytoplasmic inclusions. Prominent among these 

inclusions are granules and mitochondria. 

(ii) The strobila: The sheath on the strobila is similar 

in structure to that on the scolex described above and measures 

about 6Am in depth. 

The most distiNpishing feature in the structure of the 

strobila body wall is the presence of two types of microtriches 

(Plate 4-9A). They are mixed together in occurrence and are of 

the same structural plan except that one type is longer than 

the other. 
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1. Type D These are elongate and broad. Each measures about 

5jum in length. The broad electron-dense apical cap is about 

0-5, um long and 0-3Azm wide at the base plate. The basal stalk 

connecting with the distal cytoplasm is about 4-5= in length 

and MAIM across. 

2o e II: The shorter microtriches. Each of these is 

about half the length of type I and measure about 34m long. 

Each microthrix also terminates in an electron-dense apical. 

cap which measures about 0.3gm in length and about O. lgm wide at 

the base plate. 

Both types of microtriches have their apical. tips posteriorly 

directed and angled to the basal stalk on which they are bornee 

Some of the type II microtrichesp however, have their apical 

tips directed anteriorly or laterally as can be seen in Plate 4-9A- 

The distal cytoplasm is about ý, jum thick and is not ar, 

undulating layer as in the Stage I procercoid. The cytoplasm 

is rich inovoid-shaped and rod-shaped granules. A felt-like 

layer of the basal3amina limits the distal cytoplasm with the 

medullary parenchyma. The muscle bands beneath the basal 

lamina are more compact than those of the Stage I procercoid and 

occupy a small area of the outer medulla. In the medulla are 

numerous tegumentary cytons and cell bodies which have not yet 

differentiated into any organ. Connective tissue surrounding 

these cells have been much reduced to tiny canals* 
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(a) Stage III procercoid 

The Stage III procercoid of C. truncatus studied, measured 

8mm. in length. 

W The scolex: 

(1) Outer scolex surface: - The structure of the outer scolex 

Mirface is similar to that of the SLage II procercoid although 

there are a few differences. (Fig- 4-3)- 

As shown in Plate 4-10, the sheath is about 4jim in 

thickness and similar in structure to that of the scolex of Stage 

II procercoid. 
"s 

Only one type of microthri 
A 

is found in this region and 

each possesses an apical cap which is either slightly bent and 

posteriorly directed as those in the strobila or kept straight* 

The microtriches are rather short measuring 2ý= and 2-5)'m long 

and spike-like in form. They occur at different levels due to 

the undulating outer surface of the distal cytoplasm. The 

microtriches appear compact sometimes occurring as bunches on 

the upper elevation of the distal cytoplasm surface and at 

places two microtriches appear to branch from a single basal stem 

(Plate 4.10B). This feature was always observed among microtriches 

of the outer and inner scolex surfaces of the Stage III procercoid. 

The distal cytoplasm possesses numerous granules and in 

addition there are vesicles and mitochondriae There are 

extensions of the felt-like layer of the basal lamina into the 

region of the distal, cytoplasm. The connective tissue underlying 

the felt-like layer is about 0-3ý= thick* 
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Fig 4-3: Diagramatic representation of transverse section 
ultrastructure of the soolex margin of Stages II 
and III procercoid of C. truncatuse Not to scale. 
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There is extensive musculature in the body wall of the 

outer region of the scolex. Beneath the basal lamina are 

closely packed bundles of longitudinal circular and oblique 

muscle fibres. Transverse fibres also exist in the region and 

across the medulla to connect with muscles of the body wall of 

the inner region of the scolex. (Plates 4-11 and 5-13A). 

The internuncial processes and connective tissues appear as 

tiny canals in between the bundles of muscle fibres. 

Because of the extensive musculature, the tegumentary 

cytons that connect with the distal cytoplasm of both the 

outer and inner scolex surfaces occur all over the region of 

the medulla. These cytons possess relatively small nuclei and 

large cytoplasmic space in which are borne numerous electron- 

dense bodies2 granules and mitchondria (Plate 4.12). 

The cytons appear as secretory bodies and were positive to 

tests for phosphatase enzymes as reported above (page 128)* 

(2) Inner scolex surface: As shown in Plate 4-13p the sheath is 

similar to that described for the inner surface scolex of the 

Stage II procercoid. 

The surface of the distal cytoplasm is highly undulating 

and irregular. In some places the distal cytoplasm is about 411M 

thick while in others it is highly reduced to less than liamthick 

or is almost absent. The basal lamina pushes up at frequent 

intervals to form extensions in the region of the distal cytoplasm. 

In certain other places the extensions are deepe 
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Owing to the undulating surface of the distal. cytoplasm the 

microtriches are borne at different levels. Some of them as shown 

at high magnification (Plate 4-13B) appear to be borne 2 to 3 on 

a common basal stem. The microtriches are spike-like and are 

essentially similar to those of the outer soolex surface described 

above. 

The musculature below the distal, cytoplasm is extensive and 

comprise of numerous bundles of circularl longitudinal and 

transverse fibres. 

(ii) The neck: This region is prominent in the 

Stage III procercoid and less so in the Stage II procercoid. 

The outer layer of the sheath (similar to that reported 

for the outer scolex surface) appears very dense and in form, of a 

surface coat (Plate 4-14)- This portion of the sheath measures 

about lum in thickness. Material of the sheath is also seen 

in the region of the microtrichese 
I 

Microtriches of the neck region is of one type (the 

type II) and measure about 2.5ýim. The surface of the distal. 

cytoplasm on which they are borne is slightly undulating. 

The distal cytoplasm measures about 4jum. in thicImess. 

The most notable feature of the neck region is the musculature 

(Plate 4.14B). The muscles comprise of cirqulars longitudinal and 

oblique fibres similar to those of the scolex region. They 

Occupy most part of the outer medullary parenchyma and are rich 

in deposits of glycogen granules and mitochonclria. Tegumentary 

cytons in this region are few and are located in the region of the 

medullae 
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(iii) The strobila: The surrounding sheath retains its 

structure and thickness similar to those of other regions already 

described. 

As shown in Plate 4-15 the two types of microtriches retain 

their separate identities as in the Stage II procercoid and measure 

about 5)um long for tYPO I and about 2. Ixm long for type II. 

Features of the distal, cytoplasm and the musculature in 

the body wall of strobils, of Stage III procercoid are similar to 

those described for the Stage II procercoid (page 137). 

Cell bodies in the medullary parenchyma are compacted 

together and have not been differentiated into various 

recognisable organs. There are numerous glycogen granules, fat 

droplets, tiny fibres and mitodhondria in the parenchyma. The 

excretory ducts and protonephridial organs are however distinctly 

distinguishable from the medullary cells. The excretory organ is 

similar to-those of the adult tapeworm and of other cestodes as 

described by Lumsden and Hildreth (1983) 

4-4-3 Effects of infection on G. pulex 

The apparent lack of structural danage to tissues of 

infected Gammarus Pulex has already been noted. Physiological 

effects resulting from the displacement of intestine and hepatýopan. - 

creas of the amphipod by the tapeworm were not investigated. 

Infected gammarids were observed to -cck*-rc4kC- 
- 

aquarium or laboratory environments and could live for as long 

a time as the non-infected amphipods. They also feed normally 

like the non-infected amphipods. 
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In movementp the infected G. Pulex were usually sluggish, 

hanging on to leaves and stems of plants for most of the time. 

They usually stay resting on plants just beneath the water 

surface and rarely at the bottom of the container. 

As well as possessing gonads which appear structurally 

normal (Plate 4-3) the infected amphipods were observed to be 

involved in r-Opulation and female gamma ids in addition were 

seen to carry their broods normally. 

Table 4-4 shows the mean dry weights of G. pule and of 

C. truncatus1procercoids harboured by the gammarids. The dry 

weights of non-infected gamm ids of similar length are also 

provided. From the result, the procercoid of C. truncatus 

is seen to account for a mean weight of 9% of the total dry weight 

of infected amphipods while that of the infected gammarid only 

accounts for the rest, 91%. In a comparison of the weights 

of gammarids of similar length, non-infected individuals 

were seen to weigh less than intact infected specimens plus 

tapeworm but weigh more than infected individuals excluding 

the weight of the worm. Consequently in terms of weight, the 

infected amphipod with the worm intact could be regarded as a 

good meal but with a price to pay for the fish. 
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Discussion 

The structure and ultrastructure of the procercoid of 

Cyathocephalus truncatus as observed in the present study show 

certain notable features. 

One of, these features is the sheath that envelops the tapeworm 

procercoid, in the body cavity of the intermediate host. A similar 

transparent body was also observed to envelop the juveniles of 

other helminth parasites in Gammarus imlex notably the acanthocephalans. 

These were however not studied ultrastructurally in the present 

work. 

The sheath is not a rigid body wall and it is possible that 

it undergoes a process of gradual wearing as well as continuous 

replacement from its source due to growth and metabolic 

activities of the tapeworm and the host. The origin of the 

sheath and its maintenance within the gamma id are not known. 

It is however not similar to the "capsule-like" cyst described 

by Wisaiewski (1932b). He suggested that it was probably 

produced by 'hypodermal cells' of the amphipod and stated that 

although tapeworms could free themselves from the cysts they could 

also the within the cysts. This suggests that the cysts were 

hard surface coats. No such cyst was seen in this study in 

any of the procercoid stages of C. truncatus in Gammarus Pulex. 

The sheath seems to be protective in function - either for 

the host G. pulex against being physically harmed by the parasite 

or for the tapeworm against the reaction of host tissues to its 
I 

presence. With positive reaction to tests for polysaccharidesp 

lipids and glycogen and negative reaction to tests for enzyme 
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activities, the sheath might only be permeable to nutrient 

substances and does not seem to possess toxic substances harmful 

to the amphipodIs body cavity organs with which the sheath get in 

conta ot. This is probably why the intestine and hepatýopancreas 

were only seen to be displaced and also explains why infected 

amphipods are able to tolerate infection for months while still 

apparently physiologically active like non-infected individuals. 

Another feature is the two types of microtriches in the 

strobila of C.. truncatuslprocercoid. As can be distinguished from 

the Stage I procercoid which has only one type of microthrixp 

the origin of the two types in the Stages II and III procercoids 

is not known. It could also not be traced because of lack of 

regular specimens of the growing stages. Their origin can 

however be traced by ultrastructural, study of the Stage I 

procercoid and all successive procercoids to it at the early 

stages of infection. The fate of the two types of microtriches when. 

the procercoid arrives in the fish host is discussed below (page 185) 

The scolex of the stage III procercoid presents features 

which give an insight to its suitability as an attachment 

orgman. The elaborate and dense musculature in the neck and scolex 

presumably enable the funnel-shaped scolex to achieve a fi= 

grip of the host tissue. Friction that could result from the 

sucker-like attachment is possibly elimi ted by the sharp pointed 

microtriches which are pushed into the host tissue thereby 

holding the host tissue firmly with the scolex I funnell . The 

undulating nature of the inner scolex surfacep the clustering and 

s 
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the uneven nature of the microthrix layer could also ensure a 

firm grip to host tissue and counter forces that might dislodge 

it. 

From observations on structural similarity between the 

inner and outer scolex surfaces of the Stage III procercoid 

it is also possible for attachment to be formed with the host 

tissue on the outer scolex surface. This could support 

observations in established adult tapeworms where the holdfast 

is sometimes seen to be totally embedded in the fish tissues to 

which it is attached. An ultrastructural observation of C. truncatus 

attachment is described below (page 182) * 

Actual glands were not seen in the scolex of C. truncatus 

procercoid but the tegumentary cytons have become modified 

into areas of high metabolic activity and appear glandular in 

that they are relatively larger in size than those of the strobilaq 

give strongly positive reaction to tests for phosphatase 

enzymes and possess numerous granules and mitochond-ria in the 

large cytoplasmic space. These cytoplasmic bodies carried 

through the internuncial processes into the distal cytoplasm in 

the area of attachment probably contain proteinaceous substances 

which CCLUSQ- breakdown of tissues to which the worm is 

firmly attached when it gets into the fish host* Similar 

granules have been described to occur in penetration glaAds 

of H-vmenolepis diminuta oncospheresby Lethbridge and Gijabers (1974) 

who believe that the granules certainly play some roles which, 

although unknowng help the oncosphere to gain access into the 

body cavity of the intermediate host* 
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The possible functions of the grarrules in the tegumentary 

cytons of the scolex in the Stage III procercoid is 

discussed with those of the adult tapeworm (in page 192)9 

The positive reactiorsdemonstrated in the entire 

tegument and other organs of the procercoid to tests 

for phosphatase enzymes ArrT and non-specific esterases is 

similar to the reports of Lee et al. (1963) and Arme (1966), among 

other authors, ofýpresence of these enzymes in other tapeworms. 

This indicates that the mode of nutritional uptake in C. truncatus 

is possibly similar to that of other tapeworms. The 

absence of B-type esterase with the presence of A- and G- types 
4 rA: trunt4ft. % 

in the procercoidKis also similar to the report of Arme (1966) 

on Ligula intestinalis. It seems also that in Gar=arus pulex 

A- and C- types esterases as specifically characterised in the 

hepa#opancreas could be constituent partsof the digestive 

secretions from the hepatic caeca into the anterior portion of 

the intestine. 

Pathogenic effects of the tapewo= on infected gammarids are 

evident and include the loss of fat bodies in the body cavity and 

the possible loss of weight. Since gammarids seem to tolo- 

rate the infection for sometimet most other pathogenic effects 

are likely to be physiological disturbances* The sluggishness of 

infected G. 17ulex suggests that the tapeworms certainly affect 

the amphipod physiologically and this behaviour probably makes 

them easy prey to fish. 
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With reference to the reports by Beckman (1954) and Stock 

and Bullock (1974) concerning the sterility of tapeworm-infected 

amphipods, while it is possible that the size of the tapeworm 

procercoid could preclude any form of development or proper 

Physiological function, the infected gammarids examined in the present 

. study wera, however found to have gonads a-ad were reproductively 

viable. Further investigationsespecially from large stock 

infection in the laboratoryare however necessary to enable 

proper understanding of the actual effects of infection* 
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Plate 4-1 A. Whole mount preparation of Gammarus vulex 
infected with C. tnmeatus procercoid . (arrowed). Cýu b's technique. Scale - 2. OmM 

B. Longitudinal section of an infected G. pulex 
showing a C. truncatus procercoid, lying in the 
haemocoel. Masson 3"'4*Scale = 2. Omm. 
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Plate 4.2 Transverse sections at the mid-gut position of: 

A. non-infected Gammarus mlex 
Scale = 1.0mm 

Gammarus Pulex infected with C. truncatus 
Scale = 1.0mm 

Both with Masson See. *-n- 

A ........... Locomotory appendages 
B ........... Body cavity 
H ........... Heart 
hp llepatýopancreas 
1 . 00.0 ...... Intestinal canal 
N 000*0000*0* Nerve cord 

C. truncatus procercoid, 
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Plate 4.3 Longitudinal sections of infected 
Gammarus pulex showing the ovary (arrowed) in: 

A. Infection with Q7athocephalus truncatus. 
Hol, es indigogenic method for non-specific 
esterases. Scale - lm 

B. Infection with Echinorhynchus truttae. 
Ehrlich's Hematoxylin and Eosin. Scale = 1mm 
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Plate 4-4 A. Demonstration of Lipids in the tegument 
of the procercoid of C. truncatus in longitudinal 
section showing weak]7y positive reaction in 
the sheath (arrowed). Oil-red-101 
Scale - 0,15= 

B. Demonstration of acid mucopolysaccharide 
seen blue in colour) in the sheath 
arrowed). Alcian blue. Scale - 0*15mm- 
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4-lw-- 

Plate 4-5 Demonstration of alkaline phosphatase 
acitivity (seen red in colour) in the 
procercoid of Cyathocephalus truncatus. 
Naphthol AS-BI phosphate method. 

A. Longitudinal section of the tapeworms 
scolex region. Note extensive reaction 
in the tegumentary cytons. Scale = 0-35mm 

B. Longitudinal section of body wall of the 
strobila. Scale - 0-15= 
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Plate 4.6 Demonstration of non-specific esterase activity 
(seen as deep blue colour) in the procercoid of 

I C. truncatus. Holts indigogenic method, 

Longitudinal section of the scolex. 
Note weakly positive reaction in the sheath 
(arrowed) and positive reaction in the distal 
cytoplasm. Scale - 0-15=- 

Plate 4-7 Demonstration of non-specific esterase activity 
in body cavity organs of Gammarus pulex, 
Hol-es indigogenic method. 

A* Hepatýopancreas (hp) and intestinal wall 
Scale - 0-15mý, 

B. Ovary. Scale - 0-15M 
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Plate 4-8 Transmission electron micrographs of a Stage 
I procercoid of C. truncatus. 

A. A transverse section ultrastructure of the 
sheath, Note spaces (arrowed) within the 
material of the sheath. 
Scale - 2Pm. 

B. A transverse section ultrastructure of the 
body wall. Scale = 1)am. 

Dc. Distal cytoplasm 
91 9 ........... Glycogen granules 
Mt ............ Microtriches 
Mu Muscles 
Sh ............ Sheath 
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Plate 4-9 Transmission electron micrographs of the 
Stage II procercoid of C. truncatus in transverse 
section showing. 

Ae Two types of microtriches and part of the 
distal cytoplasm (Dc). Scale - Zim. 

mt 1 ............ Type I microtriches 
mt 2 Type II microtriches 

B. Body wall of the inner soolex surface 
Scale = 2pm 

Sh Sheath 
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Plate 4-10 A& Transmission electron micrograph of outer 
scolex surface of the Stage III procercoid of 
C. truncatus in transverse section. Note 
Tb musculature (Mu) Scale - 2124 

Sh Sheath 

B. High power transmission electron micrograph 
of microtriches of the outer scolex surface. 
Note the bifurcations (arrowed) 
Scale - lim 
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Plate 4-11 A. Transmission electron micrograph of outer 
medullary region beneath the outer scolex 
body wall of the atage III procercoid, of 
C. truncatus in transverse section showing the 

traýa-verse muscles (Tmu). Scale - 2jum. 

91 ............ Glycogen granules 

B. Transverse section ultrastructure of 
medullary parenchyma of the scolex m gin of 
Stage III procercoid. Transmission electron 
micrograph. Scale - 29m 

Ed ........... Excretory duct 
P ........... o Parenchyma 
Pb ooo. o.... o. Fibres in the parenchyma 



A 

B 



-i61- 



Plate 4-12 A- Semithin tran verse section of the scolex 
Tm gin of a Stage III procercoid of 
C. truncatus. Toluidine blue. Scale - 50=- 

Do ....... Distal, cytoplasm of outer 
scolex surface 

MU ............ Musculature 
Sh ............ Sheath 
To *0000*000*00 Teg=entary cytons of the 

i=er scolex body wall 

B. High power transmission electron micrograph Of 
the tegu: mentary cyton of Stage III procercoid 
showing numerous electron dense bodies (E) and 
Packs of mitochondria (Mi) in the cytoplasm. 
The nucleus (not shown) is relatively small* 
Scale - 2, um, 
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Plate 4-13 A. Transverse section ultrastructure Of 
the inner soolex surface of the Stage III 
procercoid of. Q2 truncatus Note the 
undulating layer of the distal, cytoplasm. 
Transmission electron micrograph. 
Scale . 2pm 

Sh Sheath 

B. High power transmission electron micrograph 
of microtriches of the inner scolex surface 
(above) showing the structure of their 
electron dense apical cap (arrow 1) and a 
trifurcated microthrix (arrow 2). 
Scale -1 pa 
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Plate 4-14 Transaission electron micrographs of the neck 
region of the stage III procerooid of C. truncatus 
in transverse section. 

A. The body wall. Scale - 2jam 

Da 0 ... o.. oooo Distal eytoplasn 
Sh ........... Sheath 

B. Region of the muscles beneath the distal 
cytoplasm. Note the densely packed nature 
of the bundles. Scale - 2=. 
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Plate 4-15 Transmission electron micrograph of strobila 
body wall of the Stage III procercoid of 
C. truncatus in transverse section 

A. The distal cytopla= and layer of microtriches., 
Scale -2 pm. 

Do Distal Cytoplasm 
mt 1 ........... Type I microtricbes 
mt 

2 Type 32 microtriches 

B. Region of =uscles beneath the distal, cytoplasm. 
Note the deposits of glycogen granules (gl) 
Scale - 2Pm. 
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CEUMER 5 

STUDIES ON THE ADULT CYATHOCEPHALUS TRUNCATUS. 

IN THE FISH HOST. 
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5-1 Introduction 

Infections with Cyathocephalus truncatus in fish are known 

to result in severe pathological damage in the form of inflammation 

AWL 
and loss of tissues, by the host at the site of,., tapewo=l s 

attachment (Huitfeldt-Kaas) 1927; Wisniewski, 1932b; Vik 1958; 

Awachie 1966a; Catalini etgp 1978)- Howeverp very little is 

known concerning the mode of attachment which appears to give rise 

to most of the damage. 

Since no previous report is available on the method of 

attachment of C. truncatus, it became necessary in the present 

work to study from experimentally infected fish the tapeworm's 

attachment and the progressive changes in host tissues as the 

worm became established. These have been studied structurally 

and ultrastructurally. Histochemical, studies including reaction 

to certain histochemical stains and demonstration of some enzymes 

have been carried out on already established adult tapewprm, 

and on host tissues at the area of infection. The level of 

tissue damage in field-infected fish has been observed and 

studied histologically. 

5.2 Literature review 

Some jýAý tapeworm infections in fish are known to be 

associated with pathogenic effects on the host. Examples include 

among othersp Gasterosteus aculeatus infection with 
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Schistocephalus solidus by Vik (1954); Raja clavata 

infection with Prosobothrium armigerum by Euze. t, (1959); 

Gadus species infection with Ab_othrium gadi by Williamal (1960); 

Scyliorhinus stellaris infection with Acanthobothrium 

coronatum by Rees and Williams (1965) and Gasterosteus aculeatus 

infection with Ligula intestinalis by Arme and Owen (1968). 

Rees (1967) in a review on pathogenesis b. 9 adult cestodes 

noted that in some cases it is attributed to among other factors 

the intensity of infectionp passive obstruction, migration to 

=usual sites and toxic actions of the tapeworms while in 

other cases it is attributed to irritativeg inflammatory and 

traumatic actions resulting from tapeworms attachment. 

Pathogenesis may also be due to a combination of some of the 

factors listed above. 

Rees (1967) remarked that in some adult pseudophyllidean 

infections as with Bothrioce-Phalus scorpii the pathogenic 

effect is mainly inflamm tion of the host tissues and is 

usually localised - being restricted to the tissues immediately 

around the scolex and those engulfed by the bothria. In cases where 

the cestode is armed with hooks as with Acanthobothrium coronatum 

(Tetraphyllidea)-serious damage resulting in total destruction of 

host tissue as well as haemorrhages may occur. 

Cyathoce-Phalus truncatus infection always appears to result 

in the inflamm tion of the host tissue to which it is attached. 

Vik (1954P 1958) noted in experimental infections of Salmo 

trutta with C. truncatus that invaded pyloric caeca showed signs of 
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inflammation after 18 days with swelling after 28 days and the 

development of hard tissue after 43 days. He reported that 

after causing ruptuze. of the wall of the pyloric caeca the 

woms were able to enter the abdominal cavity, thus explaining 

the discovery by earlier workers (Huitfeldt-Kaas 19139 19271 

Wisniewskiv, 1932b) of enoysted worms in this location. The 

author concluded that even a light infection seemed to affect 

the host seriouslýr and could possibly lead to death of the fish. 

Still on effects of infection on host tissuesq Awachie 

(1966a) reported that in long-standing infections the blind end 

of the infected caecump where the tapeworm is attachedp was 

transformed into a fibrous massy part of which was sucked into 

the funnel-shaped scolex of the worm. He observed that such 

impaired caeca, seem to be permanently incapacitated. 

Senk (1956) dealt with aspects concerning reproduction 

in infected fish. He reported that C. truncatus infection 

affects the ovaries in such a way that the development of 

fertilized eggs and fry of infected fish was slow and with a high 

mortality rate compared to the non-infected fish. He added 

that even among the surviving fry of infected fish were a 

number which were of poor quality and much under weight compared 

to fry from non-infected fish. 

Other reports, particularly those by earlier workers 

dealt with occasional heavy infections in fish. Huitfeldt-Kaas 

(1913) described epizootics in trout and red char as a result of 

severe infections with C. truncatus. The author was quoted by 

Vik (1954) as sayingt 
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"The most severely infected fishes were very 
emaciatedv besides which the flesh was 
decidedly deooloured and some inflamed 
swellings were observed on their appendices 
pyloricae. It was found that living fish 
specimens were anaemic. 11 

Huitfeldt-Kaas reported a maximum number of 200 worms in the 

pyloric cases, of a single infected fish. 

Wisniewski (1932atb) also recorded mass infection from 

the river Bosnia, Yugoslavia reporting a mwrimim number of 400 

tapeworms in a single infected fish. He stated that infected 

fish were retarded in growth and that inhabitants of the 

region around the sources of the river have complained of a 

decline in quantity and quality of fish* The author 

believed that it was due to the tapeworm infection. 

From all the reportsq it seems very clear that Cyathocephalus 

truncatus infectionsare always accompanied by serious pathogenic 

effects on the fish. 

5-3 Materials and methods 

Fish used for the study included both natuxally 

infected individuals obtained from Driffield trout streams and 

those infected in the laboratory and monitored progressively as 

described in Chapter 3 (see page 98). 

5-3.1 Light microscopy 

(a) Histological studies: 

Single infected caeca, and other tissues harbouring tapeworms 

were removed by dissection from the fish body and processed for 
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histological studies using standard histological techniques 

as stated on page jig,, 

I 

(b) Histochemistry: 

Studies were conducted on already established'adult 

tapeworms in fish. Techniques used for the determination of 

reaction shown by the tapeworm and fish tissues to certain 

histochemical stains were similar to those described for the 

procercoid in Chapter 4 (page 119). 

Histochemical, stains used were also PASp Alcian blue and Oil-red- 

1010 

For enzyme histochemistry similar techniques and incubating 

media used for the procercoid as described on page 120 

were employed. Enzymes demonstrated were also alkaline 

phosphatasev acid phosphatase and non-specific esterase and 

lipases. 

Characterisation of the non-specific esterases into A-, B_ 

and C- type esterases was carried out as 'stated above (page 121). 

Control methods are similar to those reported for the 

procercoid larva. (page 121). 

5.3.2. Electron microscopy 

(a) Transmission electron microscopy 

A similar routine technique for preparation and examination 

of tissues for transmission electron microscopy described for 

the procercoid (page 122 ) was used. 
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(b) Scanning electron microseoPY 

For scanning electron microsoopyq specimens were fired in 

glutoraidehyde or buffered lOylto formalin, dehydrated in a 

series of acetone or alcohols of concentrations 5(y/6,7W- 9W-- 

10016 in that order and critical dried in liquid carbon dioxide. 

The dried specimens were mounted on aluminium stubs precoated with 

a very thin layer of colloidal silver (Polaron Equipments Ltd). 

Specimens were gold-coated in polaron. diode sputter ooater and 

then examined in the Cam-Scan scanning electron microscope. 

5-4 Results and Observations 

5-4-1 structural studies 
(a) Histology of uninfected caeaLm: The digestive tract of 

salmonids has been described by various authors including, 

among othersp Greene (1912)9 Burnstock (1959)p Ezeasor and Stockoe 

(1980,1981). In rainbow and brown troutp histology of the 

pyloric caeca has been described by Weinreb and Bilstad (1955), 

Bullock (1963), Kimura (1973) and Ezeasor and Stockoe (1980,1981). 

The structure of the pyloric caecum of uninfected, trout in the 
441 e 

present study is in agreement with that described by,, parlier 

authors. 

Fig- 5-1 is a diagramatic representation of the anatomy 

of a portion of typical caecal wall. It is composed of 4 layers: 

an inner muoosav submucosap muscular coat and an outer serosa, 

The mucosa is thrown into folds and consists of the epithelium 

and a small amount of connective tissue. The folds (known as 

villi) project into the lumen of the caec=. The epithelial layer 

is made up of 2 basic cell types: the absorptive (columna or 
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Pig: 5-1: Histological features of the wall of a pyloric 
caec= from Salmo gairdneri, Not to scale. 

Bv Blood vessel 
Ep ....... Columnar epithelium 
G ........... * Goblet cell 
Me .. * ......... Circular muscle 
Ml ............. Longitudinal muscle 
So . **. * ..... 0. Stratum compactum 
Sg .. ** ........ Stratum granulosum 
Sr .. * ......... Seross, 
Tp . 00*0.0.00. * Tunica propria 



MUCOSA 

SUB MUCOSA 

MUSCULAR 
COAT 
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or cylindrical) cell which dominates the layer and the goblet or 

mucus-secreting cell. Underlying the epithelium is a layer 

of loose connective tissuev the tunics, propria (or lamina Propria 

which consists of granular cellsp fibroblasts and blood vessels. 

The submucosa comprises the stratum compact and stratum 

granulosumo The former is a very prominent, thick and often 

undulating layer of non-cellular material. It gives a 

green stain with Masso2s stain which shows it to be a homogeneous 

on4 r_cmpQc_4_- , mass evidently of collagenous material 

(Plate 5.1)- Underlying the stratum compact is the stratum 

grMAulosum which comprises granular cellsq fibroblasts and 

fibres that merge with the inner region of the muscular layer. 

The stratum granulosum varies in thickness in different parts of 

the same section. It may be several cell layers thick or merely 

indicated by a few separated cells. 

The muscular layer consists of a thick inner circular region 

separated from a thin outer longitudinal region by a layer of 

connective tissue of varying thickness. 

The outer layer (the serosa) consists of a layer of 

connective tissue which is continuous with the mesentery and may 

contain adipose tissue and blood vessels* 

(b) Tapeworm attachment and histopatholoýý of infected tissues 

of caecum: In the non-infected caecum the jlaý wall at the 

distal, tip is naturally thicker than at the edges of the caecum. 

This blind end is the preferred site of attachment of the 

tapeworm Cýrathocephalus truncatuso 
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(i) Three days old infection: The attachment formed by 

the tapeworm is restricted to the mucosa,, mainly the villi, 

(Plate 5-1). The columnar epithelium of the villi engulfed 

in the scolex loses its cellular structure and becomes a mass 

of non-fibrous, non-cellular material serving as the tissue of 

attachment for the tapeworm. The tissue gives a strong green 

colour reaction to Massorls stain similar to the stratum 

compactum of the submucosa. The scolex which retains the 

elongate funnel shape evident in the procercoid. stage, appears to 

exert a sucking action on the caecal mucosa. At this stage 

the body wall at the distal tip (area of attachment) is of 

the same structure and thickness as that of the non-infected 

caeca. 

(ii) Seven days old infection: The tapeworm's attachment 

has advanced into the region of the submucosa. The mucosa at 

the point of attachment has been lost and the scolex forms an 

attachment with the stratum compactum of the submucosa. The 

force exerted on the tissues of the muscular coat due to 

the sucking effect of the scolex is shown by the alignment of 

the tissues with the scolex. (Plate 5.2). The distal tip of 

the caecum has already started to swell and its muscular coat and 

serosa are considerably thicked than in other regions of the caecum. 

The increasing thickness results from the rapid production and 

proliferation of muscle fibres in the muscular coat - shown at 

light miscroscope level in Plate 5,2 and electron microscope level 

in Plate 5-17 and 5-18- Also present in the tissues held 

within the scolex and overlying it are fibres of oollagenous 
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material which like the stratum compactum give a strong green colour 

reaction to Massoz? s stain (Plate 5-3). This collagenous material 

presumably produced from fibroblasts adds to an increase in 

thickness of the stratum compactum and is essentially the 

tissue to which the tapeworm is attached. 

The villi of the mucosa in close proximity to the site of 

attachment develop more goblet cells compared to those of 

non-infected caeca. Blood vessels in the tunics, propria in 

this region become slightly enlarged. However other tissues 

of the caecum outside the area oVattachment appear histologically 

normal, 

(iii) Pifteen days old infection: The tapeworms attach- 

ment has advanced further into the region of the muscular coat 

(Plate 5.2). The stratum compactum. is retained in some 

places with the tissue to which worm is attached bat in other 

places it is broken, doim. The collsgenous material - cArici the 

tissue of attachment 
A 

similar to that described for the 7 daYs 

old infection. The distal tip at which the tapeworm is 

attached is considerably swollen due to increased production of 

muscle fibres in the region of the muscular coat. 

The tissues in the neighbourhood of the site of attachment 

axe also slightly swollen. The epithelium of the mucosa in this 

region has evidently been modified into mucus-seoreting cells. 

The blood vessels in the tunics. propria and serosa are heavily 

swollen and the accumulation of blood in them can be seen around 
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the caecum tip when such caeca are fully excised from the fish 

, gut. The spread of effects of infection is not seen in other 

regions of the caecum outside the distal tip (area of attachment). 

(jv) Thirty days old infection: The tapeworm is firmly 

attached still in the region of the muscularis. The tissue 

to which the tapeworm is attached is similar to that described 

for the 7 days and 15 days old infections. The muscle 

fibres produced in the muscular coat as tissue reaction to the 

prqsence of the worm produce a thick layer spreading all around 

the scolex surface (Plate 5-4) forming a very heavily swollen 

bulb at the distal end of the caea=. 

The situation in the neighbouring tissues is similar to 

that described for the 15 days old infection except that blood 

vessels in the tunica 2ropria and serosa, have become greatly 

enlarged. 

(v) Forty cL-: k)rs old infection: As shown in Table 3.6 

of Chapter 3 (page 99 ) this was the last fish of the series 

to be examined. There was no difference in the histology of the 

host tissue at the region of attachment from observations in the 

30 days old infection except that the tapeworm has almost 

destroyed the distal end of the caecum. The thick layer of 

muscular fibres produced from host reaction and the outer coat 

(serosa) at the distal tip have suffered breakages at a number 

of points. 
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In the uninfected sections of the caecum the mucosal 

epithelium was also considerably affected probably due to the 

presence of the tapeworm strobila. Some parts of the epithelium 

showed the development of additional goblet cells while other 

areas had been damaged with considerable loss of columnar cells. 

(c) Histochemistry of tapeworm and tissues of the caecums 

Results of histodhemical reactions to PAS, Alcian blue 

and Oil-red 101 stains as well as reactions to tests for N 

alkaline phosphataseyacid phosphataseq non-specific 

esterase and lipase are presented in Table 5-1- 

(j) Tapewo: rm scolex and host tissue at 'point of attachment: 

I In both the inner and outer scolex surfacess Positive reactions 

for acid and alkaline phosphatases were demonstrated in the 

distal cytoplasm while it was weakly positive in the tegumentary 

cytons (Plate 5.6) No reaction was given by the v-Nom-- i: i-ssiAe- 

to which the tapeworm is attached and in the c-cIkQ3zY%a%As -6ssme- 

around the point of attachment. Non-specific esterase and 

lipase activities were weakly positive on the distal cytoplasm 

of the inner and outer scolex surfaces and negative in the 

infected tissues. 

Tests for glycogen, mucopolysaccharides and lipid were 

positive in the tegument of the scolex. In the +-tsspue- 

Oý cXAc-c-ýAm 
, to which the worm is attachedq reactions 

to these stains were positive (Plate 5-5) but in the infected 
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tissues around the site of attachmentp reactions were only 

weakly positive or negative. 

(ii) Tapeworm strobila and the uninfected parts of the 

pyloric caecum. Positive reactions to tests for enzyme 

activity were evident in the tapeworm strobila in the distal. 

cytoplasm and in the tegumentary cytons; reactions for alkaline 

phosphatase (Plate 5.6) were more pronounced in the tegument 

than those of acid phosphatase (Plate 5-7) and lipase while 

that of non-specific esterase was weakly positive* Enzyme 

reactions in the reproductive organs were mainly confined to their 

ducts. With histochemical stainss strong positive reactions 

for glycogenp lipids and mucopolysaccharides were demonstrated 

in the distal. cytoplasm and in the underlying cytons with a 

positive or weak positive reaction in the reproductive organs. 

In the uninfected parts of the caecap acid phosphatasep non- 

specific esterase and lipase activities were mainly positive in 

the columnar epithelium whereas alkaline phosphatase acitivity- 

was present in the columnar epithelium and in tunica propria 

Strong positive reactions were obtained in the distal, mucosa. 

of the intestine for glycogenp mucopolysaccharides and lipids. 

(iii) Chaxacterisation of theesterases: 

As shown in Table 5.2 the esterase reaction was 

totally inhibited when treated with 10-2M AgNO suggesting the 3 

absence of B- type esterases or cholinesterases except at the 

clistal cytoplasm of the inner scolex surface where there was 
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only partial inhibition. The esterases were thus predominantly 

A-and C-types as shown in the table and resemble, therefore, those 

of the procercoid (page 128)e 

5-4.2. Ultrastructural studies 

I Scanning electron microscopy 

For scanning electron miscroscope study, the tapeworm, 

C. truncatust attached at the distal end within a caecum was 

removed from the caecum but with the attachment intact. The 

scolex of the tapeworm specimen with the host tissue attached is 

shown in plate 5.8A. After removal of the host tissue serving 

for attachment, by the use of fine dissecting needles the 

characteristic funnel-shape of the scolex is apparent (Plate 5.8B). 

II Transmission electron microscopy 

Ultrastructural studies were conducted on worms that were 

firmly established in the pyloric caeca. This was done so that 

the scolex and the attachment could be studied simultaneoulsy 

with the strobila. 

(a) Seven 
-days 

old infection 

(i) The scolex: Ultrastructural studies was conducted 

on the scolex and the ýh-e c-cAec-"A% to which it is 

attached. The damage shown in different areas of the muscular 

coat lying outside the attcALýTAQ-nt material varies according to 

their proximity to the tapeworm - those areas close to the site 
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of attachment are more severely damaged than those further 

away in the caecal wall and close to the serosa. Three such 

areas in the muscular coat are identifiable and have been designated 

zones Av B and C according to their proximity to the tapeworm 

scolex: (Fig- 5.2). The zones are more clearly ma kd out in the 

15 days old infection than in the 7 days old infection due to 

the very firm attachment formed at the former. The characteristics 

of each zone are described below (page 186 ) for the 15 days old 

infection. 

le Inner scolex surface - The microtriched of the distal. 

cytoplasm are embedded in the crýcAtt--r%c4L , tissue to which the 

worm is attached (Plate 5-9). The tissue is non-cellular 

and non-fibrous but a compact mass. Within the tissue are tiny 

vesicles (Plate 5.9B) presumably released by the tapeworm through 

the surface of attachment. The microtriches appear to have lost 

their apical caps as seen in the Stage III procercoid and instead 

possess at their tips electron-dense ring-like borders enclosing 

a matrix of homogenous material. 

The distal cytoplasm is an undulating layer and vary between 

2 pmand 6 jimin thickness. The most distinguishing feature in 

this region is the presence of large numbers of electron-dense 

bodiesq mitochondria, and vesicles (Plate 5.10) apparently 

passing from the tegumentary cytons through the internuncial, 

processes. The electron-dense bodies appear to be located in 

the outer region of the distal cytoplasmv some even at the 

distal end of some microtriches (Plate 5.9B). The mitochondria, 
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and vesicles on the other hand are usually located 

in the basal region of the distal cytoplasm (Plate 5-10). 

The electron-dense bodies occur in sizes ranging'from about 

0.1= to about 1)am in width. They are also of different 

shapes including spherical, ovoids discoid and rod-shaped. 

The discoidal bodies appear bilobed with both ends enlarged 

(Plate 5#10B). The electron-dense bodies in the distal 

cytoplasm of the inner scolex region differ in shape and 

size (being larger) from the granules found in the distal 

cytoplasm of the strobila. 

The basal lamina is reduced to less than 14= in 

thickness and bears numerous connections from the tegumentary 

cytons and the inner connective tissues. Numerous closely 

packed bundles of muscle fibres occupy an extensive area beneath 

the basal lamina (Plate 5*13B) and only several canals of 

connective tissue and internuncial processes occur between 

them. Large-sized mitochondria are sometimes found in the 

region associating with the bundles of muscle fibres. This 

is in addition to the several mitochondria in the internuncial 

processesp distal cytoplasm and the parenchyma. 

The tegumentary cytons possess relatively small nuclei and 

large cytoplasmic spaces in which are borne nilmerous electron- 

dense bodies a-ad mitochondria (Plate 5.12). Some of the bodies 

are more highly electron dense than others. How they are 

produced is not known but it is possible that they are formed 

during the procercoid, stage. In the scolex of the Stage III 

procercoid (Plate 4*12) the teg=entary cytons of the inner 
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surface bear the electron-dense bodies as granules or particles 

and possibly these develop to the form described above for the 

adult stage. They may also be continuously produced in the adult 

stage as those formed initially are discharged into the distal 

cytoplasm. 

2,, Outer scolex surface - Tissues of the host are sometimes 

found to be associated with microtriches of the distal cytoplasm 

of the outer scolex surface as shown in Plate 5-4 although 

no attachment between host tissue and parasite microtriches 

I has been demonstrated. These microtriches are short (measuring 

about 21m long) and unlike those of the inner scolex surface 

they have dense apical caps at their tips. 

The distal cytoplasm is heavily granulated mainly with rod- 

and discoid-shaped granules which appear smaller than the 

electron-dense bodies in the inner scolex tegument. 

There is an extensive musculature in this region t>ezeath 

the basal lamina. Like in the neck (Plate 5-14A) the muscle 

bands comprise an outer longitudinal underlying the basal lamina 

and an inner circalar and oblique types. There are also 

transverse muscle bands occurring between the inner and outer 

scolex surfaces (Plate 5-13)- Because of the extensive 

musculature beneath the distal cytoplasm in the inner and 

outer scolex surfaces the tegumentary cytons are located in 

the region of the medulla although they are mostly situated in 

the outer medullary position. 

In the neck regiont except for a few tegumentary cytons 

borne in the medulla beneath the tapering basal Part Of the 
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funnel-shaped scolex, the medulla consists mostly of muscle 

bands. 

(ii) The strobila: The ultrastructure of the tapewom 

bod, y'wall in a specimen recovered from fish 7 days after 

infection is presented in Plate 5-15- An interesting feature 

Ch4s 
is the presence of only one type of microthri 

r* p possibly type 

II in view of their size; they measure about 31zmlong. 

Numerous vesicles containing granular particles occur in the 

distal cytoplasm and appear to be released into the region of 

the microtriches. These vesicles are sometimes found within 

individual microtriches and appears to break out through the 

microthrix wall (Plate 5-15A)- In some cases the vesicles appear 

to move along the length of the microthrix breaking out at the 

apical cap resulting in an accumulation of such vesicles and 

their contained particles in the region immediately distal. to the 

microtriches. It is possible that some microtriches are being 

selectively eliminated and this may account for the loss of 

type I microtriches (observed in the Stage III procercoid) at 

the early stages of tapeworm infection in fish. The actual 

time of loss of the type I microtriches was not observed. Other 

parts of the body wall ultrastructure are essentially similar 

to that described for the stage III procercoid (page 143) - 

The tegumentary cytons of the strobila have numerous particles 

and granules in their cytoplasmv and it is presumably these 

particles and granules that are released through the body 

surface and microtriches of the distal cytoplasm* 
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(b) Fifteen days old infection 

(i) The strobila: An electron micrograph of the longitudinal 

section of the strobila body wall shown in Plate 5.16 indicates 

the presence of one type of microthrix similar to that described 

for the 7 days infection but vesicles observed in the 

microtriches and distal cytoplasm at 7 days are apparently 

absent. All adult tapeworms recovered from fish after 15 days of 

infection show the features depicted in Plate 5.16. Other 

structures of the body wall are similar to those of other stages 

already described. 

(ii) Host tissue at site of infection: The ultrastructure 

of the scolex and the tissues to which tapeworm is attached is 

similar to that of 7 days old infection. The degree of 

destruction seen in the host tissue above the attachment is directly 

related to the proximity of the tissues to the point of attachment. 

Pig- 5.2 is an annotated diagram showing the location of 

zones Av B and C which have been identified at the distal ends 

of pyloric caeca, containing C. truncatus. 

le Zone A- The tissue in which microtriches are 

embedded has no cellular structure as noted above (page 182), 

Overlying this tissue is the muscular coat (Plate 5-17) whose 

cells have apparently lost their cytoplasmic contents and are 

in a state of being broken down. The muscle fibres are 

irregularly arrangedq loosely packed and appear to be embedded 

in a matrix-like substance evidently composed of degraded 

tissues* 
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Fig- 592 Diagramatic representation of a median L. S. of 
a pyloric caecum of _Salmo 

trutta containing a mature 
Cý-athocephalus truncatuse The limits of zones 
Ap B and C (see text) are indicated (compare with 
Plates 5-17,5-18 and 5.19). Not to scale. 

Dis. .......... Distal tip of caecum 
Ht .......... Swollen tissues of host 
Muc 0000900000 Mucoss, 
M3 . 00.0 ..... Muscular coat 
So . 00.0 .... 0 Scolex of tapeworm 
St. c. Stratum compactum 
Sr Seross, 



Dis. 

Muc 

st. q. 
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2, Zone B- This region is the muscular coat sensu stricto. 

In a non-infected caecump the muscular coat is seen to contain 

densely packed muscle fibres which are arranged in parallel. 

In the infected caecum, as in Zone B (Plate 5*18)9 

the bundles of muscle fibres are loosely packed. Large 

amounts of muscle fibres fill the greater part of the tissue 

The nature of these fibres can be clearly seen at high power 

(Plate 5.18B) and the electron-dense IZI lines of each fibre are 

clearly recognisable. In some cells in this region, the cytoplasmic 

content is greatly reduced with consequent distortion of the 

cell body. The nuclei, in most casest appear destroyed and 

have a distorted-appearance. Accumulations of lipid bodies in 

groups are also seen in this zone. 

Zone C- Tissues of this zone in an infected caecum 

are more or less similar to those found at the muscular coat/ 

serosa of the nonýinfected caec=. In the infected caecum 

however (Plate 5-19) cells in the region appear to be losing their 

cytoplasmic contents followed by possible disintegration of the 

nuclei. There is much endoplasmic recticulum bearing numerous 

ribosomes. Also present are numerous muscle fibres loosely 

packed. Most of the fibres are smaller in size than those of 

Zone B and are probably newly formed fibres. 

s 5*4.3. Miýculature of the scolex and neck of C. truncatus 

In the Stage III procercoid, the neck region is highly 

muscular with an outer layer of longitudinal muscles beneath 
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which are circular and oblique muscles. Within the medulla 

are numerous longitudinal musclesfýbres which continue 

posteriorly and join to form two lateral longitudinal bands 

in the strobila. 

Within the scolexq in addition to the outer longitudinal 

muslces and the underlying circular and oblique musclesp there 

are transverse muscle bands (Plate 5-13A) which connect with 

the inner and outer scolex surfaces. 

The disposition of muscle layers in the scolex and neck of 

the adult C. truncatus is similar to that described above in 

the Stage III procercoid (see Plates 5.13B and 5-14)- It is 

worth emphasizing here that the scolex and neck regions of C. 

truncatus are very muscular &these network of muscles function 

for attachment of the tapeworm to the caecal wall of the fish. 

5-4-4- Pathogenic effects on tissues of infected fish. 

The progressive damage of tissues at the distal tip of the 

caecum to which the worm is attached has already been described (page 173)- 

In evidently long-standing infections caeca which contain one 

or more worms appear to fuse with adjacent non-infected caeca 

whose tissues become slightly swollen due to unusually large 

amounts of muscle fibres in them. In heavily infected fish, 

the entire : cegion of the pyloric caeca becomes fused into a 

single mass (Plate 5.20) which may additionally fuse with 

the abdomin 1 body wall i=ediately adjacent to it. 

In some cases, tapeworms were seen to have penetrated 

through the caecal wall and were attached directly to the muscles 
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of the abdominal wall with the strobila still within the 

caecum. In other cases the whole tapeworm had moved 

through the perforated distal tip of the caecum and was found 

free in the body cavity (Plate 5.21). Worms could also be 

discharged into the intestinal tract with the detached 

distal, end of the caecum still held in the soolex as 

described previously (Chapter 29 page 36). 

Caeca with perforated tips are common in heavily infected fish* 

At times tapeworms are even found immediately beneath the 

skin of fish (Plate 5.20) and it appears likely that individuals 

can penetrate through the entire body wall of the fish and become 

released to the outside with unpredictable results to the host* 

Tapewo=s were occasionally found to be completely enclosed 

in fibrous host tissues in the form of a cyst. Such tapeworms 

were always deformed in morphology and in most cases were found 

to be dead. 
Mott s%ý'blq wvem 

Most of the serious damage to fish was caused by 
A 

infection within a single caecum. A maxinnun number of six worms 

per caecum was recorded (page 34 ). The first individual to 

enter the caec= presum bly attaches to the distal end while 

subsequent specimens attach to the side walls, 

The scale of pathological damage in infected fish depends upon 

the intensity and duration of infection. During the present study 

the mean number of pyloric caeca for individual rainbow trout 

was about 65- In fish with small numbers of tapeworms obviously 

only a small number of caeca can be infected and in such cases 
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each infected caecum nc=ally harbours only a single specimen. 

The cumulative level of damage to tissues of such fish is thus 

low and restricted to the caeca that are infected; but when the 

numbers of worms are large (say 117 worms - the highest recorded 

in this study) the majority of caeca are involved, * some harbouring 

more than one tapeworm in each caecum. Consequently there is much 

damage to tissues of the fish. 

The degree of damage suffered by each infected caecum 

becomes progressively more severe as the infection becomes more 

prolonged and especially when mutliple infections with other 

helminth parasites occur. 

All the fish collected from Driffield in the course of 

the present study were infected and therefore it was not 

possible to make a comparion between infected and non-infected 

fish from the same water system. Most fish examined possessed 

distended abdomen2 particularly when harbouring a heavy 

infection with C. truncatus. Such fish were often pale in 

colour., appearing very anaemic and showed blister-like pustules 

on the skin of the abdomen. 

5-5 Discussion 

In the present study, it has been seen that when the 

Stage III procercoid of C. truncatus enters into fish it first 

secures an attachment after which the onset of maturity is 

marked by the presence of eggs in the uteri. 

It has also been seen that C.. truncatus is similar to 

to other tapeworms in ultrastructure of the body wall of its 

strobilao 
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From observations made during the present study the mode 

of attachment is seen to be, largely physical and possibly partly 

chemical. It is physical in the sense that the scolex acts as 

a muscular sucker. The attachment is probably achieved in the 

same way as with suckers of other tapeworms but the s colex of 

C. truncatus differs from others in its relatively large sizeq 

its funnel-shaped form and its markedly apical. position. 

Its sucking effect is rendered very powerful by its dense 

S 
mu6ulature as well as that of the neck region and very firm by 

the manner by which host tissues taken into the funnel appear 

to become structurally fused with the inner surface of the 

funnel. In the latter casep the disposition of the microtriches 

and the irregular nature of the inner scolex surface could 

play the role of controlling friction. Furthermoret the 

microtriches have been found to be sunk into the host tissuesl 

this probably causes the recorded inflamm tion and swelling at 

the distal tip of an infected caecum, 

The attachment may also be chemical in that the scolex 

shows high metabolic activity in the distal cytoplasm of the inner 

surface. This is indicated by the presence of numerous mitochondria 

and the positive reaction to tests for enzyme activity at the 

point of attachment of the inner surface of the scolex to host 

tissue. Numerous electron-dense bodies and vesicles produced 

in the gland-like tegumentary cytons are possibly released into 

host tissue through the outer surfaces of the distal cytoplasm 

and microtriches. These electron-dense bodies and vesicles 
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probably contain certain proteinaceous substances that may weld 

the parasites scolex surface to the host tissue. The may also 

contain some chemical agents or enzymes which may contribute 

to the breakdown of host tissues. Similar electron-dense bodies 

have been noted ultrastructurally in the penetration glands 

of tapeworm metacestodes (Lethbridge and Gijabers) 1974; 

Pence, 1970; Voge, 1973) and in the syncytial tegument of the 

anterior organ (an invagination at the central apical portion 

of the rostell=) in the scolex of adult Hymenolepis diminuta 

by Spacian and Lumsden (1980). The latter authors reported that 

the bodies were produced in the rostellar tegumentary cytonsi in 

C9 truncatust the electron-dense bodies are similarly produced 

in the tegumentary cytons which has been described above as 

gland-like. The actual role of these bodies remain speculative 

as stated above and requires further investigation. 

The mode of attachment of C. truncatus seems similar to 

that of Tetrabothrius affinis (Cyclophyllidea) described by 

Rees (1956). In both tapeworms, attachment involves engulfing 

of host tissue in the cavity or cavities of the scolex. However 

Rees reported that tissue destruction due to T. affinis_ 

attachment was restricted to those tissues engulfed in the 

four hemispherical suckers. The author further indicated that 

T. affinis needed to be attached for 'sometime' for hyperplasia 

to occur. From the present study C. truncatus attachment is 

seen to cause dam ge not only to tissue engulfed in the 

scolex cavity but also to neighbouring tissues. The attachment 

was found to have resulted in pronounced damage in the caecum 

wall of 7 days old infected fisho 
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Histochemical observations on infected pyloric caeca. 

indicate that while normal nutritional and enzyme acitivity 

may continue over most of the internal surface of other 

regions of the caecum, the distal portion where the tapeworm 

is attached may appear totally incapacitated. In the tegument 

of the tapewormp hydrolytic enzymes like alkaline and acid 

phosphatases, non-specific esterases and lipases have been 

localised. This indicates that like other tapeworms, the body 

surface of C. truncatus is suited for nutritional uptake 

(see Lee, 1966; Lumsdenj 1975; lumsden and Hildreth, 1983). 

The tendency of the tapeworm to penetrate the body wall 

of the caecum to which it is attached is very pemdiar 

and difficult to understand. It is possible that the host 

-010- tissues at4point of attachment are broken down due to the 

strong continual muscular action of the scolex. At the same timep the 

localisation of enzymes at the inner scolex surface could 

indicate that the tapeworm probably digests the host tissue 

to which itis attached and thereby penetrating the caecal 

wall. Also chemical agents may be contained in the electron- 

dense bodies and vesicles in the distal cytoplasm and microtriches 

of the inner scolex surfacev as described ultrastructurally above# 
-kh*- 

which result in dissolution of,, paecal wall. Penetration of host 

tissue is a well known feature of procercoids of pseudophyllidean 

cestodes e. g. Diphyllobothrium latum Schistocephalus solidus 

and, Idgula intestinalise This penetration enables the 

procercoid to gain access into the body cavity for encystment 
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in the second intermediate host where it develops into the 

plerocercoid stage (see Vikp 1954; Spyth 1959 and A=e et al. 

1983)- In'C. truncatusp the tendency to penetrate host tissue 

and get into the body cavity may represent a reminiscence of 

the behaviour of an ancestrPL procercoid, boring through the 

gut wall of its intermediate host before becoming encysted in 

the body cavity or musculature. Wisniewski (1932ble) regarded 
, qq 

C, truncatus as possessing neotenio features and attain., maturity 

in fish at a stage when it should have been a plerocercoid. 

However the result of the tendency by the tapeworm to 
)16G 

migrate into the body cavity of. fish does not seem to be ultimately 

favourable to the fish or the tapeworm itself as presently 

observed. Whereas the tapewom can become encapsulated in 

the host body cavity or even possibly shed outside through 

the body wallq the fish tissues and organs that associate with 

the tapeworm are destroyed. 

The occurrence of the tapeworm in the body cavity observed 

in the present study confirms earlier reports by Vik (1954P 1958) 

of the ability of the tapeworm to destroy and penetrate host 

tissues at the point of attachment. 

Even with a high prevalence and intensity of infectiong 

specimenSof C. truncatus tend to settle only in the pyloric 

caeca of fish and not in other regions of the alimentary canal; 

thus occurrence of more than one tapeworm in individual caeca may 

result. This may accentuate most of the pathogenic effects noted 

above and contribute to possible emaciation, retarded growth rate and 

loss of weight as reported by Huitfeldt-ICaas (1927) and Wisniewski (1932b). 



-196- 



Plate 5-1 A. Longitudinal section of a non-infected caecum 
of Salmo, trutta. Masson-, Scale - l=* 

LU Lumen of caecum 
Mf, ........... Muscullar coat 
Muc 00000000000 Mucosa 
So ........... Stratum compactum. 

B. Longitudinal section of an infected caecum 
showing Cyathocephalus truncatus (T) attached 
to the distal portion in 3 days old infection. 
Masson9"-wScale = 2mm. 
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Plate 5-2 Longitudinal section of infected caeca of Salmo trutta 
showing attachment of C. truncatus at the tal 
end of pyloric caecum, in: 

A- 7 days old infection. YlassonSmU, Scale lmm 

B. 15 days old infection. Massoxigtapeale lmm- 

Note the swollen nature of host tissue at area of 
attachment and the stress on host tissue (arrowed) 
resulting from tapeworms sucking effect. 
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Plate 5-3 A. Longitudinal section of the scolex of Cyathocephalu 
trancatus and the host tissue at site of tapeworms 
attachment in a7 days old infection showing the 
collagenous tissue (green in colour) serving for 
attachment. Massoxi'3"4'Scale - 0,, lmm A 
HT Host tissue 
To Tapeworm scolex 

B. Longitudinal section of C. truncatus scolex and 
the host tissue at site ;f tapeworm's attachment in 
a 15 days old infection showing the occurrence 
of the collagenous material in the host tissue 
(HT) overlying the site of attachment as well as in 
tissue serving for attachment. Massonl*"OScale . 0olmm 
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Plate 5-4 Lorigitudinal section of an infected caecum of 
Salmo trutta with Cyathocephalus truncatus 
attached at the distal portion in a 30 days old 
infection. Mallory. Scale - 1m. 
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Plate 5-5 Longitudinal sections of the adult C. truncatus 
in the pyloric caecum of fish demor7stýa-ting. 

A. Acid mueopolysgocharide (seen blue in colour). 
Alcian blue. Scale - lm 

3. Glycogen (seen pink in colour). 
PAS/light green. Scale - I= 

MUC Muoosa 
HT .......... * Host tissue at site of tapeworm's 

attachment 
T ........... Tapeworm 
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Plate 5.6 Demonstration of alkaline phosphatase activity (seen red in colour) in adult C. truncatus attached 
within the pyloric caecum. Naphthol AS-BI 
phosphate method pH-8-3 

A. Longitudinal section of the tapeworms soolex 
(TS) showing the enzyme activity in outer 
scolex surface and inner scolex surface at 
point of attachment to host tissue (HT) 

Scale ý- 0.2mm 

B. Enzyme activities demonstrated in the tegument 
of the strobila body wall (S) and the mucoss, (MUC) 

of pyloric caecum. Scale - 0.2mm 
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Plate 5-7 A. Demonstration of acid phosphatase Activity 
(seen red in colour) in the distal cytoplasm 
of the strobila body wall of adult 
C. truncatus (in a longitudinal section). 1c ity in 'the mucosa of the pyloric caecum is 
sometimes negative or weakly positive. 
Scale - 0.2mm 

B. Transverse section of the strobila. showing acid 
ýhosphatase activity in the ovary ducts 
karrowed). Scals - 0.2mm 

Both prepared with Naphthol AS-BI phosphate method 
PH 5-3- 
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Plate 5-8 Scanning electron micrograph of the scolex and neck 
region of adult C. truncatus retrieved from fish caeca, 
shown in: 

A* With intact host tissue of attachment to the 
funnel shaped scolex. Scale 300jam 

B. With host tissue of attachment pulled out of the 
scolex revealing its funnel-shaped structure. 
Scale = 30()Am- 
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Plate 5-9 Transmission electron micrograph of the inner scolex 
surface of C. truncatus in longitudinal section and 
its attachment to host tissue. 

A general view. Scale - 2pm. 

Do Distal cytoplasm 
E Electron-dense bodies 
HT Host tissue 
Ut Microtriches 
Ta ............ jhc. norl ce-llulwe tissue of attachment 

B. The microtriches and 34, ie- tlask tissue to which 
tapeworm is attached. Note shape of the apical Cap 
of microtriches and the occurrence of inimerous 
vesicles (arrowed) preminably produced by the 
tapeworm. Transmission electron micrograph. 
Scale - Lun. 
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Plate 5-3.0 A*High Power trans mission electron micrograph of 
the distal. cytoplasm (shown in Plate 5-9) of the inner 
scolex surface showing the electron-dense bodies (E). 
mitochondria (Mi) and vesicles (V). 
Scale a 3jum 

B. High power transmission electron micrograph of 
the distal cytoplasýq basal lamina and muscules (Mu) 

9 of the inner scolex surface. Note large mitochOndriOn (Mi)., glycogen granules (gl) and shape of electron-dense 
body (arrowed) in the internuncial process. 
Scale - 2ý= 
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Plate 5.11 Ao Transverse section ultrastructure of the 
outer medullary parenchyma beneath the muscle 
layers of the inner scolex surface showing the 
electron-dense bodies (E) in the internuncial, 
process. Transmission electron micrograph. 
Scale - 2jum 

Bo The medullary parenchyma of the scolex margin. 
Transmission electron micrograph. 
Scale - 4= 

............ Lipid bodies 
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Plate 5.12 A. Semithin longitudinal section of the inner 
surface of soolex (PS) attached to the host 
tissue (HT) showing the teg=entary cytons 
(arrowed). Toluidine blue. Scale - 40ý= 

B. Transmission electron micrograph of the teg=entary 
cyton showing the numerous electron-dense bodies (E) 

and vesicles (V) in the cytoplasra. 

Scale w 211m 

H Nucleus 

I 



A 
0. 

, It. , 1( --X! 
. *14 

lt. er 
lop 

.,. 0.1 . 
44 

44 
V 

.. 

'o 

PS 

to 

46- 

V*k 

B 



-208- 



0 

Plate 5-13 A. longitudinal section of inner soolex surfaces 
of the stage III procercoid of C. truncatus 
showing transverse muscle fibre7s (arrowed) 
that connect inner scolex and outer scolex 
surfaces. Masson3mea- Scale - 0-15mm. 

B. Low power transverse section transmission electron 
micrograph of the inner scolex surface of 
attachment of the adult tapeworm showing the 
musculature beneath the distal cytoplasm (DO) 
Scale - 2, um 

(MU ............ Circular muscle 
IMU Longitudinal muscles 
TYIU Transverse muscles 
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Plate 5.14 A. Transverse section ultrastructure of body wall 
at the neck region of adult gXathocephalus truncatus 
showing the extensive =usculature beneath the 
distal cytoplasm (Dc). Transmission electron 
micrographe Scale - 4ý= 

B. Outer scolex surface transverse section ultrastructure 
of an attached adult Cyathocephalus truneatuso 
Transmission electron micrograph. Scale - 2= 

Host cell of the neighbouring 
tissues at area of attachment 
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Plate 5-15 A. Ultrastructural. transverse section of C. truncatus 
strobila, showing the body wall in the 7 days old 
infection in S. trutta. Scale -4 Am 

B. High power transmission electron micrograph of the 
la, yer of microtriches of the tapeworm of 7 dsys old 
infection (above) showing vesicles containing 
granular particles (arrowed) within individual 
microthrix. Scale - DIM 
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Plate 5.16 Transmission electron micrograph of a 
longitudinal section of the strobila of C- truncatuO 
in the 15 days old infection of salmo ý-ruttq 

Do oesee, ogge Distal, cy-toplasm 
A .......... o, Microtriches 

Scale - Z= 
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Plate 5-17 Longitudinal section ultrastructure of zone 'A' 
of the infected host tissue showing: 

A. tissue (Ta) that servesfor 
tapeworm attachment and endings of the microtriches 
NO of distal, cytoplasm. Transmission electron 
micrograph. Scale - 2jam 

ET 0000000000 Host tissue 

B. Region of the muscular coat of host tissue 
overlying the tissue of attachment. 
Transmission electron micrograph. Scale = 2JUM 

RER oooesoooeo Endoplasmic recticulum with 
ribosomes 

Muf eaeeoee-oo Muscle fibres 
N ooeooooooe Nucleus 
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Plate 5.18 Longitudinal section ultrastructure of zone B 
of host tissue at site of tapeworm's attachment 

A. General view of the zone. Transmission 
electron micrograph. Scale = 49M 

Lipid bodies 

B. High power transmission electron micrograph 
of the zone. Scale = 2)im 

Nuf ......,,,,, Muscle fibres 
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Plate 5-19 Longitudinal section ultrastructure of zone C of host 
tissue at site of tapeworm* s attachment. Transmission 
dlectron micrograph. Scale = 4. um 

ER e. -oo. e. e. Endoplasmic recticulum 
Muf o. ooo-o-ee Muscle fibres 
N .......... Nucleus 
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Plate 5.20 Tissue damage by C-Yathocephalus truncatus in Salmo 
trutta 

A. Transverse section of pyloric caeca and abdominal 
body wall of S. trutta showing tissue erosion 
at the distal tip of an infected caecum with the 
tapewoxm approaching the body cavity. Two other 
worms in cross section (arrowed) are already located 
in the abdominal musculature beneath the skin. 
Masson Scale - 3mm 

B. Transverse section through the region of pyloric 
caeca, of infected fish. Note the severe damage. 

q-V-Cjj- Masson 
A. S cal, e- 3mm 

AMu Abdominal musculature 
Bc Body cavity of fish 
Sk Skin of fish 
T Tapewormq C. truncatus 
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Plate 5.21 Transverse section of Salno trutta at the trunk showing 
in 

A. Occurrence of Cyathocephalus truncatus in the 
body cavity of fish. Note the damage done to 
the abdominal musculature (arrowed). 
Masson 5menbcale - 4mm. 

In ooo. 99oo. small intestine 
Li ........ *. Liver 
0 ****go* ***ovary 
PC .......... Region of Pyloric caeca 
St *... e, *. e. Stomach 
Sw .......... Swimbladder 

B. Occurrence of the tapeworm in the body cavity Of 
, ýrevv fish. Masson 
A 

Scale = 2mm 
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GENERAL DISCUSSION 

The present investigation has clarified a number of 

I 

important issues in the life cycle of C. Yathocephalus truncatus', 

The presence of a hexacanth embryo has been demonstrated and the 

stages of development in Gammarus pule have been described 

from naturally-infected amphipods and from experimental infections 

established in the laboratory. In both instances as well as 

with natural infections of gammarids with acanthocephalans and 

digeneans the infection rate of amphipods is very low. 

, 
C. truncatus infections recorded by Wisniewski (1932b), 

Vik (19549 1958) and Awachie (1966a) were similarly marked by 

low prevalence in the amphipod inte=ediate host and a high 

prevalence in the fish primary host. The general low infection 

rate of gammarids with the tapeworm and the other helminth 

parasites could be due to a number of factors. 

As with C. truncatus infectiong one of such factors may be 

that a number of the infective embryos are crushed by the 

mandibles of the ganmarids during ingestion resulting in a 

diminution in their number. This has been discussed in 

Chapter 3 (page 102 ). During attempts to produce experimental 

infections of G. pule it was observed that the presence of more 

than a single worm per gammarid probably results in the death 

of the host (page 91 ),, Some amphipods in the field may have 

died as a result of the large size to which the contained procercoid 

of C. truncatus may grow or of the presence of a number of 
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procercoids within the body cavity. 

The occurrence of a large population of G. pulex 

in the area of present study could also tend to obscure the 

actual prevalence of the tapeworm procercoide Hynes (1955) 

pointed out that Gammarus pulex breeds twice in the year - first 

between April and June., maturing in the winter months of 

December and January and secondly in September and November., 

over-wintering as juveniles and maturing about March. It is 

possible that infections with C. truncatus only establish 

during the summer breeding season when the temperature is 

suitable for egg development (as suggested above on page 101). 

Thus the number of infected amphipods could appear low when new 

individuals are added to the population in winter monthst effectively 

diluting the number carrying. procerooids. 

Although the tapeworm appear. % to have a seasonal pattern of 

occurrence in the intermediate host a study of their seasonal 

occurrence in fish is necessary to clarify their actual pattern 

of prevalence in the hosts from Driffield trout streams. 

In the early stages of development of C. truncatus 

procercoid, the terminal invagination that develops to form the 

scolex is similar to that of the procercoid of some pseudophyllidean 

species such as Diphyllobothrium latume But whereas the 

scolex in D. latIn develops to form a pair of bothria after 

gaining access into the second intermediate hostq that of 

Co truncatus does not vary but develops further into a terminal 

funnel-shaped scolex. The uneven thickness of the scolex margin 
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observed in the procercoid during its early stages of 

development (page 88 ) might be reminiscent of the 

probable positions of the bothria in the ancestraL form and 

have become fused as in present day C. truncatuse However 

C. truncatus differs considerably from the pseudophyllidean. 9 in 

that two hosts (crustacea and fish) are required for completion 

of the life cycle. In the pseudophyllideans as in Ligul 

intestinalis the life cycle is completed in three hosts: the 

first intermediate host is a ccpepod in which the procercoid 

develops; the second intermediate host is a fish in which 

the plerocercoid. occurs and the definitive host is a 

fish-eating bird. The dorminant phase of Ligula intestinalis 

life-cyclep according to Arme et al (1983), is the 

plerocercoid stage in fish. C. Yathocephalus truncatus probably 

originally showed a similar pattern of life cycle a-ad lat6r 

evolved to become an adult in the fish. Moreovervq. truncatus 

may attain maturity in the crustacean host as indicated by Amin 

(1978) who reported egg production byg. truncatus procercoid in 

Pontoporeia affinis, With Amin's reportp. 2. truncatus can be 

compared with the genus Archigetes1whose procercoids are known 

to attain maturity in fresh water annelids (intermediate host) 

as well as in the fish definitive host (Wisniewski, 1930, 

Calentine, 1964; Kennedyp 1983)- 

Howeverp egg- production by the procercoid in the gammarid 

host has not been observed in the present study. The state of 

the reproductive system observed in the present study certainly 

shows that egg production may be possible but the inability of 
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the amphipods to tolerate the increasing size of the 

procercoid may constitute a limiting factor for them serving 

as definitive hosts. 

Wisniewski (1932b, c) was of the opinion that C. truncatus 

must have originally passed through a complete life-cycle of 

three hosts with a true strobila probably formed within the 

final host which he thought to be an animal now extinct. He 

also interpreted the precocious development of genital organs 

and excretory ducts in the prooercoid as a tendency to neoteny 

thus shortening the developmental cycle. 

Since several fish species are reported to serve as hosts 

for C. Yathocephalus truncatus the level of host specificity may be 

characterised as low. As remarked above (page 55) 

it is possible that additional fish species may be found to 

act as final hosts. 

In the present study, the pathogenicity of the worm in 

the fish host appears to persist in the use of the funnel- 

shaped scolex for further attachment following the breakdown of 

the caecal tissues to which it was initially attached thus 

eventually penetrating the caecum, wall. The structure and shape 

of the scolex of C. truncatus shows it to be a muscular sucking 

organ rather than a penetrating one like the scolex, of pseudophy- 

llidean procercoids e. g. Diphyllobothrium species, Of particular note, 

adult specimens of another pseudophyllidean cestodej Penetrocephalus. 

m3napattal as reported by Rao (1954P 1960) and Subhapradha (1954) 

have a remarkable feature of penetrating the intestinal wall of the host, 

Saurida tumbil with the scolex to reach the liver while the 

strobila lies inside the intestine of the host. The scolex slid 
neck regions that lie outside the intestine are enclosed in a thick tough 
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sheath of host tissue resulting from host-parasite interaction. 
The mode of penetration of this tapeworm is however not known 

but the tapeworm's penetrating ability and the damage it 

causes at the site of infection in the host appear similar to 

what has been observed in C. truncatus infection. Moreover 

the life cycle of P* ganapati has not been worked out and may 

produce additional informations to enable an effective comparison 

of the tapeworm with g5rathocephalus truncatus* 

It is not known for certain whether the electron-dense bodies 

and vesicles produced in the gland-like tegumentary cytons of 

the soolex and released through the inner scolex surface into 

the host tissue contain chemical agents which cause lysis of 

the tissues but this seems very likely. 

The overall pathological effects seen in infected fish 

in the present study are similar to those reported by previous 

authors (Wisaiewski, 1932b; Vik 19549 1958; Awachie, 1966). 

The damage to tissues of the host in the course of infection is 

severe. Although no dead infected fish have been reported from 

the area of the present study, the fish examined were certainly 

in poor condition. However2 death of fish due to C. truncatus 

infection has been reported by Huitfeldt-Kaas (1927) and "Wisniewski 

(1932b), 
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SMMARY 

1. All the specimens of Salmo gairdneri (160) 
j Salmo 

trutta (9) and Thymallus tILvmallus (31) examined from the 

Driffield section of the river Hull and its tributaries, the 

Driffield Beek and the Eastburn Beek, were infected with 

C. v-athoce-phalus truncatus and other helminth parasites including 

Echinorhynchus truttae, EchinortLynchus salmonis and Cystidicola 

farionis. Other helminth parasites recorded include Neoechinorhynchus 

rutili Cucullanus truttae and Crepidostomum metoecus. 

2* Juvenile stages of various helminth parasites were 

recorded in the amphipod crustacea, Gammarus Pulex, collectr-d 

from the same water and include (with their maximum prevalence)v 

the procercoids of Cyathocephalus truncatus (292%), the 

juveniles of Echinorhynchus truttae (492ý)., Echinorhynchus 

salmonis (1*6116), Neochinorh3rnchus rutili (1.2%), C. Tstidicolll 

farionis (34), the metacercaria of Crepidostomum metoecus 

O. eo) and an unidentified cysticercoid of a cestode 

3., The life cycle of C. truncatus involves G=marus Pulex as the 

intermediate host and the fish as the primary host. Hexacanth 

embryos were found to develop in 22 days when eggs of the 

tapeworm viere cultured at 20OC; 25 days at 15 00 and 35 days at 

12 0C but at 60C and below and 250C and above no development 

occurred. 
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4- Experimental infections of Gammarusl pulex with C. truncatus 

were obtained only after the ingestion of egg capsules 

containing oncospheres which were fed to the anphipods on 

pieces of lettuce leaves. The procercoid develops in the body 

cavity of the amphipod over a period of about 10 weeks to attain 

the infective stage. Within the gamma id, the procercoid is 

entirely enveloped in a sheath which is lost when the worm 

enters the fish host. Ultrastructural study showed two types 

of microtriches on the body surface of the procercoid. 

5- Specimens of Salmo trutta were infected by feeding them with 

specimens of Gammarusl pulex harbouring the infective procercoids 

of Cyathocephalus truncatus. The tapeworm matuxes in 8 to 

10 days accompanied by production of eggs. The adult tapeworm 

possesses on the body surface only one type of microtriches and 

is similar in body wall ultrastructure to other tapeworms. 

6. The tapeworm forms an attachment at the distal tip 

position within the pyloric caecum of fish 3 days after 

infection. The attachment becomes very firm by the 15th day 

and is accompanied by proliferation and swelling of host 

tissue overlying the site of attachment. The tissue of 

attachment is seen structurally to consist of collagenous 

material. Ultrastructurallyq microtriches of the scolex 

surface at point of attachment are seen to be embedded in 

the tissue which is also seen as non-cellular and 

non-fibrous. 
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7. The mode of attachment of C. truncatus is mainly by muscular 

sucking action of the funnel-shaped scolex. It is not known 

whether the electron-dense bodies and vesicles produced in the 

gland-like tegumentary cytons of the scolex and possibly discharged 

into the host tissue through the scolex surface of attachment 

perform any chemical role in the tapeworms mode of attachment. 

8* The procercoid of C. truncatus attains a rather large size 

in the body cavity of G. pulex and although no damage was 

seen structurally in organs such as hepathopancreas and gonads 

of the amphipods movements of infected amphipods were observed 

to be sluggish. 

In fisht Cyathocephalus truncatus is seen to be capable of 

penetrating the caecal wall to which it is attached and to 

enter the body cavity. 
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APPENDIX 2 

(A) ACID 
- 

PHOJEHATASE (after Burstone. 195, S) 

I 

Standard Naphthol as phosrhate method 

Paraffin embedded sections (max. m-P- 41 0 C. Blocks kept at 

+00 Clear in Xylol and hydrate rapidly in series of acetone 

(1000- 900., 70o, 501'f-) 

Incubating medium 

4M9 Naphthol AS-B1 phosphate 

dissolved in 0.25 ml, dimethyl formamide 

*Add 25ml O. ZMTr%im44Cbuffer (PI1 5*2) 

Add 35mg Red violet L*B. salt 

2 drops of 10ý maganese chloride. 

Incubate at 370C fQr about 1 hour 

Wash in distilled water and mount in Glycerol Jelly 

(B) * For Alkaline Phosphatase 

Change for 25ml ... 0.2tI buffer (PH-8-3) 
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APPENDDC 

NON-SPECIFIC ESTERASES (Holt, 1958) 

(Also ref. Pearse. (1972)l Humason (19"f"ý ýLe. _j 

Indigogenic method 

Paraffin embedded sections (wax m-P- 41 0 C; Blocks kept 

at 4-9 C) Clear inXylol and hydrate sections quickly in 

series of acetone (1000- 90%P Mf-v 50)* 

Incubating medium 

0- acetyl -5 bromoindoiql 1-3mg 

Ethanol 1.0mi 

Allow to dissolve and add 

091m Tris (hydroxylmethyl) aminonethane 

/HCL buffer (pH 6-8-5) 2. Oml 

0-05m - Potassium ferricyanide 1.0mi 

0-05m - Potassium ferrocyanide 1.0ml 

O-lm - Calcium chloride 1.0mi 

Add water to make up to 10ml of solution 

Incubate (10 secs to 15 hra) at 27 - 3000 

Incubation medium always to be prepared fresh, 
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APPENDTX A 

LIPASES (Gomori, 1252 

STOCK SOLUTION 

A. Substrate: 

Tween 60 5.0 gm 

Distilled water 100.0 ml 

B. Tris bufferg PH- 7.2-7-4: 

W Buffer stock solution 

Maleic acid 29.0 gm 

Tris (hydroitylmethyl) 30-3 gm 
aminomethane 

Distilled water 500-0 ml 

Charcoal 2*0 gm 

Shakep let stand 10 minutes and filter. 

(ii) Buffer working solution 

Stock solution 40-0 ml 
or eo NaOH 20*0 ml 

dilute to a total of 100 ml 

(Preserve substrate and buffer with 0.2f% 

chloretone or crystal of thymol) 

C. Calcium chloride: 

Calcium chloride 10*0 gm 

Distilled water 100.0 ml 



-258- 

WORKING SOLUTION 

Buffer working solution 5-0 ml 

lqo Calcium chloride 2.0 ml 

Substrate 2eO ml 

Distilled water 40-0 ml 

Procedure: 

le Deparraffinize and transfer slides to absolute acetone. 

2* Hydrate rapidly to water. 

3. Incubate for 12-48 hours. 

4. Wash in distilled water. 

5e Treat with 1% Lead nitrate (lgm/100ml. water) for 

15 minutes (calcium stearate transformed to lead 

stearate). 

6. Wash in several changes of distilled water. 

Treat with dilute ammonium sulfide (1: 5)3 

few minutes (brown sulfide produced). 

8. Rinse in tap water. 

go Counterstain lightly with hematoxylin and eosin if 

desired. 

10, Dehydrate and mount in glycerol jelly. 



-259- 

APPENDIX 5 

Specimen preparation for Electron microscopy 

Tissues usually about 1= thick. 

Glutclraldehyde (fixative) 3hrs 

Buffer rinse 15 min 

Osmirm textroxide 1 hr 

Buffer rinse 15 min 

5W6 alcohol 20 min 

7VIa alcohol 20 min 

9% alcohol 20 min 

Absolute alcohol 1 20 min 

Absolute alcohol 2 20 min 

Epoxyl propane 1 10 min 

E. P. 2' 10 min 

E. P. Epon (1: 1) Overnight 

Embed in fresh Epon (or Araldite) 

(or Araldite/Epon) 

Polymerise 600C 24 hrs. 


