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Studies on the parasite fauna of the fish of the River Lur:f), 

(a tributary of the River Wye, Herefordshire). 

Summary 

The parasite fauna of five species of fish, Sgualius cenhalus (L.), : 

Leuciscus leuciscus (L.); Rutilus rutilus (L.), Thymallus thymallus (L.)' 

and Esox lucius L., caught in the River LugS between Jan~nry and 

Decer.lber 1964, \'1as examined. 

1257 fish were eXar.J.ined and 38 species of parasites "rere recorded; 

6pro~ozoa (Hyxosporidia);11 Hon;genea; .5 Digenea; '4 Cestoda; 5 Nemat~dt 
i 

5 Acanthocephala; 1 Hirudinea; 1 Nollusca. 8 species of:'parnsites t'lere - , . , 

recorded for the iirst time in Britain:-Dactylo~yrus vistulae, 

D. folkmanbvae, D. nrostae, D. cordus~ D. tuba, D. n~nus, Tetraonchus 

borealis jJjono.genea),and .,Allocreadiurit, tr~nsver~ale(Diienea):''''''-'-':~'" 

The 'seasonal dynamics of commonly recorded parasites t'Tere studied. 

No seasonal variation in incidence was noted for Hyxo,sporidia, and no 

variation was' observed in the' sha:pe ,or size of, the spores of E;vxobolus 

spe"cie~, ,whereas t'ailed and tailess spore forms of Henne~uya species 

were recorded at diff;rent times: of the" ye"ar. Dactylogy~ids· O'~on'ogenea) 
> • ~ , ; • - , ", , ,", 

s!lm .... ed' a, marked' seasonal occurrence only being 'recorded bet,.,een 
. . '. . 

February and September,and it is postul~t~d thattemperaturet'lay.b~ 
.... " 

" . ' ,- , - . 
the important controllinc factor. Annual cycles of development and 

. "', ~ , , 

maturation were present in Allocreadium isoporum~Sphaerostoma'b~ama~ 

(Digenea) and Proteoce'Ohal~s 'to;ulosus (Ce~toda), thenain 
" '- ,'j • 

reinfection period '~f the"definitive hostoccurrino-b'etwe'~nSeutember " 
, , < ;." ~. 0.. f ", .' .. " " 

and ,Oct~ober,' and, the peak period ,of"egg produ~tion' beti·reEm Nay and 



July. The incidence and 'intensity of infection of helminth parasites' 

.' were studied especially in relation to the length and sex of tthe host. 

Tii'e parasite faunas of each host "lere compared and reasons 'for 

, the different patterns and revels,of'inf~cti6'n were discussed. 

" , 



CIlAmR O~. 

n11'RoroCTION. 

~ ecology of the paraaitea of freshwater fish is a complex 

subject involving a Itudy of all the factors influencing the host. 

the parasite and the host-parasite relationship. 

ltaI\Y aspects of the paraaUes of freshwater fishes haVt been 

studied 1n Brita1n, all of whiCh contribute to an understanding of 

the ecology of fiah parasite.. Lists of paralltes fran freshwater 

fish hosts are recorded b,y' Ba111s (1928. 39h Baw.on (1952h 

Copland (1956,57) and ~e (1966). The latter author reviews all 

previous work published on the paras! tes of freshwater fish in I 
Ireland. The population dynamics ot ind~vidual parasite species have 

been studied by Hopkins (1959). Chubb (1963. 64). Paling (1965) and 

Awachl. (1965, 66). 'lb. parasites of Sabia trutta L. have been 

investigated b,y aeveral authorities. for example, Robertson (1953), 

Thomas (1964. a and b), Awachie (1963) and Aderoumu (1965, and in 

progress). Other para.ites Were only examined when they were found to 

" " be the cause ot the mass mortality at fiah, tor example, Duguid and 

Sheppard (1944), Fraser (1960) and Williams (1964). Investigat10ns 

. of the larval stages and lifs cycles of parasites, some of whlch 

. intect freshwater fish were undertakGn by Brown (1926}f Bees (1932, 

'55, 51), Eraamus (1958, 59h Iles (1959. 60h Nasir aDd Erasmus (1964h 
-

AWachie (1965). The physiology and in vitro cultivation of 

S~hiatocephalus soUdua .(JlUl1er,.l776)"and Lieula intestinaUs (t.) 
, . 



have been ett.;.dled b.r Smyth (1946, 56, 59), Bopclna (19,0, 52), Hopkins 

Wld UcCalg (1965 h Wa1ke.Y and Davies (1964h Arme (1966). 

In recent years "vera1 research workers in the Dtpartment of 

Zooloe(, Univeraity of Liverpool. have imrestigated tho eC~lOa of / 

the parasites of trashwater £ia1' .. 8. !.this wo1'k was initiated by 

Dr. J.C. Chubb whon a preliminary investigation .. as made ot the 

~par.1a1te fauna of the fish of Llsn Tee1d (&la lake), 1!erionethabir ... 

Since this In'1eatf·eatlon, surveys have been undertaken on the paraalte 

faunas or the fiab of aoatberne Jlere, Ct.shire (Hini, 1964h t~ 

Olropahire Union QUlal, Cheshire (LU.hra, 1966) and tly'n Padarn. 

Caernarvonabl1'8 (Powell 1966). Awachie. (196,) studied the helminth. 

of S. tnl't.ta frcm the Alon 'tenig, North Wales, and AderoUDnU (work in 

progress) i8 coraparine the parasites ot s. trutta fmn Chirk Hatchery 

(Denbiehahlre) and Ll3n Tegld. 

'lb.e present walk involved an InveatieaUon ot the parutte fauna. 

of the fiah ot the Rt,.,r tugg, a tributary of tbe River Trye 

(Serefordahire). ~ aim of thia .. ork carded out between 196, and 

.1967 was to detel'llline the specie a of paraa1tes preeent, the /" . . j 
percentae8 0,£ fish tntected, the intensity of the infection and the 

.. asonal 6ynam1C8 of the para.it8a~ Completion of tbis .. ark enabled 

a comparison to be mad. between tt .. parasite faunae of fre.b ... ter flah 

from differing freahwater habitat. in Britain. 

'lbe preeant 8Urv~ wu .carrled out in COnjunction with an 

ill'le8Ueation luf4r. J.Y. Bella ... ll ~or the "ye River Authont1. on 
.-';F , 

" " 



CCllpetUioll bet.en Coal''' tlab and aalaoIlU.. 91i. a11owe4 a .tuq 

ot thl bl010g ot the flab and tbeil' parae1te faunae to be Uad.I't.1l 

at the ..... tiM and at the ... looaUoll. 

It 1. hopeeS that the data frCIII thb 11l'1'.ltiptloJl rill pl'OYl. 

information on the eSletl'lbution of para.it •• of frelhwat.r fiebe. and 

their hoat. in in t&1n, &DC1 Wi 11 al.o b. of UM in aore .peolaUMeS 

Rudl •• in taxoDCllJJ;1, '][})Im.ntal WOft on Uf. c;yole. and. .. a.oDal 

c!rnaalo1 of the.. pU'UU ••• 

b Il1Yil'o9!.e. 

1be RiT.r l'llac i. 58.5 ail •• 10Dg. The IOI1I'Qe of tbe 1'1 .... 1' il 011 

Bb.OI erug (1670- abOY ... a-le"'ll) (Kont,OIIIr.rlh1re) about ...... n allel 

DOl'th-"lt ot (mabton. 1be 1'1 .... r flowl .alt aDd thell louth to joln 

the Ri ... 11' WJ. at MorclUOH (150- abOY ..... le .... l) (B.refol'41h11'e), 

fl"'l 81lel .outh of S'l'efol'4. (l1CUtte 1.1.) 

Rlchal'dIOIl (19'5) In hl1 IUl'YI7 of the ... 118 aDd Iprinel of 

1I'I'.tordah1re d1T14eeS tbe 1'1 .... 1' 11lto two ..til .. ot1ou &cooH1ng to 

the ... 01ua. &lid "'llooU;r of watll' ptte_. and to the VPI of landlCape_ 

!be t1rlt al ... 1.10Jl 11101u4e. the 1'1"'el' above .0I't1 .. ra Cro.. Brtd,. 

w.'I'I the 1'1 .... 1' flowl tbrouch ct •• p ... aller. ot 8ilurlan rook, aDd 1. 

at •• pq cra4t4, .xcep' bet .... 11 Pre.telpa aDd (11l1haa where tbe ... alle;r 

1. Wide ad Uable to local t10041111. The 10 .. 1' put of tbe l'i"'lr. 

IXCept _1'1 the 'fall17 la 1aI'I'01I'II4 at '0l'4. flow. OYlr 1e"'11 oJllI1 

cOU,ntl7 Whlob 1. ocapo_d .. 11111 of aarl alpoltta of tbe Downt.on1&n 

" 
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CARBONIFEROUS LIMESTONE 

UPPER AND LOWER OLD RED SANDSTONE 
(SANDSTONES AND MARLS) 

COAL MEASURES 

o DOWNTONIAN (MAINLY MARLS) 

~ LUDLOW BEDS WITH LIMESTONES 

~ WENLOCK BEDS WITH LIMESTONES 

LLANDOVERY BEDS 

CAMBRIAN 

PRE-CAMBRIAN 

- --- COUNTY BOUNDARY 
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overlaid loca.l~ by grave 1. Tho no"nto.nian deposits are imperviou8 

and water with DUSJ;endod marl partioles oolours the river after heavy 

rain. 

'(,he SGI'Iplinr; Site. 

Sa.-nples were taken fran the i{iver TugS' at &denham (SO 5305(9) 

and }1u."Dpton Court (:;0521522) (Herefordshire). In this area U..e river 

flows over the Downtownian beds, which are overlaid at the sidee qy 

allUVium. and in Bome places by gravel. (rho bed of the river 

oonaisted of a mixture of small boulders, light shingle, gravel and 

sands, and the river banks sr.elved steeply. Plate 1.1. In rivers 

With this type 01' bed the average velooity of the ourrent per 8900nd 

should be 24" - 8 n , (lllnn1kin, 1920; & ... tcher, 1933). When not in 

flood the greatest aeptb of the river was 4 - 5 feet, and varisd 

between 15 - ,0 teet in width. Both the depth and width of the river 

varied accordiIl8 to the amount of rainfall. and after heavy rain the 

watsr level rose a further 5 - 6 feet. n-.. temperature of the river 

water was recorded at eaoh sample (Figure 1.2). 

Green algae, FOllttnalis sp., llanuncu1u8 fluitane and JUJIlC1l8 ape 

oomprieed the main flora of the river. A list of the main 

invertebrate fauna was oompiled tl'Ofll the analyeis of bottom samples 

taken wer severa.l I"onths, and from a stwly of the stomach contents 

of the flah (Hellawell, perSecomm.) (Table 1.1.) The veriebrute 

fauna of the river i8 0.180 listed. (Table 1.2.) 







Fi~ 1.2 The temperature of the \t1ver Lugg lor each 

sample 
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Platyhelminthes' 

Arthropoda. 

Tnsectal 

Tric]adida. 

01 igochaetaa 
l,irudinea' 

'Sphe'l1e r optera: 

1 lecopteras 

Coleoptera. 

Me galoptera. 

llemiptera l 

trichopteral 

Dipter&.: 

'1' \~bi f'lei. dae 

';csy onuru! Bp. 

I ~l!:Ptophlfitoia. ap. 

lIJLetir .p. 
iSphemora .p. 
t;apnta bifrons 

'i'attnopt!u"Y x f18!)ulor;a (f) 

leoperla gra"ll!'r.attn (:Foda ~ 

Protone1l'loura ap. 

luniue Yok1'!lani 

Oolimniu. tuberculatte 

F.lmis mauee llianer 

Iq t i sci da.e • 

SiaUs ap. 

Oryody tes ep. 

\~icronecta. sp. 

!\yacophila sp. 

l;ydrop!yche ap. 

3 unidentified species. 

I'tpuHda.e 

~~t',u1id~ 



Crt) etacee.. 

.... rachnida: 

Arr.phipoda: 

Isopoda.a 

t'ecapoda: 

G.cv!marus pulex (L.) 

A.sellus aguaticus L •. / 

.'lStacus fluvlati1is 1 .. 

Hydracarina ap. 

Ancyll1strum fluvlli.tele ('fUn) 

~,phae rium corneum (r..) 

anodonta sp. 

'i'teodorus fluviuti lis (L.) 

Hydrobia jenkins1 !:inith 

Limma M J'lger ilttl1 

Pb..y sa i'ontinalie (L.) 

1.6 



Pieoes. c;n: r 1nidae. 

Cottldul 

So.lmonidae • 

Esooldae. 

AngUl1lid&e I 

Amphibia. 

Aves' Rall1dae: 

ADatidul 

Mammalia. Rodentia. 

Qgualiue cephalu8 (L.) 

I,uclscue leuolscus (L.) 
Rutilus rutl1ue (L.) 

Gohio fiObio ( L. ) 

Phoxlnus phoxinue (t.) 

Cottus gobto (L.) 

T!gmallus t.!;ymalluB (L.) 

&almo salar L. 

Salmo trutta. 1,. 

Foe OX lucius L. 

~~111a aE«yilla (t.) 

Rans tem20mria 

Galltnula ohloropus 

AnaS platyrhynchos 

ArVioola amphlbiu8 



1.6 

Samplioo' lIethods and wIater!all. 

'rhe aim was to sample 30 fish a month of each of the main species 

tn tha 1'1 VOl'. Throughout 1964 salnples were taken each month fran the 

River Iugg at .dOdellharn and l:lampton Court. r!'he fish were caught non

seleotively usil'l8 an Ale olectrio fier-or fixed in a tlat-bottomed boat. 

All the fish wore sorted into opecies, and then each fish was wrapped 

separately and packed between l""er& of CO2 ice. In the laboratory 

each species of fish from a sample was placed together and labelled. 

All those that were not examined fresh were stored under deep-freeze 

conditions between -5°C and -lOoe. 

Examination' 

O'/er 1,200 fish belonalng to five species were examined ('l'able 1.3). 

The 8pecies examined 91er.l-

Sg\laluis cephalus (L.) 

leuciecus leuctscus (I •• ) 

Rut11u8 rutilua (t.) 

'l'hymalluB thymallu8 (L.) 

E80X luctus r.. 

The following measurements and details wore recorded from each 

fish.-

a) W.ight 

b) length (to tip of caudal fin and to the fork) 

c) Sex 

d) Vialsht of gonad and atage of develOJl'!'ent in the female. 
acoordiDg to egg size. 

a) Age (analysed by ;J.r. J .;Vi. He 114918 11). 



!':&ch fish wu examined externalq for para.aites, and then slit 

ventral~ and the parts of the fish and organs, listed below, were 

oxa~tne~ for parasitas'-

a) Body' cavi ty 

b) Intestine 

c) SWim b lad der 

d) Uril'lal'y duets 

e) Oi11.& 

AI\V para.si tas found were re laxed and preserved in the appropriate 

solutions (details are given in the chapter dealing with the different 

species of parasites) with a record of the number present, details of 

the host and sample number. The parasites were examined and 

identified and the folloWina pointe investigated.-

a) Percentage infection of each hoat 

b) Intenstty ot infection 

0) Variation of percentage and tntenatty of 
infection in relation to the length and the Bex 
of the hoat. 

d) Seaeonal dynamics. 



Month 

JUuar;r 

rebru&:r1 

Mal'Oh 

April 

~ 

June 

Juq 

Auguet 

September 

October 

JOY_bel' 

Dec_bel' 

TABlE 1.3. 

'l'llE NOMBga OF FISH EXAMINED. 

S.cePhalU8 L.leuc1eoul R.rut11ue 

32 " " ,1 '1 'Z1 

29 ,0 50 

,0 " 16 

,1 4 9 

,0 30 ,0 
,0 ,0 22 

,0 ,0 ,0 
28 30 30 

Z7 ,1 ,0 
,0 28 ,0 
,1 ,0 ,0 

'59 '42 '17 

1.10 

T.tmallulI E.luo iUI 

- 1 

11 1 

18 -
25 7 

e , 
17 8 

,0 1 

5 2 

- -
25 4 

30 -
,0 1 

199 ,6 



L isCUBlion. 

P8tzuehev~ and retruahavak.,a (1960) state that fifteen flah of' 

each apecte. 18 an adeq\l&t, number to examine to give a representative 

picture of' tee paras! te fauna for a general survey. but for 1II0re 

detatl,a InYe.t~gatlon. 1t il nececaar.y to examine a greater number ot 

fiah. The alm of tr,ying to obtain ,0 flab of each epeclea, In each 

aample, waa to allow both a geIl8ral aurvey al well AI ItOOlel on tr.e 

1.11 

Beasonal dynamios of the paraaUe fauna. Appronmatel1 ,0 s. cephalue, 

J .• lenct.CUB and R. rutl1ua were C&uaht each month, except tor poor 

v'1¥3 la.rJIples of T,. 1,uo1.scus (4 fiah) and R. rutUua (9 f1eh). This 

led to certain anCXllaUea In the reaults but theae are discussed where they 

are relevant. Fswer T. tllyrJallus Were ca~t, and samples were missing 

f'rOll Januaxy to September. although enough fiBh were cal.lght to obtain 

Intaraating information on the para.ite tauna. Fo. luciue wara only 

oaught in amall numbers, which prevented al'\Y study of the seasonal 

dynamic, of the paraaUa., but .. veral lntereating lpecle •• "re obeerved. 

Petruahavak;y' and Petruehavaka.va (1960) plotted the uU!'Ibar of 

paraalte apeolea ob .. rve" against the number of' fish dissected, and t~ 

regarded the point at where the gra~h la"eUad off as ahowing the nunbar 

of dissection. neC.8~a~ to give a true repra18ntation at the parasite 

fauna. Thielll8thod hall been uHd in the present IUrvey. FigureD 1.3. 

1.4. 1.5. 1.6. The figural plotted for I.. 1euciecu8 and ll. rutl1uB 

olearly ahow that nearly all the parasites Were raco~ed 
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between dissections 1 and 20, the exceptions to this being the 

uncommon speciea. s. C8phalu8 .howed a similar pioture, although moat 

of the £l'&ph. di4 not lrtel out until diasections 20 - 50. Fewer 

'II. tWmallu8 and cyprin1da were caught, but Figure 1.6 show. that most 

of the oommon parasit •• were recorded between diesections 1 and 10 for 

1 out of 10 sampl •• , and this mq result from the 1el8 varied parasit. 

fauna. recorded from T. thymallu8 compared to the cyprinidae 

From Fl~. 1." 1.4, 1.5 and 1.6 it 1e pos.ible to conclude that 

the number of fish in the .amp1 •• were suffici.nt to allow a general 

eurve.v of the para.ite fauna, &l'Jd wh.re the inten.ity of infeotion was 

high a study waa made ot the .... onal dynamics. 
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UE1t of the parasites recovered from the fish ammil'lQd from the 
River r.ufS. 

Protozoa. 

Class C nidoeporidla Dofleln 1901. 

Order Myx~8Por1dla BUtschl!, 1881. 

Sub-order Bivalvulea Shulman, 1959. 

Super faml~ PlatY8porea Kudo, 1919-

Family Myxo bol1dae 'fbe lehan, 1892. 

Platyhelminthes. 

!yxebolus mUlleri DUtsch11, 1882. 
J...Xxobolus macrocapsular1s Beuss, 1906. 
![xobo1us artuB Akhmerov, 1960. 

Hennegu.ya zecho'«ei (Gurley, 1894). 

n,nnaguYa psorolpermica The 1 ohan , 1895. 

liennesuya oviperda (Cohn. 1895). 

Class Uonogenoldea (Belleden) BfchOwsky, 1937. 

Sub-class Po~onohoiDia ~chow.ky, 1931· 

Order Daotylogyrldea Bycllow8q, 1937 .. 

Family Dactylogy'tidae :eyotowsky, 1933. 

Dactylogyrus cruoifer Wagener, 1857. 

Dactylogyrua sph.yrna Linstow, 1878. 

DactyloQrus nanue Dogel and Bychowsky. 1934. 

Dactylof'YrI1a vtB\Ulae. Prost, 1957. 
Daotylogyrua tolkmanova. 'Ergens, 1956. 

Daotylogyrua proatae Molnar, 1964. 

DactYksYrua cordu8 Nybe1in, 1936. 

DactyJ.oQrus tuba Linstow, 1878. 



Order 'retraonchid6e ~chowsky, 1957. 

Family 'l'etraonch1da.e 1t1ehow8k;r, 1937. 

T,traonchu8 monenteron Dieslng, 1858. 
Tetraonchua boreali! (Olsson, 189') 

Sub class Oligonchcinea ~chowsk1, 1937. 

Order Uazocraeidea By'choweky, 1957. 

Family Discccotylidae Price, 1936. 

P.'J.2,!ozoon paradoxum Nordmann, 1832. 

Class Digenea. 

Sub class Prosootomata Odhner, 1905. 

Order Faaciolata Skryabin and Schul'te, 19'7. 

Fam1ly Gorgoder1dae .tooss, 1901. 

fby11odlatomum ap. 

Family Allocreadtidae StoBstcb, 1904. 

Allocreadlum i.oporum (10088, 1894) 
Alloereadium tranav.rsal. (Rudo1phl, 1802). 
C1)pldo,tomum !!8to,CU! (Braun, 1900). 

Sph!ero8toma bramy (VUller. 1776). 

Class Cestoidea Rud. 18ce. 

Sub class Cestoda. 

Order Car,yop hJllidea Ban. in Oleson, 189'. 
Family Car,yophy11aetdae Ieuckart, 16'78. 

Car.yophyllaeue lattoeI!s (Pallas, i781). 
Cg:yophyl1aetde8 fenn1ca (Schneider, 1902). 

Order Pseudo ~lltdea Carue. 186,. 
F8Ul1l;r Trlaenophorldae .LCSnnberg, 1889. 

Triaenophorus nodu1osU8 (?~11a8, 1781) plerocercole 
and adult. 
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Order t~oteo cepralicea Mola, 1928. 

Family Proteocepr~lidaa 1a Rue, 1911. 

Proteocepha1us tOrulo8uS (Batsch, 1786). 

Aachelminthes. 

Nematoda. 

Order &scaridida E~kr.r3.~in and Shul'ts, 19~8. 

SUb order Asoaridata Skxyabin, 191;. 

Fami 17 An1sakiJr:.e. 

rlhaFhidascaris acua (Bloch, 1779) juvenile and 
a.dult. 

Order Sp1rurida Chitwood, 19~3. 

SUb order Splrurata Ral11iet, 1914. 

FamilY Hhabdocbonidae Skr,rabin, 1946. 

Spinitectue 1narmiB (Zeder, 1800). 

Ctstidlcola far1on1s Fischer, 1798. 

SUb order Camal1anata Chitwood, 1936. 

Famiq C\lcU).laniaae CobbolJ, 1864. 

Cucullanus sp. 

8ucu11anus trutty (Fabricius, 1794). 

A.canthocepha la. 

Sub class Jleoech\norhynchinea Pwttrocmellko, 1956. 

Order Neoechinorhynchida Southwoll and t'acfle, 1925. 

Fam113 Neooch1norh1'nchidae Van Cleave, 1919. 

Neoechinorgynchu8 rut!l! (V.Ul1er, 178Q). 



Sub Cla88 Eohlnor~vnchinea Pet.rochedco. 1956. 

Order Echtnor~nchlda South.ell and Kacfte. 1925. 

Echinorb.ynchu8 trutty, Schrank, 1788. 

AoanthoC!phalu. 1uolt (KUller. 1776). 

FamilJ PomphorbJncbidae Yamagutl. 19'9. 
Pomphorgrnchu8 laeYi8 (MUller, 1176). 

Order po~orphtd .. K.,er, 19,1. 
Polnorphue mtnutu8 (Cae .. , 1762) C18tacantb. 

Cla •• Htrudtnea 

order Rh1nchobdella Blanchard, 1894. 

,&milT Pi.ctcoltd .. Jo~on. 1865. 
Pi.oioola «eom,tra (t.1761) 

'Mollu8ca. 

Cla.. Diyalna. 
Anodont! .p. (glochtdia) 

1.16. 
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CHAPTER TWO. 

MYXOSPORIDIA. 

Il.'T RODU CTION • 

2.1. 

M¥xosporidia are protozoan paraeites of the Cla'8 Sporozoa, BUb

ela .. CnidclPOridia (aub-pb71UJI, 141 aDd Vav?a, 1962), and are cOlll1lon 

paraait •• of ~ freahwater and sarine tl.h. !ba7 inhablt hollow 

orgau, tor eDaple, the pll bladc!Gr aM urinal7 bladder where thq 

are actlvel,y _oebold, aDd II&I'J1 other orpna and ti:tLue. where the,. 

otten beoOlle eD.C7ated. Aaphib1a and reptile., aM more r&rel1 annelids 

aDd inaecta baYe alao b .. n recorded aa bo.ta for ~xolporidia. 

'!he aporea are the 1I0.t conapicuou. Itase in the life C7cle and 

conaiat of the a~ll valves, the polar capaules eo.oh of whtch contain 

a coiled polar tillm,nt and a sporoplasm which often contains an 

iodinophilous yacuole. Six DUclei are pra .. nt, two valve nuclei, two 

polar DUol.i and two aporoplaa. DUclei which ev,ntua1~ tu., an~ are 

otten regarded aa camet,.. The spore. haYe a rigid d,finite structure 

and thenfoN form the baeto . taxono'lio charaoters for the group. 1he 

other stages of tbe 11f. cycle ar8 pasaed in various a.'JIoeboid 01' 

pansporoblaat fom.. The different 8tal88 and sequence of svent8 in the 

life a,rol, haYe been reviewed ~ POislon (195'). 

IJhe affinitie. of the tqxoaportdia w.re discu ... 1S b.Y Poi •• on (195') 

and he pit forward tour main point. of viewl-

(1) The Mrxo.poridla provide a link bet~een the Protozoa and the 

Vetazoa. Shulman (1964) al.o beld thie viaw, al'ld regarded the .. 



para.e! tee aa a.n example of tranaition from the unicellular to the 

multicellular etate. Shulman (1964) atated that 

"due to tntenaive integration of the or&ani8111 on 
inoreaeing the oell'. eile. polYmerisation of all 
organelle. Includin& nuolei ill the principal direction 
of the progre.sive .volution. Thi. mq lead to 
multicellularity. On Protosoa paraeiti_ is often 
accom~.d by the increaee of bod,. Bize. 'lbat ie "'h1 
it mq alao faT our pol1'merieation and the formation 
of aultioellular1t,.". 

(2) Thd rqxospo1'idla ~ be regarded a. deseneraie Cn14arta. 

Tho main aT1dence for this come. from the 1'.881:1b1&nce of the 

lII1%oaporidi&n polar oaplJUl •• to the neut0C78t8 of the Cntdar1&. 

(:5) The Vyxoaporidia IU', have ariMn frOll & b.rpotbet1oal orgao1_ 

termed b,. Poilllon. a "Precnid1.s·'. 

(4) The Myxosporidia 11., be a ccmplete17 indeptndent evoluttonar,y 

line. Shubaan (1964) puts forward the ldea that the enido.poridla 

o1'ig1ll&ted trQl p&l'&eltic .. oeMe aa a reault of the formation of 

muliicallulartt,. With a c!ivieioD of functions of separa.te nuclei and 

calla. but Poi.eon (1953) camenia that the Bhizopoda may be derived 

from the amoeboid sporoplasm of ».yxo8pori~ia. 

As a l'8ault of the lack of fo •• U ev1demv and of intermediate 

forme b.t""D the l!7msporidla and the Cnidaria. it i8 probab17 bet tel' 

to conaider the lVxosportdia as an indepen"ent eYoluUoll&17 line. 

The aim of the praaent eUl"Y81 .,.. to investigate the l\Vxo __ po:ddia 

preaent on the fish ot the River lueg, with special refarer4Ce to any 

valiatioD 1n saaaonal occurrence., spore form and intenaitT of 

tnfection • 



METHODS. 

The tissue. and organs with CJat. containing m,xospor1d1an epore. 

were tixed 1n 5% tOl'\llaUn. Smears of the cyst contents were "'ade of 

pr.ser~ed and fre.h material. 

different medial-

The &mears were mounted ueing two 

1) Gllcerlnt Jelql 7 sma. eelatiDe in 40 .la. diltilled H20 

40 al. g1,ycerine 

1 granule phenol. 

Thin smear. wera mounted in .. lted, but cooled, glyc9rine j.l~ and 

a ... ighted coval' sUp placed on top to eneure that eOll1e sporee WQre 

flattaned in a hortzontal pl&~. Ma~ of the aUde. mounted in 

s17cerine jel11 were too thick to allow a detaUed eXQination uaing 

an oil immersion objective which is eesentia1 for a detailed Itudy of 

I17Xosportdlan sporas, althoush it was pose1b1e to lIea8Ul"e the spores and 

polar capau1es • 

2) Pol.yvisr1 lactophenol toot!!!. 

10 ala. polTf'iJ)31 lacto'Pheno1 

A fe. grains of aubl1aatect iodine. 

'l'ba iodine dia.olve. slowly and thte procas. 11&7 be &cae lel'ated to a 

certain extem by gentle heating. The mount ant 1I&y' be strengthened 

b;y addi"iion of iodine, or diluted b7 addition of pol,yvi~l lactophano1. 

The polyvit\11 lactopheno1 acta a8 a olearing agent, and the lodine as a 

atain. U.lns po1plD3"l laotopbenol iodine it was poalible to determine 

t~ tWo polar capsul •• , their polar filamente and the two polar nuclai. 



the sporoplasm, tho two Iporoplasm nuclei, oce&eional~ the value 

nuclei. and the presence or absence of sn 1041nophUou. vacuole which 

i8 an important teature in the taxollOlV ot the group. 

The va.lidi 101 of ih1e vAcuole a8 an important taxonomic character 

i8 duoiou.a aa 80me .pore. a.ppear to take up iodine lIore readll.J than 

other. and it ie thought that the state of the spore ~embrane may var,y 

i 11 permeabil1t1 with tr .... age of the spore. 

The Myxosporidia .ere identitied tr~ Shulman and Shtetn (1964) 

a.nd Kudo (1920). The length, breadth and width of the eporee and polar 

capsul ••• ere meaaured (Figure 2.1). 

REro ITS. 

Six d1fterent torms Were found, four •• re deftnitely t~.ntlfied 

but difficulties Were encountered in the identification of sporee from 

the buccal cavUy of S. cephalulI, and from the urinary duct. of 

L. leuciacul and R. rutilua (Table 2.1). Onl.r the mo.t obvious 8t~a 

(the eporea) of ~%oeporidlaD life c.701.s were oblerved in thi8 

lI1Ve.tigation. 

JllxobolulII mUller! ButschU, le82. 'l"hle epectes .al recorded frOll 

RIaIV' organa and ti.sues frOll! S. cepbalul and trOll the gUle of R. rutilul 

and L. leucilcus ('fable 2.1). 

Infection of ,So cephalue. 

The percentage of s. cephalue intect.a each month .tth M. mUllari 

traa the 41fterent tntection Itte. was 1'8oordad (Tabla 2.2). A very 

hiBb percentap ot s. O!ph,lue had infeotionl 01' M. mUller! on the 
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gille, in the me .. nterie. of the I)od.y c.v1. ty and tn the ur'tnat'y du.cts. 

throughout the year, and then "8oe no .. aeona1 variation in occurrence. 

Phe lower figures reoorded for January relult frOll! thta being the first 

sample and maqy &mal! myxolporldlan cysts were oYerlooked which became 

obYloul tn later investigation. of this and other samplee. 

fJ. oephalue \.1thout infeoted urinazy ducta .. re rare, and for 

eeVen months 100ft of the S. cepbalue "ere infecteel. It wss extre"'eq 

difficult to •• ttmate the tnteneity of infeotion by Myxoaporidia. In 

the urinary ducts cyah -era not ot._rved and only free _pona ".re 

visible, aug.-stieg that the urinary ducte •• not be permanent 

infection 8ites for lI. IItll1erl, and the .ponte may be in transit to 

eom. permanent infection 81 w or to the external en.,. 1 ronl1!ent. 

~ltillatiOl'1e ot the intllnl1ty of tnfectton ot ¥. ,,~lleri to the ur!nU'1 

duch of chub were made uling ~he following KeY'-

I. ilare. Iepore per 5 x 10 objeoti"'e fie Ida. 

II. OocaeioDa 1. 1 span per x 10 I)bJecttve nelo. 

III. Co.mon.. 5 epore. per x 10 ob"eotive fi.l~ • 

TV. Very oOlllD'lon. 10 eporea per x 10 obJective f'ie 1d. 

V. Abundant. 15+ epore B pe r x 10 objeotive field. 

The infeotions of M. mUlltri in the urinary duots fall mainly into 

groupe III and IV and leltl frequeni11 to groupe II aM V and thil 

patt.ern ..... ill11ar each month (Table 2.,). lio ob.,.loul increa.e in 

tnfeotion was ob .. rYed with inore ... 1n length or weight of' ftsh. 

A high percenta«e of b. oepAalul we1"8 infeoted with !.:.. mttller! 



HOST 

S. cephalu. 

L.leueiecu. 

R. rutllue 

E. lucius 

T. tl':l"allus 

'l'ABTE 2.1. 

!be Hoet. and Site. of Infection ot ¥zxoeporicUan Parae! tee from the Fish of 
the River tug. 

5 I TEO F I f; 10' E C l' I G N 

Urinary Meaeoter- I I 1:llccal 
Gills ducts tes Intestine Gonad Kidney cavity 

!t'yxobolu8 l>;vobo 1 UJI Mrxoboll.ls !Srxobolus !f;rxobolu8 )(yxobolu8 !yxobolu8 
mttll!rl l'lli! lIe r.i !ltHlen !!IUller! mUlleri mtHleri '!!acro-

C&I'eulari8? 

;gxobolu8 };\yltObol~ 
mtUlerl mf111eri 

M:1'xobo lU8 :gxobolu8 
",ull,n lIrt111eri 

M.artU8 

Henneguya lieDJleggra 
i2sorosper oviptrda 

~ 

Krlerual , 
-, 

Rennesuya 
z8chokkel 

N 
• 
CJ\ 



Koath ~o. fish 

~&Ilu&l'1 32 

iF.br~ 31 

~&1'Ch 29 

April 30 .ay 31 

June }O 

July }O 

~.t }O 

September 28 

October Z7 

,tiovember 30 

lDeoember 31 

I Total 359 

TABLE 2.2. 

The liUllber and rercentaee of S. geRt,] iji infected wl'l;b 4 m,UJyi r ..... C?!f! 
the different infection sites. 

Ir;F~C'l'ION SIT S 

G111e Urinary t ~/eBenter- In·,8etine "=idne" I GoQ1d 
ducts tee .. all 

No. ',' 1\ I). ('0;1 

~o. No. ~ No. ' Nc. 
j' 10 , 

16 5°·'..) 6 H3·7 13 40.6 

}Q 96.7 Z7 117.0 29 9:3.) 1 ) " . ..:: 
26 89.7 27 93.0 71 93. J 5 10.5 1 

24 RO., ~O 100.0 29 96.6 2 6.6 1 ~.3 

29 93.5 28 90.3 }O 96.7 1 3.2 3 9.7 I 1 

25 ~·3·3 ",... lJO.O 29 96.6 1 3.3 

9.91 
1 -,v 

27 90.0 30 1::.)).0 27 90.0 2 6.6 ~ 2 

2~ e6.6 ~o l~)().O 29 96.6 1 ~·3 1 

26 93.0 28 L1O.0 21 75.0 

25 92.6 26 96.3 25 j2.6 1 3.7 1 

29 96.6 3:) 100.0 26 86.6 1 '.3 9 ~o.o ? 

25 70.6 }l 1:)0.0 29 93.5 1 

300 €:S).8 323 89.9 314 87.5 9 2'.5 20 5.6 10 

~.5 

;.~ 

5 • ., 

6.6 

3.3 

3.1 

6.6 

3.2 

2.8 
..., . 
-1 



on the gi 1113, and in the mesenteries of the oody cavity. The number of 

cysts on the gills and in the ~esanterie8 was counted originally. 'l'hh 

infomation was latpr discarded oecauee 1. t wae very inaccl.:rate as a result 

of tie htmdreds of cy sts present on the gills. ::;o...,e cysts "ere vi.sible 

to the rlaked eye as small white slight 1y elor.gated cyete varying from 

1-) ""m. x J-2 m"". f out the majority "ere only vi si.ble microscopically 

ann present in such vast nLl"'bere t"'at it "<.'I,e itl'lpocs1 b]e to Il'lske a!'11 

acc:;rate eflt.tmaLe of int,ensity of infectio1"'. 

MPeenteries were les8 nU't'erous bvt, instead of' betnr ('iiscrete and 

89parate, tender. to be diffuse ana to spread in an i ~regt;br attern, 

making a1'\Y' estimation of the ,lcttal nU'1'c'er present, inacCt.ra.te. 

Only a low peroentage infection of ,~. m\Hleri was recorded from the 

intestine wall, gona~s and kidneys of B. ce~r.alu8. 

Spores from each infected tissue a.ncl orran we re ""'easured from each 

sa."!Iple where possible (Table 2.4). '(he data were examined to determine 

if there was aqy seasonal variation i'1 spore shape or size. ~olutions 

used for prellJorvtng spores "If.\V cause shrinkage of the spore body 

(Kudo, 1921~), therefo~. care neec8 to be exercised in interpretation of 

data relating to 8ea.onal variation in spore shape and size. 

']'able 2.4 shows that the 8fT1s11eet 8.,ore8 on the gi 11s were recorded 

in November, but from arv month the greatest difference in spore lenpth 

nid not exc8(.td l.l..t.(., and in spore breadth l-t.l.. Larger spore. were 

recorded from the urinary riuctl in March ano Apr!l t~~n in other ~ontr.St 

but overall no •• asonal increase in size or sea.sonal pa~tern of 



';' ..t.'3 t.:<: 2.;: 

'l'he fr!9U8llCl of eaci': tiL'cuE E!;!r IT'or;th l used as an 9sti"'ation of the 
intensity of M.",u11er1 in tte ';rirary C,icts of ~epralt;s. 

J TI 'Tr r'~ V 
:"onth Hare ~c:asional CO',"'" on (er-s '~c~"'\on ;.buncant I-ot infncted 

Ja.n ... a.ry 

,r'e !J r t:a.J'Y 1 6 17 6 1 

;'1 arch 3 18 4 2 2 

April ; )0 17 

~uq ~ 17 5 

June 8 16 6 

J uJ.y 4 20 5 

lulgust , 15 10 

::-eptellIber 6 14 7 

October 3 16 6 

i:ove'l1Cer 4 11 15 

Lecember 6 16 9 

1 51 170 90 1 7 

1\) . 
~ 



P1.ate 2.1 The spore. of i'lY;!ob'll:us mtllleri froll 

infected organa of S. oephalH!. L. leuciscue 

and H, rut11ua. 

Magn1ficatioa x1320 
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Coapa:d.tIOn of IIPOre d1aonatone measured t~ A..L(I+' M. IIQl1eri from dlfferent tnfectlon ait.. 1n S.ce'Obalun each month. 
I 

GILlS I URr llARr DUCTS flESENl'ERIl!) INrESPlNE WALL KJDBEr GO: lar Polar Polar Spore Polar Polar Polar store Capaule Spore Ca~ule Spore Capsule Capau1e Spore Capeu1e Spore Capeule 
f 

--~. ~ ------- --- ~ ---,.....,-..~ ,....,.....,... 
~ ...... ,....,..... ----,......- -----

,t: .a:: , .&2 ~ 
.cl ~ .a ,Q ,Q ~ .,1:2 ,1:2 

.&2 
I +» 

+» .a .... .., ~ .a:: .... .c ~ .a +it 

'1 i '3 ,1:2 tf i +» '3 .c i 1 -+l' ~ .a 
+» If +» +» 

I ! ~ ~ @ j I I~ ~ ~ ij' i if - iU g fi S 
., 

.! • ~ ! r 1: 'C 1Io11Ut • &t .! &! .! '- .~ ... .!! ., ... ... 
• • .... • f;:: 

+ 12. 0 9.' 5.5 ,.1 0 0 I 0 
I t., • .e 4.4 2.7 9.8 7 .7 4.8 4.4 2. 6 15.1 11. 4 6. 0 ' . 4 2.2 14.4 11.8 6.6 5.4 }., 0 '0 .... /IIJ.' ,.1 I 

10. 5 S.8 5.2 4.' 2.11 4.5 2.6 12.2 1).2 4. ' 2.8 1}.9 11.1 5.5 ' . 4 0 + 

1 I 
6.1 :5 .6 0 10-8 8.9 4.4 2.6 12·7 10.1 4. 5 2.1 10. , 8 . 6 4.6 2.6 15.1 11. 8 10.5 8.7 4.1 2.2. 

I 
4.' 2.51 9.9 8.0 5.5 4.4 2.2 I., 5.1 4.4 2.5 10.8 8 . 0 , .8 2. 4 15.8 11. , 6.1 '.5 14·7 11.1 5.5 5.5 '.4 10. 1 1.8 , -. 10.7 ,.1 5-1 4.6 2.6 • 

0 + 9.91 .1 4.' 2.2 14. 5 11.0 5.1 ,.6 + 

.haJJ I 
10.1 8.8 5.7 4.6 2.7 ~ .5 7.2 5. 5 '.7 2.4 14.6 10.9 5.9 ~.4 I 9.6 8.5 5.6 4.4 2.5 I + + ... '.7 8.5 5.2 ,4.4 2.1 10.1 8.8 4.4 2. 5 15.' 11.1 6.0 5.1 '.4 2.6 0 + I + f 

s.,.be1' I 
0 0 0 + I + + 

onow l 
0 + + Ip.4 8.8 6. 0 4.4 2.5 + + 

I I 10.6 8.5 5.4 • • ~ 2.2 
....,. I., 8.1 ' . 5 2.2 19.9 9.' 6.0 '.1 2., 16.0 10.8 5.4 '.5 10.1 8. 8 5.9 4.4 ,.1 + 

e1" 110.0 8." ''i.:'F A-J: ?_" I 15.1 11. 6 5.4 '.4 2.6 0 + 0 10.1 8.1 5.6 4.6 2.1 
I\) . + - Infection Dreoent but no ~ .. ~~~nt ,available. t-' 
t-' . 
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or L 

o. flh 

" 6 18. 0 2, 70.0 

31 5 1.6.0 ~ 89.0 2 6., 
30 14 46 .6 ,0 1 .0 2 6.6 

" 5 14.' '4 97.' 

4 1 25. 0 4 1 . 0 

Ju ,0 16 53.' 26 86.6 1 ,., 
Jul¥ 3° 10 "., 29 97 . 2 6.6 

d ,0 14 46.7 ,0 1 .0 

e1" 30 10 "., ,0 1 .0 1 ,., 
October 31 12 39 . 0 ,1 10 .0 4 1,. 0 

r 28 , 10.7 28 1 .0 

c:e bel' 3° 1 2,., ,0 1 .0 1 ,., 
Tot 1 '42 10, ,0.1 322 94 .2 1, .,.8 
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!IBm 2;1' 

f'l"eque~ or each group per IIOnth, utied 0.8 an estiaation at t 
lnteUity of . ,.t'lIen in the urt~ ducts of L.leuciacua. 

I II Itl IV 

11th !!:a Occaator.al Co-.'ln:on Very ~on AbundlSnt Not infected 

J&IIUU¥ 

ebruu,y 6 15 5 1 0 

:h 1 8 14 1 0 0 

1 5 11 12 5 1 1 

1 2 1 0 0 0 

JUDe 1 8 12 4 1 

Ju17 4 16 8 1 0 1 

6 15 e 1 0 0 

14 11 0 0 0 

tobt!' 5 21 5 0 0 

r 2 10 16 0 0 0 

r 5 ~ lJ 3 0 0 

1 129 105 22 2 10 

N 
• 
N 
0 



2.101 

rBqlanc;,r ot each group per month, use~ as an eett..t10l", ot t 
intensity o£lLmtll1eri in tbe uri: 

I II III IV V VI 

nth J!!!!.. Occasional Co~n Te!'Y C~Oll 

Ji 

1, 8 1 0 0 5 

:h 2 22 2 0 0 

.pr11 8 5 2 0 0 1 

4 0 0 0 1 

JUDe 6 ~ 1 0 0 0 

Jull , 17 1 0 0 1 

2 18 10 0 0 0 

ber 7 14 7 0 0 2 

12 12 0 0 0 6 

.1' 0. 2, 0 0 0 1 

12 12 4 0 0 2 

75 159 28 0 0 2, 
:'\) 

• 
l\) 
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~pore 

(Length 
( 
(Breadth 
( 
(Width 

?..\ "l,.~ :;> .11: 

Tl-.e eimensions of ~xospori.dian spor.JS fl'Oltl cysts ir. thf' ~uccal 
cavit,1 of S~~QeJ)~lus. 
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brJsdth ~ - 9....u (Kt:do) c01"'lpareti '"Hh 'i.9 - 11...«. in thi8 Inv"!!tigatlon, 

wtdth , - .c).u..(r111io) ~~1"IIillt'erl with .7 - P.8...t..<..-in this il't'l.et.1€'8.tion. 

Kll00 d'lscl'ib",fI this 8T>>ci'101l from t,};>3 COnrlect.1v3 t:iSBU'l of th' ~ill 

f1.1aYlunt (If \:arpio carpi.o ' .• froll" 'I'okyo. in \pril. Tt ie 31so d 'Aorlb'ld by 

Sht;lman and ~htQ1n (19n4) from tt-l OOf'I1t)CtiV'l llfH1I1ia of ·th·, gill 

f11a!"~nt8 anrl th;} st..bcutan~oll8t i srma of th·~ h~ad of .2.,.carEto he. ~atopt 'ruB. 

"~ca.nthorhodH4f1 a.s1ft'..!.i (I~bovskH) and boual1abarbus currtoulue 
.-~.- .. -~~------ .. -- ---"--.... ~ ........... 

t.h ~ Itpor>3o oorr·.~.pond in moot a.a~ctfl to th,'l p:l"9vious rl 3l!1criptions, but 

th·) lare" DiM elnd y.!1 low colour of t.h) c.YAts found in this 1nv stiga.tt.on 

do nl')t. 8{1,r~.J wHh th·, pr'Jvto11S del!lcri ptions 'f0T' !:!.2.:\.' of l!JI"\& 11, whit,) 

sph4rioal ~'8ts up to 0.25 ~ in dia~~t 'r. 

~laJ!''' (1919) d<i80ribe-d ~~xobolue l1ur"lfl:.t~u8 on th,~ fins nf E.2.i!OEiB 

an08:'llU8 frOM n·1al' Put-in-&\y, Tak·· 6"1."1. '!'h'l cysts ".J1'o! Opuql'~, d.nd 

bright orang:l"'1t:lllow in colour, m-la8uring 1 - 1.6 Itlrr x 0.8 - J.2 "'!'I'''. 

'l'h" surfaoe of tb~ CYlltll wat'! spot.t:.td wHh rninut'l but oonspieuou8 black 

patoh'lfl of boat pi~'Ift.'mt. 1:h1 colour of tIn CY3t fadtd to a dvl1 whit > 

or a grayish tOft'! aft!lr pr.f.'lrvat.ton 'in alcohol. 'Ph ~ R?Or~s - "r~ ovoid 

with a sligh.tly po1ntJd ant "rior '3nd. 'rwo polar oa:pBul.·,., ~ach 

oontal ning a polaI' filam int which waB 001.1 XI 6 .. .., t illl18 and an 

dim.tnaions W131-



2.25 

~Llngth 12.~ - 1:.5...u.. 

~por'~ (Br~)adth 1).5 - 1.; .-(.L. 

~Wi.dth 5.0 ~ 

Polar capeuh ( L~l1gth 6.() - ? ':>.M...-

'i'hl thecriptton of thO! oolour of th,) cysts and th<! 8ha}» of thlj 

8;90:(':18 corNspond to th,3 d'lScriptiona in th-) pr3.~nt SU1"I"ty, but 

d1lcrlpanci<Js arias in th'l Oi.Zi) of th'~ cysts. th·, sit'! of inf9ctlon and 

th 1 g-.uat-3r ov,rall spor.1 diTlllns1one. Ward (1919) luntton ~d a 81.11ar 

ap;JOhB ~")8cr1bJd by IJ1.nton (1~~9) on N~tro£h ",uS!loea froll thl Black 

in iJh1,8 lnv 1utigation. TM ¢lIte d!8ortb Jd by Linton (1889) ari) larg3r 

than thou dlBcribed by Wiard (1919) but tho colour w .. d u.cr1.b~ as whit. 

with minuta pstchel of black plgm~nt. 'rh~ fact that all Linton's 

mat'~al Viae pr..1Ml."V9d 1IB\Y account for this, but in vi.!"" of his ina.d9quat ~ 

d~lIel'i'Ptton of aqr int~rnal IpOr,) Itructur9, it was not poll81.bl., to assus 

a~ limi larity whioh mtght '1xiet betw3"Jn thl~.ot 'por" .. aud .por~t8 ft'OII tha 

location of th~ tnf$otion am tht? hoat 8p.Jci3e hav>3 80 far pr,., 3nt ~d th3 



Add,mown. 

SupIa. of theBe .poras Wt!ll':~ .>Jnt to Dr. J. Lom in Cz:!Choalovl:1kia, 

ano his ftndi.ng!' in r 11at1.on to thia proul,jm ~dr ~ r;)C(liv ~d aft·)r th) 

compl~ion of thJ above a.Jetion. H(J S' at-Jd 

''Your .plche 8;H'II8 to h~ rath)r ~;obolus macrocapeulariB RW8S, 
&8 plctur~8 in r::Jcant Sovbt lit'fratur3. or cours·J. RtJU8S'a 

original d$8CripUon t. ha:rdly of ~1\y US,} il" d:3t-trn1natlon, 80 

that r.cantly d~acrtb3d M.lIIacrocaR.'~l&ria is eOlluth1ng 
taxoncmtoally curlou~. IJ'h·. ~it·f'~r~r.c,:l in qyat sir.} oJtw,nn 
!t.to! and (th~ '~xobolIJ8 from this 8urv~) should not pr,N'Jnt 
U8 trom ~ald~ thaI" for HlnHcal e~clli - t!.·) 16t111a dtff:!r!oo':l. 
can h,) found in -i.g. aom-t lL!nn'~BYa. or tflYxob2.,lu8 pfdff:lri - but 
""f t3ntattve c'_8Ilifioattnn ae ~'!.:.m.acroca.I!\:'!Jis ie more baa:"" on 
'port) aim11artty. and this can I' ~ of &qr valUll, on th;) sam!) 
reat." 

Y dHow CY8t. J - 6 mm. x 2 - 4 lIIJIl. w~rJ found embqdd<3(1 in tho:? 

.ubcut~~ous ti •• uo and cartilag~ of thJ low~r jaw, na8&1 r3gion. 

oPlrcular fIlgiona and the !'I)ctoral fins of r .• lduciscua. Th'l p,rCJlltag" 

of fian infllct.tJd w .. low, ~.81), ('labb 2.6) and th1 numb)r of cysts p·:tr 

fiah variad b~tw8an 1 and 6. t;ix Wlr3 racordJd froID on~ fish in Octob1r. 

f1v~ ~.t8 from the Mad and on) from tho) Plctors1 fin; two w)r~ 

racol'oad from tlu b;tad of OlU fish in JUDit and only OM cyst p3r fish 

... r·~oord·)d for tta oth~r tnte)ctiona. 



Plate 2.3 

Plate 2.4 

'railese SI,or •• of <:enne':uya z8chokkei 

p,; - Polar capaul •• 

IV - Iodinophilous vaouole 

F(;j; Polar c.paule nuolei 

~-;ri - ir,oroplaam nuclei 

.PS - J;osterior spike-like proce •• 

JV - Shell valve 

rtagnif1cation x 1320 

Tailess .!>ore. of Henneguya zaohokkei 

;..\s1' - Bifurcate poeterior spike-like 

procell •• 

Hagn1ficatioD s1,20 
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Plate 2.5 

Plate ~_6 

;~'.iled S :.;ore 0 f :lenneglll' zachokkei 

with spike-like proce •• at the poeterior 

end of the spore body_ 

t'iaCllif1oation x1320 

Tailed epore ot Uel\Qeglll. zaoholtkei at 

a d1tferC)nt focus shoving' the spike - like 

proce •• at the po.terior end of the spore 

body. paes1n:; into the clludel processes. 

Hagnltication x1320 
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Plate 2.7 .1, <.';roup of tailed spore. 01 ILenne::'lu,xa 

z.chokke1. 

PC - ~olar capaule with extruded polar 

fi.lament. 

IV - IodinophiloU8 vacuole. 

Hagn1.tioat1on z1J20 
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oentral spore. Most of the tailed sporee had dboharged polar tila",.nts. 

and 'it i.e 8uFjl'e.ted that as the •• spores are probably in the '!I&ture state 

the sensitivity level 1.'01' tri&-:ering the WlOoil1nti of the polar ttl.ents 

was higher than 1n immature tailless spores, and the preeerYing ot mature 

spores in 51; f01'll&11n caused the release of the polar fl1utents. 

lJ.lschokk.1 has pNYioualy been recorded f'1'CII SWitzerland (Zachoklce, 

1884. Jenni, 1945). the [n1ted Stat •• of America (Gurl." 1893. 1894), 

No~ (Huitf'eldt-Kaaa. 1912, Grini, 1939 and vlk, 1960) and from the 

l:.r.~:.R. ( &ryeohewa and :.uer, 1951). All the recorda tor R •• schokka! 

were £rom Cqr860IlMa epp. apart frOll one record from Salve11ms alp19ue 

and the records from lueeian invest1satiolUl which liet twelve infected 

hoet spocle., including aall'l'lonida and CTPrlnids. Vik (1960) speoulated 

that there ~ be two dU'f'erent strains ot H. zschokkai, one with 61. high 

specificity towards Coresonus 4!pp. and one with a low hoet lpecificity. 

n •• aohokkei in th11 iuveattgatlon was recorded only fro. t.l.uclscue, and 

this eubstant1ate. the RUBstan view that B •• schOkk,i is not specific to 

cor_gonid.. Th. manitestatton of the int.otton on L.l.uciscu! in this 

i~e.tlgatlon diff.ra4 cc.pl.tely from an inf.ction recorded in this 

oountl',Y on corasonu. clup!oid., pennantt (ClNier and Valenciennes) traa 

Lak. Bala (Llyn r.gid) 'M.l'ionethahlre. In the latter the (\yet. were 

whit., large and protruding from the bo~ lurface wher ... in J,.leuctscu8 

the a;yat ... r. _11 and yellow coloured. 'rhis III8iY be the result of hoat 

raaction to inf.otion, 01' it !ft&.Y !>e that in.taad cf 1l.lechokkel betng 

more .peolfic to Coreeanu, .pp., CO£PflOnu! app. ~ be ~ore 8uaceptinle to 



Inf.ction than cyprinlda. Th. H,nneB'RYa ap. reoo~.d on C.pennantt 

fro'll Llyn :'egid wae named n.t,pdtens!. (~!()hola8 and Jonel, 1959) 

oeing distinguished frOll! other .pecies of l~ennefffiTa ~ having one 

poeterior caudal process longer than th~ other and this Was th ... in 

feature used to diff.rentiat. it from the v.ry similar H.BSchokk.i • 

.i.'he data only show the total nUlloer of 8por.8 mo.ured without atat J n« 

at what tim. of year the spore. were m.alUl'.d. Thi. i.e an iMportant 

point that was 0'f'.r1ook.d, becau.e a. shown in this .Ul'9'4\Y. a ~ .. t 

variability in spore .hape and sis~ wal recorded tor P. •• echOkkei at 

diffE"l'.nt till.S of the y.U'. If lpor •• had been meaaur.d each IIOnth 

the diff.r.nc.. in the l.ngth of the two caudal proc ••••• '"-'Y not bav. 

been .ignificant, and it 1. po •• ibl. that Bttesidt.nail .p.nW. IIIfi3' on13 

b. a variation or I .,noqra ot B •• lch!kk,t. 

Vik (1960) reviewed the lit.rature on the ..... oM1 occurrence of 

li •• lchokk,i. Th. reoords from Norw.y showed that tht. parasite was 

found on "hi te fiah frOll the .nd of Septpber to the end of February. 

Bauer and Nikolakaja (1957) studied the .... onal occurrenoe of the 

para.it •• of whit. tiab of Jadoga and recorded 7';; of the flab fl'Otll 

A.ugust to November ini'eoted ,,1 th B •• sohoklcei. In the pre.ent 

inve.tigation I.!achokkei w .. recorded from L.l,ucieou. in February, 

l,~al'ob, June, Juq aDd October. No m&1'kec1 pattern of leaBonal occurrence 

was shown in th ••• 8un-.y. even though mo.qy of the data. Were incomplete, 

but a .aaeonal variation in spore 8ize and 8b&pe was present in lnfectiona 

recorded treat the L.l,uci8cu! of the River l.ugg. 



'Ltnneft' app. from \~. lucius. 

Hennegtg:& epecies .ere recorded frOlJl vel)' 811411 cysts on the ... ills, 

and from prominent white <wsta 2-4 1Ilm. x 2-' 1l11l'i. between the e £5 1n 

the oyal"y of I<;.luoiu,. ()lly 36 E.luciua were aampled and the percentage 

occurrence of H'9f;}Wa on the gUls wa.s 36.0;; and trom the gonads 11.0 • 

('Zable 2.H.) The gill speCies occurred in M~, June, July and k,;;gud, 

and the gcnad speCies in ila.y and Octo:.r. The 10. num';er of flah sepled 

did not permit &r\Y cono1 ualon •• s to the presence or a(Jeenee of arrr 

aeasonal oocurrence. 

The speoi.s tl'Olfl the g111r .as IdenUtted aa r~8nn8swa psorospeX'!nicu. 

(Thelohan, 1895) and the species frOll the gonads a8 HenneHa oviperda 

(Cohn, 169). 'rhe dimenaions ot the .pore ••• re rocorded for loth 

specie. (Table 2.14). Great .,ariation occurred in epore fona. Tailed 

and taille.s spores w.re recorded f1'Oll cysts in the gonad. in May 

(Plat •• 2.8, 2.9) and October (Plate 2.10). Material examined trom the 

gilla in July showed only taillesa tOl'lll. (Plate 2.11). The taillee. form. 

from the gonads ware compared With tailless fcrma fro. the gille, the 

former bad a fJl"eater overall spore and polar capsul. length but the con. 

ot the polar filaments were le.a, 10 - 12, compared With 12 - 16 tn gill 

fome. The braadth of the epore. alld polar capeu1es were dllli1.r 

(Table 2.14). 

Shulman and Shtetn (1964) .tat. that H.paorosp'rmica differs 

relati.,.ly little trom H.ov1arda, and &l\Y difterence that occur6 is a 

dift.renoe in length aDd width of the apore.. ViBhra (1966) oompared 



Month 

January 

February 

March 

April 

~ 

June 

July 

Auguat 

feptelllber 

October 

NOTember 

December 

TARLE 2.13. 

The number and percentage of E.luc1ue infected with 
H.psorospermioa and n.oviperda. 

R i • :esoroB:2!£!D ca H 1 d .ov :e!ra 
~o.f1al!L a&lll~le No. % No. ",/ 

I ' 

1 - - - -
1 - - - -
0 

7 - - - -
5 2 40.0 1 20.0 

e 7 87 .5 - -
7 3 42.8 - -
2 1 )0.0 - -
0 

4 - - :5 15.0 

0 -
1 - - - -

36 1, 36.1 4 11.0 



Plate 2.8 

Plate 2.9 

Plat. 2.10 

Tailed spar. of ~.uu.A~·a oviperda fro. 

the ;'/1&1 sample. 

Magnification z1320 

Tail •• a spar. ot H. oviperda froa the 

May sample. 

Magnification z1320 

Tailed and tail.aa apore. of H. oTiperda 

from the October a .. ple. 

t1ainification z1320 





Plate 2.11 Tailesa aporelJ of :Ieugeru. p!o[o.prllio! 

trom the 6illa of ~! \~olua fro. the 

Ju.ly oample. 

~agnitic.tion x1320 
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the dimen.ione of l-i .oviperda from F.. )uciu, of thft Shropshire l:nton Canal 

with n.oviperda and JI,pllOro8pe:nt1ca of S' ulman and Shte1n (1964) and 

found that the caudal proO.8sea of H.oviperda were smaller than thoBe of 

H.paorotp!trmica. FrOll thia infornation and the difference 1n 81ze of 

04 at• and site of infection ¥.i,hra (1966) ooncluded that H.O¥ip!rda 

and ii.paoro8perml9! WAre probably dietinct specie.. Tn the pre.ent 

auna;r a great variability haa been recorded in spore ehape. Therefore 

1. t 1, nec.eeary to examine spore. from each lIIonth over at least a .year 

remembering that "efore &l\Y oonoluaiona oar. he drawn aa to the 

exlatenoe of the two speci •• , infection of the different or .. -aue m&8 

OCCl~ at different ti ••• of the year and development ~ take place at 

dift'.rem rate. in different t1 •• uea. '~hen the range of spore 

variability in relation to the 11fe cycle of H.PIJOl'08pe:ndca and 

H.(J!l}J!rda baa been determined, then tbe illportance of cyst aize, the 

different infectton eites and the faot that spores on the gills and in 

the gonad. were neve!' recorded from the same individual, must be taken 

into aocount when txying to ,letermine the valid! ty of !loth the epeciea. 

It 18 inter.eUng to note that Klahra (1966) only recorded H.oviperda 

from E!lugiY' of the Shropshire Union Canal. 

£One lustoDs. 

Six different ~xoeporidtan epore forme were reoord.d in this 

inveatiption. F'our epeetea "ere definitely identified, M.mU,llerl, 

H •• echokk,1, h. f)eorOf,permica and H.OYiperdaJ two speoies were not 



given specific names, but were thought to belong to the genua 

rf;fxobolua, the one from the buccal cavity of 5.cepha.lua re • ."bltl18 in 

sorne feature! both ll!kol /:lod M.aurelltu!. and tentatively identified by 

TDm a8 ':~.macrocap!ular1., and the one from the urinary ducts of 

I..l,ucisoU8 rOllellbling M,anus. 

s. ce1i!hzl.}uI , {,.leucilcu8 and R,rut11u8 infected with M.lIl111erl were 

com~on, and of thes. three hoata, ~.ceRbalu, had the hiBb.at intenaity 

of infeotion. and the greatest number of infected organs and tiesues. 

v':m811erl was compared fro. all the different infectton sitea each month 

where poeltbIe, from the same hoet (l.e. :s.oephalU8) and from tte S&IN 

eite on diff49l'entr·ost. (i ••• from the aUla of ~~.o,phalu.!, l .. leucieo,*, 

and ~.rut11U!). No 88&Sonal variation of occurrence or of spore size 

and shape were evident in the infeotions of M.lII~ll.rl. The spores from 

the gi11t1 of < •• 11 three hoste were very similar. but the speree frOlI the 

gill. of R.rutUul had a sl1f"htly greater overall '!lean length, and it 

~ be s1gn1fleant to not. that the low •• t tnteneity ot infection wae 

pr.sent on this fieh. No ~$&.onal variation of occurrence was evident 

for H ••• cholck,i, H'l?!0ro8permica and B.oviperdg. and although the 

amount of data available was rather lte&gZ'e, variation tn 81mre shape 

and al&e was very apparent. 

Othor investigation. ot the para.it •• ot treshwater (ish tn this 

countr,y have revealed myxoaportd1a.n infectionst H.tendiensie on 

C'R!nnant1 f1"O"1 rake Bala (:ffer1onethahlr.) (Nicholas and Jones, 1959 h 

HtteSld1'2!1a on C.pennant1 and H.ploroepermtca on !.luclul and 



p,ro" !1uvlatillte (T..) trOll Lake a,.l~ (~hubb, 1961), three new species 

from Scardl.n1u8 .ryq.t:halamu8, G.carp10 and Fboxtll.l8 phOdes- (L.) 

(~uadri, 1962), ;'1.Jixo!>Olu8 81'., i:~'x!diU'\l sp. and ','helolua.nel1us SPa 

!In t{.rutilu, fro'f1 2lJlInUl l'ark, ~W8.nllea (l'I'ill1ams, 1963h 

H.,Peorospermioa. and ],;yxt61u'll lieberkuhni( tjutechl1 , lRn2) on E.luciu8 

t'rOll'l ttostherne tlere (Cheshire), (tUni, 1964), li.peorollp!rmio& and 

r:.pv1perd,f on E,luclu, from the Shrop_hire Union Canal (Cht'8htre), 

(,~tehra, 1966). No •• Uone. 1 ooour reno. in variation in spore shape 

O~ atze w.e evident or oommented on in a~ of the above investigatiofle. 

Ma.qy pathological eUet'te ot ~%o8porldlan tntectiona haYe been 

recorded by RUB8ian tnve8tteatorl from farMs where fleh are reared 

inten6ivel,y, and from fiah in natural waters (Bauer, Petrushevaki and 

Shulman, 1961). Speoi •• of .,!l),xobolJ!B have been reoorded as causina 

pernloioua iUlUlIli..), &Dae1IIia and gill rot (SChaperc laus. 19)4). 

~1.!!fttll.r1 which was very oommon in thb survey has been reported to 

ol;\ua. l'\Ypertro~ of the gill epithelium, and to fon qyet. and tUlJlourr. 

Rupture of the c\yate and tumour. ,""y damage the hoat tiuU8 c&ustng 

extenaive haemorrhages and ~eath ~ follow from aaphyxt~ r~.u1ting 

from d8llqed «111 filMenh. and aevere losa of blood. H.zechokk,i 

18 reported ae cauaing boil die.asas. "hen the c7et, rupture tl'e 

wounde in the muaoulatur& ul&od .00 provide U.e ideal onvtrenment. for 

.eoondary intect 1011 by i'lln~1. and bacteria. 

From investigations carried out in Britain only Ont~ o·H~"'nA1:1M· 

(N1lliama, 196}) suggest, that 1xd'ection wit.h '~10(!porl(·ii.1. .fI!SUh9d 



in the death of the hoat. In this cae. it w •• IUl!gel!lted that 

MyxoAporidla cau.ed the death ot o.er 12,0(~ H.rutl1u, between ~ 

2 •. ~7 • 

and J~ly, 1961, at :.uYmlil1 /ark, . Wl1nee.a, f,outh 'hale.. Both J" •• 1Iel1~r1, 

',Llld B..!(j(;hokkei were fOlind in the pre •• nt 1nvesU..,tton but no n :)v1ous 

lXttho1ogice.l effects in relation to I"\yxosporidtan infeotion were 

r~corde~ apart from a f~. Imall blood clots on the gll1a with heavy 

i!'1i'eotiona. 
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CHAPrER THREE. 

MONOGENEA 

lnt roduction. 

Eleven specie. of Monagenea .ere recorded from the gill. of 

S.cephalul, L.1euciacua. R.rutilue. T.thYmallue and E.luciua. The.e 

specie. belollt~d to three genera, Dactylogyru. and Tetraonahu. (lUb-cla.s 

f'olyoncholnea Dycho ... ky 1930) and Diplozoon (.ub-cla.8 Ol1gonchoinea 

Bycho •• k;y 1930). 

The para.ite ... ere preserved in alcohol-formal-aoetlc (A.F.ll.) 

(Van Cleave, 1953). The 4aotylogyrid. and tetraonchida were mounted in 

gl¥cerine jelly and flattened by a .eighted COTer .lip. The opisthaptor 

and co~latory organ .ere examined and measured. Dl:p1ozoon .. as examined 

un.tained. The Monogenea .ere identified fr01'l Gus •• ··,' (1964) and these 

identification •• ere lat.r confirmed by Dr. A.. V. '~usseT. Table 3.1 ShOW8 

tt.e Monogenea recorded fl'Oll the fish of the RiTer lugg. All these 

Monogenea have prerloualy been recorded frOll Eastern Europe and the 

u.S.S.R. D.vistulae, D.Eroatee. D.to~Tae, D.cordua, D.tuba, D.nanus 

and T.borealia are recorded for the first ti •• in Britain. Table 3.2 

Iho ... preTiou. records for thl>.e Monogenea recorded for the fir.t time in 

Britain. D.cruolter and D.sph.,yrDa havt previously been recorded trOll 

R.rutllus in this country (liST!, 1964, Mishra, 1966). n.paradoxum has 

been found on m~ cyprlnld ho.ta in this country (Sproaton 1946, 

Da.e. 1946, 47. Wile. 1965) and T.monenteron haa previou8ly heen recorded 



TABLE ,.1. 

MonOgenea reoorded from the fish ot the River Luge. 

Para.ai:N 

Dactxlogyl"l.l8 crucifer Wagener, 1847. 

Dactllotyrua ephlrna Linatow,1878. 

D!otl1osyrua nanua Dogie1 and 
B,yohoweky, 1934. 

DtctyloBYrua v1stulae Proet, 1951. 

Dactllogyrua proet.. Molnar, 1964. 

Dacty10gyrue foua.anovae Ergena, 1956. 

,Dactylo&,(rus cordus Ny-belin, 1937. 

~otllogyru. tuba Li nat ow , 1818. 

Tetraenohue borealia (Ol.son, 1893) 

Tetraenohu. mounteron Diesing, 1858. 

Diplozoon p!radoxu. Nordmann, 1832 

{ • .rutilu8 

R.rutllU8 

i.rutUu. 

S.c.phalu. 

S.c.phalus 

S.cephaIuB 

L.leuoiscua 

L.leuo iecue 

E.luciul 

L.leuciBcu8 
S.caphalu8 
R.ruiilu. 

Total No. 
era·tte ! 

2025 

~ 

1 

572 

153 

5 

362 

10 

348 

398 

464 
2 

10 



Paruiw 

D.'Yi8tulae 

D.p1'08tM 

D .fo l.Jtmanovae 

D.oordua 

'l'ABLF. '.21 

Record. f'rom other countrie., of thOM Moooeenea recorded for the 
tint ti-e in Britain. 

!!2!!! 
1.. ce pr,. Iua 
ft. rut 11u8 
Leuciacua 8Va 11 1M ('heck. 1) 
TAtUciaCU8 cap!:.alue albua (Honaparte) 

? 
1..cepbalua 
t.oeptAlua ortc~ta1i8 Bordaann 

L.;ep!lalua 
I.-.avul1i. 
L.cept.alU8 a1bua 

L.leuctecua 
L.idua (1..) 
V!mba vilDba (l). 
t.cephalua 
L.leuci8CU8 

Location 

~.Vletu1ae - Poland 

Albania 

Hunga.r.y 
R. Ti~ - .~.S.R. 
R. 'Darm.!:Ie) Czecho-
3. 'i1be ) s lovalei.,. 
R. Oder ) 
gende~~h region-

Iran. 

a.Prot - Czecho
slovakia. 
a.1 btlllia. 

SWeden 

a.Prut.~zech081ovak1a. 

Ponda of the S.R.7reboa 
Syat .. -Csechoalovak1&. 
tUtDS of the Black: 
and Baltic Seas, North 
DYilla ,!asia, Chenvt 
Irtyah River, 
fake Zalaan - U.~.S.R. 

Author 

t 1951a 

olnar 1964. 

~rgens and 'US8e'Y 
1965 

'gens 1956 

1;). 

'~ns 196ce and b. 

prost on 1946. 
iybeltn 1937. 
:u lakovf:kaya 1960. 

rgene, 1962. 

v
• 
\.H 



T&'3I.E ,.2 (continued) 

Parulte 

D.nanu. 

D.tuba 

T.bonalta 

~ 

3Ucca bJoeI1ma (;.) 
it.rutil_ 

Abr.i. bra.a (L.) 
L.cephalua 
Albumue albumua (L.) 

L.idua 

Vimha yiltba 
L.a. .... Iu. 

Aaptu. ..pius (L.) 

L.leuciacu. 
L.leuciacua balealenai. 

(DybOW8ki) 
L~in1ua er.yth1'Ophtbalaua (L.) 
E.luctua 
Caraaatua au.ratua tdbe 110 (Bloch) 
~.rutilua lacu.tri~' (Pallaa) 
TtDCa tinea ( I..) 

T • tb;r!!llu. 
COftgoDWI laft1"tttua 

Location 

Czeohos lo,.,ak:ia 
¥~ recorda fro. 

, .!'1.S.il. 
Poland 

Rotaan1a 

RolllNGia 
SWeden 

C"chO.IOYakia~ All 

) main 

Author 

E!rgens, 1959. 
e.,:;'.nOl;iel and 
,~ChO"8ky 1534a 
Prost 19~1 b. 

Sproston 1946 
Roman 195}C 

iloman 1953 
Nybe11n 1937 

SWeden 
Poland l River IProst 1951b. 

lutns 
of 

\ the 
) tI.:- .;::;.Rje.:. ;~4POva 1956. 

1 
)8can4iDav1a 
) Rl ven flOWing to the 
) Aret 10 Ocean. 
CaechoaloYakia. 

Olsson 1893. 

3ychowaky 1961. 
Pacack 1957. 

\..N 
• 
.". 
• 



from F:.1ucius (Sproaton 1946, ;w.waon 19)2, 1'&waa 1947. Chubb 1961, 

Rbvi 1964, "ishra n66). Onl'y a few apecimena of n.tolkmanovae. ['.tuba, 

D.aphYma and D.nanua were found, wh.reaa D.viltulae, D.prost!!, U.cordua, 

D.crucifer, T.bor8alla, D.parad~ and to a certain extent T.~onenteron 

wem found in aufficient nU1l!bers to illow it atudy of the intenatty of 

infeotion and their aeaaonal dyn&l'llics. 

\~orpholodCQl featU1'8a. 

All. the .. Moaogenea have previously b .. n described, and only a few 

relevant and lntere8tlng points are mentioned. 

Dacty1ogyridu. 

Similaritiea in the ahape of the copulatory apparatua, the hooks, 

the connecting and aupp18lll8ntary bar, and the presence of a vaginat.l 

atrut were very eVident in D.folkmanol'M, Demat,e and D.nanua. Ti eee 

are the main charactera u .. d in the taxonomy of the group, and their 

aimilarity in the .. threa apeeiaa, to.-ather wUh tha range of 

morphological variation of the copulatory apparatu8 and vaginal strut 

of D.pl'oste (F.rgana and Guasav 1965) made identification cUtficult. 

The me .. urements of tha .. aimilar characters are shown in Table ,.~. 

The .. measuremanta corre8pond to those given by Cussev (1964) and 

GUSseT and Ti!~na (196,). Overall D.proetaa was larger in total 

dimensions than the other two apeo!as, but the size and e~~pe of the 

copulatoZ',Y appa,ratuf! in all three was vel1' similar. 



Comparative measurements in _. ot 
.£.:,n:tma8, D. proet.. and D.:f 0 llc:manovae. 

D.nanue n.pr08t .. 

Margtnal h~ length 0.013 0.026 

Median hook length 0.031 0.04:; 

lellf,ttl of con~ot tng bar (l.Ol8 O.02A 

UtOf:th of oopt11atory apparatus 0.029 0.0:51 

'i'otal length of paraet t. 0.4 0.6, 

Bread~h of paraeite 0.07 0.09 

D.tolkmanoT88 

0.024 

0.034 

a.021 

0.030 

0.42 

O.err 



~.r. 

TF.'traonchidae • 

f~chow.~ (1961) atated that beoau .. ot the considerable individual 

variability of the ~bera of the penua TetraonOhua maqy ot the apecte. 

desertbed from different Salnonidae and Thymalltdae .~ not be valtd, 

and pos.ib\y there t. only ona 8pecip s of T.monanteron whioh haa 

different fofte on different hoats. T.boreaU. and T.llCmenteron ... ere 

examined with referenoe to this .tat.ent. 

The ~eaeurem.nts of the moat important oharacters uaed in the 

taxonomy of the genu. are ahown in Tab Ie '.4. A 11 the measurement 8 

recorded are lese than thou atated by Gusssv and strelkov (1964). and 

thte may posaibly l'Gwlt trom the methods of preservation. In leIl€th. 

breadth and ai .. of copulator,y organ '1'.borealb 18 larger than 

'r.monent.ron, but the eSonal and ventral hooks and connect ing bar in 

t.monanteron are larger than in f.bor-alia- The differences in the 

etructu1'8 of the oopulatory apparatu~ and of the connecting bar are 

shown in Plates ,.1. ,.2, ,., and 3.4 and listed below. 

Comparison of the oopulatory apparatus and oonnactillf; bar 
In !.borealts and T.monenteron. 

T.bonal1s 

Supporting part of' the copulatory 
4NII8.ratus enctrcl.s the 
copulatory tube in open turn. 
1 .. 1.) times. 

Connecting bar butt.rilJ shaped 
with .ooth evenl,y thickened 
edge •• 

'1'.m~nteron 

Suppol'tina part ot the copulatory 
apparatu8 encirol •• the oentral 
copulatory tube in tight turn. 
aore than 1-1.5 ti.He. 

Connect 1n&' bar lIore X-aha pad 
with une .... nly thickened edges. 



The differences in the ... tructure. which &rII important taxonomic 

characters sugge.t. that the .. two specie. are quite valtd, eapecially 

when suoh 8~al1 differencfIt, in theM .tructurea are usee! to aapa.rata 

n.proetu. D.folkmanov ... and D.na.nus. 



~A.BLF. ,.~! 

Comparison of the dimensions (~aeured 1n m~.) of important charaoters 
used to distinguisb T.bcreal1s and r.monent.ron. 

Paraeite length Breadth Copula.to:r;~· cr€"<lln :.oraal hooks I .Ventral hooks 8om1ecting bar 

Yean lWnge ~ean: Range iiean Ran,ge ~.an Range Mean Range Mean I Ra.r:~e 

T.boreaU. 1.13 1.04-1.36 0.22 0.15-0.29 0.057 0.066-0.048 0.066 o.064-o.mo O.CT72 O.064-0.~9 0. 114110.035-0.046 , 
I 
, 

_I 

i , 

'l".mOD1tnteron o.e6 0.70-1.41 0.1210.;)63-1.&3 O.O.p 0.037-0.057 0.071 (i.(J68-0.crr9,~).or6 O.OM-O.t)17 O.O>j6;O.Q5o-0.060 

_. _' ... _. _______ '-_ ~ ______ L ___ . __ 

Vi 
• \() 



';'ho copulato!""'J ort.~ ot 'ietraonoh,!" 

boroal11h 

',:he copul{ltory apparatua ot 'r,treMW 

1llOQOP ,"oroa. 

:4[:;.'1'1itication x510 





Plate J., 

.Plate ).4 

The opiethaptor of T. boreal1e to .how 

the connecting bar (C). 

~~if1oation z510 

The opialthaptor ot AI moulter2! to show 

tho connecting bar (C). 

Magnifioation 8510 
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Occurrence of Infection. 

The nu~ber and parcentaee of lith infected each Month throughout 

1964 with D.crucifer, D.vt8tulae. D.prott ... D.cordu •• T.oreali. t 

T.monenteron and ».paradoxum .at recorded ('ablet ,.6. '.7. ,.8. 3.9. 
,.11. 3.13. ,.14. ,.15). 

Dact,ylogyri4y. 

The total percent.,. of fiah infected with daat,logyride is 

aurnmarleed ('fable '.5) both u a percent..,. of the flab caught in all 

montha, and ae a percenta&a of the flab cau.gbt in the .ontha when 

infeotion occurred. The peroar.li&ae of R.l'llttW infeoted with lJecrucU'er 

_a. much higher than the percentage of S.OIphtlU8 infected with D.vistulae 

and D.prott,.. or the peroentage of L.leuci8~. intected with D.COrduB. 

Tht. pattern of inf.ction fte not wry evident lf only the percentage 

of the total number of ftsh .ae e%.8lllined. 

A ma.rked ..... oDal occurrence of infeotion -aa recorded for the 

daotylogyrida (Table. ,.6, 5.7. ,.8, '.9). The percentage of ftab 

infected Inol'8a .. d fl"Oll hbru&l')", an4 reached a peak In April in all 

foul' apecie,. lroa .April the percent.,. of fiah tntected decreased 

.lowly until July after whtoh it deoreaeed rapid1, until the infection 

had disappeared br Sept_ber. A. alight inorease in the tncidence of 

tntectlan ... reoorded ill JulJ for all four apect •• but whether th1 s .dS 

a %'eal lncreaae thrOUShOl1t the total population or an lnoreaee only 

apJlC'l'8nt in the ampl.a, t. unknown. On17 nine R.rutl1u8 and four 

L.leuoi.ou!. .ere caught in ''''83- The data. fl'Olt! th1a month wel'E! interpreted 



~_1l_ 

oautiou8ly as they relUlted fran a 88?1'1pling deticienc7_ 

The Hf'~ cycle and the influence ot the ennl'ODHnt on the para.ite 

and the hoat were 8X&ll1ined to try and explain the .... 0Il&1 OOCU1!'1!'en08 of 

the dactylogyrtda. 

The lite grole.ot daotyloftllid. and the influenoe of the enytronment. 

Inve.tigation. by Bauer (1954), Is_o.-. (1953. 56 ) aDd Papema 

(196, a and b) on the lUe 07018 of DacillOllJ!'\l ... atatgr (17be11n, 1924) 

showad that eggs deposited by the adult _onocena&n deyeloped at different 

rate. depending on the water tempeJ'atul'8 and OX1PIl ooncentration_ 

~alman (1951) atated that eeg de~1oPDent did not oocur below 4°C, and a 

.. vere drop of temperatUft I'8ta1"4ed develOJlllent for long periods, and egg. 

produced in late .Ulmler 1'8Iftaiaed domant OftI' the winter. A. rie. 1n 

water temperature in .pring oau .. d the dormant eg,a to hatoh and this 

proytded the .pring tnteotton. A low percentage and tntenstty of 

tntection m., therefore be re~d as oh&r.aoterist10 of daotylogyrtd 

infeotions 1n Winter .oatb •• 

Figure 1.2 Mowe the water tnperature of ttte 8t"r Luge: for each 

monthly aample. 'l'aperatures below 4°0 were recorded til .January Ilnd 

December. '!'he tact that the daot710Q'rtd eC1'1 found D7 ~aillan (1951) 

do not develop below 4°C .. provide an explanaUon for the absence of 

daotylOiYridl tl"al the dUe of the tilh ot the River Lugg in these 

months. The iDona .. in t_perature b.' .... n F.bru.&r1 and Maroh 'would 

allow the egBs whlch wen dol'lftut 0,..1' the Winter to develop, and tht.e 

provided an explanation for the sudden appearanoe of dactylogyr1de in 



I'e;;;rt.u.t. T!,e reuon. :for the di.appearance of dao'ty1ogyride in 

Ai'gust, September ana vctober 18 d1f:!icult to explain as the temperilot:..re 

in thfl'SG mGuth8I7ari •• between 18.,oC and lC.,oC. '1'0 tr.r an~ fine an 

ex:pl,.t.rld.~ ion for 10M dlMPlX'arance, ~he peZ'C8ntap ot para.tte. with and 

without eel!s waa plot~.a each Moath. 1'h4t :teagUe foZ' .p.riatulae are 

aho~u L'1 l'icure ,.1. It .... not poe.1ble to plot ,he .. uta tor other 

er.Jeciee oi.8 f.w apeollleDI oontaill8cl -ege. 'l'U lit. O1'ot. ot daot),logyrtd. 

previously etudled laate4 betw.en 20 and 40 ..,a, and to obtain 

eufficieut dat~ tor moat apeola. aoou\ the pe4k plI'104 or eig produotion 

it wwld be neoasfHlry to obta.in ... lrq .. plea of parasites. In \larch, 

April and ilia.,. the p8rcln"ac. of D.y1atulu .ith 'UI W<U) g:z:oeater than 

the peroentage without, but b.1 J~ t9 pe.rcent,,1 with et!:gu luJo ra.pidly 

'!he deore~ in the produotion of eg88 qould re.ul~ iu a decrease 

in the number of parasit •• pre .. nt to infeo\ tr. boat., and would 84plaln 

trA iall off in Weottcm bo~ ... n Juq &11d Sap.Hr. de&aona for the 

decrease in ." productioD aftel' W., are UDkDown, but it is poe.tbl. that 

the higher auaeJl temperatu.res •• re hiah 8noush too hava an inhIbitory 

effect on eeg producrUon. Altbouch Iqa1a&n (1951 ) etat •• that the 

optimum ~emptl'&tures to~ Ig8 pro4uotlon toZ' D.Y&fIta)or Ues between 

20 .. 25OC, lBu.r and N1tollkaya (1954) It&te that D.8011c!US Akhaerov, 1940 

reproduce. at temperatures of le •• thaD l,oC, and ."a deposited at 

temperaturel 0,..1' 15°C a1'l main~ inyiable and undIJl',o rapid decomposition. 

Further l11wltlgatloD' are nquind before any Itat.ant can be maG!) as to 



' .. 'he peroonta.ce of :ll v1"tu.lae wU.l. f,\r.d 

. . lion ..,1tilou.t esgfl in each .ample "here 1 .• :!.c'J'-

ucourred, in relation tu temr)crature. 





the inhibitory .ff.ct of tnpeftturel above 1,°0 OIl au pl'04uottcm of 

the dactylogyrlda found in thie .ur~1. 

TAl3lF. ~.~. 

Compari.on bet.e.n the peroentage of fi.h infected 
w!th diff.rent sE!cte~ of 4actllo~rtds. 

IratE.!.l '!'otal 0'/ !fo.of fiah % inf.ct.d I 

Para.tta No.of No.flah of in in 
fish infected total infected infect.d 

inf.ct.d aonths month. 

n •. cl'Ucif81' 317 124 39·1 164- 7,.6 

D.v18tul&e 3~9 118 32.9 211 :'5·9 

'D.ool'dua '42 81 23.7 25' ,2.0 

D. El'O~.!!!. 359 52 14.5 211 24.6 



• oatil No.l1ah/ 
-:218 

Januaq " Februu;y 'rf 

lfuch ,0 

April 16 

Jlq 9 

JUDe 30 

Juq 22 

Augut 30 

SeptMlbel ,0 
October 3° 

Bcwe.ber 30 

December 30 

Total 317 

!Ot.l for tDfeoted 
aontha on17 

'fABLli: ,.6. 
!be percenta&'e of rl..ru.tUUB infected with D.crucifer. 

No • % infected .o.fmal. '1.. female I No ... Ie 

1nf'ecte4 ~nt.cted infected In.tctcted 

oJ 0 0 !) 0 

17 63.0 9 75·0 6 

26 86.6 16 l(~J.O 10 

16 100.0 10 r-,o.o 6 

1 11.0 1 '5~.3 0 

2, 16.6 10 71.4 1, 
21 9,.5 11 91.6 10 

20 66.6 16 76.4 4 

° 0 0 0 0 

0 0 0 0 0 

0 r· 0 0 0 
~ 

0 u 
, 0 0 'j 

124 '9·1 73 47·4 51 

75.6 82.0 

10 nale 
!,ni'ectGd 

0 

53·; 

71.~ 

lOO.C 

0 

81.? 

100.('-

;o.r~ 

0 

0 

0 

0 

3:".3 

68.0 

i 

I 
I 
I 

I 
I 
I 

I 

I 
1 

VI 
• 
l;: 



l1'~aLE 3.1: 

'I'h., I~t'Cent~p of S.cp.pl:.aluB ~c:re'::t.d Wit: 

Month 10.rl8l1f Ho. '%. inf'ected No.f8!ll&1e r~ r .... 18 

:3tmple infected infected infected -
ah/ 

rC 

J&fl!:.&r7 ,2 0 0 ;) 0 

"ebru&r',{ ,1 16 ,1.6 9 64.3 

t!arch 29 2l 72.4 1, 72.:? 

April 3° 26 I 87.0 11 711.) 

~ 31 20 64.5 16 ~O.) 

JUDe 30 12 40.0 9 47.4 

July 30 15 ,0.0 9 43.0 

A.u£ouat 30 6 20.0 2 14·~ 

Se}-tember 2(; () 0 0 0 

October Zi 0 0 0 0 

Jloveaber ,,.' ~, 0 0 0 0 

Deceeber ,1 2 0 0 0 

Total 359 US 32·9 fIJ ".2 
- --

Total for intectecl 

.ontha only ~5.9 57.5 

]\0. ma.l.. 
infected 

r. 
" 

7 

8 

15 

IS , 
6 

4 

v 

G 

(, 
.I 

0 

47 

:'0.' ma..ur 
infected 

0 

53.9 

72.7 

93.1 

56.4 

'ZT ., 

66.6 

25.0 

0 

~J 

C) 

0 

31.9 

42.9 
VI 
• .... 
V1 
• 

.. 



llonth No.fish! 
aula 

J&nu&17 ,2 
Februa17 31 

March ~ 

April 30 

Ma.Y 31 

June ,0 
.July 30 

August ;0 

september 20 

October 27 

Nov~b.r ~O 

l"tecember 31 

Total 359 

Totals tor infected 
months ODlJ'. 

'r.lBtE ,.81 

The percentage OJ S.cePhe1ua infected with D.pros+~ •• 

No. }: infected li o. female %- f'ental. No. MI. 
infected infected infected in1"ected 

0 0 0 0 0 

1 22.6 4 28.6 ; 

8 27.6 1 38.8 1 

11 ,6.6 5 35·7 6 

7 22.6 1 35.0 0 

5 16.6 4 21.1 1 

6 20.0 , 14.' ~ 

e 26.6 :3 21·4 5 

0 0 0 0 0 

0 0 0 0 0 

0 0 () 0 0 

0 0 0 () 0 

52 14.5 " 15.9 19 

24.6 27.5 

t- tDale 
:J.pfected 

0 

2;.1 

9.1 

31.5 

0 

9.1 

"., 
31.3 

0 

0 

0 

0 

13.0 

l"{ ., 

\H 
• .... 
0\ 
• 



lIonth I No.fiab/ 
88IlE1a 

January 33 

February ,1 
)larch ,0 
April 35 

Ma.Y 4 

JUDCI 30 

Jul¥ :SO 

August ,0 
September 30 

October 31 

novel'lber I 26 

December 3° -
Total 342 

Total for infected 
montha onl,y. 

TABLE '.9. 
'!'he percentage of L.Ienet.cua infected with D.cordus • . -:-

No. cJ infected NO.fetrtale c;:,~ feMale , No. 'Mle 
tnfected infected Infe~ted 1.nfec1.ed 

1 3.1 1 1(:.0 (t 

7 22.6 5 33·3 2 

16 53.' 1 58., 9 

22 62.9 9 64.' 13 
,., 
" 0 0 0 ;) 

11 36.6 , 18.8 n 
'.) 

19 63.' 8 61·5 11 

4 13.3 , 16.8 1 

1 3.3 1 4·5 0 

0 0 0 0 () 

J 0 0 0 0 

0 0 0 0 0 

81 25·7 '7 21.5 44 

32.0 30., 

I'~ ..ale iZltected 

0 

12·5 

75.0 

92.8 

0 

50.0 

84.6 

6., 
0 

0 

0 

0 

26.0 

".6 
VOl 

• 
~ 
• 



,.18. 

Incidence of infection in male and tnale tiab. 

Ue1n,:!, & X 2 teat the difference bet.een the percentq8 of male and 

female R.!11tl1u8 1nf'ected wUh 'D.orucU'er was ehown to be etatl.tlcalq 

.ignificant (p. 0.(5); a greater percenta.p of male R.rutilu8 beins 

intected. Thia 4itturenoa .y ahow the true picture of what OCO\U'8 in 

the population, but it III&\Y result trom the different nUilber of male and 

fe-mall 1'iah in the cample or from a ei«nlflcant cUttennoe in the ratio 

of male.female fiah in each monthl1 aample. Male or female flsh ~ 

1X)9I!ibl;y be more 8Uaceptible to intection at certain ti .. a ot the year. 

All the .. i8:ruea need to 00 taken into account, and it 18 hoped to 

analy .. the .. results later allowiD« tor the .. .,utablea. 

iben all the fiah were taken Into acoount little dtff~rence waa 

recorded between the percantage of ule. and tell&le. infeoted with 

dactrlogyrido. If onl1 the flab within the infected months were taken, 

and the parcent888 ot 1nfected 11&:. and temale flab rec".)1"4ed, the 

cUfference between the percent.,. ot .ach eex infected, il'lorea80a for 

p • .,tatult! and D.proatao trOll S.cephalU8. but h&rd17 chaq •• for 

D.coFdi' from L.leuoi8gua. (fab1~ ,.10). The ..a1l.r increase tor 

D.,cl)r4ul oompand to D • .,,1etula! and D.proetae could be explatned by the 

fact that 1 01' 2 L.l4uot,eu. were Wected in Ja.nuary and September, 

l2ontb. where infection. were not reeol'ded frOll other fish. VON flab 

.e1'e therefore taken into account whln recording the percentage ot 1ft8.1e 

and female ~.leuciega. infected Within the infective monthe, making the 

result olonr to that recorded when all L.leuclacu8 were taken into 

account. 



Paraaite 

D. CZ'U.cifel' 

ll •• i.-tulae 

D.P!'08t_ 

D.CQ_rclua 

yHlE '.jO, 

'!'be percentage ot ~h. total nw-tber and the number in infected conths of .ale 
and r •• ale fish infected with dac!l10Sl~id8. 

fo male %r .... le 
No.-.le fish No.f .... le fish 
fim infect.d tteb tn.fectad 

All fiah 163 47.4 154 ~1.3 

Flash .i th:t.n infected !I!OIltl}e 75 62.0 89 68.0 

.l11 flab 147 31.9 203 33.2 

Fiab w1tbiD iDfected l'IOIl'tha 87 42.9 l20 57.5 

All flab 147 15.9 200 n.O 
Filth wi tt. in infected months 87 27.5 120 17 .4 

All fish 170 21.5 172 26.0 

Fiab ~thtn infected months 131 3°.3 122 33.6 

~'" • 
~ 
• 



A higher percentage of fe~le fiab were tnteoted wtth D.ytetul .. 

and D.cordua. whentu a hieber percentage of male ftab were tntected with 

D.o:ruci,!.:t and I).pron... 1'1 th the .~ceptlOD of P..rut1.lu8 it is doubtful 

-t.tluar the dlftoronc. between th(' per<oent~ (Jf "'''.leo and te_le fteh 

inf'eotftd is otplticant. '!'he difference. that are recorded tn 

Table ·S.lO \18.)" 1"8lUlt from the presence of different numbera of _le 

nnd t~~]e ftah in the eample. and the influenCi of the &gO or leQSth 

of the fiab in the incidence of infection. Erldence to support this ts 

taken from L.1e.uctecu! which haa 0011 a ~ dlfterence between the 

per'~fJnt.&eQ lr.fectlo& of ttel £exo:. aIld wr..ere nearl¥ oqua1 JlUIIber. of 

.aoh eex (131 Bl&le.122 female) within a narrow lengtr. 1'&T18\t _ret 
sUl'pled. 

Tetraonohidt!. 

Tba peroent.,. of T.thY!allue and E.1uctS' infected with T.borealte 

a.."14 T,lI9ll!merou re.pective~ are ebown in Table. ~.11 and ,.13. lIo 

sampl •• of 'l'.thlmallue were obtalJ!.,d in Januar;y 01' ~pte.,ber, but the 

eaaple. obtained in other months ehawed a seasanal occurrence for 

T.bor.eU. ebd.1ar to that recorded for dact11OQrlde. The parcent.,. 

ot ~l.thY!!llU. infected nth T.borcalis res.ched a pea.l<: in A.pril, and 

then deoreaaecl CYer the next two .ontha before inoreasing to a second 

peak 1n Juq. Atter Juq the percent .... infection decrea.sed rapldlJ 

but pard.tea at a low level in the wintttr Pr.onthl. ~·t~ aecond peak in 

Juq !1183' not 1'8p1'8sent a true picture, but may be .s refluction of the 



larger nur.b.l' of ftDh pneent in this Ample in cOIIpariaon to the 

Ill'evioul two months. Only throe tbtl •• re 1D!eoted between October 

I4X1d Deoe"'ber, and none of thft pax-as! tea present e()ntain.~ eeg.. 'rhe 

peroeniiae" of p.:u:aullt86 with .inol tttthcut Ot;g:;: S!"e !"ecorded f.n Table ,.12. 

~o.t para.ito. dtd not contain e«68 and it was difficult to determine 

a peak pitrlo<! of egg production. ·~.a..v appeared to "e the optimum month. 

t,ut tho ::~all !1'Ulr.ber of parasUe, recorded reduceD the y&181t7 of this 

00 Rnat ion. 

No ~i!'ter'!lce liaS found between the peroentap of m1e and fe.l. 

!ta!. lnf'oote',l in ~Qi.. .. l Ot "i~h1n motltha, 4:ippr~lftt"tel¥ B% of all the 

~lf and temale fiah being infected (Table ,.11). 

Only '6 E.luolu, .ere caught, and no .... pl •• "1'8 obtained in 

March. september and Nov.~b.r. The number and pero~ntagc of E.'uotua 

r.ert&in discrepancie. in the literature aa to the presence of a 

&e&80na1 occurrence of infection for T.manenteron. Chubb (1961) 

recorcled T.lIonentorcm troo F..luolua at all tillie' of the year trOll 

U,.n Tagi4 (take I'"la1a, tlerionothahire) and Rizvt (1964) supported thia 

Ti," l'ocorcltne; this paraSite eaoh month from r;.luc1.,us, of Hostherne Mere 

(Ch~8hire). In oontrast to thte ~80n (1952) conc~dored T.~onent8ron 

&8 showing marked periodicity, E.luoiuB on~ being inieoted in July and 

A.:.:guat. 'rhia latter atat •• ent 1. not valid as tbn .ent only sampled 

for tlrO 01' thft8 mor.ths. '!'ho cm~ 1 m::.!.'lber of' } .• luo1.ut caagbt in the , 

pra .. nt in"o.ti~aticn do not &110' any conclUsions as to the presence 



or absence of a .. uonal occurrence, but the evidence trOll other 

eurveya .ho •• hbat in certatn environment. T.monenteron te recorded 

throup.hout Ue year. 

Dlplozoon paractoxum Nordlll,~nn, 1832. 

L.leuct,cus, i't.rutlluB and f:.cephalu8 were infected bY' n.pa1'!ctoxum. 

ifhe perc,ntage ot L.leuotscu8 infeoted (".;/ ) (Table 3.14) was much 

higher ttan the percent&88 r.,t ~.rutl1us (,.2 ) (Table ,.15) or S.oephalus 

(0.56;., ). The infection Was recorded In &11 mont-ha from L.leuciacu8 

(Table ,.14) and contrasted sharply with the aeascmal occurrence of the 

dacty10gyrida and T .boreal1,,. 'llhe percentage of 1.1euciecu8 infected 

throughout the year varied from ,0.0; to a peak ot 68 .O!, but there 

... no aignificant build up or fall ott in infection at ~ one time. 

The figure recorded for ':Jay of 75r tnfeotion !llAy not be valtd aa only 

four ftah were sampled tr~t month, of which three were intected. 

All the D.paradoxum ware exanslned ufJstalned and they were divided 

into atx main stagee, c10"11 related to etage. in developmenta-

I. Single diporpa larvae. 

II. United juvenilea with 2 - 3 clamps. 

lIt. United putra with the full number of clamps (4), 
vitellaria not viaible. 

IV. Vi tella.ria piJrtially developedl no ergs. 

v. Vitel1arta fully developed, no egga. 

VI. Vitellaria fully developed, eggs present. 



TABLE }.lla 

The number and percel.tage of T.thYll8.11ua infected With T.boreal1a. 

ltonth . Foo.fiah/ No. I % infected I to.t ... bo .;. fe.le llo. 1'II&1e 
Ample infected infected infected infected 

Januar,r N 0 SA.lfPLli: 

February 11 0 0 0 0 0 

~,1arch 18 6 3'.' , 4,.0 3 

April 25 20 Q8.0 6 80.0 12 

'£87 8 5 62.5 , 64,;.0 2 

JUDe 11 1 41.1 5 50.0 2 

July ,0 24 80.0 10 lClO.O 14 

AugUat 5 1 20.0 1 "., -
Septe!'l!bel r-l 0 ~'a.~·PLE 

October 25 1 4.0 0 0 1 

I~ovember ,0 0 0 0 0 0 

December ,0 2 6.6 2 11.8 0 

Total 199 66 34.6 32 5,.0 34 

'~otal for infected Itlontt:8 only 41.7 JJ.5 

,~ male 
infected 

0 

27.2 

!.JO.O 

66.7 

42.9 

70.0 

-

9.1 

0 

0 

36.1 

50.8 
Uf 
• 
I\) 
v. 
• 



3.24, 

TABLE 3.12a 

The percentage of T.boreaU. from T.thyma11u. 
with and without egga. 

Month % + eggs 'f - eggs No. parasites 

January N 0 SAM P L E 

February 0 0 0 

March 12., 67.5 26 

April 3.1 96.9 117 

May 25·0 15.0 11 

Jun. 10.0 90.0 15 

JulJr 12·7 81·' 179 

August 0 100.0 2 

September N 0 SAMPLE 

Ootober 0 100.0 3 

November 0 0 0 

December 0 100.0 4 

'57 Total 



TABLE ,.1,. 

The number and percentage of E.luctus infected With T.1ftonenteron. 

!!onth No. neb No. ,t, infected No.f8'!ale ; rem1e No. male >J male I 
88.lIl;ele tnfected infected in1'ected infected infected I 

I 
I 

Ja.rmar,y 1 0 0 0 0 0 0 i 

Febru.ar,y 1 1 100.0 1 100.0 0 0 I 
March !l 0 SA!lPI.R I 
April 1 6 85.1 ~ 75.0 3 100.0 

MAy 5 4 60.0 2 66.6 2 100.0 

JW'Ie 8 4 50.0 1 '3.' 3 60.0 
I 

July 1 1 100.0 4 100.0 3 1C~).0 I , 
Ausutrt 2 2 100.0 1 l'JO.O 1 10'-'.0 I Se pte!llbe:r 'N 0 SAWPLE 

Octobe:r 4 2 I 50.0 I 2 50.0 0 I 
0 I 

I 
Nove!!!he:r Ii 0 SilJt1PI,F, 

De<*JIbe:r 1 0 0 0 0 0 0 

'r'otal 36 26 72., 14 70 12 75.0 
> 

VI 
• 
~ 
• 



TABlE ,.14: 

The number and percentage of l..leuciacua infected with D.paradoxu.'Ie 

lIon'h .{to.r1.nr it o. ~UU .• Cll.Q -, .I.!U"C""U nV • .LV~G"" p .VI{",4.'V ..... "". ~ .... 
AlIple infected infected infected 

/ , -nf, I, 

January 33 10 ,0., , 40.0 6 

Febru&r¥ 31 14 45.0 9 6.4., 5 

?larch 30 20 66.6 Et Ji6.6 12 

April '5 20 51·0 7 35.0 13 

Vq 4 , 15.0 3 100.0 -
Juna 3° 14 46.1 7 50.0 7 

JuJ.y 3° 11 56.6 10 76.9 7 

Augu8t 3° 18 60.0 1, 72.2 5 

Sept_ber ,0 12 40.0 8 66.6 4 

October 31 19 61.0 1, 68.4 6 

l~ovember 2F3 19 67.8 12 10.6 1 

December 30 11 57.0 8 47.1 9 

Total '42 18, 53·5 103 59.8 80 
~ 

18 ;- ... _-
infected 

66.6 

35·7 

63.2 

6;.0 

-
50.0 

41.2 

ZT.8 

"., 
,1.6 

6,.6 

52.9 

47.1 

...,. 
• fill 
0\ • 



'~ 

lIOD~h 

J&11WD7 

hbZ'U.17 

JIazoh 

-'-pd1 

~ 

.JUDe 

Ju17 

AUpat 

September 

October 

}:OYftbe% 

December 

Total 

I"'" '"f', ,"fI' 

'.U.BlE '.12. 
the aumber and percentaBe or R.ruti1 .... tDf'ected wUh D.W..ldoxura. 

Bo.t"lab/ No. infected '% iDfected No.f_Ie 'f;fnale No. male _pl. infected infecte4 infected 

" - -
2T - -
,0 1 ,., 

1 

16 1 6.2 1 10.0 

9 - -
50 2 6.6 1 1.1 1 
22 2 9.1 1 9., 1 
50 1 ,., 

1 

50 - -
,0 1 ,., 

1 

3° 2 6.6 2 18.2 

30 - -
511 10 ,.2 ; ,., , 

" mala infected 

1.1 

6.2 

10.0 

12., 

6.2 

,.1 

"'" • 
~ 
• 



,.28. 

'lbe number of eacb R8€1t preHnt each raonth on L.leuctaou .. _aa 

plotted .e a percentage of the total number recorded each month, and 

too reaultD are ahown in r'tgure S.2. From January to April the 

percentace of D.paradoxum with partial to tu 11.r developed vUellarl& 

increaa.d. The pre .. nee of .gga -a8 recorded _1n11' from April to 

Sept.~mb8r. and the peak pertod of eg., production occurred in June 

(i_ble ,.16). The rieura tor ~ay i. po •• ibly .taleading &8 onlT ten 

puaaitea .. re recorded fl'Oll thn. n.h, and they all contaioed .gg •• 

F1"OIII September to December the greater percent~ ot D.paradoxulII had 

no egga and the vitalIaria -aa not visiblo, or only partially vi.tbl •• 

Stage. J and 11 .ere rare and the greater percentA£e .ere recorded tn 

July. The .. young forme pl~bably developed from eggs hatched in April, 

r.fay and June. 

From thie data D.paradoxu. appear. to oyerwinter on the gill. of 

L.leuol,cue tn a fairly inactive atata, increused development of the 

vtt.llal'la occurred bet •• en Janwlr,y and April and .~t78 .ere preHnt 

trom A~n to f;eptembel'. Thi. information correaponda with work by 

Ze1ler (18'72 ) and B,ycho •• )q (1961). Th.y atate that the Ufe apan of 

D.pe.radoum ts thl'H years, the paraaite l~ill8 esse only in the aeoond 

yeu and uaually l1vin~~ tor not I .... tJ'>.an one yGar atter the firet egg. 

haft beeD 141el. Prom thia atathant it follow. that the parastte. froll 

this 8Ul'Y8y, pre .. nt from September to ,1anu.a1'1 1n .tap. n [ and lV 

wi 11 be compo .. d ot paraeUas in their .. cond year which hay. laid eega, 

an~ 1n which the genital qat" 1. ful'l3' deftloped nen though the 



1'!l8 ou..;,ber of each d • .,olopt1ental atal!8 of 

0, ua.radoxum in L, leuciscu! expressed a8 

8 f)erCI::nte.;:" of the total n\ll:lber e"amiDH 

•• ch LlOl1tll. 
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nt.llarla ftSW .... to an 1I1acRl .... etat. f.Il tM' 'IflIlur. Iho. 

paraei t.. p:r04uctHl 11'OID '£&It batche4 iD ..,. eat JUDe &110 l .. n4 tM 

wlntel' lD aD 1Daotl ft 8t6t. aDd 1"1 tel1&ria .. _" ce 11. do not 

deftlop until1 tbe following apI1.Dc. 

IDore_ 1D _t.l' "lIpt1'atun baa heeD .".,.4 to be ,he cau .. ot 

the OIl18t of rtt.l1ar1a u4 •• cell 4e .. 10paeDt (Zell.r. 1872). 

AftotUl' tact 11 pat toftal'd Whlch .., oueeGr 'wC)ft 1D cOlljUDOtlO1l 

with water tempel"&\U'8 to oau .. the __ t ot vUIUarta aDd I. cell 

dev.lopment. D.pa!!doxp 1. a bloH and lIU.OU t"del' ( .. nOll an. 
Jezmlql, 19") us. ,be f.Dgenla blood woult OODtaln val)'ifti' 1 ..... 1. 

of repl'odt1O'U" hononea at attteftllt t1 •• of the ,'81'. '1bt peak 

of utuatlon ot J)-I?!!I"!4P'e taken .. tbe IIOIltha wUh the gftateet 

peroent_ of J8l'&.it •• CODiaiD1q ... (~ U4 JaDe) are the IIOIltha 

t~ 1 ... 1 ot sonadOt:roJlh1q 111 the 'b1oocl ~lct '·bf hieb. an4 coul4 
, : 

I 

po.alb17 latluDa. tile _'uatlO1L of !b_OSfIr 



Intenaity of Infection. 

Introduction. 

The inteneity of infection of a paraatte i8 usually recorded as 

the mean number of parasites per host per sample. Thie allows a valtd 

compariaon between the lample ifl-

(.) The same cumber of hoat epec1ee are pre .. nt in each sallple. 

(b) The age and the sex of the hoet have no influence on the 

intenatty of infection. 

The actual level of intenatty 18 ahown more accuratelY by recording the 

~ean numter of parasitea for only the infected hoate, but compari80ns 

be-tween eal!l.ples are only va' 1d if (a) and (b) above ant true. The 

me&n number of paraaites per ftab and per infected fiah was recorded 

eaoh month for D.crucifer, D.vietulae, D.proltae, D.cordua, ~.bore&lia 

and D.paradoxum (laat column Tables 3.18, ,.19, '.20, 3.21, ,.22, ,.23). 

Approximately ,0 of each host speci.s were aampled each month except 

for deficient campl.s of R.rutllu8 tn April and ~81, of L.leuciscu8 in 

May and irregular samples of T.thfflllus. i\'here apprOXiaat8ty 30 fish 

per sample were preaent legitimate co~~r1.onl of the ~ean number of 

each apecie. of parasite could be .ade. 

Comparison of the overall tntenaities of infection with each Species 
~ J281'ast te • 

The dactylogyrida and 'l.borealie have a H.sonal occurrence and 

t~8retore t~e overall mean number for each apecie. was recorded 

(Table ,.11) as the mean of.· 

a) the total number of ftsh 

b) Tt~ number of ;nfected ftah 

c) the nU'!1:)Hr of i let in ~ontl:s where infection occurs. 



TABI,F. ~. 12 : 
Compax1eon of the overall intenatty of infeotion 

of If.ono .... en.a. 
of aix species 

a b 0 

D.crucifer (,.4 16., 12., 

n.proetae 2.1 14.5 3.6 

T.borealis 1.8 5.4 2.2 

1?.vhtulae 1.6 4.9 2·4 

D.pe.radoxum 1.4 2.5 1.4 

D.cordua 1.1 4.5 1.4 

The pattern of tntenatty of tnteotton between a, band c was 

111m! lar for ea.ch epecie., but the level of intetleity 6iffered according 

to w~ether a, b or c were used, theretore it ia much eaater to determine 

th. pdtterne than the aigniftcanc8 of the intenatty of infection. As 

similar numbers of fieh .ere present in the s&sples, it is eu~geated 

that the most valid figures for comparison ot intensittes of infection 

in this survey are thoue where the mean number of purasites for the 

filh in infected montha w~s recorded, providtCF the influence ot the 

age and sex of the fiah are taken into account. 

D.crucifer showed ~ greater intensity of infection than the nther 

five speciea. ~;ach column in Table ,.17 followed a similar pi,ittern, 

apart from D.oordue which ahow.d a greater tntensity of infection than 

D.paradoxulll when only the infected fish were taken into account.l'Me 



may O€ explained by the eeasonal occurrence of D.cordus and the fact 

that rewer fteh were involved, whereas D.paradoxum was present throughout 

the yf>&r and a }.1 rf[9r number 01' f1eh were infected. 

Seasonal variation in th~ intensity of infectton. 

Canparlsona between the l1I8ar. number of parasttes per total number 

of fist per ~onth1y samplA tor each speCies (Table. ,.18, 3.19, 3.20. 

3.21, 3.22, ).23) ahow.dl-

1. The intenaity of infection for D.oruoifer and D.vistulae 

roee to a peak in Apr!l for tte former and y~ for the latter. The 

Inten8ity droI>ped in June but Ii eecond peak of doubtful slenHlcance 

oocurred in July, before the infeotion disappeared tn September. 

2. D.pre.tae showed a peak pertod of tntensity of tnfectton in 

March, April and May, this dropped sUghtly in June, al1d rOM again 

alightly in July before the disappearance of infection 01 September. 

}. April, June and July was the peak period of intenlity of 

infection for D.corduB, the infeotion ~~ving disappeared by October. 

No data ware avai lab le from tho ¥.ay sample. 

4. T.boreal1e ahowcd a 81~i 1ar pattern to I).cruoifer and 

~.vi.tulaA, a peak of inteneity of infectton being recorded in April, 

a drop in May and June, and a second peak in ,July. 

S. A alight riae 1n the tnteDetty of infection was recorded in 

May and Auguet for D.paradoru~. but no obvious increase ocourred at 

any one t 1me of year. 



~~ionehip of length to the percentaee and tntenstt, of infection. 

Isr1t1th was used ae Bome indication ot the tt.ge of the fiah, and 

a180 to indicate increase in 8ize and surtace area a8 the surface 

available for infection was thought to be important wr.en considering 

intensity of infection. When the a~e data for the fiah are available 

af~er the completion of tho work on t~e biology ot the fish at the 

River l,ugg, by "r. J.':'. f;ellawell, intensity ot tnfection will be 

correlated with age. 

Each hoet apecies wal divided into four main lenpth ~roups. For 

each parasi.e the following tablel and figures were plotted. 

(a) The tntenatty of infp.ction a8 the mean nUMber of parasites 

for the total number of fiah and for the number of infected !ish,for 

each l~'ngth group each month. (Tables ,.18, ,.19, ,.20, ~.2l, 3.22, 

3.23). 

(b) The range of the number of parasites as the number of fiah 

in each length group with the ~~ number of parasites (Ffgures ,.,. 

'.4, '.5, ,.6, '.1, ,.a). 
(c) The percentage of infected and non-infected fish in each 

length group. 

Reaulta. 

Only the total results were used as the total numb!'r of fiah 

in any length group per month W8a too fl1'I!all to allow any cOlllP1rtaons 

between the tntensities of infection from fish in different length 

'.34. 



~.~;e 

groUPQ in the 8~e ~onthly samples. Tf it could be ehown that the 

pl'oport 1 ('m~ of the different lenf':'-r.. groups we~ similar in each month, then 

cone bdo::1f'! dralfTl frOl'll t1lxaT!'in1.ne the total figures oou Id be applied to 

the ~onthly figurel. 

M~an number of parasites per length group. 

~or~c1fer. Deproatae. D.vlatulae and T.borealta showsd an increase 

in the Mean number of parasite. dth increa .. in length, when all the 

!tah and only the infeotod fi sh were considered. 

l'hen the lMan number of :' .corc!us from 1,.leuoiecu8 "as considered 

for the total number of fieh no inorease vaa observed between 15 - 20 

and 20 - 25 CIIIS. t but there W&8 an increase in the intensity of 

tnf'eotlon tn the 25 - ,0 om. group. when only the infeot.,!! fiah were 

considered an increase of intenaity was observed bet.oen 15 - 20 and 

20 - 25 ems. but a deorease between 20 - 25 and 2; - 3~ em.. It was 

difficult to decide which was the true interpretation, and no definite 

statement could be made unle.s the same number of infected fiab and 

the .ame total n~b~r of fish were present tn each l.~~h group. 

The pattorn ot intenatty of infection tor D.par-..woxum Was similar 

when both the total number of fiah and onl7 the infeoted ftsh were 

taken into account. Thare was an inc.t'8&ae in tntansitY' of tnfection 

between 0 - 15 and 15 - 20 ems., a alight decrease in the 20 - 25 ~. 

group and a alight {ncreal. again by the ?5 - 30 ca. group. 

The data sho.ed an increase in tile intensity of infectton with 

length for D.vtotulu and D.proatae trOll! S.csphalusJ !.".crucifer from 



R.rutilu5 ar.d T.borea.lh frem r..t.l.ymal11e. No 1.noreate of tntenstt,. 

with inl.l'c&.\.ue if! ler .. gth '/1:48 recorded for lJ.cordu:l and l:.paracoxum .from 

L.leuci£,cuc. ~;.ceplj .... lua and H.l'Utilu8 in the s!l::lples covored a much wider 

tlb:o t'u.: • .:c tLan :,.louciscuu, and ~r.1.s may explain why an inorease in 

intenl:lity of infection wUh increase in length was recorded for S.cephalus 

and H.ruUlu8. but not for L.lluo1.aouo. !,.leuciscu8 and T.th,ymallul 

have approximately the O&me size r&n8e in thil survey, but whereaa no 

increased intenatty was reoorded tor D.oordul with inoreased length of 

t.leuoiscuD, an inoraau in the intensUy of T.bol'8al1s was recordad 

with inorease in l,'ne-,h of T.thl!allue. ThilJ obeenaHon .... ay be 

explained by the fact that most L.leuciscus are in ono ,engtt Group i.e. 

20 - 25 em. group, whereas T.tb.yntallua are !!lorn dietributeo over the et.ze 

range. 

Influenco of length on the percenliye 01." fiah infeoted. 

1. The peroentaee of R.rutll'!!J S.cephd.lue and T.th.y!llallu8 

infeoted reapect1ve~ with D.cruoifar, D.v1atulae and T.borealia 

increased l11th an inor8a..8 in the lengt.h of t;he host (H.gurea 3.3, 

3.4, '.5)· 

2. The percentage of S.cephalau infected by U.proatae is 

approximately the samr! in the 30 - 40 em. and 4U - 50 em. length 

groupe. (Figure 3.6) 

,. The percentage of f.leuciecue infeoted with D.COrdu8 and 

D.paradorum inoreased up to 25 ems., but decreased between 25 - 30 C~ •• 

(Figures '.7, ,.8.) 



~ne9 of the number of par ae1tee in relation to the length of the hOlt. 

"1l(!: ral'1g\t of tte r'.Ul!'ber of r:.::..rasi tea recorof'd from ar.y Cl".B ttah 

ter'ded tC' 1"creaBf' 'U' tl-~ 18npth r:f th41 fiel- inC'rGaeed (Firures ,." 

:-.4, ~·5, 3.6, ~.7, ;.e). This 'l'E'.a very aplJa1'jmt for I:.cruoifer, 

J).vistl.:.la..!. and D.rroatae. In the lower length err.lu}'s m~8t tbl'! had 

on 1y a few ptlraBite£ (oerectally ~-.c8rMlu8 1.nffteted with D.viatulae) 

1fhereu in the greater l.~b groups moet of the f1l!h had larB"-r numbere 

of p~r8sitel. An inorease in the rar~ of tho r.umber of parasites W8. 

rpoord~d from T.t~Jmsl1u~ and L.leuctscu8 with increase in length up to 

25 (.t'Qa. after wh1.ch .. decrease wall racorded, but this 1rIay rnsult trOfl 

tho smaller ea~~le of ftsh in the larger lenetr proup. Only low numbers 

of ~ra.e1te8 were present on fish in U·..8 shortest 19n9th rroup. but & 

few fieb 1 n all length groups exhibi ted thta phenomGY»,. 

D.P!Fadoxa~ wae recorded in small numbp.r~ from ftah of all length 

groups t and no inoreae8 in the range of nUllber., of paraai tell' was noted 

on larger fiah. 



The intenatty of infeotion of Dt cruct", 
and the peroentage of Rt E»\t1ut infect •• 

in relation to the length of the hoet. 
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Tho intenaity ot intection of D. Yietul,e 

and the percent_be of S. oephal!! infected 

in relation to the length of the hoat. 
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'J.'he intensity of infection or T. borealis 

n..'1d the Ilercentage of 1'. thyoal.lus infected 

i~ re~ation to the leneth of the hoat. 
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'rho utt.eu1ty of lateotlOD of P._ El"Oatll.1l!. 

Nld the perontase of Ef.- '!2!!l~ lAtect" 

in r~lat1on to the length of the hoat. 
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't'be intensity of intection of D. CONUS 

wld the perc_nta~ of r ..• le1lc1ac,Y, infeot_a 

~n relation to the le~;th of the hoet. 
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"":'he intensity of infection of D. nnrlldoxua 

8!ld the pcrcent~7e of 1. ,leu.ciacua infected 

in relation to the len~th of the t.o:::t. 
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Jan. 
Feb. 
1fa1". 
Apr. 
~Jq 
JUJ:Ie 
Juq 
Aug. 
Sept. 
Oct. 
BOT. 
Dec. 

Total 

.1 
f 

& 

(\ 

1.4 
5.1 
2.0 
1.0 
4.1 
~.5 
2.2 
0 
0 
0 
0 

'Aam '.181 

Intenait1 ot tntection or D.cruciter, recorded aa the mean nUllber of parasit.s ot the 
total number of fish and of onll infected fish, tor eacb length group trom each sample. 

Len g t h I n cas. 
- - A 20-25 25-,0 15-20 ,0-'5 11 fiab 

d a b c d a b c d a d a b 

(2 0 0 , 0 0 0 7 0 0 0 0 0 " ., , 5.5 8 7.' 6 5.4 7 21.6 5 b7.' ., , 12·5 Z7 
1 ., 7 ~.8 6 20.8 6 8.6 10 18.6 10 13.' ., , 1'.9 ,0 

.0 4 6.0 , 16.0 3 ~.5 5 28.5 5 ~.5 .5 4 18.9 16 

.0 1 0 1 0 0 0 0 0 0 0 0 0.9 9 
1 .2 8 5.0 5 18.7 4 1.6 9 27.6 7 4.5 .7 4 11.2 30 
1 .5 11 ~.7 6 20.6 5 7.0 4 17.0 4 2.0 .0 1 19.1 22 

.0 1 1.4 8 ,.6 , 1.2 12 11.2 12 36.7 ·1 4 6.8 ,0 
0 0 6 0 0 0 11 0 0 0 0 0 ,0 

1 I 0 0 5 0 0 0 9 0 0 0 I 0 0 30 
I 0 0 12 0 0 0 10 0 0 0 0 0 ,0 
I 0 0 8 0 0 0 1, 0 0 0 I 0 0 ,0 

'.4 117 11., '5 5.7 71 15.0 Z7 8.697 19.4 4' 15·8 ,1 25.8 19 6.4 '11 16., 124 

'95 406 8}4 '90 2025 
para al ea 

Key' a - Int.neU,. of 1ntection eltpl'es_d &8 the IINll DWlber of parasite. per flab. 

b - Number of tim In each length croup. 

c - IntenaUy of Infection exprea.d as the mean number of p&ruit •• per infected flab. 

d - NU!ftber of tnteoted tiab tn each length group. 

\oN • 
~ • 



'lonth a 

Jan. 0 
Feb. 0 
1lar. 0 
.Apr. 0 
Mq 1.0 
June 0 
Jul¥ 0 
Aus· 0 
Sept. 0 
Oct. 0 
I'OY. 0 
Dec. 0 

TABlE ,.121 

Int.ne1t,. of infection of D.ytetulae, recorded aa the M&Il I1UIIber of parasites of the 
total nUltber of flab and of onb iratected ttah, tor each length group trOll each sample. 

L • n g t b t n Ctl8. 

0-20 20-30 30-40 40-50 All neh 

b c d a b c d a b c d a b c d a b c 

1 0 0 0 19 0 0 0 5 0 0 0 7 0 0 0 32 1.0 
0 0 0 0.7 16 1·7 , 6.9 6 6.0 5 9.4 5 9.4 5 2·1 31 4.9 
0 0 0 2.2 15 '.3 11 ,.6 12 ,.4 8 9·5 2 9·5 2 3.' 29 4·5 
0 0 0 3.8 16 4.2 15 6.3 11 7.7 9 4.0 3 6.0 2 4.6 30 5.' 
1 1.0 1 I., 19 2.5 10 2.2 4 4.5 2 13.' 7 B.' 7 4.1 31 6·4 
1 0 0 1.0 15 2.0 , 1.9 7 2.6 5 ,.0 7 4·2 5 1., 30 3.3 
0 0 0 0.4 16 3·2 5 3.' 7 '.7 6 4.7 7 8.2 4 2.4 30 4.7 
0 0 0 0., 15 1·3 , 0.8 11 4.0 2 1.0 4 4.0 1 0.5 30 2.6 
0 0 0 0 12 0 0 0 10 0 0 0 6 0 0 0 28 0 
0 0 0 0 15 0 0 0 7 0 0 0 5 0 0 0 77 0 
1 0 0 0 18 0 0 0 6 0 0 0 5 0 0 0 30 0 
0 0 0 0 15 0 0 0 9 0 0 0 7 0 0 0 31 0 

d 

1 
13 
21 
26 
20 
12 
15 
6 
0 
0 
0 
0 

Total 0.2 4 1.0 1 0.7191 2.9 50 2.1 95 5.2 37 3.5 65 8.8 26 1.6 359 5.1 113 

Total 
no.of 1 148 194 229 
pa1"a8itea 

Key. a ~ Tntenatty ot tnfection expreesed as the mean number ot parasitee per ftab. 

o - Number of fieh in eacb length group. 

e - Inteneity of infection expressed 8e the _an nllmber of p'J.rasites per infected fteh. 

d - Number of infected fiah in each lengtb group. 

512 

\oN 
• 
~ 
• 



VODth a 

Jan. 0 
l.b. 0 
Val'. 0 
Apr. 0 
Mq 0 
June 0 
Jul¥ 0 
Aug. 0 
Sept. 0 
Oct. 0 
Nov. 0 
Dec. 0 

Total 0 

Total 

TA.BlE ,.201 

Intenaity ot lDfection of D.proatae, recorded as the _an number ot paraatte. 
of the total IlUIBber of tlab and of onq infected flab, for each length group 

tl'Olfl each _))le. ~~_ ~_ 

Len g t h i n ems. 

0-20 V-ZU 2 0-30 3Q-40 0-5 4u-,u .a. 

b c d a b c d a b c d a b c d a b 

1 0 0 0 19 0 0 0 J 0 0 0 7 0 0 0 32 
0 0 0 0 16 0 0 5·4 6 5 5.0 5 12.5 2 2 .. 0 31 
0 0 0 0-4615 5·5 2 7.7 12 23.0 4 4'.5 2 45.5 2 5·4 29 
0 0 0 0.7516 4.0 5 11.5 11 18.1 7 5.3 5 10.0 1 4.9 ,0 
1 0 0 0 19 0 0 1.2 4 1 23.0 7 26.6 6 5.3 31 
1 0 0 0.2 15 ,.0 1 0.9 7 ,.0 2 1.4 7 5.0 2 0.6 30 
0 0 0 1.2 16 6., , 1., 7 4·5 2 5.4 7 38.0 1 2 .. 2 30 
0 0 0 0 15 0 0 8.1 11 12·7 7 '.7 4 15.0 1 J.; 30 
0 0 0 0 12 0 0 0 10 0 0 0 6 0 0 0 28 
0 0 0 0 15 0 0 0 7 0 0 0 5 0 0 0 Z7 
1 0 0 0 18 0 0 0 6 0 0 0 5 0 0 0 30 
0 0 0 0 15 0 0 0 9 0 0 0 7 0 0 0 H 

4 0 0 0.2 191 4.5 9 3.8 95 13.1 28 5.3 65 23.1 15 2.1 359 

11 fiah 

14·5 

no.of 0 41 366 346 75' 
parasite. 

Key. a - Inten.tty of tntection expressed aa the mean number of parasite. per fiab. 

b - Number of fish in each length group. 

c - Intenatty ot infectton expressed aa the Man IDll'lber ot p:i1'asltea per infected flab. 

d - number of infected fiah In each length group. 
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l!onth a 

Jan. ~ Feb. 
Ifal-. g Apr. - P 
June ~ 
JU17 P 
.Aug. ~ Sept. 
Oct. ~ NOY. 
Dec. 0 

Total 0 

Total 
no.of 

!.lBIB '.21. 
IntenattJ' ot tntectlon of D.cordu8t ncor4ed .. the .. an number ot paraaUe. ot tbe 
total number of tlab and ot only tnfected ttab, for each length group frca each .. pIe. 

Len g t h 1 n CIlIa. 

0-15 15-20 20-25 25-30 All fiab 

b c d a b c d a b 0 d a b c d a b 0 

0 0 0 0 , 0 0 0 21 0 0 0 9 1.0 1 0.33 3' 1.0 
0 0 0 0 0 0 0 0.6 24 '·5 4 1.1 1 2.6 3 0.1 31 '.3 
0 0 0 0.4 9 2.0 2 2.5 10 5.0 5 2.1 11 ,., 9 1.9 ,0 '.1 
5 0 0 2.1 10 '.9 1 2.8 15 '.9 11 4.6 5 5·1 4 2.7 '5 4.2 
0 0 0 0 1 0 0 0 1 0 0 0 2 0 0 0 4 0 
0 0 0 1.4 5 3.5 2 2., 24 6.9 8 12.0 1 12.0 1 2.5 30 6·7 
1 0 0 2.0 , 3.0 2 ,., 21 5.4 1, 6.2 5 1·1 4 ,.6 ,0 5.6 
0 0 0 0., 3 1.0 1 O.~24 1.0 2 0.6 3 2.0 1 0.1 3Q 1.2 
1 0 0 0 , 0 0 0.04 23 1.0 1 0 , 0 0 0.03 30 1.0 
2 0 0 0 3 0 0 0 21 0 0 0 :> 0 0 0 31 0 
3 0 0 0 2 0 0 0 11 0 0 0 6 0 0 0 28 0 
3 0 0 0 1 0 0 0 13 0 0 0 1 0 0 0 30 0 

15 0 0 0.9 49 ,.2 14 0.9214 4·7 44 1.6 64 4.6 23 1.1 '42 4.5 

45 210 107 362 

paraatt"ea 

Key. a - Intenatty of tnfection expresaed as the ..,..&11 number of paraaltea per ftah. 

b - Number of ftab In each length group. 

o - Intenatty ot tntectlon expressed &8 the mean number ot par.taltea per infected fiah. 

d - Number of tDfeoted fiab in each length group. 

d 

1 
1 

16 
22 
0 

11 
19 
4 
1 
0 
0 
0 

81 
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Month II-

Jan. 
reb. 0 
liar. 0 
Apr. 2.0 
Mq -
June ,.0 
Juq 0 
Aug. 0 
Sept. 
Oct. 0 
ftov. 0 
Dec. o.~ 

'1'0'a1 0·4 

Total 
no.of 

TA.BlE ,.22. 

lntenetty of infection ot T.borea118, recorded as the mean number of paraaite8 
of the total nUlllber of fish and of oaq infected fish, for each length group 

from each sample. _~ ___ _ 

Length 1 n CIIl8. 

10-15 15-20 20-25 25-,0 All flsh 

b c d a b c d a b c d a b e d a b e 

N 0 SA"PLE , 0 (j 0 2 0 0 0 6 0 (' 0 0 0 0 0 11 0 , 0 0 0 , 0 0 22 12 4.' 6 0 0 0 0 1.4 18 4·' , ,.0 2 1., , 2.0 2 5.5 18 6., 16 0 1 0 0 4.04 25 5·2 - ,.0 1 ,.0 1 0.6 5 2.0 2 2.0 2 2.0 2 1.4 8 2.5 
1 ,.0 1 1.1 7 2.0 4 0., 7 1.0 2 0 2 ° 0 0.9 17 1.9 
0 0 0 '.7 10 4.6 8 4.2 8 5.6 6 9.0 12 10.8 10 5.9 ,0 7.5 
0 0 0 0 0 0 0 0 2 0 0 0.6 , 2.0 1 0.4 5 2.0 

B 0 SAMPLE 
4 0 0 0.18 16 ,.0 1 0 4 0 0 0 1 0 0 0.1 25 ,.0 
7 0 0 0 5 0 0 0 16 0 0 0 2 0 0 0 30 c 
9 ,.0 1 0.2 5 1.0 1 0 2 0 0 0 7 0 0 0.1 30 2.0 

,0 ,.0 4 1.1 52 ,., 17 1.9 87 5.2 ,2 ,.8 ,0 6.7 13 1.8 199 5·4 

12 56 166 114 '48 
para:dtes 

Key r- a - In f,en8itl' of tnt.ctiem expressed as the Man number of parae! tee per fish. 

b - Number of fiah in each length group. 

e - lntenett,. of infection expressed as t"e mean number of parasi tea per i.nfected fish. 

d - Number of infected fiah in each length group. 

d 

0 
6 

20 
5 
7 

24 
1 

1 
0 
2 

66 
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Ifcmth 

Jan. 
Feb. 
~. 
Apr. 
IIq 
JUDe 
July 
Aug. 
Sppt. 
Oct. 
Nov:> 
Dec. 

TABlE ,.2" 

Intenatty of infectton ot D.paradoxum recorded aa the sean number of parasites of the 
total number at fish and or onll infected flsh, tor each length group tram each 8ample·. 

Length i n OIlS. 

C· 1;; 15-20 20-25 25-30 All fiah 

a b c d a b e d a b c d a b e d a b c 

0 0 'J 0 0 , 0 0 0.6 21 1.85 7 0.6 9 2.0 3 0.6 33 1.9 
a (> 0 0 0 0 0 0 1.2 24 2.6 11 1.6 7 3.6 3 1.3 31 2·9 
0 0 0 0 2·7 9 4·2 6 1., 10 1.85 7 2.2 11 3·4 7 2.1 30 3·3 
0 5 0 0 2.2 10 2.4 9 1.1 15 2.0 8 1.6 5 2.6 3 1., 35 2·3 
0 0 0 0 2.0 1 2.0 1 ,.0 1 3.0 1 2.5 2 5.0 1 2.5 4 ,., 
0 0 0 0 1.8 5 ,.0 :5 0.8 24 1.9 11 ,.0 1 0 0 1.1 30 2.4 
0 1 0 0 I., , 2.0 2 0.9 21 1.7 11 1.2 5 1.5 4 0.9 30 2.1 
a 0 0 0 1.6 , 2·5 2 2.4 24 4·4 1, 2.0 3 2.0 3 2., ,0 3.9 
0 1 0 0 0.6 , 2.0 1 1.2 23 2.5 11 0 3 0 0 1.0 30 2·5 
1.0 2 1.0 2 4.' , 4.' '3 0.8 21 1.8 10 2.0 5 2.5 4 1.4 31 2., 
2.0 :5 2.0 , 1.5 2 ,.0 1 1.5 17 2.1 12 I., 6 2.6 '3 1.5 28 2.' 
0.6 , 1.0 2 1.6 7 2.2 5 1.2 13 2.5 6 1.8 7 ,., 4 1.4 30 2.4 

d 

10 
14 
20 
2 o , 

14 
17 
lB 
12 
19 
19 
17 

Total 0.6 15 1.4 7 1.9 49 2.9 33 1.2214 2.4 108 1.5 64 2.8 35 1.4 342 2.5 18, 

10 96 258 100 464 
paras 1i •• 
Ke,.. a - Intenstt,. of infection expressed &8 the mean DWltber of parasites per filh. 

b - llumber of' ftsh in each length group. 

e - lntenatt,. ot infection expressed as the mean number of parasites per infected fiah. 

d - Number of infected flab in each length group. 
VI 
• 
~ 
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Relationahip of sex of the hoat to intensity of infect ton. 

The number and percenta;re of lftale and female fieh, and the mean 

number of ~ra8ite8 on each sex in each monthly aa.ple tor each length 

group were recorded for ]).orucifer, D.v1.: tu1ae, D.Frostae, D.cordua, 

T.borealle and D.?!radoxum (Tables ,.24 - ,.29 and ,.'n - ,.,6). 

Reault8. 

D.orucifer, D.vietulae. D.prost ... 

(a) Seasonal variation 1n intenstty of intection. 

Male and fe",.a1e R.rutl1us ehowed peak intensities of tnfection 

_ith D.oruc1.fer in February and varch, and in July (Table ,.24). ,l peak 

intenatty of infection of D.vt8tulu 'a8 recorded from female :: .oepha1ua 

tn ,~ and July, and f1'O!B "'ale S.oopbalu8 in April and July (Table ,.25). 

Peak infeotions of D.proste .. re reoorded from female S.cephalus in 

\!arch and again in July and &U{tUst, and f1'OlD male S.cephalu8 tn !pr11 

and At.gust (Table ,.26). 

(b) Relationship of length and sex of the ftsh to intensity 

of infection. 

In8ufficient numbers of fish were sampled each month to a 110. ~ 

extenslve com~risona between the number of male and female fiab in 

each l'Dgth group from each monthly Nlftple, therefore the resulta wore 

lIUI'Imlarl .. d (Tab Ie. ,.~, ,.26, '.29). 

The numbers of male and female S.cepha IU8 in each 1e~h group 

... re approximately equal except for the 40 - 50 011. eroup Where 1!'ost 

of the ftah nre remale (Table. ,.28, 3.29). \fore _Ie t .. ..an f8.1. ftab 



weN preaent tn the ama11eat length rroup 01' .t-l.ruttlus. whereas the 

largest length rroup rea.mbled :':'.cepha]us in havinr _inly remale nsh 

(Table.'.27). An inorease in the in '.enaity of infection with increa.e 

in length has already oeen noted for n.c1'Ilctfer, U.vtotulae and 

D.prostaP (tables ,.10, ,.19, ~.2v). dB ~ost of the fish in the larger 

length f-roups n1'9 fOTa le, tt:. increase in intensity "'8Y not be the 

reault of tncrea .. in 1" ngth, but that remale fish ~ ':e more 

auaceptible to infection. 

No marked dt.ferenoe in the tntenaity of infectton of D.vistulaa 

and D.proatae in malo and female S.cepra]us wws recorded until U,. 

40-50 em. group, when the mean number of ptlZ'asttea tn female fish was 

m~ch greater than in male £iab (I.blee ,.28, ,.29). ... t're.ater vartation 

tn the mean number of D.cructfer .as recorded oat.aen ",ale and famale 

rt.ruUIue from each length g!"Oup, compared with l).viatula. and D.proetu 

from r.cephalue. Ctl17 two male cOI'!Ipared to 29 female 1{.rut11us .ere 

pre .. nt in the greateat length group. The dtacrepancy bet.een the 

number of males and remalee in this group made it difficult to interpret 

the atsnU'lcance of the diffentnt intensttles of I).crucifer frOll tho 

.. xea. (Table '.27). 
&n overa 11 higher mean number of ! .• crucUer and D. prosta.e and to 

a lesee%' extent V.vietutu occurred on felD&le il.rutUUfi l:ind ~'.cephalus. 

('fable ,.,v). 
It ... not pos.ible to determine whether those data in Tablee 

'.27, ).26, ,.29 ahowed Wly eignificant re lattonahlp bt3tween the eel: 



of the hoat and intenaity of infectton, and therefore the data WIiS 

analysed 8tatlstlcal~. 

(c) ~tati8tlcal analysis of the data. 

The number of parasites in male and fe~ale fish was originally 

plotted against length of fiah, and this gaTe a ourvi-linear 

relationship. To obtain a linear relationship necesea~ for the 

analyste, the data was tranafol'llJed and ~ parasites (p) was 

plotted against weight (w), weight being 80me indication of inoreaae 

tn size or aurface area, factors which are important when stu~ing 

the inteneity of infeotion ot \'onogenea. 

Regression ooefficients (bp.W) were calculated (see appendix. 

Tabl.s ~.'7, '.38, '.'9) and regressions plot.ted (Figures '.9, 3.10, 

,.11) for female and male fiah inteoted with D.vistulae, O.pr08tae and 

D.cntoifer. ~~h regression was teatea to see if it wa. significantly 

different from zero and the regressions tor female and male fish with 

each species of paraaite were t •• ted to ea. if they were aignifloant~ 

different trom each other. 

t) D.vlatul ... (Fi,ure '.9) 

The regresaion bp.w for male and female S.cephalu8 were both 

significantly different froe .ero i.e. the nuaber at PQrasites increased 

With increased wel«ht of the fish. 

bp.w - Fsmale t66 - 5.25 

t66 at 5',k • '.46 

bp.w • ~4le t45 • ~.16 

t 45 at 5" • '·5 



'.47 

The regres8ion coefficients for fe~le and male .ere very similar 

(aee appendix) and there was obviously no difference between the two 

regressions 1.e. ttere was no overall difference in the intenstty of 

infeotion of female and male b.cephalu8 wtth D.vistulae. This 

information applied to the total nu~b8r of infected fish, but dtd not 

take into account any diffArences whioh might oocur 1n intenstty at 

infeotion from month to month, unlesa there .as no difference in the 

ratio of female and male fiah and the .eights at the fish in the 

different monthly samples. An ana~sis of vari~noe was perfo~ed 

between the .eights at female and male fiah in the months where 

tnfeotion occurred. No significant difference was found between either 

the weight of fe~ale or male fleh in different ~onth8. 

Female 1:0' 6 • 1.16 
61 

F 6 at ~~ • 2.17 
61 

Male 6 
F 41 • 1.04 

!' 6 at 57<, • 2.34 
41 

Homogeneity of female. male fish pre.ent in each sample where infection 

occurred wa. tested u.ing a chi-squared test. There w&a no significant 

difference in the number of femalea and male. in each sample (p. 0.05). 

The resulta obtained whan the total number of fish were taken tnto 

account were a1ao applicable to each monthly sample where infected fish 

.ere pre .. nt. 



'':'Hl re~atioMhlp between the nUr'lber of 

~'. :!!.st~"e and the wei{~t ot :ul.e and 

female 3, ceJ)b!lWle 
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The ret'ression bp.w for female fish wao 8ignlflcantl.,y different 

fro,," zer¢ t31 - 3.646, t~l a.t 5/ - 2.04, but the regrese10n bp.w for 

male fiah was not slgnificant~ different from z@rn t17 • 1.333, 

tl1 at ~ • 2.110 i.e. thare was an increase in intenstty of lnfection 

of n.prostae with increaae in .eight for fe~1e but not for ~le 

~oephalu8. There was no significant difference between the regression 

bp •• for fe~ale and male fiab (p - 0.05) i.e. there •• e no dtfference in 

the intenstty of infection of f8~1. Bnd ~18 ~.cephalu8 wit} D.p~oetae. 

Tr.eee results could not be applied to the inro~atton from each ~onth11 

sample, as although the ratio of fe~alea to males .ere st~il~r in each 

sample (p • 0.05), there was a significant difforence in the .ei,~t of 

female fish. 

Female 

but not in the .eight of male 

6 F" • '.05 
fish in infected months. 

~le Fl~ 

The difference in .eight of femal. fish in different months may be 

accounted for by the difference 1n gonad weight at different times of 

the year. It was thought that an increase ~ intenSity of infection 

.ith Ino1'8." tn .eight would occur in male fish if more data were 

available. 

iU) D.orucir.r I (Fip.ure ,.11) -----
Tre re~rees10n bp •• for female R.rut11us was not significantly 

different from zero. 

Female. bp.w • t69 • 1.764. 

t 69 .. t 5 • I.' -'4 • 



~he r8gr~ssion bp.w for Male rts~ was 8ignificantly different from 

zero 

'lale. bp •• t 49 • 2.,21. 

t 49 at 5~' • 2.0C8 

i.e. an increase of intenaity of infection with increase in .eight 

occurred in onale but not 1n female '1.ruttlUO. 'rha rell'ef oions op._ 

tor f'eT!'ale and "1&18 ftat- dUf'ered sif-niftca.r.t li' from each other 

(p • 0.(5) (,'1gure ,.11) and ar:owed a relat'lonship between intensity 

of tnfectton and .eight tn female and ~ale ~ru~. This tnformatlon 

cou Id only be applied to tl'e total saMple of fish, as p-ven thoueh there 

was no dtfference in the ratio of female and ~le fish in each samrle 

where the infection ccc~ 'red (p • 0.05) and no significant difference 

tn the weifhtlS of the female fiah between montr_s (?7~ • 0.116, 

F7 ~ at 51~ • 2.25), there .as a alentficant difference in the weightr: 

of the male fiah between month. (F::)~ • 3.695. F;~ at 55 • 2.45). 

(a) Seaaonal variation in inteneiiy of infection. 

The intenaity of tnfectton of I.borealis on felllale and male 

T.thy!alluB waa .imilar to the attern shown when the mean number ot 

paraaite. of all T.U.,ymallu8 tn each sample were considered, and peak. 

of tnfectton were recorded in April &nd July (Tabla ~.~1). 

(b) Relattonshlp of length and sex of the fish to intensity 

of infection. 

A Blight 1y higher mean nU!'IIber of par:asites in male 'i' • thyma.llUB 



'!he "la'1oaalp betw_ \h. IlllllMl' of 

p. so .... u4 the wight of ul. and t.aa1. 
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Jt 

Jf 

lIoIlth 

Jan. 
Feb. 

Mar. 

Apr. 

'.~ 
June 

July 

Iwg. 

Sept. 

Oct. 

NOT. 

Dec. 

'fota1 

TABLE ,.24a 

'!'he IlUJIber of male and fella1e R.ruttlu8 (total and infected) and the Inteneity 
of infection of each sex with D.cructfer. 

Total Bo. No. paraait.s NoSema1. flab "an no.ot No.para.sites No.~ale ftsh 
parasit •• in fnale Total Infected parasites in in ~le Total Infected 

female ftsh 
a b 

0 0 12 0 0 0 0 21 0 

531 241 12 9 20.1 26.8 96 15 8 

416 246 16 16 15.4 15·4 170 14 10 
,02 180 10 10 18.0 18.0 122 6 6 

8 8 3 1 2.6 8.0 0 6 0 

:5:~6 217 14 10 1;.5 21.7 119 16 13 
420 217 12 11 18.0 19.7 20X 10 10 

206 182 22 16 8.3 11.4 24 8 4 
0 0 15 0 0 0 0 15 0 

0 0 12 0 0 0 I) 18 0 

I,) 0 11 0 0 0 0 19 0 

0 0 15 0 0 0 0 15 0 

2025 1291 154 73 8.4 17·7 134 163 51 

~an no.of 
parasites 
in male fish 
a b 

0 0 

6.4 12.0 

12.1 11·0 

20., 20.3 

0 0 

7.4 9.1 
20., 20., 

3.0 6.0 

0 0 

0 0 

0 0 

0 0 

4.5 14.4 
--- ------ -~- ---.--.-.~~-- ---- - -_ .. - --------------- -- ----- ---- ---- - ---- -- - ---- -----_ ... -

Ireya _ Spawning period. 

a - Intenstty of tnfectton expressed as the mean number of pirQ,s1tes Ter fiah. 
VI 

b - Intensity of infection expressed as the mean number of puraattes ~r infected fish. ~ 

'" • 



r.tODth 

Jan. 
Feb. 

Mar. 

Apr. 

• M8¥ 

• June 
Juq 

Au8. 
Sept. 

Oct. 
}loy. 

Dec. 

Total 

'fABlE '.251 

'l'he number of male and female S.cephaluB (total and infected) and the tnteneity 
of infectton or each 88X with D.vi8tulae. 

'Total No. ~{o. pa.raal tea ~o.ffJ1ll8,le fiab ~ •• an no.of :o.paraa1tea P.o.male fIsh :.an no.of 
paraait •• in female atal Infected parasites in in 1!I&1e rota1 Infected jparaaite. 

fnale fiab ~n male flah 
a b a b 

0 0 19 0 0 0 0 1:5 0 0 0 

84 64 14 9 4.6 7.1 20 1, 7 1.5 2.8 

95 64 18 1, '5.5 4.9 31 11 8 2.8 3.9 

138 65 14 11 4.6 ~h9 13 16 15 4.6 4.9 
128 120 20 16 6.0 1.5 n 11 4 0.1 2.0 

40 30 19 9 1.6 3.~ 10 11 , 0.9 ,., 
11 41 21 9 1.9 4.5 30 9 6 ,., 5.0 

16 8 14 2 0.6 4.0 8 16 4 0·5 2.0 

0 0 16 0 0 0 0 12 0 0 0 

0 0 17 0 0 0 0 10 0 0 0 

0 0 20 ' . 0 0 0 10 0 0 0 

0 0 16 0 0 0 0 15 0 0 0 

512 392 200 69 1.8 5.7 184 141 47 1.2 :5.9 

Key. • Spawnil18 period. 

a - Intenaity of infection e:z:p1'essed as the Iqan number of parasitea per ftllh. 

b - Intensity of infection expressed as the mean llUItber of paraSites per infected fish. 

\.H 
• 
\on 
o • 



Month 

Jan. 
Feb. 

~. 

:..pr. 

• !fay 

• June 

Jul,y 

Aug. 

Sept. 

Oct. 
!~oy. 

Dec. 

Total 

TUU: ,.26a 

The numb~r of .ale and female S.cephalus (total and infected) and the inten81t,r 
of tntection o~ each sex with D.prostae. 

~otal no. ~o. p&1'a8i te. No.fesale fish ~an no.of ;o.paraeltea tlo.male ftsh 
paraslt •• n fft&le 'lata 1 Inf'ected fbra,al te. 1n 1D .al. ~ota1 Infected 

f8t"&le fish 
a b 

0 0 19 0 0 0 C 1, 0 

6, 56 14 4 4.0 14.0 1 l~ , 
186 lBl 18 1 10.1 25·8 5 11 1 

149 39 14 5 2.8 1.8 110 l'~ 6 

166 166 20 1 8., 23·7 0 11 0 

19 14 19 4 0.7 3.5 5 11 1 

66 50 21 , 2.4 16.6 16 9 3 

104 49 14 3 '.5 16., 55 16 5 
0 0 16 0 0 0 0 12 0 

0 0 17 0 0 0 0 10 0 

0 0 20 0 0 0 0 10 0 

0 0 16 0 0 0 0 1) 0 

753 555 200 .33 2·7 16.8 198 147 19 

~. • Spawning period. 
a. - Intenatty of infection expressed as the !!lean number of ptU'..ls1tes per riah. 

r*ean no.of 
iPUaa1t •• 
~n _Ie fish 

a b 

0 0 

0.5 2., 

0.4 5.0 

6.9 18., 

0 0 

0.4 5.0 

1.8 5.' 
'.4 11.0 

0 0 

0 0 

0 0 

0 0 

1.4 10.4 

b - Intensity of infection expressed as th,' mean number of purasitea per infected fish. 

\~ 

• \,,"1 .... 



lAtngth group 
in CIlIa. 

15-20 

20-25 

25 - 30 

30 - 35 

TABLE '.21' 
'rhe mabel" anel percent4f);e of II&le and female R.rutllua iDte,:ted with D.crucifel" 
and the mean number of parasites on the tot~l-and intected flEh from each length 

group. 

Sa No.of fish No. Wected :' ft sh 1 nrected Total . o. '~ean no. para.it •• 
flah _~_raatte. Total Infected 

( Female 25 11 44·0 168 6.1 15.' 

~ _Ie 
92 24 26.1 227 2.5 9.9 

Total 117 '5 "·4 395 '.4 12·1 

~ Fnate 42 11 26.2 160 ,.8 14.5 
Vale 29 16 55·2 246 8·5 15.4 

~ Total 71 27 38·0 406 5.1 15.0 

} F9!!!&le 57 32 56.1 51' 10.~ 11.9 
\. ~fale 40 11 27.5 261 6.5 2'·7 
f Total 97 43 44.' A34 6.6 19.4 

( Female ~ 19 65.5 490 16.9 25.8 

~ Male 
2 0 0 0 0 0 

Total 31 19 48.7 ~~o 15.8 25.8 

~-.------ -
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IaDlJth group 
in OIlS. 

0-20 

20 - 30 

30 - 40 

40 - 50 

-

'fABlE ,.291 

The number and percentage of male and ( • .ale S.cepha1ua intcc~ed with D.vistulae, 
and the mean maber of parasites on the tot&.l and infected fish from each length 
- - -- -- - grou~. 

Sex No.of fish NO.infected ~, neh infected Total no. Vean no.parasite. 
fish }::amaHs. Total Infected 

~F'e!lI&le 1 0 0 0 0 0 
)§ale , 1 "., 1 0., 1.0 
~Total 4 1 25.0 1 0.2 1 .. 0 

(F8!!!a1e 99 24 2'.2 68 0.7 2.1 
~Ual. 92 26 26.0 80 0.86 2.9 
Total 191 50 26.2 148 0.77 2.9 

~Fema1. 51 21 41.2 106 2.1 ;.1 
Male 44 16 ~6.4 88 2.0 5.5 

(Total 95 Yl 38.9 194 2.04 5.2 

~F_1e 57 2~ 39.6 218 '·7 9.5 
Vale a ~ 42.8 11 1.6 ,.6 

(Total 65 26 40.0 229 3.5 8.5 

VI .. 
Vl 
VI 



'fABU! ~. 

'rha mmabel' and pel'Centaae of _1. and tema1e :-;.ceph&lus tnrected with n.prost&e. 
and the .an nueber or parasite. 011 the total and infected fish frO!Jl each length 

S!:ou;e. 

r-ngth £rOUp Sex No.of fish fo.infected ;' fish infected rt'otal no. IVsan no. parasites 
in CI!IS. fish lPu'a.ites Total Infected 

1-1
• 

1 0 0 0 I g 
0 

o - 20 Male , 0 0 0 0 
tt'otal 4 0 0 0 0 

t-IJI 99 5 5·05 16 0.16 ,., 
20 - 30 II.a1. 92 4 4.3 25 0., 6.2 

rI'otal 191 9 4 41 0.2 4.5 

t-IJI 51 15 29.4 218 4.3 14·5 
30 - 40 tral. 44 13 29.5 148 '.4 11.4 

fotal 95 2B 29.5 366 '.9 13.] 

(Femalo 57 13 22.4 ~21 5.5 24·7 
40 - 50 ?t.!ale 8 2 28.6 25 :5.6 12.5 

Total 65 15 23.1 346 4.9 23.1 
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I.eDeth group 
in C1118. 

0-20 

20 - 30 

30 - 40 

40 - 50 

--~ 

'fABlE '.~I 

'!'be I11Bbe1" aDd pt1'Celltfl6e of aale and f'eeale S.cep!?alua inf'cc'Utd With D.vlstulae. 
and tbe Han INII!ber of' parae1tes on the total and 1n1'ected fish from each length 

group. 

Sex No.of flab NO.infected % flah infected Total no. Mean no.par.aaitee 
fish mrasitea Total Infected 

~P'''le 1 0 0 0 0 0 
Vale 3 1 "., 1 0., 1.0 

\ Total 4 1 25.0 1 0.2 1.0 

(Female 99 24 2'.2 6e 0.7 2.1 
~Ua1e 92 26 26.0 80 0.86 2.9 
Total 191 50 26.2 148 0.77 2.9 

~-~ 51 21 41.2 106 2.1 5.1 
Mal. « 16 36.4 88 2.0 5.5 
Total 95 }7 38.9 194 2.04 5.2 

~F_l. 57 23 39.6 218 '.7 9.5 
Val. e , 42.8 11 1.6 3.6 

(Total 65 26 40.0 229 3.5 8.5 
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:.ngth group 
in CIIlh 

0-20 

20 - 30 

30 - 40 

40 - 50 

'UBm 3.g9t 

!'he DUllber aDd percent.,. ot _18 and temale S.cephalua tnf'ected with n.proetae. 
and the 1De&Il nUllber or paraa1t88 OIl the total and infected fisb frO!! each length 

!!OU;e. 

Sex No.of fIsh ~o.lnf'ected ~/ fish infected lTotal no. ,Vstn no. parasites 
fish ipU'a8i tes Total Infeoted 

~Fema1. 1 0 0 0 I g 
0 

Male 3 0 0 0 0 
('rota1 4 0 0 0 0 

~_le 99 5 I 
,.q; 16 I 0.16 

,., 
lI.al. 92 4 4.' 25 0.3 6.2 
!fota1 191 9 4 41 0.2 4.5 

~Fhale 51 15 29·4 218 4.3 14·5 
, *fa1. 44 13 2~h5 148 3.4 11.·1 
(Total 95 28 29.5 366 '.9 13 .. 1 

(Female 57 1, 22.4 321 5·5 24·7 
~t!al. 8 2 28.6 25 :5.6 12.5 
Total 65 15 23.1 346 4.9 23·1 
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Para.ette Sex of 
fillh 

D.cl'Uctfer !'.ale 
!,f.al. 

D.yt8~ulae 
Fnale 
Male 

D·Erostae 
Felr.al. 
Mal. 

l).cordu. Fhale 
Vale 

,.bC'·realis Mal. -. I Female 

I 
, 
lelll.1e 

n.£:.J.:radoxu \lale 

I 

TUlE ,.,01 

The cweral! ,"an number of YtODOS!I'l8<l 011 lIIa!a and f8!l&!. host, •• 

'rotal no. "!Iotal no. \~e&n flO. Total no. ~e&1l lto). 't'otal no.f1.:!h 
of flab parasites parasite. infected parasites in tnfected 

per total fish per 1!ont(18 

no.or flsh infected flsh. 

153 1291 8.4 7~ 17.7 89 
163 7}4 4.j 51 14.4 75 

208 392 1.8 69 5.7 120 
147 100 1.2 47 3.9 88 

200 55~ 2·'7 :n 16.8 120 
147 198 1.4 19 10.4 88 

172 1,a 0.6 37 3.7 122 
170 224 1.3 44 ,.1 131 

94 1" 1.1 32 4.2 76 
105 215 2.04 34 6.3 62 

172 286 1·7 103 2.8 172 
110 178 1.04 80 2.2 170 

~·~an no. parasite. 
per total no.fish 
In infected ~onth8 

14.5 
9.8 

'.3 
2.04 

4.6 
2.2 

1.1 
1.7 

1.8 
2.6 

1.7 
1.04 

v. 
• ..... "1 
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(Tab1r·s '.3°, 3.31). ':(hie W&E fairly ~vident in all the lOll8th .,~roup8 

except the lower (10 - 15 ~ •• ) and qutte ~arked in tte higher 

(25 - 30 cma.) (Table. 3.,2). 

(C) 5tati8tica~ analY8is of the data. 

The regressi:m bp.w tor females wu not slgniflcantJ,y different 

from zero, "'~lfl}1·.as that for male T.tr,rmalluB was nign1ficant1;y different. 

(Figure ,.12) (~ppendlx, Table '.40). 

}'omale Male 

bp.w • t31 • 1.,10 bp.w - t32 • 2.995 

t31 at 5;: ... 2.042 

i.e. an increase in intenatty of infeotion with increase in w.Ight was 

recorded for male but not for female T.thyt,)<l,llua. 'l'he regre8sion bp.w 

:1'01' female and mal. do not differ significantly from eaoh other 

(p • 0.0')) and therefore tt;e dlfferenc. betwcen the intonsity of' 

infectien of f.borealis on fesa1e and male T.boreulis was not significant. 

As 1.n lJ.cruclter and D.prost!! thiEl only applied to tho total number of 

tmeoted Hah, aa the .eif.hta of fem&lle 'I'.tlnaHuB in months where 

1m'ection ocourred differed 8ien1ftcantl,y (F2~ - 3.59, f~ at 5';: - 2.47). 

'{'biB i8 tlOt the nit.,,, It of lUCZ'Ga: ad gOMd deve 1 OprDe llt , a8 T. th;cnallue 

.pawned 1r! ~c8fllber, and in the prev1ou' two mor.the when the gonads 

.. ould hl&ve been rapidly 1nol'8&8111B in .eight no infection with T.boreali • 

••• reOorded. No aignif1cant differeuce vas found bot_eeu the weight 

ot tr.e 112111. Heb in the 1!l0~4thlJ aamples where llll'ectioll ~a. preeent. 



':"'he relatioa.ahip betveea the number of 

'.\. ~or!'laR and the \le~ht of male an4 

f.male '1' t thml\) Ht 
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110mb 

Jan. 
leb. 
:Aar. 
.\pr. 
'lJ.a;, 
June 
Ju13 
AllB· 
Sept. 
Oct. 
Noy. 

* Dec. 

Total 

!ABLt '.lla 
The nU:tlbel' at male and fnale '.thDalluEl (total and infected) and the intensity 

of tnfect10D of each eex with T.boreali8. --
rotal 140. 1:0. r.ar.l.Bi te s p-O.f'8m&16 fish \'ean no.of 1<1(1. parasi tea 1:; 'J.male fish Mean no.of' 
parasites in female 1'otal Infected parasites in ill male Total fntected parasites 

t 
female fish in tft&le fleh 
a b a b 

I 

NO SAMPLF. 
0 0 4 0 0 0 iJ "'f 0 0 0 . 

26 11 7 5 1.6 ,.6 15 11 3 1.4 5.0 
110 57 10 8 5·7 1.1 5' 15 12 :5-5 4.4 

11 6 5 , 1.2 2.0 5 3 2 1.6 2·5 
13 11 10 5 1.1 2.2 2 7 2 0., 1.0 I 

179 42 10 10 4.2 4.2 137 20 14 6.8 9.8 
2 2 3 1 0.6 2.0 0 2 0 0 (I 

%{ 0 SAMPL~ 

3 0 14 0 0 0 , 11 1 0.3 ,.0 
0 0 14 0 I 6.2 

0 0 16 0 t) 0 
4 4 17 2 2.0 0 13 " 0 0 .J 

, 34S 133 94 32 1.4 4.2 215 1(Jj 34 2.04 6.3 - - .. 
Key a If - SpawnIng pertod. 

a - tnt 'naity of infection expressed as the ~ean n~ber of para~ite8 per fish. 

b - Intonsity of infection 'ixprossod as the '!lean number of parasites pel' tnfectell fish. 

,-,oj 
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leD£'th group 
in CIIIS. 

10 - 15 

15 - 20 

20 - 25 

~ - 30 

-

TABlE ,.'21 
The number and percentage of male and female T.thl!!llus infected with T.borea118, 

and the mean number of parasites on the total and infected fish from each length (roup. 

Sex lio. of fish o. infected '~ fish infected Total no. 'lean no. parasite. 
fiah parasites Total Infected 

(FeMale 12 2 16.6 6· o.!) 3.0 
('fa1e 18 2 11.1 6 0., 3·0 
(Total 30 4 13.3 12 0.4 3.0 

(r~ale 30 8 26.6 21 0.1 2.6 
('~ale 22 9 40.9 35 1.6 3.9 
(Total 52 11 32.7 56 1.1 3.3 

t"·"l. .12 19 4;.2 91 2.2 4.9 
!lale 45 13 213.8 75 1.6 5.8 
Total ~rt 32 36.8 166 1.9 ).2 

(Pel"l8le 10 , 30.0 15 1., 5.0 
(Male 20 10 50.0 99 4.9 9.9 
('Iotal 30 13 45.3 114 3·8 8·7 

-

\..>01 
• 
VI 
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(r J · 1.816, r'J at 5/ - 2.57), and no aignificant dtffererlce between 

the ratio of fe~ale and ~le fiah per sample (p • 0.05). 

D. cordu,. 

(a) Seasonal variation in intenaity of infectton. 

The peak period of infection of female v •• leuciscuB wIth D.cordue 

occurred in arch, A~rtl. June and July. "rhe pattern of intenai ty of 

intection was similar in male L.leuciacus. but alight ly more prominent 

peaks, of doubtful significance were present in F('b~ary and June 

(b) f~latlonship of length and sex of the fish to intensity 

of infection. 

The numbers and the intenstty of infect ton of ramale and male fish 

overall and in the dUferent laDilth groups were very similar ('~ables 3.30, 

,.", 3.'4). Tha difference in the mean nU'IIber of parasites in the 

remale and male fish was .~aller tl~n for tre other ddctylo~ria8 and 

therefore without statistical ar.a1ysia it was pot~sib 1e to state the ox 

of L.lauO\sC118 did not 1nt'luenca the intensity of infection of D.cordue. 

D.paradomm. 

There was no apparent overall difference in each monthly sample of 

the mean nulflber of D.p!radoxum or: the gi U. of female and male L.leuci8cua 

(Tables ,.,0, '.'5). Female and ~ale fish tn each length grcup had 

aimilar mean nu~ber8 of parasites, and the intensities of infection in 

all length rroups were similar except trle 0 - 15 em. Ilroup, wh@re the 



3.60. 

tntenetty of infection was slightly lower (Table '.36). It ',,'as concluded 

from this data that the sax of tl'. t'ost did not influence Ute 1ntenai ty 

of infection of D.p!rud~. 



• • 

~th 

Jan. 
Feb. 
':ar • 
Apr • 
May 
JUIlf' 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

TABlE ,.", 

The llUIIlber of _1. anel fe,.1. L.leuct8cua (total and tnfected) and the intensity 
of i.nf'ectton of each 88X with D.cor(~us. 

iI'otal no. ttro.parasites lNo.f8!!!&le fish • ... an no. ~·;o. parasites No. mala fish Uean no. of 
paraaites in feM.1e ~otal Infected parasi tea in in 11'1&1. Total Tnfected parasi tea tn 

female fish l';",ale fish 
a b til. b 

1 1 10 1 0 0 0 23 0 0 0 
22 12 15 5 0.8 2.4 10 16 2 1.6 5.0 
59 29 12 7 2.4 4.1 3° 18 9 1.6 ,., 
9' ,.., 14 9 2.6 4.1 56 21 n 2.6 4.' 

0 0 " 0 0 0 0 ° '" 0 0 '., 
74 9 16 , 0.5 ,.0 65 14 8 4.6 8.1 

1ar 45 13 8 ~.4 5.6 62 17 11 ,.6 ,.6 
5 " 16 3 0.25 1 • ., 1 14 1 0. C'"I 1.0 
1 1 22 1 0.04 1.0 0 8 0 0 0 
0 0 20 0 0 0 0 11 0 0 0 
0 0 17 0 0 0 0 11 0 0 0 
0 0 13 0 0 0 0 17 0 0 0 

362 138 72 37 0.8 3.7 224 170 44 1.3 5.1 

Key a _ - Spawning period 

a - Intensity of infection expressed as the "'ean number of fA:traaites per fish. 

b Intensity of tnfectton expreesedJs the "lean number of p.lrasites per infected fish. 

~ 

• 
'.1\ 
~ 



I.engtm gZ'OUP 
in cat •• 

o - 15 

15 - 20 

20 - 25 

25 - 30 

'1' ABtF. 3.,. I 
The maher and percentap of mI. and f.ale L.leuctacua infected wUb 
D.cordua, and the mean DlJIber of p.l1"t18tt.a on the total aDd infected 

fiab fro~ each length group. 

Sex 110. of fish No. infected fish :;, fL h lr..fected To'tal no. "ea.~ no. }:arasi tee 

~F"al. 10 0 0 
!'t:ale 5 0 0 

(Total 15 0 0 

rtsale 29 7 24.1 
tal. 20 7 35.0 
Total 49 14 28.6 

(reule 101 20 19.8 
(P!.ale 113 24 21.2 
(Total 214 44 20., 

(FeaLl. 32 10 37 .5 
(Vale -~2 13 34.4 
('l'otal 64 23 35.9 

parasites 1"0"a1 

0 r-
'..J 

0 
0 S 

26 0.9 
19 0.9 
45 0.9 

61 0.8 
129 1.1 
210 0.9 

:n 0.9 
76 2.4 

1ar 1.7 

Illfected 

0 
0 
0 

3.7 
2.7 
3.2 

4.1 
).4 
4.7 

3.1 
5.8 
4.5 

~ 

\..N 
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» 
» 

¥.onth 

J8I1. 
Feb. 
J.'ar. 
Apr. 
'<'~ 

June 
July 
Au8. 
Sept. 
Oct. 
l;ov. 
Doc. 
. 
Total 

~ '.351 

The nUlftOer ot lR&le and fernale L.leuciscus (total and infected) and the intenaity 
ot infection of .~ch sex wttr D.paradoxum. 

Total no. no.paraaitea l:o.female fish Vean no. "jo.parasites No.male fish r""" no.of 
parasites in female Tota.l Infected paras! tes in in male Total Infected parasites in 

female fish ~,a,le fiah 
a b a b 

19 7 10 4 0.1 1.7 12 23 6 0.; 2.0 
40 32 15 9 2.1 3.5 8 16 5 0.5 1.6 
62 26 12 B 2.2 3.' 36 18 12 2.0 ,.0 
46 18 14 7 1., 2.6 28 21 1, 1.3 2.2 
10 10 4 3 2.5 3·3 0 0 0 0 0 
:53 18 16 1 1.1 2.6 15 14 7 1.1 2.1 
29 11 13 10 1., 1.1 12 17 1 ,')·1 1.1 
69 58 16 13 ,.6 4·4 11 14 5 0.8 2.2 
,0 23 22 B 1.1 2·9 1 8 4 0.9 1.1 
43 32 20 1, 1.6 2.5 11 11 I) 1.0 1.9 
42 24 17 12 1.4 2.0 18 11 7 1.6 2.6 
41 20 13 Q 1.5 2.2 21 17 8 1.2 2.6 ./ 

464 286 172 103 1.6 2.A 11~ 110 ~o 1.1 2.2 

Key a » - Spawnil'lg period. 

a - Intenetty of infection expref'ood as the ~an rumber of parasites per fish. 

b - Inten8tty of inf"ction expressed as the ;n.ean lJ.l!J!ber of par-claitae per infecteif fisr... 
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length group 
In ems. 

0-15 

15 - 20 

20 - 25 

25 - 30 

'rUlE ,.,6. 
~e DUlllber and percentage of male and famale L.leuciscuB infected with 
D.paradOXU1ft, and the _an DWftber of parasites on the total and infected 

fish from each l~Qgtb group. 

Sex No. of fish No.infected fiah ',1 fiah infected fTctal no. 'lean no. pcuos,al te. 
paras! tes Total Infected 

t male 10 5 50.0 8 o.e 1.6 
Male 5 2 40.0 2 0.4 1.1 
Total 15 7 46.6 10 0.6 1.4 

(Female 29 21 72.4 66 2., ,.1 
~"~Ie 20 12 6,.2 ,0 1.5 2.5 
Total 49 23 68.7 96 1.9 2.9 

(F'emale 101 58 57.4 158 1.5 2.1 
(llale 113 50 44.2 100 0.9 2.0 
(Total 214 100 50·4 258 1.2 2.4 

~Female 32 19 59.4 54 1.1 2.8 
Male 32 16 50.0 46 1.4 2.9 

(Total h4 35 54.7 100 1.5 2.8 

----------_ .. _- - ------_ .. ------ --- ---- - ---.----~----
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Conclu~ions and Discussion. 

~~la"""Hj SpeC1. I.Hl of !tonogenea were found in the ftshee of the River 

tugg, of which seven wore recorded for the first tiwne in Britain. The 

first record of a dactylogyrtd in Britain was an undetermined species 

found on tho 6111. of P.phoxinus from Scotland (Ashworth and ft.&nnermann, 

1?27). Vickers (1951) also report.d an unidentified species on the Sills 

of S.egthrophthalmul!I from Ireland. Dactllourus species were not recorded 

from Britain by either Sproston (1946) or Dawes (1946, 1947). rlizvi 

(1964) dC!8crlbed D.crucifer. p.aEl':yrna and DactYIOflrt.lS sll11111s "e,.~ener, 

1909 frO"! 'i.rutUue and T.monenteron frO'ft F..luciue in [loatherne ~"ere 

(Cheshire). Mlahra (1966) recorded r.Euecic¢ue NYbelin 19~ as well as 

D.cructfer, .n.eph.yrna Ilnd D.ei'!lilh from It.ruti lus, v.wunderi Hychowsky 

19,1 and D.crucifer trOll! A.brama. T •• monenteron from .!:.!E.o.!!:!.! and 

D.psrad~ from R.ruttluB and A.br-clt'll8.. ThOBe recent records of 

Monogenea indicate that further InTestlgation in this field ~ reveal 

other specl.s previously unrecorded in this countr,y. 

The dact,logyridl and T.borealia from the fish of the River Lugg 

aho.ed & aa.onal ooourrence and variation in intenei ty of lnfectlon, 

the high.et percentage and Intensity ot intection occurring in ~rch 

and April, and in some speciee a second peak of infection was present 

in July, betore the intection diaappeared in Septe!l'lber. The first peak 

of infection recorded for all spectel m~ bo explatned by the increaae 

in water temperature in February, Which caused the e,,"Fe which had been 

dormant over the winter to hatch and thi8 provided the spring infection. 



The eecond peak in July was of dou~tful significance, and the data for 

each .pecie~ were examined to try and explain this observation. A marked 

riM in the infection of T.thymallu8 witt-> T.boreu1i.e was noted in July. 

An examination of tt.e samples erowed that in ;uy and lune only eight and 

88venLeen fish were sUlIIpled t but in July ~O fi.~ were caugH of which a 

larger number tr..an in previous samples were in the greatest length group, 

theea fts~ r-avtng a higher ~ean number of ~ra8it.s t}~n fish in lower 

length £,roups. and therefore increaeine the overall "'ean number of 

paraaites in the July sample. 

Dillerences in the level of infe.tation of p.vistulae on f.cephbllus 

were not verj apparent in "'ay, June aDd July and two separate peaks of 

infection wer~ not recorded. An increa.e in the intensity of infection 

of D.prost .. on the gille of S.cephaluB tn f\1:lY' could be explained by 

the greater number of S.cephalus 1n the 40 - 50 c~. group of this 

aampl_, !h~~ fi8h huving Ij higher mean nu~ber of puraattes than the 

smaller fiah. No aattsfactory explanation is avai 1able for t}~e drop in 

infection in April and June, and it 1a necersary to test this data 

8tatistica1lY to determine if the difference in the level ot infection 

between montha 1e aignificant. 

A ~:acreaEJe in the intenaity of tnt'ection of lJ.crucifer from 

ri.rutilu8 was recorded in M&y. This could reault fro", the poor "'a.v 

aample of nine fieh. 1111 except on ... ere in the lowest length group, 

and it baa been abown that a lower percentage and inten8ity of 

infection .ere recorded from the 8n'A ner '{.ruti1us. Tre increa" in 



intenai ty in June and July was evident in all length t;roups -here a 

reasonable n~mbor of fiah .era exa~ined. Two possible explanations 

are Jl'1t forward.-

a) A. Mcont! generation of parasite. 18 aupel'i'!lposed on the 

original infect ton 

}.61. 

b) The mov.,nMtnt of ftf:h back from the ep:lwutnt: arsas (..1!..~!!.!!:.!. 

spawned in ":.'111 and June) if the Bp&wniuv U.reas dt rrer CrOff! 

the normal habitat and are less tavour~hl~ for infection 

by dactylop;yrtds. 

A 8easonal ocourrence with the highest infection in the spring 

waa aleo rocorded for D.cr~c1f.r and D.ahllUs on :~.rut:l.lue frOli _ r._ , ____ _ 
,{Octherne ~I.ere. Cheshire (t(izvi, 196~). i..oruoifer Wao reoorded at all 

times of the year on il.rutllU8 frOft.1 the ~;hropBhtre (Jnlon Canal 

(~i.hra, 1966) although the peroentage infection was very low from 

October to January. A high tntenetty of infection of ~onogenea tn the 

spring and the dieappearance ot tnfection ln autumn wae reoorded from 

thE' floh of tr.e River Ulrt1.11s.. Poland (proet, 1957). Fhe atated that 

the cl'lIang •• throughout the year could be attributed to the low water 

temperatures and dif~.rent .~ of lit. of the ffeh in winter, both ot 

which had an a4veree effect on the dynamics of the paraBites, a1thouBh 

the Ausceptibtltty to change tn temperature waa not the same in all 

Monogenea. This la~tGr fact i8 illustrated by the efre~t of te~perature 

on the duration of the lire cycle and ef~ pro"uction of L'.va8t,~tor an" 

D.solidue. lbove l50 C .~g production in 1J!!~~~~1£! is tncreaEed 



(rU'l.i.l""~ll, 'i~'l-')t whereas e;ssm prot!uced hy P.S0l1dU6 at this te'l'perature 

arE' 1nvia:) le ~)ut 1'.sol idus continues to reproduce and develop throughout 

u. 1t'in~er (Bauer, 19>1). The deve1op!Dent of u •• EloHdufl te similar to 

ttat of D.v~stator but ia olower, the llfe cyole extending over one 

year compand to that nf a few weeks for D.vastator.. ~K1 chra (1966) 

Mcorded e~g. present in V.crucifer from all Dlonths .,,'here infecUon 

occurrod. the ~reentage of WOl"ll., w1. th egg., be1.ne, greater in the winter. 

T"l-:e aignificance of a higher peraentap of r.aructfer with ep.ga in winter 

is doubtful ~8 only feur .arms were exa",ined between October and DtlcembAr 

af wh1cb two contained eees. No ~act11ogyr1de .~~ recorded from the 

fish of the RtvE'r Lagg tr:lm 80ptembar to Jan~I"r;T. r-i.thin the 1IIonths 

where infection oocurred, the peak period of Big pr~lu~tiont reaorded 

&'9 the months -here the highest percentage of WOl'1"8 (~ontalniD« oggs were 

prell8"t. was rtarcr. to ~ for D.vtatu1ae and A.pril for v.crucifer, 

altho~h there wa •• 1w.y. a greater pera.ntage of 12.:.£.ruciffllr without 

fl8.'t.'8 present each month. It i8 postulated that teTllpP.rature !NiY eftect 

the viabi.lity or development of the e~~gs of !l.v~etu1ae, as the water 

temperature of the river ri ... above l,oC by June, and at tbis time the 

percentage of D.v1,tulu containing eggs decreased. 'I'hts could acoount 

tor the di8&p~ar&nce ot the infection by Sept.~ber, but some explanation 

t. nec.&aary a& to how the eE.;ga aro produced l,:h1.ch overwinter in a 

domant condition, and hatch to proTide the spring infectton when the 

water tetr.peraiure rt88s above 40 0. 

An experl",ental approaoh is neoessary to try an 4 define the 



condi tiona under, hlch the dactylog;rri''is lind T.borealiu recorded in this 

lllvesttrut1.cr, 8urv1.vo and reproduce and the factorereoponsible for the 

otrict hogi, apEtoifid ty which wae exhibited by all the "~onogenea exoept 

D.paradoxun. 

No 6Oa&onal variation of occurrence or intensity of infection wae 

r~corded for D.paradmP,m on the gil18 of L.leuciecue in this investiga

tion, or for D.paradoxl1,tI on the ell1a of ft.rutilu8 ('lishra, 1966). 

The percentage ot R.rutilup, S.cephalu~ a~d T.thymallue infected 

with ~.cl~oifer. TI.vtstulae and T.borealis increased With inorease in 

leneth, whereas there wsa no increase in the perc~ntr~ of' S.cephalus 

infected wtth D.pro8tae i~ tha two ereataet l'~r ~pe. An increase 

in 1ntensity of tntectlon with 1norea~e in length ef t~e host was alao 

rooorded for D.oructfer. n.rrostae. D.ybtulu an~ 1:.2 .. 2t.!.alls. ThiEl 

incraaoe Wall thought to be the reault ot an increase in the available 

eurface area for infection, rather than a specific age or lcngth etrect, 

espeoially a.. the parasite. had eo seasonal occurrence. and there wa.s no 

~l~tlvo cffeot from 1P&r to year. No increase in the intensity ot 

11.cordu, and D.F!radoxulft wa. recorded with tnoreaee in length of' 

L.leueiscua • and a deere ... in the percentage of fish infected wal 

ob8erved from the e-reatelt length group. It was suggested that the 

narl'O'ler aiH r~ ot L.lauolecuB 8W!1pled cOl'llrared to other epeet8. ~ 

explain the laCk of increase of intensity ot infection with increase in 

length. 

rlishra (1966) alao recorded an increase ir. the percentage infection 



and l~tencity of infection for dact~)0f.Yr.1ds, and 8 decrease in the 

IXll'btr (.·f 1.nr,Jar fj an infected "1 th !J.paradoxu~. Til contrast with theso 

obssrvu.ticno an~ tholie or tl-.e presont GUrV87, Rtzvi (1964) recorded a 

~ecreae. tn tr~ percentage of R.rutl1u8 infected wtt~ D.crucifer in 

relation to tho age and leIl8th ot the host. 

The influence of homt hormones, particularly gODadotroph1ns on the 

lntoDeity of infection and maturation ot parasites ie an important aspect 

of hoat paral1te relatlonah1p. Two train trends are evident trom recent 

york.-

a) The mature-tion time ot the host tnflueneelS tt-.a.t at the parasite 

e.g. the genitalia .,r. Po1:r;st;O"Ium tnteptTil'ltl1l'l. Froelich, mature only when 

tte host (frOg) enters the water juet before oopula~1rye. and eeg 

p"'~~uction in P.lnteperr1Mu'ft oecurs when the fror,! are f!]'Xlwn1.1l8 

(tees and Bass, 1960). P.tnte8!rrl~ f~ade on blood (Ralton and 

Jenninr.l, 1965) and would have acee~s to host hormonos, and therefore 

tho maturation proceasoR of the fluke ~ be di.rectl;'T or indtrectly 

t'llll.!er the control of the hormonal e.cttvity of the host. ~.paradoxum 

trom the gill. of ~ci.ecu. of the Rl .. r Lues teeds on blood and 

IlUCUII, and t .... pc!!ak pertod of e~c produotion 1.e. May and June, occur. 

juet after the mpa1rlllng time ot the hoat (April). It is postulated that 

the maturation of D.paradmnm ""llY aleo be influenced to 801!118 extent by 

the hOnlon •• of the hoat. al weU aa bY' an inorease in wa~er t.mperature. 

b} A hip level of tomale gonadal hormone tDtq reduce the leTel 

of parasitization. Higher levell at infection of P.int8E!.Tt~u~ were 



recorded from male than f~ma.l0 fro.;s ju.st bet"oro breedillB. '!'his 

phe~Ol"OOllon ll'as roported not only tor lilonogeneans but for the total 

parasite ~o~~lation (JAeo and Eass, 1960, Lees, 1962). 

The influonce ot the sex ot t~~ fiah hODts on the intensity of 

infection bas been invnetlgated by 'l'homas (1964) and PaUnG (1965). 

'n:.emas (1964) comparod the helminth burdens ot tlab and re~lo S.trutta 

tl'c:n a natural population in tho River Tetty, West Waleo. Onl,y one 

statistically olsnlflcant difference was found botween the leval ot 

infection in 1 to 2 year old cale and female s.trutta. 1ben S.trutta 

ot ,+ and over were Ilpawnl118 or recovering from sro:wnlnc, the eexuall,y 

1%l!lturo fecmles ten~oc! to be more heavily inte'3tnd with some parasUes 

than malos. Uben the gonads wora maturing, and the oestroBen levels 

~ero hleh this trond was reversed. or became 'oss pr~lnent. U&lea 

were .ignificantly oore heavilY infected than femaleu in fish t~At were 

not a~awnlng, but overall the dirterences 1n the levels ot tntestatton 

wp.re 8~&ll In mature Qnd re~~le S.trutta. 

mUll{; (1965) invcsti£atod the relationship boh'oen tl!tJ sex of 

P.trutta and the degree or intestation with Dtec~otyl~ aagittata 

(Leuekart, 1842). In the flrat tour years there W3S little difference 

in the deere. or infestation or male and tomalo fish. In tish batwsen 

5+ yearo ar..d 7 t e. higher ~rcent3.ge ot mala S.trutta than temale were 

infected, and the male fish bad about twice as manr D.sagitta as the 

females. Tbe difference in percentage and intensltr ot lnfection 

diminished in :ale and temale fiah ot e years or over. 



In tho preftot 1nvaettgatlen tte lex of the h~st rGgardloss of 

Yotcht (u~ed ae an lndlc~tlon of tncr!ato tn siza) had no influence on 

tbA inten~1.t,. of tnfootion of D.Tistulae t n.pt'ostaet 'P.boreal1e and 

b.paradoxu~t when all the Infected tish were taken into acoount. The 

pattern of infection of R.rutl1uB with D.cruetfer differed in temale 

end male fish. The malo fish showod a significant increaS9 in the 

nut'!ber ot paraeites with increase In weleht, bllt no significant increase 

"os roool'dod from temalos. A sisn1f'lcant increaM "48 found betwcen 

the total percentaee ot female and male R.~rttlus infocted with D.cruciter. 

~:.e results "f!rtI not tested atatletlcally for the other dactylogyrids 

but the figures did not all"., snj' ver:r apparent differences. The number 

ot male and feoale fiah tn each sample .a8 ineuftlclont to allov aqy 

valtd comparison between tho tntensity ot intoction of Q~ch sex in each 

group from t:!ach sample, and therefore it 'f.:os not poDsible to df4termine 

if tho pattern ot infection ~lttered in mIca and females of' ditfering 

leneths nt sptlwuing time. 

tfany proble~8 haTe been raised in this general ecological survey 

ot the Vono£ttnea ot treshwater fishes ot the Rivel' Lugg. An 

experiHntal. app!'oaeb 1e now required to dstamina tho conditions 

Inf'luenclnc the ute C1c1e, the physl010gr of' reproduction, the 

factors reeponaible tor th~ strict specificity ot the ~actylogyr1d8 and 

the effect of the hoet and the paraoita on each other. 



Batch I dr I 
2 

~'X. 
n - 1 

n -

Male I n - 1 - 501 36~445.72 

Common I nl +n2- 2 

I 
1040419·87 

Total I nl~- 1 ~49p15·OT 

Batch cSt 
n-l :E. 'X,2.. 

Female n1-1 - 67 10,046,959 

\!.ale n2-l - 46 2,582,547 

CO!!MIOB nli1l2- 2 12,629,506 

Total ntn~l 14,736,125.5 

AFFer.DTX. 

T AIitE l!ll..1 
ADaIr_is of covariance. D.cNc1.fer fl'01n R.rutilu8 

2 I 61· x dt ~:ej £..1 Deviations trom the 
~ -:X=;j / £ oc.2. n - 2 regress! 

£::J2.-(£~..,Y~i£.cc.'t Uean aquare 

~ -
2615.44 145.3863 0·00723 n..? - 2 

3043.97 382.1980 0.0019 n1~-3 Ii - 316.1832 I k- ,.1612 

4534.12 386.4851 nli1lr3 I j - 376.4557 

TABU~ '.381 
Analysis of covariance. D.vistulae from S.cermlua. 

b b'l- )( dt Z,:x:.J £j:1.. 'Z..xJJ~x?- n-2 

12,6'4.5' 54.182514 0.00126 nl- 2 

3,0)9.61 15·430106 0.00120 ~-2 

15.734.14 69.612620 0.00125 n1i1lr3 

17,842.384 72.015828 D1+n2-2 

Deviations trom the 
regression 

~,j~ (£'Xj)/£x..2. 

1 - 50.010652 

j - 50.41290 

- - - - - -

\~an aqua re 

k-O.4465 

v. 
~ 
'" • 



Batch dt 
n-l 

Female n1- 1 • 32 

J6a1e D2-1 - 18 

COIImOJ1 nlinr 2 

!'ota1 J11+nr 1 

Batch dt 
n - I 

Female DI- 1 - 31 
)lale n2- 1 • '3 

Common n1+rl:2- 2 

Total 111+Dr 1 

'l'lBIE ,.", 

.lDa'l1ail of' COftl'iancel D.prostae from S.ceel118 

b~.X dt 
~ "X,.'2. £~.j £.J~ £.x.j /£:)(.'1 n - 2 ~.J=L (u.j)2. /~:t::L han square 

DeYiationa trca the regression 

4,222,184.07 6.333.15038 110.0157 0.00197 n1- 2 

656,922.06 1.042.07909 40.:51400 0.00158 112- 2 

4.879,106.93 9.~5.22947 15~.3298 0.00192 nl~-' 1 - 132.,158 1t-2.700, 

5,697.326.~ 11,63~.52 16.6.5297 Dl+n2-2 j - 142·7671 . 

'fABlE '.40, 

Analysts of' covariance. 'J'.borea1ia from 'l'.tb;rm!11ua. 

by- X Deviationa from the regreaaion 

x2. 
dt 

5.:;t- (£:£.jY~-;£x2. Vean square ~ ':JC. 2. ~~j ~j2.. ~ n-2 

71,435.16 296.9?235 20.69444 

241,962.14 1,392.48845 3!;'06645 

313.397.3 1,689.4800 55.76009 

713,033.56 10,120.7041 243.36252 

0.00416 J 1- 2 

0.00575 ~- 2 

0.00539 I 1~- 3 

0.01301 r 1+nr 2 

. 

i • 54.85013 k • 7.149 

j - 94.684 

UI 
• ~ 
~ 
• 



3.75. 

Data uaea in the a1'l8lyl18 ot covariance tor D.crucU'er trom R.rutilu8. 

FErULE ItU.LE 

Flah Para.ita Flsh Parasite 

IAtngth Weight Number J"I..+1 IAtngth Weight Number J')(.+l 

21.4 11'.4 9 3.1623 16.2 53.9 2 1·7321 
21.4 130.7 5 2.4495 17.6 56.3 2 1.7321 
21.4 122.9 12 3.6056 18.6 72.6 9 ,.1623 
22.4 16,.1 9 3.1623 24.1 188.8 7 2.8284 
26.1 259.5 17 4.2426 24.9 215.3 2 1.7321 28., 297.2 11 4.2426 26.4 241.2 4 2.2361 
30.1 364.9 65 8.1240 28.0 295.8 "S7 6.1644 
30.7 439.2 20 4.5826 28.0 .0 • 6 
2.0 . 0.8 • ace 1 .2 52.9 1 1.4142 

lB.5 64.5 5 2.4495 17.2 64.4 12 ,.6036 
18.9 82.6 12 3.6056 17.6 7,.1 1, '.7417 
19.0 91.5 19 4.4721 1S.5. 80.9 3 2.0000 
20.4 126.9 4 2.2561 20.7 121., 12 3.60;6 
21.0 125.1 70 8.4261 22.5 17°·8 2 1.7321 
25.4 . 2,1.6 20 4.5826 22.9 159.7 21 4.6904 
26., . 269.0 9 3.1623 24." 197·8 16 4.1231 
21.5 317.6 5 2.4495 26.1 247·1 60 7.0102 
21.6 309.9 10 3.3166 • 1. ° • S 8 
26.0 ",.1 14 3.8730 1 .1 49.6 3 2.0000 
28.4 338.1 6 2.6458 17.4 62.5 1 1·4142 
29.2 342.1 12 3.6056 20.6 121·4 20 4.5826 
29.5 393.1 20 4.5826 23.2 156. '5 8 3.0000 
,0.0 325.4 12 3.60;6 24.0 18a.l. 20 4.5826 
,1.0 500.0 19 4.4721 2 .0 200.6 ° O. 261 
1.2 1 .0 .16 15.9 44. 1, '.1411 

17· 74.0 1.7321 16.1 50.2 2 1.7'21 
18.4 86.9 1.7321 16.2 49.7 7 2.8284 
25.1 181.5 Si5678 16.9 '3.3 6 2.6458 
2!;'2 - - 11.0 57.1 4 2.2361 
26.0 243.9 4.1231 17·2 59.0 4 2.2361 
26.1 226.6 4.6904 17.6 62.5 1 1.4142 
,0.0 - 18.0 57.9 4 2.2361 
30.1 3,1.6 22.6 136.4 5 2.4495 
31.0 420.4 22.9 136.6 29 5.4772 
2.0 02.0 23.' 189.4 26 5.1962 

1 .2 8 .2 8 • 2'.7 158.7 15 4.0000 
25.4 2Z1. 70 8.42 1 2 .0 1 • ~ 2.0000 
25.8 202.3 2' 4.8990 1 .0 5,·8 15 4.0000 
27.0 202.4 9 ,.1623 16.8 61.2 25 5.0990 
27·3 201., 4 2.2361 16.9 56.5 45 6.7823 
27.7 298.4 80 9.0000 16.9 68.9 9 ,.1623 
29.0 371.2 .. 2.2,61 17.2 57.0 25 5.~90 
30., 379.1 15 4.0000 17.2 60.7 8 ,.0000 



FW~IE 

Fish 

Iellgth Weight 

Paraeite 
umber '-X-+1-

50.6 595.1 5 2.4495 
51.0 365.4 1 1.4142 
2. A. 6 2. B 

IULE 
Parasite Flah 

length Weight Number J""'X-.-l-

Weight 
£./. • 1,300,580.72 
£X • 6,917.0 
~)2 • 47,844.889.0 

n· 51 
C.S.5.-362.445.72 
C.F. -938,135.0 
Val'. • 7,248.914 
X. - 135.6 

13 
21 
7 

5 , 
6 

12 

5.7417 
4.6904 
2.8284 
6.0000 
2.0000 
2.0000 
2.6458 
.6 6 

JX+1 
~ '( 2_ 784.002259 
<£'( • 180.4762 
(~1)2 • 32569e4LU) 
n • 51 

C.5.5.-145.386259 
C.F. -638.6160 
Val'. • 2.901725 
Y - '.544 

£.'AY 
£~'i.."1 

• Z1 .092.12236 

C. ~='j 
C.F. 
Cov. 

• 1,248,,10.990 
• 2.615.44 
• 24.416.68 
• 52.,0080 



'.77 • 

..Jata uaecS in the analy.is of covariance for ~8tulae trom S.ceE,haluB. 

m!lIE IULE 
Flab Paraait. F1eh Parasite 

IAt~h Weight Number 4)(.+1 I.ength Weight Number IX+l 

22.6 123.4 2 1.7321 24~4 lS9.9 2 1.7321 
2,.2 169.6 1 1.4142 25.1 155.5 1 1.4142 
35.6 521·4 4 2.2361 26.7 193.9 1 1.4142 
39.4 712.1 10 ,.,166 31.9 392.0 3 2.0000 
40~5 700.0 9 3.1623 32~0 

/ 
413.5 4 2.2361 

43~2 1,040.0 10 3.'166 32.6 435.4 5 2·4495 
43·' 1,115.6 , 2.0000 6. 26. 2.2 61 
45.0 1,150.0 20 4.5862 20.6 99.2 2.23 1 
6. 1 200.0 2. 22.6 ',132;8 1.7321 

22.4 123.9 , 2.0000 25.5 165.1 2.2S61 
24.1 151·8 1 1.4142 26.1 214.8 2.2361 
24~5 169.5 3 2.0000 3'.4 452.4 2.0000 
24.6 173.5 3 2.0000 ".9 494.1 1.7321 
26.2 200.4 1 1.4142 36.3 530.0 2.8284 
26.4 222.9 3 2.0000 8. 660.0 2. 
21.1 221.8 5 2.4495 20.9 86.2 5 2·4495 
36.2 50',hO 1 1.4142 22.} 113.5 3 2.0000 
,6., 565.0 , 2.0000 22.5 116.7 , 2.0000 
39.' 675.0 6 2.6458 22.6 135.8 3 2.0000 
39.3 695.0 16 4.1231 22.7 112.5 3 2.0000 
42.0 800.0 8 3.0000 22.9 133.8 3 2.0000 

.1 0.0 11 • 1 23.6 158.6 3 2.0000 
21. 111.6 4 2.2, 1 23·9 149.4 3 2.0000 
22.6 115.9 3 2.0000 24.4 155.2 3 2.0000 
22.6 120.2 4 2.2361 29.4 284.2 7 2.8284 
23.2 128.2 7 2.9294 32.2 367.5 4 2.2361 
24.5 14°.2 3 2.0000 36.4 ,,0.0 6 3.0000 
36.4 525.0 9 3.162S 36.5 473.2 15 4.0000 
37·8 620.0 5 2.~495 '9.0 785.0 9 ,.162S 
sa·4 625.0 4 2.2361 1.1 .0 2. 
39.1 73°.0 8 S.Oooo 11·4 10·4 1 1.4142 
S9.' 740.0 1 2.8264 21.9 113.4 1 1.4142 

• 1 1 0.0 2.826 21.9 120.4 5 2.4495 
22 •. 1 117.0 2 1.7321 22. 12 .8 1 1. 2 
23.0 133.8 1 1.4142 27.4 2 .8 2 1.7321 
2,.0 124.4 1 1.4142 31.S 357.1 2 1.7321 
24.2 - 3 - 1. 60.0 6 2.6 8 

26.8 219.2 1 1.4142 23·5 153.0 1 1.4142 
26.8 23'.5 2 1.7321 24.6 178.5 5 2.4495 
28.0 265.8 8 3.0000 25.2 176.7 7 2.6284 
37·9 620.0 6 2.6456 3,.6 550.0 5 2.4495 
39.0 700.0 , 2.0000 ,6.2 535.0 1 1.4142 
40.4 860.0 10 3.,166 .0 0.0 11 • 6 1 



FEKAIE !UtE 
Flab Paralita Filb Paraeite 

le~h Weleht lbmber IX+1 length "'eIght Ibmber /><+1 

41,4 965.0 10 ,.'166 113.6 1 1.4142 
41.4 910 .• 0 6 2,6458 212.9 2 1.7521 
42.7 1.050.0 a ',0000 276.1 1 1.~t42 
44.2 1.200.0 25 5.0990 1 100.0 
48.0 1,300.0 31 5.6569 

/)(.+1 .1 1 A 0.0 2.0000 Weiaht 
£1· 22.8 14,.8 , 2.0000 ~)(.2-7 ,,.,,,0"'.4' 2'2.001866 

24,5 181.8 1 1.4142 £)(,.. 15 00'.;'1 £1 • 100.09~Lt 
,2.1 425.6 , 2,0000 (£~~ , (t:1)~ 10,178.8726 
32.6 456.9 6 2.6458 225,153,026.01 e.F.. 216.5717 
39.6 680.0 2 1.7321 .F.u4,790,489.9 .r~ 1;.430106 
40.2 930.0 1 1.4142 S.S -2,582,547.5' Iflr.- 0.3354 
40.4 920.0 2 1.7,21 56,142." - 2.1466 Y • 41.4 970.0 5 2.4495 • ~19.25T n • 47 !ho 860.0 2.828 • 47 
24.9 211..1 1 1 .. 4142 
24 .• 9 195 .• 3 2 1..7,21 
'2., 454.9 2 1.7'21 f.. 'I..., • 35,309.62294 
37.4 675 .• 0 2 1·7321 1:. x £y • 1,51',870.54104 
38.4 685 .• 0 1 1~4142 C.F. • 32,210.01 
40.6 810.0 6 2.6456 C.S.S. • 3.099.61 
41.0 840.0 3 2.0000 Cov. • 67.383 
41.9 660.0 9 ,..1623 

.6 1 000.0 1 .0000 
34.4 511.0 7 2.9284 

• 6000 1 1. 1 2 

. .,ight .{X+l 
~x,2. 34.006,5tS.Ol 1· 453.03545 
~x. 40,431., 1:.1. 16(.6232 
<*)2 • ~)2_Z!t100.7979 

. 1,634.690,019.69 .1'.- 398.85294 
e.y- 24,0'9,559.0 .s.s.- 54.18251 
o.S.5-10,046.959.01 are - 1 
Var.· 149,954.61 y • 2-4 -)(. . 594.578 n. 68 
Ii • 6a I 

.z..x.y • 110,511.71746 
~x~'1 • 6,655.929.98616 
e.F. • 97.881.,20 

C.S.S. • 12,6,0.397 
Cov. • 18.8.51, 



De.ta used in the analysis ot covariance tor ~ro8tae tree s.cewalg£. 

FEMALE nLE 
11th Parulte Parasite 

te!7gth Weieht +1 +1 

'9.4 4.4721 
'9.5 ,.6056 
40.5 ,.,166 

.0 .0000 

24. 2.~OO 

26.4 2.2,61 
,6., 2.2,61 
38.6 6.0623 
39.' 4.4721 
42.0 4.5326 
45·1 8.2462 
22.6 2 1.7521 
36.4 11 3.4641 
37.8 5 2.4495 
39.1 2 1·7,21 

• 1 • 21 
, .0 ; 2.4495 
40.4 18 4.3589 
41.1 21 4.6904 
42.7 8 ,.0000 
44.2 81 9.3806 
48.0 22 4.7958 

&t·1 ~ 2·~~22 
2 .1 , 2.0000 
32.1 1 1.4142 
4,.0 .5 2.4495 

.1 2. m--
24·4 2.2; 1 
32.0 ,.0000 
1. 6.2~~O 

'4'-4 4.5826 
38·0 ,.0000 

.2 .6 



Weight 

C.F. -e.s.s.-
COY. -

,.80. 

Weight 

x • 



3.81. 

Data uaea in the ana~.l. or covariance tor r.boreal1s from T.thymal1us. 

man: JULE 
Flab Parult. Flab Para.it. 

t.ngtb Weight umber JX+l fAcgth Wlight ber /X+1 

20.8 2 1.7321 20.4 12;.0 If.ar 2 1.7321 
20·7 4 .~ .2.2}61 22.2 - 1 -o. 0.6 12 .6 6 
19.9 14.0 2 1.7321 
20.1 14.6 4 2.2361 
20.1 19.6 1 1.4142 
21.2 20.3 2 1.7321 
21.9 21.0 10 3.3166 
22.1 4 21.4 1 1.4142 
22.8 30 22.1 8 3.0000 
2 .0 6 22.1 2 1.7321 
22.8 1 22.7 1 1.4142 
23.4 3 22·7 3 2.0000 
26. 2 23.1 4 2.2361 
14·8 3 1 0000 
15.7 1 3 2.0000 
18.4 5 2 1. 21 
21.9 1 1 1.4142 
22.2 1 1 1. 1 2 
17· 1 2 1.7321 
17.8 4 20 4.;826 
19.1 2 3 2.0000 
19.5 4 1 1.4142 
24.2 5 14 3.8730 
24.' 1 3 2.0000 
24.4 7 14 3.8730 
24.5 , 12 3.60')6 
24.5 2 3 2.0000 
26.2 11 14 3.8730 
25.3 • 2 5 2.4495 
13.' , 4.3589 
1 • 1 4.0000 

• 1 
2.0000 



JU.LE 

Weight IX.+1 eight I X.+1 

£Xy. 7,,aO.2073 
~'l.f.y • 226,662.9019 
C.F~· 1,063.2156 
c.s~s.· 296.9923 
Coy. • 9.5B04 

~x 'I • 12.432.59.61 
£.)(,'£."I • 364,323.55.38 
C.F. - 11,040.1076 
c.s.s.- 1,392.4894 
cov.· 43.5153 



FOlMJLAE. 

ADab.'. of variance 

Var. )(. £(X)2 _ (£><)2 

nl 

n1 - 1 

Covariance· £ (~y) - (£.xl.l) 
n 

n· 1 

Significance of the regression 

~~2.-:r.. l£j 2 '. (9)/£.~.;J 

S~.x • ~cLJ 2 
• x-

-n - 2 
fib • iI2J!~ 

V x.2 

t -
n-2 

Var.y· £ ('1)2 - (£'1)2 

~ 

To te.t the dtffer.nce betw.en the two regression •• 

(11-1)(N2 -l)S2:Cl S~ 2 

t • (b~':Ci b 2 (N -1)s2a: 1 + (~-l)S& 2 

22' 
{N-2)S!j ';IC 1 + (N-2)S j 0:: 2 

NI + N2 - 4 
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CHAPl'Jal FOUR. 

DIGF.~~A.. 

lntroductt ODe 

Digenetio' trematode. in the larval and adult etage. are oommon 

}'lQruUe. ot maI\Y fr.,bw.ter fi.he.. The lan'al.tora:. tor which the 

flab acta a. an.Intermediate hoat ~ b, encyated In the .kin or the 

tIna, or occur unencyated in a more stable environment aach al the 

vI t1'8OU. hUtnor ot the ,,.,. The adulte uwa1l1 000'.11' ·in the int,.Une 

whIch allow. '&ay plleaBe of the eggl to the exterior for continuation 

of the ute oycle, but eome adult. a110 OCClU' in the Ul'ill&l'1' bladder. 

ul'lnary ducta and in the otrculatol'1 qlt"_ 

The occurrence and Halonal dYll&1lic. ot three apecie. or adult 

])i8'Ma, and praliminal'1 obe,nationa on two other adult Die-naa "e1'8 

illYe.tigated tn the preHnt IUrY',. 

Vethoda. 
, " ~5: .. ~ 

Fre.b and troun material wal tlud and pre .. ned in A.F.A. Th' 

tnab matedal wa. relaxed in water prior to fixation. Vaterial '1'&1 
:-"-.. --;;:1'f - u .. T" ,:: _ ' ....... 

exaairAd stained and un.tattled, j)ia-nea. being atained with acetic 

humat'oxylln (Chubb, 1962). r.ach epeetee waa iaenUtild a. tar a. 
: ' , T Y', " i 

~eaibl., and the occurrence, intenattT ot intection and atate ot maturity 

recorded • 
. , 

Splct •• reeord,d. 

Ft va apeot.a ot adult Dl8'nea were recorded trOt! tl va epecles of 



11'- ; 

flab, four species yere found in the al1mentary canal and one in the 

urinar.y bladder (fable 4.1). 

All the Digenea, with the exception of A.transveraala,bave previouslY 

been recordea in Britain. A.tranaveraale 'Was recorded from the intestine 

ot T.thYmal1u. in the ,present inveltigaU.on. 91il W&8 the first record 
... 
of thia lpecie. in Britain, and trOll T.thymallus. A..transveraala (II1n. 
, ' 

'a.o10la truneraalt •• Rudolphi, 1602, Diatoma transversale Rudolph!, 

1819) wal fir.t d •• cr~b.d by Rudolphi in 1802. Previoua recorda of 

j' 

Ssidat (193a) r.de.cribed the speoi.s from a etngle aplctmen in 

Cobnis taenia L. from East Prussia, and thie wae the first spectmen 

tound for 130~ears atter the origiDal dlsoover.r. carkevlch (196,) 

liatea that the metac.rcaria ot this apecie. were believed to er~st in . ., 

G~Wl.Xt azul are poaaibly the tONI known as Distomum agu08 Llnsto1r, 
" 
;hich is a progel'l8tl0 t01'lll eacbirlC •• xua1 _tur1t,. in a.pulex. 
4~ ~ .. , 

~:t Veasurementa ot the apeoimens, of A.transversal. in T.thYt!lallus 
..... 

trOlD the Riv~r tuM azoe shown :in Tabl. 4.'. Theae meaaurement. wer. ,- -, 

'oO.p&red with those of Byohoyak81a-Pa.,lovakqa (1964). 'lb. measurements 
.: ~ ,~~ ~ -,'. ~~ ~. 

tor .A.tran..,eraala·'f0un4 ~~ Brita,tn"fall within the ranee recorded by 
. -. . - .... '.;.~ ,. , 

hs.ian 'Work.~s. tibelilolt "charact.riatio feature 'Was the large dimenalon 
, ;" J <! ~. ~ ~ ~:' ~ 
ot the ventral auckerlcompared to the oral Bucker. The overall dimensions 

w. ~ • 

of A.t~~r~l~-tr~ 'the 'p~Hnt I.U1'V81 ~.r. ~li~r than thoce recorded 
-t:~~ f ," ~ , 

fro. Rueeia. !b~idlfterenoea 'in'eize ~ be the result of most speclmens 

from the RiYer tUBg being immature and being recorded from a t~11id 
, . ~, '.., 

inatead ot a a,rprlnid'hoat. 



Hoata 

S.cepbalua 

L.leuctscu8 

R.rutilu8 

iT. U"JlI& 11na 

'F..luctua 

,ABlE 4.11 

'l'he hosts am .lte of infection of DipnR from the flab or ttl. River lUll's. 

Parasit •• 
All ocread llr.1 Sl!!!uroat0lIl& Crel!!dostOl'llUm .A.llocreadl1111l PhYllodtstO'l!ltm 

iao22l'U!1l b!'allllUt _toecua transversale ap. 

Int •• Unal bUlb, Int.atinal bulb 
and int •• tine and lnt •• tine 

IntesUnal bulb Intestinal bulb 
and intesUne and intestine 

;,<, 

InteaUIla1 bulb Inte_tinal bulb 
and Intestine . a.Dc1 intestine 

;:'" , 

: , 
i110ric coccu Inteatina Urill4r,y b laddor 

'" 
and upper 
inteatine 

Urtn&l'7 bladder 
" 

, 

A 
• VI 



Previous records of A.tranlvareala 

BOlt Location .luthor 

-
lDarbU8 barbu8 L. Z&gr8b Babf.e, 19',. 
NemaehlluB 8pp. Ili Balin Gvozdev at al.19 

~nca tinea Kuatami Oblaat Agapova. 1960. 

l1euoteoue idue Kuetanai Oblaat Agapova. 1960. 

!L.t.balca1amia X'uataDai Oblalt Agapova, 1960. 

Caraaaiue caraastuB (L.) U.S.S.R., ~oBeo. and )( 

Kiev Regiona. 

Wi.KUrnuB fD8811ta (L.) BerUn Odhner. 1901. 
, U.S.S.R., MOlcow and 
" Kiev Reglons. t 

~obtt18 taenia L. r.alt lrussit1 SztdLt, 1938 • 
. U.~.S.R., Moscow and • Kiev Regione. 

• ~ recorda froa,the .. hOlt. have been made from the u.s.s.a., and . , 

.~ they are Uated in the Index Catalogue of 'Medical· and VetGriM" 

ZoolW-



c, 
'. ;:. 

" 

~aaure4 
c,, . 

tera 
.. 

, 

TABIE 4.'1 

Comparison betWeen tM -mea8U1'H8nt; otA.trall8ftraale recorded' 1n :. 
_~.~t..~_llr4tsent iJWe8tigation and: in the U.S.S.R. 

Ueaauremente 1 n B • 
. ~ 

, Iangth .ldth Breadth 

-
.an~ Rallge )lean, Bange Mean RaiJge 

riho1e speciJIP.Jl 'B 1·41' 1.24,·1.62 O.~1 -0.37 P·5 -0.6 
'R 1.1'-2.6, P.5 -0.8 

taniraLaucker :B ' 0.29', 0.25 -0.32 0.20 -0.24 0.25 0.20 -0.31 
'" '. 

Oral euctel' 

Phal7!lX {ro" 

, 

I 
ggg. 

" , .. 

lall 

B' 0.,0 xO.4~ . 
i 1 

~.12 .B 0·14 O.12'~O.17 0·14 0.12 -0.17 
·a " 0.16(';'0.26 0.20 xO.26 " ," 

~l " : .. ' " 

;B 0.06 , 0.05 -0.07 0.06 0.06 -0.09 
'R /,. 0.07 -0.15 

I I, 

B 0.C1{ 0.063-0.005 0.05 O.042-0.06~ 
,R 0.006-0.115 0.045-0.098 

B - lIeaaurementa for A.trall8Yersale in 'l'.tb,yellua fl"OlJl the River Lugg, 
Eerefordahire. 

R - ~aaurementa for A.transversale from Drchovska,ya-Faylov8kaya (1964). 

No.eltallllD8d 

10 

10 

10 

9 

8 

--

I 
! 

t 

~ 

• \J1 
• 



-- - -~ ~ ---~--- -
4.l). 

Tbe species ot rhyl1odistomum recorded trom the uril~ bladder of 

E.lueiu. il probably either PhYl1odletomu~ Gi~ile ~belin, 1926, or 

fbyl1odietomum tolt~ (Olfers, 1916). The dl~nsiona of tho species 

found in the present eurvey are compared 'filth tho:!:\') of P.oir.lUo and 

?tolium recorded trom the u.s.s.n. (!ablo 4.4.) Tbo dimonsions of the 

measured paraoeterl overlup to web an exteIr. thAt it 1,. 1mposs;ible to 

separate the speciel. AI a reault ot the ECreat wriation in dimonsiona, 

the ,eparatlon of P.aimil_ and ~.tolium on tho dlrteronees of the oiza 

ratio bc!woen the oral o.nd ven1.ra,1 lJuckere (I',ychOWekaya-Pavlovaaya, 1964) 

would not appear to be valid. Da.e. (1946) states in relation to this 

problem 

"that in the ultimate analrsis P.simile i8 likely to 
prove iaentica1 with P.tol1um". 

Incidence ot Infeotion. 

or the five specie. of Digenea, A.iooporum and S.bra~a~ were 

reoorded tr~ S.c_phalus, L.leuc1acu8 ana R.rutilus. EhlllodlBtomum sp. 

oocurred in 'l'.thpl&11u. (1 record) and E.luctul. and C.fllf'Jtooeus Wld 

A.tranaver ... le were reoorded only frOM T.thnallus. 

Seuonal variation of incidence. 

'!'he incidenoe ot infeotion wae expressed &8 the porcentaee ot each 

ho.t lnfeated with each eptci •• ot Diesne& (Tables 4.6 - 4.11) • 

. Al1ocreacUum iBOperu"' (LooBa, 1894). 

'-be peroenta&e or tieh Inf'ected by A.i80POrull'l was greater tt-.an in 



TABLE 4.41 

lfeaaul"ell'l8nta 'ot Phyl1odl.tomu'JI app. recorded traa the urit:la17 b1.&dder ot 
Fo. luciua. 

dth anterior 
poatertor 

1 sucker 

ntra1 Bucker 

ppec1~nll from the 
~re£ent-lnve.tir.atlon I Russian specimens. 

P.ailnl1. P.toUum 
If e a a u r • • • n t 8 i n ml. 

- 2.57 0.8 - 2.5 ~t.:! - ~.2. 
- 0.53 0.5 - 1·'l 0.6 - 0.8~ 
- 0·97 

.21 -0.26 x 0.11 -0.21 0.12 - 0.26 10.16-0.18 x 0.18 -0.20 

.24 -0.39 x 0.26 -0.35 10.18 -0.34 x 0.22 -0.40 10.16 -0.30 x 0.25 -0.26 

.15 -0.29 x 0.15 .0.20 10.14 -0.22 x 0.16 -0.26 10.12 x 0.16 

.11 -0.21 x 0.06 -0.11 10.12 -0.14 x 0.06 -0.00 10.36 -0.44 x 0.16 -0.24 

.24 -0.36 x 0.16 -0.28 10.16 -o.~6 x 0.12 -0.36 t.26 -o.~ x 0.16 -0.22 

.034-0.042 z 0.021-0.025 0.0'3-0.039 x O.C22-0.C29 .023·0.033 x 0.016-0.023 
I 

~ 
• ~ 
• 



the ca.. of infection by other Digenea. or the illf'ected fieh a high~r 

percentage ot S.cephalua were infocted (61.4'~). compared to J,.leuciscus 

(51.~) and R.rutl1ua (12.~~). The incidence of A.teoporu~ was recorded 

in each ot the month~ aamples from each intectod h08t (Table8 4.5, 4.6, 

4.7). With alight variationa a aimilar pattern of incidence for 

A.iaoporum was presant in S.caphalu8. L.leuctacua and R.ruttlus. From 

Jarmary to Februar,y an i=ra •• e in intectlon occurred, but atter this the 

incidence of llltectlon re'l'l&ined tairl,y constant until Juq, except in 

R.rutilua Where infection lDeraaaed B'radual17 to reach a peak in June. 

Lower figurea recorded in ~ trom L.leuoi8ous and R.rutilu8 .ere the 

result of poor sample. ot four aDd nino flah re.pactively. A marked drop 

in incidence was recorded in August from all three hoats, after which an 

increa.e wa. recorded in September and October trom !.eephalus and 

L.leuciacu8. but onlY in October from R.rutllus, no infection being 

recorded trom the latter in September. A decrease from 8;.~ to ,O.q! 

was recorded from October to November trom S.cephalue, but an increa8e to 

61.~ occurred in December. A decrea,e in incidence in November though 

bes marked was aleo Noorded from intections in L.leuciscue and R.rutllus 

both of which wore followed by a alight increa.. in December. 

SJ!la!ro8tom& brama.e (MuIlsr, 1776). 

S.bramu occurred in S.ceroalus. T,.leuciaoull aDd R.rutilu.t and in 

all three hoata the incidenoe of 11ltection was low compared to 

A.iaoporum. A greater incidence ot S.bramae was reoorded from R.rutilu8 

oompared to S.oephalua and L.leuctacu8 (~le8 4.8, 4.9, 4.10) and this 



contrastea with infection by A.isoporum where the lo.est incidence was 

recorded from R.rutilua. 

!lbe percentage of R.rutiluo infected increased trom January to June 

with the €:xcoption of a slight dooreaso in !lay which was tho result ot 

the poor ~ sample. After June the incidence ot infection decreased. 

and between August and Octcber onlJ threo R.ruttluB ~ere infected, and 

infection was absent in September. An increase in incidonco occurred 

between October and December but this had not reached the level ot the 

previou~ Janua1'1 in the Decem~er sample. 

Th& incidence of infection in L.leuc18cus ar~ S.cephalu8 was ver.y 

sporadio (Table. 4.9. 4.10). In the tormer S.bramae was recorded in March, 

April and ~t and again in October and December. Infection ot S.cephalua 

occun-ed in &11 months except thoae between June and October, and nearly 

50.~ or the Februar,y and April samplea were infected. S.bramae was 

absent trom all three hoata between June and October and the 8eaaonal 

va.riation of incid~nce waa therefore aiILi lar to that recorded tor 

CrepidoFtO'l'l'um trMttoeCU8 (Braun, 1900). 

Approxtmatel1 3'.~ ot all T.thymallua sampled were infected with 

C.lII8toaCUS. W1th the exception ot June and Auguet infection was recorded 

in all montha from which camptsE were obtained (Table 4.11). No samplea 

went obtained in Janu.a.1'1 and September. '!he highest incidences of 

intection were recorded in February (91.~) and April (ee.o:,,), after 



4.10 • 

• hich there Was a fall to 50.~ in V~. With the exception ot a low grade 

infection in July (6.G;') no further intection '4S recorded until October. 

!he incidence ot infection between October and Dece~ber .as much lower 

than that recorded from the previous January. 

The lack ot infection in the SUmnlor months indicated that a s111i1o.r 

pattern ot seasonal variation ~ exist to that obaervod for A.isoporum 

and S.bra~ae. 

Al1oorea.cHum tranaver&ale (Rudolphi. 1802). 

T'na occurrence of thia psraaite .a.a ra.re. It.u recorded from 

on~ elaven f.thym!11u8 (5.~) (Table 4.12), three times in Februar.y, 

three time. in April. onco in Mq, t.ice in July and t.ice in December. 

Clearly it .al imposlibl. to state from these te. recorda 'hether there 

.aa ~ .. o.aoMl variation in the incidence at intection. 

~llodi.tomum, ap. 

Tnotdenee in E.1uclu,. 

J!lzllodia'tOftt\ll'! ap •• as recorded frOll tho urlnar;y bladder ot Beven 

~.luolu,. However onlT emaIl DU2bers at E.1uciu8 .ere caught throughout 

the year, thend'ore it .aa impossible to learn anytbillg about the 

"uonal variation in incidence of' HvllodtatOlftU'" ap. except that it .aa 

onl,y recorded in June (7~ incidence) and Ju17 (14."t incidence). 

Incidence in r.tbrmellua. 

Only one specimen ot ENUod1IJtOl'llUJII ap. W&s recorded from the 

uriJl&J'.Y bladdllr of 'r.~hymal1u8 (O.5~ incidence), and this specimen .a. 

recorded in a fe!:'ale fieh in tlle 20-25 em. group from the July sample. 



TABLE 4.51 

The incidence of A.teoporum in S.cep'!l!lwt. 
,. .. 

Jlol1th No.rlsb/aample Infected fiah Female ftah Infected 
tE'tmle fish 

No. ~ Wo. 

'" 
No. ~ No. 

Jan. 32 15 46.8 19 59.4 6 31.6 13 

Feb. 31 28 '313.3 -14. 52.0 14 100.0 -13 

Var. 29 23 79.3 18 62.1 15 8,., 11 
Apr. 30 28 93·3 14 46.6 12 85.7 16 
lIq 31 19 61.3 20 64.5 11 55.0 11 
June 30 25 83.3 19 6'., 15 78.9 11 
Juq 30 Z1 90.0 21 70.0 19 90.5 9 

AUG- 30 1 23.3 14 46.6 3 21.4 16 
Sltpt_ 28 19 67·8 16 57·0 10 62.5 12 
Oct. ZT 23 85.2 17 63.0 15 88.2 10 
liov. 30 9 30.0 20 66.7 3 15.0 10 
Dec. 31 19 61.3 16 51.6 10 62.5 15 

'rota1 359 242 67-4 200 58.0 1'3 6'.9 147 
-

Key I • tex of 4 ftsh undetermined. 

!late firm 

% 

40.6 
4~hO 

37.9 
53.4 
35.5 
36.7 
30.0 

53.4 
43·0 ,.,.0 
33·3 
48·4 

42.0 

Inf'ectea male 
flab 

No. ~. 

9 69.2 

14 92.8 
8 72.7 

16 100.0 
a 72·7 

10 90.9 
8 88.0 

4 25.0 
9 75.0 
8 80.0 
6 60.0 
9 60.0 

109 73·5 

I 
, 

.. 
• .... .... -



!ULE 4.6& 

~e Incid.~Q of ~.tscporu~ in L.lsuclGcus. 

Month ro.tleh/s~p1e Intcotea fiel:· i'tl'1!8.1e fish It:rectea ~le flsh 
fSltale flah 

No. t{.; N~. % No. ~ :No. " Jan. 33 14 42.4 10 30.0 4 40.0 23 70.0 
Feb. 31 21 61.7 15 48.0 11 7'.' 16 52.0 
liar. 30 19 66.7 12 40.0 7 59.3 19 60.0 
Apr. 35 21 60.0 14 40.0 6 43·0 21 60.0 
lTq 4 1 25.0 4 100.0 1 25.0 0 
Jum 30 16 53.' 16 53·3 8 50.0 14 46.7 
Jut" 30 12 40.0 13 43·0 6 46.0 17 57.0 
Aug. 30 ~ 10.0 16 53·3 1 6.3 14 46.7 
Sept. 30 15 50.0 22 73.0 10 45·4 8 21.0 
Oct. 31 23 71.0 20 64.5 16 80.0 11 35.5 
Nov. 29 13 42.8 17 61.0 9 52.9 11 39.0 
Dec. 30 17 57.0 13 43.0 9 69.2 11 57·0 

Total 342 175 51.2 172 56.31 68 51.2 170 49.7 
-----

Infected male 
tlab 

1:0. " 10 43.5 
10 62.5 
12 66.6 

15 71.4 
0 
8 57.0 
6 35·3 
2 14.6 
5 62.5 
7 63.6 
4 36.3 
3 47.0 

81 51.2 
-~ 

~ 
• .... 
I\) 

• 



Uonth :O.fiah! aample 

.Jan. ~~ 
Feb. ZT 
\far. 30 
Apr. 16 

Sfa3 9 
JUDI!! 30 
July 22 

Aug. 30 
Sept. 30 
Oct. 30 
Nov. 30 
Dec. 30 

Total 317 

TABlE 4.11 

!he incidence ot A.laoporum in R.ruttlua. 

Infected flah Fesle tlah Infected Vale flab 
tna18 flah 

~o. ~ No. ~ No. ~ No. 10 
1 ~.O 12 36.4 1 8.3 21 6,.6 

3 11.1 12 44.4 3 25.0 15 55.6 
2 6.6 16 53·4 2 12·5 14 46.6 

3 18.8 10 62.5 2 20.0 6 31.5 
1 22.2 , ~3.3 0 0 6 66.1 

14 46.6 14 46.6 8 51·0 16 53.4 
5 22.5 12 54.5 3 25·0 10 44.5 
2 6.6 22 76.6 1 4·5 8 23·4 
0 15 50.0 0 15 15.0 
4 13.2 12 40.0 4 33·3 18 60.0 
2 6.6 11 36.6 2 18.1 19 63.4 

3 9.9 15 50.0 3 20.0 15 50.0 

~O 12.6 54 46.6 29 15·0 163 51.4 

No. 

0 

0 

0 
1 
1 
6 
2 
1 
0 
0 
0 
0 

11 

Infected 
male flsh 

" 
16.6 
16.6 

31.5 
20.0 
12.5 

6.7 

~ 

• 
~ 
Yt 
• 



TABlE 4.81 

~. incidence ot S.bra"" .. in R.rutilue. 

110mb no.fish/sample Infected fiab Female flab Infected 
female flab 

No. % No. 1: £'0. " 
Jan. 33 9 27·0 12 36.4 5 41.7 
Feb. Z( 10 37.0 12 44.4 5 41.7 
Mar. 30 11 36.6 16 53·4 7 4'·7 
Apr. 16 6 50.0 10 62.5 6 60.0 

'fa::! 9 2 44·4 , "., 1 "., 
June 30 16 50.0 14 46.6 6 50.0 
Jul,y 22 6 27·0 12 54.5 6 50.0 
Aug. ,0 2 6.6 22 76.6 2 9.1 
Sept. 30 1 '.3 15 50.0 1 6.6 

Oct. ,0 6 16.6 12 40.0 5 33.' 
nov. ,0 4 13.' 11 36.6 2 18.2 

Dec. 30 8 26.6 15 50.0 7 46.6 

Total 317 B, 26.2 54 48.6 55 17.4 

Vale tlsh 

No. ~ 

21 63.6 
15 55.6 
14 46.6 
6 31·5 
6 66.7 

16 53·4 
10 44·5 
8 23·4 

15 50.0 
18 60.0 
19 6'.4 
15 50.0 

63 51·4 

No. 

4 
5 
4 
2 

1 
6 

0 
0 

0 

1 

2 

1 

28 

Infected 
N.le flab 

" 
19.0 
33·3 
28.5 

"., 
16.6 
50.0 
0 
0 

0 

5.5 
10.5 
6.6 

17.2 

A 
• .... 
~ 
• 



TABlE 4.9. 

'l'he incidence or S.bra~ in S.cee1u!.. 

)tonth !Co.fish/lI4Ople Ictected tish FErn!&le tish Infected 
t~ale tlsh 

ro. ~ No. tfr. WOe ~ 

Jan. 32 3 9.4 19 59.4 1 5·' 
Feb. 31 13 41.9 14 52.0 5 35·1 
A!ar. 29 5 17·2 '18 62.1 4 22.2 
Apr. ,0 14 46.6 14 46.6 5 35.7 
JIq 31 6 19·4 20 64.' 4 20.0 

-JUDe 30 0 19 63.' 0 

.July ,0 0 21 70.0 0 

Ang. ,0 0 14 46.6 0 
Sept. 28 0 16 51.0 0 

Oct. ~ 0 11 6,.0 0 

rOVe ,0 2 6.6 20 66.7 0 
Dec. ,1 5 16.1 16 51.6 2 12·5 

Total 359 48 1'.4 200 58.0 21 10.1 

!tale fiah 

N'o. ~ 

13 40.6 
13 40.0 

11 37.9 
16 53·4 
11 35.; 
11 36.1 

9 ,0.0 

16 53.4 
12 43.0 

10 '1·0 
10 '~.3 
15 48.4 

147 42.0 

Infected l'l'ale 
tish 

No. % 
2 15.4 
0 61.5 
1 9.1 
9 56.2 
2 18.2 
0 
0 
0 
0 

0 

2 20.0 

3 20.0 

27 18.4 
I 

.:. 
• 
~ 
U\ 
• 



Ifonth 

Jan. 

Feb. 

1lar. 

.Apr. 

1lq 

June 

Ju17 

Aug. 

Sept. 

Oct. 
Nov. 

Dec. 

Total 

No.fleh/aample 

" ,1 
,0 

35 
4 

,0 
,0 
3° 

3° 
31 
26 

,0 
342 

TABLE 4.10a 

'l'be incidence ot S.bramae 1n L.leuciscua. 

Infected fish Female tlab 

Wo. .~ No. ~ 

o 
o 
2 

4 
1 

o 
o 
o 
o 
1 

o 
2 

10 

10 
15 

6.6 I 12 
11·4 14 
25.0 4 

16 

13 
16 

22 

3.2 20 

17 
6.6 13 

2.9 1172 

30.0 

48.0 

40.0 
40.0 

100.0 

53.3 

43.0 

53·' 

73·0 
64.5 
61.0 

43·0 

56., 

Infected 
fellale tlab 
Wo. ~ 

o 
o 
1 8.3 

2 14.' 
1 25.0 

o 
o 
o 
o 
1 5.0 
o 
2 15.4 

7 4·1 

)(ale flab 

No. c.' 

23 70.0 

16 52.0 

18 60.0 

21 60.0 

o 
14 46.7 

17 57.0 

14 46.7 

8 ZT.O 
11 35.5 
11 39.0 
17 57.0 

170 49.7 

Inf'ected male 
£lsh 

No. " 
o 
o 
1 

2 

o 
o 
o 
o 
o 
o 
o 
o 

3 

5.5 
9.5 

1.6 

.r:.. 
• ".. 
en . 



!AllLE 4.111 

!'he incidence ot C.'l!etoecus in '1'.tbymallus. 

Vonth XO.fl8b/aamp1e Intected flsh Female flab Infected 
fe.le fish 

No. 1- No. ~ No. " Jan. NO SAKPLE 

iFeb. 11 10 91.0 4 36.4 4 100.6 
liar. 18 11 61.0 7 38.9 5 71.4 
Apr. 25 22 88.0 10 40.0 8 80.0 

Mas 8 4 50.0 5 62.5 , 60.0 

Jum 17 0 10 58.8 0 
Ju17 30 2 6.6 10 33.3 0 
.luB. 5 0 3 60.0 0 
Sept. NO SA..PtE 

Oct. 25 9 36.0 14 56.0 5 35·1 
Bov. 30 6 23.' 14 46.6 2 14.' 
fI'ec. 30 9 3°·0 17 56.6 6 ~5.3 

Total 199 73 36.7 94 41·2 33 35.1 

".ale fish 

No. ~ 

7 6,.6 

11 61.1 
15 60.0 , 31.5 
1 41.2 

20 66.7 
2 40.0 

11 44·0 
16 53.4 
13 43·4 

105 52.a 

Infected 
male flab 
No. " 
6 85.7 
6 54.5 

14 93.3 
1 33·3 
0 

2 10.0 

0 

4 36., 
4 25.0 , 23.1 

40 38.1 

I 

I 

.. 
• 
.t:: 
• 



Incidence in relation to the length of the hoet. 

The fiah .ere divided into length groups (Tab las 4.35,-4.38). The 

number ot flah infected with each digetlOilD was recorded for each length 

group, and for each .. x per length group, in oach monthly sample and for 

the total .a~ple (Table. 4.1, - 4.19). 

Spll ttillg of the information ae above resulted in an lneuf'ficient 

quanti t1 of data in each length group per monthly sample to determine 

the pre,ence or ab .. nce ot ~ relationahip between incldence of intectlon 

aDd length. '!'he data for each length 61'oup was therefore lI1lDlmS.rizea. 

and .a difterent number. of fish were pr8sont in the dU'ferant length 

groupe the number of intected ti,h par length group was expressed as a 

percentage of the total number of fiah examimed par length group (Table 

4.12). 

'l'hree patterns of incidence of infection were observed in relation 

to the length of the hOlt. 

a) An incre ... in the incidence of infection occurred with 

inon ... in length. '!'hIe wae ehawn in the infection of J .. leueiscus and 

Jt.rutilua with both A..i80pol'Ult &Dd S.br&.!!l&8. 'lb. incidenoe ot inteetion 

ot J..i80porum tor each length group in L.leuctscua was greater than that 

for a.ruttlu •• whereu the incidence of n.rutl1ua trOll eaoh leDgth group 

with S.bramaa wa. Inater than the incidence in L.I.uetseu •• 

b) .lD incNued incidence of infeotion occurred until the greate.t 

lens1;h group, where a decn ... In incidence wal ob .. ned. This pattern 

wa. ob .. rvec1 in the incidence ot S.bramae in S.cephalus and C.ft\Gtoecus 



oi.19. 

in T.tblmal1ua. Infection of S.cephaIus with S.bramae was uncommon and 

frOID the .mall amount of data no defint t. Itatement could be made about 

the relation.hip of inoidence to length. The lnoidence ot C.metoecul. 

decreaeelS in the 25 .. 30 ca. group of T.t'hx'!allua. lOO.~ incidence wal 

recordea from the 30 - 35 cm. group but thil lnformation wal mialaadillg, 

aa only one fiab 11.1 .. plea frOli thi. length group, and it was inteoted. 

b 1argelt lample of fiab in the 25 - 30 em. group were Ccl.ugbt in July. 

Two lntecttd flab oocurrea in thil leDgth group in JU~I when the 

lncid.nce of C.met08cul wal low. and Where flab ln other length groups 

.. re uninteotad. If al -1'>3 25 - ,0 CfI. tiab were caught in months where 

int.otion wal common, al were caught in Ju13'. a ditte:rent relationship 

between incidence and length .llht have been observed. .\ more accurate 

interp1'8tation of thla data would be po~sible if' siai1ar and adequate 

JJUIIberl of fiab in each length group in each month13' ample were present. 

9111 18 the ldeal 8Uuation which rare13' e:dsts, but plotting of the 

number of' infected flah .1 a percentl.88 ot the total number of fiab tor 

each llngth group frOil each month17 _ple would give data tor a valid 

oorapari.lon, prorlding tbat it &I\Y .. alonal variation occurred, the lam. 

variation was preeent in each lell8th group. Tbe data frOll T.thlmallua 

allowed that flab infected wlth C._toeeu8 ·in the 20 - 25 ell. group 

appealed to baTI a greater iDeldlnce of' inteetion than other length 

Bl"OUPI frOID Feb1'U&l'Y to April. whereal 15 - 20 CIS. fllh appeal' to have a 

patel' incidence trom October to Xovember. Thie mq mean that the 

,-,Ulr fllh are more aulceptib1e to intection at thil time or rear tban 



4.20. 

larger fish, but until more data. are available the significance of theae 

ob .. nationa i8 doubtful. 

c) No apparent relatioll8htp bet •• en lncldence and lellgtb ot the 

hOlt. 

The above obeenatlon W&8 maae tor A.ieoRorum tnfecttons trom 

S.CI~alu. and A.tranaveraale Infecttons trom T.thymallue. !be 

incidence ot A.i80porum increaaed in S.ceJi1alus between the 0 - 20 am 
20 - 30 om. groupe, reachlJlg a max1mum ln the latter. Incidenoe 

elaollned in the 30 - 40 cm. group and then illCreaead al1ght17 in the 

40 - 50 aI. group. 

'lbe incidence ot A.il!lopo1!"W'll ln S.cephalus was the htgheat dige118an 

incidence record,el. It i8 auspected tbat the apparent lack ot a~ 

ftlatlO1'18hlp between incidence and length ot boet where moat data were 

pfttlnt might be the ca •• for other infections it a similar ~uantitl of 

data were aT&tlahle. 

A,..tranaverlale 'all UDCO!II!IIon. It i8 onlJ' possible to state that the 

greateat pero.ntage of infected flab occurred in the 0 - 15 om, IrouP 

ad. to a las .. r extent in the 25 - 30 em, group. ~e on13 ttllh recorded 

frOfJl the 30 - 35 em. group was intacted with. both A.transversale and 

C.MtcecU" 

TJlOide~ in relation to the HZ of the host. 

~. data preHnt in each o&tego17 when each aample .a8 8plit into 

the DUmber ot infected tiab of each eex in each length group ware 



lnaut~tt to draw AI\Y' concluaiona &. to the presence or absence at allY 

relatIonship between the' leX· ot the host ~ incidence at intection 

(Table. 4.1, - 4.19). The data tor each sex in each lengtb group .ere 

aummariud (Table 4.12) and the follOWing obaervations llI&de. 

a) In the loweat length groups where both female and male flah -ere 

preHnt i.e. A.iloporum infections in the 0 - 15 CDS. group of L.lauo{acu8 

and O.metoecua'intections in the 0 - 15 em. group at T.ttyaallue, a 

similar 1ncidence wal present 1n each .ex. The exception.as A.transversale 

where a greater incidence ot female T.thy!!llu. in the 0 - 15 om. group 

were intected. The valid 1 ty ot tbis obaenation was ver,- doubttul a8 the 

overall incIdence at .&..tranaverea1e waa extremeq low. 

b) .l.iaoporwa intectiona. 

The iMide nee ot illtection in male and telll&le L.1.euohcua was 

aillilar in all lerJBth groups except the 25 - ,0 ca. group .bere tbere 

.al a greater incidence at inteoted male. (Table 4.14). 

A.-.imilar percentap at .. Ie and tema1e R.rutllus .ere intected 

exoept in the 2S - 30 01 .. group Where a greater percentage at temalea 

wen tntecud. and in the 30 - " cm. sroup where only tntected te.le. 

were pre.nt (Table -4.15). 

A. greater percentage at fnale S.cepbalus were tnfected in the 

20 - 30 CIIl~ group, whereas the diftererlCe bet.een the incidence at temale 

aDd male flab 1n the 30 - 40 and 40 - 5Ocm. groups was mgligible 

(Table 4.13). 



c) S.bramae inrtctiona. 

Onl1 a. tew data were available frOlll S.cephalus and l,.leuolscus. 

The difference in the incidence at inteotion of female and male S.cephalus 

••• mgllgib1e axcept in the 20 - ,Oem. group where a greater percentage 

ot male flab were infectea (Table 4.17). Infeotlon of both male am 

female t.lauoisoul wi th ~l'J!!I!!. on13 occurred in the 20 - 250m. group, 

and the low incidence doe. not permit &%lY conolulions .1 to alV' 

relatioDlhip betwoen the .. x ot L.leuctecu8 and the incidence of 

§.brama! (Table 4.18). 

A greater percentage of female n. rutilu8 went inteoted in the 

15 - 20 aM 25 - ,Oem. groupl. but in the 20 - 25cll. 81'oup the 

percentaee of infected 11&1. and re!!al. fiah was approximately the same. 

Thll'ty-one remale am two 81e R.rutilul were pre.ent in the ,0 -'5 011. 
c, 

gl"oup (Table 4.,.,) and onl¥ t ... l.1 (12) weN infectea (Table 4.16). 

d) C.metoecul infection. 

Only In the 20 - 25C11l, group were more tema1 •• tnfeoted than ma1e8. 

In tba ,0 - 'Scm. group ~n1Jr one 11&18 tf.thn!a11uB wal recorded am this 

w .. infeoted, giving ri .. to the Idl,le&41nt; figure ot lOO.OJ' incidence 

(Table 4~l9). 

1be data frOID all the leJlgth gr~P8 were summarized (laat column 

~le 4.12). and thil 1I1:0.ad that. marked dltference betw.en the 

percent.,. of infected male and female tiah onl1 occurred in R.rutllua. 

wheN a higher percentage of femalel were infected with A..ieoporum aDd 

s. b 1'a.mM • 



'lBtl! 4.12. 

!be number of infected tiab in each lellgtb group expressed &8 a parcentqe of ,the 
total number of ~18h in MCh l.~h gl"OU;e-

Length 1 11 ellS. 0-20 ~ 20-30 30-40 40-50 I ~ _10 F 11 T ., J( l' 
P I V , F U T F U T F V T 

.5 rr·l 1.8 I I '.9 ~2.6 ~1.4 AotooJ!C!NI1 0 ~.6 ro.o .7 C·s t.2 ., 58.7 58.5 S.cellbalua 
-S.bramae ° 0 0 6.1 .1 .8 3.'5 19.6 16.0 4.' 0.9 I I I ro•o 119•0 r3•4 

20.;25 25-30 

L.18UClecu!'taoporum rio to~o ~3:3 r~' t5~0 t6:' V, r5~tS:5 6~3 tS~l r:21 I I Ll~2 b1~2 b:2 
S.bramae 0 0 0 0 'i.O 2 .. 0 3.0 1.8 2., 2.5 0 6., I 14.11 1.8 12.9 

15 ~ I 15-2b 20.:25 25-30 0-" ,oala F 'J( T F 11 T FliT F 11 \' F U T F U T 

R.ruUlu8, A.tllOP2rt8 rOO s.o 6.416•7 9.3 7.l lS.5 6., ~.7 ~.7 .6 0 5 .• S-.a 6.s ~.6 
S.bramae 0 0 0 .0 1.7 5.1 ,., .0 3.9 5.6 .6 .5 1.4 0 7.2 6.2 

15 ~ J r-26 ~ ~ 20-2, 25-30 F U T F • T P • T F U T F U T P '.tbY'll811~· ... toecu. 1'·3 iJ•3 ,., 0.0 6.4 i6•5 .1 8.9 ~3.7 4.3 ~.2 h .21 ~oo.o ~o 16.2 151.0 pIi.7 
~ ..... - - .... 

A.trans-~' 
~raa1. i6.6 15.5 to.O .,., r·o FO 16•4 14•8 15•6 

ICell T - total 
P - Female 
U - Jfil1e 

.:a. 
• N 

"" 



!ABta 4.1" 

'Jl1e a.bel' of S.cepbalus or each aex til. each length £1"OUP inf'ected with A.ia0J!O!'!!. 

I 0-20 

Month P .. 
..Tan. 

Feb. 
Xar. 

Apr. 

Uq 0 1 

..Tar. 0 1 

Juq 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 0 2 

~ total no. 
ot _1. and b6.6 
fe.1e fiBh 
1n each 
length group. 

20-30 
T F Itt 

5 9 
6 11 
B 6 

6 10 

1 6 7 
1 7 6 

0 4 
1 2 

5 , 
7 6 

2 5 
5 7 

2 ~ 76 

)0.0 po·7 80.8 

(eYI T· total 

F - Female 

II • Jlala 

L. It g t h 1 n ems. 
30-40 40-50 !rotale 

~ F Jl ~ F • T F 1r1 If 

14 1 0 1 6 9 15 

17 , , 6 5 0 5 14 14 2B 

14 6 2 8 1 0 1 15 8 2, 
16 5 5 ~O 1 1 2 12 16 2B 

13 :5 0 :5 2 0 2 11 8 19 

1, 4 2 6 4 1 5 15 10 24 

14 4 , 7 5 1 6 19 8 Z1 

:5 1 1 2 1 1 2 , .. 7 

8 2 6 8 , 0 , 10 9 19 
1, 4 2 6 4 0 4 15 8 2, 

1 0 1 1 1 0 1 :5 6 9 

12 , 2 5 2 0 2 10 9 19 

144 ~5 ~ 62 ~o 4 '4 ~33 109 242 

~2.5 74.2 )8., ~a.7 ~8.5 ~.1 61.6 6,.9 72•6

1 
67*1 

II 

"". 
• 
~ 



Month 

Jan. 
Feb. 
ltar. 

Apr. 
rq 

JuIW 
July 
Aug. 

tept. 
Oct. 

Nov. 

Dec. 

Total 

temale tlsh 
ln each length 
group-

'lADlE 4.141 

b numbercC t~.leucillCU8 of each aer in eacb length group tnrected with ~.t~oporura. 

0-15 
F II 

0 1 

1 0 

2 1 

3 2 

SO.O ~O 

15-20 
l' F It 

2 2 

1 3 3 

1 1 

1 0 

2 0 

1 1 1 

3 4 2 

5 !l4 9 

33.3 ~8.3 ~5.0 

Jrey t T - total 

F - 1' ... 1. 

PI - !!a18 

Lell~th 1 
C:V-Q 

'1' F II '1' 

1 7 8 

8 8 16 
4 4 2 6 
6 , 8 11 

2 7 6 13 
5 4 9 

1 2 3 
1 8 4 12 

2 10 6 16 
2 5 1 6 
6 1 3 4 

23 ~, 51 i"04 

~6.9 p2.3 4~hl 46.5 

Il eme. 
2; -30 l' tala 

n 11 T F It T ... 

3 3 6 4 10 14 
:s 2 5 ~1 10 21 

1 8 9 7 12 19 
0 , , 6 15 21 
1 0 1 1 0 1 

0 1 1 8 6 16 I 

1 2 , 6 6 12 

1 2 , 
1 1 2 ~O 5 15 
4 1 5 ~6 7 23 
2 2 4 9 4 13 
2 2 4 9 8 17 

16 25 43 _,8 87 ~75 

56., ~8.1 67.2 i>1.2 51.2 51.2 

~ 

• f\) 
\.r. 
• 



lIonth 

Jan. 

Feb. 

l!&r. 

Apr. 
Uq 

Jum 

July 

Aug. 

Sept. 

Oct. 

Wov. 

Dec. 

Total 

ffab in each 
length group 

!l"BlE 4. l51 

'!he IlU!':lber of R.1'UttlU8 of ~acb eex in ~ach length &;rOU:? infected .. 1 th A. iao'OOn.,. - . 

11 u-~, 1,-(!V 
F U T l' Jot 

1 0 

1 o· 
0 1 

0 4 
0 1 

2 6 , 
10

•
0 5.4 

.!~"'l'- Total 
p- Female 

... Jla.1e 

ten«th 1 n C1lIS. 

2U-~ 25-,0 ,0-" 
'1' P lot T 11' !( T F M 

1 0 

1 1 0 1 1 0 

1 0 1 1 0 

1 0 1 1 1 0 

1 

4 1 1 2 5 1 6 2 0 

1 ~ 1 3 1 0 1 

0 1 1 1 0 

3 0 3 1 0 

1 0 1 1 0 1 

3 0 3 

8 4 2 6 15 3 ~ 8 0 

I 
6.1 1ge3 7.1 8·5 ~26.~ 7.7 18.7 f27.6 0 

TOtalS 
T P ~ 

1 1 0 

1 ; 0 

1 2 0 

1 2 1 

0 1 

2 e 6 

3 2 

1 1 1 

1 4 0 

2 0 

3 0 

e 29 11 

25.0 19.9 6.8 

T 

1 

3 
2 

3 
1 

14 

5 
2 

4 
2 

3 

40 

12.6 

A 
• M 
c\ 
• 



Jlonth 

Jan. 
Feb. 

J8ar. 

Apr. 

L1q 

June 
Juq 
Aug. 

Sept. 

Oct. 
Nov. 

Dec. 

'l'ot:11 

" of total 
no.of ule 
and res1e 
flah in each 
length group_ 

TABU! 4.16, 

~e IDl!!ber or R.rutilus of each &eX in each length group infected with S.bra~ae. 

p 
0-15 15-20 

~ [It F 

2 

0 

1 

1 

1 

0 

1 

1 

7 

ta·O . 

KeYI T. Total 

F • Female 
U • Plale 

I( 

1 

2 

1 

0 

1 

5 
0 

1 

1 

1.7 

'r , 
2 

2 

1 

2 

5 
1 

2 

a 

5.1 

ten g t h 1 n c!!:s. 
20-2, 25-,0 

i' 11 T F t.t 'r 

0 0 0 1 , 4 
4 0 4 1 , 4 
1 , 4 4 0 4 
0 1 1 , 1 4 

0 , , , 0 , 
1 0 1 4 0 4 

1 0 1 

1 0 1 , 0 , 
2 0 2 0 2 2 

2 0 2 5 1 5 

to 7 7 26 0 6 

~'.3 rs·O 3.9 tt-5•6 ~.6 rr .5 

,0-'5 Tota1s 
F J.f 'r r U 

2 0 2 5 4 
5 5 

1 0 1 7 4 
2 0 2 6 2 

1 1 

5 0 5 8 6 

6 0 

1 0 1 2 0 

1 0 

1 0 1 5 1 

2 2 

7 1 

2 0 12 :>5 ~ 

1.4 ~.7 

f
507 7.2 

r 

9 

~O 

~l 
e 
2 

~6 

6 

2 

1 

6 

4 
9 

~, 

26.2 

.... 
• 
~ 
• 



TABlE 4.11' 

'!he tKZcl>er or r..cerhalu8 ot each sal: in each length group infected with S.b~ .. 

Uonth 

Jan. 

Feb. 

:1.&1'. 

Apr. 

Hay 

JUIl8 

July 

Aug. 

Sept. 

Oct. 
Nov. 

Dec. 

'l'otal 

fish 1n each 
length group. 

0\1' 

I. 

'a.le 

0-20 20-30 
M rr F 

1 

2 

2 

1 

1 

0 

0 

0 

0 

0 

0 

1 

6 

I 6.1 

!.!Z.I 'l' - 'rotal 

F • Fetll&Ie 

U • Male 

J( 

1 

7 
0 

4 
2 

0 

0 

0 

0 

0 

1 

2 

17 

18.1 

t e J1 g t h 1 n ems. 
3Q-40 40-50 Totals 

!r F II T P II T F 

2 0 1 1 0 0 0 1 

9 1 1 2 2 0 2 5 
2 2 1 3 0 0 0 4 

5 , 4 7 1 1 2 5 

3 2 0 2 1 0 1 4 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 0 1 1 0 0 0 0 

3 0 1 1 1 0 1 2 

25 6 9 17 5 1 6 21 

12.8 13.3 19.6 16.0 10.4 14·3 10.< 10.0 

II 'l' 

2 3 
8 13 
1 5 

9 14 
2 6 

I 

2 2 , 5 

27 48 

18.0 13·4 
I 

~ 
• 
~ 
• 



'l'ARt:r. 4.181 

1he 1Uftber of t.t.neieeue or each eex in each length gl'Oup infected With S.bl'&t:\a8. 

lfonth 

Jan. 
Feb. 
Xar. 

J.pr. 

1!q 

June 

J1117 
Jug. 

tept. 

Oct. 

Nov. 

Dec. 

i'otal 

% ~ total no. 
or ca1e end 
1"emal. flab in 
each length group. 

F 

L • n g t h i n ems. 
0-15 15-20 

K l' F 

0 

0 

0 

I.'ey. T - Total 

P - Female 

U - lfa.le 

Jr% 

1 

1 

5.0 

I'" 

1 

1 

2.0 

20-25 
F J( T 

0 1 1 

2 1 , 

1 0 1 

3 2 5 

,.0 1.8 2., 

25-,0 
F II '1' F 

1 0 1 1 

2 

1 0 1 1 

1 

2 0 2 2 

4 0 4 1 

12.5 0 6 .• , 4.1 

Totals 
II 

1 

2 

0 

0 

0 

3 

1 .. 6 

l' 

2 

4 
1 

1 

2 

10 

2 .. 9 

..t. 
• 
1'1) 
'D 
• 



" 

Month 

Jan. 
Feb. 

?!ar. 

Apr. 

Mq 

June 
July 

.lug. 

Sept. 

Oct. 
Nov. 

Dec. 

Total 

ti5h in e&ch 
leDgtb group. 

'l'!!lE 4.121 

?he IlU."Ibel' of T.tht!allu8 or each sex in each 1eDgth group inf'ected _itt: C._toecus. 

P 

2 

1 

1 

0 

0 

4 

33·3 

t. D g t h i n C!VJ. 
-~ .. , 6J-" o .. 20-2'; II 2'i-~O 

II T P J.t 

1 3 1 1 

0 1 1 

2 3 1 1 

0 

0 

0 

0 

1 2 4 3 
1 1 2 0 

1 1 , 1 

6 10 12 7 

33.3 33.3 ~o.O 36.4 

Xeyl T - ifota1 

F - Female 
I! - !!ale 

.L I z ... I • II l!- iii 

~O LAJPLE 
2 1 4 5 
2 4 5 9 
2 6 10 16 0 1 

0 2 0 2 1 0 

0 0 

0 0 0 2 

0 l 0 

NO SAUPL 

7 , 0 

2 0 I ~ 3 
4 , 3 0 1 

19 16 22 38 1 4 

36.5 38.1 48.9 43.7 14.' 18.2 

,v-,~ 1 '4"C'ta~a 

T F U if F 1.1 'l' 

4 6 10 

5 6 11 

1 8 14 22 

1 0 1 1 3 1 4 
0 0 0 

2 0 0 2 2 

0 0 o I 
I 
I 

0 0 5 4 9 
0 

°1 2 4 6 
1 6 3 9 

5 0 1 1 " 40 73 

17.2 1100.0 l.(X). 4 36.2 ,.,.0 ,6.7 

~ 

• VI 
o • 



Inten.ity of Infection. 

Total tnt8n~tty ot tnteotton. 

'!'he inter .. t ty ot tnteotion ot eaoh species ot DigeZlea trom each 

lnfeoteel hOlt i8 racordael a8 the mean tIU!!1ber of parasi tea per inteoteel 

fiab (!ablaa 4.20, 4.22, 4.24, 4.26, 4.29, 4.,0, 4.,2). 

A.ilopol'U'n1 

i) The greatest intenai ty ot inteotion was recorded troll R.rutilus 

(!able 4.24) where altboush the occurrence ot infection wa.s lower than 

in either S.cephalul or L.leucilcul (!ablea 4.5, 4.6, 4.7), one or two 

exoeptionallT heaV)" 11lfectione Were encountered (Table 4.25). 

ii) A greater aotual numbe~ ot A.tsoporum were recorded from 

S.oephalu. (Table 4.21), but a greater number of tlBh were intected 

(Table 4.5) making the mean !lUmbar ot parasites (Table 4.20) leaa than 

1n R.rut! lUI. 

111) '!'he aotual DUmber ot A.lsop9l'W11 in L.leuctBcua was less than in 

either R.rutllu. or S.oepbalu. (Table 4.2,). ~e number ot intectea 

L.leuctacul waa greater than the number ot infected R.rutllue but 

Ie •• than the number ot lnfectea S.cephalul (Table 4.6). Thi. 

reaulted in a lower Man number ot parasites per total in1'ected 

t.leuciecul (Table 4.22) than in either R.rutilus or S.cephalus. 

The ereatelt mean number of paraei tea 'Was recordea traa R.ruttlu8 

(Mle 4.26) where the occurrence ot In1'ectton am the number of 

paralttes present (Tables 4.7, 4.27) were greater than in eUher 



S.c.phalua (Tables 4.5. 4.21) or L.leuciscus (Tables 4.G.4.2,). Where 

A.iaoporum and B.bram .. were present in the same host, a greatsr mean 

number ot A.i80porum was preeent. 

C.metoecU8. 
. . . 

!be mean number at C.metoecu8 tor infected T.thYmallu8 was 

approximatelY the same as the mean number at A.iBoporum in S.cephalue 

(!ables 4.,2, 4.20), but tte occurrence ot C.metoecus (Table 4.11) and 

thl numbsr ot paraaites recorded (Table 4.") were 1eB8 than the recorda 

for A.isoporum in S.cephalus (Tabl.s 4.5. 4.21) as a reault at the 

smaller number of T.tbymallua aampled. 

A.transversale, Phll10dtatomum sp. 

The mean number ot A.transversale in infeoted T.t~ymallu8 waa 

2.6,. and the mean number ot Phyllodistomum sp. in E.luoius Was 23.0 

(Table 4.'4). The low ocourrenoe ot intection of these two speoi.a 

invalidated the significance of theBe records at intensit,r. 

Seasonal variation in intensity at infeotion. 

!be overall fattern ot .. asonal variation in intenaity ot 

infection was similar in S.oephaluB. L.leuciecua and R~ruttlu. 

(T.ab1e1 4.20, 4.22, 4.24). An inorea •• in intensit.y occurred between 

Januar,y and Februar,y. and was moat apparent in S.cephaluB and L.leuelscus. 



Betwean 'ebruar.r. JUI'lII and Juq there wal a aU.ght increase in tntenat ty 

in s.oeph.tus and t,.leuclloul. but thia was ot doubtful significance. 

A markea hlCrea.. tn tntenat t1 occurred between February am July in 

R.rutilul. The lower figure recorded in Vay waa the result at the poor 

_ple of on~ nine fish. A cOll8plcuous tall in the intensity at 

intection occurred in Ju~ and August in S.eephalu8, in August in 

L.leuciscul an! August and Sept.her in R.rut{ lust 110 intection bell2g 

recorded in R.ruttlU8 trOlll the latter month. In September and October 

an increa .. in intenatty of infection followed by a docrease in 

November wal recorded trom L.leuciscu8 and S.cephalua. ~e intensity 

of lm'ection had riMn again by December in t.leuchcue but remained 

low in S.ceph.lus. Intection reappeared in R.ruttlu8 by October and 

there waa an iucre ... in intenatty of infection betwsen October and 

December. 

S.bra.-nae. 

The pattern of .. a.onal variation in intenal ty of intection was 

.taitar to that recorded tor A.iIOROruJIt. The intensity ot S.br&J'llae in 

R.rutilua wal tair17 unitorm between January and Jull' A marked decreaee 

in intensitl occurred in August and September, attn' whicb an increase 

w.a recorded in October tollowed by a decrease in November but a 

turther increa .. in Dece!llber (Table 4.26). 

The intenai~ ot infection ot S.brsmae in S.cephalus (Tabla 4.2S) 

waa low when ever infection was present. 'rho abeence at S.bra!l!&8 in 

R.ruttlu8 between June and October was a180 noted in thG other two hoata 



although in the latter case the parasitee .ere abeant until November. 

C.metoecus. 

Tbe intenat ty ot tntectton increased between Februar,y and April, 

atter which a decrea.se occurred in Mq and with the exception ot two 

fiah tn JulT with a ~ean :lUmber ot two parasit.e, no tntection was 

recordea again until October. !he intenatty ot tntection betw.en 

October and December rematned tair17 conatant although the number ot 

paraai tea and the Man number per infected fiah decreased Slightly 

by December (Tables 4.". 4.,2). 

Intensity ot infection in relation to the leDBth of tbe boat. 

Mean number ot paraeit •• for the total nu~ber of fiab in each 
length group. 

A.isoporum. 

I.n Increase in tntenatty ot tntectlon 1iith tncrease tn len&th ot 

the hoet was recorded tor A.hoporu"l tnfections tn all three cyprinld 

hoata (fable 4.'4), although the inarea .. recorded between the 25-30 

am ,o-"cm. groups in R.rutllus w.s mgl1g1ble. 

S.bramu. 

lnoreaaed tntenei Q' ot tntectton with increaNd length w.a 

recorded tor S.bramae trom R.ruttlue and S.cephaluB (~le 4.34). The 

intrequent record. ot B.bramae trom L.leuctscuR prevented a~ analysis 

ot tl':e Man DU1Ilber ot parasites in relation to the length ot tbe host. 

4.34. 



C.metoecus. 

An increase in the lntenai t7 of intection was recorded betw.en tho 

o - 150m. alld 20 - 250m. groups. atter whicb the mean number of 

parultea d.crea .. d ln the 25 - 30c1a. am 30 - 35C111. Sroupa. (Table 4.'4) 

'lhe decrea .. tn the two latter groups cOinc1ded with a d.crease in 

both the occurrence of intection and tbe total number of fiab sampled 

in the .. groupe. (Table. 4.11, 4-38). 

Seaaonal variaUon in the tntenetty of infection tn eacb leneth grOUp

~.i.oporullh 

The intenai~ of infeotion in each length group follow.d a pattern 

similar to the ... eoul variation ln intensiq recorded tor the total 

number of infected fish in eacb aontbly sample 1 ••• the gradual increase 

ln tnt.neiV up to June aDd July, tbe disappearance of infection in 

Sept.mber or October whicb m&1' b. followed by a drop in infection in 

Bovember before another sU,bt inereaA in December. 1bi8 pattern i8 

018u1.T seen tn each l'l)£tb group ot S.cephalu8 wbere 1II0at da.ta were 

available (Table 4.20). 'lbe pattern i8 a180 apparent in the length 

group. of L.l.uct.cpa (!abl. 4.22) but 1. obscured in R.ruttlu8 

(Table 4.24) wben the infected fiab were split into the d1fferent 

length group •• 

S.bramae. 

~ the data trom the number ot infected R.rutllus in tbe 25-3Ocm. 

leZtgth group weN aufficient to abOY a pattern ot .. a8onal variation In 

intenai~ of infection, and this was similar to t~~ pattern recorded 



when all the illtect,a R.rut11uB were eDlDillea. ('l'ab1e 4.26). It is 

probable that & .imilar pattern ot tntenai t.r would be recorc1ea trom the 

other length groups it sufficient data were available. With regard 

to the .ea.onal 'Yartation in tntenaity" ot S.bramae 1n relation to the 

length ot S.cephalul. 1 twa. onlT posaibl, to state that a low intenai V 

at intectlon W&8 preaent between Janu&r1 aM JIq, &D4 November and 

December 1n the 20 - 30em. aM 30 - 4Ocm. sroups, am in Febl'U&17. 

April, Va3' and December in the 40 - 5ec.. group. In L.1auci8CU8 low 

1nteui tie. ot S.bramaa were recorded in !larch, April and October 1n the 

20 - 250m. group, in 'March, May and Deceaaber in the 25 - 30em. group and 

& relatl.,e~ higher 1nteDllity (although this data came trOll one infected 

lith) tn the 15 - 2Ocm. group. 

C.metoecue (!able 4.32). 

111e 0 - 15011., 15 - 20ca. and 20 - 250m. length groupe showed an 

inena .. in intena1tT ot intection trOll Februar,y to April, a 1II0re or 

le •• complete d1aappaarance at intection bet.een June aD! October, and 

the reappearance ot & aligh~q lower intenai ty ot intection bet.een 

October and De08llber. ~ia pattern W&8 .iailar to the ODlt recorc1ed when 

all the infected fiah "1'8 taken into account. Few fi.h .. en caught in 

the 25 - 30em. am 30 - '5ea. ,roup •• and low intanai Ue •• ere recorded 

in April. Ma3 and JulT in the 25 - ,acm. group am in Uq in the 

30 - 350lIl. group. 



Inten8ity of tnfection in relation to the eex of the host. 

A.lsopo~~ from S.cephalua. (Table 4.20). 

Examination of the ",ean number of ptlrasi toll per infected male and 

remale ftsh from each length group in each ~nthly sample showed that 

in the 25 - 300m. group Httle differenoe .a. present between the 

inten8t ty of infection in male and f •• al. S.cephalul. tn the 30 - 40011. 

~oup, remal. ftllh had a Breater tntenat ty of infection than male fish 

in each monthly IIUIple. with the exoeption of Novetllber wbere no infected 

female fish and only one infected 1!I&1e were recorded. In the four 

lIontha that tnfected 1II&1e S.oeffi!lue were record." in the 40 - 5Ocm. 

group, t~~y had a greater lIean number of para"iteR than female fish 

('lable 4.20). 

The ",ean number of parasites for the total nUMbers of infected 

female and male S.cephalua in each length group VielE'. caloulated 

('!ables 4.20, 4.'4). 'lhe .... ob .. nations .ere recoTded as when each 

Monthly 881IIple w .. conaidered, allllost an equal intenaity of infection 

w .. preeent in fellale and ule fisb in the 20 - ,Oo'lft. group, a greater 

intenai t;y in infected fnale than 1I&1e fish in the ,0 -4Oc.. group and 

a greater intenai ty in lIa!es than fe.lell in the 40 - 5Ocm. group. 'lbe 

compari8on of irtenatty of infection between female and ",.le fi8h in the 

40 - 5Ocm. group i8 not really valid as infect.,d femalee were present in 

each monthly sample wherea. tnfected lIIa1ee were only present in four 

samples, two of Which .ere lIIonths where the tnteneity of infection was 

at it. highest (April and Juna). 



Overall when the totaJ nU'1'Iber of infE"cted male and female fish were 

taken into account a higher tntenat ty of' tnfection was racor~~d from 

fe"!&1e ftab (Table 4.34). An inorea. .. in intensity of infection haa 

already been recorded with increase in length of the host (Table 4.20). 

Aa moet of t~e larger fish are female (Table 4.35) it is possible that 

it it the Ja.rger size of f'",ale fish and not .1ust the t'act tha' aB 

fe~alea they are more BUlcepttble to infeotion. that accounts for the 

greater intenaity of tnfection. No evidence is available yet to 

confirm whlch, if etther. of the above suppositions is true • 

•• iaoporum from L.leuci8CU8 (Table. 4.22, 4.34). 

'lbe data from the monthly sampl.a of each length group went 

aummariHd (Table 4.34). The I:ifference between the intensity of 

infection of male and remale fieh in the 15 - 20 em. group was 

uegliglble i.e. 0.,. Female fiab from the 20 - 25cm. and 25 - ,Oem. 
groupe had a greater tntenatty of infection than malee, and this wae 

attll apparent when the data frOll! the total number~ of infected male 

and female ftab went eu,",,"ar1.Hd. 'lbe total nU1'Ibers of ~ale and 

remale L.leuciecu8 with J..tIOponmt was 88187 respeoti. vely (Table 4.14). 

and a8 the .. nWlbera aN approxhately the 88,.,., the flttt"erence in 

intensity of infection between the two sexes may be signifioant. 

5' re~1.8 to 51 male. were infected tn the 20 - 25cm. group and, as 

mentioned above, a higher tnteneity was recorded fr~ the females. 

Before atW definite .tatement to the effect that fe~ale8 overall and of 

any length have a greater intenaity or tnfection than ~l.e tt is 



necessary to aample equal numbers of male and female fish in each length 

group each month becaUM of the seasonal occurrence of the parasi to, or 

to treat the ~~ta by a statistical mP.thod to eliminate all other 

variables that ~ight influence intensity of infection. 

A.t80POrum from ~.rut11u8. (Tables 4.24, 4.34). 

Splitting thfl data from each monthly sa"'ple into the dHfp.rent 

length groups obscured the pattern 01' seasonal variation in intensity 

of infection shown when all infected ftoh were examined. The splitting 

of each monthly sample into different sexes per length group would 

therefore reveal no further information about seaaolla 1 va.riation in the 

tnteMi ty of intection. Therefore Ue data from all the samples were 

aUln"!'artzed for each eex in each length proup. Ho ll'reat difference 

1n intensity was recorded from male and fel!lale fhh in the 15 - 2Oo'l!. 

and 20 .. 25cm. groups. However a greater tntene! ty was recorded frol'f! 

male fish in tre 25 - ~Ocm. group, but no infected males were present 

in the 30 .. 35~. group. When the datu from the total nu~b.r of 

infected fish were examined, male a.rutilus had a greater overall 

intensity of infeotion. This result ie probably mi~leading, and ~ 

arise from the he.Ty infection in June of one T!!ale in the 25 - 300m. 

group. Thie hea.". infection togetr er wi th the data from tl'e tW('l other 

infeoted male R.ruttlus in thia length group, one from May and the other 

from Auguat. gave a Ter" high ,"an number of parael tee per infected male 

fish for tt.1a group, and probably ['ives an unbala.nced picture of the 

tnten.i~ of infectton of mals ~.rutllu8 in June. in the overall eam~]p 



and in the total population. 

S.hra~ae (Tables 4.26, 4.28, 4.30, 4.34). 

r,o apparent difference occurred in the tntensi ty of' '\ ofeotton in the 

lenett troupe whAre both .,,£lle and fe"!.le .• rutUue were present. Only 

two ~al. ~.rutilus out of a total of 31 fish were present in the 

30 - 35cm. group, and neither were infected. ~:o dtrferen.:e was recorded 

between the tntenst ty of infection for tbe tota 1 nu."b~.:'rs of male and 

remale I-(.rutilus infected with ~.bramae. (Table 4.26.) 

The S,;;l.m& ob .. rvation waa made for S.braT11&8 when the d ... ta from each 

.. x and lenrth f.'roup for all tte samples were 8u'1""'arized for S.ceph&lus. 

'ftle few observations of S.bramae infections in L.leuciecus were 

tuufficient to draw any conclusions as to U.e presence or absence of any 

relationahlp bet •• en intenaity of infsction and the sex of the hoat 

('&bIe 4.,0). 

C.metoecus (~bles 4.32, 4.34). 

A. for oth.r specie. the data for each .ex and length ~roup for all 

samples was insufficient to ~rit any Talid conclusions, and therefore 

the data were 8UlftMrt .. d for each 881: and length group, and for each sex 

and the total nu",ber of infected fish. tn T.tt:Wn'lal1us a slightly 

greater inten8ity was present in fefl'l&les in tr.e 0 - 15c",. proup, and in 

mal •• in the 15 - 2Ocm. group. In the 20 - 25cm. group no difference in 

tntenat ty was recorded between the sexes. The same observation was miide 

in the 25 - 30em. ~roup, although the da~ were insuffiCient. 1t.e 



obHrvations ehowtltd that the female fish appeared to have a greater 

inten.ity of infection tt,an "'11:1.1e fish when t!'ey are younper. Ae the 

fiah grow older tre male fiah bec~ ~ore heavily infected, until the 

nat: reaer a oertatn ape wl~e:re both sexes hrive an equal tntenst ty of 

infection. t'nU1 ,"ore data bec0fn8s aVl:i.l1able for a11 lengtt: uroupe 

4.41. 

it ta i~por8ibl. to dtltte~ine the significance of the ahove observ~tion. 

No difference in lnt.n8i~ of infection between the sexes was found When 

the total numbers of infected ~a1e am fe~ale T.thymallus were examined. 

Seasonal varilition 01' developnent and maturation of adult Digenea in 
the defipitive ho.t. 

'llhe data on the incidence and intenet ty of tnfection recorded for 

A.lsoporum, S.hraTllu and C.metoecus Sugl~.st("d the presence of an annual 

life cyole. All the tndividua18 of eaoh epectes were exa",ineo and it Was 

possible to eeparate the adult Digenea into four main stages of 

development and "aturatlona· 

Stage I I Para.ite •• mal1, the gut and rudt~entary Ronads 

preeent. vi teUaria abHnt. 

stage IT. Gonada well developed, vitellaria present. 

Stage TIl I Gonade and viteHaria well devAloped. F~B present 

in uterue. 

Stage IV I Ref1;reeaion of the gODdds, eggs still present. 

~ number of each staee praeent each month, was plotted as a percentage 

of the total number present each month for.-



Month F 

Jan. 
Feb. 

"ur. 

apr. 

~. 

June 0 

July 

Aug. 

~pt. 

(let. 

;',ov. 

;'ec. 
~ 

'fotal 0 

!A.BIZ 4.20, 

'1t> .. 1!l8&Il nuaber ot A.iso£ONII in each HZ aD! length group tor the 8&1IIplea ot 
S.celhalua. 

0-20 20-30 

Lf If F 

8.2 

5·3 
8.9 

8.0 
1.0 4·5 

5.0 5.0 5.0 

2.2 

1.0 

14.0 

6·7 

17·0 
,.8 

,.0 6.0 6.6 

Key IT· Total 

F • Female 
~,i • fAa1. 

M 

7.3 
7.9 

4.1 
8.2 

6.9 

4.8 
6.0 
2., 
6.0 

11.5 
7.6 

'.9 
1.3 

Length 1 n 

50-40 

T Ii' M T 

7.6 
1.6 24.' 9.6 17 .0 

1.1 23.2 2.5 18.0 

8.1 21.2 R.8 15.0 

,.8 25.3 0 25·' 

4.9 46.0 11.0 ~6., ,., 20.5 2.0 12.6 

2.0 1H.O 1.0 9·5 
11.0 16.5 11.0 1?4 

11.7 33·7 3.0 ?3.5 

10.3 0 f:i.;i 6.0 
3.8 9.3 1.5 1).4 

6.9 25.0 7.4 17.3 

ellts. 

40-,0 K .. 'ota1s 

!O' -n r ". ... i' ""'\' 

12.0 0 12.0 8.8 7.5 
21.2 0 21.2 15.1 'l., 
2.0 0 2.0 14.1 4.1 

2.0 65.0 33·5 n.o 11.9 
6.5 0 6.5 10.5 5.9 

40.5 6,.0 45.0 25.4 U.5 

3.2 4.0 3.3 6.3 4.' 
1.0 ,.0 2.0 6.6 2.2 

11.3 0 11.3 13.7 9., 
50.0 0 ,0.0 25·j 13.9 

2.0 0 2.0 12.0 7., 
~.() 0 ,.0 )·4 ~.3 

1~.5 '53.1 20., 14·1 8·4 

m ... 

7·9 
11.1 
10.6 

12.4 

9.2 

2J·3 

5·1 
4.1 

11.1) 

21.4 
A.R 

4.4 

11.6 

+>
• 
~ 
I'\) 

• 



'l'lBtE 4.211 

'!he DWlber ot A..1eoporu. 1n each eez aDd leD8'th group tor the _pIe. of 
S.ce'Pl" .. lu8. 

Length 1 n OIl •• 

0-20 20-30 30-40 40-50 Total. 

lfontb F M 

Jan. 

Feb. 

Mar. 

A.,r. 

'fay 0 1 

Jm» 0 5 
Juq 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

'i'ota1 0 6 

% of total 100.0 
no.of paraal tee 

T F M 

41 66 

32 87 
71 26 

48 82 

1 '27 48 

5 35 29 

22 24 

1 5 
70 18 

47 105 

34 3B 
19 27 

6 ~ 557 

44·5 55.5 

Key 1 'f - Total 
F - Female 
':,f - Male 

'1' F M 

1<17 
119 73 29 

99 159 5 

13° 106 44 

75 16 0 

64 184 34 

46 82 6 

6 18 1 

S9 n 66 

152 135 6 

72 0 6 

46 2CJ :5 

10c14 R75 200 

81.4 18.6 

T F M T ~' '1. T 

12 0 12 5:5 66 119 
102 106 0 106 211 116 '~l 
144 2 0 2 212 " 245 
150 2 65 67 156 191 '47 
76 n 0 1, 116 49 165 

218 162 6, 225 361 HI 512 

B8 16 4 20 120 '4 154 

19 1 3 .. 20 9 29 

99 ~ 0 34 137 84 221 

141 200 0 200 382 111 49' 
6 2 0 2 36 44 80 

32 6 0 6 54 30 84 

1075 556 135 691 ~6S6 896 'Z776 

8~'.5 19.5 67.8 32.2 

""" • ... 
10M 
• 



Uontil 

Jan. 

Feb. 

',w_ 
Apr. 

Ma3 
JUlJ8 

July 

Aug. 

Sept. 

Oct. 

t'ov. 
Dec. 

Total 

F 

1.0 

1.0 

1.0 

'lUlE 4.221 

'!'be mean DUlltber of A.i80poru! in each sex aDd length group tor the suplee 
of L.leuc18cus. 

Length 1. D C!JJS. 

0-15 15-20 20-25 25-30 I 
Total. 

1I If F 11 T F ~ T F If T F 'I 
--

1.0 1.9 I.e I., 1.~ 1., 1.2 1.7 
12.4 2.4 7·4 6.6 1.5 4.6 10.8 2.2 

7.5 3·5 ).5 ~_2 9.5 6.0 2.0 9.9 9.0 4.9 8·7 
2.0 2.0 ,., 2., 2.8 17.' 1., 5·6 0 8.0 8.0 10.6 2.9 

22.0 0 22.0 22.0 0 

8.0 7.0 7.5 5.1 4.' 4·8 0 11.0 11.0 5.5 5.5 

7.0 22.2 13.8 54.0 ~.O 20.0 14.8 15.8 

1.0 2.0 1., 1.0 2.0 

4.0 0 4.0 12.5 12.0 12., ,0.0 16.0 2:5.0 B.4 12.8 

1.5 0 1.5 14.9 j., 11.3 14.' 15.0 14.4 13.1 6.7 

0 1.0 1.0 ,.0 2.0 4.6 2.0 4.2 2.0 1.5 1·7 ,.2 2.0 

,.0 1.6 2.0 2.0 2.0 1.0 5.6 4·; 43.0 3.; 23·2 10.8 ~·9 

2.5 1.6 ,.6 ,.1 '.4 9.8 5.5 7.7 15.5 6.1 10·4 9.6 ,.5 

Key. 1'. Total 

F • Female 

• - fI.al. 

T 

1.6 
6.7 

1.' 
5.1 

22.0 

5.5 1,., 
l.~ 

13.2 
11.1 

2.8 

7.5 

7.6 

~ 

• 
~ 
Ao 



Month F 

Jan. 

Feb. 

·"ar. 
Apr. 0 

Ma3 
JuIW 

July 

Aug. 

Sept. 

Oct. 

J:.av. 1 

Dec. 2 

Total 3 

;~ of 
total 37·5 
"0.0£ 
~ttl lS 

TABLE 4.2" 

1be IUIber of A.laopol'Ull in each aez and leDgth group tor the saasples of 
L.1euclscua. 

0-15 V-AJ 

U 

2 

0 

3 

5 

6~.5 

Lan g t h 1 n ems. 
15-20 20-25 25-30 

T F ~ 

15 7 
2 10 7 

8 7 

4 0 , 0 

1 1 3 

5 8 4 

6 49 28 

60.5 39·4 

!!L' T· ttbtal 
F • Female 
11 • &fale 

T F 

1 

99 

22 17 
11 52 

0 

15 ,8 

35 

1 

4 100 , 149 

4 23 

12 1 

17 516 

64.9 

M T P \t 

13 14 4 4 

19 118 20 3 

19 36 2 79 

10 62 0 24 

0 0 22 0 

26 64 0 11 

89 124 54 6 

4 5 
49 148 ~O 16 

,2 181 51 15 
2 25 4 , 

11 18 35 1 

279 795 279 168 

35.1 62.6 37.4 

T F 

B 5 

2~ 119 

Al 34 
24 64 
22 22 

11 46 

60 89 

1 

46 n4 
72 209 

7 29 

93 '!7 

447 849 

63.9 

Totals 

17 22 

?2 141 

105 139 

4' 107 

0 22 

44 90 

95 184 

4 5 

64 198 

47 256 
8 rT 

:t1 129 

480 1329 

36.1 

A 
• 
A 
\.,,"1 

• 



0-15 
JlOI1'th F V 

Jan. 
Feb. 

Mar. 

Apr. 

~ 
JUDI 
July 

J.ua. 
sept. 
Oct. 
H:1v. 

Dec. 

Total 

'1l.Bm 4.24' 

b mean IIlIIber of Li80J)Ol'\Dl in each Belt aDd length group for tbe aamp1ea 
of R.!'Ut11ua. 

15-20 
If F !4 T 

14.0 0 14.0 

19.0 0 19.0 
0 ,1.0 31.0 
0 1'.2 13.2 
0 9.0 9.0 

~6.5 15.5 15.6 

!!z.: '1' - Total 

F - Female 

'I. - Male 

L • n g t h 1 n cas. 
20-25 25-30 30-35 

F 11 T F M: T F M '1' 

7.0 0 7.0 

1.0 0 1.0 11.0 0 11.0 

1.0 0 1.0 28.0 0 28.0 

0 43.0 43.0 ~,6.0 0 n6.0 

27 .0 27.0 27 .0 39.4 481.0 114.0 13.0 0 13.0 
43.5 68.0 51.6 59.0 0 59.0 

0 2.0 2.0 2.0 0 2.0 

16.3 0 16.3 7.0 0 7.0 
10.0 0 40.0 9.0 0 9.0 

83.0 0 83.0 

t:ss.5 41.5 41·5 26.6 117.' 51.7 52.1 0 ~2.1 
---.- _. __ ._-- -- -- ---- - ~ - -

Totals 
F u: T 

7.0 0 7.0 

8.6 0 8.6 

14.5 0 14.5 
177.5 4,.0 132.6 

0 31.0 31.0 

:n.3 94.5 58.4 
48.6 
2.0 

14.0 
24.5 
83.0 

'4.6 

38.5 44.6 
2.0 

0 
0 
0 

65.4 

2.0 

14.0 

24.5 
83.0 

43.1 

A 
• A 
0'\ 
• 



VOnth F 

Jan. 

Feb. 

!tar. 

Apr. 

.';!q 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

no.of 
paras! te 8. 

0-15 

M '1' 

'fiBu! 4.251 

'!'be number of A.leoporua in each _z ud length group tor the sample ot 
R.rut11ua. 

L • n g t h 1 D ems. 
15-20 2(}-25 25-jO ,ll-,) 

F M T F 11 T 'F ',f T F .. T <. 

1 0 7 

14 0 14 1 0 1 11 0 11 

1 0 1 2° 0 28 

19 0 19 0 4' 4' ,,6 0 ,,6 
0 ,1 ,1 
0 5' 5' 27 27 54 197 487 684 26 0 26 
0 9 9 87 6B 155 59 0 59 

0 2 2 2 0 2 

49 0 49 1 0 7 
40 0 40 9 0 9 

63 0 6' 

" 9' 126 154 95 249 '99 5,2 9,1 417 0 417 

TOtalS 

F :',f T 

7 0 7 
26 0 26 

29 0 29 

"5 4' '98 
0 31 31 

250 567 817 
146 77 22, 

2 2 4 

56 0 56 
49 0 49 8, 0 8, 

100, 720 172' 

26.2 7,.8 61.8 38.2 42.9 57.1 10n.o 100.9 58.2 41.6 

!!:!I T - Total 
F - F81I&le 
V - 1fale 

~ 

• 
~ 



Vonth F 

Jan. 

Feb. 

J.faJ:'. 

Apr. 

:/Jq 

June 

Ju13 
.lug. 

Sept. 

Oct. 
!Jov. 

Dec. 

Total 

0-15 
M 

'l'ABLE 4.26, 

'!be mean DU!l!ber of S.b1"llm88 in each 118I and length group for the eaaplea of 
R.:rutilua. 

Length i n CIIIS. 

15-20 20-25 25-30 ,0-'5 
If F r.t If P M 'l' F Ii T F ,~ T 

1.0 4.0 2.0 5.0 ,.0 5.0 n.5 0 13.) 

0 I.) 1.5 2.5 0 2.5 4.0 5.0 4.7 

1.0 1.0 1.0 2.0 9.' 1.5 '.5 0 '.5 1.0 0 1.0 

8.0 0 8.0 0 2.0 2.0 7.0 15.0 9.0 5·5 0 5·5 

4·0 6.0 5.0 
0 4.4 4·4 0 2.0 2.0 7.' 0 7.5 6.6 0 6.6 

2.0 0 2.0 1.0 0 1.0 11·7 0 11.7 
1.0 0 1.0 1.0 0 1.0 

1.0 0 1.0 

~.O 2.0 3.5 6.6 ° 6.6 1.0 0 1.0 

1.0 0 1.0 0 1.5 1.5 
7.5 0 1·5 5.6 2.0 5.0 

,.1 '.4 ,., ,.0 5.1 '.9 6.5 5.0 6.1 6.2 0 6.2 
-- -----~--

ICe:, l' - Total 

F - Female 

!.! - Male 

Totals 

F .\1 

6.5 4.1 
2.8 ,.6 

2.6 1.2 

6.6 0.5 

4.0 6.0 
6.9 3·5 
8., 0 

1.0 0 
1.0 0 

5.2 2.0 

1.0 1.5 
6.9 2.0 

5.' 4·4 

T 

5.9 
~.2 

4.' 
7.1 

5.0 
5.2 

8., 
1.0 

1.0 

4·7 
1.2 
6., 
,.0 

~ 

• ... 
CD 
• 



0-15 

Jlonth J' M T 

Jan. 

Feb. 

~. 

Apr. 

~ 

June 
July 

Aug. 

Sept. 

Oct. 

Nov. 
Dec. 

Total 

'/ of 

no.of 
par ..isi tea in 
each length group. 

TULE 4.2'1' 

Dl. llUIlber of S.bramu 1n each lleX and leDgth group tor the samples of R.rut1lua. 

F 

2 

0 

1 

8 

4 
0 

2 

5 

22 

36.6 

L • n g t b 1 n Ctlt8. 

15-20 

.. If F 

4 6 

3 , 10 

1 2 2 

0 e 0 

6 10 

22 22 0 

0 2 1 

2 7 
2 

15 

38 60 ,0 

63.3 45.5 

!!'LI T - Total 
F - Fe'!l81. 
~" - ~fal. 

20-25 

J,f 

0 

28 

2 

6 
0 

0 
0 

36 

54·5 

25-30 

T F M 

5 15 
10 4 15 

30 14 0 

2 21 15 

6 22 0 

1 47 0 

1 0 

1 0 

20 0 
2 0 , 

15 " 2 

66 168 50 

77 .1 22.9 

3()-35 Totals 

T F :.t T F U 

20 27 0 Z7 34 19 

19 14 18 

14 1 0 1 18 29 

36 11 0 11 40 17 

4 6 

22 " 0 " 55 28 

47 50 0 

1 1 0 1 2 0 

1 1 0 

20 1 0 1 26 2 , 2 , 
35 48 2 

218 74 0 74 294 124 

or,.o }r)l).0 70., 29.6 

T 

53 
32 

47 

57 
10 

8, 

50 
2 

1 

28 

5 
50 

418 

~ 

• ... 
\0 
• 



Month F 

Jan. 

Feb. 

~,v. 

Apr. 

~!q 

June 

July 

Aug. 

~ept. 

Oct. 

J{ov. 

Dec. 

Total 

!!BIE 4.281 

!he Man DllID~J8r ot S.bramae in each NX and length group tor the 
- eamp1e. of S •. ce~lU8. 

0-20 

!It T F 

1.0 

1.5 

1.5 

1.0 

,.0 

0 

4.0 

1.9 

~I T - Total 
F .. Female 

f1 .. Va18 

20-30 

Lt 

1.0 

2.0 

0 

1.5 

1.0 

1.0 

14.0 

,.1 

Length 

T F 

1.0 0 

1.9 ,.0 
1.5 2.5 

1-4 5.0 
1.7 1.0 

1.0 0 

10.1 0 

2.1 I 3.1 

1 n CIR8. 

30-40 40-50 I WI T F ~l T ~ 

it 

1.0 1.0 1.0 

7.0 5.0 7.0 0 7.0 4.0 

1.0 2.0 2.0 

4.0 4.4 ,.0 4.0 '.5 }.e 
0 1.0 12.0 0 12.0 4.2 

1.0 1.0 a 
1.0 1.0 1.0 0 1.0 2.5 

3.0 3.1 6.0 4.0 ,.6 3.' 

Totals 

M 

1.0 

2.6 

1.0 

2.9 
1.0 

1.0 

9.6 

3.1 

T 

1.0 

,.2 
1.8 

5.2 

,.2 

1.0 

6.8 

'.2 

A 
• \II 
o • 



Month F 

Jan. 

Feb. 
lfar. 

Apr. 

1!.8J 

Jum 

July 

AllE· 
Sept. 

Oct. 

Nov. 

Dec. 

'rota1 

00.0£ 
parasite. 
in each 
length group. 

rum 4.22& 

'lba IlUlIIber ot S.b1'aN.e in each sex am letSgth ~ tor the 1J&BIll1eB at S.ceJilalus. 

0-20 .. .... 
20-30 

T ; •• ,., 

1 1 

3 14 , 0 

1 6 , 2 

0 1 

4 29 

15 52 

22·4 11.6 

!!r.t 'l' - Total 
F - Female 
V - Ma,le 

le!!gth 

30-40 

T lo"l ... ... 
2 0 1 

17 3 7 
3 5 1 

7 15 16 

5 2 0 

1 0 1 

32 0 1 

67 25 27 -
48.0 52.0 

i n C!II8. 

40-50 'l'otala 

'1' F '. T F V; '1' -

1 1 2 3 
10 14 0 14 20 21 41 
6 8 1 9 

31 , 4 7 19 26 45 
2 12 0 12 11 2 19 

1 0 2 2 

1 1 0 1 5 29 34 

52 ,0 4 34 70 83 15' 

~8.2 11.8 45.8 54.2 

A 
• 
VI 
J-j 

• 



Uon'tb 

Jan. 

Feb. 

7f.ar. 

Apr. r_ 
June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

'I'Otal 
- ~ ."-

'fABlE !.30. 

'lhe mean DUllber of S.brama8 in each 80% and 1ell8th grogp for the sample. of 
L.1eue1aeua. 

0-15 
F 11 ,,-

!!Z.. l' - Total 

po - Female 

M - Jla18 

F 

0 

0 

Length t D ems. 

15-20 20-25 25-30 
11 T F Jl T F !.( 

1.0 1.0 1.0 0 

2,.0 23.0 1.0 4.0 2.0 

4.0 0 

1.0 0 1.0 

2.5 0 -
23.0 23.0 1.0 2.5 1.6 2.5 0 

Totalu 
T lo' M 

1.0 1.0 1.0 

1.0 13.5 

4.0 4.0 0 

1.0 0 

2.5 2.5 0 

2.5 1.9 9.' 

T 

1.0 

7.2 

4.0 

1.0 

2.5 
4.1 

~ 

• VI 
rio) 

• 



0-15 
Bonth F 

Jan. 

Feb. 

l.!ar. 

Apr. 

llq 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

t n each length 
group. 

~ 

8 

WI:@! 4.,1. 

\be 'DUIIber or ~.bralll" 1.11 each .. :It and length Cl'OUP of the samplea or L.leuclacue. 

15-20 
'1' F tf 

23 

0 2, 

100.0 

!!z.1 'r - total 
r - ~eNl. 
., - la1. 

T 

23 

23 

Length 
20-25 

F ~I T 

0 1 1 

2 4 6 

1 0 1 

, 5 8 

3.6 6.2 

1 11 CID8. 
25-30 Totals 

F M T F M T 

1 0 1 1 1 2 

2 ~ 29 

( 0 4 4 0 4 

1 0 1 

5 0 5 5 0 5 
10 0 10 13 28 41 

100.0 31.7 66., 

• • VI 
\A 
• 



0-15 

Month F M 

Jan. 

Feb. n.O 1·0 
Mar. 

Apr. 7.0 7.5 
:,'Iq 

June 

Juq 

Aug. 

Sept. 

Oct. 4.0 4.0 

Nov. 0 11.0 

Dec. 0 2.0 

'i'ot...l 9.' 6.5 

'lUtE 4.'21 
1be mean I2Ullber of C._toeCU8 in each &eX and length group tor the BaltpleB or 'l'.t!tz!a11ua. 

15-20 

T F U T 

1I 0 

11.0 15.0 11.0 n.o 
4.0 26.0 15.0 

7·' 15.0 ;4.0 }4.5 

R 0 

4.0 4.2 10.3 6.8 
11.0 4.0 0 4.0 
2.0 5.6 0 5.6 

7.6 6.3 15.5 10.5 

Xeys T - Total 

F • Fnal. 

II • "1&18 

1 e n If t h 1 n CIU. 
20-25 25-30 

F If T F 1ft.' 

SAMPLE 

9.0 5.5 6.2 
8.5 6.8 7.5 

25.0 22.4 23·4 0 12.0 
6.5 0 6.5 4.0 0 

0 2.0 

SA.MPLE 

0 7·' 7.' 
0 2.0 2.0 

13.8 1'·7 n.7 4.0 4.5 

,0-35 Totals 

T Tt' ~ T F ~f ". 

12.5 6.6 

1·6 10.0 

12.0 21.5 21.8 
4.0 0 3.0 ,.0 5.7 ,.0 

2.0 0 2.0 

4.2 8.7 
4.0 8.2 

5.' 2.0 

4.4 0 ,.0 3.0 10.2 12.1 

T 

9.0 
8.9 

21.1 
5.0 

2.0 

6.2 
6.8 
4.4 

11.3 

.. 
• \II .. 
• 



'I!1BtB 4.'" 
'!be JJUllber of C.metoecus in each sex and length gl'Oup tor the sallp1e. of 'l'.thp=llua. 

0-15 

Month F " 
Jan. 
Feb. 26 7 
fIalt. 

Apr. 7 15 

MEq 

JUl'Mt 

Juq 

.lug. 

Sept. 

Oct. 4 4 

NoVe 0 11 

r18C. 0 2 

~tal ,., 39 

% or 
51., total 48·7 

no. of 
parael te. in 
each length group. 

~ 

3' 

22 

8 

11 

2 

76 

15-20 

F It ~ 

. 
15 11 26 

4 26 ,0 

15 54 69 

17 31 48 

8 0 8 

17 2 19 

76 124 200 

~.O 62.0 

'ey, '1'. Total 
F • Femal. 
i{ • Mal. 

Len g t h 1 n CIIIS. 

20-25 25-,0 30-35 Totals 

F 71 l' F M T F ~.t ~ F AI 

HO SAMPLE 

9 22 ,1 50 40 

'4 34 68 38 60 

150 224 374 0 12 12 172 30S 
13 0 13 4 0 4 0 , , 17 , 

0 4 4 0 4 

NO SAMPLE 

21 " 0 22 22 8 33 
15 0 15 0 2 2 ,2 6 

221 302 523 4 18 22 0 3 3 338 486 

42., 51·7 18.2 81.8 lOt;. 0 41.0 59.0 

T 

90 

98 

477 
20 

4 

56 

41 

38 

824 

.. 
• 
~ 
• 



!UIZ 4.,., 

!be ...... 1' of each cUpZJeaIl troa each hoet forl-

a) .. ~ of iDtecte4 ale and t .. le ft.. in each 1e~ grcGp. 

b) the total DUllber at infected _le aDd t.-la tish 

0) the total DDaber of t.nfected flab 

LeD C thin ca •• 
0-20 20-,0 ,G-40 40-50 I Total. 

Boat Paruita F " If P I( T r II Ii' F • '1' P 11 '1' F U T 

A.i!OJ?OZ'IB 5.0 6.0 6.6 7.' 6.9 25.0 7 .. 17.' 18.5 ".7 20., 1(.1 8.4 11.6 
8 •• dtabal 

8.b~ 1.9 ,.1 2.7 ,.1 ,.0 ,.1 6.0 4.0 5.6 ,., ,.1 ,.2 

0-15 15-20 20-25 25-,0 '!bla1. 
r I( 'r i' ,. T J' Jl 'l' F II T F u: '1 , • T 

A.l!Opoe 11.0 2.5 1.6 ,.6 ,.1 '.4 9.8 5.5 7.7 15.5 6.7 10.4 9.6 5.5 1.6 
~lao1 __ 

S.bn • 0 2,.0 2,.0 1.0 2.5 1.6 2.5 0 2.5 1.9 9., 4.1 

0-15 15-20 20-25 25-,0 ,0-'5 Totale 
F J.f T F JI T F U T i' II '1' F II T F 11 'l' 

.l. tllOfO!'!! 

1 
16.5 15.5 15.6 ,a.5 47.5 41.5 26.6 rrr., 51.1 52.1 0 52.1 54.6 6,.4 4,.1 

l.ftW!l. 
8.baaa ,.1 '.4 ,., 3.0 5.1 '.9 6.5 5.0 6.1 6.2 0 6.2 5.' 4.4 5.0 

0-15 15-20 20-25 25-30 30-" 'Iotal. 
F If T F II T F 14 T F 11 T F II T F 11 1-

c.-... 
19

•
3 6.5 1.6 6., 15.5 10.5 1,.8 13.1 13.1 4.0 4.5 4·4 0 ,.0 ,.0 10.2 12.1 11., 

'.ltD-lla 
.... tl'paftnale 1.5 2.0 1.1 ,.0 1.0 2.0 1.1 0 1.1 0 7.0 7.0 0 1.0 1.0 1.a ,.6 2.6 

0-20 20-,0 ,0-40 40-50 Total. 
F 1,f 'r F II '1' F II T F \t T F » '1' p M If 

Llaet_ 1'tJ.ylloclt.~ ap. , 16.0 45.0 '57.1 1.0 0 1.0 4.5 0 4.5 6.5 45.0 2,.0 .,. 
• VI 
C\ 
• 



Kouth 

Jan. 
Feb. 
Mar. 

Apr. 

A!ay 

JUt'll 

July 

Aug. 

~pt. 

Oct. 

llov. 

Dec. 

Total 

j~ or 
each 
sex 

'WJm 4.'5: 

'the wal DQft!ber or S.a.phalu8 of each sex in the different length groups. 

0-20 v-c:v 20-30 

F #I T F -

0 1 1 9 10 

0 116 12 
0 9 6 

0 6 10 

0 1 1 10 9 

0 1 1 9 6 

0 11 5 

0 8 1 

0 6 6 

0 8 1 
1 0 1 11 7 

0 6 9 
1 :5 4 • 99 94 

'25.0 75.0 51.0 49.5 

If 1 flab IMtX ulldetel'lltned 

Kel..' T - Total 
F - Female 
M - 1la18 

'l' 

19 

19 
15 
16 

19 

15 

16 

15 

12 

15 
1fl 

15 
194 

Len g t h g r 0 U P 8 i n ems. 
30-40 , 40-50 Totals 

F Li 'l' F to T P ,.. -- -

9 2 11 1 0 1 IS 13 32 

1 4 11 1 0 1 ti14 16 :n 
7 5 12 2 0 '2 18 11 29 

6 5 11 '2 1 3 14 16 30 

3 1 4 7 0 7 20 11 31 

4 3 7 G 1 7 19 11 30 

4 3 7 6 1 1 21 9 30 

5 6 11 1 3 4 14 16 30 

4 6 10 6 0 6 16 1'2 28 

4 , 1 5 0 5 17 10 Z7 
:5 :5 6 5 0 5 20 10 30 

4 5 9 6 1 1 16 15 31 
60 46 106 4e 1 55 -200 150 359 

56.6 4'·4 ~.3 12.7 5~.2 41.8 

A 
• 
~ 



Month 

Jan. 
Feb. 

\u. 
Apr. 

... -
June 

Jul,. 

Aug. 

sept. 

Oct. 

Dov. 

Dec. 

Total 

~ of 
each 
sex 

ftBlB 4.,61 

b total lIl.her or L.leuci8CU8 or each sex in the dttrerent leDgtb groups. 

0-15 
P II 

3 2 

0 1 

1 0 

1 1 , 0 

2 1 

10 5 

66.7 "., 
!!Z.' 

15-20 
i' r II 

2 1 

5 4 

5 5 5 

1 0 

3 2 

1 1 2 

1 2 

1 , 0 

2 , 0 , 1 1 

3 4 3 

15 29 20 

59.2 40.8 

l' - Total 
r· Femal. 
11· .Ie 

If 

3 

0 

9 

1. 

1 

5 

3 

3 

3 

3 

2 

7 

49 

Length groups in~. 

20-25 25-30 Totals 
F tI T F !l T F !! 

3 18 21 5 4 9 10 2, 

10 14 24 5 2 7 15 16 

4 6 10 3 8 11 12 18 

5 10 15 1 4 5 14 21 

1 0 1 2 0 2 4 0 

13 11 24 0 1 1 16 14 
11 10 21 1 4 5 15 17 

15 11 24 2 1 3 16 14 

16 7 25 2 1 3 22 8 

12 9 21 4 1 5 20 11 

10 1 17 5 , 6 17 11 , 10 13 4 3 7 1, 17 
101 113 214 32 ,2 64 112 170 

47.2 52.8 50.0 50.0 50., 49.7 

'1' 

'3 
31 

30 

35 

4 

,0 

,0 

30 

30 

31 

28 

3° 

342 

• • 
"" at 
• 



'fABlE ... ,., I 

'!he total number of R.rutlius of each sex In the dUferent length groupe¥ 

L • n g t h g r 0 U P 8 1 n CIIIS. 

V-4~ 4~-~ o 20-25 25-30 30-35 Totals 

Month ~ M T J II T F !A T F fA '1' F M T F M T 

Jan. 6 14 20 2 2 4 2 4 6 2 1 3 ~2 21 " 'eb. 1 8 9 6 2 8 2 5 7 :5 0 3 12 15 'Z7 

Mar. :5 8 11 2 4 6 8 2 10 :5 0 , 16 14 30 

.Apr. 2 2 4 0 3 :5 4 1 5 .. 0 4 10 6 16 

IIIq 2 6 6 1 0 1 :5 6 9 

JUD8 0 10 10 1 .. 5 7 2 9 6 0 6 14 16 30 

Ju1.T 4 1 11 :5 , 6 4 0 4 1 0 1 ~2 10 22 

Aug. 3 3 6 1 1 8 8 4 12 4 0 4 22 8 30 

Sept. 2 7 9 :5 , 6 7 .. 11 , 1 4 15 15 30 

Oct. 1 14 15 , 2 5 7 2 9 1 0 1 12 18 30 

Nov. 0 8 8 9 2 11 1 9 10 1 0 1 11 19 30 

Dec. 1 7 6 6 2 8 7 6 13 1 0 1 15 15 ,0 

Total ~ 94 119 ~3 28 71 51 39 96 ~9 2 31 ]~4 163 311 

% of ~1.0 19.0 60.6 39.4 59.4 40.6 S3·5 6.5 ~8.6 51.4 
.ach Ml 

)[el' T - Total 

P - Female 

M - .1. 
~ 
• 
~ 



IIonth 

Jan. 

Feb. 
liar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

'%0£ 
each 
88% 

F 

2 

0 

1 

~ 

, 
2 , 

~2 

140.0 

'l'UL! 4.381 

'!'be total mmber of If.thl!!l1us of each sex in the difterent 'ength groupe. 

0-15 15-20 

1.1 If F t.t 

1 , 1 1 , , 1 2 

2 , 2 1 

0 0 1 

0 1 5 2 

0 4 6 

0 

1 4 9 7 

~ 7 4 1 

6 9 4 1 

18 ,0 ,0 22 

60.0 57.7 42., 

Key. T· ~tal 
l' • Feo.aal. 
II • Kal. 

'1' 

2 , , 
1 

1 
10 

0 

16 

5 
5 

52 

Len g t h g r 0 U P 8 i n Ct!:8. 

20-25 25-,0 ,0-35 

F II T F *1 T F M T F 

NO SAMPLE 

1 5 6 L 4 

6 6 12 1 

7 11 18 1 1 10 

4 1 5 1 1 2 5 

4 3 1 0 2 2 10 

5 , 8 1 10 11 0 1 1 10 

0 2 2 0 , :5 0 

N C SAra P L F. 

2 2 4 0 1 1 14 
6 10 16 2 0 2 14 
7 2 9 , 4 7 11 

42 45 87 1 22 29 0 1 1 91 

48., 51.7 24.1 75.9 100.0 45.7 

Totals 

~ 

1 
11 

15 , 
1 

20 

5 

11 

16 
1, 

100 

54.~ 

T 

11 

18 

25 

8 

17 
30 

5 

25 
,0 
,0 

199 

~ 

• 0\ 
o • 



• ) A.tBOPOrum trom S.C8phaluB, L.leuotBcu8 and R.ruttlu8 
(Tables 4.'9, 4.40, 4.41, Figures 4.1, 4.2, 4.'.) 

b) S.bra."IIU from R.rut11ua and S.oephalue 

(!abIes 4.42. 4.4'. Figure 4-4.) 

0) c. me toeoua trOlil T. tr.y1!!!.11u8 (1ab Ie 4.44 J Figure 4.5.) 

Ob .. rvationa on the state of maturation were made tn the month. where 

4.61 • 

tnteetton wae preaent tor A.traneverNle trOll T.th;palluBI S.brusae tro. 

L.leuelecus and Pbrl1odtsto.u. ap. trom E.luotus. 

4.180porum. tureotion in S.cepbalua (~le 4.'9, Figure 4.1.) 

Stages I and II were proail'l8nt tn the JallU&l",Y I&Ilple. Stap II waa 

most prOlllill8nt b1' Feb1'U&Z7, aDd StA&e III by April and Mq. Small 

mmbers of Stage IV were praaent tn hb1'U&Z7. but they did not reach a 

maziJIIum until P1q, JUDI and Juq. 1V Aueuet StaBe I waa &Bain prominent 

am iDOl'8aaed to a muilllUDl in Septe.ber and October. A --.11 IJUIIIbar ot 

St8p II were pl'8.nt tn October. attar wbich the Pl'8Hnce ot this 

ataae ilJCHa .. d until b7 December tt was .ore prOlllaant thaD Stace I. 

Fl'OIIl this iDf'orma tion it appeared that an increa.. tn deye 10Jlll8nt 

ot the vi tallar1a occurred betRen Janu.ary and 'tq, the matn e,. 

produoilJB' period 1q between IIa1'Ch and Ju17. regreeBion ot tho gonad. 

occurred betw.en Mq am Ju17 aDd b7 August aDd S.pte",ber 1'18&1'17 all the 

mature adults bad diaappeared. From the di8&~,pearance of the eature 

torma 1 t is aU8g8Bted that after 'g, production the parasitel degenerate 

and pasa out ot the aetlnttift hoat, the ega either beiDl liberated with 

the tua.s or paaaing out With the adult. Young BtageS predominated 



The nU!J1ber of each developmental stage 

ot A, iIlOPO£WA in s, O.ph!.l:y .xpree ••• 

as e. p4treenta,ze ot the total nWlber 

ex.mi ned each mouth. 





b.twe.n August and November. In AUCUBt onq 18 epectmeDe were preHnt, 

but by Septemb.r am October 216 am 41' specimell8 reapeotive17 were 

recorded. '!he month. where larp numbers of irDllature flukes were found 

were probably the poriod of reintection. B,y Nove!Dber the number of 

worma present was reduced to 62, and it is suggested that duril'Jl the 

period of reinfection 1"l&IV of the parae 1 tee are lost, but tho .. that 

become e,tabUahed _tun and produce eggl in the followiag sprina aDS 

early ,ummel'. 

A.t.Oporum. tntectton tn L.leuci.cu, (~le 4.40, Figure 4.2) 

staee II predominated between JaJlL1&l7 and Aprll. A gradual increaM 

ln Stage TIl occurred trOll Feb1'llaZ'7 aDd reached a maximum in JUDB. 1htt 

data tor the Mq aample w.re dlaregarded &8 it contained only four fiab 

of which onl1 one W&8 intect.a. Stq8 IV, OIIi ttin.g the Mq saaple, 

appeared tn JUDI and reached a peak tn Juq. ltf August lOO.~ of the 

inteetlon belonged to Sta&e I, but Table 4.2, ,hows that onl,y tive 

lpecimena weI'. foum. 1\r Septa.ber aDd October an iDONa" in 11UIIbe1'll 

w .. recorded, 148 and 181 apeet_DB 1'8sp8othel,y, betore a d.cre .... to 

25 in November. S~ II reappeared in September and erac!ualq 

increa .. d up to December. '!hia IDtorraation ahowed that A.iaopo!'U!! 

inteotlona tn l.lpuci,cua followed a .. aloDal cycle of uturation lillil&z' 

to that reoord.d tl'Ql S.cepbalu •• 

A.taoporuMl inf.ction trOll R.ruttlul (!able 4.41, Figure 4.'). 

!be cycl. of development of A.isoporua in R.rutl1u8 W&S siailar to 



~h. number of each d ••• lopmental stag. 

or '. laogorua 111 J., 1."o180lUl expressed 

u • percentage of the total BWAber 

examined each month, 
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· ... 'he nw.nber of oaoh developmental. .t~o 

of. A. i;'\o')(')rum in r~, rutl1y expressed 

as 3. :;ercenta..:-4! of the total nW'lbel" 

oxamined each month. 
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that recorded trom L.leuc18cu8 aDd S.cephalua with the tollowinc 

'YUia tioruu-

i) Stage II waa predOlliD&Dt 0ger a alt.abtly lODger period at 

the beginning of the year i.e. trOll Janu.ar,y to ~, oompared with JaDU&17 

to lpl'il in L.1euclacua and JallUl&1'y am Feb1'U&1'1' in S.ceplus. 

ii) S1:a8e III W&8 only promlnent in Vtq, compared wlth March to 

JUDe in L.leuciscu •• and Maroh to Ju~ in s.cepbalue. 

11i) Step IV ... lftOl'tl 01' IGS8 the on17 atap recorded between JUDI 

and Auguat, wherea. Stage III ft. atill preHnt tn JUDe aDd Jul.Y in 

L.leuolecu8 and between June aDd Ausuat ln S.cepbalua. 

1T) Sta&e I dtd not reappear until October ln R.rutl1us. two month. 

later than 1n L.leuoiaoua and S.cepbalua • 

... ) No loal of tatectlon .... reoorded between November aD! 

December trom R.rutilu •• 

S.brameal lnteotlon tn R.rutilu8 (~ble 4.42, Ft,ure 4.4). 

Sta&e II wae p1'OIIinent between Jarmaz:r and VUoh, St.,. III in 

Ap1'11 aD4 JIq and Step IV where the para.t tea were packed wi th '1'" 

tl'OlD Ju.ne to Sept_ber. '!be lntenei V at tlltectlon waa "17 low in 

Augu.t and September (1able.4.26). Stap. I alld II reappeared In October. 

A dzoop ln tnfection OCCU1'red in November, only tlft fleb .. re lnfeoted 

b7 tift .pect_ne, 80.0.' ot the.e beine Stap II. It ts .ugge.ted that a 

81mi1&1' .1 tuation erlata .. tor 1.iaoipl'Ull infections in S.oepbalu., and 

that ~ youme S.br .... &1'8 10.t at the initial pll'lod ot reinfection 

i... Novemb81', betore a balanc. ia maintained between the hoat, and the 



I)~ a J,Je1"cent~o of :.he total. Duber 

oxamined each moath. 
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auaber of paraaites that will mature to produce egsa. Reinfection 

continue. at a .lower rate atter October and November, and an iDerea .. 

in the Il'UIIlbers ot Sta&e I and II were recorded in December. 

5.bramae' infeotion in S.oepha1ua (Table 4.4'). 

1he occurrence and tntenat ty ot tnfeotion were low and it wa. on17 

possible to .tate that St8p III waa dOlillaant between Febru&1'1 aDd Mq, 

DO tnfeoUon was recorded betw.en Jum and November, after which S~ I 

was pre .. nt in December. 

1be information available tor S.bra1l&8 indicated that the pattern 

ot .. uonal yartation and maturation wa. aillilar to that ot A.ieopo1"Ull. 

C.Mtoecua. (~la 4.44. Figure 4.5). 

C.Mtoecua alao appeared to han a ... 0_1 O101e of den10pnent. 

Uature torm. &!ld tot'lla where the go_d. were beginntDB to regree. Were 

recorded between Febru&r1 aDd Mq. Inteotioll w .. DOt reoorded betwHIl 

lIq aDd October apart trOll tour apeet .. u (Stage IV) in the Juq suple. 

BatwHn October aDd NOftIIber 70UDg tOl'llS (Stage. I an4 n) .en preHnt 

.... 11 a. para.t tea in StaBe. III alleS IV. 

A. t1"!nf!!rHl •• 

In rebruar,y aDd April six paraat tee .ere recorded at Stap II aDd 

Onl at each of Stap. II and III. In....., .. ven .paCiMDB .ere tOUM 

between Stale. III aDd IV. Al though inau1'tioient data were avallab Ie 

to deteftltnl accurate17 the pre .. noe ot aq pattern ot .... oral 



The nWlbeI' ot eaoh deftlopHlltal. .tage 

ot C, mttoeo¥ in I, thl!lllY eQN ... 4 

... percentage of the total. number 

ezara:Lned ... h month. 





maturation the emall amount or into~tion auggeat.d that the pattern ot 

sealonal maturation tor A..leopol'Uftl. a.bra .. and C •• toecu8 may alao 

occur tor A.tranaYereal •• 

fhyllodlatomum ap. 

160 apeclmena ot !1:zllodiatOlllum ap. were reoorded trOll E.luoius 

in June, and one in July. In June 69.8% ot the specimens beloll68d to 

Stae8 III and ,0.2>' to Stage IV. The specimen reoorded in Ju17 

belonged to StaBe III. ~llodi8tomu~ ap. fro. F..luciua contaIned egga 

at thfI same time ot yaar u A.taopol'Ull and S.bramc.e. but two IIOntbs 

later than the peak period ot eu production in C.metoeoua. 



'!he number ot each developmental Btqe ot A..iaoporwn in S.cepha1us &s 
a percent!£! or the total I!lrMber examinee! eaoh month. 

No. and ~i. ot each stage examine!!. 
Total DO. 
parasites I II TTl IV 

Month recorded. No. % No. '}! No. , No. ~ 

Jan. 119 52 4'.4 64 54.1 , 2.5 

Feb. '27 45 1'.9 211 65.' 62 19.' 5 1.5 

flare 245 l' '1.6 112 48.5 46 19.9 

Apr. 341 , 0.9 5 1.5 '29 97.0 2 0.6 

~Ivq 165 114 12.2 44 27.8 

June 512 146 29.7 345 70., 

July 1;4 2 1., 96 62., 56 36.4 

Aus· 29 18 75.0 6 25.0 

Sept. 221 216 97.7 4 1.8 1 0.5 

Oct. 49' 47' 96.0 10 2.0 5 1.0 5 5.0 

Nov. 80 62 77.5 16 20.0 2 2.5 

Dec. 84 16 20.0 65 80.0 

Total 7176 BeB 446 879 504 



~ numbe~ of each developmental stage of A.isoporum in L.1euclscus as 
eVN ... d aa a p!rcentm ot the total I1UJ.Iber eDllil'l8d each month. 

No. and % ot each stage eD1lli1'llld. 
:'etal no. 
lal'aaitea I II III IV 

Month :reoorded No. % No. % No. % No. % 

Jan. 22 19 82.6 2 8.7 1 

Feb. 141 29 20.6 ~06 75.2 6 4.2 

Mar. 1'9 21 15.9 80 60.6 29 22.0 2 1.5 

A.pr. 107 8 7.7 67 64.4 26 25.0 2 1.9 

Vq 22 100.0 

Jum 90 11 12.2 5 5.5 6, 70.0 11 12.2 

Ju17 184 4' 2,.6 22 12.1 ~l7 64.' 
Aug. 5 5 100.0 

Sept. 198 ~1 91.4 17 8.6 

Oct. 256 ~40 94.5 14 5.5 

Nov. '7 28 75.5 9 24.5 

Deo. 128 89 69.5 39 30.5 

Total 1'29 ~55 ~56 ~48 ~" 



1'A.BLE 4.411 

~ number of each developmental atage ot A.ieoporum in R.rutt1ue 
e:x:presaed AS a percentap ot the total number examined eacb 

month. 

No. and 'f, ot each stage eumtned 
£Otal no. 

I II III TV ;an.itoa 
!tonth t'ecorded No. % No. _CA No. r.- No. ~ 

Jan. 7 7 100.0 

Feb. 26 2, 88.5 3 11.5 

Mar. 29 5 17.2 22 75.8 2 6.9 

Apr. '98 240 60.7 155 38.9 2 0.5 1 o. 02 

If:q ,1 16 51.6 15 48.4 

JUM 817 2, 2.8 16 2.0 21 2.6 757 92.6 

Jul¥ 223 1 0.5 5 2.2 10 4.5 ~07 92.4 

.lug. 4 4 100.0 

Sept. 0 

Oct. 56 ,6 64., 8 14.' 2 ,.6 10 17.8 

Nov. 49 ,2 65.' 17 34·7 

Deo. 0' 26 ,1., 57 68.7 

'l')ta1 172' ~6' '26 55 979 



The number of each developmental stage of S.brama8 in R.rutl1u8 expressed 
as a percentap of the number examined each month. 

No. and % of eacb stage examined. ht&l no. I II III IV araa1.tes 
flonth recorded No. .~ no. % No. % No. ~ 

Jan. 5' 2 ,.6 50 94.' 1 1.9 

Feb. 32 7 21.0 20 62.5 5 15.6 

JIar. 41 28 ~9.6 16 '4.0 , 6.4 

Apl". 51 , 5.' 15 26., 39 68.4 

Ma¥ 10 1 1.0 5 50.0 4 40.0 

JUIliI e, 4 4.8 , ,.6 18 21.6 58 69.8 

July 50 , 6.0 19 ,8.0 e 16.0 20 40.0 

Aug. 2 1 50.0 1 50.0 

Sept. 1 1 100.0 

Oct. 28 17 60.7 11 39.' 

Nov. 5 4 00.0 1 20.0 

Dec. 50 ,2 64.0 18 56.0 

Total 418 6a 170 92 88 



TABlE 4.4" 

Tho nur.ber ot eaoh developmental stage of S.br&~&e in S.cephalul 
erena .. e! 4D a l!rcentase ot thQ total number eX&llined each mon~. 

No. and :¢ ot eaGh stage examined. 
Total no. 
paraaiwa I II III IV 

Month recorded No. % 1\0. ~ No. % No. 

Jan. , 2 66.7 1 "., 
Feb. 41 1 2.4 l5 80.5 7 

Jl.a.r. 9 , "., 6 

Apr. 45 45 100.0 

Mal 19 14 7'.7 5 

JUD8 

July 

Aug. 

Sept. 

Oct. 

Nov. 2 1 50.0 1 

Dec. '4 ,1 91.2 , 
Total 15' ,2 , 96 22 

% 

17.1 

66.7 

26., 

50.0 

8.8 



TA!H.~ 4.441 

ihe number of ea.ch developmen't4i.l stage of C.~toeeu8 in T.th:crallu8 
expressed as a ~:ro8nt&ee of the total nu'l'lber exa.",iMd. 

No. and % ot each stage examlmd 
'total no. 
parasites I II III IV 

Month recorded No. % :lo. % No. ~ No. % 

Jan. 

Feb. 90 2 2.2 42 46.7 46 51.1 

M4r. 98 64 65.' '4 '4·7 

Apr. 477 1 0.2 111 2,., ,65 76.5 

tlq 20 20 100.0 

June 0 

July 4 1 25.0 , 7~.0 

Au8. 0 

Sellt. 

Oct. 56 12 21.4 2 ,.6 21 ~.5 21 57.5 

NOT. 41 4 9.8 1 2·4 8 19.5 28 68., 
Dec. ,8 4 10., 1, 34.' 2 5.4 19 50.0 

Total 824 22 17 249 5,6 



4.72. 

Mixed tnfections of A.i80porum and ~.bramae. 

'i'he llUlTIOel' oi" ~.phalue. L.leuCi8cus a.r..d .:.:.ri.1.t11uB wt th infections 

of A..tIOporum only, S,bramae only and wi th mixed infections of both 

epecie. were recorded (~les 4.45 - 4.41). 

Infectton8 in S.ceph.lul (~le 4.45). 

The DUlJiber of fish infected wt th only A.i80pol'\rnl was greater than 

the nU'tllber 1oteoted only wt th S.bramae or tbe ml"llber wi th mixed 

tnteoUoDII. A.18oporum 1nteottona were COl'Ylmon, and mixed tnteoUoM 

are enoounterec1 more frequentl¥ than only t.bramae lnfectioD£;. 

Infactlona in L.leuoiBoue. (Table 4.46). 

A pattern of occurrence for A.t.oporum infeotions on13, S.br&1l&8 

infecUoDII and mixed tnteoUone was li.l1ar to that reoorded for 

s.eaphalul. 

Infoctlon. 1n R.rutl1u. (~ble 4.47). 

The number of' a..rutfh.! irlteotfd wtth only S.bramu was greater 

.~ elthel" the numbef wi th on~ A.ieoporua or only mixed lnt.cUone, 

although the number 'i\ith .ixed infectiona was les6 than the number with 

only A.ilOporu'h S.bl'aftlM tnfections ocourred mON frequently tn 

R.ru\ilu. tnan tntecttone ot A.isoporsp • 

• bezoe ~ix.d tnt.ottons ot A.tsoporum and S.bramae .. re pr ... nt, 

the numbera ot A..i80pol'U1!l tn each of the infeotioM .ere arranpd tn 

descen4iDl order, &Ild the IlUIIIber of S.bl'UlU present recorded in tbe 



'!'ABLE 4.45. 

'lbe numbfi!r of S.cepha1u8 1 nfected wt tiu- a) Only A..laoporum 

b) Only S.bramu 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

-June 

Jul¥ 

AuB· 

sept. 

oct. 

laY. 

Deo. 

Total 

Infeoted w,th onl1 
A.l,opo!'Ul!l 

, M T 

6 8 14 

9 e 17 

11 7 18 

7 7 14 

7 6 1, 

15 10 25 

19 8 27 , 4 7 

10 9 19 

15 8 2, 
, 4 7 

9 8 17 

114 87 201 

Key I T. Total 

J' • F .... l. 

fI. • Mal. 

0) Only mixed tnt.otions 

Inf.ot.d Wi th only Infeoted wi th onq 
S.bram&! A.taoporulft & S.bramae 

F II T F M '1' 

1 1 2 0 1 1 

0 2 2 5 6 11 

0 0 0 4 1 5 

0 0 0 5 9 14 

0 0 0 4 2 6 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 0 0 2 2 

1 2 , 1 1 2 

2 5 7 19 22 41 



T4J)IE 4.46, 

'lbe number of L.18uci8cu8 infected w1 th.- a) Only A.isoporum 

b) Only S.bruae 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

Mq 

JUn8 

July 

A.u8. 

Sept. 

Oct. 

Nov. 

Dec. 

Toa1 

0) On~ mixed tntecttona 

Infected w1 til only Infected w1 tit only Infeoted with OIllJ' 

A.ie01!:21'U11l 

F II T 

4 10 14 

11 10 21 

1 11 18 

5 14 19 

1 0 1 

e 8 16 

6 6 12 

1 2 , 
10 5 15 

15 1 22 

9 4 1, 
1 8 15 

84 85 169 

Itey. IJ.'. Total 

I • Female 

" • 11&18 

S.brant .. A.tSO;e2rwt1 ,\-: S.braaae 

P M T P M T 

1 0 1 0 1 1 

1 1 2 1 1 2 

1 0 1 

1 0 1 

2 0 2 , 1 .. .. 2 6 



TABlE 4.47' 

'lbe DU"Ilber of :l.ruttlu8 infected wi th.- a) On '7 A..leoporum 

Month 

Jan. 

F.b. 

Mar. 

.pr. 

Mq 

Ju~ 

Ju~ 

AuB· 

Sept. 

Oct. 

New. 

Deo. 

1bta1 

b) Only S.bramae 

0) Only mixed lnfectlona 

Irlf'ected w1 tb OD~ Infected wi til only Infeoted with 0017 
•• 180pOl'UII 

F I( T 

0 

2 0 2 

1 0 1 

0 

0 1 1 

5 4 9 

1 2 3 

1 1 2 

0 

1 0 1 

2 0 2 

2 0 2 

15 8 23 

Kel' T· '1'otal 

, • Fe_le 

II • Male 

F 

4 

4 

6 

4 

1 

5 

4 

2 

1 

2 

2 

6 

41 

5.bramae !.leoporum & S.bramae 

JI l' F PI T 

4 8 1 0 1 

5 9 1 0 1 

4 10 1 0 1 

1 5 2 1 3 

1 2 0 

6 11 3 2 5 

0 4 2 0 2 

0 2 0 

0 1 0 

1 3 3 0 3 

2 • 0 

1 7 1 0 1 

25 66 14 3 17 



adjacent oolumn (lable 4.48). h data were inveati{l:ated to see U' the 

number of A.&BOpol"Ulll pre .. nt bad a1'\1 effect on the number of S.br&.IIIU. 

No incHa" in the number of S.bramae wi tb a dec reaM in the number of 

A.laoporwa or vice Tar .. , in al\Y of the hoata Where mixed tntecUoM 

were pre .. nt. It waa ooncluded that the presenoe ot A.ieoporum dte! not 

influence the e.tablishment of S.braNae ln the host speciee studied, 

and that the lower incidence and intenal V of intectton of S.bramae 

W&8 the reaul t of faotors other tban oOlJpetl tiOD betwoen two pal""d.si tea 

in the __ errrtronment. 

Variation ln the size of A..ieoperuft fre. different hoate. 

An obvious aiu difference waa IllMl8dlateq apparent betwHn 

A.ieo201'U1't f'1"OIII S.cepbalue and L.leuclacua on the ODe hand, and tho .. 

trom R.ru.tilua on the other. '!he l'a.Ilge of' measurements in m. waa 

recorded for .. veral paruaetera frca _ture apeoimena of A.leoporua 

from all three hoata (1abla 4.49). A.i80porum frOlJ S.oeph&lue were 

aUghtly larger, exoept in breadth, than tho .. traa L.leuotscus, whereaa 

A.l!Opo!'Wl! from R.rutilu. were 1IUch ..aller than apectmena from the other 

two hoat.. A preTeD expl&ration tor tht8 pheno.llOn ia not a •• llable 

at the pre .. nt tl .. , but two rea.ODa are 8U8 .. eted for the _l1er at .. 

ot A.i.oporpm in R.rutlluBt-

i) '!he eDY1rolll8nt of the Inteat1m of t~.rutilU8 "&y' not be a. 

f'a.ourable for the de.elopment of A.ieoporu. &a that of other hosta. 



TABlE 4.481 

'!he l1U1nher of paraaitea in mixed tnfections of A.laoporum. andfj.bl'a/'llM, trom 
S.cepbalus, R.rutl1u8 aDd L.leuclecue. 

f .ceIilalu.! S.cefh&lua R.rut11ua L.leuciacue 

•• ia0l!!!raa .bramae 5. b 1'8.11188 S.bramae A..teo rum S.bramae 

68 1 10 1 336 8 85 4 
65 4 10 4 85 1 16 1 
50 2 10 1 59 8 13 1 
50 10 10 1 49 5 6 1 
40 1 9 2 43 15 3 4 

" 
, 8 1 26 5 1 1 

,2 1 6 1 20 5 zr 12 6 1 19 8 
24 4 6 12 11 17 2, 4 6 1 8 11 
22 5 6 4 7 1 
20 1 5 2 7 8 
18 1 4 2 3 6 
17 4 4 1 1 4 
14 , 4 1 1 7 
1, 1 , 7 1 5 
1, 3 2 , 1 1 
12 2 1 1 
11 1 1 1 
10 1 1 1 
10 1 

~ 

• :j 
• 



TABl.F. .... 19. 

Compar1Bon bet •• an the dtmenaiona of aature A.180I~rum from 
L.18ucteouB and a.ruUlus. 

S.oephalu8. 

Parast te Hoata 

A.laoporum S.oephalu8 L.leuc18ou8 i\.rutiluB 

length 1.79-4.17 2.96 -'.74 1.67 - 2.24 

Breadth U.59-1.05 0.71 -1.13 0.45 - 0.69 

Oral Sucker 0.25-0.44 x 0.,2 -0.'9 x 0.25 - 0.,2 x 
0.,,-0.44 0.32 -0.41 0.24 - 0.;0 

Pharynx 0.15-0.21 :It 0.14 -0.17 x 0.12 - 0.15 x 
0.15-0.18 0.12 -0.17 0.11 - 0.15 

Ventral Sucker 0.35-0.48 :It 0.34 -0.44 x 0.26 - 0.32 X 
0.40-0.51 0.31 -0.48 0.28 - 0.35 

ovary 0.17-0.25 :It 0.19 -0.22 x 0.15 - 0.18 x 
0.24-0.28 0.22 -0.24 0.13 - 0.18 

EBBa 0.00-0.09 x 0.005% 0.00 - 0.09 :It 
0.06-0.<11 0.059-0.068 0.05 - 0.<11 

Teatea 0.48-0.75 :It 0.37 -0.69 x 0.16 - 0.28 x 
0.44-0.61 0.,2 -0.66 0.13 - 0.21 



u) 'lhe 1Iean number of A.iaoporul1l in r{.rutllua Wae much greater than 

the ""ean number recorded in the ether two hosts (T..ble 4.'4). rt was 

thought at first that a 'crowding effect' "'ight exist where the presence 

of 'II&I\V parast tea results in a decl'8a .. 1.n size and wetght (Read, 1951, 

llolme., 1961). Further obeeryationa ~.aled that flukes of Bi~i1ar 

dimensions w:~re alao recorded fro. low infections 1.n i:.rutl1ul and 

therefore the above phenomenon doe. not explain the presence of naIler 

A.i.oporum in Q.rutl1ua. 

The identification of A.isoporu •• 

The valtdi~ of the toentification of the Allocraadium recorded 

from S.cephalus, L.leucllcu8 and R.ruttlus as A.iaopgrum was rai .. d. 

(Mr. L. Chappell pers.comm.) 

'lbe tirat character used to _parate the epecie. of AllocreadiUII 

in B,ycho.8ka¥a-PavlovakaQ'a (1964) .... the relative position of t.he 

bifurcation of the intestiJ». In lII&l\Y of the apecimens examinad the 

tnte.tina1 btfurcation .... posterior to the anterior 1I&1'8tn of the 

ventral aucker. and tollow1!l8 .o,-chow_&1'a-Pavlovaka,ya (1964) this 

parast te should be identified .s 4l1ooreadiU1l l&y!1!ani B,yoho"elc:"a ap.DOY. 

'the only diff@lrencee between A.tsoJlOl"UlIl and A.la.ymanl t1'Oll the 

de.criptions in the key ~.-

a) '!be level of blfuroation of the tntestine .. hich is stated to 

b. anterior to the anterior e~ of the ventral BUoker in A.i80po1'Wft, 

and b.t .... n mld-«q and the posterior edge of tt:e ventral sucker in 

A. layman\ • 



b) 111e 8ligh t difference in the extent of the vi te llaria, the 

vi tell&1'ia not extendlDB beyond the 1e .. 1 of the poatertor margin of 

the ventral auck.r in A.1aoJ!Ol'UII, and reaching only to the poaterior 

margin of the ovary in A.la.yman1. 

c) The greater l1ze ra~ of A.l80pol'Wlle 

F.ac~ of the above pointa WiLS examined 1-

4.80. 

a) A great variation in the relative poattion oi the btfurcatton 

of the inte.tine existed 1n the speoimens eumtned in the present 

investigation, and in eight other apeo1mens from three dU'ferent 

100&li tiea and hoats (Dr. Chubb pers.oOlml.). 'lbe level of btfurcation 

is not shown in SluNrak1' a figure of A!..isoporum ill the :~Bslan Key, 

Loa •• (1894) ahowed the bifurcation just on the anterior edge of the 

ventral welter. and in hia dia.gl'Ul of a more juvenUe form the intestine 

bifurcate. at the posterior margln of the ventral 8ucker and F.rgena (lc;62) 

gave a figun at •• isoporum 1n which the inte.tine appeared to bifuroate 

between the miud1e and the posterior eds- of the ventral lucker. It is 

po.stbl. that the .. variationa may reault from the methode u .. d for 

relaxation &:ad fixation of the speCimens, and if thia is ao the validity 

of the bifurcation of the tnteetiDe &8 an lmportant taxonomio character 

te questionable. 

b) Loes. (1894) showed the viteUaria extendin« to the anterior 

edge of the O'9'a17. Wbereu in Erpna (1962) the ntellaria extended .a 

tar as the .. idd1e ot the ventrul sucker. Personal obaenatione ebowed 

that the vltellaria extended from the level of the mar, to the middle 



of the ventral BUcker, the variation de ending on the relaxation of the 

apaciman and the atata ot !!taturt t,.. 
c) A great variation in .ize wa.a observed in the ~llocreadtulII from 

S.ca,phalu •• L.leuc1.1'cu8 and a.ruttlua ('l\t.ble 4.49), the range being .uch 

greater than that reccrded for A.l!.'f!1&ll!. 

From the confuaton that enata it waa impoflsible to oome to an,y 

definUe oonclualone, but t t 1e 8U€t?e8ted that there ta no real 

justification for recording A.lo,ymani ao a. eeparoate epecie., e8]»ot&11,. 

aa 18aiman (19") thought that thts apect •• lII&y ha •• been oonfused with 

A.iaopor'UII in the paat. 

Di.ou.~. 

With the exoeption ot A.tranavereale all other Digenea found in 

thla aurvey haYe prev10usly been renoreed trom Britain (n.". t 1946). 

From the preaant aUrTGy a at.llar seasonal vaziat10n of occurrence. 

Intena1 V of infeotion and maturation wen obsen.d for !.iaoporwat 

S.brama.e a.nd C.lII8t08cue. No reterence waa tound to aIV prevtous data 

on the 18aaonal vartation ot A.iaoEOma. 1he data oolleoted in tha 

preaent eurvey aho •• d that A.laopgrwt bad an ancual 11te cyole. E,ga 

were J,,roduce4 matn13 in. June, after which the reproductive org&ll8 began 

to deeen.rate and tha paraai tea dleappeared fl'Olft the tOlat. It waa 

preall1led that the paraattaa dhtd, and that tlw ep-gs were either liberated 

Wi. th the ho.~ tuce., (')r When the pa.raei tee passed out of t~e hoat. 

When the eF,g8 ha~ch the 1111'801d1& peDltrate an t ntermedtate host, .£zolaa 



4.62. 

cornea L. or C:vcla8 rivlcola Leac}', according to Loos8, 1894, or 

S.comou'n (see \a.rk:evioh, 1963). Linstow (189'7) l"8~'-orted numeroue 

enoapaulated Dietomum larvae in the larvae of r~pheme~.!!....!,Ulgata L., 

fhaetoptel'Yx villola (;'abricius. 1790) and ArlI#.bol1a nervosa (CurU8, 

1034) which he likened to that described b7 Loose (lA94) as Distomu~ 

18oporum 1'X)~ known as A.l80porum. ~~rkevich (1963) stuted that the .. 

insect larvae are comple .. ntary hoete for A..tsogortlm tn wMch the 

cercari.ae encyst. and tte .. paraa! tas enter the deft n1 tive hoet when 

the in_ct larvae are eaten. In_ct 1arvft.e tormed an important part 

of tr.e diet of S.c8phalu8 and L.18uciscue from the River Lugg. The sain 

diet of ~.rutl1ua ar,peal'8d to be aquatic weeds and algae and S.comeUJI .• 

and onl, emaIl IUabera or insect larvae were present whioh MaT a'-'count 

for the sporadio occurrer..oe ot A.isoporulR in this host. 'llle oOlDlDon 

occurrence or S.comeum (the suspected intermediate t:ost ot A..isoporufll) 

in the diet of R.rutiluB euggeate that it may be pof'sible :Cor ~.leopol'U1ll 

to mature in tiab without having to encyat in an aquatic insect larya. 

and thU8 a more direct and rapid developnent may be the cauH cf the 

e~all.r aize ct A.laoporum in R.rutl1ua. 

1be part of the life cycle pasaed in the lnte1'!ll8diate hoet was 

thoU&ht to occur between Jul,y and Septe",ber when the occurrence and 

intenal1;.y ot intection ot A.lsoporum in the detlnl ttYe hoat w.re low, 

and the etages pn .. nt "l'8 el ther stage IV w1 th degemrati IlB gonads 

or atap I (naIl la"!&ture worma). sampl •• ot S.comeUll wore examinad 

fro. the .. months tor and.nee ot rediae ot Juisoporwn but 80 far the 



l'ewlta have been nlgattve. 

lb' September and October tl!e occurrence and intenai \y ot tntectton 

basan to inorea .. and moat . 1t the paraat. tea were young wi th immature 

gonada, and DOne or on17 parUal17 developed vttallana.'lhi8 waa the 

perioo ot reinfection, whAtn it intected intermediate hoate were eaten 

by cyprinida, the pam8itaa were releaaed in the definitive hoat. After 

the period of incna .. ot infection a decrea .. in intenaUl' waa apparent 

in November in S.cephalua and L.leuciacua. 'Dle aignificance of thia 

w .. c!oubttul, but 1 t .... poa8ible attar the tnt tial reinfection, mal'\Y of 

the paraal tea were loot, and only a certain number became a.tablished or 

can be aupported by the hoat. A certain amount of reinfection Btill 

appeared to occur hatwNn November and Februar.r. 

A ailllilar annual Ufe cycle wa. recorded for S.bramaa. 'lbe _in 

period of egg produotion occurred froa ,~ to Ju17, the development ot 

the youftB atasea in Auguat am ~.ptember, and the reinfecUon ot the 

definttive hoat tn October. Bitblnta tentaculata (T .• ) i8 recorded &s 

tl-.e firat interme41ate hoat for S.bramae after which the cercariae are 

Aid to penetrate and encyat under the a!ttn of a leech (H~rJ?Obdel1a ap.) 

(see '\~evich. 196,). Fe. apeclmena of B.tentaoulata .ere reoorded from 

the River Lugg, althoUBh an extenaive eurwy of the invertebrate tauna 

.aa not undertaken. lArge numbers of leeches .ere present in the 1'1".1', 

but te .. waN recorded from the food of the fish, and thia could explain 

the low incidence and intenai~ of infectton recorded for S.b~. 

The eaaaonal variation of f.bramae under the conditione of the 



Karelo-Finn1eb A.S.S. R. waa diecussed b1 Mala1chova (l96~) but at the 

preaent ti'118 a tranelat10n ot thie work is not ayatlable and the summary 

only .tated thatl-

1. 'lbe trematode. were divided into eix different groupe according 

to the dev" lopment ot their sem tal organe. 

2. '8eaaurement8 of the poi tal syawlI .ere taken in specimens 

collected month17. 

']he only resulta given in the 8WIUIl&1'1 .mowed that the rate of growth 

yaried acoording to .. a80n, and that .ome information wa. available in 

relation to the lOapTi V and egg production under the te'ftperature 

conditione of the ~arelian lake. 

In the present BUrVe1 the onset of Titellaria development and egg 

production coincided with the increa" nt water temperature between 

March and Auguat, but this "&7 not be the onl,y ta.ctor to influence egg 

production 1n the parael w. 

'!tie lit. qal. of S.bramu in relation to the etape in the 

intermediate hosts .ere deacribed by Cbernogorenko-!ldullna and 

Blizl\Yuk (1960) and they concluded that the deTeloptl8nta.l qcle tn 

nature ~ follow one of two route •• -

"1. ~lth 2 hoate (intermediate and acoessory) mollusc and leech. 

The cercaria. within the mollusc ~ be inside or outside the sporoc.yats. 

2. Vii th only one l.nwl'IMdiate host, 1Iollusc, which a1eo acta as 

the aooeoso'1 host, in this c~ .. short tailed, tailless and encysted 

ce~ri .. develop within the .flilueo. 



It. third route of d .. elopMnt ~ exlat in which the lnterruediate 

and a.ccessory hoats are molluscs of the _. 8peci ••• " 

The information from 1u.slan inveatigationa alx! the present survey 

cOTIIbinas to form a general picture of the Ufe oycl. and the sea800al 

dynamics of S.bramae. 

'lb. pre .. nt aurw1 ahowed a silllliar pattern ot 88&eonal variation 

in occurrence alld 1 nte nai ty of infection tor C.metosCU8 in '!. th,ymallu8 

to that recorded for A.laoporum and S.bra!!!... Recent studies in this 

country on ~toeC\18 .. re v.de by 1boma8 (1958) anJ Awachte (1963). 

ThOt'!'JUI (1958) studied C.metoaCU8 and CreptdoatOlllU!R fadonia (t~ll.r. 

1784) parae! tic in f.trutta and S.KIar frOl'l r1 vers in '~id-\"ialea. 

Awachie (196,) a180 reviewed the occurrence and aeaBonal periodicity ot 

C.1II8toecus and C.rartonla found by otber authors. and made an extensive 

study of the ltte O7c1e or the .. paraaites and found 

"not only clear cycl1Ct&l changea tn the final hoat, but marked 
and correlated .. aaonal ~thl'llS of occurrence 1.n an , hoats 
involved in the ut. cycle of CrepldoatO!ltUIB spp". 

NaIler (1926) poatulated that the larval stage of C.metoecua was 

ceroaria arbopalocem trOll a PlaidlUll ap. wt. ich "aa reported to encyat 

in a chlronomld lana ot the geaua Chlronoarua or Corethra. A"achie 

(196,) recorded L.peNer and G.pulex as tnt.modiate hOlta in the Itt. 

cyole of C.metoecua and PialdlU11l ap. probably P.ca.88rtanum Poll a.rxl 

G.I,JUlex aa intermediate boats tor C.f'arionia. In the pl'8eent Invelt1r.atim 

no rediae or ceroar1- of &I\Y kind un recorded trom any of the 

S.COl"IWUm, L.pel"8g!l" 01" 'l'.tluviatlU. that .. re examined. A.e 



4.86. 

L.E!l'ttg!r and G.e1ax w.ra pre.ent in the .~ver Lugg 1 t is quite poaBibl. 

that further investtgat1oD? .il1 ahow that they do act aa tnte~diate 

hoet. tor C.mctoecu •• T.fluvlattlla .a8 alao c~on In the river and as 

a compon.nt of the diet of T.tt.y~al1u., and was alBo ~ suspect inter

mediate hoat. Thts latter fact auppo ... that !l'l8tacercariae of 

C.matOf.lculJ are capable of fOl"'lling tn the molluscan host, and U.at; 

G.pUlex is not al.aye an 8:seantial intermediate host. This situation 

it proven .ould be stmilar to that recorded for ~.bramae in B.tentaoulata 

(Chernogorenko-Bidulina ~ Bliz~, 1960). 

No overlap in tbe dleenean fauna .8.8 recorded from thn Cyprinidae 

and Thym.alildae in this inY8Rtlgatlon. A.taoporum and S.bramae .ere 

recorded trom S.cephalua, L.lsuciscua and d.rutilus. and G."II8toeCU8 and 

A.tr&n8Ver!ala from T.th,ullua. Previou8 records nf A..transvaraal~ 

showed that it .as COII!Ionly present in cyprinid hoets. :t~arkevtch (1963) 

atated that the .tacercar1al tONa ot A.tranneraale had been found 

encyated in G.pulex wMd. i a alao recorded &. an int.el"!lediat. b08t tor 

C.motooc:u, (&-wachie, 1963). G.FUlex was 8uch COr.:lmoner in the diet of 

T.t!wnallu, than in &I\Y ot t.he cyprtnlda, and this could explain the 

presence of A.tr&n8Vttraale and C.metoacu8 "nIy in T.tbmallua. 

In m&l\Y illftlUgatioD8 by Russian workers A.tsop2rum and S.bramae 

which ~ common par,aalte. ot c,rprtnlds have been recorded from F..luaius. 

Only a faw X.luatua .ere _pled in this inve8tigation, am 

Pb,yllodtltomum sp •• al the only digenean recorded. Fl'OII other avi.d.nOl 

(Byahowekqa-Pay1crnk&1&, 1964) it appear8 that. E.lucluB IDIQ" be 



iDfected by parasites com~on to either Cy·rinidae and to a lesser 

extent Thyma,l1idae and ~ a1monidae. It 1& unce C'taln whether many of the 

paraaite. record3d from E.luciua have been acquired via the inLermediate 

hoet, or aecon.-larily by E.luclu8 feeding on infected fish where the 

parasites are already in their definitive hoat (Chubb, 1964)· 

Conclusions • .... 
1. Five speoie. of adult Dlpl18a wore recorded from five species of 

ftab. Four epecies were locate" in the alillentary canal and one 

in the urinary L l ..... ,ldor. 

2. ,I.. transversale was recorded tor the first time in JJri tai n, and 

for the first time fro. T.thr!al1ua. 

3. seasonal varlation in the incidence and intensity of infection 

waa recorded for i.i.Opom and S.bramae from ~,.oepba.lu •• 

L.leuciBcu& and 1~.ruti1u&. and tOI' C.lletoecuB from T.thyellua. 

4. An annual life cycle "&8 proposed for A.iaoporum. S.braaae and 

C.metoecue. The .... ona1 dynamics and develoP'Y'8nt a.nd maturation 

of each parasite wore examined in the definitive hoat. 

5. The greateet intenet ty of intection ot A.i80porum was recorded 

front R.rut11ue. where the incidence of A.ieoporua was 10w.st. 'lbe 

greatest intenal ty of 5.braua _a8 recorded from R.rutUU8, a.nd in 

~1i& caee the incidence -1iL8 a1ao greateat. 

6. a) i) Increase in incidence and intenst ty ot infection w1 th 

incfta" in length ot the hoat was recorded tor A. taoporum from 

L.1euolacu8 and H.ruUlu •• 



ii) 7.0 increaao !n incidence .it~ length, but an tncre~se 

of lnt-ensi ty of infection wi. tb lellBU: of the host wac recorded 

for A.1Bopo~ infectione f~ 0.c0ph81us. 

b) 1) Tnc-roaM in incidcr1e(' ar.d intensity of i~'fecti..on .... ith 

lncreaae in 'aneth 1t'8.8 recorded tor t .• brarnae from \.rutilua. 

ti) Inc't'e4se in incl(Jence, but no increase of intenait,y with 

1 nc:reaM 1 n lcllf"th was recorded for S.bramae from J .• 1euci.oculh 

111) A dec%'I'aet in incidence, but an increa8€ ill inte!':fJity 

'Ill th increase in lr.nt.tr Tr'ii8 record.Cl for ~.braman from r.oElphalua. 

0) 1) A. decre~ae in incidence and intenai. ty of infection in the two 

gftater leneth troups .. as recorded fC'r C.",etoeou8 fr(lfI'i T.thY'.7lalh:a. 

7. a) A mArked difference between the percent&€o of infected male 

and female fish orJly occurred in fuieoporutn a~ f..hraeae iruectione 

frca 1.ruUlua. 

b; .\ higher intensity of A.leopol'UJP. wa9 roeorded from female 

r.cerhah\8 8.00 r .• leucisoue. but from _Ie ii.ruU1us_ 

0) No a ~parent difference wae reoordea in the int~nsi ty ot 

Infe( t.ion Ilf male and female ~{.r\.!t11U! and S.oephalus with S.bramae. 

d) No avparent cUff'erenoe lI'US recorded In the intensity of 

infeotion ot ~le and !e~ e T.thrmallue w1th C • .etOlCU'. 

'lhe .1gnif1oanoe ot the result. on the rula.tt.or.ablp betwson incidence 

and intena1~ ot infection aDd the length and eex of the hoet Ie 

doubtful, a8 1n some ca ... tnluffichnt data were a.vailable f'or ea.oh 

.. x in each length eroup. 



o. ~e presen~ of' A.1eoporum appeared to have no influence on the 

eetabHahment of f,.brsmae 1 n S.oephalue. L.leuei soue and J.ruttlu,. 

and therefo~ the overall lower incidence and tntensi ty of 

ip£eotlon of S.bra~ ~up.t be th~ ~Bult of t~otors otrer tran that 

of oompetition betwe~n the two sp8oiee. 

9. Tl-e dl:nttneiona of A.lsoP2ru.l'II fX'01!'l S.ceWalua and L.leuc1eoua were 

rreater than thoBe of A.taoporum fram R.rutilue. 

1('. The va114t ty of the identification or A.ie.9p?~ .as questioned. 

~ the oo~Js10n thst ext~t8 in the literature it waa impossible 

to reach any eoneludt'ne. It 18 suggested that at the "'O!Mnt there 

ill no real eyidenee to justify recording .!!..:..:!"zmant Ill!! s _parate 

eptcies. 

11. T1'!t eeaaonal dynamic8 of the Digenea tn tb~ fiel". of the ~i"r !.ugg 

have be4tn examinee!. tt ie su~gasted that future work ehould 

involve an I!u'ninatior. of the atapa in the intel"!'lledil1te hoet, and 

an ana1yaie of the faotors responsible for the ~peoiftott1 of 

the" p;&rasi tee, (ts-.e1.a1ly in relation to tl'letr prPeenee in either 

c1printd or tltpalU(I hoets, but rarel,y in hottl. 
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Cr.r.'l'OD.\. 

'·fethod •• 

eeltodea wore removed from the intesUne. Frelh 1I!aterial fte 

relaDtd in water. Both fresh aM deep-frosen matertal were fixed and 

preeerved in 51' tormalin. 

:"".1. 

'!be lpoclmens were ltatD8d in ~ere p&racal"lltna for identification 

and determination ot the .tate ot matun t.J. Mqere par&Cal'!lliaa was 

diluted With 45';'· aoetlo acid, and the procedurea tollORe! for 

dehydration and clearing .. re tho .. Biven by l::bubb (1962). Creosote 

••• ulNtd ... a 1"tnal clearing 1Mtd1um as t t iliad. the material pUable 

aM e .. llr to mount. 

'!he occurrence, intenal V of tnfeotion and eta te ot lI!& tur1 t.J w.re 

~corded tor each epeetee. 

Resul tsp ~1(lO01o(t recol'dgc!. 

1i'l)~ .. r e:lPGc1~1S Qf adult casted",. w.ra rooo~tJd trOCl the i ntcettna 

of :f1~!: of t~' ~ ~':tvt:'I" '.na ('Dlbl0 5. '!). 

Incidence ot infection. 

'!he incidence ot each epeclla of ceatode w •• recorded aD the 

number of flab tnt.ewd Ixpreo80d &8 • peroent.ap of the total munbel' 

of ftllh In.-

t) the total .. pl. 

li) each monthly aantp18 

iU) each 111l8t.h group and each BOX per leneth group. 



iToteoceph~lu. toruloeue (.jat8oh. 1786). 

"'heu the total samples were considered tl'e inoit'enoe of P. toruloau8 

in L.leuciocufl wus greater than that in f,.cephalusa The incidence of 

infection in both hosts increa.eed trom Febru&ry to the beglrmlng of 

July. F. tor..llosu8 was not recorded froll L.leuciecus in August and 

S-ptemil8l'. A high incidence was pl'8sont in October, but thh dflore&.ed 

markedly in Novemoer and December. Such fA ~li:ed pattern of inoidence 

was not prtUMmt in ;:;.cephalus. In the lutter 1 lrifeutioil was aboent in 

A.uguat, ~ 1O\'J loolueuco was Jireaent in September which inorelLoed Blight13 

in OotoboJ.'. but thon re'!', toO sero in November and Dece':Jber (-.l&.bles 5.2 

and 5.'). 

~ sl1e.l'! t ir~reaee in 1ncl(\ence wae recorded w1 th 1ncrease in 

lcDt(th of r .• leu(:ioou!. wllereas a dec1'8a.oe 1u 4l.u;1derlC8 111 ttl il'lCmase 

in le~th oc~~r~d in S.cephalu8 (Tablea 5.5. 5.6) 

Au the ir.ciden<oe of iLlfection in S.cepllaly..!!. wIlLe low tte data were 

insu.fflcicut. to t%:Qrit. IUY conclusion on "'I\Y posa1ble relAt10nahip 

b3tweG."l leDt:U: of hODt and incidcfloe. Tl'.lu ota.tement 1l1IJO u;..pUed to 

t.~o d..i.ta !;,)r the Lvtal incidence recol'dec tram eaoh sex trt')lJ! all the 

lQIlt, tc brollpe. 'i:hen the total It',;a:ber of tntected 1II&le ant! t •• le tillh 

.ere clq"ns;iC;; as ... pcrcenta.ge ot all the male 4nd female S.cephalu8 

.. pled t llO gl"G .. t difference waa eviden't in the itl,~i~enC'! ot infeotion 

bet"'~ll the two l\cxca. (1'a.ble 5.6.) III L.leuohcu8 'tI'here !ION data .. ere 

~7a1labla 110 d.l-p.il"eat difference in il1Qide~ "<18 reoorded bet.w.en 

1ufeoteJ 0&10 .aud fO!llb.le flsh .~en they yere oonsidered frQl2 each length 



group, and from the total ~a.'T'ple. ('LabIa 5.5.) 

CaryopbYllaeid.. r.nntca. 

'!h. lDOld.noe of inf.ction in all three C1'prinid hoata _&.8 low. 

but of these thre., S.ceph!lue had the higher and L.leueiecua the 

lower incidence (1abl.a 5.2, 5.', 5-4). The incldence apJ:eared to 

increase betw.en September and December in S.cephaluB and to aOIM extent 

in R.rutllu,. but the low incld.nce of C.fennica made it difficult to 

determine &lV significant sea.onal Tartation. 'lbe low incidence a180 

prevented the collection of ~ valid lnfo~tion on incidence in 

relatton to tbe l'll8th aM HX of the hOBt, except in the ca. .. of 

~.rutl1u. and ti.caphalua where tr~ presence of ollghtly more data 

8\18g4tsted a possible incNa. in incidence wi th length 1n 'i.ruttlue 

and between the 20 - ,Oem. and ,0 - 4Ocm. groupe 1n S.cephalus 

('!ab168 5.7, 5.0, 5.9.). 

'~£4,.;rophJ,na~ua 1!l.ti~p8. (Tabla. 5.10, 5.11, 5.1.2) • 

.'I. ).Olf ll"lcnericf' of C.lat1.eati~ W.'i.& .1J 30 :'$co~od fr0'M U:I_' t;-T8e 

cy,ri.:-\f(l l-,.,~tFl. ~,. :).bsEl~1! ~r ir..:foct.c! f1e~ frOl11 ~o!"(! o'!' t"'e $&'1'p1"B 

"'~? h~ .,,-p. r,,~u1t of oittlar tho "ow l.nr.ldence ot in.4"ect10n and a 

18a.s(\nu~ va'!'\.:\t1(\r tr. 11":foct1.on, or 4 cOt'lbin.tion of !J0t!' ~tlctorB. Jln 

tnoreaeo in 1nd~pnci! was p:resent 'in June in ~er1-..Q.luG, ana in Jll1.1 

for b('l~h ~. i."uti ln~ Rnt! I..leuoisol1s. 

Ta~'os 5.10 an~ 5.11 suggest ttat & pO~81~le increase in t~;ld.nce 

OCCUrf wi t!'. :I rl("rElo,s;@ 1 n lengt.h, but th" low lr.ct~fHloe of infeotion as 

in c.fennica doee not pent t any valid concluslona aa to the preMnc. 



or abeence of a relationship bet •• en incidence and the length and 

.. x of the ho.t. 

'l'rtpno@Ol"U' nodulopu •• 

The total number of F..1uctu. aamp1e" wa. small and On17 eight 

(22.2~) of the total sample of 36 were intect.d. T.noduloaue w •• only 

recorded in ~pri1 (4157.l:,i). AU8Ust (1150.0;:.,) and October ("75.0;;1). 

the figure. in bracket. referring to the number and peroentage ot 

infected tt.!h. 

'lb. occurrence of P.torulo'H!. C.fennica and C.1attcepa tn I,.leuci.lScua. 

No.and (I' of L.leuotaoua Infected with each ce.tode. 

Month No.tllh/ P.toruloau8 C.t.nnie! C.laticep! 
e&nIp1. 

% No. No. r'/ 
'/-' No. er, 

Jan. " 0 - 0 - 0 -
F.b. 31 1 ,.2 1 ,.2 0 -
P.ar. ,0 1 ,., 0 - 0 -
.&pZ'. '5 7 20.0 2 5.7 , 9.9 
I&q 4 0 - 0 - 0 -
JUDe ,0 18 60.0 0 - 1 ,., 
Jul1 30 1, 4'.' 1 :S.3 7 2,., 
Aug. ,0 0 - 0 - 0 -
Sept. ,0 0 - 1 ,., 0 -
Oct. ,1 22 71.0 2 6.4 6 19.4 
Nov. 26 , 10.7 , 10.7 0 -
Dac. ,0 5 16.6 0 - 1 ,., 
Total '42 70 20.5 10 2.9 18 5.' 



fhe occurr.nce or P.torulo~s, C.rennica and C.latteap8 in S.cephalua. 

No. and . or S.cemalus infected -t th each ceatode • 
Month ~.riah/ P. toru12!ul!! c.rennica C.latlceEI 

"pIe No. % No. ~ No. ~( 
1" 

Jan. ,2 0 - 1 ,. ] 0 -
Feb. 31 1 ,.2 0 - 2 6.5 
\tar. 29 1 '.4 2 6.9 1 '.5 
Apr. 30 , 10.0 :, 16.6 1 ,., 
May :51 1 ,.0 1 ,.2 0 • 
June ,0 11 36.6 2 6.6 7 2,., 
July ,0 8 26.6 2 6.6 2 6.6 
Aug. ,0 0 - 2 6.6 1 ,., 
sept. 28 1 ,.6 8 28.6 0 -
Oct. 27 :5 11.1 5 lB., 1 '.7 
Nov. ,0 0 - 8 26.6 0 -
Dec. ,1 0 - 4 12.9 0 -
Total '59 29 8.1 40 11.1 15 4.2 

TABLE ~'4' 

~ oeeurr.noe ot C,tennica and C.1at1cep. in H.rptl1u!. 

No and ~ r ~ t11 tnt ted t th each ceatode. • 0 .ru U8 ee -
Month Bo.tl8h! c.rann1ca C.latlcep8 

IUpi. No. ~ No. 1. 
Jan. " 0 - 0 -
Feb. ZT 1 '.7 0 -
Mar. ,0 , 9.9 1 ,., 
Apr. 16 0 - 1 6., 
~ 9 1 11.1 1 11.1 
June ,0 2 6.6 , 9.9 
July 22 1 4., 4 18.2 
Aug. ,0 4 13.2 0 -
Sept. ,0 , 9.9 0 -oct. ,0 5 16.6 0 -
Nov. ,0 5 16.6 0 -
Dec. 3° 

, 9.9 1 ,., 
Total 317 28 8.8 11 '.5 



naIR 5.5. 

'.rhe nu"llber ot L.1euet.cue or each sex tn each length group tnfected with P.toruloaua. 

0-15 
lIont.b 1 

Jan. 

Feb. 

Yar. 

Apr. 

~ 

JUDe 

July 

Aug. 

Sept. 

Oct. 

1lov' • 

Dec. 

Total 

Infected ftab 
expre ... d u a 
i of the total 
no. of fish. 

1I 

1)-20 

T P II 

0 

2 0 

1 2 

1 1 

1 0 

0 1 

5 4 

17.2 20.0 

Key. T - 1futal 
F. Fe_Ie 
•• fla1e 

Length 

20-25 

'l' F V 

0 

0 I 

1 

2 0 4 

0 , 8 6 

2 , 4 

1 11 6 

1 0 

1 0 1 

9 23 23 

19.4 22.8 20.3 

i n 0WI8. 

25-,0 Total. 

'l' F At '1' F .. '1' 

0 0 0 0 0 

1 0 1 1 

1 0 I 1 

4 0 1 1 2 5 7 

0 0 0 

14 0 1 1 9 9 18 

7 1 , 4 5 B 13 
0 0 0 

a 0 0 

17 4 0 4 16 6 22 

1 1 1 2 2 1 3 
1 1 2 3 1 4 5 

46 7 8 15 35 35 70 

21.5 ::tl.9 25.0 23.4 10.3 20.6 20.5 

VI 
• ....., 
• 



TABLE 5.61 

1he DlDftber of S.ceptalull ot each sex in each length group infected wi til P.tol'Ulo8U8. 

0-20 

¥on\h J' II 

Jan. 
Feb. 

Mar. 
Apr. 

Mq 

Juna 
Ju}.y 

.lug. 

Sept. 

Oct. 

Nov. 

Dec. 

~t.al 

ted flati 
xpre 88ed &8 a 

'I" of tt>.e total 
no. of f'ieh 

1 

1 

"., 

!!La 

Length 1 n CI'!lS. 

20-,0 '0<-40 40-50 

T F I: T F r6 T " V 

1 0 1 

0 2 2 1 0 1 

0 1 1 

1 6 4 10 

4 , 7 1 0 1 

1 0 1 

0 1 1 2 0 2 

1 ~1 11 22 5 0 5 

25.0 

31 -
T-
r • 
If-

11.1 11.7 11.3 8.3 4.7 

sex and length of om fish not recorded. 
Total 
}i'eMIa 
!&:LIe 

TOtale 

T F AI T 

0 

1 0 1 

1-
1 2 3 
0 1 1 

6 5 11 

5 , 8 

0 

1 0 1 

2 1 3 

16 12 29-

1.7 0.0 8.0 

VI 
• <.:0 
• 



Month 

Jan. 

Feb. 

Mar. 

A.pr. 

J(q 

Jum 

July 

Aug. 

Sept. 

Oct. 
Nov. 

Dec. 

Total 

of fish. 

'lULE j.l' 

'!he number of S.cePY!lu8 ot each sex 1n each length group infected With C.tenntca. 

0-20 20-30 

.' 'A 'l" F M 

1 0 

1 0 

0 4 
0 1 

1 0 

1 0 

0 1 

1 2 

0 1 
2 2 
1 2 

8 13 

fleh e%pr8saea 
,f the total no. B.O 13.8 

!!L' l' • 'iotal 
F • Fe_Ie 
'J • Male 

Len g t h 1 n C1'Il •• 

'o-.to 40-50 Totals 

T P ;IC T P .~ 0' T F :,{ 

1 1 0 

1 0 1 1 1 1 

4 0 1 0 0 5 
1 0 1 

1 0 1 1 1 1 

1 1 0 1 2 0 

1 0 1 1 0 2 

~ 0 4 4 1 () 1 2 6 
1 , 0 3 1 0 1 4 1 

4 I 1 2 2 0 2 5 3 
3 0 1 1 1 , 

21 ; 9 15 4 1 5 17 2, 

10.8 8.3 19.6 12.3 B., 14.' 9.1 9.2 b.} 

T 

1 

0 

2 

5 
1 

2 

2 

2 

a 
5 
8 

4 

40 

11.1 

\J' 
• \() 

• 



Month 

Jan. 

leb. 

Afar. 

A.pr. 

"-T 
JUDe 

July 

Aug. 

Sept. 

Oct. 

loY. 

Dec. 

Total 

Infected 
t18h 
expreeaed .. 
a ;;. of tt. 
total no.of 
tiah. 

TABLE 5.81 

'It.e number of L.leuciscu8 of each 88r in each length eroup 'infected wi tb C.fenniea. 

F' 

1 

I 

10.0 

0-15 15-20 

~ If F 

0 

I 

0 1 1 

0 1 2 

6.6 6.9 

Kev IT· Total 
- F - Fe_le 

" • Kale 

fA 

0 

0 

0 

r~ • n g t h 1 n ems. 
20-25 25-50 lOtale 

T F M T F , 
T F .. 

c ... : ,~ 

0 1 1 0 1 

1 1 2 1 1 

0 1 1 0 1 

1 1 0 

1 2 0 

1 2 :5 1 2 

2 2 5 7 5 5 

4.1 2.0 4.4 '.3 2.9 2.9 

'1' 

0 

1 

0 

2 
0 

0 

1 

0 

1 

2 

5 
0 

10 

2.9 

~

• .... 
o • 



TUIE 5.2' 

h IUlbe%' of Rerutl1u8 ot each -x in each length group infected .itb C.fannica. 

0-15 - 15-20 -

I!onth p • T P Ii ! 

Jan. 

reb. 
1Ia1". 0 1 1 

Apl". .., 
Jwe 0 1 1 

J'1ll.1 0 1 1 

.tug. 1 0 1 

Sept. 0 1 1 

Oct. 1 1 2 

lloY. P 2 2 

Dec. P 1 1 

IJbtal 2 8 10 

Infected ~ 118h expresll8d 
as a 'I- of the total DO. ~.o 6.5 6.4 
or flab. 

!!l.!. l' - ~tal 
F - Fa_Ie 
M • llat. 

L • n g t hiD cu. 

- - -20-25 25-,0 ,0-'5 Total 
F )1 T F ~ T F T F 

1 0 1 1 0 

0 1 1 1 0 1 1 2 

1 0 1 1 0 

1 0 1 1 1 

0 1 

2 1 , , 1 

2 0 2 2 1 , 0 , 4 1 

~ 0 1 0 2 2 1 4 
1 0 1 1 0 1 ~ 1 

4 1 5 9 , 12 1 0 1 6 12 

~., ,.6 7.0 5.8 1.1 12.5 ,.4 ,.2 ] 0.4 7.4 

0 

1 , 
0 

1 

2 

1 

4 , 
5 

5 
3 

28 

8.8 

VI 
• .... 
~ 

• 



lIonth 

Jan. 
reb. 
1lar. 

Apr. 

--Jum 

July 

Aug. 

Sept. 

Oct. 

Berr. 

Dec. 

'lbtal 

of filth 

'ro!A.L ;.10a 

1118 nu~ber of S.ce]ila,lua of each sex in each length group infected wi. th C.1attceee. 

0-20 20-,0 

F :i T F • 

0 1 

1 1 

1 2 

is fiab exp1"8a.d 
of the total no. 1.01 2.1 

!!z.' T - Total 
F - Fr.t.ale 
11 - Vale 

T 

1 

2 

, 
1.5 

ten g t h i n em •• 
30-40 40-50 

F 14 T F fl 

2 0 2 

0 1 

, 1 4 2 1 

1 0 

1 0 

5 1 ;5 " 2 

8., 2.2 5.7 8.; 28.6 

Total. 

'1' f 1{ T 

0 

2 0 2 

0 1 1 

1 0 1 1 

0 , 5 2 7 
1 1 2 

1 1 0 1 

0 

1 1 0 1 

0 

0 

6 10 5 15 

10.9 4.8 3.3 4·2 

v . 
• .... 
~ 
• 



".. 

fABLE 5.1la 

'!he IlWlber of L.1euciacua of each sex in each lengt.h group infected wi th C.l:l.ticepa. 

0-15 V-~;) 

Month i' M T 

Jan. 
Feb. 

liar. 

Apr. 

Jdq 

June 

Ju17 

Jug. 

Sept. 

Oct. 
Koy. 

Dec. 

fotal 

Infected flsh exprasaed 
&8 • of. of the total DO. 

of flab. 

Key I T • Total 
F - l'effl-&le 
'.l • ~tal. 

i' 

0 

0 

I. eng thin <r.1!8. 

15-20 20-~v-:il' 

T F It! T 

2 2 

1 4 5 

~ 2 j 

2 2 4 6 10 

10.0 4.1 3.9 ,., 4·7 

:il,-, o Total 

F .. T F H l' 111 JQ 

0 

) 

0 

0 1 1 0 , , 
C 

0 1 1 0 1 1 

1 1 2 2 5 1 
0 

0 

1 0 1 4 2 6 

0 

0 1 1 0 1 1 

2 4 6 6 12 18 

6., 12.5 9.4 3.5 1.1 5·' 

\; 

• .... 
"-If 
• 



Jirollth F 

Jan. 
"b. 
Mar. 

Apr. 

~ 

Juna 

Juq 

ag-
Eept. 

Oct. 

Nov. 

Dec. 

Total 

no. of flab 

'aBLP. 5.121 

~ DW'lber of R.rutl1ua of each eez in each length group 1nf"ected with C:.1at1cef'!.-

0-15 15-20 ,. '1' F 

1 

0 

2 

, 
lib eXpr8ne4 
he total ~.o 

Key a T - ~tal 

F - Fhale 
M' • 1I&1e 

i4 

0 

1 

0 

1 

1.1 

'r 

1 

1 

2 

4 

'.4 

Length 1n esa. 

20-25 25-,0 
:r 14 T F 11 T 

I 0 1 

1 0 1 

1 0 1 

1 1 2 

1 0 1 

2 1 , , 0 , 
4.6 ,.6 4.2 5·' ,.1 

,0-'5 Totals 
F ill -1' F ;.l 

1 0 

1 0 

1 0 

1 0 1 2 1 , 1 

1 0 

1 0 1 9 2 

'.4 ,.2 5.8 1.2 

T 

0 

0 

1 

1 

1 , 
4 

1 

11 

,. 5 

\.-, 
• .... 
~ 
• 



Intenai.V of Infection. 

lb. \nt.nal ty of infeotion was "'8aaurec! a8 the _an number of paras! tas 

per infected tish. '!he tntenat ty was recorded torl-

(i) the total .. pIe 

(11 ) each lItonth17 NIIple 

(Ut.) 'Iach lel'lBth group 

(iv) each .. z in.- a) each leD«th group 

b) the total 8&Ilple 

Ptoteocephalu. toruloe'. 

A sreawr lntenal tiT of intecUon of l'.torulo.us was recorded trom 

.t.1!UC1.CUf than from §.cephalu.. 'lhe aealOnal variation in tnt.nat ty ot 

infeoUon 1n L.l,uot'cm! waa IllBilar to that of incidence, ona peak ot 

intenaiV occurring in JUDI, and a .econa in October. A drop In intenatty 

wal .reoorded in July aDd DO infection Waa recorded in Augult and sap_ber. 

A d:oop in j ntell81 V waa a1110 ncorded between October am Decembel'. A. 

n ttl iDOld.nee a aUght iacNaae in int.nai V ot intectton was alao preHnt 

in Juno and Juq in S.ceph!lul. No P.toruloeua was recorded trom 

s.oerJlslue in .1\1&\1at, but tntectton reappeared 1n Sepw.ber aM October • 

• 1 thOQ&b IJO endenee of tntecUon wa. recorded in Nove1\"ber and December. 

hOII tho 1nformation 1 t ta 8U€gGated that a .i.,llar .. &ecnal variation 1n 

intenai 1:1 of infection ia probab17 present in both L.leuctecuD and S.ce$!lu., 

but the low incidence ald tntenal V in the latter are too 10ar to Ihow a 

81ll\1t10&11t pattern (~le ,.1,). 

In L.leuci.cu. an iacna .. ot tntenai\y of tnteotion was recorded with 



increaae in 18~th of fish (Table 5.14. 1\;. low tnt.nst ty l'Ocorded in 

S.cephalu8 prevented &DY concluaion &8 to al'\Y weh Hlatlonship. 'It:e only 

tact to emerge .!La that !ftC'lt infected S.cephalue and '!ost paraai tea weft 

recorded from the 20 - }Ocm. group, none l)eln,- present in tho 40 - 5Oclll. 

group (Table 5.15). 

Female L.l.uclICUI had a greater tntenat ty of tntection t~an males in 

the larger ltrl8th group, and thll was reflected in the reeult when the 

inter-oS! ty wal oXL"l!ill8d tor t~e total nu"lhera of infeeted males and females. 

Altho~ a difference wal recorded it ia not certain from the data that thia 

d1fteI_nee w .. aignificant (~l. 5.14). , 

'Ibe data .. 01'8 insufficient to jUltif.) 1ll.\Y cOtrl'1'lent on the presence or 

ab .. nce of al\Y l"81ationahip between intena! tl' of' infection and sex ot the 

boat in S.oeph&lu8 (!Bbl. 5.15). 

9a£Y0pbrll!'lde, renDicte 

trl .. n tbe total umple .... cOrlllider.d a aimilar intene! ty ot int.ctlon 

.aa preHnt in al1tbree Clprtn1d boeta, the intenai ty in both Sec.phalus 

and !!..ruttlua bail" 1.7 (Table 5.16). A peak of inteneit,y was recorded in 

October from all three hoatl. A eimilar peak: was recorded in April from 

L.leuolacu, but a •• reault of the 10" infection no a1grdfloanoa could be 

attached to the ob .. ryattona trOll t..leuctllcu. ('lable 5.16). 

As a rewlt ot low incidence and intenat ty ot t ntectton insufficient 

data were available trQft which to draw aqy valid conclusions a8 to aqy 

ralaUonahlp betw.en intenli ty and the length and sex of the host. 

Examination ot the number of paraette. trom the total number ot tnfected 



5 .. 17 _ 

TABLE ,. U. a 

lnt.enai t.r of infection of P. toruloou8 in I •• leuc1scu.s and ~~.ceroalU8. 

'.lwciecue S.celt!lul " I Ho. No. 
Month ini'ected titl. f .. 'lean no. lni'ected No. . ... a.n no. 

fish parult9s fiab para,sttoa 

Jan. 0 0 0 0 0 0 

Feb. 1 2 2.0 1 1 1.0 

'Jar. 1 1 1.0 1 1 1.0 

"pr. 7 ~l 3.5 3 4 1., 
!t1a.Y 0 0 0 1 .ct ,i 

June 19 130 7.2 11 30 2.7 

Jul.y n 22 1.7 0 20 2.5 

AUg- 0 0 0 0 0 0 

sept. C 0 0 1 1 1.0 

Oct. 22 2C17 9.4 2 4 2.0 

fiov. 3 26 2.5 0 0 :) 

Dec. 5 62 12.4 0 0 0 

'J.btal 70 481 6.7 26 61 2.2 

,.y, R. Raft. 



Month ~ 

Jan. 

Feb. 

iAar. 

Apr. 

lIq 

June 

July 

Aus· 
Sept. 

Oct. 
NoY. 

Dec. 

'1btal 

!~ar! no. of 
ptlraaite. 

!A.BLR 2.\4' 

h Dt1!Iber of i'. torulosua in L.leuciacua. 

0-15 
II T P 

0 

6 

2 

2 

4 

0 

.4 

2.8 

!!z.. 'l' - 1btal 
P - fea.le 
11 • 1lal. 

15-20 

• 

0 

2 

1 

0 

1 

4 

1.0 

Len g t h 1 n em •• 

20-25 25-~O 
T F :I T F Jrt 

0 0 

2 2 

1 1 

6 0 6 6 0 19 
0 

4 22 '4 56 0 67 , 2 6 8 9 2 

4 81 18 99 C4 , 0 , 21 2 

1 0 1 1 '26 34 

18 C8 68 176 60 124 

2.0 4.7 ,.::> 3.e 22.8 1,.5 

T F 

0 

19 6 

67 24 
11 13 

104 ~89 

2, 24 
60 26 

234 ~2 

18.9 8.1 

lOt&ls 
M -

0 

2 2 

1 1 

25 31 

0 

103 12'1 
9 22 

0 

0 

18 2CIT 
2 26 

36 62 

196 478 

).6 6.7 

V
• .... 
Q) 

• 



Wonth F 

Jan. 

hb. 

~. 

"p. 
1fq 

June 

Ju~ 

jug. 

Sept. 

Oat. 
b. 

Dec. 

1bt&1 

parasitea 

TABlE 5.15' 

filhe lJW'!':ber of F.torulolN~ in :.:i.caplus. 

!,ength in eD •• 

0-20 20-30 30-£0 40-:;'0 

l( T F M l' F U T ., y _. 

0 3 , 1 0 1 

0 R R 

R B 7 2, ,0 
12 4 16 4 0 4 

1 0 1 

0 1 1 , 0 } 

R R 20 31 51 8 0 8 

1.8 2.8 2., 1.6 1.6 

Kel' • - length and sex of {Pier.. unrecorded. 
R n ~re 

'1' • Total 
F • Fha1e 
,. - Jfale 

Tota 1 

l' r' M -,.-'---. .... 

1 } 

0 it 

7 23 

16 4 

1 0 

} 1 

26 31 

1.7 2.6 

61 

2. 1 

• .-
-...J 



:.20. 

'nule anil rt'J?!1&1e fist. OU.f,f·~sted t\;u.t rlO dtffQ)rorce in intensity existed 

:1~tlJeen f)aut! in I.:,.leuciacu§ and S.cClphalus ('ll4bletl 5.17, 5.18). 

\,fore felYl&l" than male R.rutUu8 •• re infected in the 25 - ,0 C1Il. t1.ab 

aU'1';.,led. [f equal ntrl'lher" of both .flxe. wre r""'sPnt; in oach length 

group a valid oompartlon of intenait,y betw.en sexss could be made. 

FrO!1! the p'reeent l'eaul ts 1 t 1a impoas1b Ie tl) Bay whether the slishtly 

higher intanaiV in female q.rutilus ('labl. 5.19) result. trom te_l., 

being !lOre au,ceptible to infeotion t'ather that'. to aqy other ta.otors. 

Cmo)?h,YUMU' }aUC!pI. 

it'le tntenal V of infecUon wa. low ln cact. ot the cyprln1d hOlts 

wt . .en t.he total IlUple. were examined. ranging from 1.:5 1n S.cephalua 

to }.6 in 1.rut\lua (Table 5.20). 

No &ppaNnt .. aeonal Yar1atlon waa reoor(!ed. 'Itte highest 

1ntenalV wal recordod ln J~ for R.rutilu8. and Ju~ and Oatoher tor 

t.leuol,cu!j' 

'Ine low incidence aDd intona1 V of tnteotion dtd not pel'lJll t 

hm •• thationa tnto the rela~ionahipQ between i ntenJIi ty and length and 

eex ot the host. ~1es 5.21, 5.22, 5.23 ahow that a greater tnteneitJ 

of C.l ... t1~p. - .. recorded tl'Olll the 15 - 2Oc"'. group of ji.rutUU8 and 

the 20 - 2jOI .. group of L.leucteau •• but unU'orra tntenattl' wa, pre .. ni 

1n the 1ent&th groupe of S.cephalu,. 'the .. obfMIrvationa rafleot the 

rGeuUe of the Jul1 .. ple for R.rutl1ua and tbe July and September 

sampls. for L.leuo18oul, Where the greauat nwnber or C.ll&iioep' .ere 

hoorded, and where the i nf'scted flab neul,y all tall Wi thin the .... 

length group, i.e. 15-20cM. in R.rut11ua and 2Q-25cm. tD L.leucl,cu!. 



lIo. 
Month f~.cted 

rlsh 

Jan. 1 

Feb. 0 

Mar. 2 

.pr. 5 .... 1 

Jum 2 

Ju17 2 

Aug. 2 

Sept. a 
Oct. 5 
Roy. e 
Dec. 4 

'lb'ta1 40 
.. 

'lABlE 5.16. 

'lbe intenai\y of Infection of C.tenntca tn S.cerbalus. t.leuciBCUB am 
ii.ruUlua. 

5.celila Ius L.leuciscue a.rutl!' 
No. No. No. No. No. 

paraaitea Mean DO. iprected paraai.tee !.1aan no. nfected parasites 
ftab tlab 

1 1.0 0 0 0 0 0 

0 0 1 1 1.0 1 1 , 1.5 0 0 0 :5 :5 

9 1.8 2 5 2.5 0 0 

1 1.0 0 0 0 1 1 

2 1.0 0 0 0 2 2 

2 1.0 1 1 1.0 1 1 , 1.5 0 0 0 4 9 

~---- 1.9 1 1 1.0 , , 
11 2.7 2 5 2.5 5 18 
15 1.9 , 6 2.0 5. 6 

4 1.0 0 0 0 3 4 

66 1.7 10 19 1.9 28 48 

( 

'fean no 

0 

1.0 

1.0 

0 

1.0 

1.0 

1.0 

2.2 

1.0 

3.6 
1.2 
I., 
1.1 

v
• I\) 
>oJ 



0-20 
Month I' lif If i' 

Jan. 1 

Feb. 

Mar. 2 

~pr. 0 - 0 

Ju .. 1 

July 1 

Aug. 0 

Sept. 1 

Oct. 0 

Nov. 4 
Dec. 1 

Total ~1 

:Jean no. par .. 1 tee 1.4 

!!l.' '1'. Total F· ,..1. 
M· .Ie 

T.a.Bl£ 5.171 

'lhe nu",ber of C.tannica in S.cephalua. 

Length in CIt •• 

20-~0 ,0-40 40-50 
it 'l' F PI '1' F M 

0 1 

0 2 0 1 1 

5 5 0 4 4 

1 1 

0 1 0 1 1 

0 1 1 0 1 

1 1 0 2 

4 5 0 9 9 1 0 

1 1 9 0 9 1 0 , 7 5 1 6 2 0 

2 , 0 1 1 

17 28 15 17 32 4 2 

1., 1., ,.0 1.9 2.5 1.0 2.0 

Totals 
T F ~f If 

1 0 1 

0 

2 1 , 
0 9 9 
0 1 1 

1 1 2 

2 0 2 

2 0 , , 
1 2 1, 15 

1 10 1 11 

2 ~l 4 15 

1 , 4 

6 ~O ,6 66 

1.2 1.7 1.5 1.6 

\11 
• 
~ 
• 



.,.. 

1.!onth 

Jsn. 

Fsb. 

Qr. 

Apr. 

Miq 

JUDI 

Jul,y 

Aug. 

&tpt. 

Oct. 
~' nOV. 

Dec. 

'i'Ow.l 

Jean 
no. 
parasites 

0-1:;' 

F M T F 

1 , ,... 
3 2 ,,) 

5 0 3 3 

~.o 0 3.0 1.5 

!!2.' T· Ibtal 
F • Female 
M • !,:ale 

15-20 

i.t 

0 

0 

0 

.J 

TABlE 5.18: 

Tho number or C.£ennica in :"leuciscuB. 

! eng thin ~S. 

2l"-25 25-30 

'I F .r .... F ' < T " .. .l ,', 

0 1 1 

~ 2 5 

0 1 1 

1 

2 

1 5 6 

3 4 9 13 

1.5 2.0 I.e 1.9 

Ibtala 

F -. 
,', 

0 1 

~ 2 

0 1 

1 0 

5 ".:1 

1 5 

10 9 

2.0 l.r 

..., 
J. 

1 

0 

5 
0 

0 

1 

0 

1 

5 
6 
') 

19 

1. 9 

V, 

• !\) 
\Jt . 



lfoot;h F 

Jan. 
Feb. 

liar. 

Apr. 

Ma.T 
June 

Juq 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. -
ibtal 

u._" nft_ 

parasites 

0-15 
II T F 

0 

0 

0 

2 

0 

1 

0 

0 , 
1.5 

~I If. 'Ibtal 
F • Feale 
!!, • Alale 

15-20 
1! 

1 

1 

1 

0 

1 

1 

:5 
2 

10 

1.2 

'l'A.BT.J! ~.191 

'lbe IlWIIber ot C.tennica tn :t.ruttlus. 

Length 10 eme. 

20-25 25-~O 
T F 11 'f ",.. M T 

1 0 1 

1 0 1 1 1 0 1 

1 0 1 

1 

1 

2 6 1 7 
1 2 0 2 

2 6 0 16 

:5 1 0 1 0 2 2 

2 1 C 1 1 0 1 

13 4 1 5 ~ 3 29 

1., 1.0 1.0 1.0 2.9 1.0 2.4 

,o-~5 
F M T it 

1 

1 

1 

1 0 1 1 

0 

8 

2 

17 
1 

2 

1 0 1 ~4 

1.0 0 1.0 2.1 

7btal. 
M T 

0 1 

2 ~ 

0 

0 1 

1 2 

1 1 

1 9 

1 ~ 

1 18 

5 6 
2 4 

14 48 

1.2 1.7 

VI 
• 1".1 
~ 

• 



T1BlR '.20, 

'lbe inteJl8i \y ot C.laUcepa in ~.ceft..al:'8, t •• leuctscu8 and 'l.rutilus. 

l:~~J)baJu.a 1 -leuctscua I -, !'Uti.Ius 
~- -

IfoDth riO. infected !;a. parasites ?.1ean no.lnfected 'No.ps.ra.attea ~!ean Ko.im"eet8,i Ho. i>.u-a&i. tea!.ean 
tish No. f1.sh Ho. fish ik>. 

Jan. 0 0 0 0 0 0 0 0 0 

Feb. 2 2 1.0 0 0 0 0 0 0 

~. 1 1 1.0 0 0 0 1 1 1.0 

4p1". 1 2 2.0 , 4 1., 1 1 1.0 

~ 0 0 0 0 0 0 1 1 1.0 

June 1 11 1.6 1 1 1.0 , 3 LO 

Juq 2 2 1.0 1 26 2.0 4 35 8.7 

Aug- 1 1 1.0 0 0 0 0 0 0 

~pt. 0 0 0 0 0 0 0 0 0 

Oct. 1 1 1.0 6 19 3.2 0 0 0 

?br. 0 0 0 0 0 0 0 0 0 

Dec. 0 0 0 1 4 4.0 1 1 1.0 

Total 15 20 I., 19 54 2., 11 42 3.6 

VI 
• . ~ 



rn-( 
f 

Uontb 

Jan. 

Feb. 

Mar. 

Apr. 

J 
l.!tf3 
Juno 

July 

Aug. 

£ept. 

Oct. 

r"", . 

Dec. 

Total 

;,rea.n no. 
parasites 

F 
0-20 
l! , F 

0 

1 

1 

1.0 

1Cey.T- Totel 
F- Fetro.ale 
~,. ~le 

~!E :2-211 

'l'he rll..U:1bor of C.lat.tceps in S.ce'{ha.1un. 

Len g t bin C!:S. 

20..30 ,0-40 40-50 
U T F M T F u 

;I, 

2 0 2 

1 1 

0 2 

<1 1 5 5 1 

1 2 

1 0 

1 .) 

2 , 6 1 1 7 , 
1.0 1.0 1.2 I.e 1.1 1·7 1.5 

I Total £: ..., 
r' > '? J. 

0 

2 0 2 

0 1 1 

2 0 2 2 

0 

6 9 2 11 

1 1 2 

1 1 0 1 

~' 

1 1 ,~ 1 ,.' 

0 

(t 

10 14 .' 20 " 
1.6 1.4 1.2 1. , 

v 
• 
~ 
• 



itonfih 

Jan. 
Feb. 

liar. 

Apr. ..,. 
June 
Juq 
Aug. 

Sept. 

Oct. 
BoY. 

Dec. 

'rotal 

Mean no. 
parutte. 

F 
0-15 

II 'l' F 

0 

0 

!!L' 'l.' - Total 
F - J'n:a1. 
?l - !!a1. 

!A.B!B 5.221 

1be number of C.lattceps in L.leuciscue. 

I.8ngtb in CIIS. 

15-20 20-25 25-,0 
• T , K l' F II T 

, , 0 1 1 

0 1 1 

17 1 24 1 1 2 

16 , 19 1 0 1 

0 4 4 , , 
" 10 4' 2 7 9 

1.5 1.5 8., 1.6 4.' 1.0 1.1 1.5 

Total. 
F M 

0 4 

0 1 

18 8 

17 , 
0 4 

'5 20 

5.8 1.7 

T 

0 

0 

0 

4 
0 

1 

26 

0 

0 

20 

0 

4 

55 
,. 1 

VI 
• 
!oJ 
• 



JIonth F 

Jan. 
Feb. 

1Ial'. 

~pr. 

JJa.T 
JWIt 
Jul,y 

AuB. 
Sept. 

Oct. 

Nov. 

Dec. 

Total 

parasite. 

r 

0-15 15-20 

U l' F H T 

1 0 1 

0 1 1 

32 0 32 

~, 1 34 

11.0 1.0 8.5 

!!z.. T· Total 
F· Female 
II - Jlale 

'l'ABLE 5.23, 

~. nu~b~r of C.latiO!tp! in B.rutilus. 

Len g t h i n 0118 .. 

20-25 25-30 30..35 

F ~ l' F I( l' F Jl 

1 0 1 

1 0 1 

1 0 1 1 0 

2 1 3 

1 0 1 , 1 4 3 0 3 1 0 

1.5 1.0 1., 1.0 1.0 1.0 0 

'1' F 

1 

1 

1 

1 2 

34 

1 

1 ~O 

1.0 4.4 

Totals 

M '1' 

0 

0 

0 1 

0 1 

0 1 

1 3 
1 '5 

0 

0 

0 

0 

0 1 

2 42 

1.0 3.8 

v. .. 
~ 
• 



fit.8OM1 dynamic •• 

Proteoeejlhalu. tOru10BUI. 

'lbroe 'p8clmena ot P.toruloeua were recorded In February and 'vch 

but it _al not until Ap1'11 tbat t!!al\1 .pect_ne .. ere recorded. MOlt ot 

the 8p8ct!l8ns in April ... re mature. and tbe ab801'lCe of yOUI1ger fonsa 

in &lW number f'1'O!II px.vtoua months .4. tt'ought to be unusual. It -as 

,u'Plcted that the ill!'ft&tul'e f01'll1 had been overloc:ked either beca.uee 

they were vert .. 11 or because they ... re 81 tuated in a dlft'e1'8nt 

location. 'lbe lnte.ttnal bulb of the flab -as bell18 exam10ed bJ 

Vr. J. I1ell ... n 10 0 'Dnectloo wlth the diet of tile 1'11h. U Q, reault 

of the ob .. rYatlon on the incidence ot P,torulo!U8 the intestinal bulb 

*u examinelS for the pre.DOI of thia epecte. each month alter Apnl. 

'lable 5.24 ahOW. the presenee of more P.torulolU! in the lnto.timl bulb 

than iD the intl.tint in JUDI ariS July and from October to Deceober, and 

therefore ttl, probable that P.torulo!U! -., pre .. nt tn the tnte,Unal 

bulb £1'011 JalJL1al'Y to Apl"ll. 10 P.toruloau. were ntcorded f1'O!l the 

inadequate eamp1e ot on17 fOUl" ' .• leuct,9U! in ,.!q. Fi.,e P.t21'Uloau! 

.. re recordelS on the 8111 filament •• probably aa a reault of regurgitation 

f1"Oll the etomacb, while the flab were being c:auabt. 

'lbe .peclmenafron L.leuciacy! am S.oaphalus "1"8 examlmd and .. 

:Ncord kept of their .tate of develop!llllt aD! I!I&tul'Iotion. 

Five Min .tages ot developeent am mturatton were Ncordedl-



I. Plerocereoid under lem., no atrobllatlon. 

II. Pleroceroold I - 'em., flO strobilation. 

Ill. Strobilation and genital rudiment. present. 

IV. Wature proglotttd.. no agsa. 

V. J&atU1'8 proglottlc!al w1 th aggs. 
~~~·f 

The dan and tba range ofJ.aacb stage t.a recorded 1n Table 5.25 • 

.1 fact .hi ch mIJiI or may not prove to be 81gn1 ticant it more specimena 

bad been meaaured, la that .. tUft P.to!'Ulo8us (Stage V) trom L.teueiscu, 

were lonawr than thoM t1'Cllll S.,oephalus. Indteatillg that L.leuciecul fIJIA:1 

be a more auitable bost tor P.toruloaue. '!he presence ot rewer epectMna 

tn S, eee1u, Mi1 also tem to support tb1s suggestion. 

'!be IDlmber of' each ataee of P.toruloBulI from each ea.mple were 

espre8.a aa a percentage of the total Illmber 01' P. torulosuB f'l'OII each 

II8II1p18 for tatecUone 1n r:.,leuo1,ou8 and 8.oephalu, ('lable. 5.26. 5.27). 

t.leuolecu. (!able 5.26). 

'lbe three apect_ne found In Februa1'1 aI3d !&u"ch were at Stage In. 

In April tbe t1l'et tour atagea were pre .. nt, the greater percentage 

betDl attber St&p nI or Stage IV. All five atages were recorded In 

June &D4 an 1ncre ... 1n Stqe I waa noted. __ July the occurrence am 
1ntena1~ of' latectlon bad ctecraaaed, and the greater percentage of 

p. tONloBU! pl'tnnt .. re Stage V. No tntecUon W&8 recorded in .t..1isuat 

and septa.ber. til October a Budden increase ot occurrence aDd 1 l1t.e ns1 V 

.. re recorded, all the specimens baing categortHd as Stage t. A drop 



in occurrence and tntenai1;y wa. present in November and all U-.e 

paraai tea .. re recorded u Stage TI, aa wae the ca .. in December. 

From ~la data aaJ the lucidenoe aXld intenel ty of infection t t waa 

concluded that P.toruloeua had an annual 11t. cycle. A gradual inana .. 

occuneDCe, tnt.nal t.Y ot tntectton and maturation occurred between 

Feb1"Ual'1 and June. In Ju17 the OCCUl'N1lOI aDd t nte nat ty ot tntectlon 

c1e01'eaeed and IlOlt of the pat'alttel were tull of eggs, and b,1 Augult the 

tntectlon bact COIIpl •• l,7 diappeared. '!hi. BUggeated th:It when the W01"llS 

are mature ana tull of rerUU .. a egsa ~ pae8 out at the hoat 1.e. tn 

Jul1. In J.uguat and Deptnber the eega p1'Ob&bl,y hatch and the egga are 

inge.ted by tbe tntel'Mdtate boat, ueuall,y a epecie. at CyClOiO. 'nle 

orxrottilere borea through the lnte.tim •• 11, and develope into a 

prooercotd in the bMIIocoel. 

In October a great lOON ... in occurrence and i nt. nat ty ot 

infecUon of Stage I ... recorded. t.Llthough IIOIIl8 BtaBo I were NCJordea 

tn JUDI, 1t 1. pOatulaW that this t_ the _tn pertod ot 1'Otnf'ectlon, 

aad that p.!OrgloEI procercoid. fl'Oal alV tntected CyoloR' that are 

lnee_ted beoome •• tabllabed in the detinitive ho.t. A limit on the 

number of wom. wblob can be euppol'ted b)' ee.ch detln1 tt va boat atq 

account tor the deore ... ot tl'lfectton tn Novettber. 'Ibe epechMu18 trom 

thl __ ple .. Ie beglantD6 to iucre ... tn alze, aed tble mtq repreaent 

the atabl. level of tnteoUon. 



S.c.phalu! ('labla 5.27). 

'lb. number ot paras! tea recorded trom S.eeJ?halug was lo •• r, and 

infection was recorded on'17 between Aprtl and July, am september and 

October. In api t. ot tha low incidence, wben tbe speCimens were 

eDl!1inad to detarmina the stages ot maturation, it was possible to .. e 

that P.torulo,u8 bad a similar annual life C7cle 1n Ir.leuciscus and 

S.oeph!lu.. Data obtained from S.eeJ!h!lu8 itl Fobruary 1965 8upported 

thia statement, the e%peete'" -taps tOI' thi_ time of year, Stages II 

an:! III bell26 pN .. nt. 

C.fenn1c, and e.lattceR_. 

Five main atapa ot development were proposed tor C.tenni98 am 

e.laticepa in the definitive hoat (e.Kennedy, para.comm.)a-

t. No genitalia pre_nt. 

II. Genitalia just appearing

UI. Genitalia ful].y developed. 

IV. Fa production just comtMDCia«. 

V. Maqr egga pre .. nt. 

IJbe IUlIber ot each stap pl'888nt each month waa expresse'" aa a 

percentage of the total aumber of e.fennica ar C.l&ticeps present each 

lIlonth (1\lbles ,.28, 5.29). 

e.repnioa fro. S.O!phalu •• (!able 5.28). 

Between January aM Auguat, stages III, IV am V were preaent. From 



.... 

TABl,'E 5.24. 

The dllt~ibution of P.torulo8U1 in the alimentar,y canal of t.leucl!9u,. 

Ifont:h Number of Parae! tea 

~nte.t1Dal bulb Int •• tim Gl11. Total 

Jan. X 0 0 0 
r.b. X 2 0 2 
Mar. X 1 0 1 
Apr. X 29 2 51 
~ 0 0 0 0 
JUDI 96 ,1 , 130 
Ju~ 22 0 0 22 
A.uC. 0 0 0 0 
Sept. 0 0 0 0 
Oct. 190 17 0 207 
HoY. 17 9 0 26 
Dec. 41 21 0 62 
Total ,66 110 5 481 

!!l.' X· not eamined. 

'Ibe length in m. ot the .tap. ot deftlopment ot P. toruloau •• 

Stale Mean iianp No. exami ned 

ID 0.75 0.55 - 1.0, 11 

II D 2.46 1.26 - 4.68 29 
c 2.68 1.49 - 4.00 12 

IIID 17.4 17.4 1 
c 11.8 6.5 - 22.0 5 

IV I> 142., 60.0 -lA2.0 , 
V D 189.' 104.0 -282.0 11 

C 157.2 101.0 -19,.0 6 

Kell D. L.leuci.eu •• 

c • s. cephalu •• 



/ 

lIorlth 

Jan. 

Feb. 

Kar. 

Apr. .. 
JUDI 

Ju1;y 

Aug. 

Sept. 

Oct. ~ 

No,,_ 

Dec. 

TABLE 5.26. 

'!he I'lQIber ot each stage of P.to:rulO8US tn I •• leuciacua expressed 8a a paroentaee of 
the total DUmber in each aample. 

stage. of deve1oplMtnt. 

t II III IV V 
~. '% No. ~ Tio. ~ No. te No. P 

2 100.0 

1 100.0 

2 6.5 , 41.9 6 19.4 10 ,2.2 

19 15-4 6 4.6 16 12.5 21 16.9 65 50.8 

2 14.' 2 14.' 10 71.4 

rJf 100.0 

26 100.0 

2, 100.0 
~ ----- ----- - - -

\,T, 

• v.; 
~ 
• 



.1 

Ifollth 

Jan. 

Feb. 

liar. 

Apr. 

--June 

Jul¥ 

Aug. 

Sept. 

Oat. 

BoY. 

Dec. 

Jan. 

Feb. 
- -

'!'lBtE 5.27' 

'the ~r 01.' each .tap 01.' P.toruloaU8 in S.cephalu8 expressed aa a percentage of 
the total DIlII!ber in each umple. 

S1;a&es of development. 
-

I II Itl IV V 

10. 1-. 110. " No. ;. No. % No. ~ 

1 50.0 1 50.0 

1 100.0 

1 3.' 1 3.3 6 20.0 22 73.4 

1 5.0 1 5.0 , 15·0 15 15.0 

1 100.0 , 100.0 

56 18.' 26 31.7 
VI 
• VI 
VI 
• 



Au8Uat to December Stage II was recorded each month. Stages tTl to V 

wera recorded from September to Dece·bor with the exception ot 

Stage IV 1n December. Stage V was the most common between October and 

December. From tho data 1 t .&8 not poasib}" to estimate the duration 

ot ihe I1fe qycle. Rll~ectlcn or t~e hoat "'63 occur between ~uguat aDd 

PecambC)r when most St888 II .ere recorded. The posatbl U ty that 

e1tMr e.ranniC! mature. rapld~ aDd produce .. eggs for l'J8&r13 a year. or 

that reinfection at all time. ot year tollowtd by rapid maturaticn which 

18 ot ahort duration. or that 1&.t8 tor rlItarly a year, mq account ror 

tr .. presenoe or stage " in moat months ot tha year. 

e.t.nntc! trom L.leucl,ou8 (Table ,.26). 

Infection or L.l.uctacu8 with C.tennica rese.bled t~Jlt tn S.eephalua 

unt.il the July II&1IIple. No 5tap II were recorded between July and 

December, and Stage. III and IV were on17 preeent tn October. Stage V 

ftl it:. moet common ataBe and was recorded over the whole 1ear• 

C.fennica trom R.rutl1u8 (~ble 5.28). 

Onl7 three ncordl or C.rer.nica occurred in R.rutU\la between 

Janu&r7 and Ju17. Stage V was the onl,y stage present in the prevloue17 

mentioned .. pI ... but was all10 pre_nt in each &ample f1'Oll Augult to 

December. Stap8 II and III were present in Auguat, Stap III was alao 

preMnt 11'1 November an4 Stage IV in December. 4.8 in S.cephalus 

,.infection ot R.rytilu, with C.tenn1ca may occur between August and 

Deonber, although lIIature worma were present in all months except 

Jazw&17 ani! JlaJ'ch. 



C.latlcepi trom S.cephalus (~bl. 5.29). 

Table 5.29 ahoWI that stage. III and V were present b.tw.en 

February am JUDe. stage. II - V were preMnt in Ju.ne. after whioh 

only Stage V "al recorded in Jul¥. Auguat and October. 

C.laticep. f'rom L.leuct,cu, ('labl. '.29). 

b occurrence of' C.lattcepe 1n J,.leuclacua WAI ver,y erratic. 1he 

first record wal pre .. nt tn April, ot St&4;e1 It to IV. Infectton nth 

Stage. IV to V were recorded tn June and July, more Stage V being 

pN .. nt in the latt.r aample. Recorda of Stae- Ttl .eN pre.ent tn 

Octo~er and December and allo ot Stage V tn the tormer ~onth. 

C.lattcepi from .!le1"l1ttlu. ('labl. 5.29) 

'lbe occurrence ot C .1aUceRa in R.1'UUlU8 wal rare. Stae- III in 

April, Stap. IV an4 V in JUDI aDd Stagel I to V in July were recorded, 

but no furtlwr occurrence .al noted until December (Stage v). '!'his 

intection show.a an tncrean in matur&tton of C.laticepa b.tween April 

and Ju17 and a reinfection of' the d.t1n1U .... hoat 1n Jul.r with a 

greater DUmber of amall para 11 tel. 

~. length ot o.t'We! and C.latioep. in the aetint tiY' hosta. 

ibe length ot adult c,tenntAA am C.lat1cep. at dlfferent staPI 

01 maturation .. re uuuwd In Mm. (~le. !;',O, ,.'1). Compe.rilona 

.ere made between S~ V trom all three cyprinid hOltl. 

A. ,reater mean length wal recorded tor C,tenn\ca from L.leuql,cul 



although a. greater ranae was recorded trOll R.rutUua. The difference 

bet.een the lenetha from each hoat .ere small aDd probablJ ot no 

significance. 'lb. Ie •• 1II&ture stasea in L.leuciscu8 were 81II&Uer than 

in elther of the other ho.ts. Both the mean length and the range ot 

length ot C.l,tlcep' t1'Clll L.leuci.cua .ere greater than tho. trOll 

el~Ar R.ruttluB and S.ceRh&lu,. 

'ltehra (1966) mea8lmlc! tte length of C.tennica and C.laticepe trOll 

R.rut11ua taken trom the filropahlre Union Canal, Ct. •• hire. Ue .tated 

that 

"EBg tft'lllation start. 1n the WOI'I'II when 1 t acquiree the lIiD1I1U1l 
dH of 10 m. 'lbe won ot maximum ai_ e.g. "m'!l Z , 11m. was 
notioed in the month ot JIq". 

In the preeent tune,. all Stap IV e.lennica .ere over l<hm. except 

tho .. tl'Oll L.leuotlcul but only ona StaBe IV specll18n .. a. eD.llllned in 

this ca.e. A ID&XimllJl length ot 29-. was recorded tor C.t.nnioa trom 

R.rutilu.,. If1I1hra (1966) recorded a length of 14.4f1111. tor C.l.tlo'E' 

trom n.ruttlul. In the pre.n' lnve.ttgatton a ranee ot 2, - 4011, .. 

waa recorded, and thi. ooincided with the ranee given by DubiDica (1964). 



5.59. 

T.lBIE ;.28. 

~ DUlDber ot each -tap ot C.t.nnica in ea.cb ea..ple. trom S.c_plus, 
L.leuciaoua and H.ruU IUB. express.d as .. percentage of the total number 

in each euple. 

stage. ot devolopment. 
I II III IV V 

~th Hoa. No. ~ No. ~ ~. " No. % No. " Jan. C 1 100.0 
D 
R 

Feb. C 
D 1 100.0 
n 1 100.0 

Ual'. C , 100.0 
D 
R 

Apr. C 1 11.1 8 88.9 
D 2 40.0 , 60.0 
R ., 

1lq C 1 100.0 
D 
Ft 1 100.0 

June C 2 100.0 
]) 

a 2 100.0 

July C 2 10().0 
D 1 100.0 
R 1 100.0 

AIlI· e 1 "., 2 66.7 
D 
R 1 12.5 2 25_,-0 5 62.5 

s.pt. c 1 6.2 1 6·.2 8 50.0 6 37.6 
D 1 100.0 
R 5 100.0 

Oct. C 1 10.0 , ,0.0 , 30.0 3 30.0 
1) 1 20.0 1 20.0 :5 60.0 
R 18 100.0 

lfoy. C 2 6.1 1 13.' 4 26.7 8 5'.' 
D 6 100.0 
R 1 16.6 5 8'h4 

Dec. e 1 25.0 , 75.0 
]) 

a 1 25.0 , 75.0 



TABLE 5.221 
'Dle DU1IIber of each .tap ot e.lat1cep. in each 88.I.IIple, f't'01'IJ S.cephalU8, 
L.l.uclpcUD and a.rutl1u! ezpre ... d aa a percentase ot the total number 

in each _pI, • 
StageD of development. 

I n III IV V 
Mon.th Iioat o. r;:, ~o. ~ ~. % Jo. ~ ~o. ~ 
Jan. e 

D 0 
R 

Feb. 0 1 50.0 1 50.0 
D 0 
R 

Mar. C 1 100.0 
D 0 
R 

A.pr. 0 2 100.0 
D 1 25.0 1 25.0 2 50.0 
R 1 100.0 

f4q e 
D 
R 1 100.0 

JUt» C 1 9.1 1 9.1 2 18.2 ~7 6,.6 
D 1 100.0 
a 1 33.3 2 66e1 

Ju17 C 2 100.0 
D 2 7.7 ~. 92., 
R ~ 74.3 3 6.6 1 2.8 14,-1 

AuB· e 1 100.0 
D 
R 

lept. e 
D 
R 

Oct. 0 1 100.0 
D ~, 68.4 6 ,1.6 
R 

Nov. e 
D 
R 

~c. e 
]) 4 100.0 
R 1 100.0 

hye C • @.cephalu,. D. L.l.uoisou8' R • R.ruUlua. 



'lbe length in mm. of the 

I •• 2 '.5 • ;.-0 

II 4.5 2.5 ... .; 
III 7.3 6. - 0.0 '.7 ,.0 - 4.5 6.2 5.5 -7.0 

IV 11.1 9.5 -1'.0 5.7 1.4 11.4 -1.,.8 

V 18., '.7 -22.5 21.2 11,0 -2;.5 19.5 12.6 -29.0 

!'ABUl 5 "1' 
Tll8 lat¥lgth in ft. of the ataaea of development of C.lat1C!ps in the 

definitive hoat. 

I 

II 

III 

IV 

v 

14.5 

24.0 

Dmn'ltVE HOSTS. 
~'1'\ltl1ua' 

Veu aa 

14.B 

2,.0 -25. ,0.5 2,., -40.0 26.s 25.4· ".5 

5.41. 



Dieculeion. 

PreyioUI 1'8cordl ot the halts and location ot Proteocephalu8 spp. 

and c.rennica. and iuveltigatlona ot the lif. C,1clea have been reviewed 

by Chubb (1961). 

P. toruloau! wal recorded for the firat time in Britain. in the 

present aurvey from L.llueiscus am S.eephaluse .. P1"oteocaffialu8 ap. 

in Secephalua from the Riyere Ayon. 'reat, Itchen a1'l4 Stour (Hampshire) 

wal tentatlve~ identified &I P.toruloeue (Stranack, pers.comm.) 

1& Rue (1914) describel ana revi.w. the pravioue records and hoats of 

P. torulosu.. '!be description by 1& Rue (1914) agl'8Ga w1 th that given 

tor epec1MDB tl'Olll the U.S.S.A (Dubin1na, 1964). 1\" .. records stated 

by the two p1'8v1ou. authors, and tho .. from the present Burny ahow 

P.tOrulolUI to occur in Europe, the U.S.S.R. and Britain. Recent 

European nlcord. are reported br ErpDl (1960 atld 1961) trom 

L.cephalul albulSh ana Wc1q aM Dyk (1964). 

Other .peele. of ProtBocephalul recorded in Br1 tain aH Ihown in 

'l'a.bl. 5.32. 

411 the lpeei •• of Pl-owocewalu8 trom thie countr,y ezaalned with 

ralpect to thlir lBUO_l 4718111cs exh1bited an annual Ute qele, 

(HopciDl. 19591 Risrl, 19641 lIiah1'&. 1966 aIld tbe present lUl"fe7). 

Chubb (1961) nporte4 that tbe~ was an imication ot a eeaaonal O1ele 

of Ilaturation in the PI'O$!ooephalu, trOll Lqn '1'e81d, but thia wal not 

UWI.t1pted. AI .. 11 .a a .... enal 0701. ot uturatlon Hopkins (1959) 

ehowed .. "atl'OZlil.1 'ID&l1ce4 ... ao181 C)'cle in the 1ncidetlCe". 1hls was 
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ft.BLE 5.'~1 

Recorda ot ProteocepbaluB app. tl'OlD Britain .. 

Paftatte Boet Location Author Comments -
Proteocepba1ue? IVrea ~lunatlU. L. 
J!rc&8 (W11er,1180) 

a. Severn. Rawson, 1952. ScOlD lIItSaing. 

Proteocema1ua ap.Sa1veUnua a1p1Dl8 (L.) Windermere aDd Rawson, 1952. Immature. 

Proteoceg1ua 
tl11tcollte 
(Rud.1810). 

Ga8'telOeteu8 
aculeatue (1..) 

aetshbourinc beck .. 

Ba11ahtll. 
Il.I.aDa1'lcah 11'8. 

Proteocepba1ue ap. CoreSOmla c1upeotde. Llyn Tegld (1..Ba1&) 
J)!Dnantt Menonatheh1re. 

Hotitlne. 1959. 

Chubb, 1%1. • 
Proteocepba1ua 

ap. 
S.trutta Fiab batche17, ChlJ:tc, 

Denbighahire. 

.. Chubb, 1961. Relhble8 

P.pe!'Ca8 

P.percae 

P.tluYiat1U8 

P.tluYiatlU8 

ProteoC8p!la1us? S. trutta 
... glecty 

P.torulo!U! 

P.toruloaua ? 

S.cepba1ua 
L.1eucillCU8 

S.C8ph!lua 

Roath.rIle "re,Cheshlre. Rizvi. 1%4. 
Sbropahtm Uldon Caml, Jf18hra, 1966. 
Cheshire. 

Fteb Batcher,r, Chim, 
DeDbtghshtl'8. 

A4el'OUllnU.1%5. 

Riftr tugg,Beretordahlre.Present 
lnveatlsation. 

RiYere ,4von,Itcben,'l8st Si-nack 
am Stour (:na.pahlre) (pera.cOllmJ.) 

P.mgleetua, 
Ia Rue, 1911. 

-
• h_ apecl_na am .illl1ar to P.P'rcae. p.talm la Hue. 1911, and P.pollanicola Cresson, 1952. but 

"becaue or the great variation tn elze. lIUIIber and form ot part. of these WOftl8, tor the present a 
name hall not been gi.ftn to the Lqn 1egtd cestode.... (Chubb, 1961). 

.. Almost certa1nll both the same species t.e. P.neglectua. 
V' 
• 
~ 

'" 



the 1'8lNlt of gravid W01'lll1 being 8hed at • partIcular time of 1ear, and 

fiab building up infection ahortl,y atter, or • .,era} lItO nth a later. 

In the praMnt surrey a .... onal c;ycle of maturation and a aea80nal 

vari.tion in incidence waa recorded for P.toruloau!. 1he incidence 

dacreased markedly in Jul1, .nd the para.itas wa1'8 absent from L.leucf,cull 

in A\l8Ult and September, afte:r Which & high incidence of young f01"ll1 -all 

recorded in October. ?:he le.,e1 of incidence wal lower when the samplel 

from November were analy .. d. If thl. pattern of incidence 18 .tudl.d tn 

relatIon to the maturation of P.toruloaul tn the defin1tive hOlt, the 

explanations put forward b7 Hopkina (1959) for P.fl11col1ta allo applY 

for P. tOl'UlopU!' Bo}icill8 (1959) ltatea 

lithe aignlficant point in the h08t/pal"all te relat1onahip, which 
hal been Oftrloaked, II that the iDOidence throughout the 7ear 
il & d7l1811llc .quilib:rium between 10111 aDd pin •••• inoldeace 
doel ZlOt jUlt ri. While fl •• re eating tntected COpepodl aJXl 
then remain ltatiC until tbe wonl becOlle Brarid and are loat, 
but abOWI considerable charlcel long before the .or.. are mature. 
In tact, in P.ftlicollt. the 10lt of 'apent' worm a acoounta for 
the death of an illliptficant fraction of the total. lAtsa than 
~ of the won. beooae e.tabliabed eurvive to beoo.e 'ravid ••••• " 

Rim (1964) recorded DO llUked ... Ional .,ariation in iMidenee ot 

P,perS" althOUBh an iDere ... in the _an number of paralitel waa preaent 

in July and Auguat, the month. wbeft reinfection m&.1 occur. A 1IIuch lowe:r 

incidence of P.P'1"O!! wal recorded by Miwa (1966). From thla data no 

88aeo_l variation in 111CUence wal reoorded, but the numblr of flab 

inflcted in Septl1llber am October wal Ilightly higher. a1 thOUBh thtl 1. 

of doubtful eilnificance. 

Wagael" (1917) ga.,. an account ot the Ufe qc11 of P.toruloau., 



and this appeared to coincide with what Hopcina (1959) tertned the direct 

cyole where 

"prooercoids aevelop through the pleroc.reoid atage to the adult 
in the tnteatine of the detinitl .. host". 

'Ibis atatement la aupported by the present lnYesUtaUon, where ve'rl 

amaH (under Imm.) unatrobilated pro-p18roc8rcoida were reoorded trOll 

the inteatinal bulb of the definit1ve hoat. 1he intermediate hoat In 

tha Ufe cyole of P. teruloau. baa not been idenUfted tn the preaent 

survey. but Cyolop' oaudatus - Gruber (187e). am DtaptOJ!!Us castor and 

exolop. ,tftl1llU' F. (Wagnlr, 1917) have been recorded, aa intermediate 

hoat •• 

O.fenn1.9! baa been reoorded tree Europe, the U.S.S.R. am 81"1ta1:l. 

'!he pre vi au. !8cord. in Britain have all been made trom 3.rut\lu" by 

Copland (1957) t1'Olll l4ch LamolllS. Chubb (1961) trom L'11n Tegtdl 

RiZTi (1964) fro. aoatberDI llere, Cheeblre, aDd Uiehra (1966) trom the 

Shropahire UDion CaDa1. CheshIre. In the present lrmtatigation C.t.rmica 

was recol'de4 f1"Oll s.ceplue aDd L.1euclaculf. as .. 11 a8 R.rut11ua. 

stranack (1966) alao ncorded C.fermica in L.leuciecua troa HYers 1n 

Bulpahin. 

Chubb (1961) recorded no recogniaable cbanp ot incidence or 

i nte nat V of infection aM worm. eontaln1ng egg8 .. re preaant ln all 

months of the reu. Ilbe data dld lIhow an lDCrea .. 1n the mDlber of emaIl 

worma Without egp. as .. 11 U WOl'lla wtth egga In Ootober aDd in December, 



whereu 1n FebruaI7 and June a .light increaae in just the -omta w1 th 

egga waa recorded. tn the preeent aurny an tncIWaee in the number ot 

emaUer worm8 was noticed in S.ceph.Iua and R.ruttlua between 1uBUat and 

Dece'1'·ber, and mature W01'll' "1'8 pneent tn all months except J&1lU&l"1 and 

March. No periodic ocCur1"ecce or "a8onal vartation -as recorded by 

laehra (1966), moat ot the W01'1!l8 examined were recorded between January 

and flq, only Dine W01'll1 betng examtmd between June and November. FrOll 

the data £'01' thi. country DO .. a.onal Yal'latton 1n occurrence or 

tnteNll1;J ot intection ba. been neordea £'01' C.taMica, but 1t i. 

auege8ted that reinfectioD of the definiUve hOlt U¥ occur between 

Au8Uat and December. 

C.laticep' hal al.o bun recordea from Europe, (e.g. SekutowlclI, 

1932' luDder, 19'9. tnck7 and D,tt, 1964), the U.S.S.R. (Dubln1na, 1964) 

aDd Dr1~D (V1abJ'a, 1966, Stl'&n8Ck, 1966, the p1'888n1; inve.UgatioD). 

Miahra (1966) reoold.a a very low tntection from R.rutl1ulI (2.8%) aD! the 

abaenca ot &l\Y 11&101&1 variation 1D incidence. He propoeed thre. main 

ltasel of development for the adult in the definitive hoat.-

t. Sex or,&r18 not d8ft lope«. 

II. Sex 01'p118 c1nelopec1. 

III. Egg. pre"Dt ill the uterua. 

Stap I W&l p1"8 .. nt from JUIlI to November with the exoeption of October, 

a peak occurring 1.n Boveabel'. S1;ap II was prellnt £1'011 August to 

Hoftmber (exoludiDl October) aD! from January to April (exoluding Varch) 

Wi th a peak 11'1 April.· Onq ODe utu:nt wona wal recordea in J&v. Fl'OII 



th18 evtdence 1U.ahra (1966) proposed that a.lattc.pe bad an annual life 

~clet reinfection of the d.finitive hoet occurrtng between June and 

December, the ... worm. maturing the tolloWing spring ar.d Bummer. In the 

present SUrv8;y Stagea I aDd II correapond to ths Stage I ot Miera (1966). 

stage I waa rare and waa only recorded in Jul.;y t1'&.ll R.rutiluB. arod this 

ia the onl1 indication that this UiY be the period of reinfeotion. An 

increa" in the maturation of e.laticep. occurred between April and Ju17. 

and the greawet number ot worme all or which containtd ',g8 were present 

1n JUDe aDd July. FI"OIa thie data 1 t 18 not posB1blf) to contirm or 

retute ~. propoeal ot aD anrma1 lite oycla for C.latlce,R! (M1Ghra, 1966) 

and further 1m.sUgationa are wqu1rad. 

Invl.tisatloDa on the lit. ~ole and oocurrence of ear,yo~11 .. id .. 

&1'8 belag uMertake" in thl U.S.A. MackieWicz (1965) rede.orlbed Glaridact1s 

9twsls. Cooper 1920 (C.stotdea. Car.ropb711uldae) and colleoted apecill8na 

In all months exce",t Ma1'ch &DIll e.pw.ber, but gravia form. wera on1;y found 

In '.bruars. Apl'il u4 Itq'. IlacJdlw10z aDd MoCne (1962) eugceated that 

Runterella noc1uloe CEN.N.SP.N. (C.etoidla.Ca17oplq'lluldae) dld not show 

aqy H.sonal variation in incidence. '!he WOft In the U.S.A.. 18 ot little 

rellvance to the .1tuation that ~ exict tor Briti. Ca170tirrlluld .. , u 

In the U.S.A. c!U'tel'll1t parae! te and hoat specie. are belDl tnnatlgated 

In a count1'1 where a conti.nta1 011 .. ,- pl'ec!OIIinate., aDd the Ixtreael 

of tempe1'a~ Incountered pl'onde a ft'q dlfterent errv1.l'onment to that 

found 1n _perate countrt... ~i8 lat.ter .tatament would haft Im.nee 

bearine; 011 the ..... ofta1 ~llB1Iica and the llfe cyole ot the epecie. In 



question. 

Aa tho incidence of tnt,ction ia low in all inv •• ttgationa of 

C.t.nnioa and C.l&ticeps in this count1"1 to date. it 1s difficult to tr,y 

and determine the d~tlon ot the ltte oyola and the .aasonal dynamica 

of the .. specie. in their definitive hosta, From the available 

lntomatlon it 1a IllUgge.ted that retnfectton .,. occur arw time between 

July and Dacember. It web a long pertod ot retrrl'eotion occurred, thle 

would account tor the preeenee of mature t01'llle eacb ~ontb e,g. 1ouIl« 

tO%'llla preMnt in AU8Uat mq .. ature lv October or November whil. 

reiDt,ctton i. conttll11ng and 10\mC tONS preeent in Dece~ber may not 

mature until tt., aummer. !he 10.1" tiM ~en to mature tor tho .. 

beoomiDg •• tabUshed in December could be explained by a drop in water 

temperature aDd the onaet of maturation not occurring until the IPrilll 

dee in temperatun. 

At the preMnt tiM tte Ufe cycle ot C.tonn1.oa 1. not tully 

underetood. S.lar1a lacuettl! which 1a ublqul toue in tbe we.tern parta 

of the U.S.S.R. aDlS Rat. proboeoUea are postulated aa the intermediate 

boat tor a.tenniC! ( ... Yaaaguti, 1959. DubiD1na, 1964). TUbif.! tublte!. 

T.barbatul aDd I4mn04rt lu. olapaftdeanue are 01 ted &8 intermediate boata 

for a.laticepa ( .. e Yaaagutt. 19591 Dubtn1na, 1964). AquatiC oligochaetes 

ore not eXUlined tor the juftn11. IIb .. a of thee. caryoPh1'11aeldl tn 

the p1'8 .. nt 1Urft)'. l'utu1'8 WOft on the .. lpeele. Ibould involve a atudy 

of the OCCU1'1'8ace and i nte net V of lDfpct;ion tn the inte1'!ftedlate ho.ts 

w1 th • v18w to clart1')'tmg the d1'DUtce ot tntectton in the a,riM tl'Ve 

boat. 
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6.1. 

CRAPTf:!ft srx. 

NRUATODA. 

Introduction. 

11'1 ve ,peete. of t!err.atoda .era re\;orded (:com th.ao ftSMS of the 

River wgg. All the adult torme were found In tho int.estine apart trOll 

qyetidlcola rationll wblcb .al rocord~d in the awim bladdor. Juvenile 

tOl'!D8 "1'8 toum Inqlted 1n tbe lnwst1Ge wall, MMnteri.1I and the 

liV8t' of C7pnll1da. 

Living adult Dellatoal •• ere dropped into glaclt11 acetic acid, whlch 

killad 'them in an ezteDded coDdltlon, (Darland. 1961.) l<'remlly killed and 

deep (1'O .. n matertal .as preserved in 1~ alcohol. 

Result,. 

n.e specie. of' nematode. recordnd, tbeir bOlts and their a1 te ot 

tntection ~ recorded in 1able 6.1. 

Hhaphl4alca1'1.8 acue (nloch, 1779). 

H.acue waa round tn the lntGatlne of E.luc1ue caught 1n t~A Apr1l, 

1I.s;r. June ana Jul,y Ampl •• , three (4'.Q',(,); fout (OO.q;." one (12.5%) 

aM three (4,.q:,) flab in each M.."Iple war. ln1'ected. Only ~ E.luctu8 

were caught over the .hole year, aDd 75% ot the •• wctre c&U£ht between 

the April and Ju17 _pl.s. BeCAUao ot the ema11 nul!1ber or flab caUBbt 

in other month. it 1. lllpoulble to NI' whetr.or or not R.acu8 lntecta 

Jl.luciu. ill IDOUtt." other than April to Juq. 54 adult R.I!.CUB wer. found, 



TABlE 6.11 

h boets am etta of infection of nematode parasites fro" the fishe. 
of the Riyer lugg. __ __ _ 

FAtU.SI'lE HOS'!' -
S.cephalus L.leuciacue H.ruttlus T. tbymallua E.luciue 

Rbapbida.oarte aeue Intestine wall Intestine wall Inte.Une wall 
(Juwrd.le) Mef:enterte. _ .. uteri.e r:esentert8. 

L1Yer Li ... r LiTer 

Rhaphidaecarte acue Inte.tine 
(adult) 

I Spinl tectue ine1'll1. Inwett. 

Cucullanue sp. Intestine 

Cucullanue truttaa Intestine 

£[eti41co1& fazion1e Strim 
bladder 

'" • II,) 
• 



a mean number of 4.1 per tntected fish, and a IMJan CU'nber and actual 

number tn each &ample ot 5.0 (15) A.pril, 6.7 (27) 'fay. 1.0 (1) June 

and ,.6 (11) July. or the 54 speclmens 15 were tel!lQle, 20 male and 19 

immature adults in which the "X waa unrecognioab 18. '!he number of 

fe~ale, ~~ls and immature worma 1n eaoh aample where the tnfectton 

occurred are recorded 1n Table 6.2. Immature adults wore pre.ent tn 

April and ~,I(q, but not 1n Jur. or July. Only ana male was recorded in 

June. 'Ihe r&nb8 of length and the mean length ot .i.acue in aach 8a1Iple 

except June ~ abown in Table 6.,. The size ot male and femals worms 

ioonta ... from April to July, and by July the females are tull of ova. 

i~om Tables 6.2 and 6., it apll8ars that more i",.....ature a.dults were 

present in P1s3 than Aprt I, and that the W01'!"lS in \fu.y W8re smaller t ... .an 

tho .. in AprU. .A.I only a small sample .;1.1 involved the above statement 

1& ot doubtful aignificance. It turther investigations alao revealed 

1&1'881' numbers of emaller worma in '-'fay cODl18red to A.pril. ona Bugge_ted 

explanation 1_ that ,,~ tl the optimum time tor reinfection ot the 

definitive hoat, where a greater number ot ~11er worms are recorded. 

Juvenile torm,. 

V&l\Y 8111&11 qate .. re recorded trom the inteatim wall, the 

me.nteri •• am the 11ftr of' S.cept1alu8. L.leuctecu8 and R.rutllu,. 

';'hen the .. qatl were lICluaahed they revealea tmlall Juvenile nematodes. 

~ number am percentage ot each boet illfected a1'8 recorded in n&b1ea 

6.4, 6.5 and 6.6. The .. table. indicate that a ,reater tnteotion in 

each sample aed oTerall wal found in S.cephalu! than tn either 



TABIB 6.2. 

iha number of tamale. male and 1l!1r.!ature adult ft.aoull 1n each 
aamp1e where 1nfeotlon occurred. 

Yonths Fel'!&le fI.ale Im,"ature adults 

April 4 6 5 

Mq , 10 14 

June 1 

July 8 , 
15 20 19 

Tot.a1 • 54. 

TA.BtE 6.,. 
'lbe length of f."",,1e, male aD4 1ml:":ature adult H.acult from 

April, !!.'t and ~ auplee. 

Month I6ale TlMlature adult 
Mean Ra Mean Ra Mean 

Ap1'11 12-l7mm. 15mm. 15'!1'h 6-14.5mm. 1l.,1Ir.I. 
..., l8-38'n!11 • 21.7mm. 13-25.5mm.20.8mm. .5-1Onrn. 8.7II1II. 

July 26-4~. ,2.4111D. 25-29111!'h 27l1'1m. 



Juvenile nomatod •• in the intostine wall, the ~lGntarlee and the 
liver of S.C8ph&lus. 

'8 th No on • No • No • N o. 
fish crocted r.rected female te.1e male mal. 

Infected lintected ~nr.ct.d nrect..a 

Jan. ,~ 

Feb. ,1 31 100.0 14 100.0 13 100.0 

',tar. 29 23 79.' 15 8'., 8 72.7 

Apr. 30 30 100.0 14 100.0 16 100.0 

r.,. 31 30 96.8 20 100.0 10 90.9 

JUDI 30 24 80.0 15 78.9 9 81.e 

Ju17 :50 16 53.3 11 52.4 5 55.5 

Aug. ,0 19 6,., 9 64.3 10 62.5 

Sept. 28 2, 0'.7 14 87.5 9 75.0 

Oct. P!1 23 85.2 14 82., 9 90.0 

Nov. ,0 ,0 100.0 20 100.0 10 100.0 

Dec. ,1 ,1 100.0 16 100.0 15 100.0 

Total 359 280 78.0 164 78.8 116 18.9 



TABlE 6.,. 
Juvenile nematode., in the inteBtine •• 11. meHnteries and the 

liyer of L.leuclecue. 

I No. o. o. tlo. 
Month fleh ~nf.cted ~nf'.eted te.l. teMle _1e 

lnteeted nt.eted nteeted 

Jan. 55 14 42.4 6 60.0 8 

Feb. 31 16 52.0 12 80.0 4 

Val' 30 11 36.6 5 25.0 8 

Apr. '5 12 34.3 7 ;0.0 5 

&aq 4 4 100.0 4 100.0 -
JUrJI ,0 8 26.6 6 ,., .5 2 

Jul1 30 10 33·' 3 23.1 7 

Aug. 30 5 16.6 , 18.7 2 

Sept. 30 9 ,0.0 6 27.3 , 
Oct. 31 23 74.2 14 70.0 9 

Bov. 28 28 100.0 17 100.0 11 

Deo. 3° 23 76.6 11 84.7 12 

'rotal '42 16, 47.7 92 5'.5 71 

6.6. 

"P 
male 

nteoted 

34.8 

25.0 

44.4 

2,.8 

-
14.' 

41.2 

14.3 

'7.5 

81.8 

100.0 

70.6 

41.8 

.-;) 



TABU! 6.6. 

Juvenile l'lII"Ilatode8 in the intest1m wall. mesenterios and Uvar 
of R. ruttlu8. 

No. No. No. /'(1 No. 
Month flab I"nf'ected tntected tell81e remale male mal. 

li,nreeted tnfected lintected nteeted 

Jan. ,~ 10 30.6 4 ,~., 6 28.6 

Feb. 27 6 22.2 4 ".~ 2 13.' 

Mar. ,0 16 5'.' 9 56.2 7 50.0 

Apr. 16 , 18.7 , 30.0 - -
Mq 9 

June 30 1 ,., 1 7.1 

Jul,y 22 7 ,1.8 5 41.6 2 20.0 

Aug. ,0 1 ,., 1 4.5 

Sept. ,0 
Oct. ,0 8 26.6 4 33.' 4 22.2 

lOY. ,0 24 80.0 11 100.0 1, 92.2 

Dec. ,0 24 80.0 10 66.6 14 9~.' 

Total ,11 100 ,1.5 52 21., 48 29.4 



6.8. 

L.leuctacu. or R.ruttlu" 75.~ S.ceEhalul being tntected compared to 

50.~ L.l,uciscu. and 33.Ojt R.Nt! lUI. A. aUgbt decz.&81 in the 

percentage of 5.oephalul infected occurred in July and Aueuet. ~e 

ahaeDC8 ot af\}' record from thte host 1n January r8enlts trom the tact 

that the •• juvenile nematode, were not recogni.ed until the 8ubeequent 

examination of t.leuci.cua and R.rutllua in thl. 84r!1flle. No obYioul 

pattern ot .. aaoral infeotion waa pre_nt 1n I •• leuo1ecuI, a1 thOU8h the 

minimum peroentaae of intActed flab (16.~) occurred in Augu,t. In 

n.ruUlue no intection Was recorded trOll tbe ...., alld SeptHber aamplea. 

aDd only ODt fiab W&II tntected in tbe Jww and A,uplt lamplea, but. 

high infection tor R.rutllul ('l.~) W.I pl"8 .. nt in Juq. A,lthouch a 

aUght decrea .. ot the peroentage ot flab t.nteoted •• a pre .. nt In the 

aummer month., the ,ign1fSoance of thi. i, doubtful. aDd until the 

paraeita 1e tdentlfle4 ana the life cyo1e known, it ie not polJlible 

to Itate whether the lal'Yu develop and pall out ot the CTprln1d,. 

whether they are eventually ablol'bed by the hoat or whether they 

accumulate and no further deyelopment oocur. until they enter another 

hoat. 

Porttona ot the cut wall oontaining o,y,t. cl.ared in aun', 

CreolOte BeJ:hwood, reft.led emaIl ooi1.d !lema tode. IIUrrOUnded by • 

cyat wall (Plate 6.1). 1Ia. of the qab appeared to be calcified 

•• peolall,. in S.cephalu.. Thi. indioate. two important point. about 

the lite cyo1 •• -

1. Juvenile t01'1lle need to enter anotber boat betore they deye10p to 

tlle adult tOI'll. 



Pl.at.. 6.1 A ju ... ni.1. Be MM ... ,._'" 1A \he 

lat •• tiDe wall .t s ••• pb" •• 

Hagultlca\lOA as' 





2. It the juftl111ea l'ft&ln tor oyer a oertain ptl'lod ot time in the 

C1'prtl11d bo.t. they either cUe 01" are kill.d b7 the hoet. 

Ile dtfin!. te .tructure to aid Identification W&8 present In the 

juvenile tOl'lll. 

A Geri.a ot expel'imenta .. re pertol'l!led to tl",1 and obtain the 

adu1 t tlItUtodl, both tOI' purpo .. a of identification and for further 

information on the 1if. C1'01 •• 

Expertment.. Series I. 

Method. 

S.o.pbalu! fl'Ol!l the Riv.r Luag were ftlO.intalDa4 in tbe laboratol'7. 

~8" fiab .. ere killea .". a blow on the bead. The int •• tim and 11Y81' 

oontainitlB .ncyated IlImat •• "l"I elis .. ated, aDd the intestine waabed 

tree of food rem&ina. 'lhr.'.qU&1'tera of ~bo tnte.U,. and put ot the 

liver of .ach tilh were t.d In .atel' to aix t.wo-weelt old J¥1eabur,y 

ducklioaa. 9ro ducks were killed atter periods ot 4. 11 and 15 dqa. 

'ale sut from .ach aniaal .. as dlTia.a into tOUI' regt.ona approxlu.t1cg 

to the p1'01'.ntriculus. 111&11 Inte,UDI, tarat intestine and the l'Icw. 

ana rectal .. ca. Each Hotion wae e%&'llb14 tOI' parael te •• 

To enwft that the jUftnil. na_tod •• in the cyst .... re Uvlag, 

portion. ot the cut ana 11ftI' ot S.cepha1\!. uNd In tbe expn1.D1nt .. ere • 

placed In a pepatn cUge.'.-

'.5 S- Plp.ln ~ 
2 .1 •• BCl 

in 500 cca. H20 



~ .olutton in .. 500 al.tla* w .. plaoe4 tn • water bath at a 

\8mpel'&tuN bet •• en '70 al'Jd 4000, whtoh correapon1ed to the b0d7 

temperature ot the duck •• 

tl!!Ult" 

6.1Q 

.) No parasi tee ww recorare4 from &II' portion of the duck lntelU" 

after aither the 4th, 11th or 15th d&\V. 

b) L1vt.1Jg eX01ete4 r.ematocle ... re ftcoye1"Od fl'O!!l tbe p8rllin d1pllt. 

SeVf!l8 It· 
lretbocJ. 

Enc,yete4 u.sto4ee 1n the cut anc! ltver or S.oema1uII were ted to 

a duclcllQl' plaoed tn a .parate caae lIMel" mtcb _ •• l'ftonble t~. 

'lba faeces of thle anbIal were examined &twr a pe1"1ocJ of tbl"H hou1'8 

up to a period or .tab' boura atter tNdine -1 ttl infected 1n\4tatiDe, 

b1 which ttme the zoemaina of clipetect tlab tnt •• Um Bould have 

p& ... d t.b~ the cluck. 

Rewlt,. 

No De_tad •• ftN NoonlWd trOll &1V ot the faeoal c1epo81te. 

CoccluploQI 

Neut.od •• aN a1 ther dipeteeS betON the7 can paiS 6lcns the 

leneth of the cluck inte.Une, 01' t.be1 uuaergo a migration frat the 

intellttlW. 



to t1'1 8l2d teat the .. two suggeaUol18. two tul"ther ezalll1Mtiona 

.. n made.· 

1) Squaah •• ot the duct liver ... re .&de or thoee t!ucks killed 

4 az:4 11 d.,. atter ~tag ted tnt.cwt! int •• tine ua 11ftI'. No 

ntmatoc!es Q'ere preeent in the liver, but thtl 18 not conclusive that 

the nematodos eliel DOt .tlrate troa tbe inteetine, ae they could ••• 11, 

haft pas... b.,.oDll the 1i vel" in foul' _ •• 

2) EDC)',ted 3uven1le aematoae, "1'8 teel \0 a cluck whiob .. , 

killed atter 0l1li hour. nth the reault tbat DO tltMtode, ... re ncol'de" 

on eDllination of \he pt. and the pre .. nee ot fish int •• tine he 

unreoolDieable. 

hcIra tbe .. renlt. It ... oODClucJec1 that the .. tocte ••• ft 

pmbabl1 ellS-,teel. aDd the OODt!i tloDe In 'Ute tluok tDtlIUae wen not 

tavourall1e tor the el",el~Dt of 3u"1111, to Mult. 

10 tr,r an4 el •• IId .. Bon .peotlt0&1~ tbe taotor, tbat aisht 

1M detnmental to the 3UftD'lle. tbJ"ee Italt, _n .. t Upl-

1. Pwpein t!ipet at 3700. 

2. Saline ,0luttOD at '7°e. 
,. "WI' at ,.,°0. 

Inq.t.cl nnatode. f1"O!ft tM lDte.tiae ot S.cepP!lu! ... re placed In 

each £1&*, ara4 each lta* .... exaaluec1 at 15 .1Dlt.e tntenall, aDd the 

I'JUJIb'1" ot UYla, eDqJated De.toael". rec:cl'de4 ('DI.ble 6.7). 

From \hie ~lt.taar.r iare.tt,atton It t. polllble to .., that 

nptc1 'Xo.1ltaeDt 0CCUl'8 In ptpetn 4i,.et. .1ow eXCJltment II pN .. nt 



1n 8&11ne, but bard17 aJU' .xqltHnt occur, in water. After O~ hour, 

moat of tho .xQ1lted nematod'lI recovered trom al\Y fIa* w.re d.ad. 

'lhl1 suggested that t'lftlJeratuR may w tl'.e detrimental faotor .. 

nematode. are ueua.lly capabl. of eurviYi. HY'1'&1 hours in ealina or 

w.\ar. 

SUboequent17 .ncysted neaatodee ".re incubated in pepeln dlt,.ot 

at ~50C, She eXC;YIW rle!!4t048e wrvi.,ld tor a ,reater l.ngth of n_ 

and were attll alift after' 51- hour.. 91i, indioated that the b~ 

wmrerature of the duck wal too hip, ud theretore a detlntttft hODt 

wi th a 10 •• 1' body tellperatuZ'e waa ,ought. 

In the R1.,.1' Lugg, E.1uctue ••• the main pndato!), filh. 

Examination of I.tuctu. n.,..led three epeoi •• ot !IIIMtoc!e R.&1Cl1a, 

~! lnemi, aJl11 C.dW.lt. '!he juvenil •• of B.acu! are reported frCII 

the meeent.l'1~., liv.r aM intestine wall of.' cypl'1ntd ftah'l 

(IS1UJ11ova, 1964) aDd ther.ton it hi d.oid.d to t17 aM tnfect F..1uctul 

With the 'DCJ"IW nematode I from the inteattne .11 ~ It".r ot 

D,c.phalul. 

EXI!r1tnent!. Serie. ttt. 

IntrodllcUoDI 

.u E.luolu! from the River Lug ••• re intected w1 th R.aoua, the, 

oou14 DOt be ueed 111 the .. tnt.ction. .xpert .. nt.. R.luoiue .ere 

obtaimc! trOlD L~n '1'egt4 (1M. 13&1&. tlerioaetblhlft), as pre.,loua 

iJlftlt1gatlon b7 Chubb (1961) show.d that R.ac~. was not ncord.d In 



E.l'l 

Fla* 1. I Fl.. 2. Flaak , • 

!to. ot • xcyaW4 DIt!!l& tad •• 
llicutes ~v1ng Dead ~l"'l~ Dad "lYing Dead 

15 0 0 0 0 1 0 

30 2 0 1 0 0 0 

45 11 0 1 0 0 0 

60 2 2 0 , 0 0 

15 0 , 0 2 0 0 

90 1 , 0 5 0 0 

lOS 0 10 0 0 0 0 

120 0 10 0 0 0 0 

Vethod •• 

One E.luoiua wa. an .betiaed in 1ISz22' .toclc • 1 III in 250 al. 

and thi ..... c111utec1 x 8 to & wozklng oOD04tlltratioA 1 ••• 5p •• In 10 

litre. in thl. cue. Infeoted S.9!ma1uI inteath» and Uftl' wa. out 

iDto .. 11 piece. and pushed into the atomaoh ot the &nae.theU .. 4 tiab 

Wi th • pieoe ot 1'Ubbel' tubil2C. .&. pepain cUpat oontaining piece. ot 

lnfacW gut and l1Yel" ft. prepared \0 aeterm1. it the nematode8 .. re 



6.14 

altv,,. It waa intended to em'lim tr.e E.luclua ai"ter ~even da.y8. but 

the air in the aqU3.1'1um tdled and tho tlBh died betwoen the thtrd aDd 

fourth da¥ after infection. 

Reeults' 

1) Examlr~tlon of the lnte.tine ot !.luciu. roT.al.d the tollowl~ 

nomatoct.s.-

Parasita 

Cucul1anua ap. 

Juv.r.11. anatod •• 

No.ot p!!nait.a 

1 ., 
location 

Low.1' inwaUno. 

2) L1T11lf& Zlematod ....... re recOY'1'8d tree the pepsin dipat. 

it.e YOUXlG YOl'llS tram the lower intestine of '1.1uclu~ were killed 

in glacial acetic acid. and mounted temporarily in lactoJilenol. !ho. 

'aOl'CB TlQI'C approximately the Ulil8 al_ aa the DtlMltoa •• exc;yated tZ'01D 

the intestim wall of S.cephalus. but the a,sophaee.sl etruoturo "4. 
COR defined, the 0I!t8ophar;ua tOl'lli~ a bulb e.Dd a pouteriorly directed 

caeca. (Figure 6.1, Plates 6.2, 6.,). 'l'hlf! arl'llt'J6tMnt t. typical of 

the math1.c1&804ric! ar~ment, &J'ld turtber .~tnatlon of larger torma, 

8xcyated in tho pepatn dleeat reTealed the BaM structure. Pepltn 

digesta of intected intestines aD!! U..,8ra l1'O1l T •• leuolsou, and R.ru.Ulu, 

rovealed r:IIIUtode. with the ...... oelOpbaceal struoture a. that touDd in 

S.egB,.,lU!. FrO!I tbie iatol'llaUon it is aug~."d th.'lt the eDCJate" 

nematode. in thft intl,tine wall, liver aad .... nt.ri •• ot S.c.phalu!. 

L.leucl,cu, aD4 a.rutl1u! are the JUftnile tOl'llS of U.acua • 
• 
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6.1). 

t1fe (.,'ycle. 

h pre_nee of encyst.d juvenile. 10 cypl'1ntd., and the p~ .. nce 

of adult. a.acue in E.lu?1u., .a .ell ",a the I'8COftry 01' excysted ton. 

after the infection of E.luclu~ with enoyatod to~., aut~St8 that 

cyprinid. act as ~e In_1''IIIe41a. ho:-t, and the juveni lea do not lIatture 

until the ~prlnids are .. ten by E.luolu!. Further sUPpOrt for this 

SU8~·aatt.on COII8. frca 1horaa. (1957) who eX&!Dined the life eycl. of 

'Nphld,aoaris oanacSetl!t., 5medl." 19", tra. E,luclu.. Fl'OIt 

ex art_nta and ob .. wat1ona 'l1l0llU (1957) showed \hat rt.oanadansl. 

lald 1ts egga 1n the 1nteptloe ot E.luo1u in the .oNl. stoge. 1he 

egss pa ... d to the _tar in the taeoea. aad be~ •• bl7onawd w1 thin 

eight hours at 75-8001'. Atter one .oalt the a ... beoa. int.cUw to 

I-hoxlm. app. aDII P.tmiattlts (bottOli feedere) aDd 1n the .. tlab tb8 

Damatocles bea. eD07.W 111 the ... Alel'l.s am the ltver, ana do not 

grow further untl1 i •• te4 b7 E.luctua. 

1M appaNnt lIi.t14rt\}' in the Ut. c,yol. and lllte1W>diate and 

definitive boats, 1.d to an exaalnatlon at the deac!1ptton. of bo~ 

8pecie. to ... if de.pit. the .ore or 1e •• ldeuttoal lite cyole. and 

hoat., the speote. were nal1,y _p&rate. 

'!he fe .. tuN. 118.4 by Smedley (19'4) in tha de.cription of 

.!i!oanadentts are 8howo 1n 'l'able 6.8 and abdlal' f.aturea ill :t.aous f1'Oll 

the pre_n' aul'Y"', and wbeN the data weN a.a11abl., trQI .!i.aou, 

CrOll b u.s.s.a. a1"8 OOllpared ('labl. 6.8). The table shows t.hai .tUN 

ul.s of R.O!D!deD!l. are .11ptq .... U ... than ~ho .. of 'i.&QUI, but the 
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aignificance of thi. for dltferentiatillB specie. 1. extremely au.pect. 

~"I'1edley (1934) recorded unequal spicules in the \'It&18, but only ona 

measurement 1s quoted in the text, no distinction be! ng made between 

the two spicule. either in length or width. Eo dtff'erenoe 'Ii.S 

apparent between the spicule dt .. neione ot R.,eu, and R.o'nadenst •• 

Plate 6.4 .hows the sploulea of a.acu,. The yulYI ta in the same 

post tion in both '.pacte.'. and tbe utert. do not appear to pua 

anteriorly to the vu1Ya. Dtfferenaea in the .1_ ot the Oft ..,. be 

accounted tor b7 difference. in the .tap of d • .,.elopill8nt, or bJ the 

type of t'ixaUve u .. d to pre .. "e the .. _tode.. In tbe pn .. nt 8Ul'V1I7 

cwa were not lIL\1'l"OUD!ea b7 a bud .. n, aDd would theretore be 

suaceptible to o_otto obaDp" aD! a gftat Yaz1.&Uon in ,1a and ahape 

of (Wa wu recordea. lIaI'1'ow lateral alae of una,ual breadth .ere 

NcordeG .a runnt.D6 the whole 1eDltb of the bcq ill R.oanader1!l!. 

It ia uncena{ n whether lateral a1M aN pre_nt in R.&OUII. 

So tar no detini toe featu.l'II 1s pre_nt Whioh dett ni telr 

dist1ngulabea n.oanadell!l, tl'Clll ii.&9U!. and With tbe ai.l1m V ot 

the 11te cycle ani the ho.u involved it ia lUgee.teet that at the 

pre .. nt tl_ DO v,11d rea.ona en.t tor ditterenttattDfr betwHn 

R.cana4.nal. and a.!Cp'. 

Doubt hal a1.0 been rallied a. to whether Rhapbld,8oan, oriaa" 

(von Ltnatow. 1872) 1s reall1 a valid .peoie.. Apart tro. the ori,inal 

recol'4, all other reoorda have been made f!'Oll Br1 taint BqU •• (1928. 

19'9) trom A..fD«\111la. Fro.t (1946) in # .. anellla trOll the Windern1'8 
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Comparisons of the features of l{.canadensis and 'i. &Cue • 

body lencth 

• &Cua B1och( 1719) ~:8 Bloch ( 1779) ~.cr1.tata( LtnstOlf.1.872) 
8sia (IsUJ'lDova, iva r Lugg, Bri tal n 

196.4 ) 1fe&n 

14~ 

7 - ~ bod7 1ensth 

pend on at_ and pp to 17 pre. 
lOpa8nt of 

- 21 pra. 

b-.quah slender 
1I'h81"Pl¥ cu1"N4 

.65 x o.o~. 

lit in cuticle, 
5 of boa7 length 

rOll anterior eDl!. 

irectH poa1iertor-
• do not extend 
oDl vuly& 

.tertorq. 

,.64 - 1.~ 

WeeD lat & 2DII 
in. ot boc17. 

-298. 27.0.. 
I 56-0.6,... O.61mm. 

0.01 t 
1.02at. broad at baeia 

117 equal. I 
0... ,2._. 

'6 - 1/7 or h0d7 
ngth fro. anterior 

m. J 

ftCted posteriorq • 
o not appear to 
'xtend anterior to 

yul.a. 

• C17 4-0.00 5-. o. (1'(9tam 
x x 

o. OJ 3-0. 06411l!1. o. ~ 7rmn. 

c"\ 
• 
~ 
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catchment area, Jta,_eon (1952) tn ~.luetu8 from the f.tlver Severn in 

At,~-uet; Chubb (1961) in A.anguilla and P.tluviat1.UI frOM L~n 'l'eBtd 

and 1.1'1 P.phoxinue .. s.trutta. S ... lar &nd P.tluviattU, trOll Llyn Padarn 

(Ca.ernarvonehire) (Chubb pere.oOll1ll.). Froet (1946) state. 

"The DlMtod. _aa a.ort •••••• Dr. H.A. ~lte of the anU8h 
Mu .. um (Nat-ual lU.to~), intol'll. De that the identtty ot the 
lpeele. of !Jltr.Md&!Ot!1.. oOllltonq referred to &1 R,yu. (Bloch) 
is vert UJJC8nain, u it 1. llU1Uftlclent~ described. He> baa 
eltMliDl4 80M ot the .. terta1 on Whioh Yome and Mapleef,nna' a 
(1926) fiture• ot 'Il.acu.' were ba_d and beli .... ea that 1 t ta 
actual1.J a.ori.tata. Unte •• Linatow'. de .. nptlon ot thi. 
speciel 18 inaccurate 1. t appear. to be distinct trom H.acu,." 

It ta hoped to obtain Linatow' a original desoription (Linatow• 

1812) of a,on.taB. and to compare t t 111. th ttl. descriptions or ~.acua 

100 ~.oanadel1l1" I haye examined a.cri.taM colleoted by Dr. J.e .Chubb 

trOl!l Llyn Pad&l1l. All the WOl""" ... re tree in the inteaUne of the fish 

apart from a fe- ency.ted fom. on the awl. bladder ot P.pboxtoul 

(Ghubb, pere.oOlll!l')' Al~ouch the .. _. wen reoo~n1eabla. the wom • 

.. nt tarnatu1'8 and 1 t hi iapo •• ible to .. e a aignificant oom['4neon 

wI th the data trGII matuN R.oaM.den.t. and R,acu,. General 

obMl'Tatione on illm&tul"8 R.Ctl,,..,cA .howed a trl"8at similar! V en.Md 

betwMD all three .peete., Caatparl.on between tnature ton. t. 

how.ver unju.tified on ~. bait. th& t the 11& ture fo",s ot & .peoSee 

~ be dU'f,rent .. en tt the jUYeD11e. are eblt 1ar. BIttON &1\1 further 

.tatement. can be __ 1 t 1. neOl.aary to examine .0lIl8 mature 

R.ol1.'!a" ani! to etw1y Ltnatcw'. origtra1 description. 

A wider ho.t zoanp il quoted for R.crtstata t'roa Bri taint than 

for R.acus. although salK (195') 1n an toye.ttptton or cyathoce'h&loata, 



recorded a.acue in f.trutta. Adult pura.lte~ were found in the .tomach, 

duodenul'l, inteatine, body and nasal cavi tie.. ~~ncy.ted juv8ni lea were 

found tn the liver, the pyloric caeou a.nd the Iftl'sentery, lind til\Y tree 

juvenile. were preMnt in the body CCYtty. 'the etOT"lachs ot a number of 

S.trutt!! contained ate. P.phoxinue full of adult H.aoua. In May, 

June and AU,f!:\1at S.trutta contained adult If.aous, whereaa free or 

encysted j~.nl1e& HN Hcorded in 4prtl, ~, June, I\.up,uet and 

Clctober. a.tNtta caught tn other months weN not infected with theee 

pdraat tee, and only fish over tw'o yeara old were infected. 

Fathopnicity. 

Seven int •• tattor. of a.acull were reoorded trora I.lucius, L.idu •• 

s •• ;ythrophthalmul, A.aapIUf. T.tlD9!' C.earal,lu,. r~cioptrc~ luctoperca 

(t.) and C.O&I'pto. trOW! Lak. ;'udocbye and Dear MuJnak near the delta of 

the A"'11 Daria (Oamuoy. 1955). A.b~ .al the ao~t seveTe\y affeoted. 

tbe worma being found in the int •• Une wa1l8 and tha liver. "'e latter 

organ waa "VeN ly daaaged 

"only isolated patche. Nrnained. lUte ialand. conMoted with 
one another by strands or tissue". 

(Oem&nO¥. 195', p.42). 

From '\be intenet V of tntectton DOl"Ml function or the li'Yer, gut. 

gonad. and other organ.-, wa& iII,poestble, and the nah Rre 'Yery 

.maoiated and died over the winter ot 1951-52. 

Seavy infeotione of juvenile >i.acu. were recorded in the pl"flMnt 

aun.,., e.peataIl)' from S.c.phalua. but 80 far no pathO@'entc errect. 

a.re apparent. 



Spln1 tectu! inel'mi. (Zeder. 18(0). 

';.'en .peci"l4ttla of ~.1I'l8l'!111e. four £e"'ale and .1% "'ale, were 

recorded fr01l tie .to"'aob of one female 1t;.luc1u8 oaueht in Febr~.ar,y. 

11118 ws. tr.e only ti'J18 th1e a~o1e. Wus recorded. S.ineI'!fth was 

first recorded in Bri~in by Chubb (1961), .. ven speoimen!. four "'ale 

and three felll&le bein« found in the stoNch of A.a!!6Ullla frCMI the 

Afor! lyfrdW)'. which flowB into Llyn ~gld (Merionetha~'ire). Two of 

the female. were dama.eed but a prOYiaional redeaoription of the 

6~.ci.s, and a list of ~11 previoua records at the epoci ••• ere Biven 

(Chuob, 1961). 

All preTious records of S.i.nermi, with the exception of a 

juvenilo touDd in the inteatine of ~lburnu. lucldul (von !'lnst.ow. 1678) 

were trOll t.be atomach of A.aD6Uilla. !.luo1u, appe&l'8d to be the 

d.fluBive hart in the pre .. nt. SU1'V'8y. 'Ibis indicatee thQt E.luctu, 

.1 .. n as A.angui 11a m" act. aa the det'tni ttve befit. or tr.at 5.1I»rnt1. 

m~ be able to u .. E.luo1us aa a detinitive hoat if A.anguill. Is 

i.~e.ted as part of the diet ot' E.luciu., i.luoiuD in this ca .. bei~ 

an aooident.al halt.. 

'lbe range of .aeurement.. recorded tor S.inel"!ftiu tr~ A..aMUillt 

and &.luo!u. are shown in Table 6.9. MllLture fe.le and .1e S.iDlNi! 

are longer in E.luoiu. than in 4.&pguill,. No de tat led description ie 

ava.i1abl. of the fnal. syatem of S,inermja frOlt A.&1l8\l1Ua. AltbOUlh 

the uteri weN f'u 11 of egg8 which obaoured 801H ot the detail, & 

illWral d •• criptton clf t.he female .ystell! of 5.1nermi. from !':.luoiu. 



tEl given. The male 8Y.~ appears identical to thAt described by 

Chubb (1961). 

The v.agina hae thick muscular walla 0.026 .. 0.')37"'''''1. t},1.ck. a.nd 

apprOaChp.8 the exte'!'nal pore from an a.nterior direct'ion. Tl'e pore 1.e 

ISHua.ted in the .. 8peo1.~ene 1.6 - 2.5m~. trOll'lthe posterior tip of the 

worm. J. .. duct arisee £l"OII the 't'qlll& which runs alight 1y a~'lt.riorl.y for 

about O.3mr.h and then divides into two, .soh of tl:e&e ducta runn1.Df:' a 

fut'tber O.3mm. before opcnins out tnto a wider tube or uterus which 11 

fun of eggs. The egge are ovul and B1..rrounded by a thick shell. and 

measure 0.032 x O.02'~. F&ch uterus passes anteriorl1 first of all 

in ,. straight tiDe. and then in a coile", twieted \ll&nner. '1lle uteri 

extetrl approximately aa far as the muscular portion of the oesophagus. 

1bt.wer stra.nde of tisaue 0.0'51 - O.0571'!\T!'l. wide are present and are 

11'101.1' .. pro"llinttnt in the !'egion be tween the vagina and the ~o8ter101' tip, 

ulth':)ugh the ea."IIe struoture wa. rreaent betw.en the e0118 ot the uteri 

in the more ar.terior part or the body. lhis structure Vf..i.e thought to 

be part of til,. O"tary .u two uteri are preeent. two OTaries should a1.0 

be present. In the epecimens examined only one tel"!:!lnal part of an 

C1'I&ry wae Tlaible. in the region betw.en the vagina and the posterior 

e:ld of the "om. 1'!1e ovary aj:pea:red to be divided into two portionIJ, 

a proximal ahort rounded portion pOl!lterior to the vtigina. 8M til lone 

dhtal rope-like coiled portion which joined ~h. uterus. !Ille path.~ 

of thin ooiled portion was traced until 1 t ran anterior to thfll vagina 

and became lost among the coiled uteri. (Figure 6.2). It 1..:\ thought 

that the beginning of the MOOOO ovary 1" anterior to the v~ifla a.nd 



ne pcNIterlel' e" .f • feaale Spip""'. 

'Mn". 

o - fneI'Y. 

U - ut.erua. 

1 - lllt.tiM. 

TO - Tered°.l pert .t 'he •• ...,. 

ca - C,,'l.o1&lu' epbe •• 

A_~ 

., - -- a"~. 

n - 'lICtul ,... 

V - ,..., ••• 

VV - Uul"iM ftCiaa. 
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TABTE 6.9' 

Comparison of the teaiur.. of S.inermt, fro. A.a2!Uil1a and B.1uC1U!. 

Oesophagua into boc1y 
IfH'8ih 

'luecular. glandulal' 
oe80phagu8 

Junction of ~.cular 
and glandular 
oesophagus 

S.l_rmi. trOll!!.. 
!!l6Ui ll~, tJIyn 
~gid (Chubb 1961) 

7th-Bth cutioular 
ring 

S.in.rmis trom F..lucius 
tliv .. r f,up'g.Preaeni survey. 

5 - 6 U.s 

5th-6th cuticular ring. 

Ranp 
Junction ot glandular 1.l3·1.22Mm. 
oesophagus and 

~[ean Ral'lB' 
1.19~. 1.8l-2.22Mm. 

int.ati_ 

No.of spinea on 2nd 
outicular nne· 

Lenatb .a tUN 
t .. te 

56 - 60 

51 .. of agp 0.034 x O.02Omn. 

Direotion tn which , 
the vaci" approacbe a 
'the pore. 

I.ert«tb of Yaaiaa , 

lDog apioul. Bollow halt • ., along 
len«th 

56 - 62 

Range 
16-1_. 

.. an 18_. 

FrOll the anwrtor ead. 

0.21m. 

, 
----.--------------~------------------~----------------------



was obacu.n' ~ the egg. in the uteri. 

In tNt •• ,lan Kft7 (Ia\J.7llova. 1964) the egga ot S.lnel'ftlta are 

recorded .. po .... a1Di polar t1 I.ent.. Folar filaMrth are not 

recorded OD en- trom this llipeci.a €It ther by Chubb t 1?61, or in the 

preMnt aul"flll. It ia aUf@ •• ted that the egr,e of S.1:-lC'l'mie mIq have 

been confu .. d with tho .. of Spln1ttctus ov1f1!f;e1l1.a F'oul'Nnt. l8fl3. 

Whtch po ....... filatMnts on tbe .g~a and 1e the type epeciea. 

Cucull&ml! .pp. 

&.2). 

Four apeci·.m8 of ~ucull.nus ap., three female and one male .. re 

reoorded from I.luctua, and three apeetmene. two lI'Iale and one which w.a 

damaged we" recorded from T.thymal1uI. It 18 not oertain Whether all 

the .. apeciMna are C.truttu. or Whether the one. trom E.luolu, are 

Q.dopel1. e.tl'UtW and C.doQel1 could be aooidental panetta. ot 

l:.luoiul being rele ... d after the ineeatton of T.thm&l1ua or cyprinlda 

.a food. 

CxgUd1colt twont. Fiaoher, 1798. 

ODly two 8peoilll8D11. both temale and full of -8g8 "re tound in 

the pi" bladder of 'l. th.y!a11u. in ~rch. 

Conclua10gf' 

1) '!be adult torma ot S,"aem!. CURlIl1anus ap., e.Mont. and tile 

adult aad juventle tOl'lla of R.acul were reoorded trO(l the flllh of 

~ RiTer Lug. 



2) Adult S.lDel'l'll1.. a.acu, and Cucu11anu. .p. w.re Hoord.d frOll 

~h. inte.tina of 1:.1u01u.. Adult C.fartonia "l"II record.d frOil 

the ... tm b1add.r of '~.thyma11ua. wh.re., the only nematod •• 

reoord.d in the cyprlnid • .,re juv.nil. '.I:I.CU8 .noyst.d in the 

int •• Una w.ll, the liver and the MB.nteri ••• 

6.24. 

.,) rt.aCU8 i. the only nematode found in thia aurvey, for which 

E.luciu! haa been reported •• the definite d.finitive ho.t. The 

pre_ne. of S.tnermt. and i".uoullanuf; ap. MaY reBult from the 

predator" habit of E.luciu •• th.e. two para.ite. b.ing rel.a •• d 

from tnge.ted food. 

4) 'lbe validi 1\1 of ..!!:canad.nai,. d.aoue and R.ort.tata aa Mpe.rate 

.pecl •• WI. Clue.ti oned, and the nid.nee 80 tar ,,"allab 1. 8U/?gI.ta 

tr.y m" be qnonym •• 

5) 'lbe rnal •• Ylwm of S.iD8rml, 11 d •• ortbed. 'Ill. mal. 8)".tell and 

other f •• ture. of the nematod •• were id.ntical to tho .. d •• crib.d 

by Chubb (1961). 

6) ibe IIIln ramtb.r of all adult nematode. record.d. prevented II\Y 

conolu,iolll as to the pre_nc. or ab_nee of allY Ma.onal 

v~nat1on ln the perc.ntage of fllh inf.ated, the tnten.i ty ot 

infeotion and the maturation of the para.ttl. in the d.finitive 

ha.t. A l11ght ~.area .. of doubtful aipificanoe waa not.d 1n 

the IUIft'I'IMIr, tor the DWllber of oyprtnida with juvenile :i.acua. 



7) 'Ibi.s preliminary survey of the r.e ... atode fauna of ftsh08 of tr't> 

iUver Luge; helL8 revealed several iu';.erest.1l~ prob1ema, tl.nd fl.4rther 

inve.tt, aUon i& required into the taxonOl1\Y 1JI.llf.~ tr:e life cycles 

of .1:haph1da.ca:r18 ap. and S.1nermh. 
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CH4P'l"'~R 1. 

ACAl\'1'HOCEPIlA LA. 

IntroducUon. 

Four splot.s ot adult Acanthocephala ana one juvenile .l~ctea 

are reco'f8red frotft the flab of the River Lugg. 

~.thod,s 

Freab ute rial .a. rellloved from the iniestine of the fish and 

7.1. 

placed in oold water until the proboscidea were tully extended. Both 

:relaxed tNah material am deep froAn Nterial were fixed in aloohol

formal-aoet10 (A.F.A.) (Van CleaTe, 195'). For identification and 

dewrmination ot .x and the atage ot deYelopment, the apecimens .ere 

oleared 1n pure ONoaoW. 

Aoan'thooe]i1a1a .hich ha4 been deep frozen dlffered f1'Ol'!l Jlonogecea, 

Digenea am Ceatodea, in that they were not recoyered tn a relaxed 

oondition. 

Repltl: 

'!he apeotes of 4oanthocephala recovered, their hoete aM the eite 

ot inteotlon aze Ncorded in ~le 7.1. 

NeoechtDOrhlnchue rutll! (MUller, 1780). 
Sreclu '!f 

N.rutilt .aa found ln the lntestiDe ot all the~~prlntda am 

E~luciue. l.rut1.l1 .a. never found in lar,. rumbera, on17 " belag 



PARASI1E 

TASTE 1.1. 

'lb. hosta and sites of infection of .t\canth0C8Jilala fl'O!!! the fleb •• of 
the It\ftr !.ugg. 

HOST 
lS.eel-blue L.leuetscus H.rutllus fJi. thYlII&11us E.luclU8 

NeoechlnorhYDChua IntesUnal bulb ~ntest1De Intestim JntestiDe 
rutili and tateatlne 

Acanthoced'ta Ius Int.stinal bulb JnteaU_ ;Intestine Intestine 
Iud! and latest! De 

PotIp!!orhy I'lChus Jnte.tine ~nte.tlne 
luna 

Echt norh.Tnchua ~nte8t1ne lnte.UDe 
truttae 

Po1l!0rpbu • ~nte.t1ne ~nte.tlne ~nte.tlne 
• 1autua 
lcy.tacantb) 

-J 
• I\,) 



record.d, ~ of th ... from S.cephalu8 ('labl. 7.2), two from one 

R.rutUu! in March, three fr,", E.luclu. (two in april and one in June), 

and one trOllt L.l.uci eou. In Janual'1. 

1h. aT,rap InteDa! V ot tnf.ction wa. 1.0 paraat t.a per tnfected 

tt8h, wt th the exception ot the S.cephalu, in tl".e June 8a"'ple where the 

tntenei~ wae 1.4. ~ble 7.2 &howe a higher percentage of S.c.phalua 

infeoted betwe.n June and August than 1n other !!Iontha, but tho tntenet ty 

of infection wae the BaM in all 1!tonthe, exc.pt for the aUght increase 

in June from 1.0 to 1.4 paraat tea per tnfected tiah. 

~e dift.rent etase. of development ot the temal. N.rutl11 are 

recorded in 1Bble 7.'. 
Young female Acanthocephala have a etngle or a double ovary, and 

the formation of Igg celIe, fertilisation and development of the .mbr.yo 

haa been d.aoribed by Hyman (1951). 'lbe original ovary breaka up into 

frll6Mnte whtch are callld ovarian balla and the .. float fre'lT in the 

ligament Ne, until thia rupturee and the content. are releand to the 

p .. ucSocoel. 'Jhe oyar1an baUe con.1et of & central vncitium from 

whioh the .gg celle .. pe.rate and pa •• to the pel'ipber.y. After the 

.ggs are tel'UU .. d, a f.rtiUeaUon membrane ariaes Inside the original 

.gg membrana. and the .gge .aC&pil from the ovarian balla aM continu. 

to develop in the paeudoooel. A third 'MabraDe i. eventually f01'ln8d 

b.tween the two _branea already preeent, and 1. called the &hell. 

When the all t. fOl'lHd the jU"f.nile. are called shell.d &oanthore 

(Van Cl.aT., 19", 1941). Acantbore ma.Y be re1ea .. d at ilsterY&le trom 



TABLF. 1.2, 

Infection of S.cepha1ue with N.rutl11. 

No. Fected 1'1el1 lutected rutaCgd lu:i ~.tte8 
IIonth flab • ~ female ule tes n 1e"'l8.1. 

tiab fiab 
- "" Y- qf ...... - ~ 

Jan. ~2 0 0 0 0 0 0 0 0 

'eb. 51 0 0 0 0 0 0 0 0 
liar. 29 0 0 0 0 0 0 0 0 
Apr. 50 2 6.6 2 14.' 0 0 2 100.0 

r:..Y 51 2 6.4 0 0 2 18.2 2 0 

JUDe 30 2'.5 26.5 2 18.2 10 80.0 

Ju17 50 16.6 1 11.1 5 80.0 

.lug. 50 15.' 2 6., 4 50.0 
Sept. 28 7.1 6.5 0 0 2 100.0 
Oct. 21 0 0 0 0 0 0 

lloY. 0 3.5 0 1 0 1 
Dec. 1 ,.2 5.0 0 0 1 100.0 

Total ~9 C14 6.7 1.7 18 5.4 121 1P 10.4 

tara.! to. I:-ro.female 
n male tic 

~.!II&1. 
flab 

~- ~ 'No. No. 

0 0 19 59.4 15 40.0 
0 0 14 52.0 15 48.0 
0 0 18 62.1 11 51.9 
0 0 14 46.6 16 55·4 
2 100.0 64., 11 55.5 
2 20.0 65.5 11 56.1 
1 20.0 70.0 9 50.0 

2 50.0 46.6 16 53.4 
0 51.0 12 45.0 
0 0 65.0 10 57.0 

1 100.0 66.7 10 3'.5 
0 51.6 1t5 48.4 

IS 29.6 2~ 56.0 1M1 42.0 

-J 
• 
~ 



The .tate or deTelopment or te~la N.rutlli. 

Month nOST 
R.ruUlu8 F..luc U8 

Jan. 
thor •• 

1·'ab. 

~. Intact rNary. 

A.pr. ? 

June OYartan ball. 

July 

Aug. lan ball. 

sept. 

Oct. 

Dec. OVanan ball. 



tor.e temale WOI'III to the intestine of the hoct, (')1' they ~ not be 

releaaed unt1l the female pas ... out of the host. 

Speoimens ot N. rutili .ere recorded .i th the 1. ntact OYa1';y, 

ovarian balle and shelled acanthors. hn &canthors .ere preMnt all 

other structures 1n the peeudocoel wen obscured. '!he aoanthors in 

the two speolmena recorded from septe.ber were not eo den_1.J packed 

and 1. t 1a BUBPated that acanthora were beine releaeed from the worma 

a' this $1., and the term lIhedd1ng 1a u .. a in '!'able 1.'. 

!Jo ob'doua .. asonal pattern ot deyelopmen' was present, but 

becauss of the .. all lIU1!Iber ot epeoiMne tound, it waa t1'llpoSl1ble to 

de.rmine the length ot ti_ that adult N.rutill nt_11l in the hoet, 

or the time when 1ntectioll ocourrad. Aaanthors wre recorded 1n the 

remales 1n Januar;y and JUDI, and ODt WOI'II Which appeared to be lOling 

acanthore .... pre_nt 1n Saptel'lber. It 1a poaaible that reinteotion 

..., on13 occur at one t1_ ot year, or that 1t may occur conttmoua17. 

aid thenfon a detailed trlftaUgatlon of the ... aonal Bynaaica ot 

N.l'Uttll iD both the inteI'Md1ate al2d the aettnt. ttve hoata 1a 

neoeell&1',1 betore &1\1 oonolus1ona can be drawn • 

.lCanthooephtlua luc1t (MUller, 1176). 

A.luc!l was reoorded from the aama tnt.ctton atte. and the same 

ho.t. u •• NUlt (~ble 1.1). ..,1e.7.4, 7.'), 7.6 show the .ontha 

where 11d'eotioD wu 1"8corc!ed in S.C4tpIua, L.Ieuotacul ana R.rutt.lu,. 

ODe .ale 1,1uctua .. tntected with one 1I&1e ... lueU in April. Only 

34 apecl .. DB "l'8 noorded a1 together, 26 or the •• being trOll 



Bo 
JIoDth lab Dtected fiab 

r.b. ~1 1 
M'aZ". 29 2 
~pr. ~o 2 
Oct. 27 ~ 
Jov. ~o 1 

1btal 9 2.6 
--------

1Io 
110mb leb Infected tlab 

• 
Apr. 35 1 
.Tum :50 1 
Ju17 ~O 2 

'!'otal " 1.2 

No. 
Month ll1h I'lfected flab 

Jan. " Feb. Z'( 
Mq 9 
Total 

TABLE 1.41 

Infection or S.cepbelu8 with A.lucll. 

ntecW retial. Dtected -.le Bo. 
ti8h flab tea 

• 
1 0 1 
1 1 2 
1 1 2 
:5 0 20 
0 1 1 

6 2.9 ~ 2.0 26 

1'.l.BLE 1.5 t 

Infection or L.leuctacu. with A.lucil. 

tctected re.Ie IDtectec! _Ie Ho. 
tish tlab site. 

o • 
0 1 1 
0 1 1 
2 0 2 

2 1.2 2 1.2 <4 
-----~ 

'l'ABIR 7.6, 

Infection of ~.rutllu8 with A.lucil. 

ntected f ... 1e lntected _Ie 
tlab I tlab 

• o. 
1 

No. 
lte. 

1 
1 
1 

0 
0 
2 

2 

1 
1 

2 

ee.5 

50.0 

11.5 

1 
1 
0 

2 50.0 

h.ra81 tea in 
_Ie ttllb 

o • 
1 

1 

-J 
• 
~ 



S.oeEb!lu •• 1'OUl' f1'Oll L.leuotecu •• three trO'll H.rutl1u8 &I1d the oae 

tl'Otl E.luolu.. .l _an number ot ODe par&alte per infected filh wa. 

preHnt 1n eaoh IlUtp1e 1'I"0Il aU hoat., except in October Where a mean 

of 6.6 parae! tea wal ftcol'ded 1'1'011 a.oepbalul. In S.eerhalu, 42.31, 

were temale aDd 57.7% wen 1II&1e. Tn L.leucteou. and ~.rutilu. all 

the paraaite. were te.l., and the only specimen recorded from F..1uctua 

waa ~le. Exa81nation of the etaee ot development ot female A.1uet1 

at cliftarent U •• of' the year. mealect DO tnt'0rma.t1011 ae to the 

pre .. nee or ab .. nce ot a .. aeoral pattern or development. 

Po!mo1'hv!ChU! lune (MUller, 1776). 

ODe 'p'Ol~A ot P.l!!y1' waa reoorded fro. ,he lntestlne at a 

female s.oepb!lu! 1n JaDUal'I'. P.laeT1. w •• alao recorded tl'Onl the 

inwetim of L.leuclp, in JaDl.1&17 ancl December. In JaDUa1"1 two lIIala 

tlab wen tAteowd. one With 29 pan..ita. (15 f .. le arM1 14 _Ie), and 

ODe w1 th 01» aa1. parael tee In DeOftlber two _le flab .. re each 

infected with one r.l!!!t •• one ot which wa. f_Ie and the other male. 

Of the t ... le paraet •• 8,.«, con'talMa oya:rian balle, anti 16.6% 

contatDl4 aoanthor •• 

F.ohtDOrtqpcbU. trut'" (Schftdt. 1788) 

l.tN'" wa. reool"de4 1'roa tile tate.ttl» or T.tb;r_llu8 &D4 

J:.1pols,. 'lbe u.ber aDIJ pe:roell~ ot T.'Wellue tDfeoted and the 

awnber ot para.i tea pneen" an reoorded tD 'Dahle 7.7. tnt.otiOIl! 

trom E.luctp ... re only reoo:n!ed 1n Apnl ancl Ju17. thl"H E.luctul 



infected in April aDd ODe in July. 'Ibe nUlllb.r and HZ and tha atas

of development of female F.truttge trom T.\hYmallus and E.luolu, are 

record.d in 'llablaa 7.8 and 7.9. but the naIl m.aber of E.truttae 

l"8oordad preventl &IV ltud,r of their "asonal d7namice. 

polno!'J?hua 1I1DUtua (Goe ••• 1782) cyataoaDtb. 

1h. CV'ataoaDtb atap ot P.1II1l1Utua waa Ncorded frOll tha fntelUx. 

of t~layctlcu,. R.ruti1ua and T.thymallu,. 

p •• umtua .al recorded tl'Oll L.leuollcua in JuI,. 5eptembatr and 

Noye~bar, eiz, ona and tour tiab balDB tntaoted respeotively with 

siX, or.e &114 foUl" P.!ifttltu.. ODe ODa ul0 R.rutilu, was ilrl'actad With 

Olll P.tdl'lUWI O1ataoanth in Jul1. InfecUons were pl'8Mnt in 

T.9wnt119! in .Lpnl, ~;fIq aDd Ju11', ODl, ODt aDd two fish 1atacwe! 

relpooUvell, each tim With onl¥ ODe paraaite. 

th. adult P.lltuutua ia toUD4 in the tnteaUm ot "JV aquatio 

bird. (Crompton & Barriaon, 1965) but tha JUTenila fo~s or 07ltacantha 

aft otteD t0u.n4 112 trellhwater flab, althouab the real lntal'lll8d1ate 

hoat la • G!mmaru' ap. 

m·CU1!10Z\. 

In the pre.at 8Ul'ft)' al thOUBh fly. apeot.a of .lo&nthooeph&la 

_1'8 ftcord.d, ~ W.1'8 onq pre .. nt tn _11 mltIIberl and 1 t wa. 

lllporilbia to IwelT thair lit. 0101a. and .. &80Da1 dynuiol. 

All tift .paote. han pre'l1.oul17 bean l"8corded 112 thts oount1'7 



No. 
Uouth tiah ~ntected fiab 

!No. % 
Ju. 
Feb. 11 0 0 

liar. 18 0 0 

.pr. 25 1 4.0 
~ 8 1 12.5 
.Tum 17 4 23·5 

Jul7 ,0 ~O "., 
~ .. 5 0 0 

sept. 
Oct. 25 1 4.0 

1rov'. ,0 0 0 

Dec. ,0 0 0 

~ta1 199 ~7 8.5 

'l'ABLE t.1,' 
Infection of T.th7~11us with E.truttae. 

ntected fetS1e ~ntected _1. No. ~stte8 in 
fiab fiah Puaattea fem:Ue fish 

tfo. ~ lNo. ~ No. 1v 
BO SAlIPtE 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 10.0 ° ° 1 1 100.0 

1 20.0 ° 0 1 1 100.0 

2 20.0 2 28.6 4 2 50.0 
2 20.0 a 40.0 16 2 12.5 
0 0 0 0 0 0 0 

NO SAIIPLE 

1 7·1 () 0 1 1 100.0 

0 0 0 0 0 0 0 

0 0 :J 0 0 0 0 

7 1.4 ~o 9.5 2' ... ,0.4 / 

"araai tea in 
111&1. fish rro. -'1> 

0 0 

0 0 

0 0 

0 0 

2 50.0 

~ 87.5 
0 0 

0 0 

0 0 

0 0 

L6 69.6 

-J 
• .... 
.::; 
• 



1.11. 

fABlE 7.a, 

1he number. eex aDd .tqe ot ".ftlopment ot t .... l. E. truttae in 
"'~~l.lu,. 

Mont.bs trhG re N.:J.Faraeltas Sox ot i'ararJi ta Stage of cteft lop-
tntectloD Felt&le Male tnent ot t .... l. 
:recordea 

Apr. 1 0 1 

- 1 0 1 

JUIII 4 , 1 

Jull 16 8 8 Ovarian ball. aad 
aoanthora. 

Oct. 1 1 0 Diaintegatinc· 

TABLE 7.9. 

!he ~~b.r ... x and .tage ot deftlopment of temal. ~.truttae In 
E,luclu,. 

Month. Whore No.Puulte. Sex of Plu'a.t te Stare ot aeY81op. 
tnteoUoll h_te Wale ment ot t •• le 
1'8cor4d 

Apr. 12 7 5 Ovarian balla ~'~ 
A.canthor8 2 

Ju17 1 0 1 



7.12. 

Wlte 1.10. 

P..ecord. of l.mUll in BritaiA. 

Hos", Looa~loll A.uthonv 

S.trutta River Severn a..ron, 1952. -. 
...-. . . -
S.trutta Llyn Tagle! (Da1a lake) Chubb, 1963, 1964. 
T.tnrna,lu. ffarlonethahlre. 1965. 

!<~.luc1u. 

;;t.rat11u! 

S.tNtta Llyn Padun. (CaernarYonah1 1'8) Chubb. 1964. 

S.~I\1~t! Cheeh1re Chubb, 1965. 

s.trotta .:tl,Yer 'l'e11) (W.llt ial •• ) 1bom ..... 1964. 

S.ceP!3!lu! Iii vel' ~ (Benford.hi re ) Pre .. nt ana,. 
I,.leqo! IOU I 

t\tN S11u! 
E.luolua 



TA1Hl'! or .111 

Records of .\..luoi.! in ~r1taln. 

Uoat. Location Authority 

A.ayu111A BqUa, 1928. 

F.f1uv1attUe SWi thland a."l'Toir Rawson, 1952. 
(lAlceaterahiro) • 
I'tlldel"llJeN, N. Baal n. 

E.luctu. loch Lomond. Copland, 1956,1957. 
P.t1uvtatili. 
l{!tu~ili! 
Pleuroneotea 

tltu,u! I .• 
~Ol'e~nu •• 

OlUJ;!&c!ea 
Lac ~4. 

R.l'U.t.tlua Shropahtre Union Canal - Kerm.dy,~ Chu!lb (1 
E.lueius ShropeblN unPUbllehe4~ in 
P·!]s"l1!tiU1 Chubb (1965 
A.~111a. Cheahire IHahra, 1966. 

Re!',!!tllul Roathol'nl Mere, cr.-nire. Rillvi, 196 ... 
F.. lucille 
P.tluvlaU Ua 

S.e.Malu! Riftr Lug, Herotordahln. Pre,.nt aul'ftJ'. 
1,. leuotacua 
d.ru.tt1ua 
'E":1ucius , 1 • . 



BOlt 

S.tlUtta, 

S.tl'Utta 

T.~llu. 

S.t.~ 

T. thlnallu8 
E.luo1.ua , -

hoat 

R.ruUlul 

TAB!.E 1.,121 

Reoorda ot F..truttae 11'1 Bri tato. 
-.- :-. ii· 

1ooation 

Bucklngba:ll8hlre, n..}lIM. H, 
Herttordahtre. DerbJehtre eto. -
Scandala Back.(llnderMer8 
catchment ana) 
S1r1. thlam Reservoir 
(IAttce.tier.hire) • 

Llyn 'lag1d (!lata lake) 
Me 1'1. onethah t re. 

Aton Terrig (North Wal •• ) 

River Lugg, Beretol'd.hlre. 

TABLE 1.13' 

Recorda of P.l_vi. 11'1 Brt tal 1'1. 

IDeation 

Odordahtra. 

Rift%' Iugg, nerefordah1re. 

4uthoriV 

Ilaylie, 1928. 

Raw.on, 1952. 

Chubb, 196" 1964. 

AW8.chifll, 1965. 

Present ~1. 

Walker, 196.(. 
Chubb, 1965. 
Chubb, 1966. 
Stranaok. 1966. 
Chubb, 1967. 
Kenned7. pera.coam. 
Present .urft1. 



7.1;.>-

and 'l&bloa 7.10 - 7.13 Uat tho definitive hoats and tha location ot 

the recorda tor all tho speo1es ffxaept P.!I'illUiu •• 

Trm-atlga'Hone into the Ufe oycloa and _aaonal dynamio. or the .. 

AcanthocepllAla haw been IDaI18 ill lid t.&1n, b;uro~, the U.~.:.;;. ,(. 4nC the 

U.S.A. 

Vlllo\ (1885) reported the ocournDCe of juvonl1e atas-a of 

!:i.cblnOl'!'Wl1Chua cl .... cepa ( • 14.1"UtiU) in the larv .. of S1aUa n1er. 

Robin (1871) p1'8Y1oual¥ l"8portcld the YOW'lB atapa ot: thle panal te In 

NepheUa cctoculat.&. (Annelida). but Vl110t 1'8&\arded thl. aa .. 0&. of 

accidental paraaitt_. lavaDder (1905) reported thM fro. c.\ oollection 

of o.tr .. oocJa DIal' He1alDCton (rtn1aD4). "al'd (1940) lllYeatigawd the 

ute hiator, of NeoechiDOmnobwp SJ'lilldn.tua (VaD C1e..... 1913) which 

1a atate4 to be d!d.1ar to the European N.ruU1t.. UteI' the abelled 

&c&athorl ot N.cy1tDllratu! "1"8 pas.d out in the taeeel ot the 

det'tm tty. ho~:t. Hvo aalmoicJee "he,- an e.ten b7 oatracoda. 

CJ:prilil. (lWpc.ypria) gloWla. aDd the aoantbora develop until t.he,y 

cloeel;y l'IJlI01Ible the adult except in aise aDd aeXUa1 _tun v. It 

infected Oltracocla are eaten b7 Leet. pallldu,. the Juvenile 

.canthocephalan ellCO'ata in the 11 ... 81'. ih. paral1te developa to 

matu1'11;.y in the inteatine of the detiftlU" host sMn L.pl:lU4u! ia 

iDge.teeS by iIellloi4.,. 

N.N't111 baa not botn toUDd e=.rated in the 11 .... 1' ot ant tiab 

in the pNeent 8Uft87. aDd turther lan8tiptioDe are l'WCluired before 

the lnte:nll8dlate boa' and detalls ot the lit. q,yole can be c!etBn1nec!. 



7.16. 

SorJe of the firlt oh"rYationa on the development of 

Acar.thf'cephala .ere made by lAuckart (1876), and amons the .. he 

de,crlbed ob .. rv.tioa. on the development of F~tnorhYnchu. angultatue 

( • A.lueit) In A .. llua aguatlcua. laieer (l89~) a110 etudied the 

developn8ntal .~a of A..lucU. Galltfnarul ap. aa .eU &8 •• aguaUcu. 

i, allo reported •• an intermediate hOlt for A..lucU (lomarova, 1950). 

The development and ltte hiltor.y ot F..truttat. i. de.cribed by 

•• aohie (1965), a.pulex aotir18 .. the Intermediate ho.t. 

Gammarue .p. are a1.0 thought to act a8 the intermediate hoat 

for P.laevll. LiD8to. (1892) found P.l .. v!a eno,yated in 8!11&1l flah 

aDd thoueht that the .... "ed &1 the flrlt lnte:aaediate hOlt, and that 

the pre .. nee of th1. paraai te in eu..rua ap. "aa abnol'l!l&1. Enqated 

juvenilea of P.taenl in '1'l1lCa rolerta "81'8 fed to !.luotue trOll 

whtch the adult •• ere recoyered (Riquler, 19(9). No encyated I!.luyt • 

.. re noted in the pn .. nt luneT, am Without a lIore aetailed 

aeacnptlon of the type ot' eD07ltment It 1. DOt pDllible to .tate 1f 

title 1a the Nault of hoe' reaotion to lDteetion, or whether the 

juftDtle. were incapable of aeveloplng in the adult In the .. hOlta, 

01' that It la a Ilonaal part of the life 0701e. 'lhe latter ia thoucht 

to be unlikely .1 DO other reports of enayated fONa are a'Ya1lable. 

'lbe adult P.llll'JUtu. la • paraalte of -IV aquatic birda (lAhe, 

19111 Mayer, 19~~1 LnDdatro., 1942). Greet (1864) identified thl. 

paraai te from G'WIex, and after fe.alq the .. to ducka, be obtat.aad 

the adult tOl'll. wtber (1904) ob .. rYed juvenile fObe ot Ecblnorh.ynchuB 



7.11. 

polymorphu, ( - P.,lIinutu.) in G.locu.ta, Hyne. (195,) alao ahowed 

that G.dueb.nl Lillj.borg aDd O.lacu.tri. Says are al.o int'l'IIMIdiate 

ho.t.. A. tn the pre .. nt 'UJ'ft1. M.y.r (1933) al.o recorded JUT.nU •• 

in .. v.ral .pacl •• of fiab, aDd the cr8fftsb, and it t •• ur~ •• ted that 

they "-a.Y "I'Ve a. traneport bo.t.. An .xtensiv •• tud, of juv.nil. 

and adult .\aIe. of the I1f. c,ycl. of P •• lnutus were mad. b1 Niobola. 

and llyne. (1957) and E1'Da. and Nichola. (1958), and CrOllpton and 

Harn .on (1965). 

'lb. pre .. ne. of a _11 d.fiDad .... onal periodicity of 

d.v.lopment ba. be.n record.d for .OIM AcanthoceP1a1& •• g. 

F.chinorbzDOhu, sadt MUller, 1776 (Shulman, am Shulman-Alboya, 195')' 

Neoecb1. IlOrhYacbu. ,motU .. nU • (Van Cl.av. h ~obt norb;rnohue 

l0!!61!:oltrt.. (Van 01.a.,.) tn Dorosoata oeptdlaftUll (tAt Sueur) (Van 

Cleave. 1916), N.rutt1i (Stetn.traa .. r, 19,6) aDd ~,luctt (Komarova, 

1950). Do .. &8011&1 periodlc1 t.J of d •• ,lopment baa b •• n 1'8ported for 

Neoechtnol'b,ynchul •• dl, (t.i.,., 1S51), (Taa Cl.ave, 1916), I.pdt 

(Pol¥&n8k1, 1955" Ecblnorb,yncbu. clawl. Dujardin, 1845 nee Hamarm., 

(1892). (Chubb, 1964), A.lue!! (Rt.vi, 1964, Mi.hra, 1966). Both 

F..gad1 aDd A.luett are record.d b7 .cae authorttt •• to poa .... a 

.. a.oDal partodtoit.J of 4 • .,.lopment Wh.NU other •• tate this doe. 

not occur. Chubb (1964) postulated that a. DO .... 012&1 periodici V 

appear. to ocour it the bocl3' ot water lImt.Upted doe. not tre ... 

over tor atV l'nsth of ti_, 

"t8llperatu1"8 \II.Q p~ • major pan in detel'llininc the pre_nee 
or ab .. nce of a w.ll d.fiMd .. &sonal perioc!1oit,y of c!evelopment 
tor .OIM of the .Acanthocephala". 



7.18 • 

.. plWVioual,y .tated the 811&11 DUmber of eaoh epecle. of 

AcanthoceP'la1a l'8corded 1n ,hAt pre.ent aurvey only allowed their 

pr.Mnoa to be r.ported. It ia inter.ating to note that N.ru.tUl and 

A..luol1 "I'e l'eool"dec1 from the 8Ultt hoat, and 1n approxbatel,y the 

aame IUIlbera. '!he pre_noe of both apeci.a in one lndividual hoet 

w.a uncommon. 1b •• 1gn:1tlcanoe of thtl t. umnowft. but t t II an 

intereat1ag field tor further atudy aa interact10n between 

AoaD.thooa}ilala and other intelUnal para at tea haa preyloully been 

recorded (Croal, 19'4 a, b, Beck 1951, Holma. 1961. 1962 a~ b, 

'lhoma. 196.4). 

'lbe fllh hOltl beCOlll8 infected wt tit Aoantbocepha1a by eating the 

intermediate hoat. and the Tarta'ton in ,be int.nett" or teo~iag 

and the VIII of tood inpatec1 ifttluenoel the chanca ot tntectton. 

'l'tlil NJ £0 10M wq to explain W'b,y P.1uY1a w.e r.oorded trOll two 

of 'he cyprinlc1 •• S.capbalua and L.leuoiacua. but not fro. ~.rutilue, 

the latter Cc:JllMlonl,y fee41a, on plants and aleu. E.trut .... W.I only 

recordec1 fro. r"Br!&lluI aDd E.luclul. Pr.Yloua studl •• OD life 

qclel haft abon that C. pulex can act al inte1'lll8dlaw hoat tor 

A.luaU (IOIIIal'Oya. 1950). P.l"via (Von Ltn.tow. 1892) and E.truttae 

( ... wachle. 196,) and therefore tactor. other tt'.an that of' variation tn 

dte' aUI' operate tn c1ete1'llilling thl luttablltt)' ot the hOI' tor the 

oOlltinuac1 c1eYal0pMDt of the parali tee E.luciua w •• tntectec1 bJ 

.lcanthoce)lbala which _re reaorded from both the cyprtnide and 

T.thy!!!l1UI. aDd l' 1. poltulated (Chubb, 1964) that 'h ... tnt.cUon. 



m&3 ba acqulred .. coOO&rl1,y b7 E.luci~!. 1.'t1~ flab alreadY' 

infected with the adult para,ita. 

orHER PHYLIl 
~1i~,-Jlirudl .. J' 

One ,pecl., ot leach ~Itcola B!OIdtra L.. was reoorded (1'011 

s.eaph&luI, L,leucilcul, Il.ruttlul and T.th,ymallul. Freeb matorial 

was relaxe4 tn water, aM both treah and deep froun _tarial ware 

preeaned 1n 70-;' .;11cohol. 

r.nometra wal founcl mainq on the bodJ eurfaca attached to the 

lcal.l, but It x IPlcl~na (ttv. from S.c.ph&lul. one from L.leuollcul) 

were recoyere4 from the branchial cay! V. aM were ulual17 gorgaa 1ft th 

blo04. 

0.17 49 lpeol118na .. n l'8cordea, aDd ot tha .. & greater nUilber 

ware found Oil S.cep!lalul t ••• 51 Oil S.cephalul (Ha Tabla 7.14), 

co.pared to three on L.lau~tscue. liz on d.rutilul aDd tour on 

h'h;[!allul (~l. 7.15). L. l.uct 'CUI. !l,erutllul am T.ti\v!a11u! 

MYel' had 1I0re tban ODe leech Plr flllb, and a1 tbou,h a lreawr nuaber 

of parae! tel .. n recorde4 from S.ceplus. a ,reat.r Daher of filh 

.ere tatecte., and the lnt.n81 V of intectton on17 1'0. e1tght17 in 

the J'eb1'U&1"1. Oo~r aad Ioftmber .. "pl •• to 1.6. '!be 81'1&11 IlUJlber 

of p.S!ometra ncord • ., pn .... Dted &rJy ItUdy ot their .aloDal d,Dato. 

although,tile all8ht riM of incidence \D wiatel' .oa\ha A81"HI 'ri til 

flDdlnsl til the U.S.S.R. 

laue1' (1'58) .tatel that P.POll8tr& appear. OD tllb tn autumn. It 



7.20. 

TABLE 7.14' 

IDt'ection of kceEl;g,'!!, wi th ~~9.'II.'1',!. 

Month ~.tl No. infected f., 1 nteata' No. parasl tea. 
lIun)1. 

Jan. ,2 2 6.3 2 
Feb. ,1 7 22.6 11 
t&ar. 29 
Apr. 30 - 31 2 6·5 2 
June ,0 
July ,0 4 1,., 4 
Aug. ,0 1 '0' 1 
s.pt. 28 2 7·1 2 
Oot. 21 , 11.1 5 
New. ,0 5 16.6 8 
]»0. ,1 2 6.~ 2 

ib_l "9 28 7·8 '1 

ruLE l.na 

Hoat ~th No.tl8h tntecie. No. pal'&81tea 

L.l.uelacua Februaq 1 1 - April 1 1 
t.eptember 1 1 

Tov,1 , , 
R.l"Uti 1ua 'ebru&17 1 1 . 

~une 1 1 
PUly 1 1 
!September 1 1 
~oellber 2 2 

Total 6 6 

'1'. thpA11U! 1Joye1lbel' 2 2 
!December 2 2 

To_I .. .. 
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there i. a high intenatty of infection th.7 cu .. lrritation,ano 

eltcee.ive Ilovement of the ftab •• hich re.ulte in los. or wipt and 

death tn exceptional ca..... In the 8U1U1er the leeobe. 1e • .,e the flab 

and 'epoat t 0000008 tull of eA". '!'be ega hatch in late l\IIII!1Iel', am 
the 10Wlg l.eche, reiDt.at the ttllb in autUIIII1e ~.,eOMtra al.o .. rn. 

ae a .,ect.or tot' trypanosome. e.,. T17panopla .. eyI1l"lnt Plehn, 190,. 

Infection ot tleb With the_ pan.i tel ., P~U08 a areater patbopnic 

eftect than infection Wi tb onq P.pOlll8tra. 

Ktehra (1966) nooned r.pOll4ltl'! on d.Nti1u •• P.tlUYtatil1. and 

E.luctu.. .. til the pn .. nt .uney till. paraeita .... onq preMnt tn 

emal1 number. ana DO I8thogenic ettect •• ere ob .. rnd. 

Mollulca. 

Gloohtdla were recorded fro. the cil1' of T.tbf!allu,. S.cephalu. 

and L.leuolacu.. '!he occurrence of «l00bidi a .a. rare, and all reaord, 

are abown in Mle 7.16. 

TA.BLE 7.16a 

Intection of T.~llue, E.ce~lu. &DIS L.1!1!!lacu. With .10Cl",tc!1a. 
! 22H --=r-: ; .. 

Boet Month No.ftllb lD£ected No.para.tta. 

!!.~ll'!1. A.pr1l , , 
~cepbalu, April 2 , 

J:.a.J' 1 1 
A\1IU.t 1 1 

L.leuot8OU! 
i_ 

1 1 
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More than om glochidla on one flah was only recorded once t .G. 
on S.cephalu8 in April. April and ·/J!13 &rpear to be tr.e month. when 

glochtd14 are produced, but DO .ignlflcance can be attache~ to this 

observation until further inr8sttgatlons are undertaken. The struoture 

of the ceak of the glochidla and the size of the valvea aurgelt 1t ~ 

be ~.C\Odonte. Clcn!a L. 

Zh&dtn (19~8) reportea 1')\& •• abedding of glochldla from .wan 

mussels in VIl3 and June. It \he identification ot glochidia in the 

present survey ia cor.t'eot, the preaenoe ot glochidia 'Ja1nly in April 

and ~. even ~ough onq in ... 11 number_, corresponds wi th the abOY. 

report. 
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8.1. 

CRAP'l'F. R II GIlT. 

C~pari80n of the pa!!!ite fauna. of the fteh of the Klver Lugs. 

92.1% of all the ftab examll»d were infected wt th paraet tell. 

lOO.q~ of f..luaiua, 98.8% L.leucillCua. ge.~ S.cephalu., 95.&:~ ~.rutl1ul. 

and 6,.ec,t T. thl!!allua .ere infacted. 'tha total nulfthar &o:! p8l'centa"e 

of each .pecte. ot tlat! infeoted tN.raIl and each ",onth are shown in 

Table 8.1. Explanattona are postulated tor the levels at incidence of 

tnfacUon in t.be d1fterent hoat •• 

l!.!!!c..!11..! hu a diattnctiva paraaite fauna. the parasite. often 

baiD« speolfio to the tIlaoold .. e.g. T.monenteron, ~uloBu8 (adult). 

R.acu. (adult) and B.OVlpercJa. A.. well a. thia typical paraaite fauna 

the predatol'Y habit ot .!!..luctua otten laad. to the accUlllulation of 

para.i tea tram other ft.h which fol'lll part ot t ta diet. E.luciua 

faeaa on o,ypriDida alI4 aalmonid. and .... infected tn the pre .. n' 

ioy.atigation b.r fbrllodtatomu. ap •• C.truttae, I.trpttaa (found in 

aaIIDOn1da), A.lucU, '.ruU11 (found in C7Prtn1d.) aM S.lnerml. which 

haa bean pl'8vlouaty recorded fm'll A.angunl~ (He Chapter 6). tha 

pre.nee ot the \ypioal paraat te fauna a •• aU •• auperlmpoaaa 

infaotiona re.ultlng from ttA predator" habit m&J axplain tha htlb 

iDOidanoa at tnfection and varied natura ot tbe par.atte fauna ot 

E.1uolua. 

b htgh percentage ot C7prinida intacted w1 th II,yxoeporidia 

e.paclaU.y 1( •• UUert. ( .. a Chapter 2) ana JUTenile It.acue. am the 

ab .. DCe at IC,yzo.porldia ana JUTenUe nematode. in T. thl""!!.!.,!! ~ 



TA.BTE 8.1: 

'!Nt total IDl'mber and percentage or fish infected 099rall, and in each sample. 

E.1 15.1ucnua ~.cepba .lU8 t.leucl 8CU8 :l.Ntil' 118 ~11 
1'0. Infected Jo. Infected 50. Infected No. Infected No 

Kontb flab. flab
S 

fiab flab tieh ftsh fish fl. fh 
10. No. " 10. "'- Bo. .t-

- -

Jan. 1 1 100.0 32 26 81.3 33 3° 90.9 '3 ZT 81.8 NO SA:tPtE 
J'eb. 1 1 100.0 31 ~1 100.0 31 31 luO.O ~ 21 11)..').0 11 10 90.9 
liar. 0 0 0 29 29 100.0 ,0 ,0 100.0 ,0 30 100.0 18 15 83.~ 

.AF. T 7 100.0 ,0 30 100.0 35 '4 97.1 16 16 100.0 25 25 10:).0 - 5 5 100.0 31 31 100.0 4 4 100.0 9 9 100.0 8 1 81., 
JUDe 8 8 100.0 ,0 ,0 100.0 30 ,0 100.0 ,0 ,0 100.0 17 10 ,8.8 

Ju~ 7 1 100.0 ,0 ,0 100.0 30 ,0 100.0 22 22 100.0 30 26 86.6 
Aug. 2 2 100.0 ,0 30 100.0 30 30 100.0 30 30 100.0 5 2 40.0 
Sept. 0 0 0 2l 28 100.0 30 30 100.0 ,0 28 93.' NO S.ulPIB 

Oct. 4 4 100.0 Z1 21 100.0 ,1 31 100.0 ,0 25 a'.3 25 10 40.0 
b. 0 o 0 ,0 30 100.0 28 28 100.0 30 ,0 100.0 30 9 30.0 
Dec. 1 1 100.0 ,1 ,1 1()".0 3° ,0 100.0 30 29 96.6 ,0 13 4'·3 

Ift>tal 36 56 100.0 '59 3" 98.3 342 '38 98.8 ,11 ,'" 95.6 199 121 63.8 
-----~ ~. ---_ .. -

at 
• N 
• 



expla1n the difference 1n the level, ot incidence ot infection 

between C7prln1de aDII T. thyJUtllue. 1be lower incidence recorded ln 

January to~ all cypnnida retlecta inadequate ob .. n.tiona ot 

l.f;yxoaporicJia in thte .. pIe. A decrea .. ln the percentAp lntection 

ot T.~all\1a wal ncorde4 traa 4uguat to December ('Jable 8.1). 

Examination of ~e paralite fauna ahowed that the decrea .. coincided 

wi th an .bloat cOlipleta d1aappearance ot 'l'.boreal!! trQl the gilla, 

a8 .. 11 aa a a~op in the OCCUJ'1'8llC8 01' C._Waul trOll the pyloric 

c .. ca. 1be lOft~ peroent&8e lnf'ectlon 1'8corded 1n June a1ao resulta 

trOll a deorea .. 1n the incidence ot T.boNalip. am aub .. quent 

incra .... d inoidence 1'e8\l1 ta in a n .. tn percentap lnfection agatn 

tn Ju17. 'lbe patte~n ot the parcentaga ot T.thYl!Iallu8 infected 

appeare to be controlled bI the .. aeonal t\rDlllica ot eooocean and 

d1seDiaD paraattea. 

Ic ... aonal occurrence or aevelopa8nt waa recorded tor r.\yxolporidla 

and juvenile R.acu!, in the praMnt BUn.,. ttbe .. parasite, are 

exclu4ed trOll !able 8.2 where the parcent&p ot cyprlnid. tnfected 

w1 th all othe~ apecie. ot parui tea are recorded. 'lbe percantage of 

S.ceplu! and L.18uciacua infected ia atill htlher than for 

T.tlqmallul. but the pe~oentap of intected R.ruUlua 1a now lo .. r. 

A. limed iacrea .. in the percentap of CTprtD1da intected occurred 

between Jau:m&r1 &n4 Febl'U&Z1. and tbia 1a e%plaiEWd bI the appearance 

of daoV1ODridi on the glUI in rebrua17 ( ... Chapter ,). PrOli 

rebl'UU1 to July a hlgh level of paroentap intectlon t. maintatned, 



ODe exception b.lng noted from R.rut11us in \fq. but this 1. 

attributable to a -pUD« dettcle!lC7. only Dine tl8h b.1D« 'Dllllned. 

A deere a .. in percentage tntecUon waa recorded trOll all three hoata 

in AusUlt. Examination of ~e parasite fauna Ihowed that thil 

colncid.d wi th ~e 10.. ot dacvlogJrldl and •• ,!~~!'}!! trOll the hOlt,. 

'lbe 8Ub"Quent 11. .. ill incidence again b.t ... n Sept_bel' and October 

ftlUlted from reintectton at the hOlta Wi. th 811&11 i .. tUH A.i80porwa 

(aee Chapter 4). 1be decft ... ap.ln In Nowe.ber hae alread,. been noted 

and II attl'1buteel to tile at&bUl .. Uon of the number or ~.laoEOl'U!II tn 

the hOlta, attar the pertod of heavy retntecUon wh.re not all the 

para.i tel become eatab11lhed. 'lbe lower flsurea recorded tor 

R.rutllu. HlUlt frOll the f .... r relnf.ction recordl tor A.iaopo1'Ull In 

the .. month.. It It wa. not tor the pre.ence of daovlogrida 

.lpecial17 D.oruclf.r betWHn 'ebru&r1 and JulJ a web lower peroentaca 

tnt.cUon correlponding W that found betwe.D August and Decemba1' would 

be Hoord.d tor R.rutilu •• 

'lhe pattal'll of percentage int.ction reoorded tn the C7prtn1de aM 

!.tN'!allu. reault. tl'Olt the .. asona! occurrence at the daovlogJrida 

&lid tetl'&ODOhid MOD0@'8nea. aDd ia e.pba.l .. cl b1 the losa ot A.laoporum 

from oypl'illid hoat. tn Auguat and September. 'lb. pre .. nee or ab .. nc. 

of &I\f .. a80nal ftl'iatioD in peroenta&e int.oUon ot !.luciua nth 

T.mOrl8Dt.ron tll11d not be detel'l!tined trOll the 81!!all eampl.a obtaineel. 

'lbe bottom 11M of 1&bl. B., ahowa tbe total DUllber of para.itaa 

record.el fl'Oll .ach ~oat apeci.a. and the .. an DUllber of paralt tel in 



'lbe incidence ot infeotion in c.Tprird.d. excludin& I(yxo.por1dia 
and juvenile R.acu •• 

a.oemalul L.leuot .CU! R.rutilu. 
1'0. Na. No. 

Ilontb "lib Inf.oted tiab nllh Infeoted tillh ~t.h Intecte" Fieh 
No. % Jo. % No. ,t 

Jan. ,2 20 62.5 " 22 66.7 " 9 27.' 

Feb. ,1 ,0 96.8 ,1 28 90., 27 22 81.5 

"'1'. 29 ~ 9,.1 30 29 96.6 30 27 90.0 

Apr. 30 29 96.6 " 30 85.7 16 16 100.0 

Mq ,1 26 8'.9 4 4 100.0 9 5 55.5 

3um ,0 29 96.6 30 29 96.6 30 30 100.0 

Ju13 ,0 29 96.6 30 26 86.6 22 22 100.0 

.we. ,0 19 6,., ,0 19 63.6 ,0 20 66·7 

Sept. 28 21 75.0 ,0 22 73.' ,0 4 1,., 

Oot. 71 24 88.9 ,1 .,1 100.0 ,0 10 .,.,., 
lOY. ,0 15 50.0 28 25 89.' ,0 11 ,6.6 

Dec. ,1 25 60.6 ,0 24 80.0 ,0 14 46.6 

'lbta1 "9 294 61.9 ~42 289 84.5 :H7 190 59.9 



8.6. 

each infected fiah .pecie. (excluding fltrxoaporldia and juvenile 

Damatode.). 11'1e total number of lnfected flab of each specie. are 

recorded in '.DIble 8.1. '!he greate.t _an mlmber of para iii tea per 

infected fiah was recorded for R~.~tilu8. where the lowest percentage 

infection wa. present. 'lbi. may be explained by the large numbers ot 

D.cruciter aDd j,.l.opo%'Ull recorded in the Wlonthl Where infection 

occurre4. Greater rnuaber. ot D •• oruclfer .ere found than &f'\'( other 

dacVlogy1'14. I.luciua had a mean lJU1Iber of 18.5 praaai tea per 

iateoted fiab. compared to 15.' in S.capluI, 9.e in T.th.y!!!allua 

&D4 9.7 1n L.leuoiecu,. 1he inten.ity of infecHon in T.th.rnallua and 

t.leuciea i, therefore aimilar, a1 thoup a IlUCh greater percentage 

ot L.leuoiacu. were infected. 

h Coal pO at tion ot the para It te faura Tartea a. to whe the r the 

hOlta bel01l€84 to the C;ypl'1.ntdu Sal.onid .. or laocldae (1kble 8.,). 

Proto.oa (lC:rxo.poridla) .... pnt .. nt in the Cyp1'1Did .. aDd i.luciua, 

but DOt In T. th.y!al1ua. & lIore varted .ollOgenean and ceatode fauna 

were pre .. nt In the cyprlnida oompared to l.luciu8 ana T.tbl!allua 

where .. a «Nater Tartev of m.atode. were preaent in I.luctul and 

'1'. tbnallua. Bll'\ldlD8a aDd «lochidla .. re abaent troa B. luaiu! in 

1ibe preaent 1tU1'ft7, but a at.ail&r DUllber of apeote. of DileDea and 

Acanthocephala _1"8 pre .. nt in all the hoat •• 

Altogether ,8 dtft.l"8nt 8J1801e. of parasite .ere recorded frc. 

the pre .. nt W%'ny. 25 .pecie. ure recorded fro. the cyprinid., 

12 tl'Cll B.lw!lua and 10 from '1'. 'tb.y!&11u.. J'raa th. c7Printd ho.t. 



'1'A.BLE 8.,. 

the number and percentage of infect.d t1ab of .a.ch epeeles fro. the l11.,er Lug. aDd a record 
of tt. total number and Int.naitT of tntectton of each speci •• of Pf!!'!!l t •• 

S.cepr.alus L.leuciscua J R.rutilu. X.1uclua 
Infected ~rasites rntected I Paraai te Inteetea' Para- ~nt.cted Para-Faruite. fieb flsh flab sltae flab atte. 
10. % ttfo. ~.an No. -% lic.?Jean No. % No. 1fean No. " 50. Mean 

?.(vxobolu. lNlcroca~1R11ar1. , 0.7 ~cpte 1.0 
AfxObolus ~11.r! kidn.~~ 20 ,.6 

, Vyxobo lu. mUller! gonads 10 2.8 
·:~"''!.hl)l'!l'' .nUlled lnt •• tine 9 2.2 
~xobolua mall.ri waU) 

( .... nterl •• ) ~14 181.) 
~03 ~O.l 36 ~f;.yxobolu8 mCll.ri ~g111.) ~OO 85.8 1.4 

.., ~xobolu. mUlleri urinary ~2' 89.9 ~22 ~4.2 
!Bo r.' ~ duct.} 

t> lienrwgu,ya sacbokkei 13 ,.8 
!'t: '!.tmbolu. Artus Rare ~ 

llennegu,ya Eeoro.l!!l"t!Iica 13 1, ,6.1 
lJennesuYa C7Yil!!rda 

I 4 11.0 

DiE10.con paradoxum 2 0.6 , 2 1.0 18, 5'·5 464 2.5 10 ,.2 10 1.0 
Dacg:logrrue vlstulu 116 ".1 512 4.9 
Daog:IOQ!". Ero.tae 52 14.5 75' ~.5 
Dao~lo&tru. folkmanovu 5 1.4 6 1.2 
DactZlogvrua col'du. 81 ~'.1 ,62 4.5 

~ Dao~lO«rru. tuba 6 1.8 10 1.6 

8 Dacg:logyru. crucifer 24 59.1 ~Q;6 16., 
Dao g logyru. .1lh:r:rna , 0.9 , 1.0 ~ 
Dao~logrru. rIaDU. 1 0., 1 1.0 §l 
'nttraonchu. tnOmnteron 26 12.' '98 15.' 
Tetraonchu. bonaU. 

Allocreadiu. t8022rum 242 67.4 ZT76 11.6 175 51.2 1329 7.6 40 ~2.6 tT25 4,.0 

a SdlMro.t.OJta brpM 48 1}·4 1" }.2 10 2·9 41 4.1 8, ~.2 4:8 ;.0 
PhYllodtstoan.ua ape 1 19.4 167 2,.0 

t; Cree40.tOlllUll metoecu. 
~ A11oo"&41.. tl'an • .,.raale ~ 

~ Proteoca~alus torulo.us 29 a.l 61 2.1 70 20·5 481 6.7 
8 CaJ'YOMY 11 .. 1d.. fennioa 40 11.1 66 1.6 10 2.9 19 1.9 28 8.8 48 1.7 Eo< en Cal'.fo'Pb.Y1lacus latlceE. 15 4.2 20 1., 18 5.' 54 2., 11 7.' 42 '.6 ti 'l'rlMnoE!!0ru. nodu1oau. 8 22.2 16 2.0 

RMpi4aecari 8 &cus (~uyelli 1. ) 280 78.0 163 47·7 IlOO ~1.5 
RhA..2!ldaacart. &Cui adult) 11 '0.' 54 4·1 

f SpiD! teotua tMnt. I 2.8 1Q 10.0 
Cuoullanu. ape , 8., .. 1.' I Cuoa11anus truttu 
SI.Ud1cola tarioDls 

I Pomphol'bynchua 1 •• 1. 1 0., 1 1.0 4 l.~ '2 8.0 
AoaDthooe»ba1u. luett 9 2.6 26 2.9 .. 1,4 .. 1.0 , 0.9 , 1.0 1 2.8 1 l.e ~oeCh1DO~ua rut11t 24 6.7 ~ 1.1 1 O.~ ] 1.0 1 0., 2 2.( , B., 

! F~DO~hU. trut1U .. 11.] 
, 1.( 

POiYiitorJinaa atl1U'tu.t C7.tacaAth 11 '.4 11 1.0 1 0., 1 1. ( 1, ,.~ 

it Pla100la I!Gmetra 28 7.El ,., 1., , 0.9 , 1.0 6 1.9 6 1.0 
M 

~ 
ti: 
... ~OD\a ape <a100h1dla) 5 l.~ , I.e 1 0.' ~ 1.0 

I 
'Iota1 ,45Oj 15.' ,281.;. 9.7 

.4313 22., 
6~ 18.! 

'1'.t!tnta11u. 
Inf.oted Pan-

flab 81te. 
No. " 80. Mean 

66 '4.6 ,~ 5·4 

1 0.5 1 1.0 

7' ,6·1 824 11., 
11 ,.E 29 2.6 

, 1.~ , 1.0 
1 0., 2 2.0 

11 8.~ 2' 1·4 .. 2.1 4 1.0 

.. 2.( 4 1.0 

, I.! , 1.0 

1241 9.8 
• . 



~.a. 

17 apeetes were preHnt in both ~.08pbalup. and ! .1euct f!cJ!,! and 15 t.n 

~.nJttlUI. !en .pec1ee .are c~on to all thr.. cyprtn1de 1.. •• 

M.~Ul1er1. D.paradcxam, A.i.oporus, S.bramae, C.tennioa, C.latioepp. 

R.e.cue (jUY.1211e), A.lucU., lI.'l'Utl11 and ~OMtrat a1 tt-ou«h a INat 

yar!aUon occurred tn the parcentap aDd tnten81 ty of tnfeotion in 

each hOlt. b .. variationa are records" 1n the chapter. 4.aliz" 

wi tb the iDlS! .,1'ua1 parari tel, ant! ths reau1 t. are lIU1ftf!!Iar1 .. d 1n 

'lable 8.3 aal below. 

1. W.d1leS 11lfectea a rider l'a%2ge at tiesue. and organe. and 

a Ina.r percell~ ot S.cephalu., thoqh aimllar percentage 

t.nteoUou .. ft reoorded tor •• millen tn the urtnar,y duct. of all three 

cyp11.1114 hOI' •• 

2. J).pardoxum ... .,e17 common on the gi1l8 ot L.leuctecue. but 

.al rare Oil I.rutil". aal s.cepb!lua0 

,. A.l!Op01'WI was euoh COIIIIIODIr til S.ceplua an! L.leuct8ou8 

than tn R.ru.tilue. but when A.t80pol"\llt .... pre .. nt 1n the latter ho.' 

the 0Ye1"&11 tntenatt;r of tntectton was Iftater than in the other two 

hOltl. 

4. !be pe~ntap of R.ru.U1ue tntectec1 With 8. bl"&M8 was 

11 ... ter thaD 8t tber 8.08e1u. or l..leuct.aoul. but the tntenai V of 

inteotion .... teilar in all three bOlt •• 

5. C.telUl1oa an4 O.1&tloepl "1'8 l'Mf"fer pre_nt tn large maber •• 

C.tenni!! w .. CQRIODlI' III S.cepha1uB aDd •• !'Uti1"., but the intenal107 

... eiailal' ill .11 thl'H 07Prt.nt4a. ..lattcep. ocourred .ore 

r 



frequ~nt~ tn tt.l'Uti lUB aD4 T~.l.uo1.l!eu., where the tnterud t..Y of 

i.nfeotion ... aUlhtly blgh~r than 1n S.CMte1ue. 

6. R. &(\UI JUT.rt1l •• want moat cormon in S.oeE!2Q.lll!.. 

7. A.luaU aDd N.rutili .ere only recorded in amall number., but 

wem much oOlll!!oner in 6.eep~lus than in ftlthar 1..leucW.£.!. or B ruUlua. 

8. 'lbl lntell81.t,y of tnfeotion With P.f!!OIIett"& was etlllila~ in 

all the 07PrinicJ., but thls .peol ••• &8 recorded more trequentq forO!'!\ 

S.cepball1.!.. 

h on11 .onocenean cOII!'I'Ion to all three oyprtn1de "." D.p!radomm • 

.l11 the dac1;,yloQrida appeared to be bOlt apacific. thl rea.oua tor 

this bltac untDDYn. 

IUb thl exoepUon of P.8!OIMtra. D. pHadOXWl , •• .ultlri aDd 

I.eou. (~e laU.r .atng cyprim.da .. an intel"lMdlate host) all ttt. 

other pan.el tea which b 07p!'iDida have ln COIIlIIOD. require an 

lnwnedlaw ho.t. It 1a thought that too4 1-.. which aot aa 

lntelll841ate hoata tor the .. par.11 tel are lDll8atecJ b,. all th ... 

a;ypz1Did. and ~ dltterence in pll'centap ant! lntenet __ ot tatloUon 

11 related to the IJUIIblr ot the .. lntecwd orpnt.a 1n the diet. 

al\houah o \he I' tactorl attlcti!lC the eat&bl1abalnt of the paraBlte 

• ••• U:&e 81oroezwll'O .. ent ot the hOlt lnt.atiM, Will .,. IUplrt."poMd 

on ~ 1111. t1al lnteotlon. 

'DIe CV'prtlllcJI aDd 'l'.tbpallu8 haYe three .peole. of parael te in 

oOll1loa 1 ••• P •• 1DUt\l8, P.S!OI!Iltl'lP:, a!Xl Anodonu ap. (glochldla). 'lbe 

bo lattel" epeole. are both Ixtel'n&l prall taa where the 1nt. tlal 



6.10. 

fl.n~Hon eerve~ by the hoat i8 OM of attachment, aM oee which 1 • 

.. ned by 1I&n,Y apecies of ttah, thereby ex:pla1..ntr16 tl' .. lack f)f 

!peclr~ct~ nh~ by these par&ait... r.~1nutus acan~~llae deva10p 

in O.rulex, ar.t1 When theM &1'8 e ... t.n by the dartn! tiye host (aquatic 

bird.) th.y ~.v.lop to the adult. Tf inteoted a.pulex are tr~ated 

by rtah. the ey.tacanth i. rele .... a to the lU1J1en of the fiab int.aUne, 

but no turt!:..r ~evelopn.nt eneuea un18118 the fiah ia tflS8stea b7 an 

G.qtl&tlc bird, aM probab17 the c,ataoanth eYentual11 pas •• a out with 

the fucae. 'lt18 C78tacantha of P.llinutua are therefore accid.ntal 

parast we a.nd are not apecitlc to an;, f'ilh hoet. 'lba par&1iiIi tel that 

T:.tFl!lAllu! &I.Ul C1priniea haYe 1n cOll.on are, therefore, thOM in which 

no special requirement. are .... utial tor th.ir aurviyal, or YOUDI 

.tapa which aeciden"'l17 OCCUl' in m&J\Y tlab. 

E. trut, and ilVllodt.tomUIII ap. w.re the Olll,y ~o paraat t.a til 

OOlmltOll b.twe.n !.luoiua and 'l'.th.t!allua, aDd it i. unoertain whether 

the PhTllodt.atOllltml b.lonp4 to the ...... peot... E.luctu • ..,. be 

aocU.ntal1.r tnt.ctea wi t.h !!.truttae by the tapation or eal1toDi4 

filthe.. Both ti8h are inf.oted by apecie. of Tetraonobu8, aDd 

&1 thoQCh t t baa b •• n .u«eeet.d thal if oroaa-tnteotton expert •• nle 

.ere oaJ'rt.d oul both .peoi •• ....,. appear identical. ditt.reDO.. ill the 

.tructure ot tbe connecttDg bar aDd coputator" or,an ot T •• ODeDteron 

an4 '.boNal'la trOll U. preMnt eul"Ie7 ..... ~o juatlt.y the .xiatence 

of two epeei ••• 

~.luott &nil ••• I'U'llt "'N tOWld tn I. lucius and tb. C7PrtDida 



B.ll. 

!ft." l.!!f"tltionl in ~~:.J.~ctUII may aea ln relult froe {oge,tion ot 

C7pr' nide. .!. \,!oli and !.-_Lr:ut !!! both have ~l.~ &e an intel'lledl&w 

bost, and althou,,,!h this organ!1I'II is ingested by T.thymallu8 Qnd the 

cypr1.nidat A..luoli wal nevQr !'eoov.tred frOll! !!.thI!!!!l!!.!. aM 11:. trutt~ 

navel" 1!'ecovere~ frora C1.,rinide. 1bie 8uggelta that both Aoanthocephala 

need requt:r.llentll which are lpecifio to the hoet in whi ch they ... ture. 

It eee"'e ~U1c.ly that ~.luotu. ,hoult1 poe ••• the nqutrnente shown 

by both bOlte, and the abwe argument t. put torward to Iupport the 

hypoth •• te that the .. Acanthooepllal& are aCCidental or eecondarU., 

acqu\red para.tt •• of E.luclu~. 

l. laavis snd P.torulolus .ere recorded fro. ~.pbalus and 

I .. leuctacu. bat not frOll i.:l'Uttlu.. 'lbe ocaurrence of P.laeYt. tn the 

preHnt nrvlY wae rare. .A..luaU .hiah ft. recorded trO'J R.ruUlua and 

P.laevie both un a.pullx al an intel'Hdiaw hOlt. P.lMvis hal been 

Npcrte~ in R.ruUlua tro. other iny •• Up"ioDa and turther etuttie. mq 

%eveal: this para.site in R.rut1lu. of the 'Uy.r lugg. nte abHnc. of 

P.torulollU' in R.Nt:llull may rewlt trCIII ~he f.edine habit. ot this 

f1=. R.rutilua 1. mainly. bottoa t •• 4er. 8I1d the lntezu41at. ho.~ 

ot P. torulOau.8 1. probably & speci •• ot cyolopa wbich 1. toun4 in 

the ~toplaDk'on nearer the .ater wdac •• 

lMnItatt of tte par. at t. fauna of flah froe ditterell' tresh •• ter babt "tee 

a.,cellt Rudi •• on the para_t te tauna of tree •• tar tlehe. b7 

.. ",eral ft.earob .orkera in t.be Departt'ent. ot ZoololJt t1ld,l'er.l't7 of 



Paraaitaa 

1(r%ob0lua mUllen l!Iltachli, 1882 
i(rxobolua artu" Akbmerov, 1960. 
!(yxobolua macrgcapaularia, lieUBII, 1906. 
Mr!1dium liabar kUhni, !Utachli, 1082. 
Hannesgra zachOkkai, (Gurla7, 1894) 
HanneNa tagidanah ap.nov. (Nicholaa &: Jonaa 1959) 
Hannesa paoroapermica, Tbelohan, 1895. 
HenneRa oviperda, (Cohn, 1895) 
Ichtl;lophthtnua JllUltU'llUa, Fouquet, 1876. 
Trichodina domerguei aub.ap.dome...!!!!!'J. Haider,1964. 
Trichodina tenuidane Faure-Frsmiat 

Tetraonchua monantaron Diaaing, 1858. 
Tetraonchua boreAUa (Olll8on, 1893) 
Dac!illODrua crucifer Wagener, 1857. 
Dac!illoSlrua allhYrua Linatow, 1878. 
Dac!illoSlrua __ Dogial &: J\ychowUy, 1934. 
D.c!illopyrua aimiUa (Wegener, 1909) 
Dac!illoSlrua _claua (If,yba Un, 1937) 
Dac!illoSlrua 1IUJldan (B.Tchowak;y, 19n) 
Dac!illoSlrua cordua l'(rbaUn, 1936. 
DacSlloSlrus tuba Lilllltow, 1878. 
D.cSllo~rus Tiatulae Proet, 1957. 
Dac!illoSlrua ~olkmanovu Ergena, 1956. 
DacSllolllrua proat.. Molnar, 1964. 
Dac!ill~rua ap. 
.!?L.rodacSllua? arouatua? B,ychowak;y, 1933· 
~rodacSllua ~ng1tii n.nom. 
~rodacy:lua Iuds, Malmbarg, 1957. 
G;y:rodac!illua Umnaua, Malmberg, 1964. 
~rodac!illua macrogy:chua. Malmberg, 1951. 
!1.Irodac!illua aJ>b.;ru, Jlalmbarg, 1964. 
AAclrocephalua paradoxua, (CupUn, 1839) 
DiscocoSlla aagltta, (X.ucltart, 1842). 
Diplozoon paradOXWll (Nordmann, 1832. 

S.cephalua L.lauciscua 
R.Lugg R.Lugg 

• • 
• 

• 

• • 
• • • 

• • 

'lba parasUa fauna of freshwater fiehea 

R.rutilua 
R.Lugs L17n Roatherna Sbropahire 

• • 

If 

• • 

• 

Tegid llare Union 
Canal 

--+---+-------+~ 

• 

• • 
• • 
• • 

If 

• • 

Ahruh Phoxilll1a 
bra. phoxilll1a 

Shropshire L17n 
Union Padarn 
Canal"-..+--__ _ 

• 

If 

• 

• • • • 

• 

, j recordad ~raa four au!!!T' tn Britain. 

" 

Guwroa tau. 

L~~~~~~ --acula. Sbr1op-1 L~--
tuB 

Tegtd ',litre 

• 

!I[ 

ahire Padan. 
Union 

a 
• 

• a 

E.luciu. T.~" llua S.tl'lltta 
L17n aoatberna Sbropo R.lugg 1·17n L17n L17n 

1a·lA1gg Tegtd '.!ere shire Tegid Tegidl'lldarr: 
Union 
Canal 

• 

• a • • • • 

• • " I( 

• 

.. • 

.. 

SalT. 11 lII1a COl'WEDlla 
alE!.ma- cliiDBotdee 

S.salar p!r1sat p!lUIIUlti 
L17n L17n L17n I.17n 

1'egtdPad&n Padarn 'regid 

• 

A..aIlR\1Ulu 
L17ii Shropo L17n 

Tegid shire Padarn 
Union 
Canal 

i 

J 
J 
I 
I 
I 



T.UlIE 8.4' (ConUDUed) 

pertll8i 
R. t~n :1. R.Lugg Padarn \iI:r. ahi:r. Padarn 

Para8itee Tltgid Ilel'lt Union Union Union 

U1oc:r.adium i80~:rum (1.00118,1894) lI! -If • .. 
Alloc:r.adium tranaverule (Rudolphi, 1802) • Spha!roetoma bramae (MUller, 1776) • • .. 
Bunodera 1uciopercu, MUller, 1776. • • • .. .. 
Diploatomu1um apatbaceum Rudolphi,1819 • lI! lI! • • • • DiploetOlllUlum clavatum Nordmann, 1832 (metacercarta) • • • Tlttr&cot.y1e ep. • A!lY1I!pW1odora kubanicum, lealchikov, 1923. • " Cntpldoetomum fartonie ~!.!l1ller, 1784) • • • Crel2idolltomum metoecue :lraun, 1900~ • lI! • • Ph.vllodtetOlllum folium (Oltere, 1816 • • • lI! • • Prohem1etomu1um ep. (C1U1'1ta, 1933) • Vet&cercarta (undetermined) • • • • 
Prote0C8~lue toru10eue (Batech, 1786) • • Proteocepha1ue oeg1ectull La Rue, 1911. • Proteocepha1ue perca8 (MUller, 1780) • " • • Proteocepha1ue ep. .. .. • Proteocepr~ue fi1ico1lie, (Rudolphi, 1802) • Triaenophorue nodu10eua (Pa1lae, 1781) j!!v. .~ ·If It It 
CarzopgrllaeU .. fenn1ca (Schneider, 1902) • • • • • • • J .... :. J~V • , 
Car,yopI;Yllaeue 1atiC8l2a (Pallae, 1781) • • • -. 
tiS!!la iBteet1nalie (t.) lI! • 
Sohi8tocepha1ue 8Olidue, ~lIIlller, 177 6~ If 
Cyathocepba1ue truncatue Pa11ae, 1781 • • • Eubothrtum craBlIUIII (Bloch, 1779) jtt... ,. 

* Eubothrtum .. lvelini (Schrank, 1790) • DiPArllobothrtum dltr.mum (C:r.p1in, 1825) IE • • It • • D1 'llb.Yllobothrtum demn ticum (Nitzech, 1824) If .. • .. .. 
Bcthrtocephalue olavicepe ( Go .. e, 1782) • • 
Rhap!!idaeoarie aoue (Bloch, 1779) jut. j!y. .1!Y. • Rhaffiidaeoarte crtetata (tinetow~ 1872) • • .. • • SPini teotue ill8rm1e {Zeder, 1800 .. • Cuoullanue truttae (Fabrioiue, 1794) • • • • • I Cucu11an11e ep. • If 

I Cama1lanue 1acuetrte ~Z08ga, 1776) .. • • &p101l8llla tellllrri1llUDl Linetow, 1878) • I • I 2leUdioola fartonie F1echer, 1798. .. • .. • I Hl.i1ometra rtechta Slc:r,yabin, 1917. • 
CaPillaria ep. 

* 
, 



B.13c • 
• 

'f4BIF. B.~. ~ (Contluued) ~~~ , Salyalluua!Cor.«?nus I :;-'~' :- c.staroataus alptuua IOlupeOldas , , . , , 
!bramia Fhoxtlll1s l ::- P.tluylaUUs aculaatus E.luclus T. tt-Jeallua S.t tutta S.1IGlar periast pennantt 4.a'Mu11laa I S.cephalua L.leucllOua R.rutilua brama m°xiuus ." -..~ Lqn Rostberne Shrop- Ll,yn Ll,yn Rosthal'll8 Shrop- Ll,yn Ll,yn Ll,yn Ll,yo Ll,yn Ll,yn T l,yn Ll,yn Shrop- Ll,yn "",,~ t.Lugg !I. L\IB@ 3.lugg Ll,yn doethe l'Q8 ~hrOpllhtre Shropshtr. Ll,yn -~' Tegid litre sbire Padun R.lugg Tegid Uare shtre R. T.uQ! Tegld Tagid Pa4&l"il Tegid Pa4arn Pa4arn Tegid I Tegid shire Pa4arn Paraattaa Tegid ~re Union Union Pa4arn ., 

Union Union Union 
Canal Canal : * Canal Canal Ca_l 

,;.; 

I lleoeohinol'hYnchua ruttl1 ('Mller, 1')0) , , • • • • • • • • • • Acanthocephalus luoU ~'lt11ler, 1776 • • • If If If • If If • • I Pommorh;rnchua 1aavia (~!I111er, 1116) • • I 1 , 
I F.chiDOrb,ynahua truttaa, ~rank, 11B8. If • If • I , 

I r:chiDOril,yDChUII olavula Dujardi n, 1fl45. • I 
i If ~ If If • • If If , If 

Po)y1norphua lllinutus ( Coeze, 11fl2 )cyatao&nth. : - ..... I 
, 

If If I • I :.~ I '. , I I I aalobdella atU'DllU. (I,.) If 
.> '" 

I I I 
!; . '''"., I I 

• 
I 

I I HailliolsJ!!ia ..rs!_ta (''1111er, 1174). c • I I I • " 
. If , ! 

Piatoola fl'!omatra ( I..) If • • • If -" • If If I I • I I 

Gloohi41a If " 
If • ,. .. - If I , , , 

i 
Al'S!!lua oore82ni , I • I Al'S!!lua toliaoaua (L.) • If • • • • • • Aotbares p!:rc&ruRI. liordlil&llll, 1832. • j 
Sa1",illOola aa11110118& (L.) If; • I 

I ! , 
I t 

I I 
~ I I I 

I 
I 

, 
~ 
. , 

~'~ I 
I 

I 
I '" , c 

l I 

:1 I 
" 

t ;~ ,. 
, .... 
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~8.51 \ 

--\. 

R.LUGQ IJ..YN \'F.GID ROSmxlUlE MIRE SHROPSllRE UlfIOJl !louth of N ... kl\1& ~_ro R. Q) R.~ IAIte a. t.na AlaI f_ Ca8p1u R. Cba. 
P&I'U1.a lateoW tlarb V tim Iateoted flarb Inteaa1. fleb R.1ft&Il Oaba EM 

of of of 

!f!obo1ua .allert 00llllll0ll • 
!l,yzobolua artua 0110_0 
IothYo~th!rtua Bmltltl11ua 4.1 62.6 Dao$[loS[rae oructter 124 '9.1 16., • • • • • • • • • • 
IlIIc!l;loarae .dn'rIl& , 0.9 1.0 ) ,6 5·9 • • • • • • 
IlIIcv10l!lrua -. 1 0., 1.0 • • • 
IlIIc$[I01!lrae .1111 11 a 53 15.8 1·4 5 1·7 • • 
IlacV10ltfl'ua _c1oua 1 0.17 
Dacvloltfrall wlld.rt 

98 16.2 DtEloaoco 1)IU'8doZUIII 10 ,.2 1.0 UIIOOSIIIon • • • • • • • • • 
Al1ocree41mn t.ollOl'UtII 40 12.6 0.0 • • • • • • 
Sd\MI'O.toIIIa bl'lllllM 8, 26.2 5·0 56·7 '.9 2 0.'4 • • • 
DtJ!10.tam11l'!1 .Il&t~( Mtacercarta) PraHnt 98.5 • • • • • • • • • PraHnt DtEl0.tomu1U111 oluijU!lt .. taoaroar1&) 

28.6 AullliIY1odora Ituban1CM1 , • • • 
Ca1'Yodn'llutdee t.DD1oa 28 8.8 1.8 1~.6 2., Pra .. nt 5.' • • • • 
Car;rodn'lluu. 1attceE. 11 7.' ,.6 

Pre.l.nt 
2.8 .. • • 

liel! tnteattna11! 1 0., 1.0 • • • 
Rbaphidaaroart. _ (juvenile) 10) ,1.5 

Pra.l.nt 
• • • • « • 

CuoulllUaUl,8E· 
ftlt l_tn rtachta I Hloechtaortaachu. ruttl1 1 0., 2.0 2 0.6 1.0 • • • • 
4caDthOCleJlha1u. lucU , 0.9 1.0 22 6.4 1.8 16 2.8 
EchtllOriancbu. ol&Yula 16.1 ,.0 • 
Polmol'dlu~ !!lIltU! 1 0., 1.0 
Belobde1la at.sna1t. 2 0·'4 
Bem!o1el!.te lI&l'artll&ta Pre .. at 
Phtoola ._tra 6 1.9 1.0 15 2.1 
Arsu1ua fo11aceU8 51.' 3B 6.5 • • 
ADodoDta .p. (glocbtdta) I 
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a.14. 

hoats' geographical c!istrtbution e.g. Rusetan wol'k:ere found Neascus 

cutic...2!§ only in southern rtt8'1ona i"e. the Caspian and Aral Seas and 

rake Za.Y 8&ll1 Pa ... lMorchi s un! cue, P.1 noognt tUB and Col tocoecum 

IIkryabini .. ere only found tn rivers draining to the Black Sea, the 

Nnlan and the West DYin .. l. A decrea .. in the mmtber of paraei tel tn 

R.rutilul was noted trOll the Yeni..,. (we.t) to the rAtna (east). 'Ibi. 

fact bas been noticed in other &iberian C1prtn1~8 which also Hem to 

10M certatn species tlle further eastwarda thq were found. A 

relationlhip between latitude and distribution of fish parasttes was 

noted by Petruah.,,*i and Bauer (1948), and they' dhided the paras 1 tee 

occurl"iDg in Sibelid rivers into three groups.-

1. Paras1 tea pre .. nt along the length of the 1'1ver. 

2. Parasite. 01117 present in the northern regiona. i.e. Mar 

the l!louth of the ri ... er 

,. Parasite. pre .. nt on17 in the southern regions 1... Mar 

the BOurce ot th. river. 

b lmal1 area of B1'1tain ccmp&nd ~ the U.S.S.I. uk •• it 

impossible to s~ tbe influence of latitude amd lOngitude on tb8 

OompoBitiOD of the parastte tauna of tim in thil count17. It.

POsBible, hO'ftYer, frem the au"e1. in thts count'17 and tho .. ill the 

U.S.S.I. to place 'the parali.s ot !.rutil,JI into two .ain categone ••• 
1. Paralitas distributed throughout .o.t ot the localities 

where the host is found. '!he_ "'&7 be subdivided r-



. ) Non apaciflc, widely diatributed 8pectel, e.g 

If.mUneS (lI.bralllu) 

D. pa.!'ad OXUIII 

•• tIOpor\Jm 

S.bl'8lnM 

».Ipathaceum 

2.:.fe IUlica 

C.l!tloel!a 

1.lcu, (3\1'1'eI111e) 

l.ruUl1 -
•. luc11 

b) Speetea ItrletlY IPle1fte to R.ruttlul, e.,. 

D.crucifer 

D.IWl'lla 

2. Parali tee that are on11 pre .. nt When the bOlt tl found 1n 

~ triage are .. ot it. dtltr1bution, OJ' in ullU8U&l 

ezwiroDHnt. e.g. 11. cuUcolac P.untoua, P.lncptue, 

C.*!7ab1n1. 

8.15 • 

It IIq theNtore be Itate" that the t1Pical paralt te fauna of 

B.l'Utllu. would be tbat found in tho .. hoata locate" 1n the oantre of 

the pographtoal ft.. and that the typical parall te fauna t. lIodltie" 

in proportion to the 4t.tanae of the ho.t from tbtl central range, 

lIaktDl a Provi.o tor the ett.et. of hu.an intervention. 

~ effeot of tb. poalt10n of tbe hOlt withtn ttl ,eor,raphtcal 

l 



8.16. 

r~nge ~I ona ot the 1II8.l\Y factors influencing the parast te fauna. '!heM 

ma~ factor. m~ be col1ective~ termed the host .pacttlci~ which hal 

been deti_d by Shulman (1964) al being 

"hiltorically tormed, eoologtcally modU'ied, maintained by 
natural .. l.ction and fixed b7 heredi-,". 

Chubb (196,) lupported the etat.ment b7 Wienie.aki (1958) that the 

pa%alite fauna ot a body of water !11&3 be related to the character of 

the b~ of water, but a110 pointed out ' 

"the importance of the degree ot hOlt specificity of the 
paruitel throU8hout their life 0)'018 •••• tor 110 11 thil 
intimate relationahip bet.een bOlt aDd pa~att. and hoet 
and emriroDnent Which dete1'!liDftI t.he charaaMI" ot both tree 
llYing and para8itlc fauna". 

'!btl oonception ot the ph.nOllenon ot hoet epaciftc! V ae the 

complex intene1a.tionah1pe bet".en hoet. paralite and erwirollltent 

therefore forml the balis. and Ilult be of pri1l&17 consideratton tn all 

tnvelUgationa on the ecology ot paraattel. 'lb.e preMnt fJUrYey eDllltD8& 

the iMidenee, intenaity of infection and the .. alonal dYDUicI of 

para Ii tel traa five lpeciel of ftab. This ia onl.1 one a.pect of a 

oomplex lituation, but thta information doel provide a baata for 

fu%'ther Itudi'l on more lpeclaU .. d aapectl ot the nbject. 
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