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Theplerocer coidsof ~~crassusfoundencysted

in t he fle sh of fishes of the gen us Leuc i ch t hys and of the white ­

fi sh Cor egonu s clupeaformis cause these f ishes in many Canad ia n

l ak e s to be unmar ketable .

This s t udy i s a sear ch fo r method s of bre a ki ng the l ife

cycle of this ce s t ode by att uck i ng t he f r ee living s t a ge of the

para sit e ,us ing bot hchemi ca l s and el e ct r i c ity . In orde r to ex tend

t he pe riod of experimentat i on on the eggs and coracidia, pit uitar y

injecti ons vere made on the final host Esox lucius , th e pi ke . The

theory underlyi ng these i n je ctions i s as follows: both the pi ke

and tapeworm r ele as e thei r sexual products dur ing t he same pe r i od

ea ch s pring ; t he r ef or e sexual de vel opment of the pi ke and c estode

fo llow a s imilar ann ua l cyc le of de velopment and r egr e s sion . It

was hoped tha t by ad va nc i ng th e se xual , maturity of the fish with

pi tuitar y in jectio ns , t h e tapeworms would become sexually mat ure ,

r ele a s e the i r eggs and thus perm it further che mic al and elec t r i cal

exp e r imen t s to be conduc ted .

Dinotro -o - Cyclohexy lpheno l , Dicyclohexy lamine salt ,

co mmerc i ally known as Dow K-604 was the only chemical that pr ove d to

be e ffect i veataconcen t rat ionthat Viouldjustifyitsuseona

l arge s cale . Electricity was ef fe cti ve a t voltages vorying between

2 and 55 and he ld for a period of five se co nds . The pituita r y

i n j ection s caus e a mar ked adv an cement i n t he dev elopm ent of the

tap e.7orms ,butnovi ableeggs we reobtained .



Fr om an e cono cii.c poi nt of v i ew t he cestode Tr ia e nophor us

~is the mo sti t:!p ort ant t ap "wor t:! inCanad a . The pl e ro ce r co i ds

of this par asite appea r as cons picuou s ye l low cys t s , chief l y be t ween

t he mus cl e s egment s in the f i s he s of t he f a mUy Cor egoni da e . Th e

whitef ish (Cor eg onus) , and t he cf s coe s (Leuc i ch t hy s) a r e particular l y

affe ct ed . The cyst s oft en oc cur i n l ar ge nu mbers end va r y gr e at ly

bot h in size and shap e . Although har mle s s t o humans t hey a re

ob j e ct io nable f r om en ae s t he t i c po i nt of v i ew. 11 su bstant i al pe r ­

cent ag e of the whitefi sh pr od uction a nd a.Lmos t all of the t ul l1bee

pr oduction is prohi bited ent r y t o t he United St at es . Dur.i ng the

period r r-on Mar ch , 1 945' t o Mar ch , 1 946 a t ot al of 402 ,4 72 pounds

of whi t efish f r om Albe rta , Manitoba and Sask atchewan was r e j ec t ed

a t the U. S . bor de r . Ther e a r e many commercial l y valuabl e l ake s

r emai ni ng unfi shed t oday due t o he av y infestation s o f the whitef i sh

Bef or e any control mot hods CE.n be inau gera t ed , it i s

e s s ent i al t o unde rs t an d t he l1f e history . 11U l er (l 94311, 19 43B,

1 945'C, 1 945'D, 1 946) ha s th or oughly i nve s t i ga t ed t he l1 f e cy cle of

Tr i a en oPQ9.W ~ and cl ea r ed up many pre vi ously disput ed point s .

The life h i s t or y is a s f ol l ows : I n Al ber t a th e adul t t apewor m l iv es

onl y in t he intest i ne of t h e pi ke , Es ox l ucius . The sc ol ex i s

firmly i mbedd ed i n t he gut wall j us t belo w the pylor i c s ph i nc t e r .



The ad ul t t ap eworo gr adua l ly mature s du ring t he win t e r mont h s and

r eac he s ful:\. s exua .L mntur i ty i n the ea r l y sp r ing . The t apeworm

sh eds it s egg s dur i ng the pi ke sp awning period , whf ch ver i e s

f r om ye ar t o year , occur r ing us ually a t t he end of April and ea r l y

pa rt of ..!ny . Once t he §ggs a r o r elea sed the worm d i e s a nd passes

out of th e gut i nt o t he wate r .

The e p,gs , be in g slight ly dens e r t ha n water , s low l y s i nk

to t he bottom. Whe n f i rst r el ea s ed t hey ar e white but af te r abo ut

45 cri.nut.e s ch an ge t o a bro wn col or . Eac h ripe egg cont a i ns an

oncho sp he r e , bea r i ng s i x hooks . Moveme nts of the onch osp he re s can

be cl e a r ly det e cte d abou t tw o day s prior to hat ch in g as the egg i s

t r ansparen t . The s e move ment s gra d unl l y become vor e vi ol ent and

finally r e s ult in th e knocking ope n of t he ope r cul um at the small

end of the eg g . The e rabr-yo , once e s ca ped f r om the egg , is t e rmed

a cor-a cm ru m, The co r ac id i a at fi r st are t he s ame s iz e as t h e eg g ,

but one hour a f te r hatchin g enl ar gc t o tw i ce th e s i ze , due t o the

swell i ng of the cil i nt ed j elly-l ike l cyer s ur ro und i ng t hern , The

cor acidiale ad afr ee swi oGJing exi s t ence, swl nnf ng c i mlc s s l y about

by means of t he i r cil i a f or 24 to 48 hours . If t he next host is

not ava ilable within 48 hour s , t he cor acidi a di e .

The first intermed iat e hostisthecop epod ,~

b icuspid etus which swal l ows the cor acidi a . Mi ller (1 943B} ha s

ob servedanywherG from l to 32pa ra s itesinnsingle~.

When the cor a c i di a ar e swal lowed , th ey cr awl out of the i r cil i a t ed

enve lop e , and by means of their hooks dig t he i r way thr ough the



Once t hey a re i n the body cavity of th e~ they

a re r ef e r r ed t o . as pro ce r coids . With i n f our days the pro ce r co i ds

double i n s ize , and by th e e ig ht h day r ec ch mat ur e size , r ou ghly

s ix t t me s th at of th e cor acidia . The pr oce r co id is cons td e r ed

matur e when th e cercomer e (ca uda.I appe ndage bear i ng the hooks ) i s

pinch ed of f . Onc e th o cercooe r e i s e s tabl i she d the pr oc e rc oid

e ithe r gro ws very slowl y or stops gro \l i ng altoge t he r , and can go

on livine f o r thir ty day s with no appa r en t chan ge in appea r ance .

The se cond inte r med i at e hosts are the cor egonine fishes ,

l, e . tullibee , whitefish , and Rocky Mountai n whitefish . Miller

(1 944, 1 945 ) h a s sh own t ha t the tullibee i s pr oba bl y t he natural

infe ct ed cop ep od i s swal l owed by the s ec ond int e rmedi llt e hos t , the

pr oc ercoi d is liber at ed by the digestive juices . I t is thoug ht

t ha t the pr oc ercoi d th en pr oc ee ds t o pe netra t e a pylor ic caec um

by means of it s f r ont al ~land , e fte r which t he cercomere dro ps of f .

It th e n cr osse s t he body cav t.t y and ente r s t he fle sh . Once in the

fl e sh it a cqui r e s the' ch ar a ct eris t ics of t he pler oce r co id s , and

bec ome s e ncl os ed i n a cys t f ormed by th e connect iv e tis su e of the

hos t . This pe net r at i on a nd encys t ce n t t ak e s place du r i ng July ,

r e quiri ng ge ne ra l l y one co nch or no r e , The cy st s l iv e t hree t o

f our years and th en 'die , the grea te s t infes t r.t i ons being not ed i n

t ul.Lfb oe , t >u-o, t o s Lx year- s ,10 . 'bo p.Le r oc er-co Ids ""'bi' tbo I
ad ul t worm clos ely , differing only by the l ack of s ex organs .



The completion of t he l ife cycle from plero cer co i d t o

the adul t i s a ccompli shed by a pi ke swallowing an i nf e s t ed tullibee

or ot he r s e c0!1d int er medi ate hos t . The cys t i s d i gested away wi t h­

in a f ew hours, r eleasing the pl e r ocerc oi d , which by t he end of

thr ee day s i s qui t e firmly at tache d t o th e gut wall . New infesta­

t i ons a re pi cked up by t he pi ke , star t ing i n t he l at e su mmer .

On exaClining thelifllhistory of!.~ the C1ost

l ogical a ppro ach t o a met.ho d o f c ont r ol i s some way of br e aki ng the

life cycle . There are f our poss i bilit i es:

1. Eliminat ion ofthefirst intermed iatehost ,~

bicuspidatus .

2 . Elir'li nat i on or r educ tion of the s ec ond in t e r Gled ia t e

hos t s , the cor egonine fi sh es .

3 . Ext erainat i on o r r eduction of t he def i nit iv e host ,

ESQX lucius .

4 . Control of t he cor ac i di a .

OWing t:othecos Clo p olit annature of~ bicus pidatus ,

this line of a t t ack s ee ms h i ghly i Clpr obable. Miller (1 944) has

f oun d t his sp e c i e s of cop epod in al l of t he nu mer-ous Al be r ta Lak es

that he has inve s tiga t ed . It i s al so known to occur ac ro s s Can ad a



and Euro pe . Even if a s uccessful "clean- up" were poss ib le, it

would be impos sibl e to pre ve nt t h e r api d r e-ent r y of this cope pod

in t o t he bodies of wate r trea t ed .

Theremovalof tu l libee , the second natura l intermed ia t e

host , would se rve as a method of br ea kLng t he life cycl e. By al l ow­

ing yea r around fishing with no l i mit s , tullibee numbe r s coul d be

r educ ed suff i c ie nt l y to r esult i n a reduct io n of the pler oce r co i ds

in wh itefis h . The Alberta Gove rn ment ha s adop ted this policy at

Les s e r Sl ave Lak e . Mi lle r (1 948) ha s s hown t ha t during the pe r i od

1944 to 1 547 the numbe r of !!:1aen ophorus cy st s in white f ish at

Les s e r Sl av e Lake decreased fro m 265pe r 1 00 f ish t o 26 per 100

f ish . Thi s method of cys t r edu ction i s app l i cab le nhere ther e i s a

demand for t ullibee, i . e . mink feed, thus maintai n i ng fish i ng

pr es sure . It would be preferabl e to find s ome other co nt ro l met hod

if at all poss ib le , as tullibee , an exc ell en t smoking fish , woul d

find a r eady market if fre e of cysts .

CONTROL OF THE DEFINIT IVE HOST

Overfishing, po i s on i n g, electr ocut ion , and th e use of

dams are so me of the methods t hat coul d be us ed to reduce t he jack­

fish popul. at i on , The Cen tral St a tion of t he Fishe r i es Res ea r ch

Boar d i s attacking t he pi ke-wh itef ish parasite prob lem i n Manitoba



from this angl e . Netting h as be en t r i ed and i s su cc es sful in the

r e moval of l ar ger pi ke , but many of t he s 01l11 er one s e s ca pe and

continue t o r estock th e l ak es . Fish t ox , a r oten on e poi s on has

been us ed in Manitoba end a.l ao by 1I1ller (19 48, 1 950) in Alb e rta .

The r e s ult s of poisoning pike do not ju stify the expense , and

could hardly be ex t ended t o l a r ge, commercially fished l ak es .

The cor acidi a ge ne ra l l y oc cur f or a br ie f pe r i od , i n

sh allow wate r ne ar the s hore . It i s hoped t hat by means of ch emi c al

or e lect r i ca l t r e atm e nt of the water at app rop r i a te t imes , the cor a ­

cid i a will be kill ed . This phc s e of control ha s been t h e ob je ct

of this wor k and will l at er be dca Lt with in de ta i l.

PREVIOUS CHEMICAL RESEARCH ON EGG iJlD

CORACIDI A CONTROL

The eer l iest r e s ear ch on cor acidi a cont r ol was carried out

by Miller (1 944 ), who d i s cove r ed by Lnc r e as Lng th e a c id ity of

cul t ur e s t o a pH;of 5 ;0 , the cor acidi a a r o ki lled .

I,n at temp t wa s made in May ; 1 945 a t Bap t is t e Lak e,

llberta t o kill the cor acidia by l owering t he pH t o 5'.0 (Ll1llar and

Watkins 1 946) . Twenty t on s of c ommerc i al s ul phu r i c a c i d we r e in ­

troduc ed into the pi ke spa wning area , ove r a per i od of t an days .

This should hav e bee n s uf fi c i ent a c id t o r edu ce th e pH t o 5 .0 . The



exp er-Iment pr oved t o be a f oilure , as t he pH was r educ ed onl y f or

a Sho~t pe r i od of t Lme , The pr esence of carbonot es in 7he bot .tom

Clud pr obab l y neu tralized t he a c id with a f ew hour s .

Miller and Huston (unpublished ) next carr i ed out a

nunbar of l abor a t or y expe r r me nt s , t e s t Lng t he e f f ec t of var io us

.che Cli ca l s on th e eSGs a nd cor a c id i a . A l ar ge s e r ie s of ch emical

was t ested a nd r e cor ded . The f ol low i ng i s 0 brie f su nnar-y of th e i r

findings :

Cer t a i n ch eoicals we r e e ffe c t i ve in kill ing t h e cor a ci d ia ;

Gent i an Vi olet a t 1, 000 p .p . m., but not at l ower conc ent ra t i ons .

Mal achite Gr e en r.t 1 0 p . p . r.l.

l..ur a mi n e a t 2 p vp vn ,

Phen ol s hows var i ab l e r es ults , thou gh i t appe ar s effect i ve a t 1

Bet an apht hol a t 1 00 p . p . r.l.

Hexyl r e s or c i nol a t 5 p sp sm,

Lys ol a t O. l p . p . m.

Bor ax atl , OOO p . p .m.

llum at 1 , 000 p sp sm,

Rot enone i s very ef fe c t i ve but i s a pot ent f i sh po i s on .

Zinc Car bonat e a t maxf num s ol ubil i t y .

Bismut h Car bon a t e a t max t mum solubility .

Le ad Car bon a t e at aax t mua s ol ub il i t y .

Ca.LcLun Pr opi ona t e at 1 00 p vp sm,



Merthiolate at 1 p vp sm,

Copper Sul pha t e a t l p . p . m.

Phenyl Me r cur i c Chlor ide at 1 0 p .p .m.

Zeph i ran Chl oride a t 1 0 p .p .m.

For mal i n a t 1 00 p . p . m.

Benzyl Benzoa te a t maximum s ol ub il ity .

Car bon Te t r achloride a t 800 p sp sm,

Kerosine is e ffect i ve but i mpractical .

A number of ch emic als sh owe d r eaction s t hat we r e cla ssed

as doubtful, and r equire r et es ting ; the s e a r e : met henamine , salol,

quinol in e and barium c arbonate .

it l a rg e number of che mi ca l s had ve ry li t tle effe c t on the

corac idia ; thes e are c r esol , r e sorc in ol , pyr oca t e cho l , mul c i de ,

hexa chl or e t han e, phe not h i a z i ne , s odium i odide, ae rosol , d .d . t . ,

sodium benzoat e, magne s i um sufphat e , pot a ss i um pe r mangannt e , po t -

a s s i um di chromat e , l auryl pyridinium ch l oride , e t hyl me r cur i c

pho sph at e , chloramine , and picric aci d .

It was f ound that the e ggs we re more r es i s t ant t han t he

cor a c i dia and only a f ew of t he pre v io us ly ment i one d che nt cal.s

had any e f fe c t on hatching . The ch emicals t ha t pr evented ha t ch i ng

to n cer t a i n deg ree are :

Gentian Violet a t 1,000 p sp vm, pre ve nt s h at ch i ng .

Aur ami ne at 5 p .p . c . is e f fe c tive .

Hexyl r e s or c i nol has s ome e f f e c t a t 5 p vp vn ,

Lysol at 100 p sp vm, pr ev ent s ha t chi ng .



For malin at 1 00. p sp vm, i s e f fe ctive • .

Car bon Tetra chloride i s e f fe c t i ve at 800 p . p . m.

Of the numerous chemical s t ested lysol app enr s to be t he

mos t pro oising and is al so the cheap est . (I n the spring of 1 949 I

thoro ughly r et e s t ed lysol e nd f ou nd it t o bo e f fe ct i ve in killing

cor acid i a ut 5 p .p . 0. At su ch a h igh conc entration , the cost of

t r ea t i ng a l a ke would be too l a r ge to be pract i cal ) .

In th is s tudy t he ;yor k of Mill er and Huston (unpublishe d )

on t est in g che mi c al s f or the i r effect on egg s and coracidia ha s

been con t inued . The ef fe ct of e l e ct r i c ity ha s also been given

pr eliminary expl or a t i on . A diffi cul t y i n th is work has be en t ha t

the par-Lod when eg gs are obta i na ble i s limit ad to a f ew wee ks in

t he s pr i ng . It would be de s f r abLe t o find some way of obta i n i ng

eg gs ov e r a longer pe riod of th e year . Acc or d i ngly , so ma exper i ­

ment s ha ve be en carr i ed out to t es t t he r-es pon s e of th e wor ms t o

pi t uita r y inj e ctions of th e dafinit i ve host , t he pi ke . The

cor acidi al work i s pr esented here a s Par t I and t he pit ui t a r y

wor k as Par t II.



ON THE CONTROL OF EGGS MID CORii.CIDU OF

The pur pos e of this laboratory wor k was to find some

meth od t ha t will prevent hat ch i ng of t he eg gs , or kill t he co r a­

c i d i a of 1.~. The met hod mus t be s uch t h at it woul d be

econo mica l ly pos sible t o tre at large i nf es t ed bod ie s of wate r .

Bot h che mic als and elec t r i c ity were us ed fo r e xpe r imenta tion .

With the wor k of Mille r and Hus to n s er vi ng as a ,gui de ,

a number of che mi ca ls we r e cho sen t o be t e st ed . I had no id e a

what type of ch emi ca l would be most e f fe ct i ve , so a variety of

disinfec t ant s , i nse c t i c id es and gene r ally ch eap ch emi cals we r e

cho s en . The i deal chemic al woul d be one ch eap e nough t o us e on a

l arge sc ale , e f fe c t i ve at l ow conc entra t i ons, non toxic t o fish and

other water- dwelling or using animal s , s uf f i c ie nt l y wat e r so l uble

to r e ac h t he eff e c t ive co nc e nt r at ion and not neutralized , des t r oye d

or pr ecipitated under natura l cond iti on .

Toward s t he end of April wor ms were removed from t he



intestines of jackfish, id en tified and placed i n petr i dishe s filled

with wat er . If the egg s ar e su f fi c ie ntly de veloped th ey a re r e -

eg gs a r e no t ext r uded sp ontaneously , t he wor-ms may be ind uced to

r elea s e th e m by pul l i ng the worm betwe en t he thumb and f i nge r .

Worms were obtained by hav ing pi ke i nt es t i ne s s ent in f r om Fishery

Offi cers and by maki ng t rips to th e lake s j the be s t r e s ul t s be i ng

obtained by the latter means . Once thB eggs were col l ec t ed th ey

we r e kep t in ,0c , c , bottles at r efrigerator temp era tu r es .

The various ch emicals to be t est ed wer e made up i n d is -

t i l led wat e r to se rv e a s conc entrates . With the appearanc e of cor a -

c i di a in t he e gg culture s , expe r-Lnerrt a.L culture s ha ving a vol ume of

,0c vc , we r e made up in pe t r i d i she s . Suf ficien t amount s of con ­

ce nt ra t ed ch emic al and di stilled water wer e adde d t o petri d i sh es

to produce t he r equired expe r f nental, s t re ng t h . This wa s fol l owed

by the addition of 1 0 c , c , of e gg culture . Eac h ch e mical t ested

was mix ed i n three di fferent conc entr ations, gen e r al ly 100 , 1 0 and

2 p sp . m. There were also t wo control s r un f or e a ch ch ent c al , con -

s i st ing of 10 c , c , of e gg culture pl us 40 c ;c , d is t illed wa t e r .

All cultures were kep t at r efri gerat or t e mpe r a t ur e s of abo ut 7 to

8 degrees Centigrad e .

Each day th e expe r i ment a l cul t ure s were ae ra ted by me ans

of an eye - dr opper and one drop of c ulture r emoved t o be exa mi ned

und e r the mi cr os co pe . The r e adings v:e re carried out f or 6 t o 7

days f or e a ch cul t ur e an d were Clade t o det ermine t he rat io of h atched



t o unhatched eg gs and of live to dead cor acidia . Th e eg gs being

t ra nspar ent ena bl ed ea sy diagnosis of t he ha t ched and unha t che d

condition ; as t he lat te r a r e see n to cont a i n the embr yo while the

f or mer ar e empt y . Mot il i t y served as t he method of dete r mi n i ng

l i ve f rom dead co r ac i d ia .

CHEMICALS TESTED I N 1 94 9

Dur ing t he sp r i ng of 1 94 9 t e n ch emic al s were t ested with

eg g cultur es . Sev eral ot her chemicals were ava ilabl e f or t e s t ing

but th e egg s uppl y failed . The recor ds of these exp eriments may

be f ound in the appen d ix , t abl e s VII to XVI . The following are

L-F di sinfec t an t #17H - 1 4 a t 100, 10 and 2 p sp . m, Even

at 100 p .p . m. t h i s d i s i nfe ctant proved i mpo t ent as it d i d not affect

hatching of t he eggs and s car ce l y r educ ed t he percent age of l i ve

Sodium et hyl ene bi s - dith io carb onate at 1 00, 1 0 an d 2 p sp sm,

Th i s che mic al at 10 p sp vm, app ea r s to be quit e e f fe c t i ve i n killing

the corac i d ia an d in pr ev e nting hatching of t h e e ggs .

Cc1 4 triton x a t 100 , 1 0 and 2 p . p .m. The viability of

t he cor acidia was r educed con siderabl y at 10 p .p .m. while a t t h is

sa me conc entr a tion no effe ct · on ha t ch i ng was obse r ve d .

Y-77 at 20 , 1 0 and 2 p vp . m, While there was no appar ent

e ffe ct on the eg gs at 20 p .p . m; all the corac i dia were ki lled ; at

10 p vp vm, t he cor acidi a were r educ ed by approximate ly 60 pe r ce nt .



13

Lys ol at 10 , '5 and 2 p .p .m . Clos e to 100 per c ent of the

cora c i d i a were ki lled a t 10 and '5 p .p . m; there was l it t l e e f f e c t on

hatching .

Copper Sulphat e at 1 00 , 1 0 and 2 p .p .m . Thi s ch e mi ca l

was 100 per ce n t effe ct i ve in killing the co ra c id ia and compl e te l y

inhibited hatching a t 100 p vp vm, At 1 0 p vp vm, it was in effec t i ve .

Tox aphene at 8 , '5 and 2 p vp vm, The re were no not iceable

effects on e ithe r th e eg gs or t he co r a c i d i a at all thre e

Mul c i de B vat 1 00 , 10 and 2 p vp srn, This ch emical did not

prevent ha t c hi ng , but did substant ially r edu ce the co r acidia at

1 00 p . p . m.

IJowklor a t 1 00, 10 and 2 p .p . m. At 1 00 p vp vm, t he cora­

cidia wer e ne ar ly comple tely killed off ; vn f.Le ha t ch ing wa s not

The fol low ing three chemicals o ut of the tcn t ested were

cons i dered t o possess a des i r ab le deg r e e of potency ; Sodium ethylene

b is -d ithioc arbonate, cc14 triton x and l ysol . But the cost of us ing

any of thes e thre e to t reat an i n f e s t ed l ake woul d be t oo great t o

b e practical , so other chemicals were ch os en to be tes ted i n 1 9'50 .

CHEMI CALS TESTED IN 1 9'50

Th e egg s commenced ha t ching abou t t wo wee ks l a t er t h an

those of the previous yea r , the fir s t co rac id ia be i ng obta i ne d May 11



1950 . Sev eral field trips were mad e and a l arge s uppl y of eggs

obtained . I had ant i c i pated running e Lar-ge series of expe r i ment s ,

but du e to bacterial and protozoal invasions , onl y t wenty pe r cent

of the egg cultures we re s uit able for expe r i mentel pur poses . Plans

were made to continue t he ch emt c eL expe r i ment s well into July , using

two different sp ecies of Trinen ophorus egg s thet normc l l y ha t ch

l ater than thos e of 1.~. The first of the s e, Tricenophorus

nodulosus , s pend s its adul t life i n the intestine of th e pi ke , r e ­

l e asing it s eg gs during t he latter part of May to t h e mi ddle of

June . This is ap pr-oxd.mat e.Iy on e month l cter t han 1.~ (Mill er,

1943A) . The second s pecies of Triaenophorus , 1 . stizostedionis ,

occur s as the ad ul t in the intestine, of the pike -p e rch , Stizostedion

vf t r eua , This species of Tr iaenopho rus s pawns dur i ng the first

pa rt of J une (Miller 1 945!l). A trip was mad e to Les ser Sl ave Lak e

ea r ly in June to collect eggs of e ithe r 1 . nodu losus or 1 . st izo ­

stedionis . Over one hundred fish wer e exa mi ned and no adul t worms

wer e f ound a t tached . There wer e sign s of pr evi ous infestations and

a few worms were f ound passing out of t he intestine . It a ppea rs

that where 1 .~ was late in s pawn i ng , both 1 . nodulosus and

1'. stizostedionis we re e arlier then usu al .

Owing to the shortage of satisfectory e gg s upp l ie s onl y

a few ch emic als were tested . Th.,s e are:

Antimony Tart r ate a t 100 , 1 0 end 2 p sp . m, There wa s no

gr eat Visible effect to e ithe r t he coracidi a or the hatching of the
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Chlo r omycetin at 1 0 , 5 and 1 p . p .m. This antibiotic was impotent .

Two pe r cen t Tyr ot hr i c i n a t 200, 100 and 20 p vp . ei, The re

was no observable e f fe ct t o either the eggs o r the cor a c i d i a .

Tox aphene at 100 , 1 0 and 2 p .p .m. This inse cticide

proved quite e f fe c t i ve i n kil ling the cor a c i d i a at 1 00 p . p .m. , but

ha d no effec t on ha t ch ing of the e gg s . At 1 0 p .p . m. it r educ ed t he

nu mbers of l iv e coracidia by r oughly 65 per cent .

Dow K-604 at 20 , 10 , 2 .5 , 2 , 1 , 0 .5 , 0 .35 , 0 . 25 , a nd 0 .05

p .p .m. The r esults f rom t h is che mic al l ook very promising , a t

p vp vm, i t was 1 00 pe r cent e f fe c t i ve i n killing coracid i a, while

a t 0 . 5 p vp vm, a s wel l a s killing all of the coracidia it r ed uced

hatching by abo ut 35 per cent . Further statis tical details may

be obta i ned by r efe r r ing t o t he t ab l es in the appe nd i x .

I NFORMATION ON DOW K- 604

Dow K- 604 i s a highly tox ic , yellow compoun d , composed

of Di nitro- o-Cyclohexylphenol Di cycl ohe xylam i ne s alt , and is man u­

fa ct ur ed by the Dow Chemic al Company at Mi dland Mi ch i ga n U. S . A.

It i s very insolubl e a t l ooOp . p . m. , bu t at 25p . p . :n. goe s ne a r ly

co mpl et el y i nt o so lution . A more soluble f or m is av af .LabLc comme r ­

cially fo r sp r ay ing pl ant mi tes and i s t ermed Dow DN-lll . Dow

DN-lll cont a in s 20 per cent K- 604 j t he r e mainder being made up of

an i nert soluble powder . J ame s W. In galls Jr . (l etter on file) has

f ed Dow DN-lll at 100 p vp vm, t o mi ce and guinea pi gs as the i r only

water so urce fo r one month ,l i th no apparent ill eff ects to t he



A control wa s also r un , consisting of th r e e gol d

fish in t ap wate r .

l.t 0 .3 5 p sp vm, Dow K-604 s eemed to c aus e a l os s of colour

in t he gold fi sh, but as ide f rom t hi s t hey appea re d quit e no rmal .

I.t th e end of two da ys , th e expe r i ment al gol d fi sh wer e pl a ced in

0 .5 p vp vm, K- 604 . Th ey appeared t o be qu ite nor mal fo r t he first

f ew hours , bu t by mor n ing al l thre e f ish were dea d . The next day

one of t he controls wa s placed i n 0 .4 p .p . m, K- 604 a nd a f t e r 24

ho urs appea r ed t o ha ve a l os s of colour , sluggish behavior and th e

dev elopment of a white fil amentous coating ove r the eyes . l.f te r

72 hou rs thi s fish di ed . The t wo r emaining cont r ols we r e s till

alive af te r t wo mont h s ha d pa ss ed . It app e a rs th at K- 604 is quite

t.oxf, c to fi sh at conc entrations over 0 .3 5 p vp vm,

INVASIVE POWER OF CHEMICALLY TREl.TED CORACIDIA

During the s pr i ng of 1 94 9 che mic ally treated cor acidia

were fed to Cycl ops bicuspi da tu s , t he f i rst intermedi at e host .

The purpos e of t h is exp erimen t was to determine if th e chemical ,

while not killing the coracidi a, may wea ke n them to suc h an extent

that they were unable to i!lfe s t the hos t .

Culture s of eg gs i n d istilled wate r were exami ned daily

to determine the numbers and vi ability of the coracidia . Those
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cultures containing active cor acidia were then a;l xed with t he ch em­

ical to be t ested to produce a conc entration of 2 p sp vm, of th e

chemical . A f ew c vc , of this culture were placed in a syracuse

watch gl a ss and a number of~ bicuspidatus were t he n added .

At the same time a control was run containing co r acidi a and~

but no ch emic al . The following day a number of~ were r e move d

by means of an eye - droppe r an d exa mi ne d und er the mi cro s cope to

dete rmine if th ey had been invad ed by coracidia .

I n the controls an ave ra ge of 65' pe r c ent of t he~

conta i ned on e or mor e co r ac idia ; the e xpe r i ment s were abo ut 60 pe r

cent i nf e s t ed with cor acid i a . The chemic a l s t ested and t he r es ul t s
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THE EFFECT OF CHEMICALS ON THE I NVASIV E POWER OF CORACIDIA

OF 1:. CRASSUS

28 -5' -20

30 - '5- '50

31 - '5- 5'0

1 - 6 -5' 0

NO. OF CYCLOPS
llXAMINED

NO. OF CYCLOPS
I NFESTED

1'5

PERCENT OF CYCLOPS
I NF" STED

33.'

7 <;'

CHEMI CAL TESTED NO. OF CYCLOPS NO. OF CYCLOPS PER CENT
AT 2 p .p .m . EXAMI NED INFESTf.'D I NFESTED

28 - <;'- <;'0 Ly s ol

..30- <;'- 50 L- F Di s i n f e c t a nt

31 - 5- 50

1 - 6-50

1 -6- '50 Copper Su~

9-6 - '50

66 .7

66 .7

83 . 3

77 . 8

I t i s quite cLe c r t hat , with the ex ce pt i on of c opper s ul ­

phate , all of t he ch emicals , a r e ineffective. Co pper sulphate i s e f f ec t -



iv e in ki ll ing t he cor acidi a a t 1 00 p .p . m. (Table XII append tx )

and in weake nf ng t hem at 2 p .p . m. to s uch a n extent th at they are

un able to inf e s t the f i rst intermed i a t e host . Coppe r sul.pnat.e has

the di sad vantage of be ing pr ecipitnt ed by the ca rbonat e s in the

l ak e wat.e r , and th us r api dl y becoming unavafLabl e ,

ELECTRICAL EXPERIMENTS ON THE EGGS AND CORACIDI

Ma ny in vest i gators have not i ced t h e l ethal e f f ec t of

alte r nat ing c ur r ent on in sect l arvae and fi sh (Smith, G. F . M. a nd

P . F . El s on, 1949 ) . It was thought that an A.C . app ar a t.us s Lml Lar­

t o t he t ype des i gned f or fi sh pop ulat io n surveys could be us ed in

the pike sp awn i ng areas in an a t te mpt t o kill th e cor-ac Ld La of 1:.

cr-a s sus , To bu ild the nec e s s ar y appn ra t us would r equire consider ­

Ol bleexpe ns e , so pre l imi nn r y exp e r i ments were r un in a special l y

design ed and con struct ed l abor at or y set - up .

The app ar atus (fig . 1) was des ig ned by Pr of e s s or Har le ,

to whom we are grateful , and built in the Unive rs ity Ma ch i ne &hop._

The current i s t ake n from an l...C . wall outlet and the voltage r e gu­

lated by mean s of a variac . The voltages obtained va ried from a

minimum of t wo , to a maximum of one hund red and twe nty . The

spe ci a l ly de s i gne d cell is cons truct e d f rom Luc Lt e ] i t is 4~ i nc he s



long by '5 inche s wi de and made i n ec.s ily r emov abl e se ct i ons t o

f acilitate cle aning. The t wo elect rodes are of 1/16 inch sta inless

st eel measuring 7/ 8 x 7/8 inche s and are s it ua te d 3-t inches apa r t .

The elec t ro des a re s cave nged by wate r pass ing th r ough buil t -in t ube s .

The cen t r e of the cell i s oc cu pi e d by a small chamber i x 1 x -t
inches in si ze and se pa ra te d f r om t he ce l l prope r by vege table

parchment d Lapnr- agns , The cell ' s design e na bles th e volt ag e

gr adient betw e en th e tViO elec t r ode s t o be r eadily calcula t ed .

Culture s of eg gs and a ct ive cor acid i a were chos en an d the

perc entages of live to dead c or acidia and hatched to unh atched eggs

determined . Thenby me ans of an eye-dr opper2 c .c. of cul t ur e were

placed in t he centr e ch amber of th e cell . The voltage was th en se t

by means of a calibr at ed vari ac and t he curr ent t urned on fo r the

desir ed pe r iod of time . Followin g elec t r ocut i on th e 2 c , c , of

cul t ur e were wi t hd raw n from the centre ch amber and exami ne d to

dete r mine percen t ag e s , as was done pr io r to t he exper iment . The

expe r i mental culture alo ng with a con t rol Via s t hen s to red in a

refrigerator for two or more days afte r whic h ano the r s e r ie s of

counts Vias made . The centre chanbe r Vias washed out with d is t illed

wat er following ea ch ex pe r ime nt .



Fi gur e I

Scal e - ~ i nc h i s e qual to I inch .

- Ammet er
- Chambe r f or hol ding egg s and cor acidi a
- Open in;; t o elec t ro d!! chanbe r
- Wat e r inL e t pip e
- Water out let pi pe
- Rubber gas ket
- llign ment bar
- Post conn ec t e d t o elec t rode
- Veget abl e par chment d iaphr agm

V - Variac
VM - Voltmet er
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A numbe r of exp eriments were run , t he shorte st t i me us ed

was five seconds with volt ages of 2 , ? , 10 , 15 , 20 , 2'l , 26 , and ??

At fift ee n se co nds dur at io n volt ag es of 4'l , ?O, 'l2 , 54 , 'l5 and 11 0

were us ed, while at 20 s econds 2, 5, 1 0, I? , 20 , 25 , 30 , 3'), 40 ,

45 , 50 , 5'l and 11 0 wer e us ed . Voltages of 11 0 and 12 0 were tr i ed

f or a period of thirty s econds . Reco r ds of th e expe r ime nt may be

f ound in Table XXIV appendix .

Thos e vol t age s us ed f or a five s ec ond du r at ion we r e

s uccessful in killing the cor ac idia ne a rly one hundr ed pe r ce nt,

bu t due t o t he orig inal culture s not be in g too a c t i ve this s e t of

r esult s shou ld not be r el ied upon . At 1 5 s e conds the voltag es used

showed no grea t ef f ec t on e ither the egg s or t he cor a ci d i a, while

a t t v:enty s eco nds th e per ce nt a ge of de ed co r-a c td La was incr eased by

abo ut t wen ty-five per cent at volt a ges bot vree n t wo and f orty . The

curre nt at 11 0 and 120 vol ts held fo r th eirty s e co nds prov ed in ­

e f fe cti ve . I mmmed i at ely fo l lowing electro cution , in t he maj or i t y

of ca s e s th e co r acidia appe are d ex t reme ly a ct tv c a s t hou gh und er

s timulat io n . Al s o in those cultures i nf ested with pr ot ozoa , the

pr ot ozoa appe are d quite no rmal a f te r e l e c t ro cut io n . I n mos t cas e s ,

th ere were slight incr eas es in the percentage s of hatched egg s and

live cor acid i a v:hen r ead on the s econd day f ol lo win g exper i ment a t i on .



Th e mos t de s i rable way to control t he ces t ode Tr iaenoph ­

or us cr assus would be some method of kill i ng t he fr ee lving sta ge

of the t ape worm . Both che mic al and el ectr i ca l attacks we r e made

on the eggs and cor acidia. The purpose was to pre ve nt ha t ch i ng of

the eggs and to kill the cor acidi a, or weake n th em to s uch an extent

t hat th ey would be unab le to i nf e s t th e i r f irs t ho s t~ E.!­

cuspidatus .

I. t ot al of fif t een che mical s was t e sted with f avo rable

r esult s be i ng obtained in t he fo llowing : sodium ethylen e bis­

dithiocarbon at e, Cc14 triton x, lys ol and Dow K- 604 (Dinitro-o ­

Cyclohex ylphen ol Di cylohex ylamine sa lt ) . By balanc ing po t ency

aga i ns t co st , Dow K- 604 is t he onl y che mic al t e sted th at woul d be

eco mon i ca lly f easible t o us e on a l cr ge scale . 1.t 0 .35 p. p . m. it

i s one hundred pe r cent e ffe c t i ve in killing t he cor acidi a . It is

very unlikely t ha t a more pot ent chemi cal could be fo und , but it

woul d be desirable t o f i nd a che mi cal a s pot e nt and cons i de r ably

ch eap er . The final t e s t o f K-6 04 would be t o r un an exp eriment on

a s mall infe s t ed lake .

Seven ch e mfceLs we r e t ested to se e i f t hey coul d weaken

t he cor acidia t o s uch r-n e xtent that they would be unabl e to i nfest

the first int erme di ate hos t . Copper SUlp hate was the onl y e f fe c t i ve

ch emic al and it comple t elY pr e vent ed i nfe s t ation at 2 p vp sm, The

mai n di s advant age of copper sulphate i s that it is pr ecipitat ed by

t he carbona t e s in t he l ak e .
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The ef fe c t of e l e ct r i c i t y on th e e ggs end cor ecid i a was

t ested by means of a s pec i ally built l abor a to ry s e t up . Voltage s

r an ging f ro m 2 t o 120 ware t e s t ed f or vr.ry Lng period s of time.

Thos e volta ges va rying f ro m 2 t o 55 and he l d f or a pe r i od of f i ve

s e conds we r e one hun dr ed per c en t e f f e ct i ve in kill ing t he cor acidi a .

The volt age s us ed fo r l on ger per i ods of t i me had not g re a t e f f e ct .

On t he bas is of this exper i ment it appea r s t h at ele ct r i c ity could

be us ed to control the cor ac i d i a . Owi ng to t he poor con dit i on of

the culture s t est ed it lVoul d be des i r cb l e t o ru n furthe r s e r ies

of elec t r i ca l expe r Lme rrt s with mor e a ct i ve cultur e s, t o verify and

expand thi s wor k .



26

OBSERVi-TI ONS ON rss EFFE CT OF P ITU ITi.RY SUSP ENSI ONS iJ ID

EXTRl,.CTS ON TRIi.ENOPHORUS CRI.SSUS ,.NO IT S HOST , ESOX LUCIUS

Expe r imentat io n on th e f r ee liv in g s t ag e of Triaeno ph­

orus ~is limit ed to a few ' V16e ks of eachyear ,the period be ing

dete rmi ned by t he ava ilability of th e t apeworn eg gs . The ob je ct

of t hi s wor k WHS to obt a i n eGg s upplies ove r var-ro us se asons of th e

year and t h us e nab l e a year around at tack on t he cor acidi a .

Bot h 1 .~ and it s host, the pi ke , Es ox lucius ,

r ele as e their s exua l prod ucts a t appr oxf siat e.Iy th e same dde .

There is no se t t ime f or sp awnf ng ; it fluctuat e s by a wee k or t wo

from year t o year, occ ur r i ng sh ortly af te r the ic e bre a ks , e i t he r

in the l atte r par t of ,. pr i l or ea r l y laay . The fluctuations in

sp awnf ng da t es of t he pike may be due t o t he s easo na l ris e in

t empe rat ure of th e wat e r . This was point ed o ut by Tur ner (191 9)

fide Craig- Be nnet t (1 931) . Th i s co in c i d ing of spawni ng t imes is

not a mer e ch anc e occu r rence , but ha s been obs e r ved over se veral

ye ars and i nd i cates t hat there mus t be some contr olling fo r ce . It

se e ms r ea sona ble to hy pot hesize that the hos t exe rt s a cont rol l i ng

effect over the ce s t odes , causing t hem to r ea ch f ul l maturity dur i ng

t he pi ke spa wn i ng pe r iod . This controll ing for ce o r me cha nism could

be t he pituitary gland , whose se c re t io ns are t he ch i e f re gulator y



influenc e s ope r at i ng on the gonad s . I f th is were t he ca s e, we

woul d expe ct t he ripening of t he cestode to coincide with t h e

advancement of cog en e sis and s permat oge ne s i s i n t he pi ke . Th i s i s

pre c i se l y what occurs .

Hoor e (1 942) r ep ort s tha t s pe r matogen e s is , whethe r of the

s e aso na l or continu~us variety , ap pear s to de p snd upon pi t u i t a r y

act iv ity . I n those animal s ha vi ng a s t r i ct l y seas ona l pe r i od of

s perm atogen etic act iv ity , gona dot ropic treatments wi ll st i mul at e

the t e sticle t o a ct iv ity and sp e r matozoa wi l l ap pea r a t un us ua l

periods . There have bee n s ev e ra l a t te mpt s t o i nd uce pr e mat ur e

ripening of the gona ds with the a id of pit uitar y gl and s . Craig ­

Benn et t (1 931) i n je cted ex t r act of t he ante r i or l obe of th e pituit ­

.a ry.. into Casterost eu s ac uleatus , cau s ing r edev elop ment of th e

secondary s exu al ch ar acters in f ive ca s e s out of e i ght . Ha sle r ,

Meye r , and Fi eld (1 939) obtained both matur e egg s and spe rm f rom

no rmal spawning period . This was accomp lish ed by mean s of intra­

peritoneal inj ec tions of fre sh an d ac eton - d r i ed pi t uit ar y f a i led

to induc e s pawni ng pr ematurely in t ro ut . The above ment io ned three

authors (1940) also treat ed captive mus ke llunge with pituitar y

horm on es of the car p and induc ed sp awning thr ee to Ili x days f ollow­

ing inj ection . The e ggs we r e f e rt il iz ed and a normal hat ch oc c ur r ed .

There was no s pawni ng among t he cont r ol s .

On the bas is of t he pr eviously ment i oned hypot hesis and

the succ e s s obt a i ned by ot he r wor ke r s i n ad vanc i ng s pawning times ,



th e f ollowing r es e arch prog r am was carried out . P i ke wer e kep t in

captivity and i nj ec t ed ;vith var i ous dosage s of pituitary su s pens i ons

and ex t ra ct s . It was hope d th a t this woul d ad va nce sp e rmatoge ne s i s

and oog enes is in the f ish and a t the same t ice caus e t he t ap ewor ms

t o r e ach f ull ad ul t matur ity .

Et;UIPMENT , l.!il.TERI ALS AND SPECHlENS

Pr eliminar y to expe r i menta t io n it was nec es s a r y to pr ocure

andpre pa r e va r io us sp e c i men s , ca te r i als an d e qui pment .

Tank and Ae ra t or

I n ord e r to hous e the p i ke over f airly l en gt hy period s

of t ime , e s pe ci a l t ank and ae ra t or we r e s e cu r ed (f i gur e s 2 r.nd 3) .

The t ank con sis t ed of a s mal l conc r et e pond me a su r i ng 98 by 7 '5 inche s ,

with a dept h of five inche s f or the fi r st t h i r t y inche s of it s wi dth

an d then gr ad ual l y i ncreasing t o a maxf.oun de pt h of e ig h t ee n in ches .

Thi s ta nk wa s or i g i nally des i gned fo r t he s t or age of frogs and

t urtles and di d not pr ov e t o be f av or able fo r keeping a doze n or

mor e medi um-s ized pi ke i n captivity at one t r ce ,

I t wcs nec es s ary t o fill t he t enk with l ake and r ive r

wate r , a s p ike will not su rvive i n Edmon t on 's chl orina t ed wate r .

To pr ovide th e ne ces s cr -y oxyg e n co nte nt end t o ke ep t he water r el-

a t i ve l y clean a f ilt er and sp r ay were in s tel led . The f il t er con­

sisted of n metal box nea s ur Lng 49 by 36 inch es and navtn , an ove r ­

al l depth of 25 .5 i nche s . Li n in g th e bot t.oti was a t hr e e inch l ay e r
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Fi gure 2

Figure 3

VIEW OF TANiI., AERATOR AND FILTER
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of gra vel made up of stones measur i ng one half inch or ove r in

di ameter. Abov e th i s l ay s ix i nches of gr ave l made up of s t ones

l e s s than one ha lf inch in d ia me ter . The filter was mounte d abov e

the tank (f i gure 3 )" and a pipe co ntaini ng se ve ra l small ho les

carr i ed the f iltered wate r i n t he f orm of a s pr ay into the t ank .

A 1.15 ho rs epower A.C. mot or pu mped t he wat e r f r om th e t ank into

Pituitar y Gland s

The e ntire pit ui t a r y gl and s from six hundr ed pike were

r e moved an d s t ored in smal l v ia ls of ac etone in the r e fr ig erat or .

For t y- s even f rog pituitar ie s were also ext r a c te d and s t ore d i n a

s imilar manner . I n a f ew ca s e s pituitar i es wer e obt ained f r om

f r eshly killed pi ke and ut il i zed immedi at e l y .

Pr e pa r at i on of P itUi tar y Susp en s i ons

About one ho ur pr i or to i n j e c t i on t he desired numbe r of

whol e pit uitar y gl ands was cho s en and t he a ce t one f iltered off .

The pituit ar i e s were al lo wed to dry and t hen gro und t o a f ine powde r

using a morta r and pes t l e. The fina l s tep was t h e addit io n of t en

c s c , of d i s tilled wate r whe re upo n t he s us pe ns io n was r e s dy to be

Pr ep ar at i on of pituitary Extrac t s

Pituit ary ext ra cts pr oved to be mor e su i t abl e t han s us ­

pe ns io ns , as the latte r had a t en dency t o clog t he hypoder mic nee dl e

and t hus interfe re with inj ect i on . Pr epar at i on of the ext ra c t
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cons i s t ed of f i lte r ing of f th e ace t one , dr ying and gr i nd i ng the

pi tuitaries in the s a me manne r as for the suspensions . Next , thr ee

c , c , of distilled wate r were adde d and th e mi x t ure further g r ound

and the particles al l owed to settle . The ex t ra ct laS t he n de ca nted

and t wo more c vc , of di stilled wa t or cdded and t he grind i ng , se t t l .­

i ng and dec anting r epeat ed . The s e con d po r t io n of ext ra ct was

combined with t he first and th en us ed f or injection .

7he p jke wer e se cured during t he f al l and wi nte r mont hs

f r omB aptisteL" ke, Alb ert a . During th e pe r i od Nove mbe r 4 , 1949

t o J anuar y 28, 1 9')0 four t r ips were made to th e l ake and a t ot al

of ')3 pi ke wer e br ought to the tank . From Sept ember 26 t o October 31 ,

1 950, t h r ee trips r es ulted in 32 pi ke be i ng pr ocured i n good sha pe

f or exp e rinental pu rpos es . The fish vler e cap t ur-ed wf t h gill net s

a nd expe r ie nce pro ve d t hat fish obtdned f rom nets s e t and run ever y

ho ur or two, were mor e hea lthy and had a gr en ter s urvivnl r ate than

thos e fish pr-ocu re d in ove r n i ght s ets . A t r-ammeL ne t was set in

Oct ober, 19 ')0, bu t no fish wor e caught. The f ish were trcns -

por t ed to Edmont on i n a t ruck eq ui pped wI t h a t ank sp ecially built

f or this purpose .
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The ex perimental pr oc ed ur e consisted of i nj ect i ng su s ­

pe ns i ons 'or extracts of whole pituitary glands i nt o marked pi ke .

Two or t hree day s following injection certain expe rimenta l and

control f ish were killed and examined to dete rmine the condition

of thei r gona ds and tapeworms . The worms and gonads we r e then

fixed and prepared for histological study .

In jec tion and Marking of the Pike

Two peop le were r equired fo r t h i s ope ra t i ons , one to

catch and hold the fish and t he other t o i n je c t and mark it . The

i n je ct io ns were all ·int raperitoneal, being made on the l e ft ventro­

l at eral s urfa ce j ust ante rior to the · pelvi c gi r dl e , s o as to avo id

damage t o any of t he unde r lyi ng or ga ns . It was a matter of sheer

gu es s wor k regard i ng dosages us ed , both l ar ge and small dose s of

pi t Uita ries wer e g iv en, with th e more f av or abl e r esu lt s being

obtained vlith smal l doses r ep eated at t wo or three day inter vals .

Variou s f i n combinations were clipped to fa c ilitate f ut ur e id en­

t i f icati on and the fish were t hen r eturned t o the t ank . The dosages

us ed and f ins cut vler e then recorded , th e whol e ope r ation t aking

l es s than t wo minutes .

Exami na t i on of the Pike

Examinations wer e conducted t wi ce daily and any dea d fish

r emov ed fo r detailed study . The pi ke wer e wat ched closely fo r
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colour cha nge s, ev i dence of spa wn i ng , and worm ej ection.

day s f ollowing inj ection cert ai n exper i ment al and control f i sh wer e

killed and exa mined t o deter min e t he con dit i on of th eir gon ads and

tap eworms. Rip e mal e s we r e r ead ily i dentified, as any sl i gh t pres ­

s ur e exer ted on the i r abdomens r esulted in the exudat io n of milt .

Very little could be t ol d from t he appe ar ance of the ovar i es i n>the

f emal es . The worms were r emoved, i dent ifi ed and pl ac ed in wat e r

t o s ee if t he y could be i nduced to shed e gg s . Por tions of the

gona ds we r e fixed in Bouin ' s so lution , while t he wor ms we r e fiKed

in eithe r i n t en per cent f or mal i n or i n A.F.A . , a s pecial cestode

fixative of th e fo l lowing cornpos Lt Lon s

46 pe r cent dis t ill ed wate r

24 per cent et hyl alcohol

1, pe r cent co mmerc i al f ormal i n

1 0 per cen t glycerine

, pe r cent glacia l a ce t i c ac i d .

Section s of the gonads wer e made and stained e ithe r with

iron h ae matoxylin, Delaf i e ld ' s hae mato xyl i n or Mal lor y 's triple

stain, t he be s t r e sult s be ing obta i ned with iron hae ma t oxylin.

Both s e c ti ons and whol e amounts we r e made of t he tapeworms , and

s ta i ned with iron hae matoxyl i n sta i n . Detailed micros copic

exami na t i ons wer e mad e of al l s l i de s and th e r esult s t abul.a t ed ,
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The microscopic exa mi na t i on of t he gonads wer e made with

t wo obj ects in vi ew., t o de t e rmi ne th e e f fe c t of the inj ections an d

t o cor r ela t e th e condition of th e gonads with the stages of tape -

wor-m dev eLopmsnt ,

Tes t is St r uct ur e

f or ms the thin co ve ring of t he t est is and fi l l s th e intertubular

spac es . Ther e is no muscular tissue in t he t est is and the dis ­

ch ar ge of spermatozo a is br ought ab out ch i afly by the eLa s t Lc

cont r ac t i on of th e conn ec tive tis su e (Cr aig -Benn et t 1 931 ). Th e

ge rm cells a re contained withi n nu mer ous tubules wh i ch r each the i r

maximum s i ze whe n filled with sp e rmatozoa . The tubule s conta i n

no pe r mane nt germinal epithe l i um and are th e r Gfore not strictly

comparabl e to ma mClalianse minif erous tubul es .

The germ cells o f th e t estis undergo s per-raa t oge nes Ls ,

t he stage of l east dev ol.opnent be i ng sho r t l Y af t e r s pawni ng end

that of maxi mum development sometime dur i ng April . Fr-om th e

numerous slides exa mi ned the t e ste s appea red f ully dev el oped a s

ea r l y a s February . Cr a ig -Benn ett (1 931 ) r ep orts th at fu nc t io na l

sp ermatozoa may be pr e sent in th e t este s of Cas teros t eu s a cul e atus

one to t wo mont h s prior t o the br ee di ng s eason .
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The first stage of germ cell deve lopme nt is d i vis i on of

t he spermatogonia . Not one of the t este s examined show ed this stage

exclus i vely . Fol lowi ng this the sp erma togonia a re t r ansformed i nt o

pr ima ry spermatocyt es contained in t hin wal led cyst s ; thes e are

the l ar ge s t ce ll s obs erved in the t estis . The pr-I nar-y sp ermato cytes

und er go the fi r st maturat ion d iv i s i on r esulting in the forma t io n

of s eco ndary s pe r mat ocytes wh i ch a re considerab l y smaller than the

primary sp ermat ocy t es . The sec ond mc t ur-r.t Lon d i vision r es ults in

sp e rmat ids end these metamorphos e into sp ermatozoa .

A r i pe test is co nt ains tubules packed with s pe r mat ozoa

and very f ew spe rmato cytes are de t ect able (f i g . 8) . I n a less

developed t est is , ev en though th e tu bul es may be f ull of spe rmatozoa ,

cyst s of s per mat ocyte s a r e pl e nt iful and e asily obs er ved (f ig . 9) .

Coin c id i ng with th e mat ur ation of the se x cells i s t he

de velopm ent of the i nt erstit ium . The i nt ers titial , con ne ct i ve a nd

va s cul ar t is sues of th e t estis und ergo a n a nnua l dev elopment and

r egr e s s i on . The in terstit ium i ncr ea s es in volume a s s pe r mat oge nes i s

near compl etion . The interstit i al cells are Lar-ge nucL er t ed cel ls

with a gr anular cytopl asm and gen er ally rea ch their max i mum dev elo p­

ment j ust prior to the br e eding season (f i gs . 8 and 10 ) . Boui n

and Ancel (l903 fid e Cr a i g- Benne t t 1 931) hy poth esized t ha t the in te r ­

stit ia l tissue of th e t estis i s the so ur ce of t he horm on e whi c h

caus e s the dev elopment of s econdary s exual characteris tics of the

mal e in mammal s and pr obably other vertebrat es . Benn ett (l 931 )

conc l uded th at t he interstitial tis s ue of Gasterost eu s i s an

endocrine gl and .
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Ovar y St r ucture

The cavi t y of t he ova ry is div ide d by a nu mber of t r ans ­

vers e l amellae orig i na t i ng f rom the do rsal wal l . The gr owing

oocyte s a re embed ded i n these Lame Ll ae , s ur r ounded by a f i ne

f ollicular ep i thelium. The ova ry unde rgoes an ann ua L cyc le of

dev elopmen t . Oogon ia l divi s io n occurs sho r t ly after spawning and

mat ura tion d ivis io ns oc cur ove r the yea r result i ng i n mat ure ova

a t the breeding season . The interst itium of the -ovary i s alwa ys

thin and there a re no inte r st itial cell s .

In t h is s t udy severa l ova r ies I-lere sectioned and s ta i ned .

No details could be ob s e r ved of t he va rio us stages of oo ge nesis

and as a r esult de ta iled his tological exami nat i ons wer e confined

In or der t o cor r elat e the de ve lop ment of t he cestode geni ­

talia with the pituitar y inj e ctions in the pi ke , it i s es se nt ia l to

hav e an under standing of t he s e organs and of t he i r seq uence of deve l op­

ment . Each matu re pr ogl otti s contains a f unctiona l set of both male

and f emal e se x or gans . The gen ital por-es are marginal a nd al te r na te

irregularly . Eve r y set of male genitalia co ns ists of the fo lloWi Ogl

nu mer ous testes , vasa effe re ntia, vas deferens , vesicul a s e minalis ,

cirrus and cirrus sac . S i t uated among t he male org ans a re the fol -

lowi ng fema le sex organs : a bilobed ov ar y , vitellar i a, vitell i ne
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ducts , yolk rese r vo i r , ov id uc t , sh el l gl and , ut erine s a c , ut erus

and vagina .

Nor mally t he anlage n of the ge n i t alia appe ar in Nove mber ;

the first eggs a ppear in th e ut eri in Jan ua ry (tlill er 1 943) . The

ut eri a re d i s tende d with e gg s ea r l y i n Febr ua r y , but the eg gs do

not contain r ec ognizable on chospheres unt il Mar ch an d April . Th es e

various s tage s ar e r eadily differ e ntiat ed with the a id of a micro ­

scop e and a rip e worm may be ea s ily r e cogni zed with the na ked eye .

The various se x org ans exhibit a stereotyped pattern of

development . When first differ entiated the genit al i a appe a r as

sol id s t r uct ure s; they later a cq ui re lumina and become f unct i onal

or gan s . The following patt ern of deve lo pment was obs e rv ed in a

l a r ge series of whole mount s . The first s t r uct ure to ap pea r is the

sh ell gland and following this i s th e cirrus sac (fig . 4) . Bot h

the abov e mentioned s t r uct ure s were s ee n in worms t ak en du r i ng

October . The next s tage of dev elopm ent i s s hown in figur e '5, wher e

i n add it io n to a di s t i nct sh ell gl an d a nd s ol i d cirrus sa c , the

ut erine sa c is pre se nt as a so l id s t r uc t ure a nd t he ova r y and

ut erus ar e beginning to form . The de ve lopme nt of function al s ex

or gans f ollows t his and may be s ee n in fi gure 6 whi ch i s a camera

lucida sk etch from a worm ta ken J anu ar y 28 , 19'50 . The sex org ans

. are s een to be wel l differ entiat ed . The ut erine sac is d istende d

with eggs witho ut oncho spheres and the ut erus i s gr e atly enlar ge d .

The ovary and oviduct a r e d is t i nc t as is t he cirru s sac . The sh ell

gland i s not o bse r vable , as it probably collaps ed af t e r s e r v i ng its
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KEY TO FIGURES 4 , 5, 6 an d 7

m - mar g inal po re

s - she ll gland

v -vagina

Magnif i cations i ndicated i n f ig ures 4 , 5, 6 and 7 a re

t hos e fo r t he or iginal draw ing .

Magnificat io ns produced by phot ogr aph i c r edu ction a r e

x 50.
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Fi g . '5.x80 .

Fi g . 7 . x80 .

DEVELOPMENT OF GENITALIA



function . Fi gure 7 de pi cts a pro gl ott i s in t he po st sp awni ng con di­

tion , showi ng wel l dev el oped s ex or-ga ns and th e ut erine s a c col-

l ap s ed a s a r es ult of r e l eas ing the egg s .

Bya compe.ris on of the gonad s of expe r i mente. l and cont rol

tapeworms , any e f fe ct s due to th e pituitar y injection s na y be

r e adily s e en .

Sev en trip s were made t o Bapt is t e Lak e , with t he p i ke

from ea ch trip s e rv i ng a s se pa r ate expe r i ment a l l ot s . Bef or e ac t ual

expe r i mentat io n commenc ed , t he f i sh we r o ~llowed t o ada pt themselves

t o t ank con dition s f or t wo da ys , The first t wo expe r i ment s

pr ovided t he ne cessary expe r i ence and t echnique i n honsing and

han dling of the fi sh and f olloving th e s e mor e sa t i s f actor y r esults

Experiment One

On Nov e mber 5, 1949 t wenty Large pi ke were pl a ced in the

t ank , whi ch ha d bee n pr ev io us l y fil l ed wi th l ak e and ci t y wat e r ,

At t h is time th e f ilte r box con t a ined no grave l a nd fu nctioned onl y

a s an ae rator . All of the fish were f ound de ad on the mor ni ng of

Novembe r 8 . The re a re s eve ra l exp l anations that cou ld a cc ount fo r

this su dden a nd complete killing , su ch as ove r c r owdi ng , c ity wa t er

be i ng ad de d , ne w fitti ngs on t he pump and filter may hav e g iv e n

off l ead ; or t he a cc umul a t i on a nd de compos i t i on of pa r tially d i -



gested tullibe e, regurgitated by the pi ke , may hav e po isoned the

wat er . Anothe r fact or that may: hav e pl ayed an import ant r ole in

th e sudden fish mor t a l ity was the i r poor phys i ca l con dition which

r e sulted from their be i ng caught in overnight set s and damag ing

the mselve s by attempt i ng to es ca pe . One might conclude t hat the

fish die d du e t o t he cumul ative e f fe ct of a l l th es e fac to rs .

Pr io r to obt a i n i ng the f i sh t he f il t e r was f illed with

gra ve l and th e t ank with river wat e r . Ten healthy medium sized

pike we re ad de d t o t he t ank on Nove mber 11 , 1949. In an a t t e mpt

to de te r mi ne the effe ct o f city wate r, s i x healthy pike were place d

in a se co nd t ank filled with tap wate r . The tank of city wate r

had a con stant su pply of t ap wate r ente r i ng and thus kept th e wate r

r elatively clean and oxyge na ted . Withi n four ho urs thre e of the

fi sh in the c ity wate r were dead and by mor ni ng th e r e mainin g three

had d ie d . The ten fi sh in l ak e end r iv er wat e r were al l .a c t Lve ,

th erefor e indica ting th a t chemi cally t r ea te d wat e r from th e c ity

i s l ethal to pi ke . Thr ee pike were f oun d dead on the eve ni ng of

Nove mber 13 . The r emaining s ev en f ish served a s expe r imentals and

controls be i ng numbered , marked and inj ected with s usp en sions of

pit uitar y a s i nd i ca te d in Table 11.



FISH
NO.

I NJ ECTI ON NO. OF PITU IT 1JlIE S DATE OF
DATE I NJ ECTED DEATH

14 -11 - 49 19-11 -4 9

14 -11 -4 9 18-11 -49

14 -11 -49 13 18-11 -4 9

1 5- 11-49 30 15-11 - 49

1 5-11 - 49 48 19-11 -49

15 - 11 -49

19- 11 -49

The first obse r vab le effect due to t he p it uit a r y i n je c t i ons was

the marked l os s o f colour in a l l o f th e exp erimen t a l f ish . The ir nor melly

da r k gr e e n backs had f ede dto averypale shad e of yellow gr e en .

Cond it ion of the Pike and Their Parasit e s at Time of Death

The p i ke appeare d t o be pe r fe c t l y no rmal a s i de from the loss of

colour exh i bited by the injected f ish . Thr ee out o f the four injecte d

male p ike were brought into a breeding condition a s sh own by t he active

sp e rm obtained . Fi sh numbe r four was the exp erimental mal e fa il i n g t o

reach th e r i pe condition , this being d ue to its death sh or tly fo l l owi ng

inj e ction and before e no ugh time had elapse d for the pituitarie s to
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caus e cny notice able change s , Fish numbe r se ven . s e r ved a s the male

control and was not ripe . I n bo t h the i n je cted femli l e and the

control t he ovaries we r e in similar unripe condition .

The t ap eworms were firmly at t ached in a ll o f the fish

and whe n pl ac ed in wate r failed to rele as e their e ggs .

Hi s t ol ogi ca l Examin ation of th e Pike Gonads

Fi sh numbers , one , three , f i ve and s e ve n wer e chos en f or

deta iled s t udy of t he t e stes . The t estes of th e first t h r ee of

t he s e we re ripe and al l sh owed a s i milar state of dev elopment .

They al l had tubule s crammed with sp erm t.tozoa and only one or two

tubule s contained s t ag e s of sp erm a tog en e s is . The intertubul ar

sp ac es wer e f illed with well developed conn e c t iv e tis su e , inte r ­

stitial cells and small amounts of sp ermatozoa f rombrokentubulos ,

Figur e 8 shows thes e details as t hey appe a r ed in fish number one .

The control t e stis (fig . 9 ) differed cons i derably f ro m

the expa r Lment aLs , The tubule s we r e filled with sp ermat ozo a but

t here was al s o an abund an ce of 1hin wal led cy sts filled with t he

va r io us st ag es of spermatogen esis . The co nne ct i ve t issue was not

t oo we l l dev eloped and inte rstit ia l cells were sc a r ce .

Hi stological Examination of th e TapevlOrms

Cros s se c t i ons were made of wor ms r e moved f rom f i sh one ,

three , f iv e and s eve n end whol e. mounts of those f r om fi sh on e and

sev en . The c r os s se ct io ns were of no vul.ue a s no corre l a t i on

could be mad e between th e cond it i on of t he s ex organs of the va r i ous



FISH
NO.

The whole mounts revealed var io us d ifferences in degre e of

dev elop ment of th e gen ital i£.; th es e were compa re d to the came ra

lucida dr awings (figures 4 , '5, 6, 7) . Both th e worms from th e

exp eriment al and con trol fi sh were in a sim ilar stat e of develop ­

ment , a s tage lying betwe en t ha t shown in figures 4 and '5.

Experiment Thr e e

Thirteen p Lke we r e adde d t o t he t ank on November 15,

1949 . The next day found five fish de ad from wh i ch the pit uitar y

bodies were dis sected and an e x t.r-ect mad e . Fol lowing th e death of

on e more fish on November 21, s ev en we r e l eft fo r expe r i menta t i on

with pituit ary ex t ra ct s . The expe r i mental dat a may be found in

INJE CTION NO. OF ?ITUITIJlIES DATE OF
DATE I NJECTED DEATH

13

21 -11 -49

21-11-49

21 - 11 -4 9

21 -11 -49

24-11 - 49

8 (Fr esh)

(Frog)

21 - 11 - 49

21 -11 -49

21 - 11 - 49

21- 11 -4 9

24 - 11 - 49

21 - 11 - 49

21-11-49
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FigureS

PHOTOMICaOGRAPH OF THE TESTI S FROII FISH #1

Figure 9

PHOTOIICROGRAPH OF THE TESTIS FROM FISH # 7
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The expe r i menta l f ish di ed shor t l y af te r injec tion and on

exa mi na t i on showed no fur t her se x ua l adva ncement than the cont r ols .

The wor ms in both t he expe r i ment als and control s were al l fi rr.lly

imbedd ed end f cHed to r e l eas e th eir egg s when pl ac ed in wate r .

The form en t ioned r e s ul t s were to be expe c te d as not enou gh t ime had

elapse d fo r the injections to take any not ic e ab l e effect .

r e a s on no h i s t ol ogi ca l exami nat i on Vias conducted .

Exper iment Fou r

Aft er t h r ee days of fi sh ing on Baptiste Lake, t en fish

wer e obt ained for th is expe r ime nt . The fish al l appea re d to be i n

a healthy condit i on, prob ab ly bec a use t he net s were r un eve r y t wo

or thr e e hou rs and t hu s excess da ma ge to th e fish wa s avo i de d . The

fi sh were ·p l ac edinthett.nk onJanu ary30 , 1950 andtreated as i n­

d i ca te d i n table I V.

RECORD OF EJ<P ERI MENTAL iJlD CONTROL FIGH FOR EJ<P ERI MENT FOUR

DOSAGES IN WHOLE PITUI TARI ES Df,.TE OF
30 - 1 -5 0 3- 2-5 0 7-2 -50 13- 2- 50 DEATH

FI SH
NO.

15
16
17
18
1 9
20
21
22
23
24

R.P ect .
R.Pe lvic
L. Pec t .
L . Pel vic
Bot h Pe c t .
R . Pelvic

2

~
5

1 0

- - 13 -2 -50
8- 2- 50
6- 2- 50
9- 2- 50

11 -2 -5 0
3 16- 2- 50

6-2 -50
9-2 -50

-- 11 - 2- 50
- - 1 6- 2- 50



This lot of fis h was ex ce pt i onnlly v igorous , j umpin g and

thrashing th e wate r con tinuously . The inj ec t ed pi ke ap pea r ed to

lose the i r dar-k co lor and conside rable cont r ns t coul d be obse r ve d

betw een exper i ment a l s and controls . Seven days f ol low i ng th e first

injections a number of l oo s e wor ms in the sp en t condition were

found in th e wat e r . Seve ra l eggs slight l y smal l er than no rmal

were obt a in ed from these worms and we r e f ound t o co nt ain we l l

for med embr yos . The e ggs we r e stor ed in th e r e fr ig erator but ha t ch ­

in gdid not occur .

Condition of th e P i ke and The i r Par asites At Time of Death

Apart f rom a l os s of colour in the experiment al fis h the

pi ke al l a ppea r ed pe r f e ct l y norm al. Vlhenst r ipped eve ry i n jected

male fi sh r elea s ed milt containing active sperms , while among t he

male contro ls mi l t was unobt a i nable in al l c ases but one . Thus ,

one contro l wa s possibly in a mature condit io n ; the high t emper a t ur e

of the t an k water probabl y prov ided the ne cess ary s t imul us fo r

maturation . The gonads of the fem ale expe r iment a l and control pike

were i n a s imilar conditi on a nd s t r i ppi ng did not ca use the eggs t o

be r el e a s ed . Fish nu mber s 1 6, 17 and 19 whI ch wer e ex per i menta l

male s showed signs of he avy infestation s , but only a f ew sco l i ces

were found imbedd ed ne ar the pyloric s ph i nct e r r egion and a numbe r

of loose worm fr ag ments were locat ed in the LLeun , Thi s s ame

situation wa s fou nd i n f ish number e i ghteen , a fe male expe r i ment al .

The wor m f r agments found in the ileum re l eas ed e ggs containing Vlel l
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fo rmed on chosphe res . Bot h f'emal,e expe r Iment a.Ls 1 5 and 20 had worms

l oosely att ach ed as well a s some pa s s i ng down the i nt e s t i ne ; all

worms were in the spent cond i t i on .

Aoong the control s , fish number-s 22 end 24 , f emal e an d

male r e spe c t i ve l y, showe ll. no signs of previous infe s t a tion . Bot h

nuobe r 21 , arip e male andnumbe r 23 , a f emale,had many~­

~~ fi rml y a t ta che d , whi ch on contact with wat er released

e ggs t hat contained no embr yos ,

Histolog ic al Exan dnat. Lon of t he Pike Testes

The t estes of expe r-Leen t.eL fish 17 and 19 and co nt ro l s

21 and 24 were ex ami ne d . The two experime nt a l fish wer e i n ap­

pr oximat ely the s ame s tage of se xua l develop ment (f i g . 10) , bo t h

hav ing wel l de ve lo ped inters t itium and interstitial cells. The

tubul e s were l arge and many wer e empt y , hav Lng pre vio us l y r el ea s ed

t heir spermat ozoa. Occa si onal groups of sp e rmat ocytes were

obse rved . The two control fish we r e a t s i milar s tages of de ve lo p-

ment (fig . 11) . Bot h had tubul es pack ed with spe rmatozoa , but very

l ittle tu bule breakdown cou ld be detected . The i nt e rstitium was

wel l dev eloped and cys t s containing sp e ro atocytes we r e e c s i l y see n .

Histologi cal Examination of th e TapeVioros

Whol e mount s we re made of the Triaeno pho rus found in fish

numbers 17; 18 and 19 . The cestodes from numbe rs 17 and 19 Vlere

i mma t ur e ; as th ey were taken f rom the ileu m they are probnbly

ante r i or fragoents of ripe worms th nt had passed out . They were

developed to a st age corresponding to that sho wn i n f igure 5 .
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Fl gure10

PHOTOMICROGRAPH OF TH<:TESTI S FRO< FIS H # 1 9

Flgure11

PHOTOllI CROGRAPH OF 'THE TESTI S FROMFISH # 24
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In expe r ime nt al fish 18 th e t e.pewor ms were zLs o l oos e but none

had passed out f rom t he alimentary can al. The s e were al l in a

spent co nd ition sim ila r t o t ha t shown in fig ur e 7 .

Worms f rom fish 21 were chosen to s e r ve as cont ro ls ,

th ey we re fo und to be dev e lop ed t o th e s t at e shown i n figures 6

and 7; al l we r e well dev e loped and 11 f ew cppea re d sp ent .

~periment Fill

On Oct ober 21 , 1 950 s ixteen pi ke were obta in ed in good

condition by setting and r unni ng th e nets e ve r y two hou rs . When

pl aced in the t an k th ey were f c i r 1y act i ve , but l i ke th e f ish in

a l l pr ev i ous expe r i ment s th ey r eg urgita t ed a nu mbe r of pa rtially

d ig ested tullibee and r e fus ed to ea t any food offer ed th em. The

f i rs t ext r a ct injec tion s were mad e Oct ober 23 , 1 950, th e de ta il s

of whi ch may be fo und in Table V .

FISH
NO.

25
26
27
28
29
30

31
32 -36
37 -38

L.Pe ct .
Both Pe ct .
R.Pe1vic
L.Pe1v ic
Both PeLv ,
L.Pe1vic
L.Pect .

IHJ ECTI ON
DATE

23 - 1 0-5 0
23-10-50
23 - 10 -5 0
24- 10-50
24-10-50

24- 10 -5 0

NO.OFVIHOL 2 DATE OF
PITUITARIES DEATH

27-10-50
25- 10- 50
27-10-50
27 -10-50
27 - 10-50

25- 10 -50
25 - 10- 50
27 - 10 - 50
27 - 10 - 50
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Thi~ expe r i ment did not prove t oo succ ess ful, as a l l of

the pi ke but one we re dea d by October 27 . '" number of the dead

fi sh wer e f ound f i r mly wedg ed be twe e n t he ove r fl ow pi pe and s i de

of t he t ank , appare nt l y hav i ng be e n ca ught her e and di ed i n t heir

at te mpt s t o f ree t heClse l ve s .

C) ndit i on of the P i ke and The i r Parasite s a t Tioe of Death

Of t he s ix inj ected fish onl y number 28 pro v ed to be a

male , thi s f i s h ha d r ece iv ed th e ext ra c t of one whol e pituitar y

gland . The i nj ected male was not r i pe and appeare d no diff e re nt

than t he numer ous mal e cont r ol s examined . The five f'emaLe ex -

pe r i ment als a ppea r ed to be in the s ame s t ag e of i moa t ur i ty a s the

I n both t he cont r ol and expe r i mental fish th e cestode s

we re firmly attache d and fa iled t o r el e as e their e ggs when s ub­

merged in wat e r . I n t he s mal l er pi ke the wor ms we re found to be

Tr i aen ophorus nodul os us, while those i n t he l ar ger fi sh we r-e !.

The fi s h appea re d to be perfe ct ly no r mal a nd while t he re

was a cert ai n amount of colour loss in th e expe r i mentals it was

not nearl y as mar ked as i n ea r l ie r expe r i ment s .

Histologi cal Exa minat i on of the Te s t e s

The t e s t e s f r om fi sh 28 showed t ubul es f ill ed with sp e rm­

atozoaandapoor l y deve loped i nte rs t it i um. St ag es of s permato ­

gene s i s we r e pre se nt but very h ard to de t e c t . Section s froo con trol
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The cestode s use d in this exa mi na t i on h ad been pr evio us l y

fixed in A.F .A . cestode fixative and pr ov ed f a r ea s i e r to handle ,

s tain and mount , t han thos e of th e pr evious exper i ments fixed in

f or malin . Worr.Is f rom fish 26 and 30 were cho s en a s typical ex -

pe r i ment al s . The s ex org ans of th es e worms wer e d istinct but had

not a cqu i r ed lumina . Both were in simil ar st ag es of de ve lopment ,

i dentical to th at shown in figure 5, Vlhi ch wa s dr awn fr om a worm

se cu red f r om fish thirty .

Wor ms f rom fi sh 31 and 32 s er ved a s con t rol s and wer e

a l l i n a s imilar st ag e of de ve l op ment , not quit e as ad va nce d a s that

shown by the exp erimentals . The ova ries wer e no t s ee n and th e

sacs not compl et e ; t he stage of deve lop ment was s omewha t betwee n

that shown in figur es 4 and 5.

ExperimenL§l2!:

Seven pi ke wer e injected wit h ext ra c t s of pituitar y

while e i ght s erved a s controls . Detail s of th e i n je ct io n s may be

f ound in Table VI which fo l lows :



FISH
NO.

39
40
41
42

43

44
45
46
47 M
48 & 49 11
50 & 51 F
52 F
53 M

L.Pect .
R.Pect .
rt .Pelv .
Both
Pel v ics
Both
Pectorals
L.Pelv .
R.Pel v .

53

NO. OF filiOLE PITUI TARIES
INJECTED

~-11- 50 7-11 -5 0 6- 11 - 50 1 5-11 - 50

13 -11 -50
9-11 -50

13 -11 -50

20-11 -50

20 -11 -50
20-11-50
20-11 -50
13 -11 -50
15 -11 -50
20- 11 -50
20-11 -50
21-11 -50
21 -11 -50

Qondition of the P i ke and Their Parasite s At Ti me of Deat h

The f ish al l appea re d nor mal and very l ittle co lour ch ange was

Thr ee out of th e fou r inj ec t ed mal e s exude d i:lilt upon s t r i ppi ng .

The immature maLe was fish 42 and had r ec eived one inj ec ti on of fiv e

pituitaries t welve day s prior t o hi s death . Not one of t he ".l!llc control s

was in a rip e condition . There was no vi sibl e d iffe re nce be tween th e

ovaries of the f emale expe r imentals and cont r ols .

The condition of th e cestod es varied; worms were f ound loose in

th e ileu m or trailing fr om the vent in fi sh nu mber-s 39 , 40 , end 41 ,
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while those i n fi sh 42 , 43, 44 and 45 were all f i r mly attache d .

The l oos e worms when placed in wate r r elea s e d e ggs tha t did not

co ntain embryos , while t he attached worms co uld not be i nduced t o

sh ed the i r egg s . This would in dicat e t hat smal l e r an d mor e f requent

i nj ec t i on s a re more effe c t i ve than large single one s , as onl y those

f ish r e ce i vi ng t wo small inj ections conta in ed worms th a t r elea sed

e ggs in wat e r .

In all of th e co nt r ol s the wor-ms were f ound to be firmly

anch or ed . A f e"l wor ms wer e also f ound l oos e i n t he t an k .

Hi s tological Exa min at i on of the Te s t e s

Experi mental fi sh 39 , 41 an d 42 wer e chosen f or de t ailed

mic ro s cop i c exa mi na tion . Both 39 and 41 were ripe fi s h with gon ads

in abo ut t he sa me con dit ion . The t ub ul e s were j ammed with s pe r ma­

tozoa and many t uc ul e s showed the wal l s br ea ki ng and s pe rm be i ng

r eleas e d . The inte rstitium was thick and inters titial cells pl enti -

f ul , whi le stage s of sp ermatogenesis we r e not common. The t estis

from fi sh 42 d i d not exc re te milt; on microscopic ex ami na t io n it

appea red quitesimilartotestes of3 5 and41 , exc eptthatthere

was a l ack of tu bule wal l br e a kdown and more tubul es sh owi ng

s pe r mat oge nes is .

The cont r ol t e stes r e s embl ed t he t est is of fish 42 , i n

that th ey app e ar ed ripe, but no b r ea ka ge in the tubule wal ls co ul d

be dete c t ed and cys t s of s pe rmatocyt es we r e ab ua nda nt ,
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Histological Examinat i on of t he Tape\;o rms

Ta peworms we re exa mi ne d from expe r i ment a l fis h 39, 40

and 41 . Worm s from fi sh 39 were mat ur e with collaps ed ut e r i ,

i ndicating egg r e l ees e and in gen e r al appe a r-ed s imil ar t o f i gure 7 .

The worms from f is h 40 wer e not nearly as wel l de ve l ope d a s t ho se

from 39. Thi s may be due to the wor ms f rom f is h 40 be in g l oos e in

the ileu m and theref or e r emnan t s of ripe wor a s t ha t had pre viousl y

pa ss ed into the t ank . The gen it al i a of th e wor m f ragments we r e

in th e pr oc es s of acqut r Ing lumi na and th e r e f or e so mewhat be t wee n

t he stag e s dep i c t ed in figure s 5' and 6 . Fi sh 41 had wor ms dev eloped

simil ar to t hat of figur e 6 , th at i s a l l o f the sex or gans dev eloped

and t h e ut eri fill ed wi t h e ggs .

Thos e wor ms fou nd in t he t ank we r e in a sp ent condition,

with the ut er i co llaps ed in the ma jo r i t y of pro glottides much like

that in fi gur e 7 .

Cestodes fr om f ish 46 , 48, and 5'0 s erved as controls .

In al l of t he co nt r ols the genital i a of t he t ap eworms showed a

s ig nifi cant di ff e r ence from t hos e of the oxpe r Loent a.Ls ; t he y wer e

not as f ar advc ncc d , The cirrus s ac and ut eri we re be g in ni ng t o

a c qui r e lumina and t he ova r i es , ju s t fo rming , wer e in a de velop ­

ment al s t age be t we en figures 5 and 6.

This differenc e obs e rv ed i n t he t apeworms in expe r i oe n t

six is suffi c i ent t o prov e t ha t t he f actors r e s pon sible f or gon ad al

dev elo pment in the pike also control t he de veLcp ment; of t he pa ra s ite



1 . Thi s study wa s co nd ucted prima r ily f or t he pu rp os e of

obt aining Tr ia en opho rus e ggs ove r various s e as ons of t he ye ar . I t

was t ho ught t ha t p i t u i ta r y inj ec tion s into t he hos t , Es ox lucius ,

woul d r e s ul t i n mat urat i on of t heir t ap ewor ms and t hus ena ble eggs

to be pro cu r ed whe n de s i re d . If this were the ca s e , che mi cal

expe r imen ts on t he contol of the e gg s and cor acidia could be con ­

duc t ed ove r grea te r period s of t i me ea ch yea r .

2 . Althou gh vi abl e cestode e gg s He r e not obt a i ned , a l a r ge

amount of i nt ere sting da t a were r ecord ed rega r d i ng the e f fe c t s of

pituit!:ry on the pi ke , Eso x lucius , and its pa r asite Tr i aen ophorus

3 . A hig h r a t e of mor t a l ity among the pike interfered with

the ea r l y expe r ime nts . This Glay pos s i bl y be a t t r i buted t o th e

method of c apture j t hos e fi sh cau ght i n net s s e t ove r night hod a

much l ower survival r at e t han th os e t ak en in s ho r t set s .

4 . Pike are unable t o survive i n Edmont on ' s city wate r f or

pe r iods l onger t han 24 hour s . As a r e sult wate r f or t he t ank was

t a ken f ro !:) the l ak e and river .

5. Ext r ac t s of pituit a ry are more s uitab le f or inj e c t i on

than are s us pe ns io ns .

6 . Small do ses of pi t u i ta r y ex t ra c t a t two o r t hree day

int erval s a re more e f fe c t i ve than Lar-ge s in gl e do se s .



7 . Loss of col our i s the f i rst noticeabl e ch an ge cau se d by

pituit er y i nj ection s .

8 . The i n j e ct i ons r esul t ed in t he na .Le se x organs of the pike

mat ur i ng t o t he ex te nt that vi able s pe r-aat ozoa were obt a i ne d as

ea r l y as f ou r days f ol lowin g injec t i on .

9. No ad vancement could be dete c t ed i n i nj ec t ed f emal e pike .

1 0 . His t ol ogically a ripe t est is d iffe rs rr-on an t mnat.ur-e

one , by the abunda nce of i nt e r s t itial tis su e and cells, tubul es

full of s pe r mat ozoa a nd n re d uc t i on i n al l sta ge s of spe r mat ozo a ,

11 . The injec tion s int o the pi ka r e sulted in . t heir t ap ewor ms

dev eloping to a mor e mat ur e conditi on than t hose f ound i n control

fi sh . 800e worms wer e adva n ced t o t he st a ge wher e the y rele as ed

their und eve Loped eg gs upon contact wi t h wate r .

12 . The ne a re r the dat es of inj ect i on t o the natural sp awning

period, th e ea s i e r it is to advance both t he sex org ans of the fish

and those o fthe ir paras it e 1. .~.

13 . The hi ghe r t.ompe r at ur-e of tha t ank wat er a s compa r ed to

that i n the l ak e pr obably ad va nces s pe rma togenes is t o a ce r t ain

14 . There i s a de f i n i t e r el ationship be t we en mat urat ion of

the pike gonads and the parasite 1. .~. The controlling f a ct or s

a r e th e hormones se cr eted by th e pituitary gland of th e host Es ox

lucius .
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15'. Vi able eggs end cor acid i a we r e not obta i ned , altho ugh

this cond ition wa s nea r ly a t ta i ne d when cert ain expe r i mental

wor ms r elea s ed e gg s whi ch cont a i ned well f or med on cho s pher es .

A possibla explana t io n as to why rip e eggs were not shed i s that

t he dos age s of pi t uitar i es wer e t oo l ar ge and t he time inte rv a l s

betwElen in j ect i ons to o br i ef . This r e sult ed in the Hor os r e ceivi ng

l arge amounts o f hormona l s t I mul us whi ch e ithe r s i mul at ed or f orced

t hem t o r elea s e t hemsel ve s f r om the inte s t inal wal l befor e t heir

eggs had time t o mat ure .

1 6 . More de s i ra ble r esul t s woul d pr obably be obta i ned if

the pi ke could be kept al i ve ove r l onge r pe r i ods of time and th e

number of whol e pit uitar i es r educed and i n j ected a t l en gthy inter-
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COUNTS FROMCONTROL AND EXPERI MENTAL CULTURES USED TO TEST

LF DISINFECTANT #17H- 14

DEAD LIVE
HATCHED EGGS UNHATCHED EGGS CORAC IDI A CORACIDI A

NO.7- NO. % NO. % NO. %

3-5 -49
4,.., .,.49
, -,-49
6-,-49
7-,-49
9- , -49

1 0- 5- 49

1 90 44 241
13 , 22 47 ,
130 2, 387

83 28 216
93 2, 273

130 26 37,
63 25 186

CONTROL IB

301,
17
37
62
24
26

~72 20 709 8 0 3 2 27
4-5 -49 1 02 26 296 74 33 46
, -,-49 87 27 234 73 24 38
6- , -49 7, 22 26 , 78 28 64
7-,-49 7, 28 1 98 72 41 84
9-5 -4) 82 31 18 2 69 30 73
~144 28 ---.J§L 72 37 68

CULTURE #1 - 1 00 P .P .M. LF DISINFECTANT #17H-14
3-5 -49 1 82 24 588 76 40 95 2 5
4-5-49 134 26 38, 74 33 61 21 39
, -,-49 1 62 21 597 79 17 , 1 1 6 49

t~:1§ U ~~ ~~ ;~ ~~ ~~ ~ 1~
9- , -49 11 , 23 384 77 62 89 8 11

~ULTlliiE #1 _2 \ 0 p .p .~~6 LF DISi~FECTAN~~-4-_1__2
j':'?-49 24:7 23 820 77 98 42 137 58
4-,-49 15 0 28 379 72 33 42 46 ,8
, -,- 49 1 41 28 367 72 , 0 60 33 40

t~:1§ ~6 ~~ ~~j ;} ~i ~§ ~ ~
9-,-49 13 4 31 294 69 8, 83 17 17

~~_26 2P .P.~26LF DISI~~TANT 6$17H _{~ 6 8
3-5 - 49 1 52 23 501 77 1 9 36 33 64
4-,-49 11 0 32 229 68 78 40 11 9 60
, - , - 49 1 03 22 373 78 "66 28 34
6-,- 49 7 6 2, 229 75 34 42 47 ,8
7-,- 49 1 03 27 272 73 46 90 , 10

16:~:1§ Us ~~ ~~~ ~~ 1~ ~~ li 1~



COUNTS FROM CONTROL AND EXPERI MENTAL CULTURES USED TO TEST

SODIUMETHYLENE BIS -DITHIOCARBONATE

DEAD LIVE
HATCHED EGGS l.Ji'lHATCHEDEGGS CORACIDIA CORACIDIA

NO. % NO. % NO. % NO. %
CONTROL # 2A

5:-5-49 69 15 38 2 85 28 67 14 33
6-5-49 25 21 94 79 11 46 13 54
7 -5 -49 80 38 132 62 13 27 35 73
9-5 - 49 92 45 III 55 34 45 42 55

1 0- 5- 49 251 57 187 43 86 53 75 47
11-5- 49 25 4 61 165 39 95 53 83 47
12- 5- 49 1 80 60 120 40 83 77 25 23
13-5-49 226 68 1 08 32 132 88 18 12

CON1RO~
5-5 -49 61 22 21 4 78 32 68 1 5 32
6-5 -4 9 18 1 9 75 81 22 63 13 37
7 -5 -49 55 ~ 98 64 9 29 22 71
9-5 -49 77 105 58 29 48

~~
52

1 0- 5- 49 19 8 54 17 0 46 56 56 44
11 -5-49 83 59 59 41 53 64 30 36
12 -5 -49 71 59 49 ~1 61 86 1 0 14
13-5- 49 199

~ULTURE #~2 1 00 P .~ ~M . 1 53 92 1 4 8

SODIUM ETHYLENE BIS -DITHIOCARBONAT E
5- $- 49 40 13 272 87 28 1 00 0
6-5 -49 23 10 217 90 34 90 10
7- 5-49 22 11 17 5 89 26 90 1 0
9-5 - 49 21 11 171 89 24 1 00 0

10 -5 -49 54 13 379 87 26 81 19
11 -5 -49 38 1 4 239 86 53 1 00 0
12 -5 -49 17 8 211 92 54 1 00 0
13-5- 49 18 10 161 90 44 1 00 0

CULTURE #2 1 0 P .P. M.

5-5-49
SODIUMETHYLENE BI S- DI THI OCARBONATE

1 47 27 3 92 73 94 95 5 5
6- 5-49 36 20 1 43 80 24 67 12 33
7-5- 49 13 8 160

l~
25 89 3 11

9-5-49 39 1 2 29 6 47 94
~

6
1 0- 5- 49 52 16 277 84 59 94 6
11-5- 49 47 1 5 267 8 5 38 95 g 5
12-5- 49 31 17 1 47 83 20 1 00 0
13 -5 - 49 7 6

16ULTURE t~5 85 71 1 00 0
2 P .P. M.

76
SODIUM ETHYLENE BIS -DITHIOC/.RBONATE

5- 5-4<) 20 312 80 29 74 1 0 26
6- - 49 32 28 82 72 1 5 58 11 42
7 - 5-49 33 27 90 73 9 ~~

1 3 59
9- 5-49 71 37 1 23 63 33 42 56

10 -5 -49 12 0 46 139 54 72 67 36 33
11-5-49 107 56 83 44 80 69 36 31
1 2- 5- 49 91 63 ~4 37 58 73 22 27
13- 5'-49 99 66 so 34 46 79 12 21



COUNTS FROM CONTROL AIID EXPERIMENTALCULTURES USED TO TEST

UNHATCHED EGGS
DEAD LIVE

HATCHED EGGS CORACIDI A CORACIDIA
NO. % NO. % NO. % NO.

75
CO~}~OL 3A

7- 5- 50 13 -,- 95 1 25
9-5 -50 2 5 8

~~~
92 9 69 31

1 0- 5- 50 1 6 5 95 27 87 13
11-5- 50 1 5 6 243 94 1 4 87 13
1 2-5-5 0 18 6 29 6 94 24 92 8
13 - 5-5 0 1 6 5 299 95 74 '17 3
14-5- 50 20 1 0 181 90 86 98 2

1 6-:-;0 30 : ~11
91

16 : :; 4
0 6

1- -0 18
CON~OL \ B

95 3 .
9-5 -50 15 5 288 95 6 40 60

10 - 5-5 0 42 7 573 93 36 84 16
11 -5-50 29 7 370 93 24 89 11
12- 5- 50 27 6 406 94 29 83 1~1 3- 5- 50 14 5 273 95 7 6 96
14 -5 - 50 1 0 5 201 95 81 98 2
1 6-2 -2 0 17 6 261 94 139 993 0 7

CULTURE #3 - 1 00 P .P .M. CCL4- TRITON X
7- 5- 50 1 7 6 283 94 7 70 30
9- 5-50 1 5 4 32 6 96 4 67 33

1 0- 5- 50 29 7 3'17 93 23 92 8
11 - 5-5 0 24 6 398 94 29 1 00 0
12- 5- 50 35 8 433 92 51 1 00 0
13-5- 50 22 1 0 204 90 50 1 00 0
1 4- 5- 50 7

~
82 92 18 1 00 0

1 6- - 0 1 0 1 00 0

- - 0
CULTURE 1 0 P .P . M. CCL4- TRI TON X

1
4

40 9 1 0 5'0
9- 5-50 2 43 96 5 83 17

1 0-5 - 50 3 7 42 93 9 1 00 0
11 -5 - 50 6 7 85 93 18 90 1 0
12 -5 -50 9 10 84 90 21 95 ~
13 -5 -50 1 6 1 5 94 13 1 00 0
1 4- 5- 50 2 1 4 12 86 31 1 00 0
1 6- 5- 20 3

CULTURE #3 -
30 91 64 1 00 0

2P .P. M. CCL4- TRITON X
I-S - 50 12 3 377 g7 3 75 ~
9- 5-5 0 9 8 100 92 7 58 5 42

10 -5-50 41 6 610 94 23 72 9 28
11 -5-50 17 6 280 94 29 93 2 7
12- 5- 50 11 3 341 '17 23 88 3 12
13 - 5- 50 13 6 217 94 45 1 00 0 0
14 -5-50 24 9 254 91 51 1 00 0 0
16 - 2-50 22 7 290 93 143 99 2 1



COUNTS FROMCONTROL AND EXPERIMENTAL CULTURES USED TO TEST

52
47
32
33
10
14
14

NO. %

88
94
35
20
10
17
26

LIVE
CORACIDIA

81 48
106 53

73 68
41 67
86 50

108 86
161 86

61
56
64
58
60
42
46

NO. % CO~ROL 4A %_--"-NO"-:.---l'%:...-.._ =..:..---I::- _

39 "2Bb
44 286
36 205

:~ Ijg
58 117
54 118

183
224
117

70
88

162
140

DElJ)

HATCHED EGGS UNHATCHED EGGS CORACIDIA

10- 5- 49
11- 5-49
12-5-49
13- 5- 49
14-5 -49
16- 5-49
17-5'- 49

40
51
72
18
13

9
15'

33
40
40
22
16
11

6

10- 5-49
11-5 - 49
12- 5- 49
13- 5- 49
1 4- 5- 49
16- 5- 49
17-5'- 49

200
198
192
15 6
125
284
208

18
6
5
6
6
3
3

24
4~

18
21
12

8

29
11

7

~
'i

27
36
5

17
17
13
1 4

C~~URE # 4 19/ P .P .M51 Y-7 ..:...7--,8r.>'""6-----"76r-----,;,,,;--~
49 162 ')1 55 60
45 295 55 128 96
40 173 60 78 82
46 123 54 64 79
56 118 44 99 88
63 15'3 37 165 92

181
156
238
117
103
151
263

10-5 - 49
11 -5 -49
12-5 -49
13-5 - 49
14-5-49
16- 5- 49
17- 5'-49

10-5 -49
11-5 -49
12- 5- 49
13-5 -49
14- 5- 49
16-5 -49
17-5'-4 9



COUNTS FROM CONTROL ANDEXPERI MENTAL CULTURES USED TO TEST

UNIlATCHED EGGS
DEAD LI VE

HATCHED EGGS CORACIDI A CORACIDIA
NO. %

~iOL *5A 71
NO. % NO.

51IT=5'=49 313 29 1 00 49 1 03
1 2- ?- 49 216 29 ?38 71 88 ' '-0 13 4 60
13 -5 - 49 1 46 29 35 2 71 94 50 94 50
1 4-5 - 49 10 1 35 18 4 65 ?2 48 56 52
16- ?- 49 213 40 32 4 60 1 29 70 56 30
17-5- 49 388 40 583 60 236 70 1 03 30
1--4 32 0 2 00 48 1 "~~

CONTROL B
3 ? 71 61 45 7 ?
745 71 1 66 50 1 67 50
528 68 99 50 1 00 50
290 61 rp 6? ?1 3?
38 4 59 1 92 71 77 29
618 5? 344 76 1 06 24
472 0 0 78 8~
-10 P .P. M. LYSOL

11-5- 49 97 27 7 91
12 -5 - 49 96

~~
81 136

13 -5 - 49 241 7 6 3 54
1 4-5 - 49 122 47 4 80 21 0
1 6- 5- 49 249 7 44 75 268
17 -?-49 205 545 73 31 8
1 - - 4 1 82 417 7 0 243

4'
P .P . M? LYSO~42 411 - -49 4 1

12 - ?- 49 253 610 71 27 4 93 21 7
13- 5- 49 1 54 349 69 1 93 98 . 5 2
1 4- 5- 49 121 362 7 ? 137 99 .3 1 .7
1 6- ?- 49 224 39 0 64 30 2 99 .7

~
. 3

17- ?- 49 173 300 63 258 100 0
19-5- 4 1 7 62 326 1 00 0 0

2P .P . lu. LYSOL
6711--49 1 0 70 51 63 49

' 12- 5- 49 1 91 456 70 84
~~

7 4 47
1 3- ?- 49 1 67 383 70 109 64 37
1 4- ?- 49 167 332 67 99 72 39 28
1 6- 5- 49 182 339 65 14 6 91 15 9
17- 5- 49 346 511 60 316 rp

~ 3
~312 3?7 "3 262 Cf7 3



COUNTS FROM CONTROL AND EXPERI MENTAL CULTURES USEDTO TEST

COPPER SULPHATE

DEAD
HATCHED EGGS UNHATCHED EGGS CORACIDIA

LIVE
CORACIDI A
NO. %

104 18 484 82 64 6B
133 16 719 84 189 7 9

52 25 15 9 7 5 138 91
1<f7 27 , 41 73 217 92
221 30 526 7 0 248 98
31 5 40 465 60 47 5 98
344 42 474 58 398 98

84 14 509 86 38 64
90 1 6 47 9 84 28 55

163 23 553 77 11 4 69
214 28 558 72 293 84
242 29 601 71 291 87
278 42 382 58 288 94

48&ULTURE416_ 25'3~p. M C6t PER S63;HJ.Tr
30 32
49 21
13 9
1 9 8

5 2
11 2

8 2

o
0 .7
0 .5
o
o
g

36
22

4
2
9

12
10

38
24
12

3
6

10
11

~
6
2

15
21
26

26
22
5

H
55

CONTROL HB

92
12 9
175
117
21 5
476
61 5'

16 -5-49
17 -5 - 49
19 -5- 49
20 -5 - 49
21-5 - 49
25-5- 49
26-5' - 49

16 -5 -49
17 -5 - 49
19 -5- 49
20- 5-4 9
21- 5- 49
25 - , -49
26-5'- 49

T6="5'=49
17- 5- 49
19 -5 - 49
20- 5- 49
21- 5-49
25-,- 49
26 -5'-49

16 -5 - 49
17- ,-49
1 9- 5- 49
20-5- 49
21- 5- 49
25-,-49
26-5'- 49

16 -5 - 49
17 - 5- 49
19-,- 49
20-5- 49
21-5 -49
2,-5-49
26-5'- 49



COUNTS FROMCONTROL JJID EXPERI MENTAL CULTURES USED TO TEST

TOXAPHEilE

HJ,.TCHED EnGS UNHJ,TCHED EnGS
DEAD

CORJ.CIDI ACORACIDIA
NO. % ~---mr:-~T

CONTROL if/A -
20-5 -49 58 11 474~~~
21-5 -49 58 11 452 89 64 85 11 15
25-5 -49 128 39 198 61 119 73 44 27
26-5 - 49 210 39 324 61 195 81 45 19
27-5 -49 175 46 201 54 268 85 46 1 5
28-5 -49 239 58 174 42 262 83 53 17
29-5 - 49 272 68 129 32 406 86 65 14

CONTROL #7B
20-5 -49 10 j 18 90 30 91 3 9
21- 5- 49 12 248 88 31 86 5 14
25- 5-49 43 124 57 67 78 19 22
26- 5- 49 49 137 51 78 74 27 26
27-5 - 49 54 201 46 224 81 53 19
28-5 -49 61 120 39 191 84 35 16
29-5 - 49 127 236 8 0 11

P .P .M. -TOXAPHENE WETTABLE
0- -49

12
47 9 9 90~

21- 5-4 9 417 88 1 ~$ ~1 1~ ll:
25-5 -4 9 36 255 64 9
26-5 - 49 38 264 62 199 93 16 7
27- 5- 49 43 249 57 254 88 34 12
28-5 --"9 53 292 47 323 93 25 - 7
2 - -4 8 18 42 276 1 28

20- -49
P P . M. - TOXAPHENE 2 WETTABLE

31 12
1 92 9

21- 5- 49 238 88 36 95 5
25- 5- 49 113 29 272 71 93 71 · 29
26-5 - 49 11 4 36 202 64 109 76 24 .
27- 5-4 9 120 41 170 59 145 82 18
28- 5-4 9 87 47 99 53 157 84 16
29- 5- 49 184 49 191 1 1 76 24

CULTURE 1n - 2 P . P M. - TOXAPHENE 2 WETTABLE
0- -49 9 9 02 91 7 94

21- 5- 49 43 10 402 90 58
~~ 5 8

25-5 -49 96 33
~~~

67 123 31 20
26-5 -49 1 55 35 65 135 88 19 12
27-5 -49 223 57 169 43 219 82 49 18
28-5 -49 211 44 271 56 427 92 36 8
29- 5- 49 247 55 206 45 249 79 67 21



COUNTS FROIl CONTROL AND EXPERIMENTAL CULTURESUSEDTO TEST

UNHATCHED EGGS
DEAD LI VE

HATCHED EGGS CORACID I A CORACIDIA
NO. % NO. % NO. % NO. %

18 10
CONTROL #8A

45 3 620- 5-49 15 7 90 S4
25-5 -49 139 46 16 0 54 241 93 17 7
26-5 -49 167 47 188 53 vn 94 20 6
27 -5 - 49 132 47 1 47 53 336 93 24 7
28-5- 49 238 56 187 44 617 94 40 6
29- 5-49 18 0 60 1~ 40 427 92 37 8
30- 5;..49 110 70 30 127 90 1 4 1 0

CONTROLtf~--- -

20-5-49 29 13 1 94 87 63 95 3 5
25- 5- 49 127 37 217 63 230 91 23 9
26 -5 - 49 1 50 45 183 55 278 89 34 11
27 -5 -49 84 45 1 04 55 341 95 1 6 5
28- 5- 49 153 62 95 38 393 93 30 7
29-5 -49 1 95 70 8 5 30 335 94 23 6
30-5 -49 120 73 4 4- 27 33 4 95 17 5

20 -5 -49 33
CULTURE #8 - 100 P .P . M. MULCIDE B

9 355 91 61 100 0
25-5- 49 110 30 254 70 1 67 1 00 0
26-5- 49 1 93 37 322 63 26 5 99 . 3 0 .7

I

27-5 - 49 1 66 47 18 5 53 296 99 1
28- 5- 49 161 45 1 98 55 242 98 2
29 - 5-49 14 6 54 1 25 46 229 99 1
30-5 - 49 12 4 59 109 41 227 1 00 0

3 6
CULTURE #8 - 10P .P .L MULCIDE B

20- 5- 49 1 2 269 88 93 98 2
25- 5-49 89 30 211 70 138 98 3
26-5 - 49 122 41 179 59 177 93 13
27- 5- 49 200 49 205 51 256 97 9
28-5 - 49 77 42 106 58 150 94 9
29- 5-49 98 56 78 44 190 93 14
30-5- 49 129 63 75 37 216 92 20

CULTURE1t8 - 2 P .P .M. I.lULCIDE B
20-5-49 24 11 203 89 55 92 5 8
25- 5-49 149 35 274 65 147 85 26 15
26-5 -49 102 36 184 64 223 89 27 11
27-5 -49 148 41 211 59 27 6 93 22 7
28- 5-49 56 50 57 50 167 92 15

~29-5 - 49 134- 59 95 41 423 96 18
30- 5-49 130 64 72 36 284 94 19 6



COUNTS FROM CONTROL AND EXPERIMENTAL CULT"<1RES USED TO TEST

SODIUI.I CAPRYLATE

DEAD
HATCHED EGGS UNHATCHED EGGS CORACIDIA

LIVE
CORACIDI A

NO. % NO. % NO. % NO. %

o
0 .1
o
o
o
1
2

2
2
0 .4

1
4
4

6
2
5
5

La
12

9

CONTROL ff9A
26-5 - 49
27-5 -49
28-5 -49
29-5 - 49
30- 5-49
31-5 - 49
~---':..2.-._"""-----;~~"m;;;--"-"--~'--"""------'-_":-

26"- 5-4 9
27-5 -49
28-5 - 49
29-5 -49
30-5 - 49
31-5 -49
1-6 -49

26-5 -49
27-5 -49
28-5 -49
29- 5- 49
30-5 -49
31-5 -<19
1- 6-49

26-5 -49
27-5 -49
28-5 -4 9
29- 5- 49
30- 5- 49
31-5 - 49
1-2-49

5
6
2
4
7
3

16

26-5 -49
27-5-49
28-5 - 49
29-5 - 49
30-5 - 49
31-5 - 49
1-2-49

4
1
6
2

1~
6

1
0 .4
2
1
5
1
5



COUNTS FRO..!CONTROL AND EXPERIMENTAL CULTURES USED TO TEST

DEAD LIVE
HATCHED EGGS UNHATCHED EGGS CORACIDIA CORACID I A

___-'"N=.!O._=~ CON~-L#-10-AL llil..... r--~
1-6-49 40 10-----"j~---sO--_g~~

j:t1~ ~~ i~ f~} §~ ~~ §~ ~ ~
7-6 -49 54 21 208 79 85 83 18 17
8-6-49 86 20 345 80 123 84 24 16
9- 6- 49 182 29 439 71 153 82 33 18

10-6-49 96 3'5 CON~~~L #10B 65 ~_87_-±LJ.L

~5I--r--~ 94 123 99 1 1
2-6 -49 30 7 430 93 91 95 5 5

~:t1§ 1§.? M ~~f ~~ i~~ 6i ~g 1~
8-6 -4 9 1 61 39 250 61 11 8 81 28 19
9-6-49 166 46 1 91 54 1 06 84 20 16

1 0-6-49 203 C~ #10 _li6a P.P. M~6 DOWKL~~l 88 16 12

--r::6'=49 35 I --"4~--141 100 0

~:t:§ ~~ lj ~~~ 6~ ~~ 166.3 g.7
7-6- 49 86 24 273 76 1 5'5100 0
8-6 -49 67 26 1 91 74 169 100 0
9-6 -49 11 2 30 267 70 200 100 0 0

10- 6- 49 88 CULT~~ #10 . 2lroP.P. M~l DOWl\t~~
~~ 381 94 9296 4 4 '

2- 6-4 9 33 8 35'8 92 111 96 5 4
3-6-49 1 00 12 727 88 25'9 96 12 4
7-6-49 98 29 235 71 61 7 5' 20 25
8- 6-49 13 3 35' 248 65' 123 85 21 15
9- 6-49 145' 41 207 5'9 71 82 16 18

10-6-49 1 9'5 CULT~ #1 0 _22\ p .P .M? DOWKL~~----?1.-.ll-
1-6-49 35 9 355 91 111 98 2 2
~:~:1§ ~ ig :f~ §g if~ §~ ~ ~
7-6- 49 98 29 245 71 11 8 97 3 · 3
8-6-49 1 45 39 231 61 1 59 99 .4 1 0 . 6
9- 6- 49 1 94 40 289 60 23 5 97 6 3

10-6- 49 191 44 242 26 .?5.L 98 5' 2



COUNTS FROl.! CONTROL AND EXPERIMENTAL CULTURES USED TO TEST

ANTIMONY TJJlTRJ.TE

LIVE
CORACIDIA

NO c=
100

66 .7
80

100
80
66 .7
35.7
526

~
4

~
10

5
10

DEAD
HATCH3D EGGS UNHATCHED EGGS CORLCIDIA
~~ NO. %

12- 5-5 0 3 4.16 C~Q~L ~~~;!.Tl:8"----~"""'0--""----;-;::;::--
13- 5-5 0 13 13 .7 82 86 .3 33 .3
15- 5-5 0 11 16.7 55 83 .3 20
16- 5- 50 11 16. 4 56 83 .6 0
17- 5- 50 14 14 .1 85 85 .9 20
18-5 -50 35 28 90 72 . 0 33 .3

~tt~g ~~ iJ·4 g~ ~~ . 6 ~~ .~

12-5 -50 7 7 .86 82 92.1 25
13-5 -50 5 8 .8 52 91 .2 0
15-5 -50 12 7 . 5 148 92. 5 0

it~:~g 2i 1~ :~ l:i ~i :i 2~
18- 5-50 18 18. 0 82 82. 0 37.5
19-5 -50 44 24.7 134 75 .3 4 50
~~.8 _ 68__§.9.2 12 22. 2
~1~UL~:FI0f4; ·~1·93ANTIMONY TrT~:J
13- 5- 50 9 13. 2 59 86.8 0 0
15-5 -50 21 11.2 166 88 .8 13 77
16-5 -50 4 5.7 66 94.3 4 66 .7
17-5 -50 24 16 .8 119 83 .2 9100
18-5 -50 25 14.2 151 85 .8 861. 5
19-5 -50 31 17 .1 150 82 .9 12 92.3
22-2-20 33 41 .8 46 282 8 100

CULTURE 11'11 - 1 0 P .P . lA. ANTIMONYT~TRATE

3
1
1
2
3

~
11

75
100
100
100

75
62.5
50
47 8

16. 6
100

23. 5
33 .3
o

38 .5
7 .7

· 0

12-5- 50 4 9. /5 31 90 .2 375
13-5-5'0 15 11.3 118 88 .7 4 57.1
15-5'-5'0 16 16 .1 83 83 .9 125
16-5-50 5 7 .3 63 92.7 1 50

it~:~g 1~ 15 :§ 1M ~~ :~ f ~~
19-5 -50 2l 21.2 78 78 .8 444. 5

~-.&.-~C:-ftP:M . 68hNTI=MO=NY;-;;T"':-:?.R=T~i;-;.rT:E·~"---=--'=J=-
'U-5 -50 4 5.5 ~--'9' '=~1=-7r50~-.,.---;r;;--
13-5 - 50 3 4.1 70 95.9 3 75

il:~:~g * 1f :~ ~~ ~t? ~ 199
17- 5-5 0 15 12. 9 102 87 .1 0 0

i~:~:~g 1~ g:6 1~ ~5 :~ g g
22-5 -5 0 18 340 32 66 0 1 14 3



COUNTS FROM CONTROL J.ND EXPERI MENTJJ. CULTURES USED TO TEST

DEW LIVE
DATE HJ.TCHED EGGS UNHJ.TCHED EGGS CORJ~CID IJ. COR/.CIDU

NO. %- CO~~ROL ~;=r~~--N-O.=r=
~-40~0.8 90 b9.2 11 50 11 50
30-5 -50 27 36 .9 46 63 .1 3 25 9 7 5
31- 5- 50 13 38 .2 21 61.8 2 40 3 60
1- 6- 50 55 50 .4 54 4c .€- 13 56 .5 10 43 .5
2-6 -50 35 62 .5 21 37 . 5 5 45 .4 6 54 .6
3-6 -50 60 70 .6 25 29 .4 10 71.4 4 28 .6
5'-6 -5'0 93 60 .8 60 39 .2 1 4 70 6 30

rr:~-----Y-~~ :~ COill~..l~tt 1~ ~~ .7 if ~~ .3
31- 5- 50 46 48 .9 48 51 .1 14 40 21 60
1- 6- 50 55 51.9 51 48 .1 13 61. 9 8 38 .1
2-6 -50 84 65 .6 44 34 .4 20 54 17 46
3- 6-50 26 39 . 4 40 60 . 6 1 5 65 .2 8 34 .8

- 6- 0 1(17 .8 72 40 .2 26 86 .7 4 23 3
=25,-,.-5.......-5=-0----,,;;;1~=ULTUR~7 . 51 - 10 P .P . M. ~~LOROi.lyiETIN7

30-5 - 50 84 37 .8 138 62 .2 18 48 .6 19
31-5 -50 90 41.5 127 <:e.5 12 40 18

1 - 6- 50 7 /, 43 . 5 96 56 . 5 10 40 15
2-6 -50 99 49.1 103 50 .9 1'5 68 .2 7 31.8
3-6 -50 71 44 .6 88 55 . 4 1 4 66 .7 7 33 .3

2:~:~:~ ~M~-=tP · IJ . ~~~~O~OMY~f-~~~~
30- 5-50 38 42 .2 52 ')7 .8 6 42 .8 8 57 .2
31-5 -50 44 50 44 50 7 36 .9 12 63 .1
1- 6- 50 77 48 .1 83 51. 9 16 40 24 60
2-6 -50 33 45 .8 39 54 .2 10 45 . 5 12 54 .5
3-6-50 94 57 .7 69 42 .3 7 41.2 10 ')8 .8
5-6 -20 126 62 '~ 10 4 ~ 24 72. 7 2 27 .3

29- 5-5 0 ;gULTUR~lP - IM..d~ 7~~~bROMYC~T IN3? 5 15 62 . 5
30-5 -50 34 ')2 .3 31 47 .7 7 41.2 10 58 .8
31-5 -50 32 38 .5 51 61.5 6 37 .5 10 62 .5
1- 6- 50 42 43 .7 5·j. 56 .3 7 38 .9 11 61.1
2-6 -50 49 50 .5 48 49 . 5 21 65 .6 11 34 . 4
3- -50 59 52 .2 54 47 .8 13 56 . 5 10 43 . 5
5- 6-')023~25'52 .1 880 220



COUNTS FROM CONTROL AND EXPE!!Il::EliTAL CULTURES USED TO TEST

DOIVK- 604

1 1 6 .7
1 5 83 .3
23 79 .3
2083 .3
17 77 .3
685 .7

13 81 2

763 .6
1 0 90 . 0
2268 .8
2569 .4
14 63 .6
583 .3
1 '50

DEAD LI VE
HATCHED EGGS UNHATCHED EGGS CORACIDIA CORACIDIA---mr:-:r NO. % NO. % NO. %

"""20"-~r1-5=0 ----;O;2"'-7 - , .9 CO~~~OL 1 2t O.l ~---,.....,-z-...,.,-
22 -5 -50 37 15 .1 208 84 .9 3 16 .7
23-5- 50 83 33 .2 1 67 66 .8 620.7
25-5 - 50 35 41.7 49 58 .3 416 .7
27 -5 -50 1 20 44 .4 150 55 .6 522 .7
29-5 - 50 44 62 .8 26 37 .2 1 14.3
30 - 5-'50 89 66.~~_---,-3~1=8-,-"-8_--,,",,,~u=-

·20- 5- 50 15 :ro.5 128 89.5 4 36 .4
22 -5 -50 30 26 .8 82 73 .2 1 9 .1
23 -5 -50 7 0 31 .4 1 53 68 .6 1031 . 2
25 -5 -50 1 02 49 .5 1 04 50 . 9 11 30 .6
27 -5 -50 1 62 60 .0 1 08 40 .0 8 36 .4
29 -5 -50 33 55 27 45 1 1 6. 7

lQ2::29~1-1~2 _"l ~0 P:~ DOW ·..-K_-7,7,0""'"4 'f=0- - --=--'-"--
20-5-50 188 .7 -~-91.3 10 100
22 -5 -50 14 11.5 1 08 88 .5 11 1 00
23 -5 -50 21 9 .7 196 90 .3 8 1 00
2 5-5 -50 20 11.9 157 88 .7 1)100
27 -5 -50 18 13 .1 11 9 86 . 9 6100
29 -5 -50 12 12 .8 82 87 .2 5 100
1Q::.2.:'f0 1 'f lli1L 80 84 .2 8 1 00

;;r20....-c-5'""- 5'A"0 ---'-'-11 CULT~~~ #1 2 22~O F .F 9W:3- DOW l\.~t""'OO-----;<--"--
22 -5 - 50 21 1 0 . 6 178 89 .4 12100
23-5 - 50 1 5 1 5 .8 80 84 .2 4 1 00
25 -5 -50 20 1 9 .8 81 80 .2 1 9100
27 -5 - 50 18 15 . 9 76 84 .1 5100
29 -5 - 50 13 13 .8 81 86 .2 9100
~ 30 15 .2 1 68 8 4 .8 8 1 00 0 0

20 - 5- 50 l~ULT~~ #1 2 - 13~ F .F ' ~6 .lOW K-6~47'7:"8"--222:"2
22-5-')0 23 13 . 3 150 86 .7 1392 . 9 1 7 .1
23 -5 -50 40 11. 2 317 88 .8 28 1 00 0 0
25 -5 -50 1 9 12 . 0 140 88 .0 3 10 0 0 0
27-5 -50 37 1 0 . 0 332 90 .0 8 1 00 0 0
29 -5 -50 1 2 1 0. 5 1 02 89 .5 6100 0 0
30 -5 -20 1 0 23 .8 ~"2 12100 00



COUNTS FROM CONTROL AND EXPERIMENTAL CULTURES USED TO TEST

DOW K-60 4

5 26.4
741 .2
724 .1

1550
1241.4

~ j~ :j
2 5'0

1 7 .2
529.4
833.3
770
6 50

1050
~ 35

-0-0-

o 0
o 0
o 0
o 0
o 0
o 0
o 0

DEAD LIVE
HATCHED EGGS UNHAT CHED EGGS CORACIDI A CORACIDIA

NO. % NO, % NO. % NO. %
CONTROL 14A

~~5.9 41 64.114 /3.6
30-5-50 30 43 .4 39 56 .5 1 0 58. 8
31- 5-50 43 48 . 3 46 51. 7 2275.9
1 -6 -50 99 49 .1 103 50. 9 1550
2-6 -5 0 96 64 54 36 17 58 .6
3-6-5 0 64 60 .4 42 39.6 8 57 .1
5-6 -50 57 71.2 23 28. 8 8 66 .7 -
6- 6-20 20 61.7 CON~~OL Hi8.3 2 20

~ 102/.12112.91392.8
30-5~50 34 53.1 30 46 .9 12 70 . 6
31-5-50 51 50 51 50 1 6 66 .7
1 -6-50 40 56 .3 31 43 .7 330
2-6-50 39 54 . 9 32 45 .1 6 50
3-6-50 180 65.2 96 34.8 1 0 50
5- 6-50 128 73.1 47 26. 9 13 65
6-6- ~0 238 CUL~~ #14 _ g2p ,p , // 6 ·5ow~._----=~-
~~ 22 .2 8477.830100
30-5 -50 18 37.5 30 62 . 5 18 1 00
31-5 -50 20 29 .4 48 70. 6 8 100
1- 6-50 29 33 .3 58 66 .7 7100
2-6 -2 0 18 33 .3 36 66 .7 7100
3- 6- 50 20 45 .5 24 54 .5 3100
2- 6- 20 64 33 13 0 67 9 100
6-6 - "0 9 39 .1 1 4 60 .9 3 100
~~UL~~~ #14 - ~l·P ,M;O .~OW K- 6ft 100
30-5 -50 8 23 . 5 26 76. 2 13100
31-5 -50 26 43. 3 34 56.7 9 100
1 - 6-50 41 38 .7 65 61.3 12100
2- 6- 50 11 32 . 3 23 67 .7 4 100
3- 6-50 34 48 .6 36 51 .4 4 100
5- 6-50 30 49 . 2 31 50 .8 5 100
6- 6- 0 2 41 t, 41 8 .6 1 00

""29"'_5"'-_"""50---'2"'1--,CULj~ 1 4 - O. P,P.M:l DOW K- °too 0 0
30-5 -50 53 21.9 49 48 .1 2096 .9 3 very 3 .1
31-5 -50 43 43 57 57 14100 0 weak 0
1 - 6-5 0 26 36 .1 46 63 .s. 7 1 00 0 0
2- 6- 50 53 46 .2 61 53. 5 7100 0 0
3- 6- 50 1 9 28 .8 47 71.2 6 100 0 0
5-6 - 50 90 42 .5 122 57 .5 5 100 0 0
6- 6- 50 36 43 .4 47 'j'6 ,. 5'100 0 0

Examination of cultur es on th e 29-5-5 0 was car r ied out 1 0 min utes aft er
mixing.



COUNTS FROM CONTROL AND EJa>ERI MENTAL CULTURES USED TO TEST

DOW K- 604

28- 6- 50
29-6 - 50
30-6 -5 0

3-7 -5 0

28- 6- 50
29- 6-5 0
30- 6-5 0

3-7 -50

28-6 -5 0
29- 6-5 0
30- 6-5 0
3-7-50

28- 6- 50
29- 6- 50
30- 6- 50

-7- 0

28- 6- 50
29- 6-50
306- 50

3-7- 50

DElJ) LIVE
HATCHED EGGS UNHATCHED EGGS COR/.CIO I A COR/.CIOU

NO. % C~~TROLIJ. NO. % NO ._~
154 68.1 72 31. 9 3 30 7 70
400 67 .8 190 32 .2 13 56.5 10 43 . 5
132 76.7 40 23 .3 8 61.5 5 38 .5
---------------------NO LI VE CORl. CIO II.--- ----- - - - ------ -- - -

CONTROLl6B
123 65.8 64 33 .2 2 25 6 15
118 77 . 6 34 22 .4 3 20 12 80

84 78 . 5 23 21.5 1 16.7 5 83 .3
- - - - - -- --- - - - - - - - - - - - NO LIVE CORl.CIOU- - - - - - - - - - - - - - - - - - - - -

130 67 .3 63 32 .7 4 100
87 64.9 47 35.1 2 100 0 0

--------- ------------NO LIVE CORJ.CI DIJ. - - - - - - --- -- - - -- - -- -- -

100 C~i~~E #16 O .]~ P.P · ~8 . 1DOW K-6f~j~
159 68.2 74 21.8 6 75 2 25

54 72 21 28 3 100 0 0
---------------------NO L I VE CORl. CIO I/,- - - - - - - - - - - - - - - - -----

~~ C~~~:E 1 0 ~: P .P · ~f·-,,:~~DO"'-W ....,.K-=~*"04'----,3~:-.5--....-~~1~"""2.-5-
134 68.4 62 31. 6 7 58 .3 5 41. 7
---------------------NO LIVE CORi.CIOI/.- - - - - - - - ---- - - - - - - - - -



COUNT" FROM CONTROL AND EXPERIMENTAL CULTURES USED TO TEST

2% TYROTHRI CIN

LI VE
DATE HATCHED EGGS UNHATCHED EGGS CORACIDI A CORACI DI A

~~-=-n;~~--~~~~_-:=--~;~~=~~-:-=
31-,-50 34 3, .4 62 64 .6 654 ., 5 4, . 5
1 - 6- 50 17 41. , 24 58 .5 666 .7 3 33 . 3
2-6 -,0 17 36 .2 30 63 .8 240 360
3-6 -50 1, 24 .2 47 7, .8 55, .5 444 .5
, -6 -50 1 , 50 15 ,0 7 77 .8 2 22 .2

---k.6='50 1 6 41~~~~....L__ .l....1.£..L
~- 24 32 . 4 50 ~1Osrr-~
31 - ,-50 26 3, . 1 48 64 .9 956 .2 7 43 .8
1 - 6- 50 27 40 .3 40 '9 .7 555 .5 444 . ,
2- 6- , 0 15 2' .9 43 7 4. 1 2 40 3 60
3- 6-50 35 36 .8 60 63 .2 866 .7 4 33 .3
5- 6-50 24 64 .9 13 35 .1 0 0 3100
~ 22 40 .7 ~_2_ 59 . 6 7 , 2 2

CULTURE 1 TYROTHRI CIN - 00 P.P .M.

30 - 5-5 0
31 -5 -5 0

1- 6- 50
2-6 - 50
3-6 -50
5- 6- 50
6-6 - 50



DEAD LI VE
HATCHED EGGS UNHATCHED EGGS CORACIDIA CORACIDI A

NO. % CO~~ROL~O . % NO. %

~---,y--j'-:-9--~ 2 16 . 1 ~
30-6 -50 201 63 .6 11 5 36 . 4 1533 .3 30 66 .7

4-7 -50 11 2 88 .2 1 5 11.8 4 36 .4 7 63 . 6
5-7 -5 0 88 83 18 17 2 40 360

--coN'nmL~



20
20
20
20
2 0
20
20
20
20
20
20
20

5
15
J5
15
1 5
1 5

15
20
30
30

EXPERI - TIlE VOLTSDEill % LI VE % HP;TCHED % UNHATCHED
1,O,T ,;0 . I N SEC. COR . DEAD COR . LIVE EGGS HATCHED EGGS

1O:~ 5 2 3 100 0 0 11 -ye;-- 59-
30-5 -5 0 2 5 5 14 100 0 0 24 10 210
30- 5- 50 3 5 10 3 100 0 0 18 12 137
30- 5- 50 4 5 15 4 1 00 0 0 27 18 120
30- 5-5 0 5 5 20 19 95 1 5 48 22 167
30-5 -50 6 5 25 4 1 00 0 0 1 5 8 172
30-5 -50 7 5 26 5 100 0 0 49 26 137
30- 5- 50 C.#l 5 71 2 29 20 29 70
30-5 -50 C.#2 8 73 3 27 40 11 321
30-5 -5 0 c .#3 5 71 2 29 10 16 51
30- 5-50 8 55 27 63 16 37 11 5 1 9 497
1- 6- 50 9 45 9 82 2 18 27 17 134

i :t~g if ~~ 1~ ~f i 2~ it g 1~§
1 - 6- 50 12 54 8 100 0 0 43 18 201
1- 6- 50 13 55 13 100 0 0 33 20 129
1 - 6-5 0 C.#4 7 78 2 22 14 19 58
1- 6- 50 C.# 5 9 90 1 10 42 18 197
5- 6- 50 14 2 21 87 3 13 48 42 65
5-6 -50 1 5 5 12 92 1 8 37 47 41
) ..6- 50 !-6 10 6 75 2 25 28 34 54
5- 6-5 0 17 1 5 10 91 1 9 47 59 32
5-6 -50 18 20 12 80 3 20 41 41 59
5- 6- 50 1 9 25 24 83 5 17 81 37 135
5-6 -50 20 30 1 9 79 5 21 48 44 61

~:t~g g ~6 n ~~ ~ n f~ {f 1~~
5-6 -50 23 45 9 69 4 31 23 38 38
5-6 -50 24 50 14 64 8 36 88 45 104
5-6 -50 25 55 35 69 16 31 10 4 44 133
5-6-50 cJ!-6 - - 1 2 52 11 48 37 34 71
5- 6-50 C.#7 20 83 4 17 39 36 69
9- 6- 50 26 11 0 6 86 1 14 38 72 15
9- 6-5 0 27 11 0 9 84 5 36 7 5 65 40
9-6 - 50 28 11 0 6 7 5 2 25 62 66 32

§:t~g C~#8 120 i ~~ ~ ~~ }g ~i 2t
9- 6-5 0 C.# 9 3 60 2 40 40 63 23

Cor. -Cora c i dia.
C. - Cont r ol.



84 2-6 - 50 3 60 2 40 1 5 17 73 83
90 2-6 -50 4 50 4 50 13 12 91 88
88 2-6 -50 3 43 4 57 15 18 68 82

~~ ~:t~g If 5~ ~ 15 ~ ~~ 1~~ ~~
92 2-6 -50 5 62 3 38 26 22 91 78
74 2-6 -5011 79 3 21 61 50 60 50
71 2-6 -50 9 60 6 40 46 29 115 71
89 2-6 -50 6 40 9 60 28 25 85 75
84 2-6 -50 10 77 3 23 70 60 46 40
81 2-6 -50 33 92 3 8 140 33 281 67

~t ~:t~g 1~ ~~ { 3~ ~i ~~ If5 ~~
81 3-6 -50 4 57 3 t.3 16 48 33 52
82 3- 6- 50 3 75 1 25 1 5 30 35 70
80 3-6 -50 12 86 2 14 24 23 79 77
81 3-6 - 50 14 70 6 30 50 25 147 75
82 3- 6- 50 9 90 1 10 42 18 197 82
48 8- 6-5 013 72 5 28 42 61 27 39
53 8-6 -5023 66 12 34 91 59 63 41
66 8-6 - 50 5 83 1 17 34 62 21 38
41 8-6 - 50 1Q 71 4 29 44 57 33 43
59 8-6 - 5026 87 4 13 69 55 56 45
63 8-6 -50 8 73 3 27 45 65 24 35
56 8-6 - 50 11 52 10 48 33 58 24 42
64 8-6 -50 7 58 5 42 60 74 21 26
59 8-6 -50 11 48 12 52 116 66 59 34
62 8-6 -5 0 4 40 6 60 46 57 35 43

~g tt~g 2~ ji ~ ~~ n ~i ~~ 1%
66 8-6 -50 13 48 14 52 60 61 38 39
64 8-6 -50 6 60 !. 40 33 62 20 38
28
35
34
29
36
37

%UN- Dl.TE DE1.D % LI VE % HJ.TCHED % UNHJ.TCHED %
Hl..TCHED RERE1.D COR. DEW COR. LI VE EGGS Hi.TCHED EGGS UNHi.TCHED
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