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ABSTRACT . e

, Six species of larval trematoda-were discovered in the
mollusca of Burnaby lake, B.C. .These ingluf;led:‘:twq gy ecies eacgo:.jl" ‘
echinostome cercarié.e, furcocercous cercariae and xiphidiocercariae.
Life cyele studigs were carried out with each of these larval species.
A series of infection.experiments proved one of the_echinostome
cercariae to be the larva of Echinopar;phiux_g recurvatum, which was
__s_hown to utilize several species of snails at gurnaby Lake as firet
and second intermediate hosts. Morphological and experimenmtal ev-
idence indicated the other echinostome -cercaria to be the larval

stage of Echinogtomm: revolutum, an adult trematode parasitic in

-~

muiskrat of Burnaby Leke. Both natural and eperimental first and

second intermediate hosts of E. revolutum at Burnaby Lake were es-

tablished. The two xiphidiogercarise were found to be very similar
x_gorphologically,, but were classed as separa@_e‘ sgecigs on the char-
acili_er of the giylgt organ. One xiphidiocercaria -begrs ggnch resein~
blance to Cercaria. slbui, Brooke: 1943, the other appears to be |
an undescribed.spegieg . _Ifhe first interlxv}sdiatehpnai:j: ho§ta’ for
these xiph_idiocerégriae have been found at Burnaby Lake and a -
Gemmearus species has been demonstrated as being an experimental
second intermediate host. Both-the furcocercous cercariae discovered
appear-to.be new specles. One of th_ege’ fgms bea.rs”aome;-resembla.nce
to Ceré_qr:}_a oregonensisg, Macfarlané and Macy- %946, and has been
found capable of prgduging a schistosome dermatitis in humans. 4

high incidence of larvel trematode infection exists in the snails

A



L.

/ |
of Burnaby Leke. Area d;fference%hawe been noted.in snail populations
and their trematode fauna. Additions have been made bo larval tremas

tode distribution and host records.
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1.

STUDIES ON LARVAL TREMATODA OF BURNABY LAKE, B.C.

INTRODUCTION.

PR o [ - .

.- Three aspects of the study of the-larval trematode fauna . .
of Burnaby Lake, B.C.+, have Egen of particu&ar;conoerg +0 the guﬁhor;,
they.age,ul.) to discover what species of‘lérval trematodes, par;-
sitic as adult worms or "flukeg" invvertebrates;~are.harboured by -
the snails of the area, 2.) to determine the ineidence of infection
of these larvae in the snails, and, 3.) to trace as far as possible
their 1life cycles in an;effprt to determine what animals of Burngby
Lake figure in the complicated life history of thesge worms.

The investigation of-these problems.arose initially from‘
a suggestiog by Dr. James R. Adams, wﬁf indiggted;ﬁhe iaﬁug in knoy-
ing the local imtermediate hosts of’the Burmaby Leke muskrat T X
( Ondatra zibethica )..;?hgse trematodes must be. regarded as pot;
entially epidemic and had already/bhown by Musfeldt ( 1945.) to be/ remancha
in large ngmbers ip the Bﬁrnaby Lakg:muskraﬁ. :Hes report megtione

three trematodes -~ Echinostomws: coalitum Barker and C.A. Beaver,

1915 ( Echinostomen rewolutum Froelich, 1802 ), Quinguigerislis
gginggiseriglis;andvthocotxlus urbgpeggig as being ﬁarasitic in
this“impgrtani gur bearer. A subseqpen@'gomprehgnsive survey of
disease and perasitism in British Columbia muskret by the same

worker ( 1947 ) showed that these same three trematodes are mormal
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parasites of the gut of_mnskrat indigenous to severg; other areas

of t§9 province. The latter report also noted two.additional

trematoda "normel" to B.C. muskrat -- Echinoparyphium contiguum
and.Plgg;ofchie proximus »

In view of this high inéidggce of trgpatoée infection in.
B..G. mugkrat, a survey..of the Mollusca of Bgrnaby Lgkg,hyith Eesgect
to their role as intermediate hosts of trematodes, appeared warr§n£-
ed. .The vulnerable part of trematode life histories is the intra-
molluscan et;ge and the deterﬁingtion of the snail species concerned

with this stage is requisite to any type of control measure.

However, a preliginary survey of the Mollusca of Burnaby
Leke showed that they contained several species of trematodes found
in hosts other then muskrat. The problem then appeared wider,igs‘
scope than the originally proposed survey.of snail hosts for musk-
rat trematodes alone. A bpoader investigation was folt worthwhile

t0 gain life history data on as many local trematodes as)possible.

-— P

Burnaby Lake is a game reserve and as such harbours many
animals which can and do act as hosts to several adult trematodes.
?he report, then,'wgs redesigned\tg include tge three particular
aspects mentioned earlier, in the attempt of a comprehensive
study of the larval trematode fauna of a selected area in thel

Province .
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_  Little previous work has been done locally on.lgrvél s
trematodes and their hosts. Musfeldt ( 1945 ) conducted a prolime
inery investigation into the host cycle of Echinostomes revelutum
at Burnkby Lake, incidental to her survey of parasitism in the
muskrat of the area. .She found thgt Physa ocgidgytalia was infected
with a ”sty}et? or xiphidiocercariae as well as a 9 possible noé-
‘stylet cercaria. No echinostome cercariae .were found. - She also
digcovered what she regarded as metacercariée of an echinostoms,
which were fed to albino rats in an effort to--obtain adult worms.
No adult worms were produced. Eggs from Echinostomwaa révQ}utum, £l
and the subsequent miracidial stage were also described in detail by
Musfeldt. -Although she:did not f£ind echinostome cercariae to émprgé
from the 65 P. occidentalis under examination, she did £ind rediae
containing cysts and active cercariae, " rgééembling those of echino-
stom)g". The " non-stylet" cercaria.was not clagsed as a:n‘echino;-‘
gtome because iﬁAlagked the coliar.spépes andjdigestiva systen%phar*
acteg;aticwof the Family Echinosﬁomidga.; Mﬁgfe;i-concluded that

“the alternate hosts of Echinostoma: %fg/gs yot éluded discovery".

Going further agie}d, it may be noted that there has bgen
little work done on the larvé}'t?éﬁaio@es 6f‘ffesﬁﬁyater_Mb}lusca
of the Pacific Nortiwest. What appﬁé;e t0.be the_ea:;iegtiwork re-
corded in thie area of the continent ie:ﬁhat“of:Mii}e;>K”1925)’on
Sgn Quan Island, Puget §ound, where he made“an investiggtion °f the

larval trematode infestation of the fresh water Mollusca. In add-
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ition to the fact that San Juan Island offered particularly favour;
sble conditions for the study of trematode life histaries, Miller's
work was prompted by the ¥ desireability of a study of the - larval
trematodes in a séctign of this continent from which no records

have been made." As a result of the survey he found seven new
species of cercarise and a high;iﬁcidénééidf ;ﬂféptioh;byfthgge -
larvas in the ap&ils'of'thé igland., Miller ( 1927 ) latem made |

a more specialized sg;ﬁey, that of the fgrkeg-tgiled orvfurcéqérgous
cercariae in fresh watef snails .of the same area; This infesfigétion
added several more new specias to the class and additions to cer-

carial distribution records.

Some recent work on larval trematpdes,ih the Pacigié
Northwest has been made in conneotion'with séhistosome &ermatitié
of "swimmer's itch." Macfarlane.-and Macy ( 1946 ) 1nvest1gat1ng a
case of sw1mmer's itch in Mnltnomah Gounty, Oregon, dzscovered a
new_gpeczes of fu;cocercoue4ce{car}a Whlch is capable of produglng
dermatitis in humans. As far as can be determined, Hunter et é;
( 1949 ) have done the most recemtly.recorded work in this area.
Theyédegcribed a new sgecieS-of dermatitis;producing fu{cogeréoua»

from Green Lake, within the city limits of. Seattle,

Washington. In their report, they state,'" is the first record -

based on experiments to show the presence of schistogome dermatitis

o - e

on the mainland in Washington, and within the city limite of |
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Seattle." It may beha.dded here that, as far as can be determined,
the prése_nt investigation describes 'bhawfirat‘___experiients mede in
this province to prove the presence of a derme'.titia‘-producing cer:-
cariae. ”

) Generally spea.king, it appears tha.t work done an la.rval
trematodes in Canada has been 1little and scattered, MeLeod ( 1934 )
and §wales___( 1936 ) have both investigated cercarial dermaht:.g :
in Manitoba. ‘A few other__ibanadiaﬁ workers have described ,c‘er.carvia.e
in paper's connécted with adult stages. . No spec:.a.l reports on cer=-
cariae have been ma.de from British Columbia. .
o _..Ac.tua.lly, the study of larval trematodes appeax:s to have
had a rglatively shgrt historz, with much the greatest prggresé .
being >magi_e in the last fey! yéé{-s. siebold in Europe did a great vp_art
of the early work. on;.atreggatod'es during the sarly p_a.rt;.‘of the eight-
eenth century. As la:te as 1909 yiihei,ais- reported to havé obégfved
that up._'bo that date, no cercariae had been'_l:‘..de'rrp_ified as belonging
to the adult echinostomes. Leﬁour a..zfd Nieoll cgndﬁcted the first
studies on larval trematodes to .bg made :‘in England, in the ear;y
nineteen hundreds. However, it was not until Brown's work ( 1926 )/‘
that ib_he first life history studies of these worms were undertaken

in tha_.t country.

Cort ( 1914 ) made the first comprehemsive survgy of
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cercariae in Ngrth America. In the introduction to this work,
Cort states that " practically nothing is kmown of the life histories
of tremgtodps of North-Ameriga, -Ezen in Europe, whore many new
adglts are being described each year, gnly.a few developmental
stages are completely known. One reason for this is to be found .
in the difficulties involved." Many. of the difficulties. of which
Gort speaks still remain for the worker in this. £101d, .but the ever
incrgasing gnow%gdge of these forq;k;ia logsening ﬁhe.appafent,aand,
indeed the actual, complexity of the study °£ trematode life cycless
it is in no way_lessenipg~th§ intg;est and fegcination which this -
complexity holds for the investigator.

A;though.th;s present investigation is. largely. an extens-
ion of Musfeldt's (A1945 ) work on the life cycle of E. revolutim,
illuminating more of the life cycle of this species, it has,dgyelr -
oped iptg'a broader study of the larval trematoda of the Burnaby -

Lake area.-
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METHODS AND TECHNIQUES .

The investégatign wes §§vidgd into thrge.parts;,first :
the collection of snails. at Burnaby Leke, gecondly,- thé digsegtion
ﬁnd examinatio§ of snails ig the,}aboraiory to detecﬁ-cercariae
and other intramollusoan stages, and, thirdly, the carrying out.of
ififective feeding and exposure experimeﬁis to determine. life cycles.
Details of methods and techniques employed .in each .of .
these divisions are given here while brief introductions and dis;
cussions are a&ded.to each section in the text where they are most
pertinent. This is done-?o"avgid too mugh cross referencing since
the presentation of the data falls naturally into three somevhat
disﬁinct sections. A certain amount of regetition has,peen nec-

essary, but only where it will be of some aid to the reader.

Collection of Snails: Snails were collected from three ﬁreashof

Burnaby Leke. -These areas have been designated as 1.) Laut Park
Area,-2.) Still Creek Area and 3.) Deer Creek Area. ( See Plate X ).
A description of each area is given in the section titled

" Ecology of the Molluscan Hosts."

- Snails were collected over a period of one year, from
March 1949 to April 1950, with principal collections confined to

. the summer and fall of 1949. All collections were made personally.



¥

s 8.
No. attempt was made to separate the Mollusca as to s ciss at the
time of collection. . All snails found in an area were placgd ig

common pint-gized jars in which they were carried to the laboratory.

Segregation and Maintenance of Snails.

In the }aborg'bory the snails were wasy.ed and cleaned.-in
ta.p_ wate_r, segregatgd asﬁto..?pfS_Ci_e_s and then placed in pint-sized
glass Jars which served as aquaria t}_froughout the period of ‘obs:e‘rv-
ation. Only t}qgée snails from the same collection and of the same
Specifﬂ were placed rbogg‘bhs{__, with no more than twelve specimens,
or-six large omes, in each aquarium. These aquaria were labelled

with a code number which gave the date and area of collection.

- Lettuce, in both freﬁh and dehydrated states was the
principal food supplied the snails. Most species. thrived well on .
this diet which was chosen because of its availability aml freedom
from infection by larval trematoc_i_ee. Water in the jers was changed
once a week or oftener if it became clouded or so stained by the
sglutiog of__the dried lettuce that observation-for cercarias in the
water was made difficult. The snailg were kept at room .'temn'terature,
which varied from 15°%C. to 20°C. Small quantities of .calcium
sulphate as suggested by SW?IOS ( 1935 ) and caleium carbonate

( Stiles and Goldberger 1910 ) were occasionally added to the

aquaria to supply the calcium required by the snails. Only
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fresh unchlorinated water was used.

Detection‘of;Cercariae:.

e .- aax, e

- Once segregated and labelled, the snails in aquaria were
obseg'_veg every :t_wo h_qurs for the first week for the_qemergence of
cercariame, and at least once in every twelve hours after this first
week. Observation was best done by looking through the illuminated:
water when the. aquarium was held up to a beam:_‘of ,1§_ght._ Echingptome
and stylgt cercariae appeargd in this menner aé small wh:‘rfe opagque
objects about 0.5 mm. in diameter;movin§¢rapidly in the water.
Furcocercous cercatrias 109& like fine hair or dust particles in

repid motion.,

Isolation of Infected Snails:

-Snails shed larval trematodes anywhere from twelve howrs
to two niont}qs after collection. Whep__cérca;jiae were detected in
the water, all snails were removed, washed and driqd and then
isolated singly inmto small jars containing fresh water. The spails'
which were subsequently found %o be shedding the cercariae were
-l;?;en g‘i_\{enﬂ a specific numbfa_r, a'pgended‘._.to the _éodi n?mbezcj o_f_.the
parent aquarium colony. G_Each sneil shedding cercariae was labelled
in this manner and separate records kept for each of the timevqs..:.o'f

emergence, behaviour data and so forth.
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Detection of Intramolluscan Stagess

If no cercariae emerged from a group of snails-withinN
one week after collection some of the specimens were dissected and
examined for intragblluscan.gﬁages. The snail was removed. from its
shell by means of a probe, teased on a microscope slide and examined
under IGnggwar. When'the bogy could not be removed in this mahner
the shell was removed piecemeal. A4ll whole shelle were preserved in

small shell vials and labelled with a code number.

— LRSI .o . W

Snails garasitizgﬁ byhlarval trematodes could be_readily
detected as soon as the snail was removed from its shell. In gaﬁsa
cases the sporocysts or redias " spilled out " when the body was
removed. The large digestive gland or " liver f'of infected s;epi-
mems wes noticeably swollen and p{gmgnteq with a brown or yellow-
bfoﬁn colour. In»othera thé larvae appear as small worm-like objects

under the thin outer tissue of the gland.

g -~ - .- . .
¢

Drawings and notes were made on all intrgmoilgscan stages
found.

Most of the snails, however, were kepf_alive as long as

possible in the aquaria and the examination of the intramolluscan
stages delayed until natugal geatp of the animal. nIn thiavway
:hﬂkﬁaia on such matters as natural emergence periods, duration of

cercarial emergence and length of development of intramolluscan
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stages were gathered.

Technique of Cercarial study:

No great dgpartureifrom the standard techniqnqswuged for
the study of cercariae were made. Most morphological data and all

drewings were taken from living unstained specimens.

In obtaining cercariae for microscgpig observaiionl thg
specimens were first located by placing the aquarium befg_re a bga.m

.of light and removingfong or more of 3he gpecimens by means of an
eyedgppper; Wheﬁ uging a cover 81ip a small amount of water £o

. contain ﬁhe;cercaria.is advisable as it lessehg the tendency for
the cercarie to be swept to the edge of the glass.

This water cgntaining thg agtive larva was theg-placed
on a microscope slide and the cercaria-sing}ed ou? by placiﬁg the
slidehon a blaskﬂbgckgrpgnd. Most of ﬁhe“wateg was thenhdrawn‘off
with absorbent paper, lgaying the cercaria in a smallﬂshallow drop
whlch restrlcted the .compass of its movements. Thia allows for
greater ease in locatlng and folloW1ng the anlmal under the object-
1ve of the mieroscope. A Number 1 cover s11p placed on this drop-
wes also useful in slowing movements and making it pOBBlble to use
the o0il immersion obgectlve effectlvely. Wﬁuuxuwdngaa over slipla
small amount of water to COnﬁaln the cercaria is dvis:;;;\as it

S~ 7 AN ™.
IZZ:z;;\%he tendency for the c;;aania to be swept to\ihexpdgéﬁgt the
glass. N -,

™
“
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o A.suggestion on technique from Dr. J.R. Adams proved to.
be é.dmira.blz suited to the study of larval trematodes. This is the
use of prepared 107 methyl callulose for slowing the rapid movement
of cercariae. Wethyl cellulose is a highly viscous colourless
medium which has been used. to inhibit the mctivity of ciliates. The
actual téchniqde employed is to make a small ring of methylkceliulose
oh tye gicroscogg slide into the cgnﬁ;e of which water cgntaining'
cercariag ié placed.v The two media are then mixed with a probe,
forming a thick syrup greatly inhibiting the vigignt cercarial
movements but wh;ch cenges no distortion or breékage of;ﬁhe'anihal.
An additionally sttractive feature of this medium is that the cer
cariae remain alive in it for a considersble length of time -- at
least two ﬂqurs with most species. As far as can be deterndned,
mgﬁhgl cellhlose has not been used previoudly in the siudy of cer-
cariae. ' u
- Neutnal red has been.fqund to be the most valuable .-
intravitam. dye with all gpeéies-ofucercariang A éolﬁtion of 5
anapsthetizing an§ staining. This cdnoentration-giveé but alfgiﬁt
pink célour yet has the effect of“slowing the ﬁovemént ofAcércariae
within ten minutes, and, invthe same ferigd of time, giving good
differentiation of body parts. Unless neutralfre¢‘is used in this
weak concentration, separation-of tail from body an often complete
disingiegration results. The stain bringé out the digestive system

well in both living and dead specimens. Neutral réd becomes
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noticeably concentrated in the genital rudiments.

~

_ - Qé.x'cariae were fixed accogrdigg to a method suggested. by
Talbot ( 1936 ).  The procedure is to add to the water containing
stained or unstained cercarias an equal quantity of boiling 107
formalin. The other intramolluscan stages were also successfully
fixed by this method.

Drawings were mede in compoéite from live unstained
specigpns“only, using both high power and o0il immersion lenses.
Thé camera lucida was used in drawing quiescent and recently déad
cercariae, while free hand sketches were made from the active forms.
Much focusing is required as the anatomicel features are-found at
all levels of the organisms. For drawing purposes, the flame cell
patterns were best traced in-the methyl cellulose medium. HoWeQer,

lack of time andnexperience hindered a complete and therough apprais-

al of the excretory structures in these larvae. °

Unless othgrwise,spagified, measurements given for cer-
cariae have been made on naturally shed living cercariae in a
normally extended and quiescent state. No ﬁeasgraments were made
on specimens under the pressure of a cover slip; a few were record-

ed for cercariae uniformly fixed by the hot formalin method. Al-
though some digstortion resulted from fixation it gave much less

veariasbility than did the pressure from a cover slip.
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Life Cycle Studiest

The life cycle studies were of two main types
1.) infective eiposure and feeding experiments, gnd
2.) exeminations of maturally infected hosts.
Both were‘designed to determine the first éﬁd second intermediate
hosts and the definitive hostsnof the‘laryal trematodes ét Burnaby
Leke.- The exposure and feeding experiments included Miracidial
Infection Experiments, Metacercarial Feeding Experiments and
Cercarisl Iﬂfection Experiments . |

Miracidial Infection Experiments:

Eggs teased from adult trematodes or washed from the faeces
of adult vertebrate hosts were hatched. Just prior to the hatehing
of the miracidia from these eggs, laboratory-raiged snails were ex-

posed to attack by these larvae.

-

Cercarial Infection Exggriments-

Ducklings, goldfish, snails and a gammarid species were
exposed to attack by allggpecies'of cercariae. The goldfish and
snails were 1abora¢ory—raised uninfected sgecimens..“The ducklings
were 48 hours-g;d when used for infection and were.takeh directly'
from the incubator to the laboratory without the possibility of be-

coming infected by trematodes. Tho gammarids were obtained from
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an ornamental pogd on the university campus which, as far as caild
be determined, was free of trematode infgct:_lﬂon.- Ducklings were iﬁ--
| flected orally by putfing the active cercariase inddripkingwwates. All
the other e§perimentalnho§ts were“exposed by being pk ced in large
numbers of active cercariae for vayying lengths of time.

Motacercarial Feeding Experiments:

The cystic or metace;carial étage ofwtheh;arvgl trenatodes,~
gxcepting furcocercous ?orms,taken from both naturgllylagd experiment <
ally infected intermediate hosts were fed to uninfec?gg animaisv
chosen to act .as possible adult hosts for the worms.u5;§geons, albino
rats, gnineé pigs, Pekin ducklings and goldfish were employed in
these experiments.

Cysts.were obtained by teasing the intermediate snai}!
hosts in a syracuse dish or en a microscope slide. 4n experienced
eye can locate these gysts;yithout the aid of a microscope. They
are then taken up in a clean medicine dropper and . forced down the
throat of ﬁhg expgri@ental'hgst.l Some of the rats and guigea pigg
werse fed metacercariae in small quantities of milk. Several hours
prior_ﬁo this feeding, the animal was kept without food or water
so thet the cysts supplied in the liquid stood a good chance of

being eaten. . v : .
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The methods and techniques used in the schistosome dérma-

titis experiments are given in a following section.

ESa =. .. =

Life cycle data was also gained from atopsy of muskrats,

qnd the examination of naturally infes¢ted enails, tadpoles aml

fish taken from Burnaby Lake.

Cultivation of Snails:

~ Py - — . ——

Sng_.il'_hegg masges collected at Burnaby Lake or from snails,
kept in the aquaria were hatched and colonies _of g_ninfected mollusca
raised for infection experimenmts. In their natural environment
:liheée egg masses are found as long sgusage-shapeg gelatinous masses
attached to the substrata, floating ar'higlgs;,\__blades of -shore grasses
and on the underside of 1lily pads.  In aquaris, the snails lay egg
masses on the glass walls, or as is very often the case, on the
ghells of their fellows.

The egg masses were rgmoved to fresh tap ?{a'ter and kept
a.t...room tempera'tures: AAs the hatching period apgroa.ched, 1arg_e_
c;;ua.ntities of fresh and pulverized lettuce were__"added to the water.

Uninfected colonies of Physa oceidentslis, Phyes of . tra,s.kii,_”?s‘e_udo- —

columellé., Menetus cooperi and Gyraulus vermicularis were cultivated

in this maxner. These molluscg were uged in infection experiments :i~

when three momths and over in age.
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MORPHOLOGY ANDD IDENTIFICATION OF CERCARIAE AND OTHER LARVAL FORMS.

CLASSIFICATION OF CERGARTAE. . .-... -
- = - -Most cercarime have been discovered and described separate-
1y from their aduli forms and have, consequently, been named:seé-
arately. Ag a result, many épecies of trematodes have bgenﬂgiﬁen

two names -g one for.the adult worm and one for the cercaria. For
example, Echin sﬂéArgvolutum,is actually the adult stage gf Cercarig

echinate Siebold. Used in this sense, the term " ercaria" is not a

‘genetic name but rather a group name.. This ladk:.of correlation be-
fweeg larval and»aduithforms is due largely to ﬁhe cogpléxity»gf
trematode life cycles and to the difficully of ascertaining exacily

thege life histories.

411 the specimens met with in thie investigation were at
the outset given a tentative nnge;ical designaﬁﬁon baged on a class-
ification suggested by Luhe in 1009. Luhe's scheme ig still used
by most workers in tge'field.w He divided the cercariae into two
'ga;n groups on”ﬁhe~basis of tail'sﬁructure ;- those which are sep-
arate“individuaISvand thosw wh@ch are joiged iogether by“theéx tails
igﬁq a kiné,of colony.- ?heulatter forﬁs are all garine and are
cglled " Rat;king " gércariae. "The fg%;owing&@s a key gi#en by -

Baylis ( 1929 } and based on Luhe's classification.

4. Cercariae separate:

I. Tail well developed.
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(a) Body retractile within a chamber formed in the
basal part.-- GYSTOGERCOUS. .
‘ "("b) Body not {‘atr‘acfile-v into the tail
e 1. 'raii-got forked. ... .
(a) Tail without bristles. =~ -
(1) Tail when §9_§tractéd nay
be as wide ae;s or ﬁidgr '
than body ;“JcTRHQPAmQ??ch |
C(41) ?ﬁil always cohs-idgfa‘bl:}
parrower than body .-
. LEPIOCERGOUS -
.('b) Tail with bristles ( marine
..o .o forms -- TRICHOCERCOUS .
2. Tail forked at the +ip —- FURCOCEREOUS .

e

II. Tail stumpy or absent.

(a) Stumpy ~- MICROCERCOUS .
(b) Tail not developed -- "CERCARIAEUM".

L e - — . -

B. Cercariae joined by their tails into a kind of colony -~

RAT-KING CERCARIAE.

¢ e e -~ - e e

The classification of cercarime is:still very much in a

ptate of flux. Séveral gchemes have been suggested in recent years
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but data on cercariae is etill-too meagre to allow for the adoption
of any oue system. ‘Lebour (1912 ) quoted by Dawes ( 1946 ) présent;
ed a classification which lays emphasis not on gtrueture but upon the
mode of sorigine. Thg mﬁin divisions in this‘clasaificaﬁion are baged
on whether the. cercariae develop in sporocysts or-redige. ghusgit
is a scheme based on life history, since subdivisions are made on

tgpe of final host.

— = - =

Faust (“;924 ) suggested a cercarial classification based
on those structural systems whiéhﬁarg least modifigd in the‘cbgrse
og-develogpent. Of all classifications, thig one appears to have *
had the largest following. However, theie_has been much doubt ex-
pressed by gec?nt workers as to the rgliability of using the excnet;
ory system as a basis of cercarial classification. This is due
meinly to the apparent inconsistencies in the flame ¢oll ¥ formulae"

and to the fact that " accurate tracing of the excretory systeme of

cergagiae m—e-oe---ig exceedingly défficglt, e&gn with guitable
apperatus and. abundence of.living material" ( Harper, 1929.)
Stunkerd ( 1929 ) is also of the opinion that the excretory system
is not an infallible pguide tg‘the-diagnosis of trematbdes. In some
forms, he ﬁoinis out, there are differences occurring within one
family and many show excretory systems which have gdditiona to them
in passing from the cercaria to ths:adult_worﬁ. Dawes ( 1946 ) sug-
gosts that the cercariae be arranged in ratural groups on the basis

of this change in the number of:excretory ducts and flame cells.

However, Brown ( 1926 ) is of the opiniom that such an increase in
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number may be " an expression of the phylogenetic needs of the
organism, and éimilarity in the number of excret'ory units in a group
or of groups within the system, the result of cohﬁergence in évolut- ‘
ion and not necessarily an indication of the phylogenetic relation-

ship."

_ Dawes ( 1946 ) concludes that the flame cell formula or
pattern does not necessarily denote phylogenstic relationships and
may gétuall‘y give a. false impr“,e_seion. of re_lationshiﬁl -Errors uay

~ arise.from too implicit a relimocg on one set of organs, Porfer '
( 1928 ) mentions further complications arisingfln the attempt to .
classify ceroariae. wopR a.dd:;t:.onal difficulty haa accrued,
va.nous workers on adult flukes differ among tnemselves as to the,
exact status of gertain groups, w:.th. th__e_ :esult th&t grougs ‘®n-
sidered as sub families .by one wp_rker,"s.re given fgmily x'fank;:by__,_
other w?_rkérs. In such circumgtances mo classification of larval
flﬁkes at present can be reaiiy -satiefact\ory." .

--

Nanihs a#id Tdontifying the Cercariae Founds D

As mentioned prewfibusiy, -tﬁé‘“cércarig.ev ﬁie;hv. ‘with,‘in this
study could not e:!; the outaet be attr:.bnted w1th any certam'ty on
solely morphological grownds to known adult trematodes . Untn.l pos-
itive identification éogid -be made'bhey were;:gi?en the tentative
designations " E«. 1"and " E.C. 2 " far the echinostome forms,

X£o1 " and " X.C. 2 " for the "xiﬁhidiocercarias and "-F_.C sl

and " FCo 2 for the two furcocercous specimens. These names
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have been followed throughout the text.

In the case of " E.. 1 " positive ldentification _has; .
lgeen;fpossible by means. ofndiregt feeding experimegbs_._‘ On t}}e basis
o{ SoOmMe gross gorphoiogica.l foatures, the other 1arval trepp.todes
have_.‘been comparedwgith forms describeg in the literﬁture‘ ap§ g:fxxen
tentative identifications.. These comparisons were made on the basis
§f body size, presence or absence of spines and.finefalds, :gmmber of
penetration glands and rﬁethods of swimming and attachmept.

. The larval trematodes described all fall within the dis-
tome grouping, those which, like adult digenetic flukes have two
body suckers with the ventral one always distant from the posterior
extremity. Mbrelspecificallly, the corcariae belong to the lepto-
cercous and furcecercous.subdivigions of Lithe's classification,
Lgptooezfcoug. cercariae have tails which are straight, slonder and
narrower than the body. The echinos‘toz;les‘._‘beigng to. thig grouping
and. are characteristically provided w}thé a hgad collar e;nd a corgnet
of gtout épines. The xiphidiocercar}_ae are‘ also in this g{oup:, and
h‘ave‘the anteriorrnen’(‘in provided with a stylet or boring organ. :The

furcocercous forms have a narrow tail which is forked distally.

Echinogtome Cercariae.

Two larval trgnﬁ'bbdes shed by the Burnaby Lake Mollusca
bélqug to the echingatomei_group Of‘; cergar-ige. Thgy gave- been so

identified by the fact that they have a head collar armed with
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spines. Specific identification has be_eg_”baaed ons_‘tlge munmber apd
arrangement of collar spines ,ibody sizg agd the character of the
tail, viz. the presence or absence of a tail fin. The flame cell
pattern, or fgrmul?:, was studied in some deta.islz ip each case bu.t;__ .

inexperience and lack of time preventing the gathering of full data

on the excretory systems.

':!.‘I_m Qiff“erence_:betwegn_,;E e 1 and E.g.. 2:"5,111 body size,
nunber of collar spines and character of the teil are sufficient to
regard them as separate species. In this respect, Beaver ( 1937 )
states_v_'bhat;_c*e'rcariae 6f the genus gchinoat cnata " exhibit few
spacific charaogers:.bg w}'}ich they may beﬂ distinguished oM Howg_ve’ra
the morp}qologigal d_gta___:baken gn;;“these two echinogtomes would appear

4o indicate thatithey are separate species.

Echinostome Cercaria No. 1. ( Plate I ).
Morphology
Dimensionss ( Average of 30 specimens ).

1

Body Length ' 04420 mm.

_ Body Width - ©.095 mm.
Tail .Leng‘th: 0.410 nmm.
_Tail Width . 0.038 mm.

Diameter ventral sucker 0.049 mm.

This is a relatively short cercaria, with a spadellike
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EXPLANATION OF PLATE I.
E.C. 1

General morphology of E.C. 1. x 200.

Head region showing arrangement of collar

spines.
-~ Freehand sketch of cercaria swimming,
showing position of tail dorsal to curled

body.'

Metacercaria, with collar spines visible.

Metagercaria, with collar spines visible.

x 200.

-~ Body in lateral view, showing ventral
position of oral suqker and extreme protrus-
ion of ventral sucker. x 100.

-= Cercaria contracted in swimming, with anterior
end curled ventrally. x 100.

-- Redia containing cercarise. x 100.

-=- Redia. x 100.

10 - Extended cercaria.
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body gnd a stout tapering téiiy When contracted the body varies
from 0.140 mn. to gﬁ extended 0.525 mm. The tail also.varies much
in size with contraction’andLgxtension, from 0.0%6 mm. to .6?9 mn.
at tpempasal section. Generally, the head and tail °an¢b° rega{ded
as equal in length. The body is most usually rectangular in shape,

becoming somewhat leaf-like when contracted and long and slender

when extended ( Figs. 7 and 10 respectively:)

.~ .

The most prominenmt features of the bodyAare the two large
suckers ( 08 and vs ) situated anteriorly and midQﬁentrally. The
ventral sucker lies in the posterior ome third of the body. It is.
}argef than the oral sucker and(ia exceedingly protrugile, pgojecting
at times the thickness of -the body out from the ventral surface
( Fige 6 )+ In lateral view the oral sucker is seen to open ven-
trally ( Fig. 6 J with the oral opening extending in a postero-

dorsal direction.

— e

. The digestive system begine with an opeﬁing inﬁthe gral
sucker and extends to the ventral sucker where it bifurgates and
contimues to the posterior extremity of the body. A pharynx is

obvious at the level of the lappets.

The anterior collar is pro?inent and bears 43;or 45
spines ( Fig. 2 ). Due to the overlapping of the lateral group of
spines, the exact number of collar spines remeins in doubt but-most
counts gave the total numPer as 45. These collar spines have the

following errangement -- a group of 4 spines in two pairs on each

Lommty
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lappet which are bordered By 7 or 8 unpaired latera} spines. The
integyenigg“aeciiog is filled by a grgup.of 21 dgrsal spines. The
dorsal set are arranged in two alternating rows and éjye these
spines the appearance of being:_grgupeg'ix in staggered pa.ﬂ:v"xvrs,‘_"i 0o an
oral gpihgiﬁiécedjﬁﬁ%qriog to_an aboral spine. Tho orals appear

slightly larger than ths aborals.

B Collar spination shows up to best advantage after the
death of the cercariae and in weak neutral red gtain,_when the
spines appear as-clear unstained areas, with sharp black borders,
Smal{ cuticélar spines are visible under high“pdweg on the antgriqr
@orsal surface. These body spines e#tgnd to at least the midway
point between the two suckers. No spines were observed on the ven_t'-

ral surface.

L The excretory system can be only indefinitely described.
It appears to be made up of two lateral ducts running from the post-
erior extremiﬁy to gt 1ea§t the,%evel of the oral suckgr. Frqm
tgese ducts many small branches arise. An extensiog of the system
can'bg seen running into the basal portion of the tail ( Fig. 1 Yo
Several sceattered f%gma colls were seen but the presence of 1arge‘
cystogenous ¢ells makes the examination for these cells very diffi-

cult, particularly in the region between the two suckers

The tail can very readily vary from a short stubby struc-
ture to one long and slender, tapering to a point distally. No fin

membrane is apparent on the tail. A distinctive feature of the tail
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is'the presence of " noteches " or indentations along.the edge
g Fige 4 ). The notches are most progihent in the basal portion
and expecially when the tail is contracted. They disappear when

the cercaria is in meutral red or at times when the tail is extended.

The Intramolluscan Stages:

Redia ( Figs. 8 and 9 ).

' - The .rediae vary greatly in length. Those with birth pores
range from 0.29 mo ¢ to 1.05 mm. long, and 0.10 to 0.19 mm. w:de.
The diameter of the pharynx averages about 0.114 mm.‘ The birth
po;e ( F?g. 8.i, is in the posterior quarter and is best seen.when ’
tﬁe;feéia is in proflle. No such pores.are evmdenﬁllp the small,
immaiure spéqimens.mAMost of these }arvae-are-pigmegted-with rust '
coloured pigmgnf gramles. Gthfrs are filled with an gﬁen}y-distrQb-
uted Iigh{ bfown pigment. The gnterior end is more trangparent. than
the rest of the body and appears tq be marked off from- the remainder
by dindentations. In;thiﬁ reg&on the~mgscular pharynx;is very cone
sgicuogs, both.in gmall and large rediage In scmél a short

paccular ggt ;s v%si@le,extending only. a short distgyce goateg?orly.
These rﬁﬁiae-appeag to be covered, in the ﬁnter}or half at least,
with small cuticular spines ( Figs 8 )+ Many of -the larger forms

were observed to contain mature cercariae and a few possessed en=

cysted metacercariaee.
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Metacercaria ( Fig. 5).

The cyst of E.C. 1 is small, circular and transparent. It
is-bright yellow in colour. The cyst wall -is thick, . clear and o"b‘-
Yiou‘é formin_g conce.rgtr;_l.c girclee. The outside diameter averages
0.167 m., syowing:a variation of from-0.155 mm. to 6_,'171 mn. The
wall is 0.016 mms thick. Collar spination can be clearly seen eg-
pecialijf under a sover slip“ using h:.gh power or oil immersion lenses.
Portions of the excretory system can also be geen, but eince the |
larva folds over on itself within the cyst, a thoréughv tracing-of -
ducts is exceedingly d.’Lff::tcn.ﬂ:t:.~ -C'ygts are found aingly or in ciumpa
of up to two hundred in mumber, located most ’oftén in the liver of the

the infectéd snail.

Behaviour Datat

 Swinming

~ - .

~ Thege ce_;::cariae are very active gwinnners.' T?}e'y appear in
‘the water to be small, white objects with a nebulous lashing motion
of the tail surrounding them. Actually, the body is coiled vent-
rally. ( Fige 3:_) and propelled by the vigourous leshing of the tail -
‘ vvvrl'n‘.e.:h‘“a.t:rlz_i_on‘‘<3a.n®be~ observed without the aid of the microscopes

They appear to favmg_r the deeper water in the aquaria. On occasions
when the water appears to be free of them some-can often be seen

swimming very close to the bottom. When not swimming actively, as..

for example when under the pressure of a cover slip, these cercariae
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resort to creeping along the substratum by means of ‘alternate a:l':tacﬁ-
ment of anterior gnd posterior suckers and elongation angl;.rcontract'-
ion of the body. Iin‘.'aged or injured specimens when the tail becomes
detached from :l'fhg head,',"creeping becomes 'tﬁkfe n__sole means of loc mofion.’
This creeping Activity also seems to be charaéteristic of moribund

cercarias.

Longevity:

-

) E.C. 1 is a relatively short lived larva, but hes on ome

o‘co‘a.sion been shown to be alive é_.nd»activg t?@ir'ﬁy hours after ép}é:‘g-

ence from the .sna:nl“l, --In this experiment a .:I:arggi.‘P-hysa ocgidep_talis

shedding Ec. 1 was regioved from its shell and p]%edbin'?)taﬁ watgr.
The cercariae free in the teased liver tissue were found to be active
thirty houps later. Gerg‘aria.e within the rediae g}so. remain active
for this length of time although their movements are slowed consider-

ably .

Tdéntificationt

The most agcurate -spine counts on E.C. 1 give tge. mnber

as being 45. This, along with relative body proportions.and other

morphological features gives the cercaria much resemblande to

Cercaria echineparyphiun recurvatum as described by: Harper ( 19’29”) -
There is mo great discrepency in the .body lengths .of the two larvae,

however it must be noted that the me asurememts given for. G. echino-

paryphium recurvatum are from fixed specimens while those for E.C. 1

are from living forms. -The comparison them, must be but a genmeral
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one. -It waﬂsw’ffc’)ﬁ"nd, however, that carefully fixed specimens of E.L. 1
were consistently smaller in size than the living forms so that the
difference ig body sizeg mentioned above not as significamt as it

would first appear.

Hexper's description of his cercaria as uhaving a prominent
collar around which there is an igcomb,l_e’tg circlehof‘43-45 collar
spines agrees with ';‘:.C. 1.:_;Bo};_h also have the-:or_a:l s_pineé very
slightly shgrtgr ‘than the aboral spines . Cuticular spines pgsteric.:r
to the collar and continuing to about the 16vegl of the ireétral .
sucker is also fgund in both forms. -Thg po»sitip_n and re}éfive siie
of the suckers, a preminent mugcular pharynx, tail eize a.nd“st.ruc'-
ture, a.nd structure of oesophagous a.nd gut are also ident:.cal in

EL. 1 and C. Ech:.nogarmhmm recurvatum.- Incomplete @ata on the
excretory system for E.C« 1 made a comparison on that score mposs-
1ble, however, the conspic:.ous elements of this sys'bem in E.G 1. |
agree with Harper's description in that the exeretory vesicle is &
single lobe g_.nd spherical, connected with two lateral collecting

tubules and a single tubule from the tail (Fige 1 ).

- .o

- The regemblance between E.C. 1 and C. Echinppar'y;ghiux_n- :
recurvatum is found also in the structure of the rediae, eg;cept in
regard to the small, and apparently, younger specimens. Harper

describes the latter as having a pair of _mobilejlﬂé.teral ambuletory

processes not observed in E.0. 1, The failure to note these for

E..C. 1 may have been due to a lack of detailed study of the smaller
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forms. Both Eadiae have brown pigment, a large pharynx, thick

cuticle and lack of movement in mature specimens.

-, - i - -—

C. E_c:hipoparyphium recurvatum, which:__has a dismeter of 0.1l mm.

and a wall 0.015 mm. thicke Encystment og_éurs not only in the same

species as with C. Echinoparyphium recurvatum but also within the same

hest in which the cercariae develdps.

Echinostome Cercaria No. 2. ( Plate II. )

Morphology -

Dimensions: ( average of 30 specimens ).

!

- - 2

BOdy Leng'bh 0385 mn.

c _ Body Width 0.098 mm.
Tail( Lenghht . 0.420 mihe
‘Tall Width 04035 mn.

Diameter of vertral sucker 0.480 mm.

U'nstaineé speci.mené of thesg cercariae are ye}low.hin
colour. When mrmglly extended, the body is long and naerrow. It
ig extremely contractile present?‘fzg a grgat varj.ety of sl'x‘apes and
sizes ( Figs « 8 9 10'_)' + Contraction tekes place gseparately in
the portions anterior and posterior to the ventral sucker. The
body varies in length from a contracted 0.190 mm. to an extended

0.570 mm., The teil is also very contractile, elongating from



EXPLANATION OF PLATE II.

E'C‘ 2

Fige 1 --- General morphology of E«C+ 2. x 200.
' Fige 2 -= Lateral view of body, showing protrusion
| of ventral sucker and ventral folding of

edges o -

Fige 3 -- Head region, showing arrangement of collar
"spines.

Fig. 4 == Cercaria in contraction, with pronounced
collar region.

Fige 5 == Structure of tail and fin fold.

Fige 6 = Metacercaria, showing curled worm and‘distince

| cyst walls.

Fige 7 --- Camera lucida drawing of two attached cysts.
Low power. o

Fig. 8y 9, 10 -~ Various shapes of active cercaria.

Fige 11 -~ Freehand sketch of Redie conteining cercariae.

Fige. 12 -~ Redia with cyst.
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009 mms to 0e65 mm.

The anterior collar and spines are fairly prominent .

_(_ Fige 3 )« The number of spines counted was not consistent, the
average count being 37. This variationvin collar spine number is
due to the digficuity. in determining exactly the number of over- ..

lapping lateral_ spines. Theﬁ_ﬁa.rrangemerrt of collar spines appear to
be as follows -- 5 on each lappet or ventral terminationof 'bhg
collar, 6 alternating lateral or corner spines;_and 15 in two é&@:"ez_-'nA-
ating rows on the dorsal surfase. As in the case of E«. 1, there
is. at least an_apparent difference in the size of fhesg altgrna.tipg
spines, the.orals being slightly shorter than-the aborals, as with
E.. 1. The difference obs‘é’rired here may be the result of different

engles of ingertion.

Smell.cuticular spines appear to cover the entire body --
surface. They are especially obvious in the shoulder r_e_gibn, just
posterior to the collar. Theée cﬁticular spines are small a‘nd--ix;-
conspicuous and -can usually be seen under high power megnification

only, and in lateral view.

The body suckers are large amd prominent, and of approx-
imately the same size. The vemtral sucker i715.n the posterior one

third of the body.

The digestive system begins with,m:l oral opening in the.

anterior sucker. The prepharynx is difficult to trace and leads to
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a fairly prominent pharynx at the level of the lappets ( Fims. 1
and 3 ). The oesophagus is long, bifurcating just in fromt of the
ventral sucker ( Fig. 1 ), with the two intestinal caeca extending

to the posterior/of the body.

B Penetration glands E;e.best seen in stained specimgns .
They are in two groups, lateral to the gésophagusgland¥are 10 or
possibly 12 in number. Although the glands are large and prominent
in stained specimens, the actual number present is somewhat obscured

by overlepping cystogenous cells.

The contractile excretory vesicle is inﬁtwo parts, one in
front of the other ( Fig. 1 ), in the posterior of the body. From
this organ two ducts extend anteriorly anmd a single duct enters the

basal portion of the tail.

The fleme cell pattern is difficult to trace in this
cercari?!, principally because small.vibraﬁile portions of the ex-
cretory ducts obscure the flame celis. Flame cells were seen ex-
tending from the region §£4thg vesicle, lateral to the ventral

sucker and anteriorly as far as the oral sucker.

The tail is long and slender, usually longer than the
body. A fin gembaang or fold-is present on this“structgre. Since
the fin membrane arises vertically from the dorsal surface of the

teil, it is not always clearly visible{ Figs. 1 and 5 ).

The ’tramoli&%gan Stages:

. N\

~
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The Intramollugcan Stagegs

Redis and Deughter Redia ( Plate IT, Figs. 11 and 12 ).
. Almost invariably the liver of the snaiis infected.with
rediae and;dagghter rgﬁiﬁe“of E« . 2 are orange or _brown in colour.
These:rediae are of variable shapes and sizes but are2generally ‘

elongate.

ia

Mother rediae measure oﬁbfhe aﬁerage 2.3 mm. by 0442 mm.
In some forms a short sacoular gut is vié?ble; as we}; asga_birth;_,
pore.near the poste£i€f extremity . ‘Anbu;étogyiéppgeéégsvarg;esffnﬁ
peciglly prominent in smaller forms. The pharynx measures about
q.lzglmm. in large sgecimeng. No flame cells were égen.; In many

ingtances these rediae contained encysted cercariae and active

cercariae.

- ?he red}aa are capable of slight independenﬁ_movemsnt.

It is probeble that this movemenmt, combined with the'appefite of the
larvae, cause the damage to the liver. of the snail host. The dig-
estige gland of many snails were found to be completely replaced by

rediae.

Metacercaria ( Plate II. Fig. 11 and 12 ).

The cyst is comparatively large and perfectly round, with
the outer and cyst walls forming concentric cirecles. Under high
powei the young trematodg can be seen curled up with the ventral

anterior surface in contact with the ti@ of the posterior emd.
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Groups of up to 40 ~ 50 can be found in the infected tissue of the

snail.

Behaviour Datat

Swimmings

; The s:.ngle tail in ra.pzd movement crea-bes the appearance
of several flagellae‘:.n: motion around the cergar:.a. Under the mic-
roscope the body is seen. to be strongly contracted when sw:me:.ng.
The tail is also somewhat contracted and lashes about close to and
darsaillyw'bo the body. ',’Th:.s cercarla/ g_{ould_ﬂappear to be sw;;m;xg:ng
on its back. Periodically swimming ceases and the body is stretthsd
or pushed out. At this time a creéping movement may be commenced
along ’_b_he subgtratum bX, means oﬁ ‘the two body suckers. The bgdy_ié
alternately sf:retched _a:ndv~ contracted in the regions anterior and
posterior to the_bventral__sucker. There appears to be no definite_
attraction to snail or tadpole hosts. Contact with the hest ap?ears
to be random, but once contact is mg.de swimming usually ceases and '
cree‘p_i"_ng begins, efiits*Ei6. 1 they appear to fafog_r 't.hg-i_‘bottom“ofh
the aquarium, where they can be readily detec{ed as opé.que, péarl¥

like oﬁjects .

Longevity:

The 1ife os these .cercariae was found to be ralatively

short, being about 18 or 19 hoyrs.
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Escape process from Snail Host ( Pseudoguccines columellgx/;.
A . - A

The emergence of mature E.C. 2 from the tenmtacles of a
Molluscan host was observed. A description of the phenomenon is
thought of value since, as far as can be determined, no such account

has been reported in the literature on larval trematodes.

".Gercarig?fwgre seenwemgrging from. a large Pgeudosggginea
columella. They appeared in a canal or duct in the parenchymatous
tissue .of the anterior or leading edge.of the broad tentacle. At .
one time five cercariae_were"obser!edhglong_the longth of;thiencanél,
wiggling in .quick movemeptg and grgdually progreesingvtoWQrd the
diﬁtgl opening. The contractions and extensions of body and tail
cyaragterieticfof cregpigg movements were also observed. . W?tpin
half an hour two cercariae had partially emerged fram the canal
opening.body”first while ‘& third made violent.motions tg‘free-itsélf,
proceeding tail first. At the moment the-first.&wo escaped, the -

snail reacted by a sharp contraction of its temtacle.

) ﬂbst cercariae did not becoms free of the host tissue in a
single unhinéeged!pmvement»but exhibited difficultf ih’grggressing
within the cenal and wiggling clear at the opeming. . The tail of the
cercaria"rgmained”attached to the Qgst;tiasue forogome time, yith

the body lashing about freely in the water. Whenever cercariase did
escape quickly from the canal the tentacle of the snail contracted

Sharp:LYO
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Forty-four cercariae were seen to emerge from the tentacle

in a period of 1:1/2 hours.

Tdentifications

In gross mgrphology at.least, E.C. 2 closely resembles

-

'Ggrcgri§} echinostoma revolutum as described by Beaver ( 1937 ).

Obvious features of collar spination and gemsral body size exhibit

particular similarity.v The description of C. echinostoma revolutum

as seen by Beaver has ézycollar spines in an arrangemsnt identical to
that of E.C. 2. A comparison of excretory systems is impossible '
since camplete data gaﬁ/hot obtained for E.0. 2, but the information -
that was gathefed for this systgm~indicates-t§gt the”generaliarrange-
ment of the system in both cercariae is similar. Beaver ( 1937 ) in
discussing the difficulty of obtaining. complete dsta on the excretory
systems has thig to say, " After }ong‘and tedious study on the ex-
cretory systemsand so called é'flamé cellhformula" or " pattern¥ of
this and other species, I am inclined to agpee with Wernberg-Lund
( 1934, p. 81 ) that while it is an admirsble agbition;if is dlso.a
practical failure, and I must confess with him and Tubéhqui ( 19§2 b)
that I cannot with absolute certainty determine the number Qf Ilame

cells in the species."

The rediae and daughter rediae of E.C. 2 agree in detail

with the description given by Beaver ( 1937 ) for C. Echinostoma

revolutum. However, Beaver ( 1937 ) does not mention finding cer-

cariae or metacercarise in the rediae of C. revolutum. This is a
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point on which several workers have disagreed. Faust ( 1917 ) for
instance reported that cercariae did not encyst while still in the

redias.
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FURCOCERCOUS CERCARIAE .

o~ PR -

The furcocercous cercariae have long forked tails into
whigh the body cgnﬁot be contracted. Tgey usually develop invsporo-
cysts. Luhe separated 9 forms on the basis of presence or absence
of eyespotsy character of ta@l and furcase, nature of gporocysts:and
upon hosts. H.M. Miller -( 1926 ) devised a classification of these
cercariae which has become widely used. He subdivided these cer-
cariae into " pharyngeal " and "”e.pharyngea.l". Bach gf these groups
were ggbdiviagd into ® brevifurggte", those with furcae less than
helf as long as the ﬁail“steg, and %pp " longifurcate", those cer-
cariae with the furcal rami as long as or longer than the tail

gtem.

FURCOCERCOUS CERCARIAE NO. 1 ( Plate IIT ).

Morpholog

Measurements ( average of 30 unfixed specimens ).

P

- Body Width- 0.030 um.
Tail g_tem Length : 04247 vm.
Teil stem Width 0.038 mn.

Furcae length . 0.228 mm.

. This cercaria is shortnand relatively stout in gemeral appear-

ance. Unstained specimens are deep yellow in colour. The elongated

body is about equal in length, but marrower than, the tail stem.



Fig. 1

Fig. 2

Fige 4

EXPLAVATION OF PLATE IIL.
F.Co 1

General morpholoéy of F.L. 1. x 400.
Diagram‘of body region of cercéfia, showing
gsome of the flame cells and ducts of.the
excrotory system.

Anterior region, showing protrusile suctorial
apparatus. ‘

Diagram of cercarie attached to the wall of

aquarium.

Fige 59 64 7 == Cercaria in various typical positions.

Fig. 6 shows position of cercaria when

floating. '

Fige 8 -- Body region in lateral view.

Fig. 9 -~ Sporocyst containing cercariae.

Fige. 10 - Immature cercuaria teased from sporocyst.
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The body is very comtractile, becoming at times a rounded bgl;‘;
( Fige 5 ) anterior to tneﬁpon-contgactile tail steg. The anterior
end is”provided with an-ogalusuctgial pouch which can be iﬁver}ed.
The. oral sucker is terminal anteriorly; the ventral sucker located
Just posterior %o the centre of the body. .One or two rows of short
stout spines surround the concavity of the ventral sucker.:As far as
could be determined, thgre are gix pairs of penetration.glands,;fthree
( in 2.groups ) in the;antefior region between-the two_ suckers and
posterigr towthe ventral sucker. IPGY appear to open at the agterior
tip by at least four ducts which pass through the anterior organ.
The d;gestivg system begins ﬁith a mogfh theat opens on the anterio;
ventral sur{ace,_surroun&ed by the orsl sucker and connected with a
}ong Oesopyagus yhich bifurcﬁies at¥the,lqvel of theEventrgl sucker
and terminatgag-a short distance posteriorly. VTWO:vacgole-like

structures in the body region between the two suckers are prominent

and are considered to be unpigmented eyespots.

- ?he excretory system has begn only partiallyriracgd.
Seven flame cells can be counted on each side running laterally to
the vemtral sucker. 4 prominent bladder or excretery vesicle is
present in the posterior end of the body. Two ducts pass from the
vesicle into the tail stem.and ramify betweenﬁthe caudal bodies.
This ramification gxtends the length of the tail stem and for at

loast a short distance into the furcas.

Spines are confined to the anterior cap region. These

small spines extend posteriorly from the anterior tip to almost
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the end of the anterior organ. There is a sharp demarggﬁing—}ine

n

where this spined portion ceases. Neither spines or flagellets
- - s A .

are found in tail stem or furcae.

The tail stem is stout, with strongly notched or.indented

g@ggs, due to glight;and persistent?contracfion.h_Zhiggportioé;ig
Epparently non-cogtrgctile. This structure cogtaing very obvious
and distinctive caudel blocks or bodies which are large cell-like
objects stained deeply yellow. There are 14 caudel bodies runuing
the length of the teil stems. In freshly emerged.cercarime the
bodies are somewhat.paired but this arrangement is logf in older
ﬁpecémena. The fosterior paigs ar?“smaller than thelénteiior'féw
and are cont imous with several smaller boéies gxignaing into each
{ufca. During coqfragﬁioniand extension, the caudal b&diée move ﬁp

and down within the tail stem.

Behaviour Datsa.

Swimmings

- -5 -~

These cercariaé swim by‘means of a vigourous movemght;in
which the furcae pull and the body fﬁ§h§s: At rest fhe”cercariae
appear as small hgi;-like dust particles about 1/32 of an inch long.
They are often inactive gor long periqu of iime ang gink slowly in

the water, with the furcae uppermost and at a wide angle to each

other.



Staining Reaction:
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Neutral red becoﬁeg more concentrated in the body than-in
eithe;: the tail stem or furcae. Wheg; the cercaria is placed E‘En gl_eak
neutral red,.:the“body at ffi:rst contracts into asphere. The cauda.;
bodies disintegrate after a short time, followed by the disintegration
of the tail stem and furcae. The body very often becomes detaghéd
from the tail stem in éeu:b_ral red but keeps alive for as long a time

as those which remain attached.

Effect of Temperature:

_ Experiments were undertaken to illfx_atgatéhth?_ effect of
temperature upon F.C. 1. It was observed that cercariae subjacted
to 25°C. for 15 minutes suffered no effects other than a_ slowing of
body movements. At 1‘3'900., the cercariase ceased swimmings as soon
as the temgerature was lowered touégoc., gwiming:,~recomenced.'
Activity was renewed alﬁ_q when the temperature was lowered to §'5° C.

after being a-l:“40°c. for approximately 10 minutes. The ceraariae

died in water at temperature 54°C.

)

Effegt of Light:

These cercariae are pogitively phototactic. On several

occasions the cercariae were observed concentrated in the top 2 inch-
es of the water after the aquarium had been under a lighted lamp
far 10 minutes. When subsequently kept for a few minutes in diffuse

light the cercariae became evenly distributed thrcmghbnt the water.
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The Intremollugcan Stage ( Plate III ).

The §porocys'b,:’

The.sporocysts of F.C. 1 are very long and slender, }vith
liftle modification. Cercariae in all stages of development. are
found in the sporocysts, from the rudimentary ‘bu}bous 'peg_im;ihgs to
the mature active cercariae. The spogocygt averages 10-mm. in length,
vaf'ying greatly from 5 to.12 mm.‘ It averages 0.20 mm. in \fii.dth.
l}'@os@‘ have light brown pigment concentrated in the pg;'ipheral regions
as a dark narrow border. This pigment is found in a losger degree
throughout the larva. Macroscopically, and as seen through the thin
wall of the digestive gland, the spofocysts resemble small. c-estodgs,
being» _1ong slender and cream cg;l.ot_{rgd. Thg liver or digestivé gland
of snails infected with this larva are usually in a gg__z_'_;'_e_c}_:condit.ion
but are not as strongly pigmented as in. the case of snails infected
witl_x'.the Echinostome g.nd x:‘fphidiocercaria.e.. The genital pore is

relatively large, located about 0.133 mm. from the posterior end.

It averages 0.098 mm. in diameter.

There appears to be no localization of cercarial develop-
g}enh in thesewspor-ocyg_ts. Cercariae\_of equal maturity were observed
at both ends as well as in the cenmtral portion of the sporocyét.

These sporocysts are capable of independent movement.

Identification:

The identification of F.«. 1 must remain, as previously
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stated, 1arggly in doubt. It possesses features in gammonhwith
several striggid cercariaeaga’ﬁescribed in the {iterafure and yet
has others that do not permit it to be specifically likensd to any

particular one.

_ The bgdy“dimensiong place it in-the group of longifurcate

pharyngeel cercarime under Faust's classifications. F.C. 1 resembles
e e . A i T . - .- .

Ggréari%é.ddhema, Cort and érackett (:1937») in general aﬁpeéragce,
having smél} sgines at the anteréor extremity only and with‘a ia{ge
mmber of ceudal bodies in the tail stem. Furthermore, C. dohema
poesésées th very large unpigmented eyespots in the anterior of
the ypdy which ere not present in F.C. 1. Another strigeid with |
candal bodies almost idemtical with those of ¥.C..l in shape and
mumber is G. okobo ensie,.Br9oks ( 1943 a ) a species taken from the
Iowa Lekes region. The "-notched " or igdented appeafance of the

tail stem is apparent in both these cercarims.

But, the Kesemblance fails sinece the body and furcag of

C. okobojensis are almost entirely covered with spines, whereas ..

F«{C. 1 possess spines at the anterior tip only. The tail stem of
the former cercaria also has flagellets projecting from it, struct-
ures which were not observed in F.C. 1. A,similarity to C. ramee

Dort and Brackett ( 1938 ) ceases because 6£“the“;ack of spination

in F.C. 1.' C. pseudoburti, Rankin ( 1939 ) appears to resemble

very closely F.C. 1 in body size but again the lack of spination and
character of thd c¢audal bodies of F.. 1 would appear to give it a
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status of its own.

It.seems highly probable tha£ this cercaria, like the
forms mentioned above, is the larval stage of one of fhe:holostome
graup of trematodes, of.'t‘the Family Stfigeidae ,Railbgt, 1919 ( syn.
Holoatomé&ga Brandes, 1890 ). The adult worms are found in the gut
of many birds. The cercariae commoﬁly encyst as ' -tetracotyles or
diﬁlostomé in the flesh of fish. Several_attégmtg were ma@e to in-
féct some experimental hosts with this cercaria, andivwill bé @is;
cussed iq e following section. Of the cercariase digcuésed:above
which bear a resemblance to F.C. 1, C. ranse, Cort and Brackett
( 1938 ) has been -reported to be able to produce diplostoma in tad~-
poles, causing‘a fatal bloat disease. This feature of forming ene
cysted larval holostomes-in vertebrate hosts is apparently not
common to all Strigeiddesimilar in appearance,-since none of the
experiments performed with F.C. 1 were successful. Rankin ( 1939 )

was also unsuccespful in attempts to infect may f£fly and dragon fly

nymphs, gammarids, tadpoles, fishes and mice with C. pseudoburti

Rankin.

FURCOCERC(US CERCARTAE No. 2 { Plate IV ).

Morphology:

Dimensions ( average of 30 unfixed specimens ).

Body Length 0.385 mm. -
Body Width - 0059 1nm.



EXPLANATION OF PLATE IV.

F.€. 2

Fige. 1 -~ General morphology of cercaria. x about 400.
Figs. 2 and‘3 ~~ Various shapes of anterior suctorial
apparatus.
Fig. 4 «- Diagram showing protrusiﬁglity of anterior end’
and terminations of gland ducts.
Fige 5 =~ Diagram of tail furcae, showing flagellets of

the fin membrane and terminal excretory pap illae.

Position of cercaria at surface film of water.

Figo 6 -

Fige 7 -= Lateral view of body region showing protrusion

of ventral sucker.

Fige 8 -~ Sporocyst.

Fig. 9 =~ Distal portion of caudal furcus of Cercaria
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Tail Stem Length . 0425 mm.

: ‘:"'I.‘a.il Stem Width 0.052 mm.

Furcee Length . 0285 mm.

T . - $ - - o . o 5 .

F.C. 2 is a long apharyngeal brevifurcate gistgmate_cercarielg

closely re/e{aem‘bligg the merbers of the Cercz_a‘_r‘ia elvae, gﬂilier,' 1923

...

group. The body. and tail stem ai;ef_}“'r;l"&_rrow,' “the fureal rami stout amd
taperihg to a sharp point. In a normally extended co'h&ition ths body

is slightly narrower than the tail stem.

FONN

The most prominent features of the anatomy are two dark
pigmented eyespéts located approximately 0,020 mm. apart and situated

one third of the body distance behind the anterior sucker.

~ Another characteristic andf.obvions;-‘-;i;ea@ure of FuCo 2 is
the large "oral bulbous" ( Faust, 1926" ).,“_in which is found the ent-
erior suctorial apparatus. This head organ egc_tends sbout half way

between the oral amd ventral suckers_.: The gral\ bulbous replaces

the suctorial disc of other distomes and is actually a suctorial prob-

oscis ( }i‘igs 253 and 4 ), The large tortuous cephalic gland ducts
open as four spine-like projections from the anterior tip of the
cercaried ( Figs. 4 and 7 ). The glands themselves are situated

posterior to the ventral sucker.

The digestive system .consisf_s of an incomspicuous tube
which appears to bifurcate and terminate just anterior to ths ventral

sucker. There is no pharynx.
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~ -The ventral sucker is small and extremely protrusile,

often projecting out from the subintegumentous tissue ( Fig. 7 ).

The_,.excretory system he.s;”been incoinpletely tr\a:cedgt- At
least three main excretory ducts can-be seen, two run laterally to
the ventral sucker from the i'egign of the‘ an‘_bericsr organ to the ex'-
crotory vesicles The third appears to run dowg thg ;nié-lige ofihhe
body. __Exc_x:e-!;ory ducts exten§ thrgugh the furcal rami ang' aﬁparently
terninate at the excretory papillas ( Fig. 2 ). In ubstained cer-
cariae f}}e vibratile portions of the ducts, and the flame cells then;-
selves, are pink to mauve in ¢olour. The body is enclosed in a rel=-

atively thick, obvious body wall.

The tail stem possesses few distinguishing features guch

as were present in the:tgﬁ:l stem of F.C. 1. Ng caudal blo,cké are

present in E.C. 2+ The tail stem is non-c&ntra.ctile.

The furcal ram are s{_x_ort s gtout and stfonglg pointed.
They are highly comtractile.. Transparent furcal folds are seen
under high power. An obvious excg:éjhory:papilla; 13 found at the tip
of each ramus. The furcal fold gvan;_“f:est be seen under high power or
0il immers_:’:on ogly when the fugca.e are 1n contraotign. in thi.si cone
ditiom, fla.gevllat‘s., appearing as 1gng <_i_arl§ lines, can be seen project-
ing from ‘tye furcae. These would appear to be creases in the re-
laxed furcal fold. The flagellets are 0,010 mm. '_"logg_. ‘_Ungl_e-r low
power megnification thew‘cerm_i_.'na}_ excretory pggillag» appear as curved

spines on hooks . The papillae are flexible terminations.
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Morphology of the Other Imtramolluscan Stages: Plate IV. Fig. 8.

Sporocysts: .

-

e 4. owo <.

] The sporocysts are long-and stringy in appearance, and can
be -readily detected within the infected portion of the snail. In_del-
teil they are similar to :t_he‘_,_spprbcysts of FuCo 1 and characteristic
of -the. schistosome group as a whole. They are capable of independ-

.ont movement .

Behaviour Datas

Swimming:

This- cercaia is a powerful swimmer. In swimming. the
tail is foryard]zy directed: In a diffuse light the cerca{iag tend
to concentrate at the surface. When crawling, these cercaria pro-

coed in messuring worm fashion.

. - e . il = - . oEw

- On many_"ocga.sions theg_e cercariae can be found attached to
"b-he-:wa.,lls“of“the aquarium by means of the ventral st’z_cke'r. This is
a strong attachment, many of the cercariae being unable to be loos-
gned w;i.:th a ;_Qro‘p_e. ;withou'h causing“damage +6 them. ngever, it is not
a permanent attachment for they can free themselves and" recommence -
swiming or creeping. The vegtral sucker only is used in adhering '
to substrata. When floating 'at rest in the wgter, F.+ 2 hang vert-
ically‘ with furcae ﬁppermoat and spread wide apart -’- at approximat‘-

ely 180 from each other.
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- Longevity:

e

Several experiments to ascertaih the longevity of-F.C..é
were ugde?taken.¥ After a large number of these forﬁsgyege-shed from
a Phyes occidentalis, the snail was removed from the,aqpariuh and
the cercarise kept;in tge water éi similag tempergtureAand light'
conditions. At least half of the cercariae were alive and active a£ 

60 hours. All the larvee were dead at 72 hours.

Effevt of Temperature:

— - . -5 L

In several instanceg it was observed that infec?ed snails

kept at 13 - @409,,-shedtput a few F.C. 2. When these snails were
p}acedvin agparia with water at 20 - 21?0?,nthe cercariae were again

shed in great numbers within the period of an hour.

Effect of Light:

Some experiments ﬁere carried out to show%he effect of
light on this cerceria. ZAustrong light-was~plasedcind 67 vant ‘ﬁ%.‘x‘*iﬁm
in a darkened:room. &At the outsei, 8ll F.L. 2 wore swimming in the
topmost 1/3 of the water. . After a period of 15 giﬁgtes in this
lighted conditiony approximetely 99% gf the gerpériae were observed

ewimming in the bottom 1/3 of the aquarium water.
Identification:

Primarily the identification of this cercatriap has been

made on the presence of body size, number of penetration glands,
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spination, and the Fresence or-.absence of eyespots and gtircal folds.
On thispbasis F«{. 2 appears to ‘bear . resemblance to Cerce.rla.e
orggmnensis, Macfarland and Macy ( 1946 )y Co m:Lller:L, Faust ( 1926 )
which is a member of the C. veiva_e group ( Miller, 1926 ). Like
Ce oregonensie, F«. 1 has been found to be experimentally capable
of producing. a dermatitis in men. Also similar to C. oregonensig

are the body dimensions, the comparison of which is givem here:

FLO 2. C. oregonensis M. &\M.

o A : 1946,
Body Length " 0.385 mm. 0.315 mm.
~ Body Width 0.059 mm. 04690 mm,
Tail Stem.Length 0.425 mm. 0.426 mm.
Tail Stom Width 0.052 mm. " 0.047 mm.
Furcee Length | 0.285 m. 0.222 mm.

-~

In addition both possess eyespots. However, there is no

eimibarity in the matter of spination. In C. oregonensis -the body,

tail stem and furcae are all uniformly spined. -Spines in F.0. 2 are
present only at the anjt:_erior:tip. F.C. 2 most cortainly is a member -
of the C. elvas group as described by Miller, buthi'bs specific ident-

ification can/%ot be made from the present observationse.

It must be po:erbed ou-b that these compe.r:.sons are me.de on.

superflclal grounds. Faust ( 1926 ) montions that the essential diff-
erentiating features of the apharyngeal fork-tailed cercariae cousist

in the michrochemical reaction, as well as the number of the excret-

ory ¢ells or penetration glands.
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3 An interesting comparison can be-made here with C. milleri,
Faust 1926. C. gil}eri is an apharyngeal forkwtailed cerqari%é_which

Faust described as a new species.from Durban, Natal. It is a form -

closely rasenblingnggrcariaé elvae, Miller, 1923. The fact that

- - - 7 e v - o N LN -
guch an exotic form should bear such resemblance to a local species
is worthy of note. The body measurements_of these two forms agree

closely, as do the character of eyespots and oral bulbous.

XIPHIDIOCERCARIAR :

-y - ~ey

PR - e e “o v - ma -~

g

The xiphidioqe{pariae are characteri;pd by hav%pg-anjant-
erior end provided with a stylet or boring orgahﬁ They are not, hbw-
ever, alone in this respgct for the Microcercariase, Rhapalocercous
andnystocercgps groups also possess stylets.. Accordipg to Porter
( 1928 Z it was Diesing in 1855 who first qsed the term xiphidio-
cercariae to describe these forms. Im 1919, Lﬁhg»{urther defined
the groupngnd noted tgat thesg cergariae have chgracteris{icglly
slender tails, penetration glands and no eyeé: Xiphidiocercariae
develop in sperocysts and encystment takes place'in second inter-

mediate hosts.

Lihe's four main groups.of xiphidiocercariae.are Cercaria

h@crotylg, Cerqaria vergulse, Gegcaria‘Orngtae,apd Gercaria‘dr@atae.
Cort ( 1915 ) further suggested a Polyadena group. Sewell (-1922 )
reclassified- the xiphidiocercariae, subdividing Lihe's faur main
groups and placing the Polyadena groupras a subdivision of the

Armgtaes cercariae.
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~ The Xiphidiocercariame found at Burnaby Lake fall within

the Polyadena grouping.

Xiphidiocercariab No. 1 ( Plate V ).

Morphology:

Measurements ( average of 30 unstained normally ex-

tended specimens.)

Body Length . 0.216 mim.

- Body-Width 0994 mim.
Teil Length - 0.133 nm.
Ta.il-?‘V‘:i:dvth
Diemeter oral sucker 9.534 mm e
Diemeter ventral sucker 0435 mm.

_ This cercariae is emall and e#r?mely gontract’ile. When—"
con"t:‘ractedm.stl:a't_e_» the head is either bro_ad and' 1eaf:1iké ( Fig. 13 )

or almost a perfect shpere (NFig‘. 16 ) \"gi_hile-_-«'t_h‘e-tai‘;l is stubby"and
sharply pointed. The body varies from a contracted 0.114 mm. in
dismeter to an extended 0.285 mm. in-length. Two prominent body
sucke;_'s are fresegt. The oral or anter?':or_ sucker is slightiy smalle-
er than the ventral sucker which is located just posterior to the
mid'-line of the bodye. Y‘{heg,the body elongated the __a:xrl:e.xjior” sucker

is especially obvious, as a result of the greatly narrowed pmiids -
portion of the body between the two suckgrs.. The anterior sucker

is ususlly directed ventrally ( Figs. 6 and 8 ) and surrounds an
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EXPLANATION OF PLATE V.

XWC. l

- Skeﬁch of entire cercaria showing some struc-
tural details. About x 400.
-= Cyst, showing position of curled worm.
~= Diagram of contracted tail.
= Stylet, dorsal view.
-~ Stylet, lateral view, showing thé straight
ventral surface.
and 8 - Diagram of anterior end of cercaria
ghowing various positions of stylet
and shapes_of“orél openings
~= Position of corcaria while swimming.

== Diagram showing lobed structure of tail.

10 = Metacercaria, showing the extreme curling

of larva.

11, 1% and 13 .-~ Various sghapes of csrcaria.

14 =~ Outline sketch of entire sporocyste.

15 == gketch of portion of sporocyst containigg

cercariae.
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oral opening. Depending upon the state. of contraction this opening
appesrs as either ahpoeterioriyhdirected slit or‘as’gfwide ¢concavity

surrounded by the narrow muscular border of the sucker.

The stylet ( Figs. 4 and 5 ) is embedded in-the anterior
gsucker, dorsal.agd anieripr-tp the oral opening. -It is 6.6196-mm.
in length, with a point of q,oos . long. The structure of the .
stylet ig seen best in unstaiged specimené Epder the pgeseure-of a
cover s{ip. Tpe pressure of a cover s}ip causes the mass;of the
cercaria to change from a clouded appearnge'to extreme clgrity
meking the sharp outline of the stylet stand out in contrast. In
apﬁearange_ghe stylet:iis a sturdy, na%l-like strgdture,mwith three
bulbous ereas on the dorsal and two lateral surfaces mear the point.
The base is the same size as the rest of the stalk and the has,
rounded dornersiv It is'ndxgyorthy that the stylet remains intacé

sometimes long after the totél disintegration of the cercaria.

Two pair of large pgnetration glands oﬁen bX ons, or
possibly two ducts on the anterior tip of the cercaria hear thg
point of the stylet. These ducts extend in corkscrew fashien almost

to0 the glands near the level of the ventral sucker.

F}?é spines or hairs are found from the amterior tip of
the.-cercaria to a point 1/3 the length of the oral sucker. No

spines are present on any other region of the body surface.

The excretory system has been incompletely traced.
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_ When the cercavia is not swimming the tail of X.C.- 1
assumes & short and stubby shape ( Fig. 3 ). In this conmtracted
s'hape.,‘._'l;he " noteched " or crenated appearance of the borders of
the tail becomes prominent. In swimming the tail is greatly extended,
becoming a long slender pointed structure, losing its notches. Teil
drfa_na'.t'ion, disappears also in stained .specixﬁens. A characf'erigt;lycu
feature of the tail, when it is somgwhat extended is;.théMappearance
length, ( Seg Fige 9 ) These notches appear to be a characteristic
or-at }_éagt a consistent feature of this cercaria. They are arranged
alternately on each side, with several successively smaller ones in

the distal half.

™l ~
=

Morphology of the Intramolluscan Stageg: Plate V., Figs. 14 and 15
15 ).

The Sporocyst:

«x ‘ z. ~ Ve

Thehsporocysts XC.:1 are“of a great variety of shapés and
sizess Generally,“the sporocysts are undifferentiated, slender,
jberminally' chzb\-sha‘p.ed structures. They range in lehgth fraﬁ
0.209 mm. to 0.760 mm. and in width from 0.078 to 0.133 mm. Many
contain the developing as woell as mature actiy_e cercariag, the )
latter being found in suall mumbers only. Stained in weak newtral
red, the active cercariae within the sporocystis concentrate much

more of the dye than does the surrounding material.

Brown pigment is present in most of the sporocysts amd is
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concentrated in a narrow area bordering the wall. It seems probable
that. the sporocysts without these gramules are the more mature
forms in which the pigmgnta:ﬁion has been lost. Many of the smaller,
presumably younger larvee have a pink colouration. A brown pigmen't;-
ation colouring the whole of the digestive gland pf_.the snail host

almost invariably indisates infection by these larvae.

.

None of the sporocysts examined contained metacercariae. .
In this resgect_,_ care must be taken by the obserﬁre; to assure that a
cyst whio}_z_ appears to be within the sporocysts is actually contained
and not,;_as“often occurs, free and merely superimposed or underneath
the é?é‘i&%eé%‘“k

The Metacercaria:

. - The cysts are colourless, oval shaped bodies. There is

an apparent variation in the size of the cyetg_ s which as far as

can be determined, is due tO»'jfhe cysts lying at various angles to
the horizontale. - In an end view the c¢yst is almost a perfect circle,
measuring 0.122 mm. in diameter. The oval shaped cysts are 0.124 x

0.133 mm.

- -

The well is marrow byt clearly defined. Within the cyst
wall the metacercaria is doubled upon itself so that the stylet in

some instances is in contact with the posterior end.

In:Lymnse palustris. aud L. proxime at least, the cysts were

found in small quantities in the mantle cavity and digestive gland.
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As stated previously no positive evidence of cysts within the.

sporocyst was observed. However, in ome Helisoma trivoluis, in

which sporocysts were found to be in an advanced stage of decotip~ -
osition objects looking much like decomposing cysts were seen with-
in the larved walls. No- definite cyst wall or stylet was observed
but the dimensions ( 0.333 x 0.130 )} agree favourably with those

found for the cyst of X.C- 1.

Behaviour Data:

Swirmings

Swimming is accomplished by the propelling aetion of the
tail aided by a sympathetic rhythgiic movement in the curled body.
Just. prior to swimming the tail is stretched greatly. The body in
’swimming is bent ventrally and is strongly contracted, the tail
lashes about dorsally to the body. Although the swimming activity
is vigo%rous, the cerceria geins little distance - virtuelly mo
‘more than if the-animal.had spent the time in creeping over the
subgtratum. g.c. 1 has been observed to maintain . a rapid gwimming-
activity for about two mimutes, then to suddenly commence a creeping
movement of sucker tracktion and body elongation. After a minute
or so of creeping, the ineffective swimging is éésumad. Older and
morikunQAspecimens were found to cgeep.almgsthexclusively. This

_cercaria creeps in a fashion similar to that as described for the. .

other cerocariae.
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Action of the Stylets

The action of the stylet organ, presumably used in the
penetration of the 2nd intermediate host tissue, has been observed.
Embedded as it is in the muscular anterior sucker, the stylet has .

roat manojuverability. While the animal creeps along the substratum
the stylet is in constant probing movement. A close observatioz_l of
this movemsnt reveals that it is a lever type, with the fulerum
located at or near the bulbous gortion, Sguaing the posterior tip of
the stylet to tra’.nsgribe 1arge_.arcs. Thatq_vis, the style-h scoops
down -towards the orel opening and then up and out towards the sub-
stratum. |

Longevity:

Experiments ‘showed X.0. 1 to be short lived.

- .

~n s ~ . . ~ s .

Penetration and Encystment of Cercarias

On two gccaeions', X.0. 1.was oﬁﬁé;e"‘r'-.ve'g- in thé;ipr'o‘dé‘s”s.s‘ §£
piefgﬁingg“ t%_{e surface mgniacu:a of water on' a glass__hsur;f“ace. The‘__.—
cercaria was on;l:y successful however, in pushing a chamnel of water
before it. In _a“shor—tw_period._of time, ‘the cre.epipg. movement slowed
and the tail ceased lashing about. Later, the tail became detached
from the body and disintegrated. An exudate then appeared on the
anterior tip of the body, preparatory, it is assumed, to_the form-
ation of an encircling cyst wall. This was an abortive attempt for

the secretion failed to encircle the body but instead mixed with the
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surrounding wgter. It would thus appear that sgﬁisfagtory conditions
for cyst fgrmation were not present. . The resistance afforded by the
minigcus was.possiblg‘g sufficient stimulus for the process of cyst .

formation but the character of the surrounding medium prohibited

completion.

Identification:

Due to insufficient‘morpho}ogical date gathered from thig
species, a positive idegtification has been impoggib%e. Otyer cor-

carise which show similarit§es to X.C. 1 are Cercaris conneae,

Brooks 1943, C. dorotti, Brooks 1043, and (. slbui, Brocks 1943,

C. 1ep¢osoma s Brown 1929, with most resemblance towards the

Coe aj-buic

Xiphidiocercaria No. 2 ( Plate VI ).

Morphology:

Very little morphological data and no measurements were

made on X.0. 2. This stylet cercaria was -seen on but one occasion,

emsrging from a }arge Helisoma trivolvis hormii (.Tyron ). In size

it is slightly(larger than X.Cs 1o Unstained specimens are finted

a deep yellow colour.

- P .

~ The orel sucker is large and is constantly contracting

and relaxing. This alternate muscular action results in the oral-
opening fluctuating between a large gaping orifice to a narrow slit.

In the latter case the oral opening is directed antero-ventrallye.
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EXPLANATION OF PLATE VI.

X.C. 2 .

- Sketch»of‘eniire coercaria showing some siruc=-
tural details.
-- Extended carcaria, lateral view.

-- Stylet, dorsal view.

-~ St¥let, lateral view.

-~ Small sporocyst conbaeining cercariae.

-- Metacercaria.

and 8 e Dié.grams of anterior end showing various
shapes of oral opening.

== Sporocyst.
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_ The stylet is simple. in structurg a.nd measures Q163 min.
long. It lacks the bu'lbousr_nt}ﬁ.ckenings ch:}_racteristic of:.}{_‘.‘g. 1.
It is located in the musculature of the oral sucker, dorsalvand 7
anterior to the orel opening. The mov’ement:-of the stylet is igen'&-
ical to that as described for X.C. 1, with a fulerum near the anter-
ior tip. |

The tail is long and slender and averages 0,1%0 mm. in
El:ength. "When extended .and at res*_l;;ths -ta?l has several " kno’bs"“
along its length. Notches or crenatians. along the edge of :@he tail
are present but not obvious as in the case of X.C. 1. In many

s
specimeny, the tail showed a slight bend toward the left on the

basal portion ( Fige 1 ).

Morphology of the Intramolluscan Stages:

L

) . The infected dil_gestiw}e gland of the snail was swollen to
a mass larger in size than the gninfgcted portions of the body. |
Blood red patches coverefi the external surface. of the digestiv? gland.

This phenomenon had not been observed in any other infected snail.

rarge in length from 0,150 mm. to 0‘."16 ., ?{ith an average width of
0.098 mm. Most of the“sggrogysts have an orange pigmentation. Im-
mature and mature cercariame are present in the sporocysts. The
active cercariame creep along the wall. When the end of the sporo-
cyst is reached the cercaria contracts and, conforming itself to -

the curvature of the gporocyst, proceeds to creep along the opposite
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wall. The parenchymous tissue within the mother larva appears to

offer no difficulty to the progress of the cercarias.

The Metacercarias

N-'o metacercaria were found in the snail.

Behaviour Data:

Swimmings

The method of swimming in X.C. 2 is indistinguishable

from X.04 1.

Qecurrence:

The H. trivolvis from which X.C. 2 everged was collected

in the Deer Creek Area, on April 3rd. The snail-was found on the
surface of the moisf mud of the 1ake;shore. It is very }ikely that
this gnail had been out of water'fo:ve months, for the water level of
the leke had been lowered for this poriod of time prior to goliect-
ioﬁ.“‘The cercariae emerged from the snail within 12 hours after
isolaiiog in the 1gb9rgtory. Large numbers<weg§ shed fgr a“period
_of two days. The snsil Qigd on the third day and on examination

was found to be highly paresitized.

Identification:

Ingufficient morphological - data was gathered to give a

positive idenmtification to this cercaria. It seems likely however,
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that X.Ca 2 is the same cegdaria.# as that de;s_cribe:i:by Igusfeldt

(1945 ) and found in Physa occidentalis from Burnaby Lake. The.

structure of the stylet organ as described for Musfeldt's cercaria

shows much similarity as that found in X.£. 2.
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EXPERIMENTS TO DETERMINE LIFE CYCLES .

Introduction:

- The experiments reported in the folluwing section describe

the at-t'.en;pte with each cercaria to trace its development toward the

adult stage.of the worm. This work involved two types of infection

experiments;

1.) Qercarial Infection Experiments, in which several

species of vertebrate grxi____inve.rtefgrate experimental
hosts were exposed to attack by each species of cer-
caria‘_.i
(a) Experiments using Echinostome and Xiphidio‘-”__
cercariae to determine which animals serve as
second intermediate hosts.

(b) Experiments using the Furcocercous cercariae

40 dotermine the adult hosts of these forms.

2.) Metacercarial Infection Experiments, imvwhich cysts of

Echinostome and Xiphidiocercariae were fed, in a num-
ber of controlled experiments to vertebrate hosts to
- determine in which the larval trematode would attain

adult development.

A summary and discussion of the results with each cercaria§

follows a brief description of the exporiments used with each.
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ECHINOSTOME CERCARIAE NO. 1.

Cercarial Infection Experimentss

Experiments with M‘ollusca:\

U =. - T

1.) A small uninfected Physa occidentalis was pbaced in a small

amount of water in.a syracuse dish slong with approximatgly 20 B.C .1‘.
After 22 hrs. the cercariae were no longer seen in the water. The
snail was then kept in an aquarium for two weeks. The snail was

not exemined until two days following its death so that the body
was found in an advanced stage of decomposition{ No metacercariae

were found.

2.) A large uninfected P. occidonfalis was placed in a stender dish
with 10 E. 1 for a period of twenty-four hours. The snail was

then examined. No metacercariae were found.

..

3.) A large laboratory bred, uninfected P, traskii was pleced in a

small a.quar:.um with a Lmaea groxn.ma I‘Oﬂejlll sheddlng B .C 1.

After two days of such exposure the Physa, was crushed and ex=

emined under low power of the microscops. Theee cysts, identical

with the 45-spined eysts of E.C. 1 were fom nd.

4.) A.small uninfected P. occidentalis and Pgeudosuccines columella

were placed in an _aquariumvwith__a Lymnaes proxime shedding E.C. 1.

The snails were exposed f,o cercarial e.ttp.ck for 24 hourgs_, after which

they were crushed and examined. Each was found to contain 5 - 10,
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45 spined cysts;

L

5¢) A medium sized Pgeudosuccinea columella was exposed for 4 days

to E.C. 1 emerging from a large P. occidentalis. Upon examination

the exposed snail was found to contain approximetely 150, 45-spined

cysts.

Experiments with Vertebrates:

The vertebrates exposed to attach by E.C. 1 igcludeg tadpoles, cat
fish a;}d g_gldfish. No metacercariae were found in any of these ex-

posed animals.

Metacercarial Infection Experimentst

Pigeon Experimentss:-

Two pigeons were uged in these experiments. One bird was

fed cysts from an experimentally infscted P. occidenta}is,kand the
other was fed cysts, on two separate occasions, from naturally in-

fected snailsii

Pigeon Experiment No. l.

. An adﬁlt pigeon was Eeptn;népaptéyitg for a perioérof three
weeks. During this time‘sgyeral faecalﬂeﬁaminations were made“to
dgtgrminebthe presence or gbsence of trematodgs'in the alimentary
canal. No eggs were detecéed in these examinations and the pigeon
'was regerded as ug;nfectedl Thé pird yaé then-fed a cgushed medium-

sized P. occidehtalié containing~a$ loast 5 experimentally infected
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45-spined metacercaria. Feeding was g.ccomp}._ished by means of a
medicine dropper. The pigeon was kept for a pe;r_iogi_ of two Eeeks

on a diet of grain and poultry sta;-ter mash. Faecal examinations
were then commenced and kept up bi-week}y for & period c;f 5 weeks .
‘Ehe pigion was sacrificed on Jc&e 45th day fol;lzwing‘ infecton:_.and its
alimentary tract thoroughly examined. No trematodes were found.

Pigeon Experiment No. 2.

-

hP“ér.t (a)  An adult pigeon'was kept. for three weeks in ca.‘ptiv;
ity, as in Experiment No. l., prior to infective feeding. During
this time, repeated faecal examinations failed to disclose the pre‘s‘-
ence of trematodes in the digestive tre;gt,r-_thus-thé g.ninxal was con=
gidered to be__un}nfegted. The pigeon was j:h.hen fed 16 -~ 15.cysts
removed from a naturally infected P. ¢f traski. These cysts were
idenﬁicfa:l, as far as cm:x“l't«i:be.«dgten?ine’d, with the 45-spined meta:
cercakiae of E.C. 1..'. Faecal exa;_x}inations- were madé every 2 = 3 days
for two weeks but.failed to reveal the presence of trematode_,reggs in
the gut. The diet of the pigeon throughout the eggpgriment was
grain and pouliry starter mash. After a period of 9 weeks ha.d elaps-
od during Which“no_rtrema.tode ova could be detected in the faeces, |
the._infec-.t_ion was assumed to be unsuccessful and the pigeon again

regarded as " uninfected."

Pert (b) The pigeon from part (a) was fed a "clump" of 150

or mor;a chts removed from a naturelly infected P. occidenmtalis.

These cyéts included an unknown number of 45<spined cysts and
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possibly a,number of 31:sp1ned cysts. The pigeon was kept for a
period of 21 deys on gra;n and starﬁer mash.. The plgeon was
sacrificed on the 32nd day and.its alimentary canal thoroughly
exemined. Eight small metureeechinoatomes.were found in the upper

smelluintestine. These trematodes poeeessed 45 collar spines, and

were tentatively identified as Echinopayyphium recurvatum. A des-

cription of this fluke is given in a following section.
Duckling Experiment:

4 small number of 37 and 45-sp1ned cysts removed from a

naturally infected Pseudoeuccinea columella were fed v1a medlclne

dropper to a small 3 day old duckling. The duckllng was 1ncubaxor
raised and thqucogeidered to be ﬁninfected. It was fed a dlet of
starter mash. Nie days following the igfective feeding, the duckllng
was inadvertemtly destroyed“by a predator. -An examination of”the
section of the digestive tract which remained revealed no immature
trematodes. o ‘

Guinea Pig Bxperiment:

'

180 or more E.C. 1 cysts removed from a naturally infected

Physa occidentalis were fed via medicine dropper to an adult guinea .
pig. The cysts were teased from the digestive gland“of the snail,

6 hours prior to the infective feeding and kept in water.

Movement of the metacercarla W1th1n the cyst was observed
at the time of feeding. The animal was eacrlflced after 43 daye

and its digestiﬁe tract thoroughly oxaiined. No trematodes were
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found.

Rat Experiments:

Rat Experiment Nos 1.

S 20 cysts identical with ?hose of E:C: 1 were re@ovgd from
& naturally infeeted Pseudosuccinea columella dnd fed to an édult
albino rat ﬁith ayﬁedicine drgpper. Faecal examinationsyprior to
feeding of cysts showed the rat to be unépfected by trematodes. It
was kept on a diet of milk and starter mash for 43 days after in-
fective feeding. Duri§g>this period, no trematodes were foundlin the
faeces. :Oh the 44£p d;y the rat waé sacrificed and its digestive

tract thoroughly examined. No trematodes were found.

Rat Experiment No. 2.

8“6r QEforty;five spéped cysts takep from aMPhxséhsp;
were fed via drinking milk to a medium-gized albino rat. Faecal-
examinations were made two and three times a week for a period of
5 weeks after infec?ife feeding. No tremamtodes were found in the

intestine or viscera when the rat was killed and examined.

Rat Experiment No. 3.

B 15 forty-five spined cysts were fed to an adult albino
ret in milk. The ret was kept for 35 days on a diet of grain
pellets, during which time repeated faecalvgxaginations feiled to

reveal trematode ove in the faeces. The rat was then fed a clump of
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150 or.more cysts, containing 37 as well as 45-spined metacercariae.
The rat was sacrificed 31 days after this feeding but no trematodes

were found in its intestine.

The Tdentification of the Adult Echimostome ( Plate VII ).

The echinos%bme'produced in the;pigegn from an infective
feeding of cysts of E.G. 1 is, as far as can be determined, identic-

al with Echinoparyphium recurvetum ( Linstow 1873 ) Liihe 1909.

The most obviggs features in common with the adult,cefcaiia and
metacercaria are the number an@ arrangement of the collar spines.
( Fige 5 ).A The following is a description of the adult 45-spined
echinoéﬁome obtained from the pigéon which was fed 45~gpined méta-

corcaria identiesl with E.C. 1.

. The worm is short and stout and possesses an.obvious head
collar bearing 45 rostellar spines ( Fige. 5 ). . The anterior 1/3 of
the body is bent ventrally almost gj;_ right angles to the main axis.
as seen in Fige 1. The dorsal surface at this point.forms a distinct
shoulder. Pogterior to the collar there is a short narrow neck .
region. A distinetive feature of the anterior portion of the worm
is the ventral folding of the edges which results in a ventral

groove extendipg from"the rharynx spproximately to the ventrél

- sucker. %pth body“suckers are prominent, the ventral being slightly
larger than the oral, and located in the anterior ome third of the

(}W orule

The 45 collar spines appear to have a definite arrangement.
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Echinoparyphium recurvatum.

Fige 1 -- Ventral view of adult, éhowing general
morphology and relati§e body proportionse
About x 40.

Fige 2 ~= Freehand ske%ch of a portion of the ‘excret-
ory duct showing the direction of activity
of vibretile patches along its length.

Fige 3-- Qutline diagram eof egg. x 30.

Fige 4 -~ Lateral view of anterior end, showing positioni
of oral sucker and paired arrangement of the
collar spineé.

Fige 5 -= Ventral view of anterior end, showing the

) arrangement of collar spineé.

Fige 6 -- Lateral collar spine. About x 1000«
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There are three pairs of spines on each lappet, each somewhat
spindle-shaped. Two pair are more antérior than the third group,
end all are larger than the lateral and dorsal spines. Bordering
each lappet group is a single spine and then begin the i)aired
dorsal series. The dorsals form two rows, one the oral, the other |
the aboral. These spines are spiked or wedge-shaped in 'compa.riso:i .
with the slightly spindle-sheped lappet spines. Their average length
is «057 mm. The eollar spines of this. worm are br:.ttle, and resist

dislodgc_a}nerrt to a fair degrﬁee. When the worms were sha.ken in saline

and straightened out with'a fine hafr brush, some of the ends of the. =~

collar spines were found to'be broken off .

..Guticular spination, partially represented invFigs. 1 and 2,
extends from the anterior collar to the level .of the ventral Sucker
at ]Bast, on- bo-bh the dorsal and ventra.l surfaces. 'I"hese sglngs are
in rows about 0.038_‘Annn;._apart. In the neck region the row arrange-
mont of the cuticular spines is aome%ahat lp_st,_d?\e, perhaps, to con-
traction of the cuticlél;;ﬂ The body spines are 0.023 mm. long. They

can be seen well in unstained worms under Noe. 1 coverslips.

~'Of___'t;h’e' in'terz_la.l a.né:%'omy, the tegtes are most._-prominent.
They appear as two oblong structures in the mid-line, just poste‘ri‘or
to -bhe centre of the worm.x Anter:.or “ﬁouthe testes, the uterua co:.ls‘ '
several times before reachlng ths level of the ven'l:ral sucker. In
the ma:twe wonn, oggs in :che uterus can be readily seen as very

yellow, ovate bodies within the folds of the uterus. The eggs are

opercula'te. Vitellarime extend laterally from the ventral sucker to
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almost the posterior tip of the body.

Measurements ( Average ).

Body Length 4.18 .

Body Width L 0.627 mm.

Diemeter Amterior sucker - 0,095 mm.

Diameter Ventral sucker = - 04590 mm.

Diameter of Collar 0.228 mm.
Identification:

The most obvious features in common with the adult B.C. 1

echinosﬁome and Echinoparyphium recurvatum are :l:.he number of\_colla.r

spines and the body dimensions. The arrangement of“,v‘the collar spines
is somewhat different in the two worms, for Echinoparyphium recurv-
atum has four spines on each lappet, in two pairs, whereas the adult
form E .C\._ 1 !‘xa.s gix lappet spines obyiously paired. 'I‘hen._remainder of
the collar spines inﬁ both worms are a:_t:ranged in two &grsa} ToWs ,

with those in the orsl row smaller than those in the aboral.

The folluwing is a-comparison of dimensions for the adult

E.C. 1 and Echinoparyphium recurvatum ( from Dawes, 1946 ).

Adult from E.C. 1. Echinoparyphium

Body Length 4.1§ mm . .4 a§‘> mm.
Body Width- 0.065 mm. 0.05 - 0.06 mm.
No. Collar Spines - - 45 45

Lappet Spines 12 . 8



69.
Dorsal Spines 33 ‘ _3'7
Egg Dimensions 0.102 - 0,065 mm. 072/108 - 0.081
’ mim e

Summary of Life Cycle Studies for E.C. 1:

E.. 1 was experimentally infected in three species of

snails. Physa occidentelis, P. of trasky, and Pseudosuccinea ¢olum-

ella. An examination of naturally infected snails geyealed_ that

P. ef traskii’, Pseudosuccinea columella énd Lymnaea proxima, con-

t?:ined_:ﬂepgg;f-i;e- spined oysts identical with those fram E.C. 1.
Tg.dpoles, ggtfish and go}dfish were unsuccessfully exposed to g.c. 1.
Rats, guin_e_a gigs and ducklings were fgung'l_ to be unsu_gg@ssful as
experimental adult hosts for this cercaria. E.. 1 reached the adult
stage in an experimentally infected piyg‘eon.. The cysts féé -Egéfthis-
pigeon came from naturally infected snailsuco}._lec‘ted at Burnaby
Lake. The cysts were gprphological:ly identica'l' with those of E.C. 1,
The pigeon was proven to be uninfected by trg’matode‘? pr;or to the
infective feeding experiment. On the basis of ;:ollar Epine%number

and ﬁrrangement,hbody dimensions and other morphological features,

the adult worm has been identified as Bchinoparyphium recurvatum.

Echinostome Cercaria Noe. 2.

— e

Cercarial Infection Experimentsg:

Experiments with Molluscas

Several species of uninfected, laboratory-raised snails

were exposed, as described in experinierrbs with E.C. 1, to attack by
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EL. 2. Of these, Physa occidemtalis and P. c¢f traskii were un-

successﬁlil/ﬁ/infected. » Pseudosugciynea columélla and Gxx_'aulgg :

vermicularis were unsuccessfully exposed to E.C. 2, but since the

number of cercariae used was small, the fdilure to infect can hot

be regerded as evidence of immunity.

Experiments with Vertebrates:

Two ?adpgles taken from“Burnaby Lake were exposed to attack
by E.C. 2. These ammals were examined three woeks later and were
founfi_ to contain several echinostome cysts. The exact number of
collar spines and fléﬁe cell formula in .t;@ese cysts was difficult to
determine, however the size agrees very favourably with the size of
thg_ cysts experi?entallf '.:i.‘nfecte& froz}} E.C._._z. It must be noted
that since the tadpoles cannot be regarded as uninfected, the success
of the infection experiments is in doubt. The indication is, though,
that the tadpoles of Burnaby Lake do act as second imtemmediate hosts

to ELC. 24

Metacercarial Infection Experiments.

4s in tl&e {getagercarial infgctiog egcperimenti described
fo:.r E.C4. 1, several-animals were selected as possible ‘adult hosts
for E.. 2 and fed cysts either via medicine dropper or in_ drinking
milk. All these experiments, using the cysts identified as fche ~
encysted stage of E.0. 2, were unsuccessful. This uﬁdoéb%edly was
due in some instances to an insufficient number of cygtg' being used,

end in others, to what may have been natural immmnity of the host.
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All these experiments were carried out as descr:“g‘bed in

the experiments for E.C. 1. -For the aake of brevity it may bg
stated here that pigeons, ducklings, guj.vnea pigs and albino rats

were unable to be infected with the metacercarise of E.C. 2.

Summary of Life Cycle Studies with E.C. 2.

1st Inteimediate Hosts:
None of the mj.racidial::infec‘bion experiments invelving
wno :
E.C. 2 were sudcessfuly However, three species of snails from
Burnaby Lake have been found .to be naturally inf8cted with E.C. 2.
These snails are =-- Beeudosuccinea columella, Physa occidentalisg and

Helisoma trivolvis.

2nd Intermediate Hostas:

Physs occidentalis and P. ¢f traski have been found to

be 2nd Imtermediate hosts for B.C. 2. Pseudosuccinea columella‘, P cf

traskii and P. occidentalis have been found to be naturally infected

second Intermediate hosts for E.f. 2.
Adult Hosts:

None pf the experimental adult hosts were successfully
infected. The negative results are possibly due to improper diet,

or more probably, to the fact that too few number of cysts were fed to

to the animalé .



EXPEANATION OF PLATE VIII.

¢

Echinostoma revolutum.

Fige 1 ~= Sketch of adult worm froﬁ hand lens showing
some of the structural details. x 10.

Fige 2 == Ventral view of anterior end showing arrange-
ment of collar spines. x 200.

Fige 3 == Adult worm, actual size.

Fige 4 == Lateral view of anterior end showing lappet
spines. x 200,

Fige 5 == Camera lucide drawing ( low power ) of dev~-
eloping miracidium.

Fige 6 -- Mature miracidium within)e'gg. Camera lucida

drawing, high power.



PLATE VIII.

o
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Idenmtification of Adult Stage of E.C. 23

-~ [E— - em gy =

On morphologica{L grounds at least, the. adult stage of E._C 2

is undoubtedly Echinostoma revolutum found in the muskrat. of Burnaby

Leke. -As previously stated ( Page 35 ), E.C. 2 is decidedly similar

to Cercaria echinostomum revolutum as described by Beaver ( 1937 ).

On these grounds the linksge with E. revolutum appears conclusive,

far as Beaver ( 1937 ) cbncludes in his monumental work on this
trematode " the Bercaria resembles the adult. so ¢losely in cephalic
spination that positive identifications can be made from this

character alone."

Xiphidiocercaria No. 1.

Cercarial Infection Experimentss

Expsriments with Mollusca.

1.) Two large uninfected P. occidemtalis were exposed

for 24 hours to epproximately fifty X.C. l., which emerged from a

large Lymnaea palustris. The snails were crushed and examined 9

days later but did npfl: conlftf,_ain_‘l:vmetacercariae.

2;.') A lerge 1abor§toryv-b§"ed uninfected Physa of traskii
was placed in an gguarium contg.:f_.ning a L. prgxima s_hedding large
numbers of X.C .jl." The~‘}1ninféc'bed snail remained exposed to the

cercarige for 10 days, after which time it was removed from its
shell and thoroughly examined under low power magnification. No

encysted cercariae were found.
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- 3.) Two uninfected P. occidentalis and one uninfected

Pseudosuccinea columella were exposed to large numbers of X.C. 1

o

for 2 days. These snails were then kept in an aguarium for 6 Wéel_is;
following which they were teased and examined. No cysts were found

in any of the snails.

i

4.) An uninfected Menetus cooperi was exposed to 16 X .G. 1
in a syracuse dish. After 2 days the snail was removed to an aguér-
ium and kept for 3 weeks. No cysts were found when the snail was

crushed aml examined.

Experimemts with Catfishe--

- . e v ana s

On. two instances, two small. cg.tfish taken from Burnaby
Lake were placed for 48 hours in an aquarium with a large L. pal-
ustris from which large numbers of X.C. 1 were emerging daily. One
month after exposure _'_l':hese fish were ki}le§ and thoroughly examined

extermally and internally. No metacercariae were found.

Experiments with Goldfiish:

. Approximately 300 X.C. 1 were added for three successive
dg.ys to an aquarium contai_x'}ing a mgdium si‘.”__z_ed goldgisg. Two weeks
\sder the fish were killed anl a thorough examination made. No cysts

were found.

Experiments with Gammarus sp ¢

A¥} gammarids used in these experiments were donsidered

free of infection by trematodes after an examination of 30 specimens
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taken from a lily pond showed no cysts were presemt.

_1.) Three gemmarids werepplaced in an aquarium with a.
large L. palustris shedding 1argevnumbers of X.C. 1. On ~j;he gécond
day these 'aggﬁhipods were found dead. An examination revealed no
metacercariae.

2.) Four additional gemmarids were placed intthe seme
aquarium“ ‘aSMNOo 1 for two days. An exemination of the cerushed bodies
of the gammarids on t'he.‘_third day showed that no cysts were present.

3+) Five gammarids were placed in a large number of X.C. 1,
being sheddfrom a L. R.roxima. Three gg;mnarigs were dead. on tg}e second
day of exposure. No cysts were fognd aftga_r a thorough examination
of these animals uﬁder iow power p}agnificgti on. The remaining two
gammar ids digd the following day and in eaéh’, four stylet cystsswere‘
found. As far as could be determined, these cysts were identical
to the cysts found in snails infected with X.C. 1. One cyst was
found. in the flesh of a balsal__"appenda;g‘e segment o :Alimwother cysts,
appeared to be free in the teased remains of the gammarid.

4_._) Three gammarids were placed in an aquarium for three
days, with large numbers of X.C. 1 shed_from__thg L, p_ypxima used in
Np_. 3 . On examination two dayg :_L_ater each gammarid was found to con-
tain many stylet cysts ( 35, 40 and 80 ). Most of these cysts were
located free in the teased gammarids, but many were observed within
the appendage segmenf.s . K
5.) Two gammarids. were added to water containing a fair

number of X.0. 1. One was examined two days later and comtained



75
a single cyst. The second gammarid yielded nine cysts, noune of
which were in the flesh of the appendages. All metacercaria

showed movement.

Metacercarial Infection Experiments:

BExperiments with Goldgfishs

) 1.) Eight stylet cercaria taken-from an experimentally
infected snail of the above @ercarial Infection Experimemts were
f@d,;via a medicine dropper, to a large goldfish. On the 14th day‘ )
follgwing infective feeding the fish was killgd and examined. No.
trematodes were found in intestines or viscera.

- 2.) Fifteen to twenty stylet cysts taken from egper}mgn{-
ally inféctad,gammarids were fed to ahsmalimgoﬁdfish. Ton days after
this feeding the goldfish was killed and examined. No trqmatodes

were found.

Duckling Experiments:
'Nine stylet cercariame were fed via medicine dropper to a
duckling two days old. Thirteen days after infective feeding, the

duckling was sacrificed and a thorough examination made of the -

viscera. No adult worms were discovered.

Experimenis with Rats:: -
1.) Ten cysts taken from an experimentally infected

Gemmarus sp. were fed to an adult albino‘?gi. Six weeks. after

feeding this rat was sacrificed. No trematodes were found in an
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examination of the in‘bestin.es‘. :
2.) Nine stylet cysts of CuXe 1 were fed to a small albino
rat. On the 34th day after feeding, the rat was killed and examin-

ed. No adult trematodes Were found.

Experiments with Guinea Pigs:

Four X.C.. 1 cysts taken from an experimentally infected
gwamixgrid‘?vere fed to a guinea pig, via medicine dropper. The
animal was killed and oxamined 34 days after feeding. No trematodes

weré found in its gut.

[

Summery of Life Cycle Studies with X.C. 1. .

I'1; wou}d"japp‘e'ar that the 2nd Intermediate hostsv. ofb X.C vl

~

ere specific. Experimental encystment of X.C_'.; 1 waswunsugceéisful in

Le 'paluetri's,_.L. pr.oxima,_ Menetus cooperi, goddfish and cétfish.‘

A @ammarus species was found to be an experimental 2nd

Intermediate host for X.C. _J:. No succs;qsfuj. infegtions were made

with X.C. 1 shed from L. palustris. This may be the result.of in-
sufficient numbers of .cercatiase used, the premature death of the .
gammorids, or the fact that the cercariae emerging from the L.
na}_ustris were not__X.C.,l.v Encystment in gammarids appears _to take
place in the body as well as in the fleshy portion of the appendages.
Mp emcystment was observed on the substz:atum. Unsuccessful attempts

were made to infect goldfish, ducklings, rats and guinea pigs with

the cysts of X.C. 1.
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Xiphidiocercaria No. 2:

Life cycle experiments were ponfined to the exposure. of
& mumber of ininfected gammarus.sp to sttack by X.C. 2. -The .‘ex‘-
periments were ﬁerformed as described for X.0. 1. On two occasions
ggmmarids exposed to large numbers of X.C. 2 for two days contained
40 and 80 stylet cysts. These metacerceris were not studied in any

detail, but appeared to show much resemblance to those of X.C.1l

Furcocercous Cercaria No. 1:

LSevergl experiments yeré designed to determine whether or
not F.C. 4 develops as a tetracotyle in a second intermediate host
or is directly ;nfective to the adult host, either orally or cpﬁan-
eously. All snails used as experimental hosts were laboratory-
raised uninfected specimens. The ducklings uséd were incubator
hatched. Geammarids, as in prefiously described experiments were
teken from ailily pond and considered to béuuninfected.i The tad-
poles and catfish were taken from Burnaby Leke, and could not be

considered as uninfected.

~The animels were exposed to F.C. 1 by placing them in
500 cc. of water in an aquarium containing lsrge numbers of the

cercariae.
Results of Experiments:

Experiments with Mallusca.

Physa,occidentalis§~P. af traskii, Pseudosuccinea colum=-
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ella were unsgccessfully.exﬁgseg to F.C. 1. RS

Experiments with Gammarus. sp. ;; unsuccessful .

Experlments with Duckllngs -~ unsuccessful . |

1.) The feet .and legs of a four day old duckllng whlch
had just died were immersed fqrcthree;hours 1n'wa§er,contazping a
groat number of F.C. L. The tgséue‘of the foot was thsn examined
ugdéf low powér for.the presence of fengt;ating or penetratgd cér;.
cariae. No cgrcariée were found. The tié§ue of the foot was %hen
teased and examinea;  No cgrcariag or tet{acotylgs were fougd. . |

g.) A duckling was fod approximately 50 F.C.-1 via drinking
water for a period off one week. Thisianimal was premafurely and
1nadverteni1y destroyed by a predator three days after oral feedlng
ceased. An examlnatlon could ‘not be made befors much- of the bilood
had congealed, makiéng perfusion experlmsnts for the presence of
Rlood parasites 1mp0531b}e. The anlmal was eXSaglnated by decaplt-
ation and as much blood as possible was thoroughly examined. No

flukes were found.

Goldfish Experiments -~ unsucc¢essful.

summary of Life Cycle Studies with F.C. 1.

Physa occidentalis,,P.‘cf tragkii and Pseudoguccines

columelle were unsuccessfully_exposed to infectyén.py X.C.w;. On

one occasion, a Pseudosuccineagcolumella collected at Burnaby Lake
was found to contain &ight large cyst-like objects, which showed

mich resemblance to the tetracotyles of strigeid cercariae. There
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is, thoen, evidence that the Burneby Leke snails do act as natural
hosts for tetracotyles of strigeid cercarime, to which group E.C. 1

belongs.

- -- LN P

”Tadpoleswand catfish alsp taken from Eprnaby~L§ke contained
strigeid-like tetracotyls. Thus, although it has not been supported
Py ekperigental evidence from thig invgstigation, thgre are in§ic-
ations that the snails, tadpoles and catfish of Burnhby Lake harbour.

totracotyles of-strigeid trematodes, one of which might be F.lo 1.

Gammarus sps ducklings and goldfish apparently do not

gerve as hosts for F.0. 1.

Furcocercous Cercaria No. 2.

P ~

N -

Similar experiments as those for F.C. 1vweze carried out
using F.C.. 2. The results of these experiments are presented here

in brief form.

Experimemts with Molluscss

Threemrhysa sp were exposed fo F.Co ijor perigds of -one,
three, and 11 days respectively. No larvel trematodes was found
when the snails were crushed and examined . |

Expe;?ments with Tadpoles: - '
A taggole taken fpom‘Burnaby Lake was exposed to F.C. 2

shed from L. palustris ?of a‘period of 22 hours. Two woeeks later

theitadpole was teased and examined. No larval tremmtodes were

found.



80.
Experiments with Goldfishs . o
'jA large goldfish was exgoséd fo F.€. 2 for three dayg, .
- after which it was crushed and examined under low power. No larval
stag_es were faund.
Experimenis'with:gucklings:
N A two day old duckling was fed 30 or 40 cercariae in )
200 cce gf dEinkigg water.daily for one week. Qg the eievgnth day
'tge animal was examined for flukes in the blood an& viscera. No

léival stagos were found.

Summary of Life Cycle Studies with F.C. 23 »

_ Snails, tadpoles, goldfish and ducklings Serve as ox~
perimental hosts for F.C. 2. The number of experiments undertaken

prohibit these negative results from being regarded as conclusive.
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SCHIST(GOME DERMATITIS EXPERIMENTS .

INTRODUCTION

3 Schisﬁosomevdermatitis<is.a-skin infection in.hqmans
Comnsdh. : T - _
carried by the penetration of the cercariae-of avign.tgemgtodes. It
is common in north and central United States andiCanada, and is
Popu}arly galled "swimmgr's itch," or " swimmer's rash." In many
instances a severe dermatitis results-from exposure to these cercar-
iae. However leboratory experiments have shown that the penetratidon

is otherwise harmikss, proceeding only a short distance before the

cercariae die.

LTI

Cort ( 1928 ) was the first worker in America to demongtr-
ate"experigentallyMthat“noﬁ-hgman”schistoSOme cercarias could pen-
etrate human skin and cause papular eruptions. He found fou:v
furcocercous cercariae responsible for this;dermgtgti§ in Michigan,
allibelgnging to the C. elvae groupe:. Several years later, Cort
( 1936 a ) (41936 b.) presented a comprehensive review of the
work up to date on schistosome dermatitis in America. This was
followed by several pe?tinent papers by Cort andihis gssocigtes
Cor‘_tﬂ.( 1936 b ), Talbot ( 1936 ), @ort and Talbot (1936 ) and .
Blrackett ( 1940 ) ( 1?41 )o The most recent reports on the sub-
ject are by MacMullen and Meaver ( 1945 ), Macfarlane ard Macy
( 1946 ), Olivier ( 1947 ), and Hunter et al ( 1949 ).

Although these worms are harmless to humans, the possibil-
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ity that their intermediate hosts might be the }ntnrmediate hosts
to human sch;stosomeg also has interested at least one worker. -
StgnkarQ ( 194§ ) tested‘the p0ssi?il§ty of thg.American;sPecies of
snails acting as hosts to the cergarige of human schistosome flukes
commonly found in Asia and tropical laﬁitudeg. Hewgﬁpoged repres-
entative specimens of the.more common and readily available snails
from eastern United States to the miracidia of human schist osomes.

Among the snails used were L. pahﬁstris,:Pseuéosuccinea cglumglla,-

Physa gpp, H. trivolvis and H. anceps, which are to be found at

Bu;naby Lake. ﬁb pgsit@vg resuiﬁs were obiained in any of thesg
experiments. Stunkard states that " the fallure to obtain cercariae
is ngﬁ surprising sincs it ishdifficult to consummate well knoyn
trematode life cycles under laboratory conditions, eﬁgg when nat-
ural intermediate h?sts are employed." He-syggesis thet these neg-
ative results are flar from being conclusive and may lead to a false
sense of security about local species of snails beingiimmune to

human schistosomes.

Until McDeod®s ( 1934 ) work appeared allccercariae ceus-
ing gchistosome dérm%tiiis were apparenﬁly of the aghéryngeal pgevi-
furcate distome cer?ariaehof ﬁhe C. elvae,groug, that is, typical
menbers gf the Schisﬁosomatidae. ;MCLeodl&iscgverﬁﬁ two"specigg, be-
sides that of C. elvae Miller, 1923, from Clear Lake, Manitoba,
which prgduced gwimmeg{s itch, Tpese cgrcariae are gembe;s ofwthe
_Sfrigeidae (. pharyngeal longifurcate distome cercariae ) and named

C. §ardlei McLeod, 1934 and C. pajkovi, McLeod, 1934.
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Swales (. 1936 ).working in the same Clear Lake, Manitoba,

found C. elvae Miller, 1923 and a Cercaria sp in Stagnicola

emarginata Canadensis ( Sowerby ) causing dermatitis, along with
five species of Strigeid cercariae, " none of which indicated any

power of penetration onto the human skin."
Methods:

Two experimental hgma‘n'hostsbwere___used in the experiments
with F.C. 1 and F.Co. 2, one a studen‘t;-colleag‘ue ( Host-1 ) the‘
other the author ( Host 2 ). Two procedures were adopted, one
called the Drop Method and the other the Immersion Method.

1. Drop Method:

This method consisted of placing a drop of water gontair;-
ing the or xﬁore cgrcariae on. the flexor fsurfacé of the forearm.
This relativelyi _I}airless portion of the arm sllows f'or‘xpo're §ensit-
ive reactions than other skin surfaces. The drop of wator was
allowed to stand for a certain period and then shaken off and air-

dried. Each drop of water was ringed with indelible ink.

»_In removing the cercariag frox;; the a.quarla,_a. medicine
dropper was ut_:_i._lized. As 1little water as possible was taken up so
that when it was expelled, the droi)e}of water formed on the skin
surface wauld not be so large as to easily roll off. Just p‘rjiorl_;to

expelling the drops on the arm, the dropper was held before a beam



o . 8
of light in order to check the number. of cercéfiae”;ontained ahd 119
meke certain that none had become attached to the sides. Both the
furcocercariae experimented with here were found to become readily
and stubbornly attached to the inside of the medicine dropper. It
was tlus found advisable to make t&e time betwgen gucking up the

cercariae to placing the drop of water on the arm as short as poss-

ible.

.- - L -

Sexeral of these drops of yater gontaining active cercariae
were placed along the length of the arm, each one ringed with iﬁ-
delible ink. The arm was held steady and the drops left undisturbed
for periods up to an hour in length, then the water was §h§kep off
and the infected areas allowed to gir;dry. Notes were made on any

subsequent sensa&tions experienced and skin reactions observed.

 Drops of water containing no cercariae were placed on the
flexor surface of the other arm in order thatna comparigon could be

made of cercarial and non-cercarial water.

2. Immersion Method:

The second method gonsisted of placing the elbow or flexor
surface of the wrist in a stacking digh, or a petri dish, containing
a large nugber Qf the active cgrcariae. ?he correspgnding surface o
the other arm was immersed in an equal: quantity of water Wiiﬂho cer-

carias.

The skin surface was kept in the water for a peried of

five minutes, then removed and allowed to dry. This was then followed
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by separate immersiong of 10 and 25 minutes,.each followed by.a
drying period. In this anner, the pemiodic immersion and drying of

a person Whi}e syimming“was simulated, representing the conditions

under which actual or natural, cercarial attack is made.

Rgsults_and Discussion of Infection:

-

Furcocercaria No. 1 -

Several atjc;empts, using both the;va‘bgnve mothods, wegke
made to produce dermatitisﬁusing‘ this cerCaria.f. None o.f-‘.'the BX«
periments on eifgher host was successful. - I’tw_seemshvexy likely,
to this worker at least, that F.C. 1 is not a dermatitiis-producing

schistosome .

Furcocercaria No. 2.

Dr‘op“ Met hod: ‘
Case No..l (-Colleague ).

Three drops of water ccntaining ome or more ‘cercariae_‘
each were placed on the flexor surface of the right arm. Several
drops withou:b cercfa:riae were placed on the left arm. A slight
itching sensation and intermi:b_tent sharp pricks 'coxmneneed“within
15 minutes. \Tpis "prickly heat feeling " g‘hopped within an hbur and
a half. One hour after exposure, three small erythematous spots.
were observed. By seven hours these red areas had increased to 2 mm.
in diameter. No further itching was experienced. At twenty hours
the erythems had become more diffuse, extending now th 3 mm. in

diameter. At this stage the spots were definite ﬁépﬂle‘s with
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minute white heads. Erythema decreased after 24 haurs. By 48 houss

all trace of the infegtion had disappeared. No such reaction was

observed in the left arm.

Case No. 2. ( Colleague ).

Seven drops of water, each containing one or two cercariae,
were ph.ced on the flgxor surface of jhe rigyt f arearm. Approximat;
ely 15 minutes 1ater.a prickling sensation was experienced. Ifch;

" ing became intermi?ten?ly more intense but did thvresultLin 5
pruritds. After half an hour, the -drops were shaken off and allpwed
to air-dry. At this time seven small erythematous areas were ob-
gerved. These were sharply defined areas lmm. in diameter. The
glight itching ceagpd after about an hour and;wag not,exgerienced
again. Two hgurs after exposure, the ery?hsma hgd igcreas?d tg

1.5 mme in diameter. At 22 hours, pink papules“appeargd, gnd at

28 hours these papules measured three mm. in diameter and, about

1.5 mm. high. By the secgnd day thg pagules had begome~palg. On
the third day all skin reaction disappeared. No reaction was ex-

perienced in the left arm.

An interesting;reaction in this case appeared thfee weeks
later. At spots on the arm, Waich, as far as could be determined,
were identical with the originslly papulated areas, new small red
papules appeared. These raised areas developed to 1.5 mm. in dia-
nbtegf No itching or tingling sensations were experienced. These

new areas remained obvious for seven days.
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Case No. 3. «( ,Au'thor )o__

.. Seven drops of water, each 'éontaining one or more F.C. 2
wéreiplaced on the flexor surfag_e’ of the left arm. Several cuntrol
drops were placed on the right arm.h_The:-dropg were left on for ten

-mimutes and then shaken off. No reactions whatsoever were experienc-

edo

Case No. 4. ( Author ).

~

B Seven drops of water contaihing‘_ong or x_noi‘é F«{. 2 were
placed on the flexor sufface of the left erm and allowed to remain
for thirty-five minutess The drops were then shaken off and allowed
to air#d;‘_y.u A strong pruritus cofnmence@ in two or three of the ‘
exposed areas after ten mimites: In thirt_y_ m;nutes; four erythemat-
ous ‘S'pots were obg_eryed én a8 . many ringgd areas. Iutense itching in
ai:d“_aréu;_}d these areas was experiemed. at this time. Itphlng de-
cregsed after an gour__bu’c theéinumber of e‘rythgmatoué afe;sus had ine-
creased to s::.x, each approximately 2mm.. in diameter. No further_."
pruritis developed. - At 20 hours fgllowing‘_‘éxposure, the spots. had
become papulare At 24 hgi;rg the papules had become-very prominent
a;}d had begug to diaappeag at 30 hours. On the second day, erythema
was leass localized, each area now ex@;egding 4 or“5 mm . in diameter.
Papules were prese‘rrt but not obviouss; a slight pain was experienc,ed“
when they were touched, otherwise no sensations were felt. Erythema
remained for sbout two weeks as small unraised areas on the skin,

agbout 1.5 mm. in diemeter.
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Case No. 5 ( Author ).

E

‘This experiment utilized the same arm surface.as in
Case No.-4 and was started three days after the drops in Case No. 4
were placed on th_e arm. Eighi additional drops of water conta_igging
one or more cercariae were placed near the previ_ous}y infected areas.
W_ithin ton mim_xj:es‘_integse"itching beggnﬁin one area very close to
a previously pa-pulatgd area. - Five separate e{ythg_matous spﬁts de\rel.-
oped in this new ares. Ery-themajtgusmacules apge?:red in thirty
minutes_._ At 35 minutes itching‘was ‘almost unbearable. The drops
were shaken off at 45 mimutes, at which time three red épots were
preisent. ]itc?ing cozrt::;.nued for one }rfou.{r“.C By 1 1/2 hours, fifteen
sm:a.ll_ﬂred areas could be seen. One area of five spots_developed

into a common raised welt about 2 em. in diameter.

On the 3rd day, some of the papules were purposely irritat-
ed. Within 'twentyv-four hours these had become very slightly pustular,
with a small gcab on the “‘_}furface. These minufe pustgleg remaﬂ"iwnedA
obvious for a week, during which time there was a graduel disappeer-

ence of the erythema. The small scars remained evident for six weeks .

Immersion Method:

0f geveral attempts to produce dermatitis using this

method only once was there any thing more than slight itching
experienced by either host. This itching was only slightly more

intense than the " tingling " sengation induced in the areas

immersed in non- cercarial water.
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Summary of Results of Laboratory Exposure to F.{. 2.t

Colleague: Slight itchingsat 15 minutes..
No intense itching or pruritus.
Itching ceased after 1 1/2 hours .
Erythematous magules at 30 min., decreased after
28 hours; maximus papulation at 24 hours.
No pustgle develggmen#.

Skin reaction disappeared in 3 days.

Author: ( Inm general reactions more acute than. in colleague).
Extreme itching and pruritis at 10 min., continued
for 1 hour.

Erythema mgcules appeared at 30.min.

Slight itching after 1 1/2 hours.

Papules developed to maximum by 24 hours, remain-
ing for three days.

Erythema lasting two weeks.

Welts, pustules and intense erythema if irritated.

Conclusions: -
1.) F.C. 2 is capable of producing Schistosome dermatitis.
2.) There appears to be a difference in host reaction to the
penetration of $.C. 2.

3.) The intensity of the reaction is increased in proportion

to the nunber of'infecting cercariae. per unit area.

4.) Pustulation and scar tissue result #f the papules are
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irritated.

5.) The strigeid cercaria F.C. 1 is apparemtly incapable of

producing a dermatitis in humans.
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Becological Relations of Larval Trematodes of Burnhby Lake s

In this discussion of the degree of larvel trematode infest-
atiozq in B urnaby Lake snails it iﬁ considered to. be of v'a‘lug tow
rreface the :i'.indingéi with some remarks on the ’;:'ol'lection areas:_.‘t?em-
se}ves, and also upon the sgail_.upopulations“ found. Since the snaa.ls
that were wxanined in_the 1aboraf§_ory were taken fram definite areas
of Burnaby Lake, it was hoped that in addition to determining the
degree and specsi.'es;,'of infection, that the in-vestiga'hign migh-t_'_.d}s-
close pgssible arga.differenc‘es which exist in the swail fauna and

their larval trematodes.

- P - -

Collection Areas at Burnaby Lake ( Plate X ).

o

Three shore areas of Burnaby Leke from which snail collect-~
ZEOHS'_WGI‘G made were selected on the basis of ecological differences ‘
and gccgssibili-‘ty. Although thea_nlake is small,‘kand thus j':'he ¢ollect-
ion areas not far removed from each other, it was felt *{:-;h_at the
areas chosen represented sufficient differences in habitat j:__o'
warrant observations being made for the possibility of £fauna diff-

erences .

ar .. .- [R—

- I'n“gene:gal, Burnaby Lake area is a typ‘i‘cal marsh and Pog__-
area, wijbh marsh and:_mudq shores bordeying thenlal-cae:‘proper.__ I:t is a
Provincial Game Reserve and as_ such harbours a large muskrat pop-

ulation, large Eumbérs of migratory water fowl at various times of

the year, and many other vertebrates, resident and migratory, which

are possible adult trematodse hosts.



1.) Laut Park Area.

ThlS area is on the north 51de of. Burnaby Lake, at tne
base of Burnaby Mountain. -It is reached by means of the Laut Pakk
.Road which follwws the course of a small clear water stream entering

the lake on this north shore.

B

The bulk of the snails teken from this area were collected
from approximaﬁely ﬁwo hundfed feet of shore ling to the wegﬁ gf the
mouth of the Laut Park stream. The shore here varies from a sand
and gravel district near the stream mouth to a muddy shore with
much decaying vegetation at the western extremity.. Most of the
snails were collected from the surface of the mud and shallow shore

pools and offshore marshes.

2.) 5till Creek Area.

Collecting in this area was confined' to the region around
the mouth of Still Creek, at the western-most end of Burnaby Lake,
and elong the creek banks for a distance of five hundred feet from
the lake. The banks of this Q;eek are of hard clay or mud andh

bordered by cattail ( Typha latifolia ), rushes ( Juncus sp ) and

bent grass ( agrostis ). best gf the snails were collected f{om
the leaves of the rushes.and grasses bent over and subgerged at
the creek's edge. Some snails were also collected from the mud

surface at the mouth of Still Creek.

3.) Deer Cresk:dreas
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3.) Deer Creek Areas

Collections in this area were made in the vicinity of the
mouth ofjthelgtream which connects Deer Lake with Burnaby Lake.
This is tye largest gf the shore areas from whicg collections were
mgde.“ Snails were taken from the shore of @hemlakemextendigg bfﬂh
east.and west of Deer Creek mouth, but prin?ipally in the eastward
direction for a distance of approgimafely 200 feet. This arga.ig
typical fresh water beg. Rushes and bent grass border the- lake- and
the banks of Deer Creek. Mésﬁ'of the snails were collected frog
the surface of the moisf mud and decaying vegetation, anml in shallow

bog pools of the offshore regions.

The limits of all these éreas are shown in Plate X.

Snails Found at Burnaby Lake ( See Plate IX ).

- g

A _The following is a list of the snail species collocted at
Burnaby Leke as identified by Dr. Henry van der Schalie, of the

University of Michigan.

Pseudosuccinea columella ( Say )

Lymnaes proxima rowelli- ( Tyron )

Lymnaea palustris { Muller )

Helisoma trivolvis hornii ( Tyron )

Hellsoma encops ( Menke ) -- £ormerly called”
antrosum ( Conrad e

Menetus cooperi ( F.C. Baker );-- formerly called
plamistus ( Cooper ).




EXPLANATION OF PLATE IX.

Snail Species collected at Burnaby Lake.

1.

-2

Pseud osuccinea columella ( Say )

Lymnaea palustris ( Muller )

Lymnaea proxima rowelli ( Tyron )

Helisoma trivélvis hornii ( Tyron )

Helisoma anceps ( Monke )
Meuetus cooperi ( F.C. B aker )

Gyraulus vermicularis ( Gould )

Physe occidentalis ( Tyron )

Physa cf traskii ( Lea )
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Gyraulus vermicularis ( Gould )

Physa occidentalig ( Tyron ) - -

Physa cf . traskii ( Léa ) -- may be only a form
of Physa occidentalis ( Tyron ).

— -

Perrissia caurina ( Coeper ).

Collection Areas and their Snail Pobulations:

?ables No. I, IT, and III give data on area differences at
Burnaby Lake, both of the snail host populations and. their larval
tfematode ipfectio‘ns. From these tables the following .generalizations

have been taken.

1.) Laut Park Area:

In the number of snails collected and examined, this
area heads the other two. However,_ most of the snails collected

were of one species, Pseudosuccinea columella, so that the number -

examined gives no indication of the richness of the wolluscan fauna.

Pseudgauccinea columella“were%mosfly gound onwthe
mud shore when the water level of the lake was low, as“well as in
smallwwater;filled degressions, and on moist duckweed gnd decaying
vegetatidn.“ Tﬁpseugnails were found throughouﬁ the year. Dnming
Dec?mber,”January arnd F»eﬁbn»z-ary, this is'iiecfi:es was the only one .fcund
in any quantity in the area. In the ice and snow free sections of

the shore Pseudosuccinea columella was usually found on the under-

surface of objects lying in the mud.
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The species found in next great(ég;ndance were the two

Physas -- Physa occidentalis and P. cf trggkii. A total of 102

9f these two species.ﬁg$%-collected and examined as .compared wifh

about 200 Pseudo;uccinea columella. Lymnaea proxime and L. palustris

were found in sgal} numbers -- gnly three and one respectively being

taken from the area. One Helisoma trivolvis was collected. Very.

few of thg inconspicuous Gyranlug vemicularis were taken, although

- they appeared to be presenmt in large numbers on the mud surface here.

No Helisoms anceps. or Ferrissia caurina were collected at

Laut Park. However, the collections were in no way 9xhausti§e and
there'appeared no reason why this species cannot be found in tuis

habitat.
2. Still Creek;

During’the warm late spring and sgpmer‘monﬁhq}a:ge
quantities of snails were found in this area. The majority of
specimens were collected from submerged rushes at Ehe edte of the
creek. Many were found floating at the water surface near the
Q;egk banks. Great quantities of the ge%at;nous'egg masses are
attached toﬁthe submerged vegetation. By late Augnst, theggumber
of gnai}s to bg founa”in-this area fell off sharply: ﬁo snailg
in any apprecisble quanﬁity cguld be found in Ehis area»ﬁrém late

October to April. Physa spp-and Pseudossccines columella were in

greatest concentration in this area.

-

Although very few snails from this area were examined for
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larval trematodes, it was found that during the summer months it

harboured more specimens than the other two éreas.

3.) Deer Creeks

This area was found to have the most bountiful molluscan.

feuna. In contrast to Laut Park Area, Deer Creek was without Pseudo-

succinea columella during winter months. Physa octidentilis was in

greater abundance during the summer momths. L. progi_ma, L. palustris .

and H. 'Erivoi_l.vis.were collected during‘:all geasonsg at Deer Cre,ek;but

o

in rglatively-' smé.ll numberxﬂad. Dui'ing the wintgr season these specieb

could be found on the surface of the mud and amongst duckweed.

- e .. v - .. .- - - P

Pseuglgéii‘c@iiﬁea columella, Physa spb are in. large supply om

the under surface of the pond 1ily ( Nymphea polysepala ) which al-
most completely covers. t}lf lake surface during late spring and
sumer. Egg masses are also plemtiful on the under surface of this

pla.n‘t .

Summary of Ares Differences im Larvel Trematode Infections

B .o Pl oA - ~

The percentage in_fection by each larval stage im given

in Table III.

- MTl_a_a tgreeA coli‘lvection;a.x_'eas at B‘urna.‘py Leke are no gr_eat
dj._stga_.nce apgrt and yet appmciable"dif;_r_erem_e.s in the degree 61‘
larval 'brematode.infecti_o_n of their snails has been shown to existe
Aw'botgl of five hundred. and s:ixty-téo gnail_ls were exanﬁ‘.ged in tbe

laboratory for the presence af cercariame and ofher intramolluscan



EXPLANATION OF PLATE X.

Map of Burnaby Lake showing Collection Areas.

Shaded portions indicate

collections were made.

A+ Laut Park Area.
B. 5till Creek Area.

C. Deer Creek @res.

regions from which
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stages.

Laut Park snails are the least parasitized by cercariae, rediae and
sporocystsy but were found to be most heavily infectgd with theh -

cyst stage. One percemt of all snails examined containing cercariae
- - " s S i ;-
and other intragolluscagﬁw re collected at Laut Park, as campared

to-two percent and seven percent from.S5till Creek and Deer Creek
respectively. Deer Creek also possessed Phe'gréafesp nurber of
species of cercariae. No xiphidiocercariae were found in snails

collected at Laut Pgrk and Still Creek.

-~

... Furcocercous cercariae were found in greater percentage

in snails of all threé areas than were the échinostome and Xiphidio-

cercsarias.

These area differences can_in'pb way bg regafded as rigid.
The mumber of snails examined from each area is too small, and the
survey was for one year omly, so that definite conclusions cannot

be made from the data.

Discussion of High Degree of Infection at Deer Creek:

) The Deer Creek area. appears to be the mest favourable for
infection bf_sgai?s by girac%dia. ?his mey Ee dug to the csmbinat-
;onagf ﬁhe area having a gregter year round abundancé of snails

and a la{ge”adult host population from which the infection of these

snails can arise.
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- No accurate data on the distribution of muskrat or other
non-avien hosts within the Burnaby Leke area has been taken. Observ-
ations that were made in this-regard indicate that the Deer Creek
area is more heavily populated by muskrat than either the Laut Park
or Sﬁill Creek areas. This was determined by the muber of mskrat
actually seen, the mumber of defecating posis found,isedge éuttings

and other typical signs of a muskrat population.

‘During;miggatqryvgeaeone, Watgrfoyi were seen in great
numbers on Burnaby Leke. Although the actual distribution of the
birds among the three areas was impossible to determine, it was
ngted.@h§¢ signé of bifds predominaied in thivDeer“Cre§k~arga.” On
mgst oogasions the shoreline;heré wag noﬁicgaply garked by avian*
faeces and scored by bird tracgs. This area gp pears to providg an'
exgellent feeﬁing ground for water fowl, egpeciglly when the water

Jevel is low and much muddy shoreline is laid bare.

Anlagge vertebrate population such as may be faand in fhe-
Deer Creek area mesns a large quantity of tremafode eggs being passed
with the faeces into the lake Water”and moist shore. Subsequently
a largg number 9: thg‘infectiva mifacidia deﬁeloping from thgse eggs
are }iahle to cause a high percentage of infection in the smibs of -

the aresa.

Degree of Larval Trematode Infection in Burnsby Lake Snails:

The follqwigg is a ;ist of the snails collected and their

percent infection by all intramolluscan stages,
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Helisoma trivolvis ‘ 927%

Physé. occidentalis 73%
P. of traskii 70%
Lymnae palustris - ~ 38%
Pseudosuccinea columella 274
Ménetusip?operi Zg%
Ls g;oxima_ 244
H. anceps 0%
Gyraulus mermicularis of

Snail Species and their Infections

See Tables I, IT.

- 1.) Helisoms trivolvis. Only 12 of thes species were examined.

Eleven were infected by one stage or another of the larva} tremat odes.
The majority of these snails ceme from Deer Creek ( See Table i )

and were for the most part }nfgcted by xiphidiocercariae. Echino=-
stome and furcocercous cercariae were also found in this species of
gnail.

Summary of Larvael Trematode Infection in 12 H. trivolvis ( 92%

infected Ve
Eggégg Larva - | Percent Infection
1 E.C. 1 | 9%
4 X0 1 334
1 X.C.2 , 9%

3 FL. 1 25%



2 Echinostome cysts 174

1 ‘Large unidentified cyst A
( tetracotyle? ) '

'2.) Physa occidentalig. The larval trematode infection

in this snail was found to be almost identical with that of P. cf.
traskii. -Dr. vancder Schalie in his idemtification ®f the Burnaby
Leke gsnails, suggests thaj; thege two s‘peéies‘ may be one and the same
thing, which may partly explain the similarity in infection. One
hundred and forty specimens were examined and found to be V/E%iini‘ected
by larval ;brema.todeg. The echinostome and furcocercous cercariae
were present in equal degree. No:Xiphidiocercariae were found in-
fecting these-forms. -As regards sres differences ( See Table I ) |
an-equal quantity of snails from Deer Creek and S5till Creek was in-
focteds Two snails only from Laut Park harba r-gd larvel flukes, both
infected with E.C. 1. This wnail variably coptained echinostome
metacercariae ( 449 infected. ). - Musfeldt ( 1945 ) found a stylet and

#:ossible non-gtylet cercariae in this species at Burnaby Lake.

Summaz.‘j :::_f Larval Trematode Infection in 140 P. occidentalis

( 73% infected ).

ﬁq_rgo_e_r_; Larva. Percont Infection
6 EL. 1 , 4%
2 E.C. 2 o 1%
6 F€.1 ~ 4k

2 F.i.2 . S _ - 14
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67 Echinost ane cypté; 48%

17 Large unidentified cysts a4

3.) Physa cf. trasgkii. Fifty-seven specimens were examined

and found to be 707 infected by six probable infecting species. No

xiphidiocercariae were found

Summary of Larval Trematodss 1nfect1ng 57 P. of . traskii ( 707 in

- fected. )-e
Number - Larva ~ - . - Percent infected.
; . so. 1 : L 5%1
1 5. 2 | o oh
3 P 1 - st
2 FGo2 - . . 3% "
25 | Echinostme cysts ».; h44%'

6 Unldentlfled cysts ( Tetracotyles') 157

. A .

4,) Lymnaca palustrig. Xiphidbacercarias»were present in

greatest percemntages. . The numbers of- speclmeng examlned was too
small to permlt genefalizations to be meade regordlng area dlfferences
or immnity exlstlng in. these snalls. Only one speclman'Was taken

from Laut Park and Still Creek, neither of vhich were infected.

Relatively few echinostome cysts were founde
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Sumrary of Larval Trematodes infection in 24 L. palustris

. ( 38% aFected Tv

Eggbgg v Larva. Percent infected.
2 | E. 1 a 8

1 X£.1 - Y
1 Fo1 4
3 Echinostome Cysts 137

1 Unidentified cysts 8%

5.) ggegdosgccinga columella. The majority of this;q»ec;es

were collected at Laut Park. Only one of these sggcimens.gés in-
fected, by a F.C. 1. Only one from.5till Creek wdé7§ound to be
infected by aEL. 1. No xiphidiocercarise were found in these

snails.

;.Ig genesal, larva}Atgematode_infectiog in Pseudosupcinga
columella was relatively smalls of two hundred and fifty-nine snails
examined, only five were fanah@ infectéd by'gércariae. The'infgéy-
ion{by cxstic.stagéé in thié sbééieg was ofug;yigé*degfee;::gf:%yo
hundred“and giﬂﬁf-two Pseudosuccingg columelle examined.sgecificéili
for metacercariae, fiftf-five contsined cysts iderfified as belongs

ing to Echinosfomes, wpile in tﬁel%ehspecimens large ﬁnidentifigd
cysfw wore found. Of;all P ecies exémingd this proved bo be least
infected-- 2% ( See Table IV } by cercariae, and 27{ by both cer;

cariae, and metacercarise.
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O N 1

Sumrary of Larval Trematode. Infection in 259 Pseudosuccinea

columella ( 277 infected ).

N_il_;z}b;eg . Larva - Percent. I'rifbegted.
1  Eg.1 §.4% i

1 " EL. 2 0.4%

1 FCo 1 | 0.4

1 j F.2 - 0.4

5}5 Echinostome cysts 21 %

13 : Unidentifi,ed cysts : 5%

_— .

6+) Monetus cooperi.. Of twenty-seven specimens examined, 26%

woere found to be infected by echinostome cystsw No- cercariae- of

any species were observed in this snail. The infected smails were

collected at Still Creek and Deer Creek.

‘. - ~

Sumuary of Larval Trematode Infection in 27 Menetus cooperi ( 267 ..

infected .
Number Lar#a | | | Percent Infected

7 . BEchinostome cysts 26%

7) Lymnaes proxims, . Thirty‘-g_ivé snails were examingd; the
mgjority of which were_,.cpll.e.qte'at Deer- @reek. »;Ope é pecimeﬁ oﬁlir
canlé-_ffoﬁt' S*l:,ill Creek and was unin.f'ec't;ed. uTwen-by-one :rerce‘;nt. of "bhe
sﬁgiis. were infected with four corcariae species. Nine snails
Yere s0 ir’xfec'bed;,ﬂ 6o_unting~.~all types of cysts, there were s:.x prob-

able infecting larval trematode species in L. proxima,(See Table IV).
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Summery of Larval Trematode Infection in 35 L. proxima

( 247 infectéd ). . -

Number Larvas Percent Infection
4 EL. 1 117
2 X001 6%
1 F.C. 1 3
1 F.Co 2. - . 3%
4 Echinostome cysts 11%
1 Unidentified cyst 3%

. e

8): Helisom?..ancepgg Only three H. anceps were examined. No
spgcimens' were found infected b'y larval trematodes. All specimens

examined came from Deer Creek.

9.)- Gyraulus vermicularig. Small numbers of this species were
collected_ and examined from each area. No trematode infection was

discomered in this -speciee.
Comparison with Infection found at San Juan Island ( Miller 1925 ).

—~

- Tablgs“IV‘ and V i}}dicate that ]}urna‘gy Lg.kg snag'L_ls are
more-heavily parasitized thqp_ fhose of San Juan Is}arxi,._as reported
by Miller ( 1925 ). These tables show in particular that the per-
centage of ini‘_g_g'biop and fc_he num‘ger of infecting larval sp‘e.ciesﬂare

higher in Burnaby Lske snails than in thoge collected on San Juan -

Teland.

The spécies of snail common to both areas ip L. proxima
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and in these the d}fferénge in the degree of infection of the- snails
gf both areas is part}cula{ly evident. L. Erox‘:i.ma;nfrgm Burnﬁby Lake
are 247 infectéd, by a totel of six different larvae as. compared
with L. prodime from San Juan Island which are only 8% infected, by

two different infecting species.

~.. The Physa spp from Burnaby Lake also show a higher degree
of igfection_than the Physas reported by Miller. Burnaby:L_ake -
Physae were 737 infected, while only 3% of the San Juan Island physa

were infected.

_ In the snails of both areas much variation in infection of
individual species was found. There appears to be no relation be-
twoen the degree of infection of a snail species in- one area with.
the same species in the other. =The degree of infection in thg 'spaj.ls

goems to be a characteristic of the lqcale.

-~ . .

Summary of Host Records for Burnaby Lake Larval Trematodes .

The following is a list of snails found ‘at Burnaby Lake -
which were found shedding each cercariaf. Tadle VI gives the com-

plete host records for each cercavias /spp./

EL. 1.:;

Pseudosuccinea columella

Lymnaes proima

L. palustris

Physa occidentalis




x.c' 1

Po cfe %raSkiif

Helisoma trivolvis

Pseudosuccinea columella

P. oceidentalis

L. proxima

.. palustris

H. trivolvis

H. trivolvis

Pseudosuccinea columells

L. proxima
L. Ealustrig

P. occidentalis

‘B traskii

He trivolvis

Pseudosucecinea columella

L. proxima

P. occidentalis

106.
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Evidence of Host Specificity of Cercarise.

There appears ?é be little specificity showh.by trematode

miracidia infesting Burnaby Lsake in the choice of snail hosts.

The 'grgqtegt degree. of host specificity has been found
wiﬁh‘x.c. 2y which was found in:one-snaillspecies"only, that-of H.
?riyolvis. X.C. zuand.F.C. 1 show the next highest degree of host
égecificity, f9r‘?agh are fognd in threen§pecies of snail only, which
fa%l into two separate genera. EL. 2 was found in three epec?es_gf
sneils, comprising three gemera. E.C. 1 and F.C. 1 exhibit the least
amougt gf specificity in choos;ng thgir intermediary hosts. Both
cgrcériae were shed from the seme host species, comprising six
species of three different genersa.

Tt may be -of interest to add here that H.M. Miller Jr.
( 1935 } ébserved that no one of;the nine species of fﬁrcoce;cous
cercafiée he-found at San Juan:Igland were shed from more than;oge

gemus of snail host. Cort ( 1915 ) faund;furcocercous forms pare-

sitizing three generalof sneils in Michigan.

Evidence of Multiple Infection ofSnail Hosts:

No case of a snail playing host to more than one species
of larval trematode was found inAﬁhe snails of Burnaby;;age. ”Al~
though this would .appear to}indicate the existeme of a natufal

immnity of Burnaby Lake snails to second infection, the relatively

small number of snails examined prohibits such a éondlusion. The
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presence of two species of rediae or sporocysts within an individual
gneil mey have been obscured duw to the small amount of one or the

other present and lack of experience in distinguishing rediae and

sporocyéts on specific grounds.

d o~ .

It can be definitely said that no snail from Burnaby Lake,
from whidg cercarise emerged, shed more then one type during the

time it was under observation.

- In the case of each of the six cercariame discovered, the -
sngils shedding the cercaxiae,were,inﬂsevera>i§natances found to be
harbouring echinostomeior metacercariae of another species. Mah&

snails were also found to contain both echinostame and lerge un-

identified cysts.

BEvidence of Harm done to Smmil Hosts:.

Tt is difficult to determine whether or not larval tmoma~

todes;liyipg_within snails can be a cause of the snails'-degty.

~ Several enails Weré;prgvéd on examination to behexireme}y parasit;
ézed, to the extent that the liver or diggs%ive gland was composed
almost axclgsively of#sporocygts.agd rediag. These snails ét is
true, may hgve died from old age E&tper than fromwthe_cumulativg
effect of harbouriég the active larval ﬁorms: Examination, none=-
theless, showed that very little of the normal tissue could-be;

found. Rees ( 1931 ).reports much the same condition in the case

of the liver_fluke, Fagciola hepaiica. Here, he rgborts, the

intramoilusqan‘stages create much disintegration of the snail host,
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reducing the liver cells to a.thin layer of protoplasm ¢ontaining

the. muelei.

. In ﬁhé;case of inféé%éd Burnaby Lake sgailg,“thé diges;ive
g}éﬁ& Wa§>invariab}y found to have an unhealthy appearamce. Most
cases were such . that the infected portion of the snail was larger in
mass than:thg.unigfected portiong.» The infected digestive gland

varied from a cream to rust in coloure.

1t is apparently thi rediae which are Egents of gosﬁ of -
tge‘destruction within the snail.hoatg.,:Redia5<are mgscu}ar~and
capable of indgpendent.mgvement. In gdditign, they have a moutp.
iurrounded by"a sucker, and in some cases may be.providgd-yitp an
anterior cellar of spines. It is conceivable, thgpz that as a result
of their movements and feeging these larvae are capable of causing

much destruction within snailse.

The infected snail, it égst be noted, seems fo‘be abie to
p;ésgnt sbmg degree of fortitude and countergction.tgithe presegce of
larvel trematodes. _Activé and g)parentli héalﬁhy‘éngiié'hayé been
examiped which'contained notying,more thanAa sac of éCtive cer&ariae

in place of the digestive gland.

Brown ( 1926 ) is of thevopinion that sneils infected by
echinostome and xiphidiocercariae-die;sooner than thdge infected by
furcocercous forms. A similar observation hag been madewin the .

case of Burnaby Lzke snails. It was found that those snails which s



. %10:"

shed cercarias and lived longest had the furcocercous. cercariae

emerging from them.

In summarizing the harmful effgcts of larval trematodes
upon their.snail hosts, Brown ( 1926 ) makes the statement regarding
Echinost.ome cercariae, that " it is very difficult to estimate the .
effects of these parasites. in their hosts, bhat they are harmful is
indigpuﬁable," whigh in ggpera% covers the situation found with all

cerceriae species at Burnaby Lake.

- - “. - ~— . e

Infeatat;on»by metacergariae.appears,to,have_n9 detgimgntal
effect upon themsnail.. This is to be expected since metacercariae
are noﬂ-motile and ﬁon-feedigg. Largekclgsters or " c¢lumps" of
cysts were o{ten found in snails, but.appgrenily,their presence in

quantity is as innocuous as single infestations.
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SUMMARY

vt eem s © e

-

Six spgp%esqpf larval trematoda have been discovered in the
Mbllusga of_Burgaby Lake, B.C. Tyese,cercariae emerged from snails

collected over a period of one year.

:All snéils examined came ffgm ?hr§e speqific”aregg afr
Bufnabthake. They were ébserfed in aquaria for the natural emerge nce
of cercariae, or crushed to detect the presence of other intra-
molluscan stages. The. nature and intemsity. of the larvel trematode .

infection has been noted and the details for each presented in tables.

The cercariae found comprise two species each of echinostome

[

gercﬁriae, furcocerqous copcariae and xiphidibcercariae1; The

tentative identifications of ES, 1 and E.C. 2 for the echinostomes,
F.C. 1 and F.C, 2 for the fork-tailed and X.0. 1 and X.C. 2 for the
xiphidiocércariaehwere made » .GomparisonsLand tentative ﬁaintificat-

ions with cercariae reported inm the literature have been carried out. -

The resultd of these comparisons is as follows: -

EL. 1 Cercaria echinoparyphium recurvatum ( proved by

infection experiment e

E.L. 2 C. echinostomum revolutum { indicated by close

morphological resemblances ). .
FC. 1 shows resemblance to C. dohema, Cort and Brackett

1937.
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F.C. 2 shows resemblance to C. oregonensisy

Mapfarlane and Macy, 1946 ; and C. milleri,
Faust 1926. .
X.C. l ‘shows mich resemblance to C. albui,
| Brooks 1047.. |

X.L£.2  appears to be an undescribed species.

Each species 9f larval tremac_fclode‘ has been describ‘ed.

A series of extensivé observé:tions and e;cperixﬁents wer_e;
conducted to discover fhe possi‘.olehlife ¢ycle of eia.ch of these-larval
worms. These li;‘.‘e cyé:le studies have includ.ed 1) a su;rvey .of the
natura.liy infected s.nails, as well as some tadpoles and ca;ti;ish, to
determine which species act &s intermediate hosts to lerval trematodes,
2)- exposwre of laboratory-raised snails, and of Burnaby Lake 't;'ad.-
poles and catfish, to attack by various cercariae, and 3) feeding of
the. encysted~c§_rcariae to various vertebrates in order to discover

which are the adult hosts of the trematodes.

The life cycle of E.€. 1 ( = &chinoparyphium recurvatum )

at Burnaby Lake has been demonstrated. The first intermediate host

of this worm has been determined as being Pgeudosuccinea columella,

Lymnaea proxima, L. p_alus'tris,,Phyga o_c:cid?rrtalig,_;P._ cf tragkii and

Heligoma trivolvis. E.C. 1 utilizes the same snail g ecies for -

both the first and second intermediate hosts, for metacercariae
have been found in the Wolluscan species from which cercariae

emorged. Three species of laboratory-raised sﬁa:}}s have been
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infected by E.C. 1. These experimental second intermediate hosts

are Bseudosuccinea columella, P. occidentalis and P. ¢f tragkii.

Metacercariae identical with the;és-spineﬁ expérgmentally
produced cysts of E.C. 1 were fgdhto guinea pigs, rats, ducklings and
pigeons. In;ope;pigeona"eight smallﬂgdult echinogtomes were d;s-
covered 3§ days gfter.the ﬁ;perimentgl fe?ding. These worms havgﬁ

beon identified as Echinoparyphium recurvatum. Close‘morphological

comparisons of E.0. 1 and its cyst with the adult trexgatode, and tle
fact;that,as far as could be determined, the pigeon was free of

trematode infection prior to the experiment, indicates that E.C. 1

is the larval stage of Echinoparyphium recurvatume.

) Several gnsucegssful éxperiments wers mgde“to éetermiﬁe
possible inﬁergédgate‘hgsfs of Fu.Cu 1. I?isfcercér?aegh;smbééy .
identified as 7§h@rjggeal;;ongifgrgate distémevgprcariae, and is
very l%ke}y;ﬁhe larval stage of é strigeid trgmatéde. It yaé proved

to be inéapable of producing schistosome dermatitis in humans.

The second ?uycqcercous cercariae fgund gt Burnaby Lake
has been discgvefed capable -of ﬁroducing germatitié or- " swimmer 's
iﬁch " in huméns. Thg symptoms recorded agree genera}ly with those
reported in the literature for other schistosome dermaiifis OX=

periments.

Although the two xiphidiocercariase were very gsimilar
morphologically, they have been classed as separate species on the

basis of stylet structure. The first intermediate hosts of X.C. 1
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are L. proxima, L. palugfrig_and H, trivplvis: LNo naturally in-
fecyed”second intermﬁﬂiate hosts of phiévéércﬂiae ﬁere disgovered.
A gammarus gspecies was proveg to Pe at least an 9xperimental gecond

intermediate host. X.C. 1 was unable to be infected in ducklings,
g = ————

goldfish, rats and guinea pigs.

&

X.L0. 2 was found in only one suail species, thatuof He
trivolvis.u A gammarus species was found to be an experimental inter-

mediate host of thisg cercari%{}

B urnaby Lake was found to have a high degreehofﬂla;val
trematode infect;on, both in the number of species of layvae and in

the mumber of snails infected.

- There i§ ap least“an apparent difference;in snail popuiat-
ions, and their larvel trematode feuna, between snai}s of the-three
areas undar.study at B. urnaby'Lake.> The Deer Greék drea has the
richest sdolluscan fauna, and its snails have the hlghest 1nc1dence

of infection by larval trematodes..

There appears to-be little~or no host specificity in the
larval trenatodes at Burnaby Lake. X C 2 exhlblts the only notlc-

eable degree of speclflclty, being found in H, trivélvis only. All

theuothechercarlae are found 1n.sna11 species comprising at least

two gemsra.

- P .

.C. 2 has been provad a causatlve agent of scnlstosome

dermatitis. A4s far as can be determined, thls is the firsgt experi-
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mental demonstration of schistosome dermatitis in Brigish Columbia.
?he dermatiiis is manifesgt by the productionfof erythematous papules

end itching.



EXPLANATION OF LETTERING OF PLATES .

act, anterior collecting tubules.
bp, Eirth pore.

¢y caecum.

" ¢b, caudal bodies or biocks

cer, cergaria.

cg, cepha}ic or penetration gland.
cgd, cepyalic gland duct.

cl, collar.“

CB, cuticu;ar spines or hairs.
cw, cyst wall. .

ds, dorsal spine region.

ext, excretory collecting tubule.
ep, excretory papilla.

es, eyesﬁot.

ov, exqretory vesicle.

fc, flame cell.

ff£, fin ?old“or membrans .

fr, furcal remus.

g, gut

gs, spines of glends.

ic, immaeture cercaria.

ls, lateral spine region.

-mt, main excretory tubule.

lps, lappet spine region. .
n, " notches " or " cremations ".

0y OVAYYe:

ob, oral bulbous or suctorial apparatus.

oce, oe§ophagus

og, oral gland.

o8, oral sucker.“

ow, ogter‘cyst wall,

py pharynx.

rig, pigmept .

pph, prepharynx.

B8y stylet.. ’

-sd, shoulder region.

' 8p, suctorial proboscis.

iss, sucker spines.

t, testis.

ts, tail stem.

u, uterus:

Ve vitellaria.

vent, ventral surface.

vtd, viteline duct.
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Bumnary of Goeurrence of Qercardse by Host and Ares.

LAUT PARE aRES,

STINL GREFL ANERA.

UhEE CREER ARBA.

Ko. Mo snaile iafeoted with Total

SRAIL BUROYES.  Exd. €8rc. gp. Fad, CErte  Bpo Brd, Sercs 8o iz,
501 ECE X061 300 FCY Foa Sl BOP AB1 K02 FCL wea 801 B3 HO1 ¥5% POl FoZ

FPseudosuccinea . 5 :

eolunclla 175 1 45 3 45 3 1 1 259

proxzime 3 LI | 3 4 a 1 38
Lo ’ . .

palustris 1 1 22 1 3 1 24

occidentelis 74 3 2y 2 3 48 2 - & 140
Pe -

traakii 28 1 : 1 10 1 3 1 2 67
Helisoma A

trivolvig 1 1 g g 1 4 i1 2 18
He A

anceps 4] 0 & 3
¥eneotun _ .

cooperi 8 5 a0 27
Gyranlus ,

verpicularis 4 i 4+ 5
Perrisgla :

cauring O o Soth

TOTALS, 26 5 86 8 2 3160 11 2 7 1 11 g gy eis

562



TABLE II.

Summary of Occurrence of Encysted Forms by Host and Area.

LAUT PARK AREA.

STILL CREEK AREA.

DEER CREEK AREA:

| No.| No. snails infected with No.|No. snails infected witl No.|No. sneils infected withffotal
SHAIL SFECIES: [Exd.| . eysts. Exd. cysts. Bxd. cyats. Exd.
 [Eohinost cysts Unident. Fchinost. Unident. tehinost. Unident.
cysts cysts cysts cysts oysts,
Pgeudosuccinea ,
columella 170 56 2] 43 14 2 39 5 1l 262
Lymhaea
proxima S 1 1 1l 22 3 26
) .
palustris 1 0 18 3 2 19
Fhysa , o , o
‘oceidentelis (66 | | 41 8 19 6 4 % | 20 7 121
P, 26| 10 8 5 2 1“ | 10 4 48
traskii ‘ ‘ '
Helisoma ' , v
trivolvis 1 2 . 2 1 1 4
.
anceps 0 0 3 3
Menetus , . : ,
cooperi 2 5. 2 19 5 26
Gyraulus R _
vermicularis | 4 1. 0 B
ferrissia f j
caurina 0 0 0 0
TOTALS. 275 88 18 79| 29 9 152 %6 1 504




TABLE, . EIL.

Percent of all Snails exammned infected with mntxamolluscan

stages of Larval Trematedes.

AREA PROM
WHICH SHAILS
__WERE COLLECTED,

LARVAL STAGES| AND PERCENT INFECTION IN ALL SNATLS EXAMINED:

s

Echinostome

. | cereariae

=

phidio-
erca:iae

- gexeariea

Purcocercousd

Cercarice
andl other

Intramollunc-

Cysts ®#

Laut Park

S

T 0: 5%

0.7%

1%

20%

Stil1l Creek

'  lQ;9%‘

‘éa%%

R

Deer Creek

2.0%

1.6%

2.2%

|

1%%

NeBs # Bapged on.

the examination 6f 504 specimens  See Table IT )



Summary of Larval Tranatodé Infection in Burnaby lake Snails.

'SNAIL? - No. No. of i -INO. infectd %, Probable infected by
. SPECIES. |Exemined |fecting ¢ pd by cer- |infected| No. of total infect-
. cercariacpariae spp . | Total in-|ing species.
) 5P : 1 - fecting SPp
Pseudosuccinea A
" columella 259 4 -5 2% 7 27%
- proxima - 35 : 4 .9 21% 6" 4%

Lymnaea ,
" palustris 24 s 3 15% '5° - 38%
Fhysa ¥ , : IR )

occidentalis | 140 4 16 19% 7 75%
Physa cf

traskii | &7 4 9 16% 8 708
Selisoma ' i ’ :

trivolvis 12 3 9 75% C 5 - 92%
Helisoma . . .

anceps 3 0 0 0 0
Gyraulus o

vermicularis | 5 0 ) - 0 0
PFerrissia

cauring 0 o 0 0

cooperi 27 0 0 S 26

TABLE V. :

Summary of Larval Trematode Infection in Snails of
San Jusn Island, Puget Sound, as given by Miller ( 1925 ).

SHAIL To. Percent Probable Number of
SEECIES, Examined Infected Infecting. Species.
L. proxima | 76 ‘ 8% : 2
L. gtaghalis 84 © 65% 6
P. species 75 % B , 1 |
Planorhis ('3 or 376 ' 44% c12
Succinea retusa 7 o 0% - 0
Sphaerium | 32 o 0




" Sumimary of Life Cycle Studies

. Natural and experimental hosts of larval trematodes found at Burnaby lakes
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