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ALSTRALCT

Care gl ol e L eo T Lhobmaier and ol ler 193

Boov and schul'ts 1950, is described from the Rocky Mountain mele

decr nocilen T e "JA"\."(".X'(.") in"Alberta, Canada,  V by 0 I}'xv' males
of the penus Jove /oy nocyo o e s provided.  The Trrst- and thed-
stage larvae of Jooso D70 are Jdeserived o odetaat o for the Cirst
time,

The bife cveie of Jo cdvee 07 was completed in mule dee,
black-tatled deer (oloce" 0 o femionne ‘nx’m':.‘“:ﬂn\::g.*) and moose (S0
lece) o A mean prepatent period of 53 davs was established o
fooo0 o lod in the mule decr.  The duration of -the prepatent ]\(;1‘.1 od
is inversely related to the size of the infective inoculum. A mean
prepatent period of o and 70 davs was established for this parasite
in black-taiied deer (o. F colimiione) and moose (4w gl ey

vespectively.  Lxperimentally infected whitg-tailed deer (0

clrveintona) failed to become patent.

~
R N - . PN . . .
Larval production i . olcoddce! in mule deer was approximately
i .

5 times higher than previous reports in the literature for other

claphostrongyvline nematodes. Duration of patency his not bheen firmly

established; however, two animals passed larvac for over 1 vear.

’

Larval production, duration and intensity, was reduced in black-tailed

deer and moose.  On the basis of these factors, OF e hemionue is -
~ “ B

~

considered tho primary definitive host of P. odocot let.
Seven of 15 species of terrestrial molluscs were naturally

infected with 7. odocoile? in the vicinity of Jasper, Alberta. ‘They

iv



All‘tl. N A"\ [ \“.|‘ e .‘( .‘ .‘(A' ’:l(t:

. i , .
T T A R oA and U e e e
T - P Ny A ' | N . B . . -
coreerree s and P00 W rne werel consideored the primary: internediate

~ . . . R . v . .
hosts of 70 00 o707 in this area. Althouph the overall prevalence

o inteltions in moliuscs wias low .('\J‘Iv), part of the wintering area

ot the Townsite mule deer herd was ident 1tied as 0 focus of befect ion,

The prevalence of intfection in D] e in this arcea was 195 Peak

prevalence of infective larvae of|/7, ofcc 07 oecurted in date August,

!
|

comnciding with the return of mul(f‘ deer

to the wintering area.
Possible factors debimiting a focus of intect ion” or "hot spot' are
discussed, \ -

Mode of entry and development of larval ) o 0 5 wore studied

cexperimentally in several gastropods, pri 1.\1:11‘1 Iyoie ooy aie om0 Doat o

(Say). First-stage larvae of 2. odocd ! ol anined entry into susceptible

molluscs primarily by direct penetration, dlthough ¢ntry via ingestion

<

< occurred.  The host-reaction of ,’."1".'".&\503\.“1':7 LSO oo d(*\':‘l(mim:
-] : '
\ ‘ : .

\ - . .- - .
larviae was documented and compared to previdus studics of this peneral

+ phenomenon.  The reaction is biphasics ., an ibitisl influx of doebo-

cytes, followed by the formation of fibrotic lelements that delineate
. T

the cvst, - ' \ .

Larval molts occurred at 8 and 17 days post-infection at [§°C -

in Toopadtilineata. A maturation period of npl‘;proxim:ztcly 5 dayvs was
. |
required for third-stage larvae to become i‘nfei:ti\'c. )
. . . i
The cvolutionary relationships of the memhers of the Elapho-
. A : o
strongvlinae,are analyzed in the framework of }:h_VIO‘QC‘TIICtiC systematics.

Two basic lineages are identified: a muscle dwélling group

1

|

r

.
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fo0 oo T T and

tvidence

Is presented to

indicate

fooonderadT amd o ONS dineape el and

that

. iU,

the Tlaphostronpyvlinae

e S
are of Nearctic origin, contrary to spevulation by

and Fooeeed i 4 recent immigrant to Lurasio, .
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GENERAL INTRODUCTTON

Flaphostroney Line nematodos corprrse s bh hat oimportans s reun or
Funyworss cProtostrongyodoae) i‘:;: coryids s Hovever, they received seant
attention in North :\m("rif;l it b Anderson T b aronstrated that

ST T A S o : S Uhe cioisative ayent
of rosse sichness " Opee cheorolc o this craphostroneviine wias

cotablished conclusively as an avent o cprrootioloeic pmpertance many

papers tollowed (see Anderson 189S, 1U7Tar Anders.n and Trestwood TUTS
For ru‘\'iu\\r;). ITn castern North America mentngeal worin \a.a::\ Shown oo i
cerchrospinal nematodiasis in a variety o ungulates Pocluding wapit
B O T T R v done o), reindeer (BT e e e e
domestic sheep and ._\10:11 s (Anderson and Strelive Does: Andersons Pe7hg
Alden -0 0 197680 Woolt o o0 1977 and, as previously mentiened,
moose (SUoee e o)

Tn the PFast, the discovery of ool origre o s oo

Prestwood 19720 in white-tailed deer of the southeastern Inited States,

)
resulted in o more precise evaluation of the cceolopival (Anderson 10700,
ccopraphical (Prestwood and smith 2097 Prestwood - S0 19T and

pathological {(Nettles and Prestwood 197¢1 relationships ot the members

of the wenus o g Srron gl
! |

In the West, less progress has been made.  The only elaphostronny-
line deseribed from the West to date, Japslag ooy niiee 00

(Hobmaier and Hobmaier 1934a), from Columbian black-tailed deer, is the

type species of t‘ho genus. Tt has only been reported twice in the

{

\
literature {(Hobmatler and Hobmaiecr 1934; Brunetti 1969). Bot



0
were fron deor in northwestern Calitornia and were bimited primarity
to morpholorical descriptions o adult woorms. Branct 1 (1o desceribed

the pathological cftfects o ecops aml st stape Larvae on the lungs of

N . . -
natural Iy and experimentally intected animals . Lite cvele data presented
by these authors were Timited and, in some instances, contradictory,
General survevs of the helminths of deer of western North Ainerica oL,
Cowan 1951; Worley and PFustace 19720 were notoeonducted uiiliczing
techniques that would have demonstrated the presence of these worms in
the musculature. , :
- - . - .
In Alberta, Samuel and Holmes (1970) examined deer fecal pollet

groups and heads of white-tailed deer, mule deer and moase from soutnermn

Adberta for lunpworm larvace and adult worms, regpectively.  They found

spined .l:n*\':w "indistinguishable from those of o oo in 19 deer
pellet proups trom the f’uot‘]\.i'lls repion of Alberta, which is primarily
mule deer habitat. Samuel and Holmes offered an hyvpothesis that
countered the sugppestion of Bindernagpel :unl“f\mlm‘sgn- {1972y 1.¢., that

ol s ospreading westward in the Aspen Pavkland.  They stated
that "...some ccological feature...currently limits its [F. fomi’o
populations in the west." .»\1t]%0ugh not implicitly stated by these
authors, their h__\'[mthosis demands the i3]‘CSCITC(‘ of an alternate parasite
of mule deer in wostérn Alberta. . |

»

It was against this background that the present study was deXigned.

The objectives were:

i) to locate the aduylt worm of an apparently unident‘iﬁed
claphostrongyline .parusite of mule deer; “

2) using mo%ph’ologic data of adl}lt as well as larygal stages, 1f

N '
) . .



Ne

applicabte, to assess the taxonomic positfon ot this worm,

S)oto complete the-Tife cvele ot this parasite oxperimentally, and

a

determine the Tenpth ot the prepatent period, patent perisd ang the
imtensity of larval outpurt:

4 to determine the extent of host speciticity of this worn in o
fow native cervids;,
51 to determine the natural intermed! oo hostisy of this parasite

tn JTasper, Alberta, and assess the prevalence of ingection in the

. . L3 ' .
intermediate host on g seascaal hasisg

O) to determine the route of penetration, misrvaticn, site selection
and Jength of development of the larvace in experimentally infocted
L3
intermediate hosts;
71 to obscerve the reaction, it anyv, ot the intermediate host to the
o
developing larvae of this parasite, and

8) utilizing the above information and the current literature,

to determine the phylogenctic relationships of the spegies comprising

- the nematode subtamily Elaphostrongvlinae and their cvolutionary vela-
) 1 £) . )

tionship with the intermediate and definitive hosts,



SECTION 11

TAXONOMY
N
A, Introduction .
"Animials cannot be discussed or o treated inoa o scientific way o anti |
taxonomy has been achicved,! (Simpson 19153, The primary obicctive

lrlmm‘
ot this rescarch was to identify the alternate parasitic nematode
implicd by the work of Samuel and Holmes (1970) parasitizing mnle deer
in .-r\lhvrt':l. Captive animals were experimentally infected with infective
lurvuf obtained trom experimentally infected snails (sce Scﬁtiﬂn iy,

The infection was originally derived from a naturally infected male mile

@ .
deer in Jasper, Alberta. Worms found at necropsy were identical to

P h

Pavelapiostvorpalne odocodTed (Hobmaier and Hobmaicr 19307 Boev and
Schul'ts 1950,
Sapclarnostrongylus odocor !0l has occupied a central position in

the taxonomic problems involving the claphqestrongyline mematodes.  The

problem has focused primarily on the infrequent reports of this worm -
in the literature and the incomplete nature of the descriptions and )

-

.. Ty . . 5 ;
Figures offered by carlier wovkers. As the type species, 7. ndcoc

ST
(

scets the standard for the genus FParelarhostroniyiue. tence, any change .

'

in the taxonomic status of this worm due to an.incomplete understanding
]

of its fyrm will have, and unfortunately has had, an effect on the nomen-

clature and disbursement of the taxa comprising the Ilaphostrongvlinac.

As T have indicated, P. odocoilei is zhe most poorly known of the

N - v .

spec s compirising the genus. Although . odocoilds has been recently
[

redescribed (Brunetti 1969), the identitication of this worm from a



new host (oS s edoones) and sach widd iy separated areas as
Calitornia and Alherta requires a re-evaluation ot the species as well N
. 4

as a comprehensive comparison with the other members ot the genus,

Attempts to. find adult worms in naturaliv. intfected mule deer trom

o
R )
near Jasper National Park, Alberta, were unspocesstul (Samue I unpublished)

’
Theretfore an experimental approach was adopted tor the present study.
)

B. A Review of Generic Level Taxonomy

4
3

lhe tirst elaphostrongylid described in the literature was .
Hloghosirvon polee cored Cameron 1931, This nematode - was described from

the dorsal musculature of the curopean clk, corews olaphie by Cameron
'

‘

(1931). S]lOl'ti}' therecatter, Hobmaier upd, l[ohmui'm' (19340) described

Plaphostronmi e odoeoi lo! l;rom the dorsal xmL\ISCUl(lflll‘C ot the Columbian
Flack-tailed deer (7. lermdonus eolimbionue) in nm‘thwostérn California.
Dougherty (1915), in a review of the lungworms parasitizing Odbocl Lows

suggested that differences in the structure of the gubernaculum of the

v

two species might preclude placing them in the same genus. He concluded,

however, that additional studies of 7. cerp. were necessary before such

4 dectermination could be rendered. At the same time Dougherty (1945)

. ' ‘ . . - 0
described Pnewmostronagylus tenuts as a new species of lungworm on the

basis o’r‘_‘a single male specimen found in the lung of a white-tailed

deer (2. viroinianus) trom New York.
\ ‘

~ N

Boev and Schul'ts (1950) erected the genus Parelaphostrongylus for

E. odocoilei on the basis of the split nature of the gubernacular
corpus. This was done on the basis of observations of these and other

Russian workers; on the gubernacular structure oijZ@phostrongyZu's Spp .

LSy



from the USSR, Schul'ts (1951) crected the SONUS e T ey e
For oo s e soonde L This was “done on the basis of a literature
review and not on observations of actual m&tgriul. This éonus was
placed in the Capreocaulinace by Schul'ts (1951) .

Whitlock (1952} described Yoo ndo o oy 700" s u new penus
and Species of nematode from the ONS of Jdomestic sheep.  Anderson (19567

offered a redescription of . ~doec/ 07 from the (NS of white-tailed

deer in Ontario although he was certainly referving to 'y foanTa. After

¢

”cxuminigg specimens provided by Anderson, from deer, and recovering

’)

ndditionul cercbrospinal worms from shéop;‘Whitiock (1959 reduced V.
cormellensie and B oodoceled (sensu Anderson 1956) to synonyvms of
Mlaphoseronga L Lemis. o He removed B tennd s tﬁwmajﬁg; genus
Fncumast;pngy[uﬁ on morphological grounds but refused to accept

Odocoileostrongylus Schul'ts 1951 for extremely superficial reasons.

L
il

o Monnig 1932

Anderson (1962a) continued to recognize Prownce! pos

for v tenude on the grounds that a close relationship existdd between

5 7

Prcumos cronpelus tenuds and Papelaphostrongsing 2oecd Zei ) and antil
that issue was resolved, he preferred a more conservative approach.
: v )

Boev (1968) declared P. odocoileil a species Tnouirendwn, thereby
climinating the genus Parelaphostrongylus as a valid taxon. In addi-
tion, he transferred Odocolleostrongylus from the subfamily Capreco-
caulinae to the Elaphostrongylinae. Brunetti (1969) re-described

p. odoyailci from the dorsal musculature of the Columbian black-tailed

deer (0. h. colwnbianus) in north central California. Pryadko and
q . .

Boev (1971) accen' d the redescription of P. odocoilei and reestablished

the genus Parel.. - .trongylus as a valid taxon. . They also formally
. -



\

recogni zed the rvelationship of o0 coond s and reduced Vho L e EETRINTS
schul'ts 1951 o a junior syionvm of Gared o i e Boevoand
Schul"ts 1950, on the hasis of priority.  Thus o oo oy INEN I

) . . . . - —
contained two species: SLcdbec T (Hobmaipr and Hobmaier 1930) and

foonde (Doutherty 10451, Anderson (1972} recovnized the preceding

t

. ) Vi
changes, thuas stabilizing the nomenclature.  DPrestwood (1A72Y added a
- \
third species, 70 oodore ") from the dorsal musculature of the whitoe-
tatled deer, in the southeastern United Stuates.
The recent discovery of 2 w707 in Alberta (this studyy has
initiated new interest in the systematics of this genus, e -

i

Grrolgifus cvoceol 00 has been re-desceribed on the hasis of specimens

from Alberta and Calitfornia and a neotype specimen has been desipnated.
2 .
torsthis species (Platt and Samuel 1078).

C. Materials and Methods e

,

Adult ncmutodcs(wcro collected from.mulc deer fawns experimentally
infected as outlined.in Section 1T1. Worms were killed in hot
olycerine-aleohol (95 parts 70% ETOH aﬁd 5 parts pure giycorino) and
cleared by the daily addition of pure glycerine, while nllowﬁpg gfudnnl
evaporation of the alcohol. . Nematodes were examined as temporary mounts

’ ,
in glycerine. &n face mountsy&érc prepared according to the method of
Anderson (1958) as modified by Hobbs (1976). The posterior portions of

n

several male worms were stored in glycerine-alcohol and then cleared and

A

cxamined in lactophenol-beechwood creosote (l:1) to aid in determining
. e . N

the nature of the male reproductive structures. P
S

Thrdugh the kindness of Dr. O. A. Brunetti, I had the opportunity

0f examining specimens of P. odocoilet collected from the type host



(ol e o e e e e e in Cali forni a . These worms arrived in

< dilute formalin solution. They were transterrved to glveerine-:aleohol

v

and subsequently cleaved and examined as temporary mounts in Lactopheno |-

beechwood creosoto, .
First stage lTarvace were collected via the Bacrmann technigue

(p. 371, Third stage larvae were obtained by the artiticial digestion

of experimentally intected snails (U9 dooie w00 o) (p. 37).

.

Al larvae were killed in hot glyveerine~-aleohol, ¢leared and examined
in lactophenol-beechweod creosote., : e
Measurements were made with the aid of an ocular micrometer,

drawing tube and measuring wheel . Drawings wvere made with the aid of 4

drawing tube. A1l measurements are in micrometers (um) unless otherwise

indicated, o ' ‘

Larval stages of 7. odocoi/o? were prepared for scanning clectron
‘microscopy (SEM) by dehvdration of larvae through a series of praded”

alcohols to 100% ETOl. - The specimens were then moved through a graded
series of 100% ETOH and amyl acetate, until 100% amvl acetate was
attained.  Specimens were critical point dried, coated with gold and

carbon and examined on a Cambridge Stercoscan S4 scanning electron

microscope. . )

D. Redescription

Adwle (Figs. 1-10, 16-19; Table 1) ,

5 i . . . . - - )
Farclaphostrongylus odocoil.# (Hobmaier and lHobmaier 1934) Boev and

N\
Schul'ts 1950.

.

Synonym: Elaphostrongylus odocoilei Hobmaier and Hobmaier 1934, nec

Anderson 1956.



Flaphostronpylinac: with the charactors of the penus as amended b
Pryadho and Boev (1071, ’

General description:  Woems long and thread Lilhe.  Living specimens
opaque white with illrt‘\‘l ine a Jdistinet, contrasting black, probably rom

tnpestion of hematin.,  Anterior end (Fip. By with thichened orad plate

and thicklyv cuticularized” Asvmmetrical stora.  Mouth sugrounded by

«.oouter circle of four large papillae and inner set of i perityls, ecach

possessing a small, centrally located papilla, Amphids are lateral
3 .

-
(Fig. 20, having appearac.ce of large pits. Esophapus clulg,‘khzmmi, qot
divided into muscular-and glandular portions. Nerve ving locgted near

opening of excretory pore (Fiy. 11 approximately 1/5-1/7 the iength of

-

oo . . . .
the esophagus from anterior end. Terminal excretory duct heavily
cuticularized. Teguminal sheath absent.

Male: Delicate worm 18-35 mm long, 108-156 in maximum width.

I’,SO}/ﬂmgus muscular 565-795 long and 58-87 wide at the base, slightlv
antervior to the csophagoal—hjtestinzll,_iunction. Excretory pore 36-97

and nerve ring 68-91 from am}zem or ®nd. Nerve ring ustal Ty located

. |
posterior to e&xcretory pore. |
Bursa simple (Fig. 3}, 100-117 wide by 79-04 long, not divided
/

into lobes. Ventroventral and ventre . er.i ravs short, directed
Jf 3 .
anteriorly and joined along the proxima: 1/2 of their length. Anterio-

later~ 1. mediolateral and dorsolateral rays thick and arise from common

n
v

stem. Anteriolateral separate from the other lateral rays. Medio-

lateral and dorsolateral are longest rays and are Jjoined along the

o

proximal 1/2 of their lengths. Externodorsal separate: Dorsal ray

{TFig. 8) short, thick with two terminal stems, onc of which (or both)



Fivures |-

10.

e 2

Morphology ot adult oo o e

)

Antervior end P, lateral.

Bursa .2, ventral,

Spicules &, ventro-lateral.

Spicules and gubernaculum ., ventral,

spicules ned gubernaculum, cross cection.

Posterior <, lateral.
borsal rav ¢, dorsal,
Posterior §, lateral.

Posterior @, ventral,
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obhifurcate. Terminal stems o vary freom two soparate bitid stracture.
to trident appearance.  Nooravs reach marein of bursa.,

spicules complex (Fies, b, 5y, qual and <imiiar, 1322174 Tony,
with proximal swelling (capitulum) and Jdistaliy twistod into . -
spoon-shaped formation.  Body hichlv sclerotized and hent mediallv ar

3
the midpaint.  DPorsal and ventral cectinate alae present forming o
closed tube when viewed in cross section (Fip. o0,

Gabernaculum (Fips. S T TS dong, composed of corpus and
paired cruras capitulum absent.  Corpus 05-103 lone by 17-20 wide,
distal portion highly sclerotized and split along 175 of its lenpth.
Proximal portion granular when viewed from dorsal or ventral aspect,

- ' J

but sclerotized in lateral view. Crura arce situated dorsoluaterally on

distal end of um*]ms,; heavily sclerotized, IS‘—Q(n long by 9-11 wide.
Crura possess 1-6 bluntlv-rounded cxfcrnolutcr;;l pro_io'ctri ons.

Female: Slender, 39-56 mm long, bluntly taperced at hoth ends,

‘ 3 . l

PIL-217 in o maximum width. Esophagus muscular 588-1050 long by 65-90
wide. Excretory pore prominent 71-112 from anterior end; nerve ring
6G5-106 trom nntOjjor end.

Vulva 110-194 from posterior end. Ovejcctor 0.3-1.5 mn long.
Anus 40-65 from posterior end; cuticle thickened (Fig. 9. Single pair
of sessile papillae located ventrally, midway_bctwoon the anus and
posterior end (Fig. 10).

Hosts: docoileus hemionus columbianus (Type host).

A .
FOTYNT CUS

Ydoecolleus hemionue

eus hemionus



Location:  Dorsal sheletal wuscnlature; oceastonally in lunps and
clrrculatory swstoem.,
focale:r Coast Ranpge, Calitfornia (Tyvpe locality)
Butte County, California

West central Alberta, Canada

Plecoesao D (Figs . 1, Lis Table 110
Generally acetive in Bacrmann tluid.  When inactive, veneral iy
cxhibit theo "C" shape illustrated in Fig, 11, Upon fixation, 1llustrated

position predominates.  Gently tapered anterviorly and posterioriv.

Maximum width attained at or slightly posterior ‘to cxophageal bully,
Buccal capsule heavily sclerotized. Nerve ving located 5/8 to 2/3

lenpth Qf esophiagus from anterior end. Excretory pore prominent,
'bmptying at.level of nerve ring. [Excretory canal sclerotized. Esophagus
expanded. anterior to nerve ring and ending in a pronounced csophapeal .
bulb. Intestinal tract granular, terminating in a sclerotized reoctum.
Genital primordium prominent, located ventrally, 2/3 of body length

from anterior end. Tail possesses a -prominant hump ventrally, termi-

<.

nating in a sharp point. A prominent spine IOCHtOJ dorsally on tail and
directed post. «d., Lateral alae prescnt, extending almost entire lenrth
of body (Fig. 14).

Snivd-Stane Larvpae (Figs. 12, 13, 15; Tgble 111)

Generally very active in artificial digest, tightly coiled when
inactive’ and assume a characteristic "C" shape upon fixation (Fig. 12).
Stout worms, tapering at both ends. Maximum width attained at midbody.
Buccal capsule with thick, sclerotized walls (Fig. 13). Esophégus,

excretory pore and nerve ring located as in first-stage larvac.

<



Figure 11.  First-stage larvace of darelaphoctron uive cdoeodler.
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Figures B and 13,

Fig. 12.

Fig. 13.

Infective larvae (L3) of Jupelaphos cpos e

clocolled, ’ 3
Whole mount.

Anterior end.
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Figures 14 and 15. Scanning electron micrographs of the
/

o

tarvae of
Farvelaphostrongylus odecoiler .

Fig., I4. SEM of first—stagc'fnrvncu Note the wide, thin,

lateral alae.

ﬁig. 15.  SEM of the infective larvae (L3). " Note the

broad, rugous alae.



=D



g

Fsophageal pland nuclei prominent at posterior end ot esophapas.,

Intestinal tract open, devoid of pranular material.  Genital primor
dium prominent.  Rectum sclerotized.  Tail bluntby rounded, with sl
rudiment of dovsal spine present.  Lateral alae pre.ent, but ot

v .
different form trom the L. Alac broad, tlat with werrate aphearanee
{Fiy. 15). .
E. Discussion

The larval stapes of Loodoen/07 are practically unknown.  The

Hobmaiers (1934a) tigured a first stage larva  with o Jdovsal spine and
gave measuremcats for a sinple specimen.  Bruncetti (19697 also figured

an L1 with a dorsal spino and stated that the "tirst stace larvae

average 367.5 p in length.'  Although descriptions of the {irst stage

.

larvae are incomplotc,vthe meusurcméhts do fall within the ranges of
the first stage larvac of P. odeeci7e in this study (Table T17. N
It would be helpful if the members of the Llaphostroneylinae
could Bc%idcntifiod at the species level on the hasis ot larval charac-
teristics.- A comparison of the L1's of the subfamily (Table T1) is
indicative of the similarities of the first stage larvae. Ranges over-
lap to the extent that separation of species on the basis of metric
analysis would be impossible at this time. Examination.oi non-metric
characters, i.c., buccal caﬁéule, esophagus, and shape of the tail,
failed to {pvcal specific differences at the light microscope’ level.
The infective larvac of P. odocoilet have not heen described.  The
Hobmaiers (1934a) provided measurements and a diagram gpr a pre—infectiveo

L3 (Gerichter 1948). The presence of lipid-like granules figumed in



their illustration (Hobmaier ar hivvier 195 3a) prectudes the possibitaty

o the Tarvie being infective (=ce Sevtion Vioand it is theretore not

comparable to the infective forms o . 00 2007 seribed trom this

stindy,

The infectiive stage of 2o s T T b whight vy mmaller in ocveradd
hody Tength and esophageal Tenstis cnane . oo e and o SR
(Table 1717, The anus .o 0T s located Corther from the '
posterior end than it is in the other spevies. o view of the reduced

N

specit city of these nematodes at the lovel of the intermediate host and

.
the possibility of host-induccd varviation at this Lovel, as Jdemonst ritod

for other parasitic organisms (Blankcespoor 1971, attempts to identify

species on the basis of metric analvsis-of 13's (Prestwood 1072) may be

)
.

premature.  SEM has assisted in verifving the presence of broad, rugous

alae in 7. odocorlled (Fig. 15) sinilar to those reported for . tenn o
«‘_ B T

by Anderson (1963) and for 7. w./oveon? by Prestwood (19727, 7

Prestwood (1972) also described a small "swelling on tbh rsal
/

surface immediately anterior to the apex' ot the tail of the 15 of
fooandersont. She considered this character a méans of separating
. 1
- . ; - . P | . ~ .
andersons and . fenwle, A similar structure 1s present on the intfective
larvae of P. cdceoilel (Fig. 12). Thisx strutture is interpreted as o
rudiment of the dorsal spine of the L1. A re-examination of the larvae

- - ! - . .
of "F. tenuie may reveal the presehce of a similar structurec. .

. ) '
Ash (1970). defined morphol7ﬁica] criteria for the specific identi-
- . ) e . ) . -
fication of the infective larvap of several ta.: of rat lungworms of
o /
, . . N R . . .
the subfamily Angiostrongylinag (Metastrongyloidea). A similar situ-
SRR . /,"‘ r
ation does not exist within the Flaphostrongvlinae. Detailed

[OP



comparative analvsis o using St trmnotogie and/or worologic technigques,
however, may provide criteria for subsequent ditrerentiatios 1. the

futare.

The forepoing desceription of -0 0«7 7 it fers somewhat trom
the previous redescription (Bruncttd o9 0 several morphomet v
characters (Tahl. »osuch as the tength of the esophayos o the temale,

are longer in the present matervial.  The MATOrEEY 0 MeASUTCRONT S aTe

tdentical or overlap those of previons workeors. ..I'hc Jirterences chit .
(

do occur are not considered important at the spedics level.  Methods

ol specimen preparation by the Hobmaiers and Brundt Ui are anhnown and

mipht h.’l\’(‘. affected metric analvsis, comparison uf the worms found in
the present studv with specimens provided by byl Aruncetti, collecrod
From the type host in California, provided additional support tor
meocontention that these worms are conspecific (l‘]ut‘.t md Samuel 1978,
The locatien of the dorsal vray of . 70T 458 heredn described,
has not been noted in previous descriptions of this spocies (Hobmaior
and Hobmaier 1957, Houﬂhcrﬁy 19455 Brunetti 1909).' [ fecl this is more
a problem of interpretation than an actual morphological deviation.
lobmaier and llobmaier (1?)34:1) referred “o the Jdorsai Tay as "‘[tho Jdorsal

ray] is divided in 2 stems and cach stem in 2 branches _[th.(lt1 are equal
in wlcngzth, but the internal branch is more slender than the external
branch.' Dougherty (1945) confirmed the' unusual split nature of the
dorsal ray in . cdoecdled.  Brunetti (1969) more ;mcurutel}" dcsc;‘ihcd
the actual situation, stating, "the dorsal ray is mound-like and vari-

able in structure." As | hnvt’/demonstruted (Fig. 8), the dorsal rav is

@ cushion-like structure similar to that of F. teris as flgured by



Dougherty (1945) and ", mdersond as described by Prestwood 11972y, The

primary difference is that the mound in 7 odeco’ el is situated in a

more dorsal position than in 7. fends or 7' oamdorsond, leaving ondy the

branches and stems visible in a ventral perspective in the specimens
cxamined by the Hobmaicers (19£4a\. .Cnroful examination of the dorsal
surface revealed that the dorsal ray is located slightly dorsad on the
worm‘and the highly variable branches and stems (Brunetti 1969 fﬂis
StudylFigz 19) are terminal appendages of that structure.

Comparison of I'. odocoilet and the other species of the genus musi
be ﬁused upon the accessory reproductive structures of the male. This
is because the larvae cannot be reliably identitied, the females, as

-

described to date, show no consistent morphological differences, and
the extreme overlap din the majorigy of mecasurements precludes their
-usefulncss fbr taxonomic purposes. |
Aﬂderson‘(1956) initially identified specimens Qf F. tenuis from
the CNS of white-tailed deer in Ontario as Elaphostrongylus (= Parelapho-
strongylus) odocoilei on the bhasis of the similarity of the male repro-
ductive structures. There is no question that the three species that
constitute the genus " Parelaphostrongylus are closely alliéd forms. At
o : N
the present‘time, however, males of these\species,'although similar in
general appearance, are reédily identifiable. A comparative examination
of the male reprdductive structures is, therefore, deemed.warranteq.
Spicules of the three species are distinct. Dougherty (1945)
described the spicules of P. tenuis as "0.195 mm long with two strongiy

developed striated alae and a longitudinal slit in the first part of the

distal half of the lamina.'" The description given by Anderson (1956)>



G

contfirmed Dougherty's observations, with the exception that no mention

was made of the longitudinal slit in the distal lamina, ixgk¢rl(»ck (1959,

dismissed the presence of a split as an optical illusion. 1 have

examined specimens of 7, fenade and confirm the presence ot a split, or

preferably a foramen (Fig. loa) in the distal halt of the spicule. The
spicules of 7. ‘oo’ also lack a capitulum, set off from the body by
@ well detined proximal constriction. The sphculoes of f.o00 3 S

LS

(Figs. 4, 5) possess a well defined proximal constriction and lack a

foramen in the. lamina. The spicules of F. worlore o’ are knob-like

‘

proximally, lack a foramen and are’ bifurcate at the distal tip (Fig., 1oh).

7

The gubernaculum of P. odreo’/c? is distinctive in that the corpus
1s split along the proximal 1/3 &f the shaft (Fig. SY. This species
also possesses large, paired crura. The corpus of the gubernaculum of

P. tenut

w

is similar in shape to that of P. odocod o7, glthough somewhat
smallef (Fie. 17a). The corpus is not divided (Dougherty 1945; Anderson
1956).‘ The crura are paired and possess 4 to 6 knob-like projections,
as does P. odocoile?. The gubernaculum of . e rgos is distinct
(Prestwood 1972) in that the corpus is small, triangular, and not

—
divided (Fig. 17b). The crura are extremely small.

The dorsal ray of P. odocoilei is variable, but of a basically
different form from that of the other two species. The base of the ray
is broaq‘and located in an extreme dorsal positign (Fig. 8). The ray
gives rise to two terminal préjections, ér stems. The stems may bifur-
cate or not, giving.rise to a number of different forms (Fig. 19). The

N
stems are similar in size. The dorsal rayv of P. tewnuis is also variable

(Anderson 1956). The extremely broad base of this rav is more ventral



Figures 1o-18,

<

Male reproductive structurc of Parelaphesivong !

.

Spicules of Farelarhostrowriius spp.
Ld
a. I. tenuis (from Dougherty 1945)

b. r. andersoni (from Prestwood 19727

Gubernacula of Farelaphostronglus Spp.

a. F. tenuis (from Dougherty 1945)

b. r. andersani (from Prestwood 1972)
Bursa of Parelaphostrongylus spp.

a. Pr:tenuié (from Dougherty 1945)

\

b. P. andersoni (from Prestwood 1972)

\
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Figure 19. Variability of the dorsal ray of Rarelaphostrongaylus

odocoiléi from experimentally infected mule deer (Odocotleus

h. hemionus).
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In position than that of I'. odoeci /o7, The base then gives rise to a.
variable numh&{.(l to 6) of ventral projections (Fig. 18a).  The dorsal
ray of I'. @idersond (Fig., 18h) is similar to that of I'. fenuis but has
four (2 large and Jusmall) ventral projections from.thc base. The
extent of variability 'of the dorsal rav of . wniderson’ has not been

reported.
&

A

F.  Key to the Males of Parelayphos trongulus

1(2) Gubernaculum reduced, less than 52 in total length; corpus
undivided. Crura chitinized, lacking 1arge; lateral projections.

of the

Spicules divided distally to form a bifid tip. DParasites

dorsal musculature of 0. VIrginianue .......... 7. andersont .

7(1X<§ubernaculum large, greater than 70 in total length, corpus
. »

divided or undivided. Crura lateral to corpus, possessing 4 to

6 lateral projections. Spicules not divided at the distal 'tip

3
3(4) Corpus of the gubernaculum undivided. Spicules with a for

in the mid-region of the shaft. Parasites in the CNS of cervids
o

.......... P. tenuis.

4(3) Corpus of gubernaculum divided along thr proximal 1/3. Spicules

oy

lacking a foramen. Parasites of the “dorsal musculature of the

mule deer, 0. hemionus subspp. .......... P. odocoilet.

&)



SECTION 1711 .

EXPERIMENTAL LIFE CYCLE IN CERVIDS
“
P

A.  Introduction

\
Parasitic organisms arce continually faced with the problem of

transferrtng infcctive forms from host to host. 1If the life cycle is
heteroxenous, a sccond host species, ﬁsunlly in ua ditferent phylum, is-
incorporated as an intermediate host. .The 1life cvele of the elapho-
;trongyline nematodes involve; a cervid definitive host and a terrestrial .
mollusc as the infermedjate host.

Basic aspects of the liFé‘cycle of the elaphostrongylines, such as
the length of the prepatent period, duration of patency and the dynamics
of larval production'arc poorly known for the majority of the members

of the subfamily. TIn some instances data published in the literature

are cgntradictory. ,

The meningeal worm, Parelaphostrongylus tenuis, is the most studied
member of the group. Anderson (1963) complet?d the life c;cle of this"
species in thé normal definitive host, white-tailed decer, and‘establis%ed
a prepatent period of 83 to 91 days for P. fenuis in tha® host species™
(Anderson 1965). The duration of patency and a quantitative assessment
of larval production have not been doeumented for the meningeal worm:

The aforementioned aspects of the life cycle of P. andersoni have
been well docu@;nted. The prepatent period of P. andersoni in the
white-tailed déer is 58 to 67 days (Prestwood 1972; Nettles and Prestwood
1976). AAlthough the duration of patency has not been firmly estatlished

for this species, larval production has been monitored for over one

year in at least a single animal. Experimental infections of cervids

<



i
other thun white-tailed deer, with . ouiomwes 7 have not heen attempted.
Nettles ot alo (1977) have speculated that this species can infoct a
) . )
whitetail x blacktail cross.
The 1ite cvele of I'vo=deed 7 has been completed experimentally
in the California mule deer (Clocoi v iom orin ol 5 5md o) by

Hobmaier and Hobmaier (1934a) and Brunetti (1969). tHobmaier and

Hobmaier (1934a) reported a prepatent period of 4 to § months, while

1

Brunetti (1969) reported approximately 2-1/2 months. - Although neither
of these workers quantitatively assessed larval production, Brunetti

'

(1969). determined the patent period of . sdoc" /07 to be 6 months .
\

“The course of infection of . odoco’le! in other cervids is unknown.

The objectives of. the first portion of the current study were to
* &

determine the length of the prepatent period, duration of patency and

to quantitatively document larval production of 7. odoeciled in the
mule deer, O. A. Lemioniwi.  The seccond objective was to determine the

ability of P. odocofled to establish a patent infection in selected

cervids and the effect of an alternate host on the prepatent periodsy

duration of patency and larval production.

B. Materials and Methods .

The following taxa of cervids were used in this studv: mule dcer
(Ndocol? ue hemionua ﬁemionus), black~tai1cd aeer (D, k. 2 mblanus),
white-tailed deer (0. virginianus dacotensi:) and moosc (Alces alees -~
andersoni). Most animals wefc obtained as neonatal fawrs from field

personnel of the Alberta Fish and Wildlife Division and the Fish and

Game Branch of British Columbia. Dr. R.M.F.S. Sadleir of Simon Fraser



N .
University, British~Columbia, kindly provided black-tafled deer fawns
from a captive herd maintained at that institution. A complete; list of
animals infected, with background information, is given in Appendix 1.
All animals were raised and maintained in conditions free of

elaphostrongylines at the University of Alberta Vivarium, Ellerslie,

Alberta. The animals were maintained indoors with limited access to

N i

an outside pen until weaning. After weaning, animals that had not
received infective larQﬁe were placed in outdoor pens (0.14 hectares)

that had not been used previously by ruminants. Fawns were bottle fed
fOﬂ'approximately 3 months, until weaning. After weaning they recceived -

®

~ deer pellets (Northwest Feeds, Edmonton, AIberta),:hayvand grain.

Moose were given similar foodé, but also received qspen.leaves and
branches and other material ‘as browse. Fecal examinations were performed
_on-each animal priof to experimentation..‘All were negative for lungworm

infections. -

Infective larvae of P. odoec. i, used in all trials with the
exception of MD 4, were obtained from experimentally infected Triodopsis
multilineata (Say) CPulmonata:St}lommatophora), First stage larvae (LD
used to infect T. multilineata were obtained from two sources. Mule
deer 1, 2 and 3 received L3's originating’from a naturally infected
mule deer buck from Jasper, Alberta. The rema?ning infections were
derived from L1's isolated from MD 1. MD 4 ;eceived 6 and 8 infective
larvae on consecutive days, obtéined from two~natura11y infected
Euconulus fulvus (Pulmonata:Stylommatophora), collected in Jasper,

Alberta.



- \ Infective larvaec were obtained by artificially digesting 7.
mul 7l ineats in a standard digestion medium (0.6 gm pepsin and 0.7 ml
HC1/100 ml distilled water). Snails were removed ffom the shell, minced
{ . .
with a Fine scissors and placed in a test tube with approximdtely 10 ml
“of digoétidn flu{d. “The test tubes were then incubated In a water bath
at 37°C + 1°C for three hours. The test tubes were centrifuged at
1500 ﬁPM for 4 minute Two to three ml of supernatant and the cellular
plug were retained for examination. Lﬁ's were countcd and placed in

physiological salinc prior to -Ainfecting deer. Deer were infected before

1
weaning with L3's in a small quantity of milk. This technique was used
. \\

for MD 1, 3, 4 and 7; BT 1., 18 and 22; WID 17 and 18; and Moose A,
The remaining animals were infected after weaning using a slightly
différent technique. Larvae, in saline, were placed in a 20 ml syringe.

The animal was restrained dnd the syrifge was slowlyv emptied into the

rear of the mouth while theg animal was forced to "'drink'. A partial .

syringe of saline was them\administered to ensure removal of all larvae.

(All animals were less than 6 of "age when infected. Infected

animals were held outdoors until 30 days postexposure (PE). Thercafter,

they were held indoors, in individual pens with cement floors.
. : ~
Fecal examinations were initiated approximately 40 days PE and

continued on ily basis for 1 to 2 months after patency .(PP), then

weekl? until the animal died or was killed.

Fecal examinations were done using the Baermann technique, follcwing

the suggestions of Todd et dZ.,(1970). Fecal material was collected )

S

fresh and generally exaqined the following day. 1If examination was

K

delayed, feces were stored in plastic bags and refrigeratyd at 4°C.

“1
~3)



Fecal petlets were weiphed to the nearest 001 am and, placed Qnoa double

v

laver of coarse cheescecloth,  The cheescecloth was placed on ¢ platron

of hardware cloth in a 2500 om diameter funnel. A standard amount of tu

watery 650 ml, suftficient to cover the feces, was then adde . The
suspension was allowed to stand a wminimum of & hours, but ¢ componly
overnipght (= 12 hours). .

-

Two mctho%% were emploved for the examination of the hacrmann
fluid. The fir}?{ and most commonly used, included drawing ot 100 ml
of tluid through the clamped rubber hose at tio bortom of the funnel
into a iSO ml beaker. The fluid wos bubbled and mixed in an "N motion
to assure an even distribution of larvac in solutinﬁ. AS ml o alignot
was removed with a pipette, placed in a counting chamber and dilowed to
stand for.scvcrul minutes. lLarvac were counted and the process repeated.
If there was a difference of 10% or less between the two counts, they

\
wereraveraged and the mean was used to caleulate the number of larvae
per gram of feces. If the counts differed by more than 107 a third
aliquot was taken and the mean of all three readings was used in‘subse-
quent culculatioﬁs.- In heavy infections the procedure was modified so
that only a 1 ml sumg'le was used.

A second, more écnsitive, method was a modification of the.First.

‘ Pl
One hundred ml of Bacrmann fluid were divided between two 50 ml centri-
fuge tubes. The tubes were centrifuged at 1500 RPM Yor 6 to 8 minutes.
The top 45 ml of supernatant were discarded and the remaining 5 ml
were examiﬁed for larvae as previously described. This method was

employed prior to and in the early stages of patency. TIn addition, it

was used if the first method failed to detect larvae indon animal that



Cthe first three to four weeks of pntoﬂgy (Fig. 20). MD

was positive prior to that time.  Results are expressed as the number
of larvae/gram of feces jwet weight)d or LG,
‘e
On a single occasion, 17 dayvs PP, the larval production of MD 3

was monitored over a 2J hour period. Al fecal deposits were collected
tndividually during that period, weigpghed and the time of deposition

f

recorded.  The feces were frozen and examined as ddscribed above.

C. Results
Al Deop

Duration of the prepatent period varied from 49 to 52 davs in five

deer fuwns that received from 100 to 330 infective larvae (Tarle 1V
Q .
Nettles and Prestwood (1976) considered that 300 1L3's of 7. oidoreon!

in white-tailed deer was a "moderate dose."

Larval production in these animals increased logarithmically for

5 was killed
. - A\
one month PP, following the log phnsc_d% larval production, and was

examined for adult worms. Peak larval.production in MD 3 (11 096 LPG}

occurred 25 days after the initiation of patency. MD 1 had a peak

larval production of 14 580 LPG, 35 days PP. MD 7 and 8 had peak larval

S

outputs of 13 250 and 950 LPG, at 30 anduiﬂ days PP, ‘respectively.
Larval production in MD 8§ fell off éharply from four to six weeks of

patency but recovered to previous levels-during the seventh week of

,infebtion (Fig. 20). MD 2 died on the first day of patency, following

several days of anorexia, listlessness and scouring, accompanied by

Severe weight, loss. MD 1 exhibited sIi\ar symptoms prior to being\_.

L y

/

killed.

K3




TABLE IV, RESULTS OF THE EXPERTMENTAL INFECTTIONS OF (WiR\Wl{S WI'TH

N E P T SN VR o SN R LIRS B A
o Size of Length of : Time of
PeerInfective  Prepatent  Maximdm  Patency of
Number  Inoculum Period” Lhew Maximum LPC
‘ Mute Deer (8): A 14 Ol Tl 25 weeks
0 25 5 TLa 17 days
5 5u 55 JJCU 14 weeks
! S 100 51 955 19 days
T TS 51 13250 30 days
2 318 50 o -
1 522 52 11580 S days
3 554 40 11090 25 davs
Black-tailed fcor (0): 2 : 50 ol Jod 20 days
7 5007 72 115 . 10 days
RE3) 50 59 667 17 days
18 300 58 255 12 days
N 15 . 500 08 5 6 weeks
\ ‘ 22 500 60 235 21 days -
n
Moose (2): : 9 200 68 . 4 10 weeks
. 1 750 T2 11 15 weeks

White-tailed Deer (5):14

w
(@} <
1
¥
!
|
|
I

15 5 - - -
17 60 -- -- --
5 332 - - -

18

[Ua]
]
(e}

1

|

!

I

|

!

*LPG - Larvae per gram of feces, wet weight.

1

ays’



Figitre

20,

8

Numbers ot larvae recovered and the duration of patency

for mule deer experimentally infected with "moderate!

nunbers of Parelaphostrongiilius odnco fed.

.
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1
The Tength ©f the prepatent period varied from 54 to 62 davs in

three mule deer fawns that received from 1.4 to 50 L3's (Table 1V). lLarval
production increased logarithmically for the First three to five weeks of
patency (Fig. 21).. Peak production, however, was considerably below the

levels of moderately infected animals. Larval production in MD 4, .which

received 14 L3's, remained below that of MD 5, which received 50 L3's,

until 35 weeks PP. Both animals are producing moderate numbers of larvae

' ® .

onc year after the inpitial infection. - Peak larval production (720 LPG
for MD 4 and 2260 LPG for MD 5) occurred 24 and 10 weeks into the patent
period, respectively. MD 6, which received 25 L3's as an infective

inoculum, had values of larval output intermediate (713 LPG at 17 days

PPY to MD 4 and 5 during the first seven weeks of pgteﬁcy.

MD SIdefecated 26.times in a 24 hour period, tofnling 949 grams of
fecqg. Larval output @as erratic (Fig. 22) ranging froﬁ-a'minimhm of
1274 LPG at 4:f5 hrs, to a maximum of 5340 LPG at 22:35 hrs, appro;imately
a 4-fold difference. . Analysis of larval output-uSing moving averages
suggests a decline in‘outpufvfrom 00:00 ta 06:00 hrs. Mean output was
36.1 gh/defeciﬁion, with an averége of 3442 LPG. Larval production during

the 24 hour period'was estimated at 3 220 OOh.
E ‘ -
Black-tailed Deer -

The prepatent period of P. odocoilei in 0. h. columbianus ranged

-

from 58 to 72 days in six black-tailed deer that received from 50 to 500

s

infective larvae (Table IV). Larval production in blacktails increased .

logarithmically for the first two to three weeks of patency and then

declirned Sharply from four to seven weeks (Figs. 23, 24). BT 7, 18 and

23D dropped to less than 1 LPG by four to seven weeks PP, with occasional



o

¥

Figure.21. Number of larvae recovered and the duration of patency for

mule deer experimentally infected with "low" numbers (50

or less) of Parelarhostrongylus odocoilet.

}



(log)

LARVAE /GRAM

I { | S 1 | ¥ ¥

5 10 15 20 25 30 35 40 45 59
WEEKS OF  PATENCY



-

Figure

-

9

o

Numbers of larvae (L1) recovered from MD 3 in a single
¥

24 hour period (15-16 December 1975). Upper figure 1s

a 3-point moving average analysis of_larval production

in the lower figure.
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Figure

5y

N

. Numbers of larvac recovered and the duration of patency for
black-tailed deer 7, 18 and 23D, experimentally infected

with Parelaphostrongylus odocoilet.
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Figure

24

 with Parelaphostrongyius odocoilet.

Numbers of larvae recovered and the duration of patency

for black-tailed deer 2 and 22, experimentally infected
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recurrences ot larval production Iterspersed vith periods of reduced
Farval output (Fig. 231, BT 2 oand 2, althouph hoing drops in larval
output at approximately one month PP maintained a relat vl hiph,

though erratic, lovel of lzn‘\'}fﬁ production for the durition of patency

)

Peak larval outpnt for B T \Is and T3 was TS0 a0 and 66T LG s 1o
12 amd 17 davs PP, respectivgly. Peak oatpat for BT D and Jl.was 16

N

and 235 LPG at 20 and 21 days PPOOBT 10 yepresents an anomaly.  Larva
output was very low (< 1 LPG) during the majority of the patent period

and never rosce above 5 LPG during more than two months of patency,

N o~
HOEY

The prepatent period of 7 does 7 in the . two moose infected in

3

this study was 68 and 72 days.  Larval ostpur in Moose 1 was low

initially (< 1 LPG) and fluctruated Prregularly until the animal was

Killed 15 weeks PP. Larval prodiiction in Moose 9 was also low (Fig.,

N

but was not as erratic as Moose 1. Peak larval output was 15 and J LP

I

for Moose 1 and 9 at 15 and 10 wecks P, respectively .,

At necropsy a numbér of green, cascous iesiors, similar to those

deseribed by Nettles and“#réstwood (1976) 1in whito—tui%d deer heavily

infected with . andewson’, were observed in the Lonadasimue dornd of

P . =3 .

Moose 1. A sIngle, intact, male P. odoco?ie? was removed from one of
these lesions.. Similar lesions were not observed in any of the other
animals examined.

-

. . . 1
Whito-tad il Doen

Five white-tailed deer were given from S0 to 500 mfective larvae

of F. odocoilei. None of these trials resulted in a patent infection

)

’

I

5)

G
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Figure

3

5

Numbers of larvac-recovered and the duration of patency
for moose 1 and 9, experimentally infected with

Parelaphostrongy ' & odocoiled.
% .

4
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(Table TV).  Fecal examinations were continued as long as 6 months past

the initial exposure.

D. Discussion '

The mean prepatent period, o3 davs for ', odeo! 07 in O, b,

columblanus, confirms in »art the  revious report of a prepatent period

of approximately 2-1/2 aonths “or this worm in the same host (Brnnégrs

. ; L. - W

L1969). A prepatent per ¢ to 5 months for . Sdoeolled in oy o
. . . - . LS
black-tailed deer (Hobmaier and Hobmaier 1931a) must be viewed wi'th

2

- s
some sughlicion.

-

The mean prepatent period of P. pdocoiles in . h. hemionus

N

55 days) 1s significantly shorter than in black-tailed deer

‘

{P <055 v (7] = 5.499; t_ = 7.919) and indicates that the mule deer

(x

is the preferred host of this parasite. Tt may be arcued that this

reflects strain differences as the worms used in these trinls‘wer@lof
S
mule . deer oridtn. Experimental infections of 0. 7. columbianus with

i

P. odocolei of blacktail origin (Brunetti 1969) and infective lrvae
of blacktail origin (Vancouver Island) assumed to be those of 7.

odocotlei, however, have resulted in extended prepatent periods (Samucl
"apubl.). WP
Ny

Peak larval output, as a measure of fecundity, was higher in mule

..

. 3
“deer that . received identical or lower numbers of infective larvae

~

(MD 4 and 5; Fig. 21) than Columbiaﬂvblack-tailed deer. Although it is
difficult to evaluate differences in the duration of larval. output
hetween the two subépecies of ﬁost,vthe intensity of sustained larval
production was low in 0. h. columbianus, occasionally dropping to zero-

(Fig. 23). It is generally recognized that parasitic organisms have a

[Pal

e



shorter- prepatent period and higher reproductive potential in thé
PF%%nwwﬂ host (Croll 1973). Increased length ot prepatency, reduced
larval production, both peak and sustained, ot 7o Wl oo 207 in ol i

colicddpne and Sloce @ s indicates a reduction 1n host-parasite
compatibility and points to ' . aen e as the primary definitive
5 . .

host of this parasite.

N

The prepatent period of elaphostrongyline nematodes appears to

vary within relatively narrow limits. Anderson (1965} reported a pre-

patent period for 7. renwds in white-tailed deer of 83 to 02 days.
Nettles and Prestwood (1976) established a period of 56 to 67 davs for
! o h

. andersowd, also in white-tailed deer. The prepatent period of £,
ndoeolled, as indicated above, shows a similar variation.
The prepatent period of F. adecodled 1 mule deer shows a

significant negative relationship with the sicze of the infective

inoculum (Fig. 26). This 1s indicative of a logistics nroblem encountered
. . . - . , ’ ¢ *, "

by diloecious parasites at low densities (Kennedy 1976). An increascd

scarch period between males and females would logically result in a

prolonged prepatent period. A threshold of approximately 100 infective

-

larvae 1s necessary to obtain the minimum prepatenf'perioa (Table TV),
No comparison can be made of this phenomenon w1§h other clapho-

"‘ . . -
strongylines because the number of infective larvae administered in other

c

Studies 1s unknown: (Anderson 1963) or the inocula are uniformly high

4
(Nettles and Prestwood 1976). The variation in the prepatent period of

’

~other species must be attributed to differences in larval viability

and/or differential establishment rates in an individual host. A similar

3
.
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Figure 26. Regression analysis of the inoculum size versus the
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duration of the prepatent period in mule deer experi-

mentally infected with Farelaq hostrongulus cdocoiler.
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situation was not observed for . -odocoiler in black-tail deer
(P> 0.5, F = 0.11).
S

The prepatent period of . icod/cd is similar to that of I
nderooni in white-tailed deer.  The prepatent periods of the other
, Py
elaphostrongylines, that arce known to include a migration in Fhe CONS:
Pootenwta ) 83-92 days (Anderson 1965) and /. corpi, 3 to 5 months
(Mitskividh 1960, 1964), are considerably longer. The migratory routes

.

of the muscleworms (. odoect/ed and 2. andereon?) in their respective

definitive

hosts are unknown and at this time there is no reason to

postulate L sojourn in the CNS for these species. None of the cervids

o&perimentllly infected with /', odoeciled in this study displaved

symptoms characteristic of ONS involvement as described by Anderson

(1961, 1965, 1971b) for cervids infected with P. tende.  The longer

yrepatent period of P. tonuis and #. cervi may be the result of the
prep I )

CNS migration, which has either heen lost. or never acquired in the

v
R

evolution of the muécleﬁérmﬁépeciéé.'
Larval production by P, odacoile% i;”mulo deer is similar in many
respects to that recorded for P. ande‘soni in white-tailed deer (Nettles
and PfcstWood 1976). Larval output for both specics shows a 1ogarithm;c
increase, foiiowcd by a pléteau phase and an irregular, but slow, decline
of lohg duration (i.e. > 1 yéar). A similar situation was described
(Panin.1964b) for Elaphostrongylus panticola (= E. cervi panticola) in
the maral deer (Cervus elaphus maral). -The initial rise in larval
productidn was rot as rapid in that species as has been documented for
FParelaphostrongylus spp.; however; the patent period ébbeared to be of

\

similar duration. This prolonged period of larval production, d'cqmmon‘



characteristic of protostrongylid nematodes (Rose 19595 Kassai 1962),
15 a K—;cloctod feature in organisms generally considered to be
r-Selected (see Esch ef «l. 1977 for a review). Prolonged larval
prdduct{on in parasitic orgunisms has recently boen interpreted as a
natural response to an extremely ftavorable and stable habitat (Jénnings

4
and Calow 1975) rather than a response to the '"perils of parasitism."

Peak larval outpu% U P. odecoilor in mule deer that received

#pproximately 300 L3's was six times higher thn% . andersont or E.

sgccpvi ih their natural definitivevﬁosts (Panin 1964b; Nettles and
Prestwood 1976) ryggiving similar numbers of L3's as an infective
inoculum. Nettles and Prestwood (1976) estimated that a whitg;tniled
dcey»hoavily infected with P. andersoni passed 3/ millioﬁ larVAC per
day . Applying their estimate of fccql production (300 gm/aay) to MD |
vof the present study, whiéh had the highest dgély‘total production of
larvae (14 000 LPG), results in an estiﬁatevOf 4.2 million ‘larvae/day!
Reasons for a higher level of larval'production.of P. odocotletr are
unknown. This may be related, however, to host age, sex, immune
condition or other nongenetic factors (Kennedy 1976) rather than a
higher innate %ecundity of P. odocotilet.

A daily trend in iafval'output is suggested by moxkbg average
analysis (Fig. 22).‘ Peaks in larval output occu%red at 5 to 4 hour
intervals throughout the day. The tOF" number of defecations (26) by
‘MD 3 during this period‘is consistent with previously recorded values
for mule dee??fawns (Smitﬂ 1964j. Total larval output of P. odocotlet

in this animal was 3.2 million larvae/day, which is similar to that

estimated for MD 1 which was made on the basis of peak larval production.



&

Figure 27.. Histologic section of the lung oft a mule deer experi-

mentally infected with a "mode

Parelaphostrongylus odocoilet.

[
jate” number of

40X,

Whipf's Pélychrome.
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o
the developing eges and larvae

) S

S~ .

Pulmonary patho Iy associat ¢
30 A

of . odorodled has hcon.dgscrihcd (Brunctti 1969) tor Columbian
black-~tailed deer. lirlxrlc'tt{ (1969) attributed the death ot a.vearling,
female California mule deer to the presence of 7. odocodled . Reaction
of lung tissue to thosé parasites was described as "granuloma like
nodules ... produced by a proliferation of septal and interstirial
cells" (Brunetti 1969). Lesions, identical to those described above,
were found in experimentally iﬁfcctcd mule deer in this study (Fig, 27
Similar reactions have been described for . w.ooreond by Nettles and
Prestwood (19760), . tondds in white-tailed deer (Anderson 1963) and

Slaphostrongylus cervi in reindeer (Bakken and Sparboe 1973) and red

deer (Sutherland 1976).

L

' The effect of these parasites on the pulmonary ecftficiency is

unknown. Captive animals in the present’ oo displaved no
rc;piratorgﬂdistrcss; larval counts from wiia deer (sece Sect
were generaily much lower than counts from prorimentnl animals. Several
died during the course of infection. While these losses were attributable
to theﬁeffects of the parasite in the case of mule déer (Johnson pers.
eemm.): all animals showedegross signs and histological lesions similar
to those c¢f malig t catarrﬁal fever (MCF) (Wobeser =t aZ.-ﬁ)7$). "This
is an area requiring considerable éttenrion.

The failure to infect white-tailed deer with . odocotilei and the

, _ »

establishment of a patent infection of this parasite in moose is

perplexing.» Establishment of a patent infection is indicative of

minimum conditions required by the parasite for reproduction; however,

[3

{

.
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losi(\n§‘11wund i the moose are evidence of g strong host response to
the developing worm.  <imilar lesions were not evill .. in any othor
experimental animals., ﬁy inference, the absence of muscle Icofons or
the prescnce of Li's 15 the lungs or ?occs of white-tailed deer sugpests
the absence of the proper biochemical stimuli ror, or the presence of
an inhibitor to, . o/locofler in this host. The presence of spined

c .
larvae in a high percentage of white-tailed deer in castern Saskatchewan
(Bindernagel and Anderson 1972 Shostak unpubl.) and southeastern

British Columhia (Rindernagel 1973; Samuel unpubhl .}, in the abscence of

oohenud s (Bindernage] and Anderson 19725 Bindernagel "973: Wobeser N

i

pers. comm.) and the:failure to establish /', ries it whil s-tailed
deer strongly suggest the presence of at lea - e unde  rihel species

of lungworm or #. cervi in whitetails in these arca

ST



SECTTON 1V
FIELD STUDIES

AL Introduction

Interactions between a parasite and its intermediate host () can be
summarizéd as follows: 1) identification of a suitable host; 2) ‘entry
into that host; 3) host response (if any) to the ‘ny parasite;

3

1) larval longevity within the intermediate host, larval transter
to subscquent hbS{;. These aspects of host-n ite iﬁtcrnctions are,
‘howovcr,,poorly known tor nematodes using terrestrial molluscs as inter-

mediate hosts cspecially for the Elaphostrongylinae and Pavelaphostror el

“odocotled. The first and last interactions, the identification of natural

intermediate hosts and larval transfer, require field investigations and
arce addressed here.  The remainder are better suited to experimental
investigatjons and are déalt with in Section V',

Nematodes of the superfamily Metastrongyloidea (as defined by
Anderson 1978) require an obligate, molluscan intermediate host in the
majority of téses that have been investigated, but therc are cxcepFions
(Dail- 1970; Georgi 1976). Although the_necd for a molluscan inter-
mediate host was established nearly 50 vears ago (lHobmaier and Hobmaicr
1929, 1930), the natural intefmediate hosts of the majority of these
nematode§ are unknown. The relative l%Fk of host spe-ificity at this
level and the ease of'experimentally infecting both terrestrial and
aquatic gastropods (Davtjan 19}5; Joyeaux and Gaud 1946; Panin and

Rushkova 1964; Richards and Merritt 1967) has resulted in a lack of

knowledge of natural intermediate hosts of these nematodes.

65
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Within the Elaphostrongylinae, Panin (19oda) examined a Large
number of molluscs in an effort to Jdetermine the natural intermediate
HoSts Of Alardmatr o e oot Soc e Eeoaoee T noodfd o) on vame farms

in Kazakhstan SSR.  He ound 13 of the 20 species of pastropods in
i

X

area were iatected with &0 0 e’ 00 Lankester-and Anderson

found 7 of 12 species ot terrestrial molluscs on Navy Island in soutic.n

)

Ontario were naturally infected with ol ol -

R

copeennylict) Goondds. These authors implicated the sTug, Doveeos e

i

and the snail o eoidos o7 e as the most dmportant hosts of 7o foorads
in that arca.
The study areas of Lankester and Anderson (1908) and Panin (1904

were similar in that they were located where cervid pnpul:lti{ons‘wm‘o
¥ )

enclosead (Panin — gampe farm; Lankester.and Anderson — small island) .

Cervid densities and the prevalence of elaphostrongylines were high.
1

Such factors probably influenced prevalence and’ intensity of infection

»

in the intermediate host populations. The examination of molluscs, from

more usual deer habitat, @3 larvac of .. fom 70 has vielded few larvae

: . . r
despite the examination of ‘pe numbers of molluscs (Kearney 1975, =
Gleich et al. 1977)ﬁ

The natural intermediqte hosts of the ren g species of
r}VcldpkoutrongyZus, P. odocotle? and P. and receti are wnknown, although.
thetiife cycle of both species has hecen coﬁplc#cd cchrihenta]ly
(Hobmaier and HohmaierVIQSAQ;VBrunetti 1969y_Prb>tQ60J 1972).

An investigation of the natural- intermediate hosts of P. ococol/le? .

)

in Jasper, Alberta, was undertaken from May to September 1976. The

) o ‘
Jasper townsite in west central Alberta (Fig. 28) wis chosen for several

3
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No

reasons. lirst, 2L 00T e was posi i velyoidentitied from deer expori- .

\ T | . o X ; ..
mentally intected with:larvae that originated trom naturallv infected
mule deer in Jasper (see Sections 1] and 111, Second, Jasper was

: N

tdentified as an enzootic areca. Approximately 90% of the fecal samples ,

collected from animals comprising the "townsite" mule deer herd were

positive for larv - resembling those of claphostrongyvline nemitodes

(Samuel unpubl.). Finally, the area was accessible, thus facilitating -
LS ) ‘
. S .
the collection of terrestrial molluses and fecal samples of mule deer.
B
The objcctlyes’of the study were to: 1) identify the terrcstriai
gastropods in the Jasper areua; 2) determine the prevalence and intensity
of P. odoeod o7 in those gastropods; 3) identify locations. or "hot
>
spots' of infection within the general arca: 1) document changes in

prevalence and intensity of /. odoeoilc’ in infected molluscs, and

o . ' ) 5 . s R : i ‘
h 5) monitor larval output of this nematode in deer.in the area during
the collection period. ‘
‘ _ “
. ) - . .
B. Materials and Methods _ o . .
Study Area o~ S g - )
- Jasper, Alberta, s located 53°32'N by 113°36'W,‘d#ﬁroximately T
. ] > ‘ s . v ”"; ) . J ) - U . e -
o 400" km west of Edmonton, Alberta, in the eastern foothits of the Rocky -. -,
! . ’ : . B T - kS e f': , ‘ )
: Mountains. The towﬁngEJﬁh sithated in ‘the center of | asper National '
- Sy, : ' ‘
- -Park. Five- primary collecting sites (Fig. 28), all 1o ted within a

\ s &

oo . ' . . 5 . . .
~9 Km radius of the townsite, were selécted on + - basis of major veceta-

tion types.

Area T (Fig. 2o is an open, grassy area (Fig, 59) adjacent to -

i

the Highway 16 by-pass, east of the townsite. This area was, disturbed

14
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by the construction of Highway lo. As a result of construction, a

~ .
o . . . N - S
number of large rocks are available as sites for mollusc refuge. ﬂ§¢lvo

and introdu. ¢d grasses are the predominant vegetation. There are a

few juniper (Juniperus $p.) and bear berry (dreto. Lapicdos UDT-urs i)
\ .

are pres at as well as lodgepole pine seedlinps (97 oo tort ).

' B

ca 11 1s a canopied arey. 30) adjacent, to Area I, bordered

) &

L

on st by the Athabasca Rive 28). The predominant foliage
is gepale pine, interspersed with aspens (Fopwlus tremuloides) . "
The predominant shrubs are juniper, bear berry, and buffalo berry

(Shepherdia canadensis). This area is also considered a "disturbed"

area, in the sense that use by tourists and illegal campers is high.

4
~

Hence, thcre is a varlet) of material available for mollusg refuge sites

as well as an abundance of lOVs (aspen and 1odgepolo pine) and 1caf 2ﬁ§
B 0
'llttet SR ‘ . ' e
‘ . ~'!E . . jes
: o = :
YArca ITT is a tranbltlon area betwéen’ leley vcnetatlon an@? )

mountalnous habitat, dlrectly.west of the townsite (Fig, 28y ., There is

a sharp trahéition and a dramatic increasé in elevation (Fig. 31). . The

predomlnant Végetatlon is grass and an occasional lodqepole pine..

el

"BuFleo bgrr» ’bear berry and. juniper were common

.
Rl

. Area‘IV,is bltuated'northwest of the townsite (Flg 28). It is a
'magﬁhy area (Figg 32). The predomlnant vegetatlon is sedge (Car%p z? )
: 9
» 7 Area¥ consists of two dlSJuﬂCt stands of aspen, surroundpd by QQQ .

and 1nter5persed with - lodgepole pine (Fig. 33). This site is north and

- - . . .
south Ohyirea IV (Fig. 28). Bear berry, buffalo berry and juniper are
g ¢ LA : > o
+.,-the most comion shrubs. ,
. ' ' . a 3 -
I Sad . * :,\
- . - .
- . i - e
3




‘(,\,fn
So
g : -
7’ /’
i
: \
‘;
A . : ”
!
. ' ’
: /l
Figures 29-31. Primaty collecting sites,

' / 5 .
Area ﬁ - open, grassy arca adjacent to MHighwav 1o,
{ ; I

wig. 29.
" \

“%?g. 30. Area II - canopied area between Area 1 and the

A

Athabasca River. ...

1. Area IIT - transition area.
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Molluscs were also collected outside the primary areas. - A few
(= 300) were collected at several locations along the bench (Fig. 28).
Collections were made in a variety of habitat types throughout the

collection period. These areas will be referred to as "Miscellanecous.'

Collecting Procedures
L]
Molluscs were collected on aasfekly basis, 'with two exceptions,

from May through August, 1976. QT* adaition, molluscs were collected on

~

April 235 and September 7 and 2. They were located by searching under

. v

“rocks, logs, leaf litter and any other debris that‘mighf offerﬂgh“tablc

refuge. Molluscs were placed in translucent plastic containers with a
-

moist paper towél, and transported to the laboratory. Fifty to 100

molluscs, depending 9n size, were kept in each container.
X

"
o

Laboratory Procedures
" A1l molluscs were éorted, by aréa of collection,'into specles groups
prior to processing. Identifications-were“made\Qith the aid of Burch
{(1962) and Pilsbry (1940-1948) . Prior“to gxaﬁihatiog theilenéth of each
mollusc was recb?&ed. Slugs were allowed to crawl untilﬂfully extended: ..
and then . asured’to the nearest millimeter with a preéision caliper;
Measurement of snails—was made on maximum shell diameter: with the )
exception of Oxyloma retusa, for which maximum shell leﬂétﬁ was ‘recorded.
Molluscs wggg;then minéed with a fine scissors and p. zd in indiyid
ual test tubes containing 5 to 10 m1~of a standard artificihl digestion
fluid (0.7 m1~c6ncentrate HC1 ahd 0.6 mg pegsln/IOO ml dlStllled water).
The test tubes were 1hcubated at 37 C + 1°C, for 1 to .3 hours dependlng

-~ . i

on rhe size Of ‘the mollusc. During incubation each tube was occasionally

. 1
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shaken by hand to aid the digestion process. The tubes were centrifuged

at 1500 RPM for appreximately 5 minutes.; Two ml of supernatant and the

)
Ay
K

J

cellular plug were retained and examinc\ sor nematode larvae in a

L0unt1ng chamber with the aid of a Wlf‘?ﬂﬁssocthg microscope at 25X,

Larvae found were classified as preinfective or infective (Gerichter
' 1948). “Infective larvae were killed in hot glycerine alcohol and both

groups of larvae werc stored in that medium for examination,
9

o

Feeal Examination

In conjunction with the field collection of molluscs, an attempt
4
was made to collect fresh fecal samples from deer utilizing the gtudy

area previously described. Routine examination of the study area was

»

made frdm the highway after dawn and again prior to dusk for deer on the
same days tpat mollusc collections were madel Once sighted, deer were
followed on foot until they defecated, 'or darkness made contigued‘
observation impossibie ﬁ&en defecat } Was obgerved, the . ntire fecal

i &3
sample was collected and: ﬁaf% ﬁ in a plESEac bag for subsequent exam1na~

R T

tion. The following. 1nforWﬂt10n was . recordea for each sample , xollected

date, tiqf, sex of the animal, age class (fawn, yearling or adult) and ,

location.,\\

Fecal material was returned to the laboratory and examined for
s

o

f1rst stage larvae of P. odocoilei 'via the Baermann technique (see - -
'( 4 ‘“w g l..'; v
Section II1). Results are expressed as larvae/gram of feces wet welght
or LPG.  ~ . . A
' i
&
. - ‘ U
8 : »
ot " Tl .
. N ;
> . 2
a .
‘ o
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Oz loma retusa, was only found in Area IV, a marsh area, and in a

specimens of these molluscs.were collected in-Areas I and V.

tin

C. Pesults

o ol o Tone . o '
L

w A sunmary of mollusces collected, including prevalence of infoction

with P, Wiocoiler, is given in Table V. A total of 81498 molluscs repre-

\\

. ] . s !
senting s<ven families and three suborders within the ordey Srylommato-

phora (Pulmonata) was examined. Seven species representing three
P

families in the suborder Sigmaurcthra were found to harbor lgrval 7.
‘ ~
odocot led. ’ o
- |
(

 Devoeceras lacve, a medium sized, active slug, had the highest

prevalence of

o

the sna Cffulus fulvus, had a prevalence of 1.0%. Intensity of

infection Y(Table VI) was similar in D. lacwe awd . Sulvue, while the
S

remaining species harbored considerably fowbn-&j odoedilel.

5

Tite number of molluscs.
£

*x., 5 .

infection varice d conslderab v:between *the flvm wbdhu examlqﬁd (Table VII).

s S y ﬂ‘ .
Deroceras lacve was collected in all study areas “WnLle the succineid, 43,

. gy g )
similar “Miscellaneous' area. The Follow1ng molluscs yere collected in

‘all locations with the exception of Area 1V: ff ﬁﬁ’gé ‘tiscus : ; Qsp

»

] . . i
J
eronkhitel, Zonitoides arboreus, Zonitoldes ﬂgfadu“ and Vztrﬂna 7fn7”za.

b

Discus shimeki was pquarily restricted to Areas I and TI although a
v '

A

single specimen was found in Area V. Thezégﬁfllids, primarily.Vertigo

modesta, but also Columella edentula and4Pupisoma SP ., were‘most commonly

associated with the lodgepole pine'portions of Area II. Additional

’

'ijction (4%), while the most frequently collected moliiusc,

ollected S)eubeb ‘OmPOsltLon vd percentage
) ‘“ I g
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TABLE Vo PREVALENCE OF PARFLAZHOSTRONGYLI Olc 727 LARVAE TN (h\\S'I"(R(’H/’ODS
COLLECTED TN JASPER, ALBERTA (1976)
‘ ' /
a
Number Number Perdentage
Species Collectéd Infected Prevalence Intensity?
Suborder Sigmaurethra
Family Limacidae
Deroceras lueve 1384 55 3.97 18 (1-295)
Fmamil_\' Zonitrdae
Fuconulus fulvus 2208 36 1.87 17 (1-377)
Zonitoides arborcus 823 6 0.7 1.2 (1-2)
Jonttoides nitiduss ™ 263 4 1.5 1
Zonitoides sp. 5 .0 0 - :
Vitrina limpida 1062 .10 0.0 1.7 (1-6) ‘
Heti'n;ella electring 12 o - -
Striatura ferrea _ 36 0 0 -
Family Elldbdont‘iQae b
Iiscus eronkhited 1520 9 07T 2.4 (1-6) —
Discus shimeki 171 .. 7 ‘U)L’ S 1T - ‘
Suborder Orghog,)rcthra -
Family Pupillidae s i s
Vertigo modesta ‘ 322 Q 0 P - \
Vertigo ovata 4 0 0 - .
Columella edentula "3 0 Y -
Pupisoma sp. 3 0. 0 - $ ©
Suborder Heterurethra .
Family Succineidae .
Oxyloma retusa _793 _9 9__ o ’
TOTAL ‘ 8498 122 - 1.4 6.0 ’
_ : »
*Mean (Range)_ - 3
’ &
oy

~ _gtl
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TABLE VI INTENSTTIY* OF INFECTTON OF FulBE 000000y ON Oy oo, LR

IN GASTROPODS FROM JASPER NATTONAL PARK (MAY to SEPTEMBER |

1970)
3
h Species X §XH Range
Deroceras lacve 18.1 1 50.0 1-295
Fuconnlus fulvus , 17 66.3 1-337 ";
* Discus eronkhi ted 2.4 o 1.9 ‘ 1-6
Discus shimelks « & 1 _ 0 ]
.‘ 3 . -
. - R R
lonitagdes arkboreus 1.2 . 0.4 Co1-2
X \ . X
- . donttotdes nitidus - , . \ 0 1
™ '-:;5 N I . 7. ) .7 \
e Vitrina Limpida r ' =1..7 1.6 . 1-6
oygt : Vo : > I
- o ‘ ‘;\ . . f - ) LY N
LE o
‘ .‘ o
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Jercoeran Tare was most commonly encountered in the opeir portions

of Area 1, congregating under rocks in preference to loes or man made

habitats . oo S oue, a osmal L, active snail,, was most abundant in?
2 .

Areas T oand 1T, Doroccree Jacee and . Do were replaced as the most

abundant species by Do cromdh 67 in the aspen-dominated Area V.

SErlatian: Sorron was only tound in locations dominated by aspen (Arca \
and Miscellaneous).,

Noreivea Umpide, found in o all areas except IV, is a late hatching,

.

annual® species. Tt overwinters os - egg, which hatches in carly to

rd
mid-July and becomes extremely abundant., Adults survive the carly

trosts, d;posit their egps and die (Pilsbry 1048). Theretfore, no I,
Limpide were collected until carly July?(Appondix [1Y. During the latter
portion of the summer this species was the most nhundnn; of all molluscs,
The fact that V. /impdda was the predominant mollusL in Area I17 is an
artifact of collection. Regular collections were not made in this region
until August, ensuring'the predominance of this specices.

The highest prevalence of infection of molluscs was found in Areas
I and TT. Molluscs were not as readily available in Area IT, the

canopied area adjacent to the Athabasca River (Fig. 28) . Thg overall
prevalence of infection in Area II (Table VII) was influenced by £ho
high prevalence of 2. laeve and E. fulvus (18.8 and 3.8%, respectively).
Area T had the .highest percentage of species infected (7 of 11).
This is apparently good mollusc habitat, allowing a large build-up of a
variety of molluscan species. There wag no significant difference in

XFG, ,
prevalénce of those species that harbored P. odoccile? in . a I,



The remaining areas had, l\)" comparison, few infected mollnwc::l. A .
. > B

sinpgle, intected 2 oo was collected in Area IV however, none ot the
Ceorelicts were intecteds Mhis is interesting in light of the rapid
pentration of Ll's of 70 "7 into this species of snail under
eyperimental conditions® (unpubt. observ.1 and reports that deer were ‘
frequently seen @ the peneral vicinity of the marsh Haney pers. comm., )

The aspen-coni Vo slopes surrounding the slouph (Area V) were
.similnnly depauperate of intfected mollusces (Table V111, The most
common snail, JLocronse I red ) had a prevalence app.e o nately 0059 as
did 70 Sdones The remaining molluscs from ncountered too
infrequéntly to be considered of anv importar - o - .ransmission of
. ;o TN

. L7 KOS AN
.o el

The transition arca (I11) is difficult to cquate with the other

¥
[N

sites. Collections were initiated in mgd—Angust! Although the overall
i . :
prevalence of infection was 1.1% in this zone, it can be removed from
consideration as an important area of infection. Three of four molluscs
infected in this area were V. /Zimp’la. ALl infected 7#rina in this
study harbored larvae ihdistinguishablc tfrom the L1's found in deer
feces. Tt is unlik~ly that, if development was possible in this snail

species, ali .f the V. dmpida that were infected would harbor

newly-penetrated L1's., Laboratory studies are needed to establish the

=3

ability of P. odocoile’ to develop in V. Iimpida. In light of the
preceding information, a single infected E. fulvus of 378 molluscs
examined cannot delimit an impertant site.of transmission.

A more detailed analysis comparing Areas I and TI was done”

(Table VIII) since these areas accounted for 66% of all molluscs

he
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callected and S8 of animil« POSTUIve for S U T e percent
prevalence of infection i1 al] mollusces collected in Area 11 as owell as
S and FLO0 e wae stanificantly higher (1 R e R
. BN . adj
A06.0 and 12,51, respectively) than those col lected In Area 1. There

were no differences i Jrevatence (Po>a005) For the othes species common

-
to both areas.

There was o distinet difterence in the temporal patterns of the
two specices of molluses (1. . op and Ao e e during the summer of
1976 (Fig, 34a) . 'I'ho‘ slug was r- lat ivelv abundant during May and June,
while #0 dvue was most commor in late August.

The initial prcalence of infection of /oo (25%) in April
(Fig. 34b) is undﬁxhtodly an overestimate .duc to a low sumpli‘ size
(n-*).  Prevalence of infection of 7' /aong remained below 5% until
Aupust.  No slugs were infected with larval .. odesn 1o in late July,
while total prevalence in August and September was approximately 6%, .
Prevalence of infection of E.o fulvus was erratic during the early
collecting period:. reach.ng a peak of 3.59% in early July. Prevalence
was 2.5% in August and September.

(@) .

The mean length of . laeve was plotted for cach collection period
(Fig. 35) in an attempt to assess the relationsh-ip befwee?u prevaler. e
of intvction and host age (size) in temporal collections. The size of
slugs collected dropped from a mean .of 15.9.mm (April to early July)
to 123 mm in late July (tS = 4.112; t[m]0.00I = 3.291). It was not

possible to collect similar data for E. fulvus which, due to small si-e

(2 to 3.5 mm), made length a poor indicator of age dgfferences.

.

&4



Figure 34 a.

The number of Jereccres {acee and B

ONL LS s

collbeted in Arcas I and 11 from April to Septemboer

1976,  Each point represents a two week interval

and contains all animals collected i
3

\

Prevalence of infection of Parelaphos

iy D, lacve and F. fulvus from Areas

April to September 1976,

Iring that time,

stronilus odoeot et

I and 11 from
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Figure

1

%

" Mean length of Deroc ras laeve collected in Jasper,

Stherta, from April to September 1976. FEach point
represents a two week time interval and contains all
animals collected during that time. The vertical

bars represent one standard deviation.
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‘( . . . . . v -
Slups were divided into tfive arbitrary size classes (Fig., 3oa).

No attempt was made to distinpuish between immature, juvenile and adult
coasses since preliminary obser.  tons indicated that a wide range of -
aromals could be considered adult by repro ictive crviteria.  Such

determinations, made on the basis of si. o (Lankester and Ane ‘rson 1968), -

are meaningless.  Therefore an arbitrary division of classes at 5
intervals was considered more realistic.  The percent prevalence of
infection is given in Figure 3oh. No slupgs less than 5 ns weore ntected,

and prevalence increased with size.
Prevalence of preinfective and infective larvae (GCerichter 194%)

in 2. faces and B fu/ewe in Areas T oand 11 showed distinet temporal

trends (Fig. 37). Preinfective larvae were more frequently encounte ed

carly in the summer and during late August. A peak in the percent of

infective larvae followed the preinfective peaks by :1pproi‘i~ﬂmtely 1

"month.
Fooal Colloctions

Forty-nine fecal pellet groups were collected in the general vicinity
of the Jasper townsite between April and September, 1976. Fortv-two

(86%) were positive for larvae of P. odocoilei (Table IX). Two of the

negative samples were collected from a single fawn on September 21 and

22. Two other deer were sampled on consecutive davs.= One, the mother

|
of the fawn describeg above, passed 3 and 10 LPG, respectively. An
adult buck was sampled on June 23 and 24. This animal passed 71 and 345

LPG, respectively. Fecal samples from the buck were collected in the

same area at approximately the same time of day (7:30 hours).:

&



S0 d. Distribution of Deroceras laBne collecte®in Arcas T

)

Figure

and I1, by size class. -

b. Prevalence of infection of . Zacve with larelapho-
strongylus odocoilei according to the size class of

the slug.
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Fipure 37, Prevalence of preinfective and infective larviae of
Pavelapioct von il odoeodlel in Dovocerae focoe from
Avecas T and TT. Each point represents a two week time

interval and contains all animals collected during

that time.

.
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TARLL INL | SUMMARY OF LARVAL OUTPUT OF 5y 7.1 0000 N N N LR A
s
FROM MULE DEER OF FHE TOWNSTTE HERD, JASPER, ALBERTA

TAPRTL to SEPTEMBER ., 1970)

Number of Number of v
fecal proups Fecal groups Int ]‘] Cityw
. . - I (SRR 4
Month examined positive : sHF
o« -

A\ N

\\.-\p‘ril 0 o 101 . 03,5
May : 7 , 7 C1O0 (TEYFRr 3140
June 15, 14 56 87.5
July 11 8 28 29.5
August 4 4 40 4507
september 0 KO 5 4.3

*Mean number of larvae per gram of feces (wet weight) per infected
e sample, s . '

**Standard deviation.

***Reading ( ) is the mean intensity not including a single ‘sample of
895 LPG and n = 6. ! '

SR
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Larval output declined monthly . from \prab to september (Table Iy,

The May data were stronply intluenced by s single vearling that passed
SOL LPGL These data correspond to unpublished observations of feen
t

samples trom the same area (Appendix 111) .
' : Q

D. Discussion

A high percentage of mule deer constituting the Jasper townsite

MR

herd is infected with focec S G (Samuel, unpubl Ly this studv) .
Fighty-six percent of fresh fecal samples coltected during the present

study were positive for spined Tarvac.  The negatives were ©rom rawns

representing a seasonal reduction or cessation of larval production
(Gevondyan 1958; and sce Schad 1977 for a review of this phenomenon) .

Pue to the location of adult /', odoeodle? in the muscles of the

definitive host, it is difficult to assess worm burden in an individual

deer.  Comparison of larval output In experimentally infected mule.deer

(Section ITI) with field duta.suggests thét deer in the townsite hérd
harbor relatively few worms. The highest larval output of samples
collected in the field (895 LPM) corre&pénds most closely td the peak
output of 720 LPG observed in MD 4, that received 1.1 L3's. ‘

Several authors (Pillmore 19565 Uhazy ¢* al. 1973) have atteﬁptod
to Esthblish criteria for determining the intensity of lungwornm
(= genus Protostrongyius) infecfions of bighorn sheep (Ovis canadensia
cradensis) . These authors correlatédblung damage associated with

varying worm burdens and larval output with some. succdess. Results of

experimental infections of deer with P. odocoilel (Section II1) and

~1
-

.

or from samples collected during periods of low larval output, possiihly



D0

tield Jatak sugpest o that erude estimiates of wornm hurden, on the | . ot
Farval output, are possible for this spectes as well. These estimates
must, however, be viewed with caution sincoe tarval output is known to
vary as much as 300% in a 2 hour period in an experinentally intectod
animal (p. 43) and 500% in the same time period in a wild Jdeer {p. S
Additional fuctors, such as host age, immune status and age ot the
infection may also influence jarval production to some degree.,

The timi‘.lilg of larval output of the elaphostrongylines is poorly
known. Temporal aspects of larval output mayv, however, he important in
increasing the probability of Tlarval contact with o suttable intermedi-
ate host. Peak larval output of . odocoi/c? in the Jasper townsite
herd occurred duriné the occupation of winter range (Table IXN;

Appendix 1T11) whcnvdecr densities were rolﬁtivoly high.  Low larval
output,vconvérsoly, occurred in summer, when deer dispersed (Sullivan
and Stelfox 1974). Similar situations have been noted by other workers
(Uhazy ot al. 1973; Gates 1975, and others) for bighorn sheep infected
with Protostrongylus spp.

Saturation of an area containing suitable intermediate hosts with
1's would form a focus of infection, or hot spot. Subsequent dispersal

of deer fesulting in decreased deer densities would reduce the probability
.

of infection %hrough dilution of larvae-to-mollusc and- infected mollusc-
to-deer interactions. This is supported by field data from Areas v, Vv
and Miscellancous, which form part of the summer range of the townsite
herd (Sullivan and Stelfox 1974). These areas yielded few infected

gastropods (Table VII). Mule deer are known to return on a yearly

basis to a specific wintering area (Zalunardo 1965) . This would enhance



the ch.jm*o ot an’ auntumn exposure ot the vouny ot the vear to molluscs
infected the previous spring or summer.

The distribution and activity of first stape l‘ll"\\ln“kif‘ the elapho- ‘

. .
strongvline nematodes is not well known.  Evidence, primarvily experi-
mental, points to several mechanisms that would serve to inm‘v;;ru- the
probability of lnrvﬁv—mollusc contact. First stage tarvae of these
nematodes are resistant to freezing, vet Jdo not tolerate dryving
“(Mitskevich 1964 Iunkcstcr:unlAndvrmn\lQbH\. First stage hnjmo
. ' /

of Mo beowds rapidly leave. the fecal pellet when submerged fn owater
(1¢u1k05601‘:nn1 Anderson 1968, rhcleX»r;, Larvace contained, iw feces
Jdeposited on sﬁow would be nhlé to survive in a frozen state until
kspring thaws could aid in their dispersal to subterrancan habitats
where the threat of desiccation would be reduced (Matekin ot «l. IQSf;
Mitskevich 1964)., Larvace deposited during the summer would need to rely
on sporadic rainfall for dispersal, increasing the risk of desiccation.

The extent to which the dispersal of L1's actually occurs or .is important
. &)
for transmissjon, is unknown. The fact that large numbers of terrestrial
molluscs, especially slugs, are subterrancous dur.i. the day; emerging
4
to feed on surface vegetation at;night (Newell 1966) makes this aspect
of Ll-mollusc contact an important area for future study.
Complétion of the life cycle of P. odocoiled is dcpenaqnt upén
the accidental ingestion of an infected mollusc by grazing deer. +
Tngestioﬁris considered accidental,vas'there are~;o reports ‘in the
literature of deer actively seeking molluscs as a food item, Mﬁle deer

are known to eagerly ingest emerging grasses during the spring before

other vegetation is available (Cowan 1956; Einarsen 1956). Mule, deer ,



in Jasper were observed t.o foltow this pattern.  Grating “continued to
1'01'?11 an important part of the feeding rvegime of mule deer in the Jasper
townsite for the duration ¢t the obscrvation period (pm‘.::. observ.).
This proclivity toward grazing would aid in bringing deer into a zone
of overlap (Holmes and Bethel. 19720 with infected molluscs, increasing
the probability of accidental inges ion,

J\At'?ll‘xonomic assessment ot i seven spcciosj of molluscs harboring
11 r\:w‘ of 't oceeodled (Table V) shows that all belone to the suborderc-="
Stgmaurethra. Neither of the other suborders represented, Heterurethra
{pupillids) and Orthourethra ((i).rzv//«’)nzu), was infected. This may be
the result of a lack of su.‘copti.bjljty of the snails (Wright 1971;
Bus-‘ch 19753 or ccological isolation (Panin and Rushkova 1904)._ The
pupillids have been shown to be excellent hosts for a variety of ruminant
lungworms of the subfamily Protostrongylinae (Matekin et a/. 1954;
Pillmore 1956) and while pi‘otost‘rongylids are able to use sigmaurcthrans
(Joveaux and Gaud 1946; Gerichter 195\1), elaphostrongvlines have scldom
been reported to use pupillids or vallionids (}Ieterurethr:;) as inter-
mcdiat.c hosts (Panin 19(5451).‘ Attempts to experimcntnl'ly infect pupil-
lids with larvae of Elaprostrongylius cervi.pantico!.r were unsuccessful
{(Panin and Rushkova 1964), Thereftore, it appears the leterurethra are,
as a group, largely unsusceptible to infection by‘elaphosfirongyljnes.

Ecological isolation is less likely'as an explanation for the
failure to find pupillids naturally infected with larval P. odocoilei.
Mule deer and bighorn sheep are commonly seen togcthef in Jasper Natipnal
Park, élthough not in the study areas dealt with in this stu&iy. The

: :

i
\.

— A
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ubiquitous nature of these molluses i the present studv as well as
. !

other investigations, of this nature (Mitskevich 1960 Panin 1964a)
arpgue s;ron;tly ;l:xlilil\.\‘r ccolopic isolation as a mechanism for the absence
ot infection in these mollusces. However, this mechanism might be of
some importance at the microhabitat level.

‘Tho succincgds (Orthourethra, which includes wi/ome of this
study) are excellent hosts of E/Jphfxﬁyuugyfus cerod in the USSR
(Mitskevich 1904;‘Panin 19043) nnd“P. tewel s in North America (Lankester
and Agdorson 1968) . These reports, however, roferito Sucetnoa spp.,
which are less dopondent upon moist conditions than cwi/ome. Tirst
stage larvac of P. odecoi/le/ rapidly ﬁénc?rutcd . réfnsu under
cxperimental conditions (pers. ohgerv.). Devolopmont-was not?rollowed
to completion, due ta difficulty in maintaining this species in the
laboratory, and theretfore it is impossible to state whether O. retusa

would be a suitable host for . odocoiled.

Observations during this study suggest that an ccological rather

i

than a physiological barrier to infection by 7. odoeollel exists for

O. retusa. 1t was found only.in wet, marshy habitat (Area IV,
ﬁiscellaneous). Anderson (IQth demonstrated that larvae of P. tenuis
had difficulty penetrating hosts in water, as did Looss (1905) for |
»Ancqustoma duodenale,. and that larvae would be quickly dispersed in an
.,aquatic medium. ~Therefore, an ambhibidus mgllusc such as 0. retusa
would have a reduced opportunitybfor contact with larval. nématodes under
-conditions suitable for infection. r

Aquatic molluscs (suborder Basommatophora) were not considered in

the present study. Lankester and Anderson (1968) found no aquatic



molluscs infected with 2. fonnd s although the infection of terrestrial

o "

molluscs was common. Mowatt (1973) failed to find infective larvae of

Jootenuds inaostudy of the nematode parasites of aquatic molluscs in
LN

Central kaing.

Devocoras laeve and Bl il ous must hg cons idered the most importuﬁt
intesmediate hosts of ~. odocai7ai in the vicinity of Jasper, Alberta.
Jeroceras lacve is a mcdiﬁm sized, active slug, holarctic }n distrihu-
tion (P%lshry 1948) and considered a native North Amcficnn species
(Getz and Chichester '1971). This species combines 511 the attrihu{cs
necessary to be an excellent intermediate host for a metastrongyloid
nematode (Wallace and Rosen 1969). Ecological studies (Get:z 1959)
indicate shat 0. laeve occurs in a wide variety of habitat tvpes, 1is
catholic in its feeding habjt§ (Getz 1959) and is able to survive
subfreezing temperatures. Deﬁocerés Laebc shows a wide range of tempera-
ture tolerance, 14°C to 26°C, tolerating temperatures as high as 36°C
(Geté IQSQj. A related species, dariolimax (= Deroceras) refteulatus,
has been observed feeding normally at 0.8°C {(Mellanby 1961). Thé R
ability of D. larve to withstgnd({iwide“range of climatic conditions,
in addition to fheir diverse fgeding habit;;' would-place 7. laeve in an
excellent position to be accidentally ingested'by'Foraging deer.

An overlap of the intermediate host into the feeding area of an
Y

rertivorous definitive host is essential in- the completion of the 1ife

cycle of .+ sarasite not Based on a predator—ﬁ}e& relationship. °There "
is no eviderce to suggest a parasite induced alteration of molluscan
behavior'in - " tem. Although this type of interaction has been

proven nec~s.u1 ‘e successful completion of the 1ife cycle of

100
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some parasites (Holmes and Bethel 1973; Bothél and Holmes 19733 * the
normal uctivity‘puttorns ot molluscs and deer and the absence ot rapid
cscape mechanisms in terrestrial mollu;cs\ﬁay obviate the need for‘such
a system, | '
‘

Terrestrial molluscs are generally regarded as nocturnal (menlﬂp
1967); remaining quiescent during the day to avoid the direct ravs of
the sun and subsequent drying. Dainton (1954a) has shown experimentally
that behavior of a variety of slug species was a response to diurnal
temperature changes, and prolonged nct%vity occurred when temperatures
dropped below 21°C. Dainton (1954b) found that light had little effect
on slug activity. Thi; work was later confirmed using North American
slugs (Karlin 1961). Supsequent'investigations {Lewis 1969a) have shown
that temperature is ineffective in timing slug activity and that.loéo—
motor activity was controlled endogenously (Lewi; 1969b). Regardless

¢

.0of the mechanism controlling molluscan activity, the coincident timing
of slug activity and _deer feeding, in the abéence of ‘altered behavior
of the intermediate host, must be &onsidered important for thq transmis-
sion of P. Qdocoilei and the other members ofAthe-Elaphostyongylinae.

Euconulus fulvus- is a small, shelled mollusc with a holarctic
distribution tLikhachev ané Rammel 'maier, 1952; Burch 1962). It was
abundant in all area; examined during the present étudy (Table V) with
the exception of Area IV. The role of'this snail in the transmission of
P. odoc&ilei could prove important. Its small size, active nature and

relative abundance gives it an increased protability of being acciglentally

ingest -d by graiing deer.

-
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Preovalence of infection in & adever was roughly one halt that tound

~——

in e Jaeoer however, intensities ot infection in these species were

ecqual.  Feonidhies Sdowe was considered a Usuboptimal™ host for M.ooepos
X .\
panticoda on the basis of experimental infections (Panin and Rushkova
o -~ ' )
. . S . D _
1961} although it had a high prevalence of infection in field studick

, .
(Panin 19cda). Tt is of some interest that .

Sl was not reported
. 0

from Navy Tsland, Southern Ontario (Lankester and Anderson 1968) as this

Species is common on mainland Ontario (Oughton 1948) uas well as other

.

regions of Canada (LaRocque 1953 Clark ¢ /.. 1968).°

The remaining snails that harbored larvac of . odoocdic? are

discounted as playing a major role in the t{unsmission of this parasite.

) -

l2d

Discus cronkhiter and Z. arboreus, although abundant, had low prevalences
of infection. Discus shimeki and 7. nitidus had prevalences of infection

similar to that of E. fulovus, but were encountered infrequently (Table V),

"and never-harbored more than one larva ﬁer infected snail (Table VI).

The final species, Vitrina I<mpida, harbored only preinfective larvae

pl

that had not completed any discernible development. This snail specics

may occur too late in the season to be effective in parasite transmission.

There is a distinct difference in the role of 4. nitidus as a

. o

primary host of P. tenuis on Navy Island (Lankester and Anderson 1968)
, N .

and the secondary role of this mollusc as .an intermediate host of P.

odocoilei. This may reflect the preference of Z. nitidus for moist

habitat (Lankester and Anderson 1968) . Zonitiodes nitidus was encountered

} <«

infrequéntly in Jasper Park and the drier-areas of Navy Island, but was
extremely abundant in the damp woodland areas of the Ontario site

(Lankester and Anderson 1968). - A ,



Comparison of the study on Navy Island and the present study reveals

some interesting similarities. Navy Island and the Jasper Townsite have

- - ‘ . .
several features in common. Both areas limit deer movement to some

U3

degree; Navy Islangd as a true island, and the present study area by -acting

as an island. Areas 1 and 11 of the present study, pnrf of the winter
range of the Jasper townsite mule deer herd, also “included an undeter-
mined number of animals that remained in the Q}ou on a vear-round basis
due to tourist activity (Sullivan and Stelfox 197.1). These arcas could
"be considered islands, in a loose sense, on the h&sis of constant deer
utilization. Both arcas have a high prevalence of 7. tenuis and P.
odocotlet, respectively.  Other stwdies of molluscan intermediate hosts
of P. tenuis failed to identify.é;eas of concentrated deer usage and
foung few larvae of this nematq%g_specics, despite examining large

numbers of molluscs (Kearney 1975; Gleich et al. 1977).

Reasons for the higher prevalence,of infection of molluscs with

P. odocoi/i in Area IT are not clear, but fall into two broad categories:

deer usage and larval protection. All common species of molluscs were
-found in similaf probortions in Areas I and IT.

Persqnal obsérvations of deer usage during the éollecting season
“indicate that deer were likeﬁy to‘usé Area 11 (caﬁofied) more often than
Area T, (open). Deer were observed feeding in both loéations and could
be enticed to femain on or to enter Area I by tourists offering food.

The majority of deer feeding in this area, however, would eventually

retreat into the canopied portion to rest and/or continue feeding.

Therefore, the deer I observed utilized the canopied area more frequently,

» VP :
and as a consequence defecated in this area more oftem. - This would,
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theoretically, serve to increasc the number of firvst stage larvae avail-
. »
able to resident molluscs.
An additional factor affecting the prevalence of infection of
s

molluscs 1s that the canopied areca afforded protection from -environmental
factors for the first stage larvae. Several studies have demonstrated

some resistance of metastrongyloid larvae to drying over short periods
) s

~

(Morgan 1929; Nilliums 1942 Rosd 1957) and others (Seneviratana 1959b; .
Anderson 1962b) show extremely reduced survival under these conditions.
Lankester and Anderson (1968) demonstrated a reduced level of infection
of P. tenuis in the snail Mesodon thyrotdus when molluscs were expoééd

to first stage 1arvﬁe in either fecal material or inoculated into.soil
Epat had been allowed to dry, when compared to moist controls. Therefore,
’U1e canopy may aid in }educing the effects of evaporation, enhancing

larval survival.

The canopy may also redute the effects of ultraviolet radiation
on exposed larvae, although Mitskevich (1964) 5tated that sunlight did
not affect larvae of E. cervi rangi ferti. Far and middle ultraviolet rays,

however, have been demonstrated to have deleterious effects on the

free-living larvae of Trichostrongylus retortaeformis by Gupta'TT961),

" and artificial and natural ultraviolet ‘radiation killed the free-living

".

larvae .of Nematodirus spathiger, another trichostrongyloid parasite ‘

(Sengér 1964) . The effects of u.v. radiation on larval nematodes
certainly warrahtsvfurther investigation.

The identification of a coniferous habitat ;s @='hot spot" of
transimission of a parasite utilizing a molluscan intermediate host is

somewhat anomalous. General‘gérks on molluscs (Hyman 1967) imply that
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ccont ferous forests are poor mollusc habitat. Walker (1902) stated that

"coniferous forests are usually quite barren of mollusgan life." In a
review of this suhjoct‘}Clark cfoads 1968), the authors stated that
coni terous forests were "far from barren of molluscan life." This view

is supported in part by the pfcsont work. All of the abundant species

of molluscs were found in Area IT, which is predominantly lodgepole pine.

Although no accurate records of mollusc-site associations were made

. .
during the collections, it became evident that the majority of molluscs
preferred non-coniferou. sites in this area. Sgall arecas containing
aspen and aspen logs or man-made refuges yielded more molluscs than

coniferous sites, which were more common. Therefore, a refinement of

.collecting procedures might reveal mollusc-plant or mollusc-refuge

associations.. These wodld represent “patéﬁes oé transmission" within a
site designated as a "hot spot."

Temporal collections of slugs (D.vlaeve):in this study were similar
to those recorded on Navy Island (Lankester and Anderson 1968). Both
studies indicate a single generation per year, ‘with large, mature,
overwintered animals lost from the population during June and July.
These‘animals are subsequently replaced by small, immature individuélé,
as indicated in Figure 34, recruited into~fﬁe'population during late A

. o -
July and August. This loss of large, infect

ipdividuals may account

in part for the zero prevalence of infegfion recorded in late July

(Fig. 34b). The zero prevalence is anlartifact of collection as : ('

. y
infective larvae (L3) were fqund in both™D. Zaeve and E. fulvus during’

the subsequent collection period (Fig. 34b; Appendix II). Since P.

odocoilei requires a minimum of 22 days at 18°C to complete development

~
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from penetration to the infective stage (Section VY, it would have been
impossible for first stage larvae to penetrate and develop to an infec-
tive form in the interval between collecting periods.  The infected |
molluses collected in early August must have been present in the popula-
tion during July, but remained undetected.. The loss of old infected

animals and the recruitment of young, uninfected slugs would cause a
.

N

dilution of the infected population making them rare (Lankester and

Anderson 1968).
Size influenced the pr .lence of infection of . [aeve with .
odocotle? (Fig. 36). Similar findings were recorded for this species

of slug and P, *onuds by Lankester and Anderson (1968). This is

>

% T3

+

attributable to factors associated with size and age (Wallace and Rosen

s

1969). Comparative susceptibility of variéus age classes of . la
has not been investigated experimentally.

Peak prevalence of infectiQe larvae of P. odocoilel in D. laeve was
reached in August-September in this study and June to July Fér b, tenuis
on Navy Island (Lankester and Anderson i9685.v Thus, infective larvae

of these species, at these two locations, are most -readily available to
Ll

the cervid definitive host at different times. This suggests different

Strategies for transmission of these nem:..de¢ in these areas.

~

An increased occurrence of infective .urvae in the late summer for

P. odoco’le? in the ‘present study (Fig. 34a) coincides with observations

(Samuel unpubl.) on the timing of infection of fawns in the townsite herd.
’ : 0

Three fawns, examined on two occasions (29 Sept. and 2 Nov. 1974} were

o

negative for first stage larvae at the initial sampling period, but

positive at the second. Extrapolation of the prepatént period.estéblished
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For experimental infections of S0 o707 dnomule deer ol o o0 das e
N

3
dictates that acquisition of the intfection <hould have ocenrred hetween

the Tast week in Aupust and 15 September. This coincides with the Deak

prevalence ot 0G0 i T T,
- . - . ¢ B . . -
The carly summer peak of infective larvae of . oo on Navy
FsTand suppests white-tatled deer are most Tikelv to hecome intected s

vearlings.  This is substantiated to some degree hvothe tindings ot

Anderson (1963).  He found J1% of adult white-tails (> | vear) infected

v

. -y - . . ’ . - - - -
with 7' tomds, while only 5.5% of fawns (< | vear) harbored this
/N . . - Y
parasite in Alponguin Park, Ontario. Additional observation® on the
temporal aspects of the infection of Young animal: are required to
establish this concept with certainty.
The majority of molluscs collected during this study overwinter as
e/
adults, lay ecggs in late spring or ecarly summer and die. LankoStar and g

Anderson (1968) gave circumstantial e¥idence that infective l:l"VﬂC (1.3}

survived the winter in the mollusc. The presence of infective larvae
o8

.

in.thc initial collection (23 April) coupled with the developmental data
presented elsewh_ere,~~support this conclusion. Therot“ur;, infected
moliascs would be available to re—info"ct overwintered Lieer before they
left the Y{lrding area for summer range, as well as fawns entering the

winter range for the first time the next fall.

10



SECTTON Y
EXPERIMENTAL LIFE CYCLE IN MOLLUSCS

A. Introduction

The ability of gastropod molluscs to remove foreign material has
been recoynized for some time {Tripp 19617 Brooks 1969) . Humoral and
cellular components of this defense system have heen described.

Although humoral tactors such as nonspecific agglutinins have been
tdentified, their role in the maifitenance of the internal steady-state
of gastropods remains unclear (Tripp 1974). Cellular reactions arc

.‘ N
clearly regarded, at this point in time, as the more important m¢ans of
/
detense against foreign material (Brooks 1969; Tripp 1970; Malek and
Cheng 1974). Two basic types of cellular response in molluscs are
3
recognized:  phagocytosis and encapsulation (Tripp 1961).

. : . ™~ . .

Fhese reactions as applied to parasitic helminths have been
studied intensively during the past two decades (see Stauber 1961;

v . \
Tripp 1961, 1974; Brooks 1969; Cheng and Rifkin 1970; Malek and Cheng
>
197.4) . The general pattern of an encapsulation response is followed by

phagocytosis if the parasite is killed or becomes degenerate. The

primary focus of these investigations has centered on trematodes of

..

medical Emportance such as the schistosomes (Pan 1963, 1965) or molluscs

of economic importance (Stauber 1961; Cheng 1966, 1967N.

Studies of responses to“nematodes utilizing mollusca
hdsts have not kept pace with those of their trematode counterparts. As
P .
Wright (1966) has stated: ". . . little or no work has been published

on the response of molluscs to these parasites [nematodes]." Only

recently have studies of the host-parasite relationships .of mollusc-nematode’

108




svstems been undertaken and analyzed in a thorough tashion (Harris and
Cheng, 197547 Rachford 1976a; Sauerlander 1976).

Metastrongvloids are one of the major groups of nematodes that
require a molluscan *intermediate host.  They are parasites of terrestrial
and aquatic mammals, and although exceptions oceur, terrestrial molluscs
are generally required for the completion of the 1ife cycle., Thé major-

(e .

ity of studics that examined host-parasite relationships of these
helmi¥ths utilized aquatic pulmonates (e.g. Courdurier e al. 1967;
Richards and Merritt 1967; Hartis and Cheng 1975a; Petter and Cassone
1975, Rachford :11976a) as a_matter of convenience, and' may not reflect a
natural Situa%ion. There have been a few sfudies of host reaction
involving terrestrial gastropods (Kassai 1958; Anderson 1962b; Zmoray
et al. 1970; Svarc and Zmoray 1974; Saurelander 1976); however. “ere is
only a single, incidental r?ference to the reactions of molluscs to
elaphostrongyline nematodes (Anderson 1963).

The purpose of this portion of the investigation was to analyze
the host-parasite inte?actions of Parelaphostrongylus odocoilei with
several species of éerrestrial gastropods, primarily Triodopsis

multilineata. The specific objectives were as follows: 1) to determine

the mode of pardsite entry into the mollusc;ﬂﬁ) to determine the site

o~

of larval development; 3) to examine the host response to the developing

larvae, and 4) to document larval:growth of P. odocoilei.
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B. Materials and Methods

. ;s A A
oo o f BNt

Two species of snails, UWrehw Smpdidc and "o toddes abovens, and
two species of slugs, eroccras faeve and Derocenrs rotd auclatiaen, were
used in these trials. Uigring were collected in Jasper. Artificial

digestion of over 100 individuuls.collocted at the same time fqilod to

reveal any metastrongyloid larvae. Tt was assumed, therefore, that .

limpida used in. the experiments were also initially negative. Specimens
:

of Zonitoldes were collected near L1k Tsland National Park, Alberta.

Elaphostrongylines are not known from the park, although ches of

white-tailed deer have been examined for larvae (Bindernagel 1973) and

deer, moose (Samuel et al. 1976) wapiti and +ison (Samuel unpubl.) have

i ~

been examihed for lungworms. Several Z. arboreus were dissected and

were negative for nematodes. All Deroceras Qeré reared in the laboratory

and were free from exposure to helminths prior to these trials.
Twenty—four‘specimens of each species were placed in a 12.4 cm )

finger bowl containing a disc of Whatman No. 1 filter paper to which

approximately 30,000 L1 laryae had been added. The molluscs were placed

in the finger bowls and permitted to move normally. If they began to

climb ~the sides of the bowl they were gently replaced at the center of

the filter.paper disc. Suffiéient wgter‘was_added to keep the paper

moist but not flooded.

'Eight individuals of each species (five for D. laeve) were removed

at intervals of 1/2, 1 and 1-1/2 hours. Molluscs were ‘#’placing

them in boiling water. They were fixed in 10% neutral buffered formalin



and prepared for histological examination following standard procedures.
Animals were subscquently sectioned at 7 um and stained in-Whipf's
pélychromatic stain (Vetterling and Thompson 1571).

Entry of first stage larvae into molluscs was scored as an index.
From preliminary observations it was determined that, on the average,
an individual larva was present in 8 consccutive histological sections
of 7‘um. Therefofe, all sections of larvac were counted in every
scventh section and tabulated: according to 16cation, cither foot or
viscera. The total for eth location was then divided by tﬁo number

of sections counted,. resulting in an index of entry basced on the mean

number of nematode sections per section of snail examined.

- f ’

Larval Growth and Site of Development

Sixty Triodopsis multilineata were exposed to firét stage larvae
as described above for a period 0516 ﬁours. Sngils were maintained at
18°C + 1° and féd a diet of lettuce and carrots. Two sﬁails'were
digested 1, 2, 4, 6, 8, 10, 12, 14, 16, 17, 18, 20, 22, 24 and 26 days
post-exposure. The de-shelled weight was recorded to the nearest 0.1 gm.
The foot and viscera were separated and chopped into large pieces with a
fine scissors, and digested separately. When digestion was complete the

. 3

digestion fluid was examined and larvae cduﬁted. Preinfective larvae,
by definition larvae that do not survive an artificial digeséion pro-
cedure (Gerichter 1948), were fixed and stored in glycerine alcohol.
Infective larvae were killed in boiling glycerine-alcohol and stéred in
that medium. Larvae were examined as whole mounts in pure glycefine.
All measurements are in micrometers (um)kand were made with the aid of

b

an ocular micrometer and measuring wheel. . s



Hogt Response A
In conjunction with the previously described work on larval develop-

ment, single 7. nedl tilineata were killcd, at regular intervals, in

boiling water, the fbot.and viscera were separated and fixed in 10%

neutral buffered formalin. Snails were killed 3 hrs, 12 hrs, and 1, 2,

4, 6, 8, 10, 12, 14, 16, 17, 18, 20,22, 24 and 26 days post-exposure.

The foot was prepared for histological examination, sectioned and stained

as previously described.

C. Results

Mode of Entry - -

Results of the entry of F. odocoilei into threc of the species of
molluscs are presented in Figure 38. Deroceras reticulatum is not
included in this figure due to the low number of larvae found (Appendix
IV). First stage larvae of P. odocoﬁégi had entered all. molluscs
examined at 1[2 hour post-exposure (Fig. 38). In all cases the ”ipdex
of entry" increased at 1 hour post-exposure and again at 1-1/2 hours PE.
. The gveréll index of entry was highest for V. Zimpiﬁa and lowest in D,
rettculatum. The nﬁmber énd distribution of the larvae of P. odocoiler
were distinct in -/.ch of the molluscs used in these trials.

5 : ‘

Larvae of P.'odoqoilzf were observed only in the foot of D. laeve
(Fig.'38a). Larval.penetration in b. laeve slowed between 1/2 and 1
hour PE but increased over seven times from 1 to 1-1/2 hours PE.

The vast majority of larvae o} P. odocoilei were observed in the
foot of V. Iimpida (Fig. 38b) with a small ﬁercentage' (7%) in areas

other than tke foot. The largest ‘increase in the entry index (2.86)



»

Figure 38. Index of larval entry of Parelaphostrongylus odocoilet
into several species of terrestrial gastropods.

a. Deroceras laeve

b. Vitrina limpida

C. Zonitotdes arboreus

‘.
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occurred for V. limpida bepween 1/2 and 1 hour PE and declined to 0.86
from 1 to 1-1/2 hours PL. ‘

Tondtoides avboreus was the only species of mollusce t'ut had a
high indeX of entry for the viscera; i.e., via the alimentary canal.
The index was similar at all time periods for the foot and viscera
(Fig. 38¢). Larval entry into the foot was highest (0.41 and 0.17)
from 0 to L/2 and 1 to 1-1/2 hours PE, respectively. Thé index was
relatively stable for larvae appearing in the viscera; 0.34, O.fl, and

0.21 at 1/2, 1 and 1-1/2 hours PL.

~

. Larval entry was poor in the slug, leroceras retieulatum.  The

" highest index value was 0.058 in the foot at 1-1/2 hours PE. This is

only one-sixth of the next lowest recorded value, 0.35 for D. laeve
at 1/2 hour PE. |arvae were observed in the viscera of a single D,

reticulatum at 1 hour PE (see Appendix IV).

Larval Growth

i

Larval growth of P. oddcoilei was monitored by measuring the

following parameters: total length, maximum width, length of the

* esophagus and the distance of the excretory pore, nerve :ihg,vgenital

primordium and anus from the anterior end of the worm. Ten larvae were
measured from each of the time intervals previously destribed.

There was little evidence of change in any parameter except maximum

width during'thé first six days of infection (Figs. 39, 40a-d). Regres-

~sion analysis of total length during this period was not significantly

different from zero'(Fs=2.09; F '05[1;3],= 10.1).. The first molt began

on day 7 and was complete 10 days PE. Length increased gradually,

~after the first molt -and showed a significant increase (Table X).at

-
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Figure 39. Larval ‘growth of Parelaphostrongylus odocoilei in ex i

menfally infected Triodopsis multilineata ag 18°C.
Length and width. Arrows indicate the first and second
. . ‘ >
2 larval molts, respectively.
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Figure 40,

3]

Larval growth of Parelaphostrongylus odocoilei in experi-
mentally infegted Triodopsis multilineata at 18°C. Arrows
indicate the first and second larval molts, respectively.
Additional parameters:

a. Distanc7’of genital primordium from the anterior end.
b. Distan;e of the anus from the anterior end.

C. Di;tan;e qf/the excretory pore and nerve ring from

the anterior end.

d. Length of fhe esophagus:

F2)
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TABLE X. ¢-VALUES FOR THE LENGTH OF PARELAPHOSTRONGYLUS ODOCOILET

LARVAE IN TRIODPOPSIS MULTILINEATA (18°C) AT TWO DAY INTERVALS

Days ts pP<
4 vs 6 0.613 . NS
6 vs 8 1.309 NS R
¢ovs 10° 2.102 .05
n =10
10 vs 12 4. 399 .001 .
: _ t¢ ...18 = 2.101
12 vs 14 2.402 .05 -05]
. . —i
14 vs 16 2.174 .05 tropyt8 = 2.898
16 vs 17 0.962 NS t[.001]18 = 3.965
16 vs 18 3,377 .01
18 vs 20 4.487 .001 .
20 vs 22 6.827 .001 N
\\\
22 vs 24 1.228 NS -
24 vs 26 2.837 .05
Vs 0.748 NS .

26




cach two day interval from 8§ to 22 dayvs PE. Maximum width increased
gradually throughout the cxamination period and did not display the
initial plateau scen for maximum length (Fig. 39).

The length of the esophagus as well as the distance of the genital

s
Ey

primordium and anus from the anterior end showed similar increases
(Fig. 40). The distance of the excretory pore and nerve ring trom
>~ .

the anterior end showed a slight decline on days 8 and 10, but increased

rapidly tﬁrough days 12 and 14 PE. -

“The second molt, to the third stage (L3), began 17 days TE and was
complete by day 22. At day ZO.Fhere was a significant decline in all
characters measured (Figs. 39, 40). A second group of ‘ten larvae

collected at this time was measured. Although measurements from this

group were somewhat higher they showed a similar decline.

o

Infectlve Tarvae (Gerichter 1948) were found beginning 22 days PL;
approximately 80% of the larvae collected were é\hsldeied 1nfect1vo by
day 26. These larvae increased in total length (Fig. 39), while width

remained ‘constant.

Host Response

" Larvae of P. odocoileg penetrated the foot of 7. multilineqta by

- &

the first examination period, 3 hours PE (Fig. 41). Note the displace-

ment of the epidermal cells and the ab;gnce of any visible cellular
reaction to the invading larvae. There was no cellular reaction
evident to the larvae of P. odocotlei at 12 hours PL (Fig. 42).

The host response ;as clearly evident 1 day PE (Fig. 43). ‘A large

number of amoebocytes surrounded larvae resulting in a focal response,

1 to 2 cell layers thick. At 2 days PE (Fig. 44), the number of



Figures J41-44,

Fig.

Fig.

Fig.

43.

44,

Ontogeny of the response of Triodopaic multilineata
experimentall;  rected with Parel.phostrongylus

odocoilet. (Footlregion).,

3 hours post-exposure. 250X, (ec - epidermal\ cells,

po - . odocoiler).

12 hours post-exposuzii—\4OOX. (am -
po - P. odocoilet). !

24 hours post-exposure. 250X. (same as above).

loebocytes,

2 days post-exposure. 400X. (fe - fibrotic elements,

-~

po - P. odocoilet).
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amocbocytes surrounding larvae had increased substantially. The reaction
had a solid Bppournnéc in histologicul section. Some of thé‘umoebocytes
at the periphery of the reaction were clongate, forming fibrous elements
(Fig. 44). There was no sigﬁ‘of degeneration in the encapsulated larvae.

A large cbhgrcgation ot amocbocytes accumulated by 4 days PE ]
(Fig. 45). There was no hyperplasia of myofjbrous tissuo,’éithough this
tissue may help establish boundaries and, hence, a focal point of
reaction of an individual cyst. Amoebocytes at the periphery of the
cyst continued to flatten, while there was no apparent change in the
appearance of the cells at the center of the reaction. The influx of
amoeBocytes apparently stopped 6 to,8 days PE, as the majority of cysts

¢

were reduced in size from this peint in time. The boundaries of the
cyst were well defined (Fig. 46) and there was no evidence of a prolifer-
ative response. ‘The larvae were normal in appearance.

At 8 days PE (Fig. 47) the'cyst structure was similar to that
observed at day 6. The first larval mo.: occurred and the gut of the
nematode had begun to accumulate food granules. These gfanules §tained ‘
strongly with Orange G, -an acidophil.. stain, which may be ihdicative
‘of protein synthesis. There was little change in the overall cyst
~ structure from 10 to 16 days PE (Figs. 48-51).

The second moly, to the third stage,‘Was first observed 17 days PE.‘

The cyst structure at 18 days PE had undergone little change (Fig. 52).

The outer cyst wall was composed of 1 to 2 layers of flattened amoebo-

cytes. The newly molted L3's of P. odocoilei contained a large number
of food granules in the intestine at 20 days PE (Fig. 53). The cyst

was still composed of a large number of amoebocytes in the central core



Figures 45-48.

Fig.
Fig.
Fig.

Fig.

45.

46,

47.

48.

v

Ontogeny of the responsc of Triodopais multilineata

expefimenialiy infeated with,PareZaphostrongyZus
odocoileil. (Foot region).

4 days post-exposure. 250X7 (am - amoebocytes,
fe - f}brotic elemgg;i].

6 days post-exposure. 250X. (am - amoebocytes,
fe - fibrotic ¢lements). R
8 days post-exposure. 250X. (cw - cyst wall,

fe - fibrotic elements),

10 days post-exposure. 400X. (Note the food granul

in the intestine and cyst wall).
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Figures 49-52. Ontogeny of the response of Triodopsis multilineata
experimentally infected with Parelaphostrongy lus
odocoilei. (Foot region).

Fig. 49, 12 days post-exposure, 250X,
Fig. 50. 14 days post-exposure. 250X. Anterior end of larvac.
Fig. 5N_ 16 days post;exposure. 400X. (am - amoboecytes,
) CW - cyst wall). ) =
Fig. 52. 17 days post—eiposure. 250X.  (cu - shed cuticle,

Cw - cyst wall, am - amoebocytes).






Figures 53-56.

rd

Fig. 53.

Fig. 54.

Fig. 55.

Fig/ 56,

Oritogeny of the response of Triodopsis multilineata

experimentally infected with Parelaphogtrongylus

odocoilet. {Foot region).

<0 days post-exposure. v250X. (fg - food granule).
22 days post-exposure. 250x; (po - P. odocoileti).
Note the presence of two separate cf§ts.

24 days post-exposure. 400X.

26 daysApost-expésure. 400X, Noté the thin nature

of the outer cyst wall.
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~
(Figs. 54, 55) and a single or double laycrlof;fibroblast—like cells
at the periphery. Upon attaining the infective stage, larvae of P.
adocotlei were practically devoid of the- food granules that character-

ized the preinfective forms (Fig. 56).

Site of Larval Development

Larval P. odocoilei, at various stages of development; were
recovered primarily from the foot region (Table XI) of 7. multilineata.
Analysis of snail size (non-shelled weight) xgrsus'the number of larvae
found showed no relationship (r=0.22) and was not considered further.

Forvfhe purpose of analysis the snails were divided into three
equal-groups: early‘(1—8 days PE), middle (10-17 days PE) and late‘
A(18—26 days PE). Each group contéined 10 snails and was roughly
equivalént to the first, second and third developmental stages of P.
odocoileti in T. multilineata at 18°C. Analysis of variance {Sokal and
Rohlf 1969) identified a significant (F[o 28] O.dS = 3.34; F = 3.67)
increase in the number of larvae found in the viscera through time.
No 51gn1f1cant increase was demonstrated gor the number of larvae in the

foot or the total number of larvae t‘&ough time: o v

D. Discussion

The first-stage larvae of metastrongyloid nematodes have two
options for gaining entry into the terrestrial molluscs that serve as

intermediate host for the vast majority of these parasites., The first,

direct penetration of the molluscan epithelium, represents an active

mode of entry. The second, ingestion and subsequent penetration of the

gut and a migration to the site of development, is a passive mode.



TABLE XI. DISTRIBUTION OF THE LARVAE OF PARELAFHOSTRONGYLUS ODOCOILET

.

¢
BETWEEN THE FOOT AND VISCERA OF EXPERIMENTALLY INFECTED

TRIDOPSIS MULTILINEATA (18°C) AT TWO DAY INTERVALS

n

Deshelled Weight of No. Larvae
(Days) T. multilineata
Post-infection (grams) Foot Viscera Total-
1 1.0 62 2 64
1.96 40 1 41
2 1.56 275 b 276
. 0.71 " 30 0 30
4 1.42 61 0 61 -
0.97 128 0 128
6 1.53 102 0 102
1.29 186 0- 186
8 1.55 51 0 51
1.30 94 0 94
10 ° 1.10 97 2 99
1.27 179 1 180
12 1.19 26 0 26
1.45 459 1 460
14 S 1.34 174 6 180
0.35 83 1 84
16 1.15 153 1 154
1.15 122 7 129
17 S 1.37 316 3 319
: 1.02 139 3 142
18 - 0.63 T 113 1 114
1.10 125 7 132
20 1.16 279 0 279
1.05 70 18 88
22 1.02 104 3 107
1.70 124 1 175
24 0.97 112 2 114
1.61 190 2 192
26 1.40 115 2 117
1.28 141 18 159
TOTALS 4160 83 4243

|
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Both means of entry have boen reported for various species of this

group, resulting in a minu: controversy as to which mode, active or

'passive, 1s useyl by metastiongvloids in natural situations.

The confusion as to the primacy of active versus passive entry of

LY

larvae is primarily the result of the choice of molluscs used in the,

infection trials. Metastrongyloidea (sensu Anderson 1978) are para-
v ‘ : A

, P . -
sites o::ierxéstrial mammals, with the exception of the Pseudaliidae
o /

of marine mammnals which apparently utilize fish as an intermediate

host (Dailey 1970).

Field studies of th§ terrestrial metastrongyloids have over-

~

wheImingly resulted in the*identification of a terrestrial mollusc(s),

generally of the order Stylommétophora, as the intermediate host of the

nematode under investigation (Mitsekivich 1964; Panin 1964a; Alicata

. 1965; Lankester and Anderson 1968; Wallace and Rosen 1969; this study

Section IV). Examination of aquatic molluscs for involvement in meta-

strongyloid life cycles has been ncgative (Panin 1964a; Lankester and

Anderson 1968 Mowatt 1973) although-aquatic molﬁuscs are capable of

r

harborlng these larvae in experlmental 1nfect10n (Anderson 1963;

v —

Panin and Rushkova 1964; Cheng and Burton 1965). Results of Lim et al.

(1965)‘%fe an exception. They found threé species of aquatic gastropods

(Order Basommatophora) naturally infected with Angiostrongylus

cantonensds, the rat lungworm,
: . <, e
The majority of workers advocating a passive, perorgl entry of
i x
these larvae into the intermediate host have used aquatic snails and

exposed them to infection in an aqueous suspension of larvae

(Courdurier et al. 1967; Richards and Merritt 1967; Drozdz et al. 1971;

[

[



Harris and Cheng 1975a; Pette; and Cassone 1975; Rachford 1976a);

Directional movements of larval nematodes are severely limited in an

N
)

aquatic medium; penetration of a solid substrate under these conditioﬁs
is virtually impossibié (Looss 1905; Anderson 1962b). First stage
lafvaé of Aélurostrongylus pridhant were unable to penctrate molluscs
in an aquatic mediuﬁ unless they/uSed surface tension as a point to
work against (A%degéon 62b). /%hese larvae would, therefore; have
difficulty gaining‘entry into a mollusc in an aquatic medium unless
they.Were ingeste@ ?r accidentally swept into the lung (Anderson 1962b;
Harris and Cheng 1975a). o
Studies of this problem using terrestrial mélluscs, on a-solid
substrate,ﬁhavé resulted iﬁ the conclusion that direct penetration of

: !
the foot is the primary, if not only mode of.larval entry (Hobmaier and

Hobmajer 1929, 1930, 1934a, 1934b; Hobmaier 1934, 1941; Kassai 1958;
Svarc Jand Lest'tan 1969; Svarc and Zmoray 1974). It has been stated

ted by terrestrial molluscs are inviable (Hobmaier

1934; Ho TATET and Hobmaier 1934b; Anderson 1962b).

| Results of the present study suggest that, although both modeé_of
entry are possible, direct penetratign of the ventral epithelium
predominates for P, 5docoilei. Ingestion of larvae occurred in three
ofvthe four spe s, but was ‘only an iﬁportant component for anitézges

arboreus. There is no apparent expianation for this finding. Obviously,

.
some component used in-the experimental trials initiated a feeding

response in Z. arboreus. A similar but reduced response was evident in
the other snail, V. limpida, but with a<single exception was absent in

“the slugs, Deroéeras spp. Whether the larvae ihgested by the molluscs



in this study were fupuble of¥ completing dovélopmont Is unknown. Larvace
of . odecoiled were capable of‘penetruting the gut of . aricrows a
escaping the digestive tract (Fig. 57). First-stage larvae of .
cantonensis were able to develop to the infective stage Te ardless of
the mode of entry into the giant African land snail (Cheny and‘Alicntn
1965) . \ \‘

The method of exppsing molluscs to mctu;trongyloid larvae may,
therefore, conﬁfibute to thé primacy of one mode of entry over the other.
The aforemcntiéned differences in experimentul design mayv also affect
the site of larQél development. The majority of authors favoring
ingestion as the primary méde of entry (see above) also report larval
development from a wide Variety of sites in the mollusc. Those favoring
direct penetration (see above) indicate that larval development is
restricted to the regibn'of the foot (however, see lamilton 1969).

Svarc and Zmoray (1974) concluded that larvae of Muellerius tenuispiéu-
latus were nutritionally restricted to the gland-rich tissue of the
mollusc foot. These authors also reportedgthag‘larvue found outside
this-glandular.region were reﬁarded in their development. Larvae of
Parelaphostrongylus temuis found outside of the foot also failed to
develop (Anderson 1963). This ”site.selection” hvpothesis may account
for reports of unequal rate§ of development of metastrongyloid larvae
in individual molluscs (Hobmaier 1941; Gerichter 1948; Rachford 1976a).
In the present work the majority of .larvae in experimental
molluscs were found in the foo;,- From the first to~§econdfm61t a

small, but increased; number of larvae were found in tissue outside the

foot region. There was a significant increase in the number of larvae
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Figure 57. First-stage larvae of Parelaphostrongylus odocoiler
penetfating the gut wall .of Zonitoides arboreus.

Experimental infection, 1 hour post-exposure. (Whipf's

\

polychrome).






Found in the visceral mass after the molt to the third stage which is
indicative of Tarval activity and movement after hecoming infective.
Movement of L3's within a mollusc is not uAncw phenaenon and has been
reported on several occasions (Senevitatna leQu; AnQorson 1962b
Harris and Cheng 1975a%.  Svarc and Zmoray (1974) flatly St&t@d:
however, that larvae of M. tonmulspienlatus do not move once encapsulation
has occurred. A

Two components possibly involved in influencing the mode of entry
and sﬁte of development of larval metastrongyloids that have received
little attention are the systematic positions of the parasite and the
molluscan intermediate host (Anderson 1962b). There is little concrete

evidence in the present study concerning these. aspects of the life -

:

cycle; however, trends are apparent in the literature and the present
data that, T believe, warrant comment. !
The striking observation is-that the majority of studies reporting

peroral entry and larval development in a wide variety of locations

involve lungworms of carnivores and rodents (Angiostrongylidae and’

Filarioididae .of Anderson 1978): Filaroides martic and Aelurostrongylus

pridéami by Anderson (1962b); Aelurostrongylus abstrusus by- Hamilton
(1969), Morerastrongylus andersoni by Petter and Cassene {1975),
Angé;stroﬂgylus mtonensis by Courdurier et al. (1967), Richards and
Merritt (1967), Harris and Cheng (1975a) ard Rachford (1976a),
Parastréngylus dujardini;by Drozdz et al. -(1971). Workers reporting

direct penetration and development in the foot have worked with ruminant,_gj;

‘lungworms (Protostrongylidae of Anderson 1978): Synthetocaulus

(=Muellerius) capillaris and Protostrongylus rufescens by the Hobmaiers



+
(1920, 1930), Zurelaqp hosironylee Donade by Anderson (1963), M dlorius

tonid epdewdatus by Svarce and Zmoray (1974) and several other proto-
strongylids (Kassai 1958). Diftferences in the biological valency of
these organisms, as reflected by their systcmutjc-position, are far
from proven {Anderson 1962b), but certniniy warrant further examination
under controlled conditions.

The role of the intermediate host is more diF;icult to define.
Aquatic pulmonates. (Order Basommatophoraﬁvarc generally exposed to
first stage larvae under different experimcntal'cdnditions than their
terrestrial counterparts, the Stylommatophora. Differences in the mode
of entry and the site of development may'be the result of experimental
design rather than the systematic position of the‘mollg§can host.
Again, controlled studies would establish the reciationship. |

The ecologicdl significance of the mode of cntfy of metastrdngyloid
larvae into a susceptiblg intermediate host s unclear. This relates
primarily to the paucity of knoWledge of the ecology and behavior of
metastrongyloid larvae and terrestfial molluscs under fiecld conditions.
First stage-larvae of I'. vdocoilei are capablé.of direct penetration of
“all species of mollusc tested éxperimentally. Théféfore, withbup
detailed knowledge of the location of the first stage larvae under
field conditions and the events sﬁrrounding host-parasite contact,

ingestion versus penetration is a moot point. Entry via ingestion is

dependent upon either the larvae or the substrate the larvae rest on
inducing a feeding response in the mollusc. Direct nenetration only

requires recognition of a susceptible mollusc by the Tarvie.
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The ontogeny of ghe response of 7. mléd7incat. to the larvae of
Pooodocotlod s similar in miny respects to the results of previous
studies of this problem (Richards and Merritt 1967; Svarc and Zmoray
1974; Harris and Cheng 1975a; Rachford 1976a; Sauerlander 1976).
Molluscs respond to foreign material that is too large to phagocytize
by amoecbocytic encapsulation (Tripp 1961). The response, as

described by lHarris and Cheng (1975a) is biphasic: 1) infiltration

and aggregation of amoebocytes, and 2) the conversion of loosely arranged

‘amoebocytes into a compact fibrotic capsule.

The first phase of the Tresponse was evident in 7. muitil<neata
24 hdurs post-infection (Fig. 43)¢ It is temperature dependent (Tripp
1970) and' generally evident Qithin 24 hours of initial exposure (Tripp
1961; Harris and Cheng 1975a; Sauerlander 1976). lowever, the response
of Lymnaea paluétris to A. cantonensis is apparently delayed for the
first several days PE tRachford 197§a).

‘The larvae move through the epidermal fegion of the foot and become
quiescent either just below‘the ventral epithelium or at the proximal
edge of the glandular tissue (Hobmaier 1;34; Kassai 1958; Svarc and
Zmoray 1974). Harris an§ Cheng (1975a) described aﬁoebocytic "trails"
as evidence of an active migration of’larvae of A. cantonensis along the”’
rectal ridge of Biomphalaria glabrata. Similar tfails were not seen in
T.’muZtiZineata, which is most likely the result of the direct nature
of larval entry and the short distance involved.

The transformation of amoebocytes of 7. multilineata into fibrous-

like elements 4 days PE, corresponds to the infiltration of fibroblasts

of previous workers (Tripp 1961, 1963). Harris.(1975) demonstrated

4
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conclusiyely, using transmission electron microscopy, that the fibrous
capsule formed in nematode Yinfections in K. glalrata was the resuit of

a large number of cytoplasmic extensioﬁs formed from granular leukocytes
amoebocyte) nlfeady proscnf, and not the result of a later influx

(

of formed, fibroblast cells supporting the observations of Pan (1965)

at the light micro;sope level.

v

The result of the reaction is that the nematode larvac are
soqueétered in a fibrous capsule. vThe larvae retain a normal appearance
and development and are infective to the definitive host, when such
trials are ﬁ;dQ&‘ There do not appear to be any major differences in
reaction of aquatic (Basommatophora) and terrestriél (Stylommatophora)
gastropods to the larvae of metastrongyloid nematodes. Thus, species
of either group can be used iﬁ further research of this phenoméndh.

The molluscan response to foreign material, first described by
Tripp (1961) and later defined more precisely by Pan (1963, 1965), is
a'non—specific, non-proliferative, cellular reaction, or more simply,

a Type 1 reaction (Pan 1963). The Type 1 reactign may or may not result
in the destruction of the encapsulated organism. Larval trematodes \
(mother sporocysts) were destroyed and resorbed -(Pan 1963, 1965). There
was no histologic evidence in the present study to indicate ‘that lar&al
metastrongyloids are destroyed by this form of host response. Drozdz

et al. (1971) reported tissue reactioﬁs in aquatic and terrestrial
ﬁolluscs to Parastrongylus dujardini that ranged from no observable
reaction to the complete destruction and resorption of the parasite.
Rachford (1976a) also reported the destructioﬁ of a few larvae of A. -

cantonensis by Lymnaea palustris. Neither authoreprovided histological

evidence to substantiate these observations.
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Histochemical studies (larris and Cheng 1975h) of A, cantonenss .
| . 3
encapsulated by B. glabrata revealed the presence of acid phosphatase,
nonspccifié esterase, alkaline phosphatase and B;g]ucuronidase activity
localized in the cells forming the capsule., These authors.hypothesized
that the larvae may be resistant to these enzymes, or more probably,
that the enzymes are not released into the lumen of the capsule, hence '
the larvae are not destroyed. There is no explanation for this failure
to destroy the encapsulated material,
The capsule changes dnly slightly from the formatiop of the
fibrotic elements. }Additional layers of fibrous materlal may be laid
down; howeVer, from approximately 8 days PE the capsule} decreases in
size, sooner than previously reported (Harris and Cheng‘1975a). Soﬁe
gestruction of amoebocytes ofcurs (Sauerlander 1976), ev%ntually
rééulting in a cyst consisting of one.to two layers of fibr;us cells.
In a few instances (Kassai 1958) only a slightJtissue reaction was
reported. His results were from a two month old infection and undoubted-
ly represented the end result of a normal encapsulation reaction as
presently described.
' The encapsulation process is dépendent solely Upbn e acti;zly of
amdebo;ytes (Pan 1965; Harris and Cheng 197§a; Rachford 1976a). Myo-
fibrous encapsulation has Eeen reported (Cheng and Rifkin 1970) in the
giant African land snail, infected with 4. éantoﬁensis; Muscle fibers
are passively involved in the encapsulation of P. odocoilei in T.
multilineata. As amoebocytes'collect around a larva, the myofibers

may become displaced and form a border; however, there is no evidence

of hyperplasia in these cells or that they éngage actively in the
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cncapsulation process (Harris and Cheng 1975a; Sauerlander 1976).

The effect of this encapsulation process on the developing nematode
or its benefit to the mollusc remain uncleur. Several authors (Harris
and Cneng 1975a; llarris 1975) have stressed the dynamic aspects of
this process and that it represcntb more than a mechanism for the
isqlation‘of Foreign material., The fact romains that polystyrene

spheres and pollen grains e11g1E an identical response (Tripp 1961)
and neither is damaged as a result of being encapsulated. A certain
percentage of degenerate mbther sporocysts, éncapsulated in an
analogous fashion (Pan 1@63, 1965), are destroyed. .Therefore, irre-
gardléss of the dynamic aspects of the process, the end result of

this response to the larvae of metastrongyloid nematod?s is the isola-
tion of tissue recognized as foreign Qith no’ apparent injury to the
parasite or benefit to the mollusc. Additional studies, accdrately
delimiting the nature of this interaction, are required.

Larval development,and.growth'of P. odocoile7 in 7. muZtiZineata
are similar to that of other metastrongyloids (Mackerras and Sandags
1955; Seneveristna 195?b; Drozdz et al. 1971; Svafc and Zmoray 1973;
Rgchford 1976b) and larval-nematodes in general (Scott 1929; Stoli
'1940; Sommerville 1960; Fisher 1970). Little increase in total length
is évident‘during the initial phase of infection (Mackerras and
Sandars 1955; Bhaibulaya 1975). This phase is also characterized'by
the acéumulation of a 1arée number »>f réfractile granules, presumably
lipid rgffrves, in the gut (Gerichter 1548; Seneveristma 1959a; Svarc
~and Zmofay 1973; Bhaibulaya 1975). Thé decline in éll characters

measured at day 20 PE is an enigma. Bhaibulaya (1975) reported a



decrease ‘in overall length of Angiostrongylus makerrasae in Helicarion
Sp. at 2 days PE, however, and initial decrease in Iength, accompanied
by an increase in width is generally expected. At day 20 the larvae of
P, odoco?lei had molted, but had not yet reached the infective stage,
Aestivation of the mollusc is known to retard larval development
(Lankester and Anderson 1968); however, this does not merely resulf in
slightly stunted worms, but suspends development completely, According
to Kassai (1958) this decline is best viewed as host induced variability,
Gerichter (1948) proposed thqt larval development of the meta-
strongyloids within the mollusc be viewed as four distinct phases rather
than the three commonly recognized. The first three stages of Gerichter
encompass the common stages, separated by two intervening ﬁolts (Chitwood
and Chitwood 1951} Hyman 1951). The fourth stage, accordlng to Gerlchtér
includes the period from the second molt (L3) to the point of develop-
‘ ment at which the larva was infective to the definitive host or under
laboratory conditions su;vived an artificiél digestion proceduré.
Although the 'maturation period' has not been described for all species
of metastrongyloids examined (Seneviratna 1959a) the concept of an
obligate period of maturation of the L3's of some species of this group
of nematodes may be ecologlcally important and must be 1dent1f1ed for
each species. The maturation period for P. odocoilei is approximately
5 days, the second molt begins 17 days PE and 1nfect1ve larvae were not

found unt11 22 days PE.
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%13/(:'1'1, ON VI
,EVOLUTION AND ZOOGEOGRAPHY

A. Evolution

ntroduction

The use of parasites as a tool for Zoogeographic analysis Qns
initiated by von Thering (1891) as a minor component of a general
attempt to demonstrate similarities of the freshwntcf]fguna and flora
of South America, Australia and New Zealand. He later expanded this
to a comparison ot the helminth’ fauna of the vertcbrates of South
N

America and other parts of the worL%)(von Thering 1902).

The use of parasites to establish zoogeographical connections

- of host organisms, later termed the ''von Thering Method". (Metcalf

1929}, was independently pursued by a number of investigators at the

.turn of the 20th century (see Harrison 1928 and Metcalf 1929 for

reviews of the early literature). More récontly, Manter (1955f

analyzed the zoogeographic relationships of the trematodes of marine

| fishes: Bullock (1970), the Eoacanthocephala of fishes; and Stromberg

and Crites (1974) the Camallanidae (Spiruroideé:Nematoda) of the world.

Manter (1967) briefly reviewed aspects of geographical distribution

+of parasites and outlined rules of analysis which were pfoposed more

formally by Stromberg and Crites {(1974). They are:

1. Parasites with generalized host requirements are the
most likely to disperse.

2. Evolution gradually results in the specialization of
parasites and host specificity increases as the
relationship gets older. '

3. The greatest variety of parasites is likeiy to occur
where the host has lived the longest.

N5
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Concomitant to the zoogeographical nnalfsis of host-parasite
relationships is t.c concept of co-evolution of host and parasite,
This concept has had a long history in the parasitological literaturc
(Metcalf 1929, 1940; Dogiel et al. 1964; Cameron 1964). Cameron (1904)
stated, ”parasités have obviously’evolved coincidentally with their
hosts" and that "parasite phylogeny and classification can only be
interprefediin terms‘of host phylogeny and classification." Phylo-
genetic relationships have been demonstrated for several parasites

and their hosts: opalinid ciliates of frogs (Metcalf 1923,)}Q29,

l940);.bo¥f1ies‘ s and perissodactyls (Rubtsov 1939); and

Setaria (s41.) s} es (Yeh 1959).
P L *

Regcently ;% P70f host and parasite, particularly

-~ /.’ . !

_er’/ ttack ‘&T_habaud, 1957; Inglis 1965). 1Inglis

nematodes, has. gorn
(1965 stéted, ﬁevoi&fi%% of.most groups of nematodes has tended to
occur in groups of hosts with similar ecological requirements.'" This
has been supported by-thé work of Durette ocsset (1971) for the
triéhostrongyles'of rod&nts and by Quéntin (1971) for helminths of
rodents. These authors have demonstrated that helminth radiation and -
evolution is ;ied-to availability of new niches (i,e.,‘host diversifi-
cation), but not strictly to host®phylogeny.

\A more moderate approach (Osche 1963) is thaF co-evolution may
. be demonstrated, provided the proper group of hosts and parasites are
Cﬁosen for exémiﬁation. Each example of potentiai:éo—evolution must
‘be analyzed on its own merits . (Ashlock 1974).

The use of endoparasitic organisms as indicators of host phylogeny

and‘zqogeographic relationships is recognized as a potentially valuable



tool for parnsitologists and non-parasitologists Qﬁennig41966; Ashlock
1974). The purpose of this work 15 to analyze the phylogenetic history
of the Flnphostrongylinde b; the methods of Hennig (1966) ana»uée these
data in assessing currentVCOncepts of ﬁarasitefevolution. The phylo-
genetic relationships and causal zoogeography Sf the molluscan inter-

mediate and cervid definitive hosts will be examined,- in so far as

they relate to evolution'of the parasite species.

Phylogenetic Systematics

Phylogenetic systematics, as far as I am aware, has not been
q%plied to the study of endoparasitic helminths. Therefore, a btief
’review of the methods used in the following analysis of the‘Elebho—
strongylinae is presented.
o vPhyiogenetic gystematics, as outlined by Hennig (1966), is a
method for analysis of kinship on the basis of recency of common
ancestry througﬁ recognition of apomorphic (derived) character states.
Speciation is viewed as a dichotomous branching event in -vhich the )
stem (or ancestral) taxon diverges into two or more ''sister groups"
_digtinct from the ahceetral taxon-di-e ' they share a common stem
'ancestor. Thus phylogenetlc analysis. attempts to relate past hlstory
by.the analysis of . present relatlonshlps (Kavanaugh 1972) Sister
groups are accorded the-same formal rank in the'hierarchy. \‘

Hennig (1966) described three methods for analyzing these
relatioﬁsﬁips but only the holomorphological method can be applled
Holomorpholog1ca1 analysis uses methoés similar to other types of
morphological investigations. Hennig streSSes the importance of

-

comparing all types of information (Biochemical, ecological,



physiological, etc.) at ecach corresponding stage (scmaphoront) in‘!ﬁc
life history of the organisms under consideration. Degree of kinship
can‘only be established en thé basis of shared derived éharactgrs,
termed synapomorphies by Hennig. AAnce;tral characters (plesiomorphies)
are not co-sidered indicators of common ancestry, as they may have
" -continued unchanged in widely divergent lines through numerousTSPeci-
N
ation events. Thus, shared ancestral characters (symplesiomorphies)
are -of only limited value in determining sister group relationships.
Apomorphic character stat s that delimit a monophyletic taxon are
termed autapomorphies, !

It is  imperative to be able to interpret the direction of
evolution in a series of homologous character states (Hennig 1966) or
morphocline (Maslin 1952). Although Hennig and Maslin set forth
detailed criéeria for establishingdthe direction of evolution
(plesiomorphic -apomorphic) a more simplified scheme proposed by Ross
(1974) is used in the following @nalysié, as outlined below: |

1. Fossil sequences — for groups with extensive fossil history;

the character state appearing first” in the fossil record is
probably ancestral. ' :

2. Comparison with related groups (Ex-group compafiséns)t—— .

if one of the two character states occurs in related groups, .
™t is probably ancestral.

3. Ih groﬁp comparisons —3acha;acters appearing in a group and

not comparable to other groups. The state associated with
the most plesiomorphic member is considered plesiomorphic N

(Ball 1975).

Group'trends — characters appearing to follow the same
evolutionary development in independent lineages. .

B

The first method, paleontalogical, would be of little use, as the

- fossil record of endoparasitic helminths is limited to ‘the presence of




eggs in coprolites. The remaining methods (ex-group, in-group and
groupvtrends) should provide means for analyzing diraction of evolution
within a group of character states., The preceding summary of phylo-
genetic sysyematics is, by necessity, brief. Interested readers are
directed 1ithe original EnglishIVCrsidn; Phylognnwffﬂ~ﬂynbbmdﬁfcs

(Hennig 1966) or to any of the following reviews: Maslin (1952)3

Griffiths (1972), Kavanaugh (1972) and Giffin (1974).

Phylogeny of the Elaphostrongylinae
The Elaphostrongylinae are parasitic in members of the mammalian

family Cervidae, although these worms have been reported sporadically

from other ungulates, sharing range with infected deer (Kennedy a2t al.

-

R
1952; Alden et al. 1975; Mayhew et al. 1976). T belicve that the

elaphostrongylines constitute a monophyletic group. A rigorous

evaluation of, their relationship to the remaining protostrongylids

is impossible,at this time due to the unsatisfactory subfamilial

<

: !
groupings presently proposed. by Russian helminthologists (Boev 1975; -

Kontramavichus et al. 1976).

Jhe «haracter states used in the following analysis are outlined
 aret . P M

in Table XII. Each“character is assigned a letter, 1owé¥ case for a
plesiomorphic state and a capital letter for an apomorphifg state. Ans
outline and explanation of the decision for the determin§tion of
plesiomorphic versys apomorphic states is presented below: .-
A.  Crura of gubernaculum — the gubernaculum of the vast major-
ity of lungworms CPropo§%rongylidae).is complex, consisting
of at least a corpus and crura. Therefore the presence of

crura is plesiomorphic and the loss or reduction of these .
structures is’considered apomorphic. (Ez-group). B

=
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TABLE XIT. CHARACTER STATES FOR THE PHYLOGENETIC ANALYSTSFOF THE

SPECTES OF THE ELAPHOSTRON INAE

“\\ ) States
Characters Plesiomorphic Apomorphic
‘Gubernacular crura well geveloped (a)  reduced (A)
absent (A)

" Gubernacular corpus " bifurcate (M solid «(B)
Spicule tip solid ~ {¢) bifid s )
‘Foramen of spicule absent (d) present (U)
Dorsal ray bulb-1ikc (e) not bulb-like (L)
Branches of dorsal located
ray . ventrally (f) terminal (F)
Location of dorsal ) J
ray ventral (g) dorsal LG\
Location of adult ° e
worm L AR lung Central nervous

) tissue and connective -
tissue : (H)
CNS only : (Hl)
Musclc -connective :
tissue ' (H))
o T




AN

151

B Corpus of the gubernaculum — the corpus of the majority
of lungworms is divided distally. This is considered the

plesiomorphic condition. The subsequent fusion of this
structurc is considered apomorphic. (Ex-group).

C. Spicules — separation of the lamina from the shaft of the
spicule is common in the Protostrongylidac and is considered
plesiomorphie. The bifid nature of the spicular shaft of
P. andersoni is unique, and therefore autapomorphic (see
Maslin 1952), :

D.  The presence of a foramen in the spicules of P. tenuis is
unique, and therefore autapomorphic,

E.  Dorsal ray — the dorsal Tay in all protostrongylids (except
Muellerius) and in most other metastrongy (td: ‘s a small ,
bulb-like structure. A bulb-1ike dorsal ra- plesiomorphic.

(Ex-group).

F. Branches of the dorsal ray — the Metastrongyloidea commonly
possesd small, ventral papillae oﬁf@he dorsal ray. This is
.vonsidered plesiomorphic. A termirtal placement of these
projections is apomorphic. (Ex-group).

S . . ’
G.i%LoCation of dorsal ray — the dorsal ray is terminal in
...~ - Wetastrongyloids. The.dorsal location of this ray in P.
o 0docoilét is unique, and therefore autapomorphic.

H& “Site of localization — I consider the Elaphostrongylinae
. --. to.be an aberrant group: of lungworms (see Discussion).
" Specialization of location is considered apomorphic. Complete
development in the CNS (P. tenuis) is considered apomorphic
to a continued migration to muscle and/or connective tissue

outside the CNS (E. cervi). (Group trends).
Analysis. .The.phylogenetic scheme proposed for the Elaphostr¥ngy-

linae is outlined in Figure 58. The open boxes represent plesiomorphic
. : 2
states in a given character, while closed boxes represent apomorphic

states. The letter. .orrespond to the apomorphic. states outlined in
p

~

Table XII. ’ J
This analysis outlines two primary lines of development, one

parasitizing a muscular-connective $i§sue habitat L. odocoilei and

.
7

P. andersont) and the other adopting 4 sojourn in the CNS (P. tenuis

Ry

/ .o



Figure 58. Phylogenetic aﬁalysis of the species of the subfamily
Elaphostrongylinae. Abbreviations of character states
as in Table XII. Open boxcs represent plesiomerphic
character states and closed boxes represent apomorphic

states.
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and E. cervi). From the available evidence it is impossible to deter-
mine which of thése habitaks should be considered primitive. On the
basis of ex-group comparisons, CNS migrations have evolved seferal times
in the Metastrongy}oidea (see Anderson 1968) and should be considered
plesiomorphic. At the present time, thevcr, such a determination would
be premature. The 1ife cycle .of manv of the metastrong&loids includes
a phase in the lymphatic system (Bhuiﬁhléya 1975). The migration route
of the Elaphostrongylinae has not been established althourh Anderson
énd Strelive (1967) hypothesized a migration via the circulatory system
for P. tenuis in white-tailed deer. ,

Witﬁin the muscular-connective tissue lineage P. odocoilei and
P. andersoni are allopatric, oééﬁ%%iﬁ?”in mule deer (0. hemionus spp.)
and white-tailed deer (0. virginianus sﬁp.), respectively. .Holomorpho-
logical analysis identified several autapombrphic Eharacter—staﬁes
isolating P. odocoilei from Xs sister species; e.g., bifurcate guber-
nacular corpus, branches of dorsal ray terminal and the dorsal location
of the dorsal ray. P. andersoni possesses three autapomorphies:
reduced crura, solid guber?acular corpus and bifurcate spicular shaft,
separatjug it from P. odocoilet.

E. cer;ﬁ was isolated from P. tenuis in the CNS 1inéage by the-
loss of thewéubernacular crura and unusual shape of the dorsal réy?-
P. tenuis forms a monophyletic unit by the presence of the spicular

[y

foramen and the restriction of the 1ife cycle to the CNS,

‘Review of the Phylogeny of the Suborder Strongylina
The suborder Strongylina' Pearse 1936 is wholly parasitic, con- «

sxstlng of forms para51t121ng a varlety of invertebrates as well as all
g)



classes of vertebrates. Components of the suborder are grouped into

the following superfamilies:. Strongyloidea Weinland 1858, eustomatous
parasites of the alimentary canal with a monoxenous life cycle;
Trichosfrongyloidea Cram 1927, meiostomatous parasites of the intestinal
tract of all classes of vertebrafes; life cycle monoxenous; Meta-
strongvloidea Leiper 1927, meiostomatous, extréintestinal parasites,
life cycle heteroxenous with an annelid or-molluscan intermediate host,
parasites of mammats, Thé strongyles,vwhilc considered a monophyletic
group (Inglis 1965), display an extensive range of definitive Hcsts,
location wi£hin the host and type of life cycle.

The trichostrongyloids and metastrongyloids are generally
considered to have arisen independently frbm a primiﬁive strongyloid
stem group (Dougherty 1949, 195ia; Inglis 1965) although the possibil-
ity of the two being sistef groups (sensu Hennig 1966) is not com-
pletely discounted (Inglis 1965). Proposals by Russian workers for
the phylogeny of and within the Metastrongyloidea (see Skrjabin et aZ.
1952) are considered unacceptable and the outline of Dougherty (1949

and 1951b) is followed here.

Dougherty (1949, 1951b), followin ?‘gtensiQe study of the
ﬁetastrongyloidé; proposed a phylogeny’S% the group based on host .
phylogeny and evolution. He viewed the filarioids and skrjabingylids
¢v61ving with carnivdées, the pseudaliids with cetaceans ‘and the |
protostrOngy;ids {including thg’g;aphostrongylines) as early parasites
of ungulates and secondarily of lagomorfhs. Dougherty (1951b) /

included Dictyocaulus with the metastrongyloids; however, this genus

is more commonly regarded as an aberrant trichostrongylid (Skrjabin

T~
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et al. 1952; Chitwood 1969). Thus, at the level of family or sub--
family, the Métastrongyloidea follow the general concept of co-evolution
of host and parasite as suggested by Cameron (19645.

The subfamily Elaphost%ongylinae is considered an aberrant branch
of the lungworm family Protostrongylidae. Istablishment of ph{%Ogenetic
relationships within the.fami1v is beyond the scope of this investiga-
tion. In any event this type of analysis would be dependent upon a
critical re-examination and phyiogenetic assessment of all genera

constituting the family as presently defined by Boev (1975) and

-Kontramavichus et al. (1976). Regardless of these limitations, several

facts attest to the specialized nature of the Elaphostrongylinae. .

Morphologically, lack of a telamon (ventral cloacal supporting

‘structure)- in the males is interpreted as primitive. The Proto-

.» strongylinae as well as the majority of vther genera and species in

the family display some, if not anJélaborate, dcvelqpment of this
cha;ac?%ristic structure._“Tthdorsél ray of the protostrongylids, with
the exceptién of the Muelleriinae, héélthquorm of a small, compact
knob adorned with séssile or pedun;ulate paéillae:~ The dorsal ray,

although bulb-like in Parelaphostrongylus, possesses projections larger

than papillae. @ In E. cervi the bulb-like nature of the dorsal ray has

apparently been lost and only the projections remain. The gubernaculum :

of the elaphostféngylines, although simple in compafison to the proto-

strongyline gubernaculum, is reminiscent of that structure in a number

of speciisffﬁ%the,Varestfongylinae. It would be possible to perceive
‘ : - .

an ancestral cond:tion of the elaphostréngyliné gubernaggla similar to

Vafestrongylus (=L§ptostrongylus) alpenaé or Varestrongélus

(=Capreocau2us) capreoli.



Although no female characters were used in the preceding analysis
the absence of a provagina from the Elaphostrongylinae is considered
plesiomorphic. This is basqd on the nbsgpco of a provagina in the
majority of the metastrongyloids, while within the Protostrongylidac
the presence bfithis‘structure is erratic.

The elaphostrongylines possess one and possibly two apomorphic’
charactors that isolate ther from the other protostrongyvlids. These
are the extra-pulmonary si{P of adult maturation and the asymmgtricﬁfn‘
%%ndition of Ehe buccal capsule, Ektra—pulmonary habitats have been
exploited by scvera. distantly related genera and species within the
Metastrongyloidea (e.g. Angilostrongylus cantonensis, Gurltia; see
Andersdn 1968 for a review of this subject) and must be considered
apo#orphic. The nature of the buccal capsule, symmetficél versus
asymmetrical, is too poorly known within the group to determine if -
the asymmetrical condition is unique to the elaphostrongylines.

The subfamily Elaphostrongylinae is considered a specialized
branch of the Protostrongylidae that radiated into a new habitat. The
ancestral stock that'gave risé to the subfamily was unquestionably a
group of primitive lungworms, possibly similar in some respects to
the genus Varestrongylus. ' ' - LB

" The foregoing bhylogenetic analysis calls into question the
validity of the genus Parelaphostrongylus A strict appllcatlon of
the. pr1nc1ples of phylogenetlc systematlcs for ranking (Hennig 1966)
would dictate that all spec1es in Flgure 58 be contalned in a single,

monophyletic ‘genus — Elaphostrongylus Cameron 193]. However, due to

the speculative nature of the analysis, the genera Elaphostrongylus
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Cameron 1931, uand Zarelaphostronglus Boev and Schul'ts 1950, are
retained in the intervest of taxonomic stability. Additional informa-
tion and further unulxﬂis are rvequired to determine the validity of

Parclaphostrongylus in a phylogenetic system.

(LY

| B. Zoogeography

Imtroduction

The evolutionary fate of a parasite is directly linked to that
of the host (Cameron 1964) regardless of the naturc of the relation-
ship, be ig'ecological of bhylogenetic. The current distribution of
any parasitic helminth must reflect, at least in part, the current
distribution of the intermediate host>(if required) as well as the
definitive host. ?After defining the area of distribution of the
Eléphostrongylinae it will be necessary to attempt an cxp}anation of
Rhat distributio% in terms of causal zoogeography (Illies 1974).

Several authors (von Thering 1902; Metcalf 1929, 1940; Ma. or
1955, 1967; Stromberg et al. 1974) have successfully used this method
to explain the distributions of the higher taxa of parasites and their
definitive hosts. More recently, Brooks (1977) analyzéd'the to—evolutibﬁ
and causal zoogeography of plagiorchiid trematode gencra and their

anuran definitive hosts.
Analysis of the host-parasite relationships within the Elapho-
strongylinae consists of three primary areas of investigation:

1) host specificity at the intermediate and definitive host level;

2) current distribution of the Elaphostrongylinae, susceptible gastro-

pod intermediate hosts andlcervid definitive hosts, and 3} causal

zoogeography of the Cervidae.



An attempt to ascertain the zoogeographical history of a group of
organisms as pobrly known as the Elaphostrongvlinae may appear to be
hopeless, %he author, however, must concur with previou§ workers
(D.R..Whitehead 1972; Ross 19745 Ball 1975) in that it is the obliga-
tion of individuals involved in systematic research to attempt to
explain, causally, the distribution of the organisms under investiga-
tion. Progress in this difficult field can only be made by analysis
of previous efforts. Futﬁre workers, with additional information
and/or anélytical techniques may support or disproye the original
effort. The result, regardless of the outcoﬁe, Will be an increased

understanding of the distribution of living organisms.

EZaphostré%gyZinae N

A géneralizedAdistribution of the Elapho;trbngylinae‘is presented
in‘Figure 59. EZaphostronggZus cervi subSpp..have been reported fromra
wide variety of locations in Europe and Asia (sée Kontramavichus g? atl.
1976 for a general review). Cameron (1931) originally described E,
cervi from Cérvus elaphus in Scotland. Sincem¥hat time this species
has been feported from the‘Iberian peninsula (Lopeszeyré 1947y,
Scandinavia (Roneus and Nordkvidt 1962 and Halvorsen et gl. 1976),

‘

Austria (Kutzer and Prosl 1975), Czechoslovakia (Barus and Blazek 1973)
in Europe angell as over #xch of the Sovief Union (Pryadko and Boev
1971). Recently, Lankester et al. (1976) repérted a spined proto-
strongylid larvae f:om caribo  Rangifer tarandus ecartbou) in Ontario
‘and Manitoba, identical_to those reported forithé Elaphostrongylinae,

and E. cervi has been reported from naturally infected caribou in

Newfoundland establishing the prgsence of this parasite in North America

159



Figuke 59,

L

World-wide distribution of the Elaphostrongylinae.
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iif - tenuis is not involved. It is possible that one of several undescribed

-

ALankester 1976}, Thus M. corpd has a holarctic distribution. &, Uté;y

has also been found in wapiti and red deer introduced to New “galand
(Mason et al. 1976 and Mason and McAllum 19760).
arelaphostrongylus is at present restricted to North America

(Fig. 59) (Anderson 1972). The meningeal worm, I, tenudis, normally a

parasite of white-tailed deer, has been reported from o wide variety
®of locations in the southeastern United State: (Pre-ivo | .nd Smith
1969), Maine (Gilbert 1973) Michfgun (DeGuisti "'58) ) untario (Anderson

1956), Manitoba (Lankester 1974} and reliably as far west as western
Manitoba (Bindernagel and Anderson i972). Bindernagel and Anderson
(1972) and Bindgrnagél (1973) reported larvae "indistinguishable from
those of . tenwis" from fecal samples of Nhité—tailed deer in eastern
SaskAtc%ewan and castern British Columbia. There has been no confirma-
tion.bf the specific or generic identity of these WOTmS ; howeygr, thére

is evidence (Binderhagel pers. comm.; Wobeser pers. comm.) that P,

species of cithbr;Elaphostrongylines or one of the genera of{proto~
strongylid lungworms with spined, first stage laryae is involved.
Farelavhostronaylus andevsoni was recently described from the
dorsal muscles of white-tailed deer in southeastern United States
(Prestwood 1972). The(diétfibution of P. andersoni has been documented

within this region (Prestwood et al. 1974); however,. theré have been

. N0 reports of this species outside the southeastern U.S/ P. andersoni

and “P. tenuis are Sympatric over a large portion of the range of the
former (Prestwood and Smith 1969; Prestwood et al. 1974Y . I. andersoni

is more commonly found in deer inhabiting southern floodplain, souihern
) -

.

lo2

Ca

o



mixed and oak-hickory-pine vegetation zones (Prestwood et al. 1974). e
These authors also reported two instances of concurrent infections of

deer by . temuds and P. andersoni in North Carolina.

’
’

The range of . odocoilci is not as well documcntcd as the oth

18]
members of the genus. Previous reports restricted the d1<rLJwNL;
K . a3

of P. odocod e? to mule deer and black tail deer of the California

Coast Range (Hobmaier and Hobmaier 1934a) and the north central Sierra

Range in California (Brunet<i 1969). The present study indicates

this species is widespread in west central Alberta (Fig. 60). Tdentifi-
cation of P. odocoilei from Jasper, Alberta, has beer discussed clse-
where in this work. bThe remaining locations on Figure 60 are based
Solely upon ~he presence of thé characteristic spincl larvae in ;he

feces of deer, without the corroboration of recovery of adult worms.
. N .

~J

Molluscan Intermediate Hosts

The elaphostrongyline§ show little specificity at the level of

»

the intermediate host (Mitskevitch 1964; Panin 1964a; Panin 4nd

Rushkova 1964; Lankester ard Anderson 1968; this study, Sect.ion III).\
P i
Within thc pulmonate order Stylommatophora tup of the four suborders
~

(Heterurethra and Sigmaurethra) contain a number of specieércapableA

oflharboring elaphostrongylines, while only the ¢ - urethfa'

(Pup@llidae Valllonldae) ‘have proven refractorv (Fanln and Rushkova

}964) the Cochliocopidae ( Clonellldae) howévor,ware“suéceptiblé.
several species of aquatic pulmonates (Bassomagophuraf’ﬁave been

\
experimentally infected as well (Anderson 1963; Panin and Rushkova

1964) . - I P

3

S , s
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‘Figure 60.

<

t{‘a B

)

3 i

Distribution of Parelaphostrongylus odocoilei in Alberta.

Based on fecal samples of mule deer (Odocoileus h.

hemionus) positive for dorsal-spined larvae. (Data from

o .

Samuel and Holﬁes 1974; Samuel unpubl.; and present study.)
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Six genera of terrestrial molluscs, recognized as intermediate
hosts (Table XIJI), are holarctic in distribution. The following species
of these genera ware widely distributed and locally abundant: Deroceras
R N N

laeve, Ruconulls, yulvus and Zonitoides nitidus. The remaining genera

have related specics in Furasia and North America that are also

-~

“excellent hosts for these nematodes. Molludces capable of acting as

i - . . a S
intermodinte hosts of these nematodes are common spccies, and there-

fore dValldblC in pT1Cf1C311V ‘all habitats deer are likely to use.
H1<tor1c11 reldt10n5h1ps of thc holarctic malacofduna r1n3¥ bccn g

S

studied in some;detail.;QWaldén (1963) 'postulated that holarctic

- molluscs were of Palearcxie;p%igin-and the Bering.land Bridge played

AR Y
a“ +
an important role an. determlnlng their current d1xtl]bdf10n This

<& M E ¥
fdyna including the’nmjority of eny Jqpﬂdwle \III may be
& .

re11c> from the G&btaceous or Laf%g

_ dfyz‘Wa’ltn 1363) Russian

workers (lehathev qu Rammel majer 195”3 present eV1dence fos :éf“

. #g,
‘holluscag movements both east gﬁﬂ weét on the Berlng Land Br;dge

-~

hd&?%EI they fe(l this fauna is younger’ than Suggested by ¥?1den

W

"This is based on tﬂp absumptlon of the Russian wqg&ers that the

- P
Stylommatophoraﬁoriﬁ1nated in the Fertlary, whlle Morton (1955) <4
placed.the origip of-@he suborder in the .Carboniferous. ¥ The‘presentejf

of extant molluscan genera in the'P

- <

ang Ramme I% aler 195%) argues for an-earlier establishmeht of this
oup than,;he Tertrary. S e e ST

’ s : . . . . ; L) 4.

A comparison of the Tertiary mollusc fauna of North America and 2

B K , o . RS

Eurasia is diffieult. Prefpleistocene records for the Nearctic are >
“ r' ’ ) o .

rare (Taylor 19603 ‘Waléén.(1963) listed five‘extant gerera of

N a .

I (.

a4

166

e (Waldén 1963; Likhachev ,
- - g L ‘ .



-t

107
¢ . - .
. —fﬁ“}l.\
TABLE XIIT. PRE-PLEISTOCENE RECORDS OF EXTANT MOLLUSCAN TAXA
(STYLOMMATOPHORA) THAT ARE KNOWN INTERMEDTATE HOSTS
OF ELAPHOSTRONGYLINE NEMAFODES _ &
Taxon o Time . Source
Discus er. <hitet - Upper Cretaeenus - Lednard, 1950
Zonito’ . Waldén, 1963
Sueet ~Paleocene Waidén, 1963
. | » o . :
Vitri T Oligocene 1 Waldén, 1963  «
, Deroceras ‘ ‘ Pliocene Waldén, 1963 <
Euconulus . Paleocene Waldén, 1963
o 3 .
. ey
Ao g; -, Hirae
) o A
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v - N g’ ‘;/J
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;/ s ] . ’ o
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v o
¢ ¢
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terrestrial molluscs present in North America prior to the Pleistocene
~
$i) Taylor (1960) listed Deroceras, as well as three addi-

(Tnblanﬂ

tional extant genera, from mid-Pliocene deposits in the mid-western

United States.

The LEurasian malacofauna has received considerably more attention.
Differentiation of the European-Siberian fauna began during the

Tertiary and all contempoﬁary mollusc genera were present in Europe
by the e» ! of the Pliocene (Likhachev and Rammel'maier 1952), There-
. S

fore, a relatively moﬂern terrestrial gastropod fauna was present when

modern cervid grou€é were Recoming flrmlg establashcd durlng the Late
E /
M1o ~ene and Larly Pllocene (Flerov 1952) -as suggested bv Russian

st

helmlnthologlsts (Pryadko and“Boev 1971).

YORY

Speciation rates of molluscs are considerably lower than those

of their*mammallan counterparts (Taylor 1960; Wilson et al. 1975).

The continuity of the terrestrial mollusc fauna during the Late'Tertiafy
. ~--_ R

- and Pleistocene would have-given’the elaphostrongyllnes a long associ-

u

for escépiqgvdésiccationAapd are, inAéffect, eécto- rather than endo-

parasites of molluscs (Hobmaier 1934): Thus the causal zoogeography
(ﬁ

' )
of these nematodes must be explalned at the level of the deflnltlve

»

L““Jv“f”host

-]

Cervidae v ¢ ’ R - . .
. . . [4 1 L - . X . Y
’#4 —‘% . ¥
The cervid genus Odocozleus (s.s. ) is currently w1despread in

"North Amerlca (see Taylor 1956 and G.K. Whltehead 1972) and northern-

lo8
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South America (G.K. Whitehead 1972).’ The white-tailed deer (0.
virginianus) is composed of approximately 38 subspecies (G.K. Whitehead
1972) that range as far north as the Nérthwest Territories (Scotter
1974) and as far south AS Brazil (Brokx l9723j. This species is .
found in all areas of North America with the exception of the‘mountain—
ous and sonoran regions of the southwestern W.S. » including California.
Tho mule deer (0. hemionus) includes 14 s;bspec1cs (G.K. Whitehead
1972) that are prlmarlljédlqtrlbuted in the .western parts of the. q‘
Canada and Mex1cq (Kraemer 1973). - The Columbian black-tailed deer

(0. h. columbianus) and Sitka deer (0. h; sztkens¢s) ﬂqve been

described as 'a species in the making" (Tavlor 1956) and are located

\
~

west of the Rocky Mountains, in California 'Washington Ofegon and_

R

southern British. Columbia;and - 1nﬁ$9rthern Brltlsh Columbla Alaska and
. o

o SltkqﬁIbland %nspectlvely (Cowan 1956 G K Whltehead 1972)

O
UM ~

The evolutlonary ﬁlstory of FhrelaphostrongJZus is closely
linked to the hlstory of Odocozleus The prehistoric evolutlomary

‘?O vlrgznzanus and 0. hamzonus ate,

unfortunately unknown (Martln and- WspﬁgﬁSYA) : - s {

.

Odocoifeus is an old taxon, extendlng into the Pliocene with

2

little change (Scott 1913). Deer, -ndistinguishable from extant

0. virginianus, have been reported from the Blancan of Florida,

N . £
although additional confirmation of the age of these»strata is

°required (Webb 1974). Stock {1930) reported deer "apparently“ related

to mule deer (0. h. ﬁémzonus) “from the Rancho La Brea tar pits of
Callfornla ‘

169
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Records of a variety of North American fossil cervids are abundant
{e.g. Frick 1937); however, to my knowledge, thexe hive been o attempts
to assess their relationship either to extant o 1l forms.

The most consistent attempt at classifying and determining the phylo-

genetic‘relationships of cc v id- on the basis of paleontological as

well as neontological da': s by “lstov (1950, 1952). He did not,
1 ’ :

1”however, diécus§ zoogeogrishi. . . relationships to any extent. The

X

.

causal zoogeography of cervids .remains unclear .and virtually unstudied,

with the exceptlon -of superf1c1al treatTent in more general works
b .

ke

+ (Scott 1913; Simpson 1945, 1947 Darllngton 1957)
® 28

Brokx (1972a) proposed a p0551b1e evolutlonary hlstory and the
b
rel&tlonshrps of South Amerlcan cerv1ds and .1n addltlon ¢the relatlon—

B / i .,’vn' - wi, P \‘

shlps of 0. hemwnus and 0 vuﬂgznzanus. The followmg °account of ’ ‘;
s > S, '

these relatlonshlps is based prlmarlly on his work

1\

“fNorth Amerlcan cerv1ds are felt to have evolved from an. ancestral

\,

»

stock 51mr1£5 in some" respects to the perltlve Pampas deer .

i e .

:‘5.«?

»

(Ozotoceros) o£ South Amerlca Th1§ ancestral group 1nhab1ted Central

\' vl =3 Y

Amerlca and Mex;co and subsequently sp11t into: two main lines durlng

v

the Late Miocene to Early Pllocene. One line gave rise to the more -

pr1m1t1ve South Amerlcan genera (or_subgenera): O{atoceros BZaatbcerus

5‘, A r

“Hzppocamelus Mazama and Pudu while the se?hnd line gave rise to the

o
3

northern genera Odocozleus and Rangifer.
Movement of the ancestral Son%h American forms across the J/x

Panamanlan 1sthmus cogiy have-occurred earlier than prev1ously con-~

51dered possible (e.g. Slmpséii}QSO 1969), as recent ev1dence 1nd1-

cates thls connections was in ex1stence throughout the Pllocene

¥
= -

[

[ : ) . ‘. . [
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'genus Rangﬁﬁbr" Many authors (Lydekker 4898 Slmpson 1947, Kurten
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(Savage 1974) and that faunal G\Chdngo occurred prior to the Pleisto-
cene (Hershkovitz 1966, 197.,. The pTLSCﬂLC of“O virginianus in

norrherh South America is reﬁ%ﬁde 4s a scgondarv 1nV351on of a more
ol
A

prlmltlve whitetail (Hershkovitz 1966), after,establishmept and "~

diversification ofﬂﬁm original South American stock into well defined,

»

specialized forms.

v

Based on this (Brokx 1972a), the establlshment of Odocc leus as
a widespread genus in North America most p#gﬁablv occurred during the
Late Pliocene. The timing of subsequent events is particularly

difficult to establish. Mule deer are considered to be specialized )
. IV,
descendants of a more prim};ive white-tailed ancestor (Brokx 1972a). B

Speciation in this case was probably the result of the isolation of
« )
eastern and western populations by grasslands in central North America

(Blair 1958); This isolation, p0551l%£ as earlv as the Nebraskan

glaciation, gave rise to the mountaln -adapted mule deer (0. hemtonus) o o
E W .
-
\ghthltetdll (0. virginianus). ‘ Isolatlon*of'
B e /
o geographlcal and ecological areas then oy v

gave rise to the subspec1f1c ‘taxa currently recognlzed for each group.

.

?he lack-of further dlfferentlatlon of these stem forms 1nto " .

L

addltlonal species or genera may be attrlbuted to the lack of 8istinct
habltats in North Amer1ca comparable those of South Amefica (Brokx
1972a) or’ the' limited ablllty of Odoq§§$;:s to -invade new habitats
(i.e. the.far North) and compete w1th ﬁérthern -adapted species,

’\

There has been a great deal of debate as to the or1g1n of the

1968) have argued for an Eurasian origin. Other workers (Flérov 1952,

Q/, ' i . R o - .
- . - ,\



\
Brokx 1972a, Giffin 1974) have(;resent convincing data for a Nearctic
origin for reindeer. The large number o?\characterlstlcs shared by
Rangifer and other New World cervids (Lydekker 1898; Flerov 1952;

Brokx 1972a ,b; Giffin 1974) leaves llttle doubt as to the Nearctic
-

affinities of the genus and its subsequent diépersal during the
Pleistocene as a chd—adap}ed, tundra specialist,

What are now considered Eurasian forms: Cervus, Flaphurus and

Capreolus, originated in Eurasia (Si@ﬂgon_1947- Flerov 1950, 1952;
Brokk 1972a, Aiffin 1974) and Alces is also generally con51dered to

have Eur351an affinities (Flerov 1952; Kurtén 1968; Glffln‘1974).“
"y
The New World deér:’ Odocotileus, Rangifer and endemic South American

\ [V

genera, orlglnated an the western hemisphere (Flerov 19525 Brokx 1972a;
 Giffin 1974). A c1a551fication of these animals is given in Table XIV.

The events leading to the prqﬁent distribution of these genera

o

however, remain uncertain. There are two theorles of the causal

-

distribution of modern cervids. 'They.are briefly gutlined below.
The first theory postulates the autochthonougzdevelopment of the
" :New World cervids from aneestral’forms'{Blastomerycinae, Lepto- -

‘”mérycinae) present during the Oligocene and Miocene. Thls view has

been supported in modified forms by a varlety of workers: (Matthew

1908; Scott 1913; Simpson 1947; Flerov 1950, 1952).
. S E ) R -
The second hypothesis is _that cervids extant in the Nor ' ‘American

Miocene became extiﬂtt’ leaving no descendants. Modern North ..nerican
¢

Cerv1dae are, therefore descended ftom a more recent, antlered, Asian
4

form of protocapreollne trpe (Brokx 1972a,b) which errlved via the

Berlng Land Brldge durlng the Early Pliocene (Lydekker 1898 Pilgrim

Sy { 3 1

- . . N N
'
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TABLE XIV. CLASSIFICATION OF THE GENERA OF CERVIDS DISCUSSED 1IN

THE TEXT (AFTER G.K. WHITEHEAD, 1972)

~ waa ‘*
@’\.
s Family Cervidae _“w'

i
2

Subfamily Cervinae
Dama Frisch, 1775
Axzis H. Smith, 1827

Q
Cervus Linneahs, 1758

-

Alces Gray, 1821

Subfamily Odocoileinae
Odocoileus Rafinesque, 1832
Capreolus Gray, 1821
. Rangifer H. Smith, 1827
BZastocerus Wagner, 1844
oﬁgﬁgs -’Ame‘;l’?é‘ 1891
Bl us Leuckhart, 1810 v

=

Mazamd Rafinesque, 1817

o,

Pudu Gray, 1852

-
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1941; Brokx 1972a). chott (1913) and Simpson (19473, although appar-

e ently supporting an 1ndependent origing-of New World cervids did not
‘ri L)
N %omkletely dismiss the possibility of ga lnter Lurasian 1mm1grant acting
w k: : ‘l' -, l
Ak

as‘an ancestor to the Odocoileinae.
Y

‘3.
N
C. Host Specificity

Host specificity of the elaphostrongylines within the Cervidae

is low, in agreement with Inglis' (1965) contention that ecolpgically
(> simllilar organisms are more li}\'el‘y to share related helminths than

species that are ecologically divergent, but with a close phylegenet’*‘ic
.kinship. A 1list of hosts that each of the four spec1es of elapho—
strengyllnes has been reported .from is presented in Table XV. The
most intriguing lapsus is the 1nab111ty ofz; Qe@em Zev, to establish
a patent 1nfect10n in the white-tailed deer (seefectloh I111).

Odocoileus vzrgznaanus and 0. hemionus arc closelv relaw forms

» . B _x?
s.,and are, -at least presently, ¢i"@:mpatrlc in areasAG

|
A
America (kraemer 1973) 'I’Jae inability of p, odocm

\&t ern }\’Qﬁt‘h

to establlsh a

patenf 1nfect10n in 0. vzrgtm,anus must represent a distinct phy51o-

-

loglcal 01:;. 1mmunolog1cal barrier to the parasite, Detalled llfe
hlstory studies of P, odocoilei. in a variety: of cerv1d %sts are neces- :&
sary 'to resolve ‘the stage and manner in which Pdodocozlev, is seques-

= tered. Moose (Alces aZces) and black tailed deer, wh11e able to harbor
A

x ( experlmental 1nfect10ns do not appear to»be@ﬂary hosts of this
parasiﬂ:e, (see Section III) S 7 . ) .

The menlngeal worm, P. tenuis,¥is d1ff1cu1t to assess in terms o

,.

of spec1f1c1ty Anderson (1968 1972) has.showng. tenuig to be
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TABLE xv. DEFINITIVE HOSTS OF ELAPHOSTRONGYLINE NEMATODES
Parasite Host Source
Elaphoatrongylua cervi cervi Cervua elaphus acotious Cameron, 1931 N
C. e. hippelahua Kutzer and Prosl, 11975 =
- ~ Caprcolus copreolus Kutzer and Prosl, 1975 ' g
Bangifer tarmidus Lankester, 1976 ) »
E. e. panticola Cervua elaphus ! Kontramavichus et 2f., 1976
C. e Thertous Kontramavichus et ai., 1976
‘£
C. e. braunert Kontramavichus et al., 1976
C. €. maral oo Kontramavichus et al., 1976
C. nippon Kontramavichus et al., 1976
I .
. Alcea alces Kontramavichus et al., 197¢
E. c. ramgtifert Rangi fer taradus "Mitskevitch, 1960 .t
] . s .
Farelaphostrongylus tenvia Odocot lous virginianus ;C'L(“ “ Anderson, 1963
\ * 0. kerrfonus Anderson et al., 1966
' C. e. eaadennis N Woolf et al., 1977
I % Alees clecs americmue - R

* Anderson, 1964

* Rangifer tarundus i Anderson, 1971 "
" B * Dama dama . Kistner et al., :977
o * domestic sheep and goats Alden ¢t al., 1975
* gainea pigse ‘Andé®on and str&ive, 1966 |
i N x‘, o
P. odecoilet - Odocoileus %. herrionus Present study | 1 \ .
0. h. colunbimius Present study ’
. . : .
0. h. califormicus Brunetti, 1969
Alces alces andersoni Present study
e
. andz2rsont Odocoileuc virginiunus i Prestwood, 1972 'Y ’
- k)
*denotes a non-patent infection ; ~ .
N . L7 s .
. R
. r -
y .
' .
. \’ 3
. '
~ e . / - B
2 .
N . v,
W “ 5
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Iethal to a wide variety of North American eeTViUs. Patent infections
of P. gznuis are only recorded jn the white-tailed doer, the.normel
‘host (Anderson 1963} and hdpltl (Cervus elaphus canadensis) by Anderson
et al. (1966), Karns (1900},nnd Woolf et at. (1977). l
ﬁrom an academic viewpoint, the question of host specificity
Temains unanswered. If the migrating larvae of P. tenutg did not”
kill the host prior to the onsef of patency, would the life cyvcle be
-completed? , The conclusion of this line of reasoning ‘is that, under
.Suboptimal cogglitions, P. tenuis is ceﬁablé'of‘completing the life

¢ycle in a number of cervid-‘!ecies, but destroys the habitat due to

sv'the delﬁ%hgf nature of the CNS used as a larval mlgratlon route " The

R menlngeal worm, therefore cannot be Lon51dered more host spec1f1c
0;? than P. odocaneL whlch\dqes Hot (prebumabiy) uqdergo a CNS mlgratlon.
?ﬁp Ho<t SpeclflthV of P, andersunz is unknown althougf‘it may become

« <3

'_patent in black—tdiled_deer (Nettle% ef-aZ. 1977). L el

. . asse%s. Pryadko and Boev (1971) were unable to identi.’ eharacters

d1fferent1@§1ngvthe three. speczgs of. EZaphostrongyZus and ranked them
o 5

as subspec1es of E. cervi based upon host spec1es » No cross transmls-
*

‘sion studles have been done ‘to determlne whether these represent a

series bf cryptlc spec1es or ‘a w1de1v dlstrlbuted helminth of low host
. . o ’ . R q

spec1f1c1ty
7 g ¥
D. - Discussion

*Dougherty (1949, 19515)-pr0po§ed an hypothesis for the evolution
of the Metastrongyloidea (s.l.) on the basis. of the co-evolution of a

-~

L

~

9
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subfamily (or subfamilies) of nematode with an order of mammalian host,

Inglis (1965), although generally opposed to the concept of co-evolution

on the basis of phylogenetic relationshipé, felt that Dougherty's

- X
" scheme was justified. Co-evolution appears to have occurred iw the

Elaphostrongylinae at the species level as well. An analysis of
speciation events, based 6n parasite phylogeny, host evolution and

climatic conditions supports this contention.

-

The Elaphostrongylinae are of Nearctic origin, and originally
parasites of New World' cervids (Odocoileinae). Reasons for this view
are presented later. The initial speciation eventgdivided the

ancestral worm pqpulation.into two basic lineaggs- one, a muscular
: S B \
form with no nqpr%%#oplc phase (P andersonw - P odocotilet) and the

other, a CNS %ﬁﬁabltlng llneage (P tenuzs - E. cervz), more similar

to P tenuls in appearance but w1th a wider, degree of host tolerance

[P
‘ R’ .

Detérmination of the p1e51omorph1c condition, i.e., muscle versus CNS,

is not clear and of 11tt1e concern at “this p01nt 'The impetus for
2B
C ’
this.initial radiation is - unknown and may 51mp1y represent explomia-
tion of a new niche by either‘orkboth lines. = . , §

The subsequent isolation of easte;n and western populatlons of

“the ancestral Odocoileus gave fise to the more specialized 0. hemionus

in the mountaln and foothlll reglons of North America and the mone'

generalized Q.'vifginianus in the East {Brokx*1972a) This separatlon
. § B
also gave rise.to allopatrlc condltlons\necessary for the. spec1at10n

x

of P. odocazlez in the mule deer and P an@ersoﬂ[ 1n whitetalls. The

absence of neurotroplc forms in mule deer can only be . explalned by a
low tolerance of the proto hem%bnua populatlon to the CNS 1nhab1t1ng

forms. IR .'u* ’ . >

e .
oF

LR
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This hvpothesis could be tested by expermmental antfections of
cLo hemlone with Foocored ) the prediction being that mule deer would
succumb to the infection or at least show signs of CNS disturbance, '

theretore decreasing fitness under natural conditions, Whitd-tail

deer apparent iy show no 111 effects of infection with Foo oewpd

(Lankester pers. cumm.’) . Tsolation of host populations could have
occurred as cwﬁﬂ}'us the Kansan glaciation.  Drv conditions And the
formation of extensive grasslands iy central Nerth America would have
formed a barrier to cxchnngc.botwcen these populations (Rfuir 1958).

Events leading to the division of the original neurotropic torm
into the specialist (I ternie) and generalist (B, corvd) linecagds
are not clear. . tenuls cvolved in close association with the

‘ : :

white-tailed deer. During the mid-Pleistocene (Aftonian?) a morpho-
logically distinct, cold-adapted, tundra cervid, Fangifer, emerged
in the Nearctic (Simpson 1947; Flerov 1950). An allopatric shift of
this population into arcas inaccessible to Odocot? Tvus could have 3
triggered a rapid specialization of /. tenuis, while Xangifer and
wapiti (Corvws) and moose (dlees), the lartc; two recently introduced
from bEurasia (Simpson 1947;'Flerov‘1952; Darlington 1957; Flerov 1967),
shared the genecralist, E. cervi. Range descriptions of these cervids

(Murie 1951; Guthrie 1966; G.K. Whitehead 1972; Kelsall and Telfér .\

1974; LeResche et al. 1974) indicate a greater overlap in the range
of Rangifer, with Cervus and Alces, than any of them with white-tailed
deer.

Although 0. virginianus may be able to harbor patent infections

of E. cervi experimentally (Lank ‘cr pers. comm.), competition from



[

the specialist 2o roondde could lave resulted in competitive exclusion

.
»
x

(Holmes 1973) and prevented a re-introduction of /. oo’ into whitetail

populations. lLate Pleistocene emigration of Nl e established it
present Holarctic distribution (Flerov 1962, Darlington 1957; Brokx

47

1972 and introduced F. covof to Lurasia.  lurasian practices of
A

reindeer farming (Scandinavi: and USSRY and deer farming (Cervus -

USSRY undoubtedly increased the distribution and enhanced transmission,

resailting in epizootics of elaphostrongylosis (e.g. roev RY ~adko
ctoal. 1963). .

On the basis of the.phylogenetic and toogeographt  ev.ac o
presented above, there can be little question as to the Nearctic origin

of the Elaphostrongylinae and the subsequent introduction of E. cervt

-
.

into Furasia accompanying the emigration of Rangifer from North America
to the Palearctic. This is in direct opposition tg tho‘Eurasian origin
proposed for the group by Russian helminthologists (Prvadko and Boev |
1971); however, they'failed to supply any supporting evidence.

A re—examinatibn of Manter's (1967) rules for‘hclminth zcogeo-
graphy with reference to tie elaphostrongylines is warranted. These
/ﬁématodes are more div -se in North America. All four species and
bothAgenera are found in the Nearctic, while a single genus and species,
E. cervi, is Holarctic. Invoking Occam’s‘Razor, tﬁe most parsimoni-
ous interpretation is to assume a Nearctic origin and a single
trans-Beringian movement rathér than an Eurasian origin and two
migrations. <,

Manter (1967) suggested that evolution results in specialization

and increased host specificity, Elaphostronzylus cervi is the least
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host-specific of the claphostrongylines, with merphologically identical
forms infecting five cervid genera (Pryadko and Boev 1971; Lankester

pers. comm.). lHad this association been one of tong standing, speci-

L
ation would have heen expected to occeur,

Host specificity within Farelaphostrongulus (see above), although
not wigid, is more restricted than in Elaphostron ], Intergeneric

7
ie

infoctions do occur in fhis genus (e.g, P odocor{ed in Alces and
toniclas i 'vué). The resulting infcctioﬁs, however, demonstrate a
redﬂﬁed ¢+ .val output. The concept of specificity prodicts-Mnntcr's
)

initial rule, that parasites with the most genern}i:od requirements

are mosr lﬁkely to dispcrsr. Eo cermi, the most generél of th; four
species, has the widest distribution of’all the Elaphostrongylinae.
‘The wide disfribution of F, tenuis, a specinlist, i; related to the
adaptability of the host and possibly the concept of 'germ wérfare”
(Barbghenn 1969) used by a host against competing species, White-tailed

deer are able to occupy territory where they are competitively inferior

by’ causing the death of ;he superior. competitor through infection ;ith
P. tenuis. This has been documented in a field sitﬁation for
white-tailed déer aﬁd moose in Maine (Gilbert 1973,=%974; Saunders
1973). ’ |

Co-evolution of hogt and parasite does occur (Cameron 1964) with
reference to the elaphoétrongyline—cervid system. ” Specificity of -the -
subfamily for their cervid hééts has prevented the spread of.these

parasites.to ecologically similar groups (e.g. bovids and lagomorphs)

which do share other protostrongylids (Kontramavichus-et al. 1976).

=3



Although there is cvidence for host specificity within the group
(see above) reduced speciticity (inglis 1965) at the peneric level has
undoubtedly plaved a large part “n tho current distribution this
yToup curréntly enjovs.  This is particularly apnlicable to the

»
cathelic choice of intermediate hests,

JThe apparent paucity of species in the Elaphostrongylinac mav
reflect one of the folfowing: 1) an unsﬁccossful group — the
extra-pulmonary habitat may be ditfficult to expleit initially and does
not promote rapid speciation; 2) the sp%rios described to date arc a
remnant of a previously diverse fauna that was severely reduced by
extinction of a number of larpe cervids at the end of the P;eixfoccnc;
3) difficulty in 1ocnting these worms has resulted in many species
being overlooked during necropsy, or 4) our knowledgq of the helminth
fauna of many .crvids is inadequate and survevs of these gene%a (e.g.
Mazama, Pudu, Hippocamelus), Ozotoécros, Blastocerus, Rusa, Axis, etc.):
will reveal a number of additional venera and species. The genertal
lack of‘host specificity of these worms within the Cervidae argues
against the second option.‘jThe third and fourth option; are certainly
worth consideration. Brokx (1972a) reported unidentified lungworm
larvae from 0. - '»rginianus ggmnotis in Vénezuela. These larvae were
not described and could, therefore, belong to any of the protostrongylid
genera. The first option, that the elaphostrongylines are simply an
unsuccessful group from the standpoint of species diversitv, is

supported by the apparent inability of E. cervi to speci{fe in the

cervids of the Palearctic.

181



Analvsis of the phylogenetic re]n%ionships of this groap of 3

parasites does Tttle to iliuminnte the relationships k&iﬁin&tho
A

Cervidae. . While speciation within Parclaphostron v/us agrees with the
model proposed for Gdocorlews by Brokx (197.4), the relationships
within OJHPQ{YCNS remain unclear, as Jo>tﬁe general relationships of
01d and New World cervids. Time relationships for these organisms are
speculative at best. The low host specificity of . cervi indicates
an ecological stocintion with northern cervids as proposed by Ihglis

¢
(1965} rather than a phylogenetic relationship as proposed by Cameron

¢

(1964). More precise estimates of the time of origin of the cervid
genera as well as a critical examinotion of ‘their phylogenetic

PR . . . .
affinities are required before these relationships can be firmly

o

substantiated, -




SECTTON VIT
CONCLUDING REMARKS

In this study, T have attempted to test several hypotheses
regarding elnphostronqyline‘nematodes and to document aspects of the

life cycle of Parelaphostrongylus odocoilei. The results are a

I
1

. ! .
positive addition to our knowledge of the 1ife cycle and systematics

of the Elaphostrongylinae. o
. i
The results can be divigpd into two broad categories. The first

<, |

group are those that are not unique to P. odocoilei or, in some

ingrnnces, to the genus Parelaphostrongylus. Testing the follow1ng
hypotheses: the primary mode of entrv of first- stage larvae inte a

molluscan intermedlate host is direct.pcnetration, the site of larval
development.is the font region of the mollusc and the reaction of

terrestrial gastropods to nematode larvae is different than that éf

aquatic gastropods, has resulted. in findings of brond significance. ' <
Entry of L1's of P. odocoilei into terrestrial molluscs is

primarily by direct penetration and evidence is presented to suggest

1
-

that fundamental differences in biological valency of various lungworm

at PR -

taxa and/or experimental design may be responsi%le for the controversy

surrounding this pnenomenon The cellular reaction of T. muthotneata

to these nematodes is biphasic (Harrls and Cheng 1975a) dnd is iden-
S

tical to what has been described for aquatic pulmonates '

' N
Results of fleld studies on snails in Jasper, Alberta prove ’&\T”

that local foc1 of infection occur for P, odocozlez Additional work

is needed to confirm the presence .of these infection foci for other

elaphosfrongylines. A focus is delimited, at least in part, by deer BN

v
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and snail nhundnﬁk". Fundamental studies %f the bionomics and ecology
of first-stage larvae and terrestrial molluscs are chuired.

A phylogenetic analvsis of the species oi the Elaphostrongylinae
has.resulted in tﬁe identification of two lineages: a muscle-connective

tissue line (7. odocoilei and P. andersons) and a CNS line (P. tenuis

“and E. cervi).  The concept of co-evolution of host and parasite has

recently come under attack. Results of the present studyfindicate
that a close phylagenetic relationship exists betweonwparclapho—
strongylus and“ﬁhe cervid genus O.v.ileus. The generalist, K. cerpt,
r . s ‘ .
appears, however, to have an ecological relationship with cervids of
the4far north. Whe.molluscan inte;mediatc hosts of this parasite
apparently have had little effect on the distributioﬁ of the
Elaphostrongylinae;
The second group of hypothesc}vto be tested and phenomena

studied are unique to P. odocoilei‘ The dlSCOVCIY that<the ~alternate
nematode required by the hypoth951s of Samuel and Holmes (1974) was
P. odocoilet, and ot a new ;pec1es, resulted in a redescription and
the establishment of a neotype specimen for P. odécoilei. vThese -
actions will act as a stabilizing influence on the ﬁpmenclature'of
the gréup.

. ,

Documentation of the life cycle and host specificity of p.

-

odocoilei resulted in the unlque opportunity to study a par351te of ©
big game anlmals in a varlety of closely related hosts. I was,
‘therefo e, abla to confi;m a primary tenet of Parasitology, i.e.
that parasites in the prefer}ed host have a higher reproductive

(4
potential ‘and a shorter prepatent period (Croll 1973). These studies

\

3
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also resulted in the hypothesis that the duration of the prepatent

>
period is inversely related to the size of the infective inoculum.

Additional experimental evidence is required to support Vhis concept.
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APPENDIX I. History of the cervids used in”experimental infectioms

(Section III) with Parelaphostrongylus odocotlet.
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Species and
Tdentification

S~

, .

Age at infectigﬁ;E

119

Sundre, Alberta

number Sex  Locale
¢¢

Mule Deer 1 & Cochrane, Alberta Not avqiléble (Fawn)
‘ " 2 Q Brooks, Alberta Not available (Fawn) ,

" 3 d Brooks, Alberta 3-1/2 months_

" 4 Q Claresholm, Alberta 2 weeks

" 5 Q Crénbrook, B.C. é,months _

" 6 & Cardston, Alberta 1-1/2 months

" 7 Q Cranbrook, B.C. 3 days

" 8 ) Cranbrook, B.C. 1-1/2 months

. | (

Black-tail Deer 2 Q Simon Efﬁser University 6 months :

" 7 o Vancouver Island, B.C, 2 months RN

" 23D - g Simon Fraser University 6 months -

" 15 ? Vancouver Island, B.C. 2 weeks/

" 18 P Vancouver Island, B.C. ’AZiwéeké

" 22 R Vancouver Island, B.C. [. Zergﬁg’\ ‘
White-tailed Deer 5 & Brooks, Alberta 3-1/¢- mon'ths

"o ' 14 4 Vilna, Alberta 1-1/2 moﬁfh§
T 15 ¢  Cranbrook, B.C. 2 months -\

" | 17 g Stettler, Alberta 2 weéks b

noo 18 High River; Alberta 1 month _ ‘// T
Moose 1 - A Q Slave Lake, Alberté '5-1/2 months

2 weeks

XY -



APPENDIX IT. Prevalence of Parelaphostrongylus. odocoilei in

N
N

terrestrial Molluscs of Jasper, Alberta, by date

of colleéction. //
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Date of
collection Number Number Percentage
(1976) Species collected infected infected
23 April ‘ Der;éeras laeve 8 2 25
‘ Euconulus fulvus 20 0 --
. Diécus cronkhitei 4 0 R
—"S; 2 6.25
4-7 May D. laeve - ) 100 12 "1z
E. fulvus ' 64 2 3.1
D. cronkhiter 46 0 -
Zonitéfdés arboreus 60 0 --
\ . 0xyZoma retusa ’ 100 0 -
A S —
L 370 14 3.8
12-14 May D. laeve ' 174 0 -
E. fulvus - 82 0 -~
D. cronkhites 29 0 -~ B
Discus shimekit 12 0 --
) Z. arboreus . j T 31 1 3.2
0. retusa S 0. --
Retinella elecfgina 5 0 --
Vertigo modesta o 2 0 ) --
452 - 1 0.2
25-27 May laeve 186 7 3.8
‘ E. fulvus 118 0 ‘\\ --
. cromkhitei . 37 0
D. shimeki 10 -0 --
Z. arboreus 51 1 2
i 0. retusa 92 0 —_—
P V. modesta o2 0 0’
496 8 1.6
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Date of
collection Number Number Percentage
(1976) Species collected infected infected
1-3 June D, laeve 169 6 3.6
E. fulvus 112 3 2.7
p. eronthited 57 0 -
D. shimekt 11 0 -
Z. arboreus 47 0 -
‘Zonfzitm'des nitidus 13 1 7.7
0. vretusa 56 0 -~
R. electrina 2 0 --
Striatura ferrea 6 o 7 -
473 10 2.1
9-11 June D. laeve 08 - 0 --
E. fulvus 63 0 -
. D. cronkhitei 33 0 -
D. ‘shimeki\ 2 0 -
Z. arboreus 18 ~1 5.6
7. nitidus 1 0 -
0. retusa 51 0 --
\ R. electrina 3 U --
T modesta‘ 3 0 -
S, ferrea 3 0 --
244 1 8?;
15-17 June D. laeve . 55 0 .
E. fulvus 149 1 0.7
D. ecronkhitet 51 1 -2
D. shimeki 12 0 --
Z. -a:r{boreué ; 73 0 T
2. nitidus 36 1 2.8
0. retusa 51 0 -
V. modesta”" - W 6 0 -
o e R
437 3
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Date of
collection Number Number Percentage
(1976) Species collected infocted infected
22-24 June D. laeve 44 3 6.8
E. fulvus 160 2 1.3
D. eronkhitet 178 0 --
D. shimeki. 19 0 --
Z. arboreus 71 1 1.4
2. n'i'{:idus‘ 15 0 -
: 0 retusa 37 - 0 --
k. electrina 2 0 --
V. modesta 6 0 --
S. ferrea 5 0 --
537" "6 1.1
28 June-1 July D, laeve - 21 1 4.8
E. fulvus 121 3 2.5
D. cromkhitet 75 1 1.3
D. shimeki 16 I 6.3
Z. arboreus 40 1 5
Z. nitidus 11 1 9.1
V. modesta 18 0 --
Vertigo ovaté 1 0 --
Vitrina limpida 12 1 8.3
315 9 2.9
12-14 July D. laeve 41 1 2.4
- Ee fulvus 153 4. 2.6
i, D. cronkhitei ‘114 1 0.9
D. shimeki 13 1 7.7
/ Z. arboreus 62 ‘L\_/__;Q\ -
Z. nitidus 23 0 T~ -
Lo retully * 44 0 \\\\/
o S. ferrea 1 0 -
1 V. limpida 114 0 —
V. modesta 34 0 --
602 7 1.2
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Date o>\ r .
collection Number Number Percentage
(1976) Species collected infected” infecied
19-21 July D. Laeve - 91 1 1.1 o

| E. fulvus 7 0 --

D. eronkhited 151 0 --

D. shir 6 0 --

Z. arboreus 103 0 -

Z. nitidus| ; 44 0 --

0. retusa _ 53 0 --

V. modesta 13 0 - -

V. ovata 3 0 --

S. ferrea 9 0 -

V. limpida 47 0 -~

597 1 . 0.2

27-28 July D. laeve 36 0 -

E. fulvus 140 .- 0 -

D. cronkhite: 109 1- 0.9

D, shimeki 25 0 -~

Z. arboreus 72 1 1.3

Z. nitidus 32 0 --

0; retusa 40 0 -

VeTrodesta 53 0 --

S. ferrea 1 0 -

V. limpida ‘ 104 _ 0 -

612 2 .3

3-5 August D, Zae‘ve .75 4 5.3

E. fulvus Y131 0 --

D. cronkhite: 41’ 1 2.4

D. shimek< 5 0 -

Z. arboreus 46 0 --

Z. nitidus 16 2] --

0. retusa 40 - 0 -

V. modesta 40 0 --

S. ferrea 4 0 —

V. limpida _64 2 3.1

462 7 ‘1.5

e 5 e



Date of

collection ~ Number Number Percentage
{1976) Species - . collected infected infected
9-10 August | D. laeve _ 40 1 » 2.5
E. fulvus ' 132 4 3
D.  cronkhitei : 104 \. 2 1.9
D. shimeki 14 0 --
Z. arboreus 41 0 --
Z. nitidus 37 1 2.7
0. retusa 40 0 --
V. modesta 71 0 --
V. limpida 94 2 21
Columella edentula 2 0 --
Zonitoides sp. 5 0 -
Pupisoma sp. 1 ¢ 0 -~
581 10 . 1.7
. 17-18 August D. laeve 81 5 6.2
' E. fulvus 197 5 2.5
D. cronkhiter 75 0 --
- D. shimeki 6 0 -~
Z. arboreus . 45 0 - ..
Z. n¥idus 16 0 -
0. retusa. 5 0 -
V. .modesta 38 0 --
| Pupisoma sp. 1 0. -
V. limpida 144 3 2.1
638 13 2.0
\ . ' .
24-25 August D. laeve = - © 49 T4 8.2
N E. fulvus . 207 2 1
E D. cronkhitei 84‘ 0 --
D. shimekz : ' 13 0 -
Z. arboreus 31 0 --
Z. nitidus 10 0 --
0. retusa - ‘ 37 0 --
vAhodesta 22 0 -
S. ferrea - 4 0 —
V. limpida 89 1 1.1
C. edentula ‘ 1 0 -
' 547 7 1.3

|

to
to



Date of p ‘ '
collection : Number ~ Number Percentage

(1970) Species collected infected infected
7-8 September D, laeve | . ' 75 4 5.3
F. fulvus 222 S 2.3
cronkhited 71 2 2.8
D. shimeki & 0 _—
Z. arboreus 21 0 --
Z. nitidus 0 0 -
5 V. modesta £§\ 7 0 --
' V. limpida ~ ° 169 0 -
‘ 577 11 1.9
21-22 September D. laeve 71 3 4.2
E. fulvus 150 4 2.7
D. cronkhitei 61 0 - - -
D. shimeki | 1 0 -
’ Z. arboreus <11 0 --
2. nitidus ' 3 . 0 --
V. modesta . 7' 0 -
\ V. limpida 222 1 0.5
| 526 8 1.5

to

to
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APPENDIX III. Numbers of larvae with'spined tail, recovered from

fresh fecal samples of mule deer in Jasper, Alberta

. /
(22 April to 30 November 1974).

e g e
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Sample Number

Date of Collection

Sex of Animdl

\

\Larvae/Gram

(o IR Vs B O 72 N %)

el N

11
12
13
14
15
16
" 17
18
19
20
21
22

24
25
26
27
28
29

. 30

?jP

“~

22-24 April 1974

female
male
male
female
male
female
female
female
female

male

female
female
male
female
fémale
male
female
female
fémale
male
female
female
male
‘male
male
male
female
female
female

male

S i

145
\

[o <N 93|

140
42
42
33
265

119
57
11

144

s
I

60



Sample Number Date of Collection  Sex of Animal Larvae/Gram

31 28-31 May 1974 male 2

32 " .male 3
33 ' - " male. - 12
34 " ~ male 33
35 E " male 39

. 36 " female 10
37 Al | male o 7
38 - ) " male | 8
39 " " male "0
40 o ‘ female » 73
41 " ) male 52
42 " ' female . 5
43 : " - male 0
44 ‘ " male : 49
45 : L : male .14
46 | "o ' female 68
47 " : ‘male | 18
48 . L ' N male 16
49 it male - 0.2
50 o female 31

' ' X = 22

51 11-14 June 1974 .  male 17
52 [t o male 13
53 SRS : maie 1
54 oo . . female . 129
55 . " ' female - 17
56 "o male - 25
57 » "o female 6
58 : " . feﬁéle : 109
59 ’ " female’ 1
60 . L ~ male 1
61 L female 135
62 " . male 52

1o
ro



Sample Number Date of Collection Sex of Animal Larvae/Gram

63 24-28 June 1974 male 19
64 " male 52
65 " female 0.2
66 " . male 39
67 " ' female 29
68. ' " : female 94
69 BT ', female ' 0.2
70 " » female 4
71. ' " , " male 24
72 . " male . + (no count)
73 ' " ‘ female 60
74 , " | . male 37
75 " . male
76 ' 8-12 July 1974 . female
77 _ " ‘female
78 "o ~-— male
79 "o male
80 " - “male
g1~ " . . female b_
82 ' SEL ‘male 2
83 | L © male 2
84 " 5 femaléiél 77
85 o " female 33
86 | ST ' male 11
87 : "o * female 0
88 " - male 0
' o ' | X = 36
89 .5-9 August 1974 female <28
90 oo ~  male : 1
91 | " : male 74
92 v - male 0
93 UL male 1
94 - S " male 9
95 : " female . 136
96 " : female 1
97 " female ‘ 6

|38



Sample Number

Date of Collection

Sex of Animal

Larvae

/Gram

98
99
100
101
102
103 .
104

105
106

- 107
108
109
110
111
112
113
114

-

115
116
117
118
119
120
121
\)0122
123
124
125
126
127
128
129

25-28 August 1974

female
female
malé
male
male
male

female

male
fawn
‘(
male
male

male

male ' -

fawn

fawn

female

‘male

female

- female

female
male
~male
male
female
fawn
fawn
fawn
female
fawn
méle
female

- male

2
15

0
5
¢ 5
6
8

X =
100

273

6

57
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Sample Number

Date of Collection

Sex of Animal

Larvae/Gram

132
133
134
135
136
137
138
139
140

15 November 1974

"

30 November 1974

male

male

?

?
female
female
female

male

|

ro
oo



APPENDIX IV. Entry of first-stage larvae of Parelaphostrongylus

odocoile? into various species of terrestrial molluscs.

-
Raw data.
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Deroceras laeve

Animal # # Sections # Worm Sections _ - # Worm Sections
Examined - in Foot in Viscera

1/2 hour Post-exposure

1 32 8 0
2 25 9 0
3 27 \ 13 0
4 29 : 9 0
5 36 13 0
1 hour Post-exposure - .-
1 34 ' o117 T 0
. - . . Ny
2 27 9 0
3 33 ' 16 0
4 28 13 0
5 35. - 20 0
1-1/2 hours-Post-exposure
. [ )
1 28 22 0
2 43 - 82 0
3 136 -89 0
4 24 i 25 0
5 35 , 27 0

Ll

| 9]



\\\ 231

vy : Deroceras reticulatien
N R
Animal # = # Sections # Worm Sections # Worm Sections
‘Examined in Foot ) in Viscera

i

1/2 hour Post-exposure

1 22 0 0 .

2 . 25 0 o

3 22 3 0

4 - 25 0 d

5 32 0 0

6 25 1 0

7 220 . 0 o, )

1 hour Post—exposure' .

1 20_ 0 6 |

2 19 3 , 0

3 21 1 0

4 3 \\ 0

5 1 : Ve 0

6 0 0
7 0 0

8 0 0

1-1/2 hour Post-exposure .

1 20 o 0
2 23 4 0 -
3- 19 . 0 o 7
4 22 : 2 0 ‘
5 22 1 0

6 21 0 0.¢

~ 7 27 1

&}
<
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T

CVitrina limpida

Animal # # Sections # Worm Sect ions # Worm Sections
' Examined in Footl in Viscera
1/2 hour Post.flexp0511re
1 52 89 6
2 34 35 0
3 50 109 0
4 39 03 0
5 36 61 0
6 60 50 0
7 49 A 29 0
8 S8 31 ¢
1 hour Post-exposure
1. 51 369 S
2 44 16l ]
3 33 113 10
4 34 "136 a
S 36 72 )
6 . 59 186 ! 14
7 43 159 7
8 66 238 z
1-1/2 hours Post-exposure
‘1 " 35 185 1
2 36 122 0
3 67 439 4
4 28 - 135 0
5 40 195 3
6 ‘30 154 14
7 56 168 - 2



\\\ 231

vy : Deroceras reticulatien
N R
Animal # = # Sections # Worm Sections # Worm Sections
‘Examined in Foot ) in Viscera

i

1/2 hour Post-exposure

1 22 0 0 .

2 . 25 0 o

3 22 3 0

4 - 25 0 d

5 32 0 0

6 25 1 0

7 220 . 0 o, )

1 hour Post—exposure' .

1 20_ 0 6 |

2 19 3 , 0

3 21 1 0

4 3 \\ 0

5 1 : Ve 0

6 0 0
7 0 0

8 0 0

1-1/2 hour Post-exposure .

1 20 o 0
2 23 4 0 -
3- 19 . 0 o 7
4 22 : 2 0 ‘
5 22 1 0

6 21 0 0.¢

~ 7 27 1

&}
<



<3

T

CVitrina limpida

Animal # # Sections # Worm Sect ions # Worm Sections
' Examined in Footl in Viscera
1/2 hour Post.flexp0511re
1 52 89 6
2 34 35 0
3 50 109 0
4 39 03 0
5 36 61 0
6 60 50 0
7 49 A 29 0
8 S8 31 ¢
1 hour Post-exposure
1. 51 369 S
2 44 16l ]
3 33 113 10
4 34 "136 a
S 36 72 )
6 . 59 186 ! 14
7 43 159 7
8 66 238 z
1-1/2 hours Post-exposure
‘1 " 35 185 1
2 36 122 0
3 67 439 4
4 28 - 135 0
5 40 195 3
6 ‘30 154 14
7 56 168 - 2



