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The l1fe cycle of Protostrongylus boughtonl Goble and

Dougherty, 1943 was stud1ed exper1mentally in 1ntermed1ate ‘

n<land def1n1t1ve hosts bevels ofllnfection and patterns of

3
‘ransmlsswn of the paras1te were exammed in natural

populatlons of sna1ls and snowshoe hares (Lepus amerlcanus) __/)/

-3

¢

In laboratory exper1ments, f1rst stage larvae of P
_boyghtoni‘51ngested by the sna1l Vallonla pulchella b_
developed in the foot tO-the th1rd stage in 28-30 days at
18°C Some thlrd stagexlarvae emerged from the foot of”
1nfected sna1ls Flrst- second- th1rd-;.and fourth stage'v
larvae of P boughtonl were - descr1bed .
Laboratory reared snowshoe hares, each g1ven 50

third- stage larvae of P. boughtoni ~aeveloped_patent

~ infections in 25 to 27,days post-exposure._Periods'of"

patency ranged from 41 to 104 days. ‘
‘Natural P. boughtoni infections in intermediate and. .
b L : ‘

definitive hosts were examined on. a study area. near Slave

Lake, Alberta ln 1981. Thlrteen spec1es of terrestr1al

* gastropods were collected, and Vertigo gouldi, Vertigo

ovata*}Columella edentula and Euconulus fulvus were. rnfected
with P. boughtoni - larvae V. gouldi wh1ch had the' h1ghest
prevalence and 1nten51ty and was the most abundant

1ntermed1ate host on the study area, ‘Was studied 1n detail.

Prevalence and intensity of P. boughtonl in V gouldl

were stable temporally and befWeen hab1tat types Abundance

of V. gouldi differed between hab1tat types and was greatest

V. '\én. ,,- .A
1v.
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_.dry. con1ferous and m1xed wood habltats

in'dry coniferous woods . There was no relatlonsh1p between

-

e
. 5! L

‘s1ze\class of V gouldi and prevaqence or 1ntens1ty ?;/
_'1nfect1on.‘fV”' ‘Q‘ o .;"h R 'p‘5"‘. S | j';kg

Prevalence of P boughtoni in ‘adult snowshoe hares was
100% mean 1ntens1ty var1ed month]y at relat1vely low
levels duven1le snowshoe hares became 1nfected w1th1n a
| month of bvrth 1nten51t1es 1ncreased to relat1ve1y h1gh
levels w1th1n three months and then’decltned 1nd1cat1ng
t deve]opMeht of an 1mmune respomse No evidence was found for

transplacental transm1ss1on of\P boughtonl

Re]at1ve rates of - flow of P boughtonl were calculated;- &

to 1]lustrate the 1mportance of snall spec1es. hare age f'

groups and hab1tat types in. transmission of, the paras1te V
gouldl accounted for nearly all flow from sna1ls to hares
ﬁJuven1le hares accounted for - most flow from hares to snailsy -
and the maJorwty of flow from snails to hares occurred in
Stab111tym9f P. boughtoni transm1ssion in cyclical

snowshoe hare populations was. discussed.

[
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. GENERAL INTRODUCTION
Nematodes of the" superfamily MetasfrongyIOidea, f&hily
Protostrongylidae have been the subject of much recent
~'resear6h;because of their\debilitating effects-in the lungs
(Pybus’1§83). central'nervous.system (Anderson 1971) and
musculature (Pybus 1983) of ruminant hosts Well known
examples of such wild- mammal pathogens are Elaphostrongylus’
cervi in caribou (Rangifer tarandus) (Lankester and
Northcott 1979) Par-elaphostr-ongylus tenuis in moose (Alces
; alces) (Andenson 1971), - and. Protostrongylus stilesi and/or'
_ Protostrongylus rushi in bighorn sheep (Ovis canadensis)
‘(Spraker 1979). Important protostrongylid.parasites of
domestic sheep.and‘goats include MUeIléPius'caolllaFls
Protostrongylus rufescens and Cystocaulus ocreatus (Rose
1973). - | ' |
Although-lungworms of ruminants dominate the literature
on this metastrongyloid family, some research has been done

on spec1es of the genus PPotostrongylus that 1nfect hares

and rabbits of North America. Europe and Asta. Boev*(1975).
listed seven spec1es of leporid lungworms in a review of the
genus, although taxonomy of this group is far from certain
and there 1s no universal agreement on the number of valid
spec1es The European and Asian forms have been studied -
~best and life cycles have been . determined for most species
of these lungworms A1l follow the common protostrongylid
trait of u51ng a terrestrial gastropod 1ntermediate host

(Boev 1975) The natural 1ntermediate hosts of some of these

L




f,o

species areiknown.(Rizhikov 1956a; Rodonaya 1971), but
temporal aspects of ‘infection in snail hosts have not been
studied. Preliminary investigation of some transmission

aspects of at least one species of lungworm in a’ population

~of hares has been reported (Maklakhova 1979). ’ ///~

Little attention has been given the two known species
of Protostrongylus in leporids of North America:
Protostrongylus sylvilagl Scott, 1943 in Nuttall's

cottontail (Sylvilagus nuttalli) and the white-tailed

jackrabbit. {Lepus townsendlf)'(Bergstrom and Honess 1982),

and Ppotostrongylusnb0ughtoni;ih the ‘snowshoe hare,(Lepqs

ameﬁlcanus).'Pt boughtoni was first described from Manitoba
as Synthetocaulus leporis by Boughton (1932)/andiwas ahended
to the current form by Goble and Dougherty (1943”; A1lthough

| it has been listed frequently 1n surveys of the def1n1t1ve

host as1de from pilot 1nvest1gat1ons by P1llmore (1957

1959 1961), the life cycle of this paras1te had not been

e]uc1dated and details of the transmlss1on of P. boughtoni

1n natural populat1ons*of*hosts*were—unknown
Lungworm- 1nduced pathology has been postulated

period1ca11y as an influential factor in the cyc11ca1

' decline of'snowshoe'hare popu]ations (Boughton 1932;

’Erlckson 1944; Bookhout 1971 Carey and Keith, 1979).

i

S1m11arly, heavy. 1nfect1ons of P. stilesi and/or P. rushi
~

are thought to predispose bighorn sheep to 1nfect1on with

pneumon1a causing organ1sms, signlficant]y 1nfluencing

mortality pates in free- rangihg herds (see review of



Forrester 1971) . Ihvestigation'of‘the transmission of P..

boughtonl in, a natural population of snowshoe hares may

!

provide 1nformat1on of value to studles of other.

protostrongyl1d Host systems,-as well as reveal adaptat1ons

which allow a suprapopulat1on (Esch et al. 1975) of -

'paras1tes to survive in a system with an unstable definitive

- host population. -

eThe present study was initiated to provfde detaile-on
the natural transm1ss1on of P. boughtonl A two stage
1nvest1gat1on was developed integrating both a laboratory
and field approach. Primary objectives of the study were tof
1) complete the life cycle.of-P.-boughtonf_experimentalJy,
determininggdetaile of intrafhdsf‘stages; 2) ihveSt{gete‘theQNA

temporal dynamdcs of P. boughtoni infection in natural

. populatiqns of intermediate and deffnitive hosts; and 3)

describe the natufaT transmission of "P. boughtoni using

- simple models adaptable to research on closely-related

protostrongylids.
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. CHAbTER I. THE LIFE CYCLE ‘OF EBQIQ§IBQN§1LQ§ EQQQHIQNL IN
| LABORATORY - -REARED HOSTS "
Introduction | | | N2
‘ A necessary first requ1rement for 1nvest1gettng the
. transmission of any paras1te under natural cond1t1ons is an
understanding of the details of that parasite’s ]1fe eycle.
Informatibn on development in thetintermediate and .kii
def1n1t1ve hosts and output of 1mmature stages from the
definitive host must influence the design and timing 6?%
field investigations. Regardless of the obJect1ve, the
“elucidation "of . the life cycle of a parasite is best |
descr ibed by Olsen (1974) as, "a distinct challenge and e
gratifying ach1evement"

Life cycles have been described for four of the five
.species of Protostrongylus infecting European leporids (Boev
1975), enq one of the two species"intecting North American
leporids, Protostrongylus sylvilagi of Sylvilagus nuttallfl,
(Pilimore 1957,1959,1961). These species follow a typical
protostrongyltdvlife cycle pattern; that is, ftfst-stage
'laPVae expelled from'the host in/feces enter a land snail,
general]y within the‘families Va/lloniidae, Pupillidae,
’Helieellidae, Helictdae end Eni;;e (ﬁit]more 1956). After a

period of development ih the s'Eil, the'lafvae reach the
" infective third-stage. Smails with infective larvae are
apperently 1ngested by the leporids and patent infectione
are achieved after a further/deve]opment per1od The route

of m1grat1on to the lung fr7h the gastro- intestinal tract is




poor ly Knbwn “L).A
Not all metastrongylo1d 1ife cycles are 1nd1rect as‘
described above. For example Oslerus osler| and Filaroldes
“hirthi of canids, and Andersonstrongylus captivensis of
skunks méy be fransmitted directly by ingestion of
- first-stage larvae (Dofrington 1968; Georgi et al. 1976;
.Webstér 1980, respéctfver). Prenaﬁal infection has been
demonstrated for Pbbt;strongylus‘stileél and/or rushi in
bighorn' sheep of North America (Hibler et al. 1972,1974;
‘Gates and Samuel 1977; Kistner and Wyse 1979; Spraker 1979),
ahg Protostrongylus hobmaieri, Protostrongylus rallliet],
Protostrongylus skrjablqi andeystocaulus 6crea§if in
domestic sheep of Russia (Azimov and Kulmamatov \1978).

In the only repdrts cohcérning {he life cycle'of

Protostrongylus boughtoni, the North Amer1can hare - 1ungworm,

Pillmore (1957,1959,1961) identified Pupilia bland/ and

‘Véllonla pulchella as intermediate hosts. Th1rd-stage larvae

).
were. characterized by a "dark sheath" and four New Zealand '

white rabbits (Onyctolagus cuniculus) exposed pengos ti
rovided

these did not become‘patent. No other details were

The general objective of this chapter of the study was
" to proQidéidetails on the life cycle of P. boughtoni.
lgéégj?ic objectives were to: 1) describe all Iérval staéés;
2) d;%éﬁhﬁne fﬁe mode of entry of first-stage larvae into
tbeyshéili 3) éocument develbpﬁental patterns of the larvae
in the intermediatg host; 4) investigate the possible

emergencefof third-stage larvae from the living snail; 5)



~

'determine“tﬁe'prepatent ana'patent periods and pattern of
larval output in the definitive host; and 6) investigate the
poesibiltties'odeirect and prenatal transmiesion. {
Materials and’Methods ' o | t
Development in the Intermed1ate Host “

' Mbtho? of Exposing and Caﬁ:ng for Snails'

The valloniid snail, Vallonia pulchella Mue]ler, a
species 1ntroduced to western Canada, was co]lected from a
garden on the Un1versity of Alberta campus A reproduc1ng
colony was ma1nta1ned in a covered g1ass terrarium
partly-filled with garden soil and Manitoba maple leaves
(Acer negrundo) . Snailsuwere provided with lettuce and
blackboard chalk, m1sted with water weekly and Kept at room
temperature (23°C). Another "valtoniid snail, Vallonia

- gPaciIicosta Reinhardt, was collected from a woodlot.neer
Ellersiie, Alberta and maintained as above with the
substitution of a poplar teéf/Spruce.needle (Populus
tremqlgiéeSZP{cea glauca) substrate.

) Te eXpese'ehéils to P. bodghtonf, first-stage larvae
(L1"s) were recovered from the lungs of snowshoe hares
- ‘captured nearﬂSlavetLaKe. Alberta as oUtJined in Chapter~ui.‘
Ten-thousand L1’'s, in a minimum amount of distilled water,v

were spread eVenly over a filter paper (Whatman #1)‘disc in

~the bottom of a GOﬁm.glass stendor dish. Fifty snails were
placed on the fi]ter paper and the dish was covered. Snail
were exposed for 2 1/2 hours and during this period any

indiYiduals that crawled up the sides of the dish were



uplaced back on the f1lter paper .

v

Exposed snails were kept in 12 4cm, covered f1nger
. v
bowls containing sterilized soil, maple 1eayes, chalk and

4 -

lettuce. They were~misted frequently, and maintained at ¢
18+10C, '4"_‘_‘ ’\ - ,‘.f L
. Mbde of Entry . a8
The dee of entry of L1's into V. puichella was
”anesgigated as foliows. Fifty'snails were exposed to L1's
as, oufl{ned'above then five were immediateiy fixed in hot-
Bou1n s. They were prepared for h1stolog1cal exan*?a¢1on
fo]low1ng standard procedures sect1oned at 7um and stained
. in Harris’ hematoxy]1n and eosin (deT' A1l sections of feet '
”.and viscera were examined for flrst -stage larvae. Nineteen
snails were Killed and examrﬂ!d for larvae 40 days later.
~  Larval Development . S -
To investigate the growth of P. bOugntonl in V.
pulchella,‘two‘snai]s were collected at 1, 2, 4, 6, 8, 10,
12,-14, 16, 18, 20, 22, 24, 26, 28, 30, 32, and 34 days

post-exposure (d.p.e.). Each snail was erdshed. the  foot
removed, and Tarvaenﬁeased from the tissue ‘into 0.85Y% saline
with forceps and a probe Larvae were K11]ed and fixed in
hot glycer1n alcohol (95 parts 70% EtOH 5 parts glycerin).
The fixative was.evaporated to pure glyceggn and the cleared
'larvae were.examined as whole mounts. Lengths and widths of
ten larvae from eachlday were measured in mfcrometérs (um)_
using a draWing'tube.and measuring wheel.

Larval Emergence From Snails



v

. To determine the rate_at which'third?stage ]arvae\(L3fs)
left the intermediate host, larvae in the foot of 12
1nd1v1dua1 V. pulchella were counted (34 d.p.e. ) at 40X -
us1ng transm1tted 11ght Snails were ma1nta1ned at room
tempéraiure in 1nd1v1dual 32m1 glass vials conta1n1ng a
small piece of lettuce. At weekly intervals for 10 weeks,
the L3's in the foot of each snail were counted and the

surfaces of the vial and lettuce were examined at . 16X for

X

.+ larvae.
Desqriptfon of Larvae ’ -
First-, second-, third- ahd fourth'stage larvae were

&

prepared as previously outl1ned and 20 of each were measured

in more deta1l for taxonom1c descrypt1on F1rst stage larvae,

were recovered from the feces of an ‘experimentally 1nfected

-

‘zhare by zinc-sulfate flotation (see below). Second- and
thitd-stage larvae were recovered from fnfected‘snails as
outlined‘above” and fourth-stage larvae'uerevrecovered from
the lungs of naturally-iﬁfected snowshoe hares (Chapterﬂll).
Specimens of all larval stages of P. boughtoni were
deposited jin the National Museum of Canada Invertebrate‘
Collection (Parasitology).(NMCIC(P)) and also giJen'a
Un1vers1ty of Alberta Parasitology Collect1on (UAPC)
catalogue number. In add1t1on, 20 L3’s of OPthostnongylus
macrot is from mule deer and Protostrongylus spp. (stllesf
and/or rushi) from‘bighorn sheep'were.obtained from V.

pulchella exposed previously to L1's recoVered from infecfed

hosts and;measured for comparison with L3's of P. boughtonf| .

Vo Rt Sabte aninie famhe K A e € T
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Draw1ngs were made w1th the aid’ of a draw1ng tube. A1l
| measurements are g1ven in m1crometers (um) the range is
followed by - the mean and 'standard dev1at1on
Sultabillty of vV, Qulgnella as an Intermediate Host
Three cr1ter1a were used to determine the suitab1l1ty
of V. pulcheIIa as an 1ntermed1ate host for P. boughtoni .
irst, a compar1son of the tissue reaction to infective
arvae of P. boughtonl was made between laboratory 1nfected
V. pulchella and natura]ly infected Vertigo gouldl B1nney, a
locally-occurring intermed1ate host Two V. pulchella,
exposed 39. days prev1ously to P boughtonf fixed in hot
Bouins’ ,. sect1oned at 7um and" sta!ned in H&E were compared
to two natura]]y lnfected V. gouldi that were: prepared
51m1lar1y * o |
The second method cons1sted of a stat1st1ca1 compar ison
of the lengths of 20 L3's from V. pulchellaxw1th 19 L3’
from naturally 1nfected V. gouldi La e from both sna1ls
were recovered and exam1ned ‘as outl1ned above
' The third method was a compar1son of the pre-infective
per1od of P. boughtonl larvae in V. pulchella and V.
gracillcosta. another locally- occurrrng. natural-
intermediate host . Fifty V. gracllfcosta were exposed to P
boughtoni as outlined above and exam1ned daily for presence
of L3's '
Data Analysis
$tatistical analyses were_accomplished ustng the

programs in MIDAS (Fox and Guire 1976). Non-parametric;=
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statistics were used ln cases of heterogeneity'of~variance
between sample groups that could not be corrected by
transformat1on of var1ables 0therw1sef_parametr1c
statistics were applied.

Development in the Deflnitive Host - . -
| Cane Exposure and Fecal Examinat ion of Definitlve

L]

Hosts .

In May, June and July of 1981, pregnant_snowshoe hargs

were live-trapped at the Slave LaKe'gtpdy site {see Chaﬁ{:r~
II1) and transported to the Un1vers1ty of ‘Alberta B1omed1cal
Animal Centre at Ellerslie, Alberta where they were held in

individual outdoor wire-bot tomed .pens constructed after -

Bursey {1977). Hares were fed baby rabbit pellets!’ ad Iib.,
suppleménted daily with 1/2 apple per individual and'weekly'

with_l teaspoon’of powdered vitamin supplement?, and given
constant access to water and to soil which they. often ate.

| L1tters remained with their mothers for 25-30 days
post- partur:tlon after which each Juvenlle hare was removed
to an 1nd1vrdual cage Cages had w1re bottoms and sides, and
were 0.66m x 2 29m x 0.94m hlgh Black polyethylene sheetlng
covered the back half of ‘the cages. Each cage was prov1ded
with a removable nest1ng tray f1lled with straw. Once in.
individual’ cages. young were fed as outl1ned above Feces
from each animal were examined for larvae of Protostrongylus
by zinc- sulphate flotation (see below) . ‘ \

................... 4

'Master Feeds, Maple Leaf Mills Ltd. Edmonton Alta

2Pervinal. St. Aubrey Division of 8 in' 1 Pet Produots Inc ,
New York f N
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Rabb1ts (Oryctolagus cunlculus) were maintained in.the ;,
Un1vers1ty of Alberta Bioscience Animal Services factlittes
Ihey were kept in 1nd1vidual cages in rooms with a 12 hour
photoper iod and fed baby rabbit pellets supplemented with
carrots. Water ‘was avallable ad I]b S

Th1rd stage larvae for experimental infections were

obtained from V. pulchella previously exposed to L1's

.recoVered from wild-caught hares (see above). Snails were

crushed and placed in art1fic1al digest medium (0.6g pepsin,

" 0.7m1- HC] 100m1 d1stilled water) in a 15x125mm test tube.

4

The test tube was set in a water bath at 37°¢ and agitated
frequently. After three hours of incubation, the test tube

was centrifuged at'GObtr,p.m. for five Einutes the

'supernatant wes drawn off, and the plug of debris ‘and L3's

'was washed repeatedly w1th sal1ne by recentrifugat1on

B Animals were exposed peP os to 1nfeot1ve ]arvae in.

saline. Larvae were drawn 1nto a 20cm length of polyethylene

7ﬂ1nfus1on tub1ng in a. m1n1mum of saline using a 1ml syringe.

The. tub1ng was put 1nto the mouth of a restra1ned an1ma1 and
pushed as far down the esophagus as possible. Larvae were "
slowly de11vered from the tub1ng. allow1ng suff1c1ent time
for the animal to swallow. The procedure was repeated twice

more w1th saline r1nses to ensure that all larvae were

',e11m1nated from the tubing

Feces of exposed animals were exahined for larvae by
zinc-su]fete fTotationttFaust'et al. . 1938). Approx1mately

one gram of pellets was weiahed and cmakad im Tml ~f eoei-z
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'1n a 15x125ml test tube for two hours The pellets were

.poured into a 100m! beaker, crushed;w1th a tongue depressor,

.and poured" through a 7cm diameter tea stra1ner (approx

0. 7mm? mesh) 1nto another beaker This flu1d was p0ured bacK
'lnto the’ test tube centrifuge\'at 600 r. p m for five .
minutes and the' supernatant removed. The sed1ment was -
resuspended in zinc- sulfate solut1on (Sp g.=1. 18) ‘which was
added to the tube 1n droplets to. form a pos1t1ve men1scus

An 18mm square coversl1p was gently placed on the tube whtch

was then centr1fuged at 600 r.p.m. for flve m1nutes

The coversl1p with a drop of surface flu1d was placed

”*zon a glass sl1de and examined at 40x. AT larvae on the

sllde were counted and a value for larvae per gram (LPG) of'

feces calculated
Experimental Infection of - Hares
Seven - juvenile hares from two l1tters“were

anaesthetized with an intramuscular jnjection of a mixture

of Atravet? and Ketaset* (1:10, 0.08m1/kg). Each was exposed_' -

to 50 L3's of . boughtoni. One hare from_each'oftthe tth'
‘litters was.examined before the expériment to determtne'h
whefher transplacental or d1rect transm1ss1on had occurred
The histor1es of an1mals 1nfected are g1ven in Appendix I.

Feces‘of exposed animals were examined daily beginning
21 d.p.e. unt1l 21 days post- patency after wh1ch |

N\
examinations were made twice-weekly until the'end of

e - .- - --

3Ayerst Montreal, Que.
‘rogar/STB London, -Ont .
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patency. Hares were k1lled w1th1n two days of the end of
/patency by cervwcal fracture and the lungs were exam1ned for
adult nematodes (see Chap I1). F1rst stage larvae were
‘recovered From Tung tissue.as‘outl1ned in Chapter IT. Lung
tissue was‘fixed‘in‘tO% neutral buffered formalin, sectioned
at 7um and stained in H&E. In addttton;'lunggtissue from
‘wild-caught hares was pﬁepared similarly toridentify
deve lopment sites of Juven1le (ear]y L5) P. boughtonl
Experimental Infection of Rabbfts .
 Two domestic 0. cuniculus, Dutch Belted strain, were
exposed to 50 L3's of P. boughtoni each. Two O. cunlculus
were exposed to' 5, 000 L1"s~each of P. boughtoni from the |
"lungs of a wild-caught hare (Chapter II) in the same manner'
vFeces were examined da1ly beg1nn1ng 21 d.p.e. until the end
of patency for the. L3 exposures, and every second day from |
21 d p.e. for the L1 exposures . \
. One rabb1t was exposed to 23 L8 s of P. boughtoni whjoh
had emerged from infected V. puichella. Feces were examined
kdai]y until patency, aftér'whfdh the rabbittwas terminated. ;
‘ A1l rabb1ts were approx1mate1y 3 months old when
exposed Rabbits were K1lled by Euthanols 1nJectlon and
lungs were exam1ned'for adult nematodes. Lung tlssue was
prepared for histolog1oal exam1nat10n as outlined above.
Transplacental Transmisslon

Dying, capt1ve born hares, st111born hares, and hares

| dy1ng In utero-were - examined for the presence of P. ; R ,Tbj_? S

sMTC Pharmaoeuticals, Ham11ton Ont

R SR e T -
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- boughtoni ‘Prenatal hares were aged us1ng characters

descr1bed by Bookhout (1964). Data from»hares captured in

1980 from the Slave: Lake study area are included, and

details of all hares areegiven in,AppendiX I1.
The liver and lungs of stillborn hares and the liver,

lungéutand placental discoid of hares dying in utero were

vmaoerated in artificial digest solution which was incubated.

for 12 hours.'The resultant sediment was ‘examined at 16X for

larvae The lungs of older capt1ve born hares were teased

~apart and exam1ned for nematodes at 6.4X.

Resu]ts

‘Development in the Intermediate Host

Mode: of Entry
F1rst stage larvae were found in the esophagus stomach
and’ pro- to m1d intestine (m1croanatomy after Pan 1958) of
each. V. pulchella after the 2 1/2 hour exposure period (Fig.

1). No L1 s were found 1n the feet None of the larvae

.observed penetrated the gut ep1the11um and none were

outs1de the lumen.

Single larvae were observed in an ‘average of 51x

consecutive sections. L1 s were thus counted in every fifth

section, and the totals were summed for each sna11 (see

‘Platt 1978). There were 17,727, 42, 44 and 77 L1's in the

exposed concurrently with these five contaiped a mean of

.~..~q,..»..-_~oo,vm-e.,_¢.w».,.v..p..,.,.w- e

16,7 13'$ (rahge=11:27) “ih ' the Foot after 20 days R

Larva7 DeveIOpment ~ . ”»f. oo - .. .f:
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Figure 1. First-stage larvae of ProtoStirongxluS»bought-oni in the

intestine of Vallonia pulchella after 2% hours of

_exposure; 90X. (in - intestine, la - larvae). N
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Growtﬁ-éf férvé] P.:boughtonf was difficult to\detect
prior to the firsi molt in snail tissue (Fig. 2). The first
molt Segan’on'day 14 (7L1:3L2) and was nearly complete by
day 18'(1Li;9L2)Q'The period between the first and second
molt was éharacterized by rapid growth, greater variance in
‘lehgfh at each“pér{od, and -an increasingly granular
appearance of the intestine. The rafe of growA

/

somewhat after day 22; the second molt began on d

dec1ihed
2é‘and
was complete by day 30. Maximum length wéslesse
 .achieved by day 30 and average‘width decr
after the second molt. '

Larval Emengenée From Snails

A total of 30 L3's of P. boughtoni emerged from 6/12
infected V. pﬁlchella (Table’I). Of these, 16 were found'on
the plastic vial cap, 13 were found 6n the lettuce and 1 was
'qund on the glass wall of the‘viaI; Isolated larvae were
first found after the second week of the experiment (48
d.p.e.), and they continued to emerge sporadically
‘throughout the 10 week period.

Seven snails died five to seven weeks into the

_experiment;'All L3's remained in the foot of the decdying

snails. In four of five survivors there was a reduction in

inténsity"of infection of up to BA 5% after 10 weeks. The
rate at which L3's emerged varied from 0 to 1.4/wk among the
snails. No snails were freed of infection over the period of

the experiment.

/



Figure 2.

Larval development of Protostrongylus boughtoni in

‘experimentally-infected Vallonia pulchella at 180C. Bars"

above and beiow.points represent 1 standard deviation,

and arrows indicate the beginning of the:first and

second’ larval molt, respectively. °

~
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In two snails, L3's migrated from the.foot to' the

viscera within th:/Qhell after 4 weeks.. In one of these, an
L3 migrated fbom?
after 10-heeks.
in the foot.

- Description of Larvae

Protostrongylus boughton | Goble and Dougherty, 1943
‘Synonyms : Synthetocaulus leporis Boughton, 1932;
-lSynthetocaulus cunicul.i Green and Sh1ll1nger 1935;

:Pnotostnongylus leporis MacLul1ch 1937

2 e e e

Hosts: Lepus americanus Erxleben, Sylvl]agus F]or:danus

.5_mallunus (Thomas) ‘i““‘_‘

 Location: Bronchi and bronch1oles

" localities:. Canada (New Brunsw1cK\ Quebec Dntarlo,
'Man1toba, Alberta) and United States (Ma1ne New York

M1ch1gan Minnesota, Wisconsin, CoJorado, ‘Alaska) .

- , , - : -

First-Stage Larva (Fig. 3; Table.I1)

Body .tapering at both ends, ‘253- 307 (282114) 1ongfaddf}j{..='

1-16 (14.6%1.0) wide at the level of the
esophagus intestine junction. Nerve rvng 54 -70 (64+5) from:
anterior end. Excretory pore 62-79 (72:4) from anterior end
"with duct leading to paired subventral excretory glands
containing prominent nuclei. Esophagus 107-134 (122%8) long
with distinct pro¢drpus, metacqrpus, isthmus and bulbar

I
5/
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a

regions. Nuc1e1 of dorsal and subventral esophageall glands

prominent. Esophago- 1ntest1na1 valve well’developed

Intestine thin-walled, agranular, terminating ventrally at
anus 212=260 (237%x13) from anterior end..GenitaI primordium

trilobed with prominent nucléi, 8.1-11.5 (9.7+0.8) long by

2.7-6.1 (4.4+0.8) wide and 155- 192 (173+9) from the anter1or

end. Cuticle gnth minute transverse str1at1ons over -entire
midsection (Fig. 3 does not show) . Paired lateral a]ae
extend from near the level of the neftve ring to the base of
the tail. Tail terminating in.sharp qunt. Dead ]arva p
generallyaassumés "C" shape. Specimensl§§p§§ited under

catalogue numbers NMCIC(P) 1983-0006 and UAPC10675.

LY

+
Second-Stage Larva (Fig: 4)(26 q.p.é) | ‘
Body tapering at both endé; 407-485 (439+21) long‘an%..
30-42 (35%3) wi@e/df-the level of the eséphagus*intestinensd
junction. Nerve rfng 57-83 (72¢7) from anterior end.
Excretory pore 78-97 (89+6) from anterior end with duct
leading to paired subventral excretory glands relatively
enlarged from first-stage, nuclei still- prominent. Esophagus
113-139 (126+8) long, metacorpus ind{stinct compared with
first-stage. Nuclei of dorsa] and subventral esophageal
glands prominent. Esophago-fnteétinal valve well-developéd.
Intestine thick-waITed with 8 nuclei visible in either side
of wall, terminating.ventrally at énus 381-461 (414£21) from
anterior end. Intestine containing refractile granules (not

shown in Fig 4). Genitdl primordium exhibiting litt]e |

~
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NMCIC(P)1983-0007 and UAPC10676.

o .
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' deVélOpment'frbh‘first-stage 9.9-20.0 (14.1£3.0) long by

5 4 11 7 (8 3+1 4) W1de and 263- 314 (287+15) from the_

anter1or end Transverse cut1cular str1at1ons of m1dsect1on

’:‘much reduced from f1rst stage Lateral alae absent. Phasm1ds T

'present at tail_base. Tail bluntly-pointed, simple. Entire

larva ensheathed by transparent cast-off first-stage
cuticle. Living larva generally assumes "0" shape in snail

tissue. Specimens deposited under catalogue numbers

~

Third-Stage Larva (Figs. 5,6,7,8; Table 111)(30 d.p.e.)
Body tapering at both ends, 381-500 (430%30) long and.
20-BQ (26+2) wide at the level of the esdbhagus-intestine
junction. Nerve ring 58-93 (74%8)from anterior end.
Excretory pore 80-107 (90+7) from anterior end with duct
leading to paired subventral excretory glands extending
posterior. to esophago-tntestinal valve and COntaintng
prominent nuclei. Esbbhagﬁs 129-192 (152%14) long with
indistinct metaconpds, nuclei of dorsal and subventral
esophageal glands prominent. Numerous nuclei of
esophago-jntestinal valvelvisible. Intestine relatively
thin-walled cempabed with second-stage, agranular

terminating ventrally at anus 358-472 (405+28) from anterior

end. Eight nuc1e1 v1s1b1e in e1ther side of intestinal wa]l‘

Gen1tal pr1mord1um exhibiting little development from second

stage,ﬂ14 2-27.0, (18 3:2.8) long by 6.1-10. 1 (7. 9+kL:) wide

| and 239-334 (278+23) from the anterior end Anterlo end

\ : d
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Figﬁres 5 and 6. ‘Third-st
- Figﬂ'S. -Whole mo
Fig. 6. En face.
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Figures 7 and 8. ThirH—stage larvae of Protostrongylus boughtoni.
Fig. 7. Whole mount. 300X. . v E
© 707 .. "' Fig: 8! ‘Larvae in foot' of "Vallopia pulchella. 20%. - - .. ..
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},possesses 51x pap1llae of the 1nterna] c1rcle with paired,

o :oppos1te,amph1ds 1mmed1ate]y external and four doub]e.a5

,tsubmed1an pap1llae of the externa1 01rcle Transverse .
‘“cutlcu}ar str1at1on absent narnow lateral alae present
Phasmids present at ta11 base. Ta11 bluntly po1nted with
small, dorsal swellang ‘Entire larva ensheathed by two
molted cuticles: transparent second stage cut1cle
1nned1ate1y external and the f1rst-stage cuticle outer.
Several oays after the second molt, the first-stageAcuticle
acquires a,rugoéf,vdarkAbroun appearance. tiving larvae
assume‘"O“ or "C" shape in sna1l t1ssue and are.motdile.
Spec1mens depos1ted under catalogue numbers

NMCIC(P)1983-0008.and UAPC10677.

Fourth-Stage Larva (Fig. 9)

Body taper1ng at both ends, 453-614 (511+44) long and
28-41 (34%3) w1de at the level of the esophagus 1ntest1ne
junction. Nerve ring 68-111 (86+11) from anterior end.
ngxcretory po;e 92-125 (106+9) from anterior end with ouct
leading to pa1red subventral excretory glands extend1ng
pgfter1or to esophago intestinal valve’ and conta1n1ng
prominent nucle1. Esophagus 125-200 (158%18) long with o
‘swollen corpus compared to third-stage. Nuclei of dorsal and
subventral esophageal glands prominent. Numerous nuclei of
esophago-intestinal valve visible. Intestine'thin-walled.

containing dark brown ingested material, terminating

ventrally at anus 426-578 (485:42) from anterior end. Ten
N
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~ nuclei visible¢in~either?51delof iptestinal Waij. Genital
| primondium_with extensive anterior ahd‘posterior.development
from third-stage, 253-430 {325:48) long by 8-16 (12:2.5)
wide and 67-131 (95%23) from the'anteriof end. Transverse
‘ cuticu]arvstriation absent . Ta1] blunt]y p01nted with smalil,
dorsal swelling. Larvae general]y assume "C" shape when
dead. Specimens deposited under catalogue numbers
NMCIC(F)1983-0009 and UAPC10678. .
\ - |
Suitability of V. pulchella as an Intermediate Host

Third-8tage larvae in V. gouldi were surrounded by a

thin cyst waﬁ] composed of one to several layehs of
-flattened amoebocytes (Figs. 10,11). There were no
amoebocytes within the cyst, only the larva surrounded hv
empty space.

The tissue response of V. pulchella to L3's’ was.
similar. A s1mp1e cyst wall surrounded the larvae and empty
space (Figs. 12,13). There was no- evidence of -amoebocytic
infiltration within the cyst or cellular pro]1ferat1oq

/outs1de the cyst boundary .

There was no significant difference (Mann-Whitney

U=148; p>0.05) between the lengths pf P. boughtoni L3's
developing in V. pUIcheIJa (meany length=430um) compared with
P. boughton i deQeToping in V. gouldi (mean length=§45ﬁh)

Third-stage larvae with darkened cuticles were visible

30 d.p.e. in the feet of 5/10 V. pulchella. Darkened L3 s

were visible in the feet of 4/11 V. gracilicosta after the

ek e e et =
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Figures 10-13.

-Fig. 10.

Fig. 11.

- Fig. I2.

Fig. 13.

%
Tissue response of snails to third-stage larvae of

Protostrongylus boughtoni in the foot.

>

L3 in Vertigo gggidi. 325X%. (ew - cyst wall, la -

larva, pg - pedal gland)u

L3 in Vertigo gouldi. 325X. (cw ~ cyat wall, la -

' t
larva).

L3 1n'Valionia_lech2113. 325X. (ew - cyst wall,

fe foot epithelium, la - larva).

3 in Vallonia pulchella. 325%. (rw - cyst wall,

fe - foot epithelium, la - larva).
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. “juvenile haresjfollowed two majorupatterns’thbough_the

.

'same period of t1me, 1nd1cat1ng littie d1fference between
rates of deve]opment in the two sna11 species, one a natural
intermediate host, the other 1ntroduced.
Development -in the Pefinitive Host

‘ ExperiméntailInfection of Hares A

Patent infectionS'occurred in 6 of 7 juyenile hares

given 50 L3's of P. bbughtoni.(fable'IV) The animal that

- did not'become patent, S.H. 28-4, was Killed at 17 d. p e.

after severely injuring itself. Three male and two fema]e P.

boughtoni adults were recovened from the lungs One small

(<1icm) lesion was present on the surface of.. the 1ntermed1ate

lobe result1ng £rom ova within the alveoli (th. 14). N
first-stage larvae were found in the ]ungs.}

‘Infections in the remaining hares beCame patent between

25 and 27 d. p.e. (Table Iv). The patent period of infection
“ var1ed between 41 and 104 days. Ne1ther hare Killed before

the experiment was infected with P. boughtoni ;
-S.H.. 28 3 was term1nated at 19 days post patency after
an injury. Three male and three female P. boughtonl adults

~were recovered from the lungs, which also contained 127 LPG

of t1ssue. First-stage larvae, as well as ova, were‘fouid in
small (<imm) lesions on the surfaces of ‘the right |
diaphragmatic-lebe (Fig. 15). Specimens of adult nematodes
from experimenta1 infections were depos%ted'under cataldgue'
numbers NMCIC(P)1983-0004 and UAPC10673. |

The numbers of L1’ s recovered from feces of the 6

ar
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TABLE IV. ' EXPERIMENTAL INFECTIONS OF LEPUS AMERICANUS WITH'
PROTOSTRONGYLUS BOUGHTONI
\ o | R ADULT
HARE #  # Ly's PREPATENT PATENT - WORMS’
| . RECEIVED PERIOD  PERIOD. = RECOVERED
s.H. 21-1 .so‘} ” 25d 81d 0
s.H. 21-2 50 - ' 274 104d 0
S.H. 21-3 507 2@ e2d 0
S.H. 21-4 50 27d + 90d 10,19
S.H. 28-1 50 | 27d 41d )
S.H. 28-3* 50 264 - 35,39
S.H. 28-4** 50 - - 3329 .
*Terminated on 19th day of patency. .
**lerminated at 17 days post-exposure. }
El v
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¥ .
Figures 14 -and 15. OVa and larvae of Protostrongylus'bOughtoni in

the lungs of experimentally—infected epus ‘

W
-

- americanys. o ‘
Fig. l4. Ova in the alveoli.of S.H. 28- .:I70X. (av ~
: ova, pl - pleura) : ) .
fig. 15. Ova and first-stége larvae<in the- alveoli ?f

‘S.H. 28-3. 80X. . (la - 1arvae, ov - ovum, pl -

pleura). L
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-

period of patency 'The~first pattéfn‘incluQed a rapid rise ,

- in output to a peak of 320 447 LPG of - feces in 12 23 days,-

 exhibited by S.H.‘28’s offspring, waszcgaraCterizep by an

C e

the remaining three ‘1*'- .\\‘ _ - .

' w#&hin the alveoli of the lung (Fig. 22). They were most(

followed by a rapld decline to a low level at 30- 40 days,
then a gradual decline to the end of patency as exh1b1ted by .
S.H. 21's offspring (Fig. 16a,b,c,d). The second pattern,

erratic rise to a peak of less than 100 LPG of feces, with a
steady deéline thereafter (Fig. 17a,b). .
No worms were recovered from{?ouﬁ'of fhe five hares

necrag§ied post-patency. One male and one.gravid female were
recovered from S.H. 21-4. Lesions up to 3mm in diameter were .
found on the surfaces of the diaphragmatic lobes of all .
post patent lungs; 3/5 involved both lobes, 2/5 1nvolved the
r1ght lobe only. There was less than 1 LPG of lung t1ssue 1n
S H.”21-1, 5 LPG in S. H 21-3, and there were no.larvae in -
No ova or larvae were fdund'in,sections of postfpatent

lung tissue. Lungs of each hére exhibited similar péthélogy. 3
There was frequent metaplasia of bronchiolar epitheiiuh.to
mucus-produciné goblet ce]lé (Fig.'18), and_hyperplasiavof
bronchiolar epifhelium (Fig. 19). Parabbbnchio]ar lymphoid 3
nodules were abundant, and there was extensive atelecta51s
(Fig. 20). Perivascular infiltration of mononuclear ce]ls ' B : i

was also seen in most sect1ons (F1g 21).

Immature P. boughtoni (early L5's) were found- coiIed

often located immediately below the pleura, but were




'Figure‘lﬁi_

Larvae of Protostrongylus ngghtoni per gram of feces

determined for experimentally-infected offspring of

snowshoe hare S.H. 21 through the periods of patency.

a. S.H. 21-1.° : \
, ‘ S ’o

b. S.H. 21-2.

lC- S.H. 21"3-

d. S.H. 21-4.
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17. Larvae.df Prot’o‘strongylus boughtohi pei‘ gram o:f feces =
determined for experimentally-infected offspring of .
. . . « 2 E
snowshoe hare S.H. 28 through the periods of patet.zcir?’
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“Figures 18-21.

Fig. 18.
 Fig. 19.
-. Fig. 20.

Fig. 21.

N !

~ R

Histological pathology of Lepus gmgricanusllungs.

Post-patent Protostrongyius boughtoni\egperimental

infections. . ‘\\

Metaplasia of bronchiolar epithelium to goblet éélls.

'BOQX;y(gc - gbblet‘gglls, m - mucus)l C \ 
Hyperplaéié(ef,bronchiolar epithelium. 325X. (ef - . _\

epithelial folds).

Parabronchiolar lymph nodule and atelectasis. 160X.

(at - atelectasis, 1ln - lymph ngdule).

Perivascular infiltration of mononuclear cells. 400X.

(a - arteriole, mc - mononucléar cells).
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Figure 22,

Figure 23.

) o ) |
Immature Pfotoqt:ongylus bqughténi in Lepus americanus 0
lung alveoli. 160X. (aw - alveolar wall, pb -
Protostrongylus boughtoni),.
Degenerate Protostrongylus boughtoni in & nodule at the
surface of QAyctolagus cuniculus lung. SOX..(pb -
Protostrongylus boughtoni rl - pleura) ) ‘
.Q;
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jwfrecovered from the lungs.

- sometimes found'deeper W1thih”aklobe | _ |

« Experimental Infectlon of Rabblts "'H . T%"-“u'

t ‘ The two rabbits exposed to 50 L3’s of P boughtonf
‘developed patent infections 25 and 26 d p e., and both ‘
 patent periods lasted 13 days Larval production was erratic
and low,. never exceeding 10 LPG of feces. ‘

| ‘No. live P. boughtoni were recovered from the
pQst-patent lungs (both animals were terminated w1thin one.
. day,of the end of. patency) but all lobes most frequently
jthe diaphragmatic were: riddled W1th translucent and . white
lesions up to 3mm in diameter Degenerate and apparently
.calcified worms were found in some of- the larger nodules
(Fig. 23). | | R |

;; Neither of the z rabbits exposed to 5, 000 L1's.

'developed patent infections Rabbits were necropsied at 41

1 and 61 d p.e. and no adult or larval P oL htonj were

°pulchella began: produ01ng RS in the. feces d p'e"The

The rabbit exposed to 23 L3's' that had ezergedfromv;
2

animal was 1mmediately necropsied, resulting in the recovery o

of 2 male and 2 female P. boughtonl adults from the lungs
"Many small lesions were noted mainly on the diaphragmatic '
v{rlobes and the lungs contained 8. 9 LPG of tissue

Transplacental Tﬁansmlssion o .
Examination of 15 prenatal and post-pa tum.ioung from

»dune. 14 from July and 4 from August ﬁaited to provide

,Vevidence of P.. boughtonl infection (Appendix II) The haresv'

o b
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ranged in age from 36 days post concept1on to 65 days old
The: mother of each 1nd1v1dual was 1nfected ‘with.
,Protostrongylus |
Discussion ,

The peroral entry of P boughtonl f1rst stage larvae
into the 1ntermed1ate host would be unusual for a lungworm
in the Prbtostrongyl1dae Platt (1978) postulates that the
normatl moLe of entry of protostrongyl:d larvae is via d1rect |

penetrat1on of external gastropod ep1thellum with <f"~
development occurr1ng str1ctly in: the foot Th1s hypoth&glsj
- is supported by mos t worK onﬂrum1nant lungworms (Hobma1er
and Hobmaier 1830; Kassa1 1958 Ant1p1n 1960; Platt 1978) .
Protostrongyl1d larvae may not be str1ctly excluded
'-from peroral entry although Hobma1er and Hobma1er (1934)
_stated ‘that Protostrongylus rufescens L1 s swallowed by
terrestrial sna1ls (order Stylommatophora) per1sh, and
Kassa1 (1958) extended th1s conclusion to all
protostrongyl1ds Anderson (1963) frequently found
'.f1rst stage larvae of Pare]aphostrongylus tenuis ‘about the
'v1scera of recently exposed sna1ls ‘and proposed that they
.would‘m1grate 1nto the foot. The terrestr1al sna1ls .
anltoldes arboreus and Vltrlna Ilmpida commonly 1ngested
hlarvae of Parelaphostrongylus. odocoilel; but the subsequent *
“v1ab1lity of these larvae was-unknown (Platt l979l ' | |

Although the peroral mode of entry is .common among

carn1vore lungworms 1n the Angiostrongyl1dae and’ - : | _ {

Filaroididae (Platt 1978) other modes are: Known Mackerras‘

Lo i
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N . ,
and‘Sanders (1955), Cheng and A11cata (1965) Courdur1er et
al. (1967), and Yousif and Lammler (1977) showed that
_ Angiostrongylus cantonensls can infect gastropods by
penetrat1on of the foot as well as thnough ingestion.
,S1m1lar results were found for Angfostrongylus makerrasae
, i (Bhaibulaya ?1975). Ang‘lo,strongy]_us malayensis (Su'lhvan ’e,t
‘al. 1978), Aelurestrorgyius pridhami and Filaroides.martis
,(Anderson 1962) . DIrect penetratlon of the gastropod foot
jwas the only mode of entry reported for Aelurostrongylus
abstrusus (Hobmaier and Hobmaier 1935) and Anafflaroides A
(-OSIerus) Postﬁatus (K1ewer 1958 Seneviratna 1959).

In}the present study, the“absence of f1rst-stage larvae

of P. boughtonj in the foot of V. pulchella after a standard

per iod of exposUre (2'1/2 hrs‘) 1ndicates that infection'may
have occurred v1a the peroral route At some later per1od
the larvae m1ght penetrate the wall of the a11mentary canal
and migrate. to the foot of the sna11. as developing larvae"
were never found in other areas 'bf the body . ,-.;i"
Platt (1978) stated that the method of expos1ng o
mol]uscs to. metastrongylo1d larvae may affect the pr1macy of
one mode of entry over the ‘other. Spec1f1cally. sna1ls
. exposed to larvae 1n water were 1nfected perorally. wh1le |
| those exposed to larvae on filter paper were infected by
direct penetrat1on( On this bas1s direct penetratwon of V.
puichella by P. boubhtoni L1 s was predicted but not
observed Kadenatsii (1969}, however, reported that a<:/

first- stage lar¥ae of Protostrongylus taur'lcus a lungworm
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of Lepus eunopaeus penetrated the foot of Vallonla costata
and Vallonia ennfensls “by means of act1ve dr1111ng
movements .‘Thus. it is poss1ble that the. mode of entry of
metastrongylo1d larvae 1nto molluscs is a spec1es character
.and not common to a nematode fam1ly, among lungworms of a
particular mammalian order, within mo]luscan orders, or to a
particulan exposure technique% A]so. some spec1es may not ‘be
restricted to a single mode of entryr

Reports of mode‘of“enfry are no doubt greatly
influenced by a researcher’s methods For example Morera -
"(1973) exposed slugs to A. costarlcensis by coat1ng lettuce
with feces from 1nfected rats, and concluded that larvae‘
~entered the stugstby ingestion”even though'all larvae Werelj
found in the foot and mantle, suggesting entry by direct
penetratxon Anderson (1962) po1nts out that after Hobma1er
and Hobmaier's (1930) histological discovery of '
Protostrongylus rufescens L1i's penetratlng the foot of
sna1ls, many subsequent authors stated other spec1es of
larvae used this mode of entry without providing evidence.
In light of all the factors mentioned, a great ‘deal of
re-investigation'would be neoessary to dnaw-any conclusions
concern1ng the prime mode of entry of groups within the
Metastrongylo1dea o

- Development of P. boughtonl inV. pulchella was sim1lar
| to that of.oerta1n other metastrongyIOIds in their
1ntermediate_hosts A period of almost no lncrease in length

--throughout the first stage was-followed by a period of rapid
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;elongatlon 1n the second stage Thls pattern of’ growth has
‘been reported for P. odocollel (Platt 1978), |
Elaphostrongylus rangiferi (Halvorsen and Skorping 1982),
Troglostrongylus brevior (Gerichter 1949), A. costaricensis
(Morera 1973) and in one\study; A. cantonensis (Rachford
1976) . | - -

More commonly seen in this group of nematodes is a
pattern of rap1d increase in length 1n the first- stage,
followed by decreased growth in thelsecond and th1rd One
variation within this pattern i's a five to seven day period
of constant length - post exposure followed by greatly "
.accelerated growth until the first molt (Ger1chter 1951;
'fMaoKerras ‘and Sanders 1955 Senev1ratna 1959) The second
var1at1on is constant growth in length throughout the
first- stage. followed by decreased growth in the second and

third- stages (Ger1chter 1949, 1951 Beresford Jones 1966

Drodz et al. 1971; Bha1bulaya 1975) - Of the Protostrongylus .

species for wh1ch there are publlshed meaSUrements of all
larval stages, P. stilesi, P. rufescens and P. tauricus all
exh1b1t greatest growth in length before the Ffirst molt
,(Gerichter 1951; Plllmore 1956; Kaﬁenatsil 1969), unl1ke P.
- boughtoni. o . J. '

Many authors report growth in width of developing
metastrongylo1d larvae during the first stage (Hobmaier and
Hobmaler 1935 Ger1chter 1949 Mackerras and Sanders 1955;
Pillmore 1956 ; Senev1ratna 1539 Rachford 1976 ; Platt 1878),

'a'a»characterlstlc absent in the present study..MacKerras and




. L | Y- 80

Sanders (1955) stated that the first-stage of A. cantonensis
'was the only'feedigg-stage and %he;observed increase ln
'w1dth was due to storage of refract1le food granules in the
intestine. In the present study,‘the w1dth.of{P.‘boughtoniv'
larvae dld not increase until the second-stage and
[refract1le granules were not apparent unt1l th1s perlod
41nd1cat1ng that most feed1ng occurs: after the first molt.
The general decrease in w1dth observed after the second molt
is not uncommon (Pi1lmore 1956 Morera 1973; Rachford 1976) .
Development of metastrongylo1d larvae 1s reported from
a wide var1ety of aquatic and terrestrlal sna1ls and no-
1doubt there is host-1nduoed variation in the patterns
obServed Mackerras and Sanders (1955) reported
“considerable” growth in length of A. cantonensrs in the -
.terrestr1al slug Agrlolimax laevis prior to the first molt.
Rachford (1976), 1n contrast; “found growth in length of the
same parasite dur1ng the second and third- stages only in the
aquatic snail Lymnaea.palustris. It is thus difficult to
demonstrate affinities of Pr boughtonl to other
ProtostrongyJUS'specles.based‘on growth°patternsr
Although a pre-infective period of the third-stage
| (Gerichter:1948l Qasinot;determined for P. boughtoni, it
could possiblylexist,immediately.afterjthe'Seoond molt and
before the oUter,flrst-stage‘oOtlole darkens, a‘period of -
less than three days However, Gerichter (1951) determined
there was no pre 1nfect1ve third stage in P. rufescens and

P. boughtonl L3's with: darKened cutlcles were found in the
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present study to be infect1ve (

The general 1ncrease in var1ab1l1ty of lengths of P.
boughtoni larvae as development proceeded could have several }
causes as1de from 1nherent genetlc expression of the larVae
and sna1ls Development of Parelaphostrongylus tenuis is
dependent on the act1v1ty of the gastropod host (Lankester
and Anderson 1968). Zmoray and Svarc (1960) and Cabaret
.(1981) found that development of protostrongyltd larvae
- varied with the age of .the intermediate host. Also,-there
may be an undeterminedvfcrowding effect“ (Read 1951) in
heavily-infected snails; resulting,ln decreased'growth.
| .CompariSOn of development time of protostrongylids to
the 1nfect1ve stage with. l1terature values is d1ff1oult due
to the 1nfluence of d1fferent speo1es of molluscs (Kassai
1958 Skorp1ng and Halvorsep 1980) and temperatures at which
1nfected molluscs are Kept%%éerlchter 1948 1951; Rose 1957;
Halvorsen and Skorplng 1982) | .

The pre- 1nfect1ve per1ods of eight other larval
'Protostrongyfus spec1es. plus one morpholog1cally and
b1olog1cally s1m1lar Orthostrongylus species,'are presented
in. Table V.. Most researchers document development of .
Protostrongylus in snails at "room: temperature (20- 25°C)

If this procedure. had been followed 1n the present study,
the;resultant pre- lnfective perlod;would;have,been shorter,

but still well within the range of other PPotostPOngylus |

- - species.
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The exit of third?stage larvae from the bodies of
1nfected gastrop has been reported for spec1es in the
vAng1ostrongyl1dae nd Protostrongyl1dae Cheng and Alicata
'(1964) first noted the emergence of infective A. cantonensis
L3's from two species of terrestrlal snall ~and one spec1es
of slug part1ally submerged in water. Heyneman and Lim .L
(1967) calculated that small terrestr1al slugs 1n Malayab .
'«conta1n1ng high numbers of A, cantonensrs spontaneously :
passed infective larvae at a rate of Qr25,L3/slug/24hrs.
Richards and Merritt (1967) reported the emergence of.. larvae
of the same spec1es from the aquat1c snail Biomphalaria
‘glabrata after crush1ng More recently. th1rd staga larvae
of A. costaricensrs were found in the mucus secret1on of |
: Tnfected slugs (Morera 1973) and emerged from B. glabrata
into water (Ubelaker et al. 19807 .

Within the Protostrongyl1dae emergence of th1rd stage
) Protostrongylus larvae from snails has ‘been reported most

frequently by Russian authors (Davtyan 1947 Ant1p1n 1960;

Fedorov 1960; Kadenatsil 1969) who contend that 1nfect1on of‘

the definitive host occurs pr1mar1ly through ingestion of '
isolated larvae on vegetat1on and in water, although once in
&

the external environment: the perlod of v1ab1l1ty of such

larvae ls unkKnown. Naumov (r1947) observed that infect1ve

'larvae of protostrongyllds were found on vegetatlon in s

places where hares fed High denslties of larvae in’ the
“environment were held accountable for the high prevalence

and intensitIes of protostrongylosis in. hares in Cr1mea
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(Kadenatsii 1969). In other reports, Monson and Post (1972)
noted third-stage larvae of P. stilesl leavlng the .foot of
V. pulchella and Rose (1957) and Imoray et al. (1969)
reported L3's of Muellerius capillaris leav1ng décompos1ng
gastropods In the present study, at least some (4/23) of
the emerging L3’s prOVed to be infective, lend1ng a measure
of support to the Russian hypothes1s ho;ever these larvae
fwere not subjected to extreme environmental cond1t1ons of

"heat and de51ccation

The Russian authors claim that 1nfect1ve larvae

- actively crawl out of the sna1l foot. P. boughtonl'LB’

often were observed twisting and coil1ng within the sna1l

tissue, and in two instances L3's m1grated from the foot to

S the viscera. A. cantonensis apparently emerges without

extranequs cut1cles from the first two molts.'and L3's have.
been observed'm1grat1ng'through snallatissue'without an
encapsulating cyst (Harris and Cheng 1875; Sullivan et al.
1978) . . 3 | ‘ '

A possible route of exit of Pnotostrongylus larvae from
the snail, aside from active crawling, is passive expuls1on
of the larva cyst by an immune mechan‘%m Cheng and R1fkln
(1970) note that an immune response common to altl molluscs
is phagocyt1zat1on of small part1cles by amoebocytes
followed by the transportat1on of these through epithellal
surfaces to the outside. Large part1cles usually elicit an
initial amoebocytic encapsulation response reinforced by

fibroblastic nodule formatlon._The'mechanism may_exist whlch'

»
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o
*'would allow transport of such 1arge cysts across the outer
;.fepIthe11al layers in the same manner as phagocytlc
) amoebocytes; Evidence for this in the present study was the
observation that infective-laryée did-hot escape from dead |
o snails. - | | |

The survival of third—stagebmétagtrohgylbid'1arvaefin
the environment is no doubt shorter than that for most
first-stage larvae. A. cantonensis L3's may SUPViQ; Gp?to 72
hours in water (Cheng and Alicata 1964 Richards and Merritt'
1967) Heyneman and Lim (1967) demonstrated that A.
-cantbnensis L3's collected from léttuce bought -in a Kuala
Lumpur market were ihfective. L3’§ of Muel lerius capillarls
remain, 1nfect1ve for ;t least six months at -120C
KSauer1ander'1979). Larval survival is llkeJy contingent on
cohtihﬁous hydration, és A. cantonensiS L3’s survive drying
for only a few. m1nute$ (R1chards and Merritt 1967).
Intermed1até hosts of Protostrongylus are usually snails of
~ dry env1ronments,(Ger1chter 1951;, Pyrﬂmore 1856) and this
coUId limit the impact'of L3 transmission via emergence onto
vegetation. Cohsidering t;:§e physical‘reStrictions, the 

P

impor tance of “1arval _emer ncéljn transmission of P. =
, boughtonl can only be a matter”for speculation.
The emergence o?'Tﬁ?;;tive lafvae of some-parasites may
occur only when gastropods are heav1]y ‘infected. Techn1ques : L-
for exposing snails to A. cantonensls may result in |
~infections of over 2,000 larvae (Richards and Me?r1tt 1967)

Digestion of snails exposed to A. costanfcensls»yﬁelded from

J : N
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850'to 2,500 larvae each~(Ube1aKer et al. 1980) and levels
of natura] infections of the same species in Malaya where
larval emergence has been reported, averaged 250 larvae per
sna11’(Heyneman and L1m 1967). In the present study, snails
,wereylpfected with-3-17 larvae. while the mean intensity in
natural infections was less than 2 LChapteruII). In both
Kadenatsii’'s (1969) and,the;present study, it was observed
that,many snails did not become totally free of infection.
'Emergence of infeotive larvae may be limited to unusually
heavy 1nfect1ons and thus rare in naturally 1nfected

1ntermed1ate h s of P. boughtoni . ‘ _
‘s (1956) measurements of P boughtoni Li's

Ptl]mor
fall within the ranges der i ved 1n th1s study, although the |,
w1dths differ, possibly due to different coversltp pressures
on the wormétjfengths of L1/ s reported by Goble and
Dougherty (1943) are greater, perhaps as. a result of using a
fixative and clearing agent other than |
glycer1n-a1cohol/giycerin which:could produce a stretched
cuticle (Fagerholm-1979). P. boughton | Li's are generatly
smaller than those of other leporid Protostrongylus species
with the except1on of P. pulmonalfs ,

Of the other w11d mamma 1 spec1es of f1rst stage
Protostrongylus type larvae that may be encountered within
.the distribution of snowshoe hares. ne1ther Orthostrongylus
macrot Is’ of mule deer or P stllesl of’ btghorn sheep can

»presen&ly be d1fferent1ated on the basis of morphologtcal

charactertstics Measurements of P, Pushl larvae, however




all fall outside the upper'range,for P. boughtoni and, thus,
could” be differentiated. Pillmore (1956) suggested that

charactersfsuch”as tail length, movement and color could

“also be used to separate‘tl’s of different,protostrondylid-°

»

species. l
| The advanced second stage larva of P. boughtoni is
generally larger, but s1m1lar morpholog1cally to the L1
Phasmids, ‘unobserved on the L1, . are v1s1ble, and lateral
alae are absent The 1ntest1ne of second stage laryae of
metastrongylo1ds in the sna1l host is commonly filled w1th
refract1le granules, l1kely food reserves " - -

Infect1ve larvae of P. boughtonf are smaller than .
‘leporid L3’s for which there are publ1shed measurements
Infective larvae of lungworms from b1ghorn sheep, mule deer
and hares have the same superf1c1al appearance in the1r
" common- snail 1ntermed1ate hosts. It would be of value if
| 1nfect1ve larvae could be 1dent1f1ed as to source mammal by
length in. areas where these three animals were sympatr1c
The maxlmum length of P boughtonif falls below the range of
that for sheep Protostrongylus spp. and these'larvae are
separable on this basis. P. boughtont overlaps with 0.

. macrotis, although the two ' groups are stat1stically

™

vy
i

different (Mann- Wh1tney U= 2 p<0. 001). In the same’ manner,
0. macrotis overlaps wi th sheep Pnotostﬁongylus spp. in

. splte of statistical difference (U=85, p<0 Ol) Therefore.'
1.1n areas where only snowshoe hares and bighorn sheep were f'

sympatric, the species of infective Pﬁotostrongyiusrtype‘f'

¥
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larvae could be determined with confidence
_ Although there is no development of . the terminal
.;genital apparatus in the fourth stage the genital
iprimordium is greatly enlarged anteriorly and posteriorly
: The amount of enlargement was quite variable,‘indicating
}Lcontinual growth throughout this stage Dark brown 1ngested
'm_material in the intestine suggests that the L4 feeds ‘'on
'~ blood in the lungs Since the: fourth-stage of P boughton| B
;is found 1n the lungs, the third stage ‘may: migrate through
l‘the definitive host as is the case with PaPeIaphostPongylus
ﬁmtenufs (Andérson and Strelive 1967) and PPotostFongylus
ﬂﬁtaurlcus (Kadenatsii 1969) o _‘A o |
Ji‘ Two of the maJor factors-which hinder the establishment
.. of -a parasite within an abﬁbrmal host are i) absence of
’:spe01f1c env1ronmentaleoonditions necessary for growth and
i.development, and 2) resistance of the hbst (Noble/gnd Noble
‘ 1976) Either factcr acting upon an. established paras1te‘
,could delay development inhibit growth or destroy it o '}>?bi
. outc1ght then it is not possible to separate immunological L
';from physiological 1nccmpatibility (LacKie 1980)
”‘_} - The' immune response (encapsulation phagocytization) to o
ffparasites within compatible molluscs is red0ced ‘as. a general ;
“rule (Malek and’ Cheng 1974). Sullivan and Richards (1981) -
j"reported that only non susceptible strains of B, glabrata |
;prbduced a signi(ican\ encapsulation response to Schlstosoma 1'5:
»-mansonl sporocysts Drodz: et al (1971) demonstrated '_
'responses ranging from*massive to no encapsulation when 17

3
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species of terrestrial and aquatic molluscs were 1nfected

with A. cantonensls The same parasite in Marlsa " , “y

fcohnuarletis an unsu1table host provoked a severe '

reaction in: the vascular and connective tissue~
,if et al. 1980) : - ,
. factors which 1anUence the compatability of larval
parasites 1th intermediate hosts appear-to have a genetic-"
'Lbase‘(Fra sden-1979l The 1ntensity of host . response is .
‘probably r'lated to the degree to which the mollusc .
recognize' the parasite as nonself“\(Malek and Cheng 1974)
There . is ev1dence that larval stages of some para51tes\.
'utilize antigen masking to evade the 1mmune response of an
invertebrate host (Lackie 1980) Only through an extended
-period of natural selection would such a defense arise-
v(Damian 19?9) . S | |

The histologically observable 1mmune response of V.
;pulchella to third stage larvae of P boughtoni was i
) indist1ngu1shable from that of V gouldl the major
1ntermediate host in the Slave Lake study area (Chapter
4911) The encapsulation response in both cases wgs slight

'tindicating that there was not sufficient recognﬁtion of the ff;

vlarva by either snail as nonself to result in a mone severe 'i”.*f

,‘v‘-inmune response U* ,r

The growth and rate ofibevelopmeﬁt of protostrongylid L
lilarvae can vary widely depending on the species of A '_
_ointermediate hqst (SKorping gpd Halvorsen 1980 Urban 1980)

by
=
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In the present study, the body- length achieved by P '
..éaughtoni in V. pulchella was ind15t1ngU1shable from that in'
V. gouldl Rates of development of larvae in V pulchella |
and V. gracillcosta a local 1ntermed1ate host of P
boughtoni were: also similar | |

On the basis of these. three criteria, V pulchella '
| appears to be a highly su1table 1ntermediate host for P _
boughtonl, and measurements of larvae taken from this- snail
lcan be used in taxonomic descriptions Although outwardly
disSimilar in appearance, the. Valloniidae are very closely
'related to_the Pupillidae (Pilsbry 1948), both- likely '
descendants of the same pupillid stock Physiological ‘
_51milarity may enable P.. boughtonf to develop equally well
in spe01es of either family In addition although V

lchella is not native to western North America it 1s

f"i digenous to the east being recorded 1n Pleistocene

‘51ts (Pilsbry 1948) No doubt V. pulchella is a natural

| 1n ermediate host 1n the eastern range of P boughtonl where
.uit'__curs in snowshoe hare habitat _ :

| The route of migration through the definitive host was
not determined for P. boughfbni Antipin (1960) reported .(.'
’”that ruminant ProtostrongyIUe larvae penetrate the
intestinal wall enter the circulatory system and move tohh )
the mesenteric lymph nodes From there they travel to the.i”“
| lungs and pass 1nto the lumina of the organ Third stage
H*larvae of P tauricus were found 1n the mesenteric lymph S

f'nodes of rabbits and hares 24 36 hours post exposure, and in

L -



72

~ the liver and iungs after 4 6 days (Kadenat511 1969)
| The prepatent period of 25- 27 days for P boughtonl in
‘the snowshoe hare is similar to that of many other spec1es
. of PPotostPongyIus in their normai definitive hosts (Table
V). Since there are no reports of natural 1nfections of
. Audubon s cdttoﬁtaii w1th P. sylvilagi the siightly longer
than average prepatent’ period in th1s experimentai host may
be the result of-suboptimai compatabiiity A]SO‘ the‘longer
| fprepatent periods of the bighorn sheep Tungworm 1nfections
.may be attributed to unnatural definitive hosts in the first
two' 1nstances (Monson and Post 1972 Pilimore 1956, 1959
respectiveiy), and some measure -of. concomitant 1mmunity in
the third (Lange 1973) . ' ". L Jg'f |
Since .the length of the prepatent period may vary
1nverse1y w1th the number of infective iarvae administered

. (Platt 1978) it is diffl:f““

[,

17j:[e camparisons among

Protostrongylus species aséauthors either negiect to report
‘the number of larvae or the numbers are w1dely variant '
Most Protostrongylus speCies have prepatent periods of iess -
.than 50 days, and P. boughtonl at 25 27 days is in \
r‘:approximately the. middle range of reports The narrow range e

-of prepatent periods achieved in the present'study is likely a

~ due to the use of experimental animals never prev1ously SRS

f‘exposed to heiminth infection, a procedure not often e '"//"Tf(;

-followed in Protostrongylus research

”_y . The. patﬁern of L1 numbers in the feces of S H. 28’ _
:offspring wag extremely Iow and erratic. indicating the ;rtﬁ;'



‘ possibility of an"inherited resistanceﬂﬁo-P“*bbughtonl.
linfection The pattern of S, H. 21 s offspring was more }i}
typical of protostrongylid infections but w1th some'
differences Although the 1n1t1al, rapid rise in larval
voutput 1s common to protostrongylids (Panin 1964; Nettles
and. Prestwood 1976 Platt and Samuel 1978) there was ro .
comparable plateau phase extending over a long period of
time. Ins%ead there was a. steady drop to a, low level at
30- 40 days, and the output remained very low until the end;l”
of patency. E \-"\ IR | '

The patent periods of five other Protostrongylus |
‘spe01es are Listed 1n Table V. The period of larval output ;
for Pnotostrongylus 1n leporids is: generally shorter than B
‘~that in ruminants, and could be an adaptation to the
'relatively short life span of the definitive host
’Reinfection may extend the period of larval output 1f : | |
concomitant 1mmun1ty does not bl%Fk re- establishment of the '”
"paraSIte
The pathological changes in the lung 1nduced by P
-bouohtoni are commonly seen“With many species of ‘ .
'metastrongyloids (Stockdale 1976) Green and Shillinger.~@
(1935a), and Green et al (1939) reported similar lesions
from snowshoe hares naturally 1nfected with P.. boughtonl
uiplus necrosis and some pleural adhesions These leSions were
‘1also common to Lepus tlmldus with. mixed infections of P
fkamenskyl and P. pulmona]ls (Tsvetaeva and Mozgovoi 1956)
: 'Lepus eur-opaeus with infections of P pulmona] Is and P
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ftaurlcus (Babos 1961). and to Oryctolagus cunlculus Wlth P
taurlcus and P. oryctolagl (Babos 1961)". '

, Few researchers have examined development of
-Protostrongylus spec1es in the definitive host. It is .
possible that P. boughtonl migrates to the lung through the E
c1rculatory system and breaks out of a capillary into an
alveolus. or through ‘the coelom, across the diaphragm and
_then penetrates the pleura As it continues to moit and
grow, it likely pushes through septa and w1nds through many A
alveoli At some time before maturity, i},must move from
“this env1ronment into a bronchiole to complete 1ts life
;;cycle Third- or fourth stage larvae may be incapable of
‘holding their pos1t10n*ga1nst the c1liary motion in the
bronchioles, and: the parasite only moves into that
_'env1ronment when large enough to resist the efforts to ev1ct
it ? :, L "f S %

The shortened patent pﬂ*gbd combined w1th very Towl
that 0 cuniculus is a poor

'Tlarval output, indicate
”‘definitive host for P ':htonl Thevimmune response of A

_this species appears capable of destroying adult worms

‘before a significant nudber of . larvae are produced This is” o

_Levidenced in the calcified remnants of worms found in the
finumerq&s nodules throughout the lungs' a common immune

reaction to incompatible parasites as an analogous responsei”
_was reported to Dirofllarla fmmltls in the lung of a |
. laboratory rabbit (Narama et aI 1982) Similar oalcified S
ﬁnnodules were, found\by Pillmore (1959) in ‘the lungs of a New"'.
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:Zealand white rabbit exposed to P sylvilagl In later 5
‘research he managed to produce a patent infection in’ th;s

| strain by intravenous injection of L3’s (Pillmore 1961) The

"7_prepatent period in- this case was 21 days Kadenats1i (1969)
reported that rabbits exposed to P taunicus became patent
at the same t1me as hares exposed similarly, but the patent
period was 3- 5 months as opposed to 8 9 months Rizhikov et
al. (195653 .exp051ng rabbits to a combination of P. |
kamenskyl and P. pulmonalls determined that the prepatent
period was extended to 22 days in contrast to 19-20 days for

— 1nfections 1n hares (Rizhikov et al 1956a) -

X It appears that leporid Protostrongylus spec1es in

abnormal hﬁEts exhibit normal or extended prepatent periods.

* shortened patent periods, and induce more ‘severe pathology
Further eVidence is prov1ded in,a report of P boughfonl .
1nfections by Goble and Cheatum (1944) that “more severe )
pathological conditions in the rabbits (Sylvflagus ' N ,//“\
floridanus mallurus) than those observed in hares also | |

‘ supports the v1e¢ that the former is, an abnormal host"‘

Ll Since the life cycle of P boughtoni was. completed 1n 0.

f éunlculus however this species may be useful as a
'laboratory host in investigations of the route of\?arval .

: migration and of alternate modes of transmission _

‘fl Exposure of two 0.. cuniculus to first stage larvae of j\}

‘f boughtoni did not result in establishment of an infection=~
after more than twice the normal prepatent period The

failure of this exposuré*hay be- due to the use’ of an S
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abnormal host as well as to ‘the absence of thTS mode of
transmission in the normal life cycle Dgrebt transmission

could be a beneficial strategy for a leporid parasite,
considering that - members of this family are obligatorily
fboprophagic However, direct transmission has only been '
recorded for metastrongy101ds of carnivores " |
(Angiostrongylidae and Filar01didae) ‘Dunsmore andlépratt
(1979) believe that dinect transm1551on of OSIeFus oslerl .
through coprophagy is not as important as through L o ) '}
regurgitative feeding at the time of weaning of young

Canidae, This mode of transmisSIOn may have evoived
exclus1vely among regurgitative feeders in the Carnivora as -
gthere are, no reliable reports of direct transmis51qn in the - i>'

Protostrongylidae L : R v':f;, 3 -, . .
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CHAPTER 11. TEMPORAL DYNAMICS OF PROTOSTRONGYLUS ‘BOUGHTONI
"IN'NATURALipoPuLATIONS”oF'rﬁTsRMEDIAiE-AND'DEFIN;TIVEtHOSTs;
.Introduction | | |
| Most field studies on members -of the Metastrongy101dea
report prevalence and 1nten51ty of 1nfection of hosts as
1nstantanedus values. although 1nfection rates can be
sseasonally variable Such variability may be critical for
.transmission_of ‘the parasite, espe01ally 1ftthere are
seasonal changes in sLsceptibility ofvintermediate (Cabaret
h1981) and definitive (Kontr1mav1chus and Popov 1960) hosts
| to 1nfection Although the lungworm Protostrongylus
bcughtonl has often been reported from the snowshoe hare
(Boughton 1932; Green and Shi‘linger 1935b Gobie and
Dougherty 1943 Goble and Cheatum 1944 Olsen 1954 Bookhout
1971), nothing is known about 1nfrapopulation (Esch et al |
1975) dynamics in free- ranging definitive hosts Similarfl
information is lacking for® the natural 1ntermed1ate hosqs of
P. boughtoni which have remained unidentified until the .
present study In this chapterg I will address these aspects
hof the host - parasite relationship
' Studies on natural populations of intermediate and
.definﬂ%ive hosts of the Protostrongylidae are relatively
scarce. Samuel (1978) examined the seasonal infection of
'gastrqpod spécies with- Parelaphq?tﬁongylus odocollei int'37.
‘dasper National Park while monitoring larval output from ‘
mule deer to- determine timing and location of tranqnission

- L
LanKester and Anderson (1968) documented seasonal aspects of
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Parelaphostrongylus tenuls,infection 1n gastropods on Navy
'Island in southern Ontario.: The téagoral output of .
vfirst stage TarVae of PPotostrongylus stllesl and/or o
Pnotostrongylus rushl from Rocky Mountain bighorn sheep was

recordeacby severai researchers (Pillmore 1961 Forrester

and Senger 1964 Uhazy et al. 1973 Gates~1975) In a uniquev'

study. Kontr1mav1chus and Popov (1960) determined the
.monthly prevalence and 1nten51ty of infection of
Protostrongylus pulmonalis and/or Protostrongylus kamenskyi
in Lepus timidus The pauc1ty of similar defﬁnitive h\ﬁt
studies may be a reflection of the difficulty 1n obtaining
reasonable sample sizes, and the time 1nvolved in condUcting
thorough ‘necropsies. i S - ‘.
P boughtonl Tngéb&icns in Lepus amerfcanus americanus

and. gastropod 1ntermediate hosts were examined monthly in an
area: of boreal forest. ‘near Slave Lake, Alberta throughout

1981. Preliminary rnvestigations und

‘.taken the prev1ous
year 1ndicated that most hages were i“fected often yith
relatively high intensities Also the Tocal hare population
pwas at or’ near the peak of its cycle of . abundano\\and thus,
"1ndiv1duals were, easily collected for study. These factors

| were’ expected to optimize the chances of determining
'intermediate host species documenting infections 1n

‘intermediate hosts ‘and all age groups of de -itiye hosts,

and. determining types of habitat in which ssion of

,the parasite was likely to oct ur

vy

b
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The obJect1ves of th1s port1on of the study were to: 1)

11dent1fy natural gastropod 1ntermed1ate hosts‘Bf P.

| boughton i and determ1ne monthly,prevalences and 1ntens1t1es '
of 1n1ction in defined hab1tats, 2) determme the monthly
abundances of gastrqpod 1ntermed1ate hosts in habitats; 3)

'mon1tor,monthly 1nfect1ons~of all age groups of hares with

A 23 S i e ot AR i s KR i

P. boughtoni and, in part1cu1ar, document recru1tment of

vy

lTungworm 1nto 11tter groups. and 4) determine monthly use by |

s

hares of def1ned hab1tats

. L

Materials and Methods
Study Area gr
Gener Description

-
S ',‘;;w,tz.,v;':;w.-;;,uv‘.:.-

The study area was. located on the Mitsue 0Oil F1e1d
i " (Chevron Standard Ltd. ). near Slave Lake, Alberta (55° 00’ to p
550 10' N and_114° 25’ to 1140 35' W) within the Lower |
'Footh111s reg1on of the boreal forest (Rowe 1972) (F1g 24) \.
The area was character1zed by roll1ng topography (elevation
‘701 762m) and-emall discrete forest stands or hab1tat _ -
types. Sections of the_apea had been logged be tween 5 and 10
years previously with subseqﬁent regrowth The entire study

fj area was d1ssected by a network of gravel roads and cutltnes .
C oty
—»‘developed for the exploration and removal of gas and oil

These tracks provided access to most of the habitat types ,f
wﬁthin the study. area. | |

-j::;i No official detailed classificatioﬂ of the forest

‘ ‘éstands exists However, Bondrup Nielsen.(1978) determined
ggéghe‘retative abundance of 12 designaird habitat types within
AT N




‘ A . IR
() . -t -
- h ‘.
- . . b
; ’
’ ‘l v ) -~
X - | -
v - .
[
| ‘ S
4 ' -
3 v 1
. ) N } . . ., . . ) . N . . ‘-
Figure 24. Location of the study area in Alberta (star). -
- . Q ’ . . ' ’ ) ’ -
\ . . . a
o
™ . .
A
. ‘ 9
. 4 b )
3
) 'S i
Y ° |
g r -
‘ . ‘ s
J L4
. ’ _*L‘ d
, ¥ .
. N
. M a .
y - :
[ p
-~ A)
| - . ,
- P ‘ ¥ - ' ) i’ !
© . > t
° ST .3 .
-
3 .




. '-8'1 .

- Lesser Slave - S

Lake

r

- Edmonton /

.




" Figure 25.

“the study'area.'These'habitat'types,were grouped”andoreduced“'

to five ‘general types in .the present study. A pictoral”"

profile description of these five types 1s presented in .

¢

most abundant speCies of tree in this habitat was black
spruce (Plcea manlana) with the occaSionaT occurrence of
several other species of conifers and hardwoods. the canopy

varied between open and ciosed The woody undergrowth

| usuaTTy consisted of dense patches of Labraddr tea (Ledum _

gnoenlandicum) Locations were generally on low ground the:
forest floor was most often. mossy and wet

: The second habitat type, Spruce Slope (SS). was

: dominated by mature white spruce (Plcea glauca) or- balsam
Fir (Ables balsamea) which’ produced a closedMeanopy

f needle iitter L
t abundant habitat type was designated

eﬁhtory was. sparse and ofégixed composition

QETevation and'moisture varied . as did the composition of the

1itter fioor . R ] U,, o ,\ N

The fourth habitat jype Cut LCUT). consisted of areas
previousiy disturbed Most of the original mature tree

1 ..‘

'species had been removed with the consequent destruction-of

e e DAY

The first habitat type was designated as Stag (ST) The"‘

-
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understory vegetat1on and stripp1ng or redistrlbutIOn of

topso1l by earth- and tree- moving machfnery At the t1me of ‘

.the present study, these areas were coverqp pr1marily w1th

young. con1ferous and dec1duous regrowth from the succeed1f
5 to 10 years There were.scatﬁered. rel1ct mature, H
con1ferous and dec1duous trees and the canopy var1edtfrom

LY

open to: closed depend!ng on the extent of regrowth The

'woody undergrowth was often very dense. the most common

species being bracted honeysuckle (Lonicena involucnata)

.Elevat1on varied, but: the forest floor was generally dr nd ,

covered very th1nly w1th l1tter . . _
“The f1fth hab1tat type designated HaﬁﬁWood (HWJ, was
dom1nated by mature aspen (Populus tremulofdes) or. balsam

poblar (Populus balsamifera) The canopy was closed, and the

vmost common woody undergrowth was h1ghbush cranberry

(Viburnum trilobum) . Elevat1on ahd moisture varied, and the‘

forest floor was covered very th1cKJy w1th leaf l1tter
These five groups encompassed approx1mately 99% of the

habitat types present on the study area. Not sampled in the_

present study, and excluded from the,groups, were th1ckets

f roadside alder (Al nus crispa) Préliminary‘sampling :
1ndicated.that ~although these areas were often frequented
by snowshoe hares, the substrate was depauperate of snails
due to a th1n .layer of litter and repeated d1stunbance from
road- grad1ng equ1pment \

i Vegetatfon Analysis™ .

»9 \vr
¢



Five plotsn' t leastv2ha!1n area of each hab1tat type

were chosen_wrthtn ‘an’ area of approx1mately 90Km2 (F1g 26) .

;‘d.‘ P}ots w1th simjlar‘dens1tmf'nd*abundance of tree, shrub and

| “herb: speciestwﬁre selected Snail collect1ons and hare fecal |
Yﬁ@xg'pellet coUnts were conducted on these 25 S1tes o |
&o t-,5w Thcee methods,were used to quant1tat1vely descr1be the
?;‘, f1Ve hab1tq§ types. F1rst trees w1th a d1ameter at breast

' he‘ght (DBH) greater than 1cm were censused us1ng the ' | -1f
po1nt centered quarter method (Cottam and Curtls 1956)

.~ T aE s

“Twentn po1n$§ﬁﬁere sampled at regular 1ntervals along a 100m

-
transect establ1shed prev1ously for snall and pellet ,
usampl1ng at each 'of the 25 sites- (see below) Data from the
;\,@uf1ve examples of each habltat type were grouped and’ relat1ve
'Ydens1ty, relat1ve dom1nance 'relat1ve frequency and an
1mportance value (Cottam and Curt1s 1956) were calculated
for each ree spec1es with1n each hab1tat type Tree spec1es'
were ranked by 1mportance value ‘ . |
The second method ‘line- 1ntercept (Mueller Ugmbo1s and »
vEllenberg 1974) was used to descr1be the shrubs defined as j;
woody undergrowth less than lem DBH and greater than 0 5m
: tall Measurements were made w1th a 50m tape laid over the
shrubs: between the 25 and 75m marks of the'l
prev1ously ment1oned transects Data were grouped to produce
values of % cover and relat1ve cover for each of - the shrub |
species present on’ each of the five hab1tat types Shrub \

species were,ranked by relat1ve cover.



Figuré 26.
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The th1rd method was an est1mate of the extent of cover "‘

- of herb spec1es w1th1n a 1m2 quadrat us1ng the D!ubenm1re

cover scale. (Mueller Dombois and Ellenberg 1974) erh

vﬁflayer was all vegetat1on less than 0.5m tall. Ten'

‘l'randomly placed quadrats were exam1ned on each transect, and
‘ .the data were grouped to produce relat1ve frequency,.
| relat1ve cover. and an 1mportance value (rank) (W1kum and
;Shanholtzer 1978) for each specaes in each hab1tat type

| Vascular plants were 1dent1f1ed to- spec1es, where ’
practwcal w1th the ald ofo:;ss (1974) and Corma05 (1977)

fNon vascular plants,~and s t @

complex genera of vascular |
'}plants were not 1dent1f1ed td spec1es All hab1tat analyses
; "were performed in. m1d August 1981 o o '
fCollection of Terrestrial Gastropods .
Gastropods were collected from all 25 hab1tat plots at
intervals from May to October to determwne the monthly
;Wprevalence and 1ntens1ty of 1nfect10n w1th P boughtoni. On
each plotn a 100m transect was marked through the
vegetat1on Care was taken to ensure that each transect f[
intersected relatively homogeneous hab1tat along its ent1re

‘length

‘e

Each month f1ve random points were chosen adong_a

o~

“transect and 0. 05m2 X 5cm samples of organ1c 14t er were cut

~and removed. In habitats whese\the litter layer less
. than 5 cm, the en¢1re layer was removed down to mineral |
soil. Gastropods were collected. from l1tter samples by @he

‘cold water process (CwP), modifled from Beyer and Saari

L . : i . . L
' ."‘-&, .
P . . . : <

I
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‘(1978)\\Each l1tter sample was placed in a- 0 05m2 x Qcm

plastlc boxG and thoroughly wetted with pond Water The

boxes were covered. and water was added on each of the next .

'Utwo days unt1l the so1l was nearly submerged Gastropods

'_‘were collected dally for three days from ‘the surface of . the :

l1tter and s1des of - the boxes as they cl1mbed to avoid the

, ) 1 e

r1sing water level

Thrbe tests of- the fea51b4L1ty and effic1ency of th1s_

"',collect1on techn1qué were performed F1rst, a comparlson was

made between the CWP and a dry- s1ft1ng technlque Ten pa1red
samp\es of Teaf J1tter were. cougected from the same

.aspen domlnated hab1tat near Ellersl1e Alberta One sample
of each pair was subJected to the so1l flood1ng reg1men"
fdescr1bed prev1oUsly The other sample was sxfted thrdugh
three screens of decreasing mesh size, and-each nesult1ng
size class of litter was. carefully searched under br1ght
llght for gastropods. The ' results for each group’ ‘were
stat1stqcaiiy compared .,?; ‘ _,;

The second test was a measure of the eff1c1ency of
recovery of the CWP. Ten 0 05m2 x Scm samples of | .
'gastropod free leaf litter were placed in plast1c boxes.

: Five Discus cronkhitel and f1ve VaIIonla or'acllloosta were
'm1xed into each box The- soi 1- flooding procedure was
followed and a % recovery of‘the two snail spec1es

determ1ned

1

Wil-hold. W1lson Mfg Corp , Sunbury, PA,

Ay
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The ab111ty of terrestrzal snails‘to survive :
submergence under water for. extended periods of t1me was
also ‘tested. Ten 1nd1v1duals of D cronkhltei and V.

gracflicosta were placed in 1nd1v1dual glass vials covered

| -~ with perforated caps The v1als were fllled with aquar1um

! a

‘water then submerged 1n a d1sh of water SO ‘that none of the
‘snails had access to air Surv1val qf sna1ls, determlned by
observat1on of the heart beat1ng through the transparent
":shell was recorded at 24 48 and 72 hours post submergence
| All gastropods recovered from transect samples were e
L1dent1f1ed crushed between g]ass slides, and exam1ned w1th
.transm1tted 11ght at 16X magn1f1cation for the presence of -
{nematode larvae. Gastropod 1dent1ficat1ons were made with

R the aid of Burch (1962) and Pilsbry (1948) Confirmation of,
‘n:gastropod 1dent1f1cat1ons was prov1ded by Mrs. M };-I. ‘
Smith, Mollusc Unit, National Museums of Canada. o
.Representative gastropod specimens have been depos1ted in
the Natiomal Museum mollusc col]ect1on under accession r
number 1982-67v The . lengths of al] Vertigo gouldi subspec1es
were recorded before crush1ng |

Larvae recovered from gastropods were f1xed 1n hot
glycer1n alcohol. Lengths of larvae recovered from |
naturally- 1nfected V. gouldl .and experimentaf?yo1nfected ,
Vallonia pulchella were compared as outlined 1n Chapter I.
Survey of Snowshoe Hares | ‘

nlnfectlon of Lepus a. americanus with P. boughton] {ni'

the study area was moni tored monthly from'danuary,tof

—_—



December, 1981 by exam1nation of trapped and shot hares of
-d-all age groups Most hares were trapped us1ng unba1ted

v;f,vs1ngle or double door u1ve traps following the methdds\of
Ke1th et aI (1968) Some hares were collected by shoot1ng,
us1ng a 22 rtfle Hares were collected at var1ous sites

” w1thin the study area where they were abundant but no
effort was made to categor1ze collected hares by habitat '
type as their reported home ranges of 2 to 16 ha (W1ndberg
and Keith 1596) would probably encompass more ‘than one

study area. Care was taken not to

near the khabitat plots chosen for

o’

.1§;?é class1f1ed in age groups
as adult, Titter 1, Jditter 2,

gastropod collectlons Hare

r l1tter 3, and a sample of

“'; each group was collected monthly as it became avawlable
through the year An attempt was made to collect at least 10
ind1v1duals of each age group each ‘month. All hares were
designated. as’ adults from danuary until the appearance of [
the first litter group 1n late May . v

Hares trapSéd were Killed by cervlcal d1slocation

- Fresh fecal pellets were collected from beneath the trap, or
.from the: rectum of the hare ALY hares were we1ghed and the
hind foot length of Juven1les was meaSUred Eyes were
removed and fixed whole in 10% formal1n for subsequent age
determ1natlon by dried lens we1ght follow1ng Ke1th et a7
(1968) Hares were placqutnto age groups on the bas1s of
body weight h1nd foot length and lens welght The abdominal:

cavity was opened and~gonads were'examtned to-confirm sex of
\ . . . .t
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_individuals The thorac1c cav¢¢y was, opened and the. lungs,
1nclud1ng half the trachea were removed These were r1nsedﬁ
w1th water, towel dried, we1ghed and frozen o :
‘\Approximately one . gram of fresh feces from each hare - 's?
' was exam1ned by zinc- sulphate fJotat1on (see Chap I) for 3
“.Protostrongylus larvae, The lungs were thawed and separated
into 6 lobe§ 1ntermed1ate (w1th trachea) Teft apical, left
d1aphragmat1c, right aplcal, r1ght card1ac and rlght .
d1aphragmat1c (énatomy after Kozma et al. 1974). Each lobe_
was carefully torn 1nto p1eces less than 3mm in dlameter; r
under 6 4% magn1f1cat1on Nematodes were removed claSsed as
lxmmature (early L5) or adult. counted sexed and f1xed in
cold glycer1n-alcohol A random subsample of 10 adult male‘
~and tén adult female nematodes from each month was cleared
in lactophenol measured. and compared to GoHle and
Dougherty s (1943) descr1ption of P. boughtoni »
The macerated lung tissue from each hare was soaked 1n

0.85% saline overn1ght to allow larvae to crawl free of the

'7_t1ssue The solution was v1gorously shaken, poured through a

uustra1ner, and the resultant flu1d was washed repeatedly by

" low- speed centr1fugation (600 rpm) until ‘most: t1ssue debr1s )
'had been removed from the plug of larvae at the bottom of

the tube. First- stage laryae were counted at 16X

magn1flcat1on and a value of larvae per gram (LPG) of lung

.tlssue was calculated Also advanced stages of larvae found,

.1n the lung sed1ment were counted, collected and prepared

~;_(see Chap I) for-. ident1f1cation ' P
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The prenatal young of pregnant snowshoe hares were
removed hnd examined as mentioned in Chapter I to determine
Egr whether transplacental trahsmission of P, boughtonl had
. ;occUrredﬁ ;' :* S -*Jf;,_w~b '
Snowshoe Hare Distribution |

Y

The distribution of snowshoe hares ‘within the study
.area was determined by counting fecal pellets on each of the«"
'fhabitat plot transects, a. method adapted from Rogers and
Myers (1979) Every month ten random p01nts were chosen on {_<~

‘each of the 25~transects At each p01nt a im2. quadrat was

. placed on the substrate and all snowshde hare pellets w1th1n -

the. quadrat were counted No attempt was made to exblude old
pellets from the count, and only pellets on. the surface of

_leaf litter were 1ncluded Counts were taken from May. until

{;‘SSeptember, after which leaf fall prevented further

enumenation
Data Analysis ‘ :
. Most statistical analyses were. accomplished following
" the methods out1ined - in Chapter 1. Two-iay ANDVA was
calculated using a program n BMDP (Dixon and Brown 1979)
‘G tests were calculated follow1ng Sokal and Rdhlf (1981)
Results IR
Vegetation.Analysis.' : h

. The relative den31ty, relative dominance, relative

S

frequency and importance value (I v.) of all tree spe01es

W1thin each habitat type are contained 1n Appendix Illa. TheFﬁ

magnitude of I V 's indicates that ‘in the ST, °8S,. and HW
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-.hab1tats. one or two spec1es accounted‘for most of the total
?:iarea occupled by trees In the MW and CUT hab1tats. there‘,fﬁ
.were relat1vely more spec1es present w1t }he I V. shared ]

.}more evenly among them In the MW, Plcea g auoa W1th an I V

'of 99 1 occup1ed marg1na11y more area than’ the other

-

’spec1es, but in the CUT there was a;relat1ve1y homogeneous
“;_dlstrtbut1on of 1. V. ' ' ’

P - . ) . e

In the ST, SS, Mw, and Hw hab1tats, one or two species ;
'of shrub prov1ded the maJorlty of cover w1th the other

N »

hispec1es occurrrng less frequently (Append1x IIIb) The .
.fewest spec1es were present 1n SS (6) In the CUT—ﬁab1tat
" the numerous co}on1z1ng spec1es prodhced a relat1vely ' :
'abalanced cover. with the except1on of Lonicera fnvolucrat;
'hwh1ch accounted for 34.8%. - " } |
| Appendtx I1lc conta1ns the re]at1ve frequency. relative
‘f,cover and 1mportance value for Bach spec1es of herb in the

five habitat types The spec1es r1chness of herbs 1n the ST _"'

Many more spec1es occurred 1n the rema1n1ng 4 habltats w1th
much’ overlap among them. Some short lived L o )
~ seasonally- occurrtng herb spec1es may have been absent 1n

this one-t1me census _ . | ,,-; ,
o Assessmerit of Gastropod Co'llection Techntque .

- The first test of the Cwp' collection technique was a. -

9ﬂficompar1son with a dry- siftlng'method W1th the latter, a

‘VWQmean of 4.5 live snails was recovered per sample The\SyP

'recovered a sign1f1cantly greater“mean of 9.1 live snails

-
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(t--2 42 p<0 05) In addition, the CWP required ‘much’ less

. time,_a mean; of 0. 45 hours per sample as opposed to 1. 38f

- hpurs per _sample. f°’ the sifting teCh01QUe The relative’1}

f;f; Frequencies of snail spectes reogxeﬁed wére similar with

both methods with. the exception oﬁ‘Viﬂlo/Ta gracillcosta
(Fig 27) Hdwever, one of’the sifted samples contained 10

. of the 15 individuals found by this technique, and the

;*‘ unusually large recovery resulted in a proportional decrease

/*

in the relative frequencies of the other four species
WA test of the efficiency of the CWP indicated that a

“mean of 94% lrange 80~ 100%) of 50 D cronkhitel and 78%

(range 60 100%) of 50 V gracilicosta (5 each in 10 boxes)
were recoverable over the three day period '”f 7 ST
A test of the ability to tolerate submergence under '

water for the period required of the CWP demonstrated that

" 1/10 D. cronkhltel and 8/10 V. graclllcosta survived The
'; entire samples of both species survived 24 hours _while 9/10

D cronkhltel and 10/10 V graclltcosta survived 48 hours
ThUs _most mortality occurred on the third day of . |

' submergence Snails actively crawled on the vial walls for

the First 24 hours, ut werealess active thereafter

5urvey of Terrestrial Gastrff :

Do

A total of 3005 stylommatophoran qastropods was

3 eollected in 750 samples ?rom the study drea and exaMined
if during the 6 month survey period flable VIl Forty seven,

individuals of: four species were infected with a»' ;Jlfff

- PnotostFONleus-type larva of these species. three~were of -

.f.v_ .
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‘ TABLE VI:: PREVALENCE OF PROTOSTRONGYLU§,BOUGHTONI LARVAE IN GASTROPODS

COLLECTED FROM 'THE STUDY AREA IN 1981

SPECIES : o

- NUMBER

- NUMBER

'PREVALENCE INTENSITY

COLLECTED INFECTED - %) (meap)‘
Suborder Sigmaurethra
Family Limacidae 4 o
DeroéérésglaeVé‘ 8 Q> 0 -
" Family Zonitidae
Euconulus: fulvus 356 . 0.3 1
- Zonitoides arboreus *9 0 -
Vitfing¥algskana : 34 -
Retinella electrina - 429 o -
Family Endodontidae ‘
Discus cronkhitei 1005 - -
PunCtum:mi@utissimum 149 9 ';
Suborder Orthourethra f
| Famiiy Pupillidge . ) ﬁ ‘ ‘ .
Vertigo gouldi subspp. = 905 44 4.9 1.6
Vertgg_ ovata - ‘ 22, 1 4.6 1.
Columella edentula 52 1 1.9 1
- Family Valloniidae - ' o |
: Luug5petes harpa —i}fé;;;#~~43~~ ’———Q‘ - .
Family Cionellidae ' 7 ' | .
‘\fk Cbchlicopa lubrica_' 33 0 0 -
“Suborder Heterurethra
Family Succineidae o o o
Succiqea sp. o 1 0 0 - :
. TOTAL - “3005 &7 1.6 1.1
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the fam1ly Pup1llldae and the fourth belonged to the family
y Zon1t1dae Larvae recovered from these sna1ls ‘were exam1ned
and lengths were stat1st1cally compared'to lengths .of P
._boughtonf L3’s. No morphological or length d1fferences S o
-between the two groups were determlned (see. Chap I, and

\hereafter all larvae collected from naturally 1nfected

.gwsna1ls w1ll be referred to as P. boughtoni.

The method of exam1n1ng snalls by crush1ng was not
effect1ve in recover1ng flPSt‘ and early second stage~larvae
as these were transparent in the foot tlssue Few late
second stage. larvae were found (5), -sb in further analyses
_all larvae recovered from snails were regarded as 1nfect1ve

| Percent prevalence of ‘P. boughtonl in suscepthle
snails- var1ed from 0.3 to 4.9. However, in each of the cases
of Euconulus Fulvus, Vertigq ovata and Columella edentula
‘only one 1nd1v1dual of the total sample was 1nfected Based
'L_on these data, it appeared that_of thé actuatl 1ntermed1ate
hosts of P. boughtonl only Vertlgo gou]df subspecies were
infected in suff1c1ent abundance to play a. significant role
in transm1551on of the paras1te Subsequent analyses in this
sect1on will be restricted to V. gouldi; the other _ _
1ntermed1ate host spec1es will be cons1dered further in the'h
next section (CONCLUSIONS). | | |
VL gouldl was‘founa in each of the hab1tat types (Table
VII). The smallest 1nd1v1duals of v, gouldl and C edentulaz
(<750um) were 1nd1stingu1shable from each other oh the basis
- of form or colon. To,s1mpl1fy_further‘analysf%, all such

.
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TABLE VII.' PREVALENCE AND INTENSITY OF INFECTION.TOF PROTOSTRONGYLUS

'+ BOUGHTONI IN VERTIGO GOULDI FROM EACH HABITAT TYPE
L , ":;;‘rig - .

. . S L. ~
v : . TR e

- HABITAT . NUMBER  NUMBER PREVALENCE _ NTENSITY
COLLECTED INFECTED - %) (RANGE)

3]

€TAG - - 45 2 4411y
SPRUCE .- 389 . .ooa21 5.4 1.7(1~¥1)
SLOPE . * . N . ' : . -,
‘ , : ' S O s
MIXED | 217 11 5.1 - L.5(1~4):
- WOOD ' ' . Py
CUT v . . 181 | A 3.9 L1(1-2)

S

HARD- 73 R 41 2.7(1-6)
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1ndiv1duais were \a551f1ed as V. gouldi in recognition of
ithat species greafkh abundance Any resu]tant error will
likely be m1n1mal A G-test of Jndependence indicated that
there was no 51gnif1cant difference in prevalence of
,1nfect1on with P, boughtoni due to habitat type (G=0.78;
p>0.05). Similarly. a Kruskal-Wallis test indicated that
there was no s1gn1ficant difference in 1nten51ty of P.
boughtoni infection due to habitat type (H 0.75; p>0.05;
median 1nten31ty in all habitat types = 1)

The potential for transm1551on of P. boughtoni in the
different habitat types was likely a function of the
‘abundance of V. gouldi in those areas since revalence‘and~
1nten51ty were constant. The abundance of V.jgouldi varied
'51gn1f1cantiy between habitat types. (H=110.114; 'p<0.001), The
snails appeared to have an aggregated distribution on each
of the habitat' types (variance > mean) which did not, ‘
approx1mate a negative binomial distribution (G- tests,.’
p<0 -05). The actual distrfbutions were not determined a¢
there ‘appeared to be no positive association q;tweenv51ze of
snail aggregations and mean preVaience of infection with P.
boughtonl'(G=12.91; p>0.05)(Fig. 28).

The arithmétic mean densities of V. gouldi, as well as . .
s an 1ndex of disper51on for the distributions on each habitat
"fgﬁgpe are presented in Table VIII. The parameter "b" of

Taylor s power law was chosen as a measure of the degree of
clumping (Eiiiott 1977) A vaiue for b of 0 indicates a

reguiar distribution, 1 indicates a_random distribution and -
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'Figure 28. Prevalence of Prétogfrongylusiboughtpni infection in‘f

Vertiggmgguldivaggregations.
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TABLE VIII. MEAN"BENQITY»AND DISPERSION OF VERTIGO GOULDI ,
| ON' EACH. HABITAT TYPE. DISPERSION 1s INDICATED |

BY THE PARAMETER b OF TAYLOR‘S POWER LAw "I

\\\ﬁABlIAT . ' MEAN DENSITY ' DISPERSION
(SNAILS/m2) )
\ . _

STAG " | 5.87 139,
. , )

SPRUCE ' 753,33 Toi.e3
SLOPE 4

“ . MIXED | - 28.81 | 214
WOOD | T S

cor R TR T T 169

HARD- S S| 9.60 L 1.38
WOOD - : ' 1

R
a
/¢



values above 1 1ndicate an’ aggregated dastr1but1on On each

hab1tat type b was. greater than 1 It is acknowledged"that
- the ar1thmet1c ‘mean dens1ties of sna1ls may not accurately
reflect the actual densities on each habitat type given the.
possibility of d1fferences in sna1l d1spers1on and
1nfluences of seasonal variation in abundance. However

' slnce the relat1ve magnltudes -of sna1l density’ on each

'~ habitat type follow the same order as total numbers

collected these means may be of . value 1n l1eu of more

}accurate descr1pt1ve stat1st1cs '

Ne1ther overall prevalence or 1ntens1ty of 1nfect1on of
V gouldi with P. boughtonf fluctuated monthly from May
unt1l October (G 2.48; 'p>0. 05, and, H=2. 10 p>0.05) . Monthly
fluctuat1ons in V gouldf abundance were detected only on
the SS and HW haBitats (H=22.89; p<0.001, and, H=15. 72;
p<0.01). 'On both hab1tats,-sna1l'dens1ty decl1ned from June

to August (Fig. 29) Dens1ty increased through September and
October on :SS,  but rema1ned depressed on HW.

An attempt was made to exam1ne the relationship. betueen :

age classes of V. gould¥: and prevalence of 1nfect1on with P.
boughtoni, assum1ng that snail shell] length was related to
snail age. A1l V. gouldi collected were. ass1gned to five
‘arb1trary size classes. with 500um" 1ntervals, after Platt
(1978). Snails of the smallest size class (<500um) were '

. un1nfected, and there was no 51gniflcant d1fference in

~ prevalence of infection among the rema1n1ng 4 classes

(G=1.18; p>0.05). Neither was there a significant difference -



Figure 29.

Mean monthly populat!on densities of - Vert;g_‘gggldi in

Spruce Slope (a) and Hardwood (b) habitats from May to

October, 1981. Bars above gnd below points represent one -

standard deviationm.
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in intenSIty (H=1.26, p>0. 05) ;(f\ A
The d1str1butlons by s1ze class of a]l V. gou)di

co]lected each month are presented in F1gure 30 The ~
' d1stribut1ons were un1moda1 unt11 July, at wh1eh twme they
became more or less b1modal w1th theaexcept1on of August
Th1s may 1nd1cate that youn V. gouldi beg1n“recru1tment
':‘1nto the popu]atlon between dune and duIy and ‘continue unt11
‘;Dctober,‘s1nce the first. mode rema1ned at 512e class 2

“There appeared io be nb die- off of older (=larger)

: individuals. The d1fference in August’s d1str1but1on may:

have been due to effects of the decreased sample size for

that month. |

‘,_Survey of Snowshoe Hares

| A total of 261 hares from 12 months in 1981 was

'exam1ned for P. boughtonl Overall prevalence of 1nfectlon

was 92. 3%, and the mean 1ntens1ty was. 27.3 with 4 range of 1

to 284 Sample s1zes from each month For each’age group are

presented in Append1x v. o R S
Prevalence of post- larval P boughtonf in adult )

snowshoe hares from the study area was 100% in every month.\

“‘-_“All young of the year hares greater than approximately 60

y'days of age were 1nfected, and the youngest hare with P.
boughtonl was approx1mately 23 days old. The youngest hare
with a patent 1ungworm 1nfection was approx(m§> Ty 40, days

old The prevalence of P. boughtonl in juvenilﬁ\hares from
';_August to December was 100%.

&



- Figure 30.

. L.
Rl S0

o !
Monthly relative frequencieg of Vertigo M size
_classes from May to October, 1981 SiZe classes. l - x
less than 500um, 2= 500»999\111':‘ 3= 1000—1499um, 4 =
’1500—1999um, 5= 2000um and Breater. o
s @ o :
A -
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To determine whe@herjintensity of infeotion‘With~P.'
boughton i differed between- male and-féhale.hares t-tests
)were performed within adu]t and grouped juvenile samples for
ieach month These 1nd1cated that there -was no s1gn1f1cant
‘d1fference in intensity- between the sexes for either age
group in any month (p>0. 05) To determ1ne whether the sex
'rat1o of P. boughtoni adults d1ffered between male and
female Eares, t-tests}were performed on .the tntensity of
female,nematodes'between male and'female hares of aduTtwand
grouped Juven1le samples for each month. There was no |
s1gn1f1cant d1fference in female P. boughtoni 1ntenstty
between ma]e and Pbmale hares from any - group or time period
~(p>0 05). Therefore s1nce 1ntens1ty did not d1ffer between
" male and female hares. it follows that the sex rat1o did not |
'»elther These initial. tests establ1shed that there were no ,f

’d1fferences in intensity or sex ratio of nematodes between
':hare-sexes and therefore, data from male and female. hares
were grouped in subsequent analyses » .- _

duven11e hares were separable 1nto three l1tter groups
on the basis of ageing techniques unt1l November, at which
- time these techn1ques, based on relatrve size or- we1ght

:could not d1ffereni:ate,among ﬁu&]y growm Juven11es

P PN

RPN

- e

Prevalence of P. boughtonl 1nfection ingthe flrst T1tter“wasfb,,w;_
-0%.-in May -(0/2), 30% in June (3/10) and 70% in duly i(7710)." - c T
Prevalence 1h the second litter was 0% in June. (0/2) and 50%

iR dulY”18/12) The third 11tter group~was very small and

;'d1d not appear until August at wh1ch time a]l young of the
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year'were'infected as mentioned previoust
o Intens1ty of P. boughtonl in adults varied monthly -
(H-?Q 21; p<0.01)(F1g. 31), deciining from March until June,
"then increasing to a .maximum in,Augustt Mean intensity in |
adult ‘hares never eiceeded'20; maximum intensity was 41 from
an Augost hare. |
Intensity varied significantly by month within the
first two l1tter groups (H=24, 70 p<0. 001 and H=16.64;
p<0. 001) but not w1th1n the third litter group (H=4. 30;
p>0.05) (Fig. 31). Lack of significance in this test was
1jkely due to extremely small sample sizes (1 ‘in ﬁugust} 2
in September, 3 in October), but‘since the trend exhibited
'by the data was consistent with the first two lttters, they
were included in the figure for comparison. Mean intensity;
1n each litter group increased exponent1a11y from the f1rst
| month that members became 1nfected to a peak of over 100
_ two months. 1ater. The peaK mean 1ntens1t1es for the f1rst
two 11tter groups were separated by one month th1s was the
| approximate period between partur1t1on'of the 1itters for
adult females The th1rd 11tter group 11ke1y reached peak
Afmean rhtens1ty ]n“Oclober becaUSe transm1ss1on of- the
dpara51te in w1nter months was assumedly curta11ed Data from
"pall November and December Juvenlles were combined and they o

-;thdicated a contjnued reduct1on 1n mean intens1ty over: those

Lo months (F1g 31) Maximum 1nten51ty was 284 for a

:71th1rd Titter Juvenile in October
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“Figure 31. Mon‘th‘ly mean intensity of Protostrongylus boughtoni
infection in each snowshoe hare age group in 1981.
Standard deviations for means are listed in Appendix v. -
A
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Numbers of £Jrst stage larvae 1n the feces of each age ',

'.""‘ 47.

- a—

group of hares -are presented 1n F1gure 32a Med1an va]ues
“are p]otted as the extreMely h1gh var1ance in these data .
d1sallowed the use oi means as: descr1pt1ve stat1st1cs
| There was s1gn1fﬁcant month]y vartat1on in- L1 output
among adult hares (H 26 76 p<0.01). Median LPG of feces, %
t.:whxch was very low in every month peaked 1n August ]: o
:‘,;:co1nc1dental w1th max1mum mean 1ntens1ty of- P boughtont o - |
;"1nfect1on (F1g*31) Max1mum ]arval output for an. adult hare .
. .was 51 LPG of feces recorded in- Apr1ltu rf.“,l" ‘
F1rst and second l1tter larval output also varied w1th
t1me (H= 17 01; p<0. 01, and, H=15, 32 pﬁp 01) and peaked
;A'co1nc1denta11y w1th mean 1ntens1ty of P.. bOugbtonJ Larval

8T -wrw 2 oa

:output of the third litter dwd not show 51gnwf1cant change
but the pattern was s1m11ar to that oF the f1rst two-
litters. Larva] output of grouped Juven1les in November and '
December was relat1ve1y 1ow Max imum LPG of feces from a
'}Juven1le was 416 recorded from a first litter hare in
‘August ‘ ‘ / . |
| There was monthly. var1at1on in med1an LPG of lung
t1ssue 1n adult hares. (H=27. 11; p<0. 01)(F1g' 32b), but it
did - not reflect the. pattern of mean intenSIty of P
bcughtonl infect1on (Fig. 31). This reflection however was‘
seen 1n the data for the first two litters {H= 22 19;
p<0 001, and H=16.43; p<0. 001)(F19 32b) There was no
s1gn1ficant monthly variation in this parameter in the third

litter group or between grouped Juveniles of Noyember“and___nzt
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December'(p>0 05) lMax1mum LPG of lung t1ssue for an adult

hare was 504 recorded 1n August and.. for a Juven11e was 3486 o

‘recorded from a third. l1tter hare in October ‘ ,
L1near regress1ons were calculated for 1ntens1ty of _f
~adult P boughtonl 1n the lungs on . LG qf: feces for adults

and.- grouped Juvenlle hares tF1g 33) to” determlne if fecal’

output of L1’ 'S could be an: accurate'pred1ctor of the \"

intensity of: 1nfect10n In adult hares, only 5. 7% of the
'variab1l1ty in: 1ntens1ty could be accounted for by this

regression (t=2.92; p<o0. 01) In ijenile hares; however,

_by th1s relat1on (t 11 66 p<0 001) The slopes of the ~,f;'

regress1ons for adult and Juven1le hares were not

P R L R
o

“homogeneous (Fg20 08 p<0 001)
L1near regress1ons were also calculated or 1ntens1ty :
of adult P. boughtoni 1nvthe lungs on LPG of lung tissue for
adults ‘and grouped juvenile hares (F1g 34) to determ1ne if
number of tissue L1's was a more accurate -predictor of the

intensity of infection. In adult'hares.p28 3% of the

{“avar1ab1l1ty in 1ntens1ty could be accounted for by, th1$ -

-

@ﬂffregressron (t 7 47 RO, 001) In Juvenile hares. 70 9% Of

1”relat1on (t 5. 61 p<0 001) The slopes of the regress1onsg_
for adult and Juven1le hares were’ not homogeneous (F= 20 55;
p<0.001). |

Fourth stage larvae of P. bcughtoni were found in the
lungs of adult ‘hares from every mohth-but_May_(Fig. 35).

';_L57 6% of the varlab1l1ty 1n 1ntensity could: be,accounted for

l'-fthe var1abil1ty in: 1ntens1ty could be accounted for by th1s :
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Figure 34. Number of adult Protostrongylus boughtoni in the ‘lungs '
of adult (a) and juvenile (b) snowshoé hares versus
. number of first-stage larvae per gram of luﬁg tissue,
with regression equations.
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Figure 35 ' Mbnthly prevalence of fourth—stage Protostrqtgylus

boughtoni 1arvae in the lungs of_adult snowshoe hares

in 1981 Median intensities are presented above data

points. #-ﬁ}f‘
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‘Perceﬁt7préva1encesvariedhmonthlvfup‘toIBQ% 16=22.61;
'=:-p<0 05)- w1th peaks 1n March and December' Intens1ty was
----- commonly low but also var1ed monthly (H 32 27 p<0. 001) and
.;';was cons1stently h1ghest over the per1od of November to -
“'danuary o ' '

Ne1ther prevalence nor 1ntens1ty of 1nfect1on of
Juven1le hares with L4's varled by month or between litter
groups or between l1tter groups and November - December

.[grouped 3uven1les (G- and Kruskal Wallis tests p>0 05)
\Thus, data for a]]wjuven1les were complned The grand o
prevalence was 27. 5% while. the median 1ntens1ty was 3 L4's
‘were recovered from Jjuvenile hares trapped in w1nter montbs,
even though the ground was frozen sihce early November and-
‘there had been a heavy -cover of snow- since late in that
- month. Both factors wou ld assumed]y prevent transm1ss1on of
the paras1te from sna1ls to hares
;Firgwalhere was no s1gn1f1cant dtfference_in“the distribution
of P. bbughtoniﬁamong'the:iung lobes between adult and
juvenile hares_(Gftestsvfor each lobe' p>0. 05). Thus, all
data were grouped (Table IX). Of 6673 1mmature and adu]t P.
boughtonf recovered from 241 infected hares during the
'.study, 71% were found in the d1aphragmat1c lobes There was
- no s1gn1f1cant preference for e1ther rlght or left
"dlaphragmatic lobe and there. was no s1gn1f1cant preference |
for either r1ght or left apical lobe (G=1. 52; :\p>0.05, and, i
'G-1 22 p>0 05) Immature P. boughtonl (early Lsﬁs)were -

. most often found c01led in the parenchyma near e surface -



.. TABLE IX...

. o e .
> oa ® v an R T SR

PISTRIBUTION OF ABULT AND TMMATURE PROTOSTRONGYLUS

BOUGHTONI IN THE LOBES OF NATURALLY-INFECTED LEPUS

AMERICANUS LUNGS ' S

LOBE TOTAL WORMS ~ % OF GRAND

RECOVERED TOTAL E

. ,

INTERMEDIATE 618 9.26
LEFT 436 . 1 6.53
_APICAL . - .. _— AP
LEFT 2337 . 35.02°
‘DIAPHRAGMATIC .
RIGHT 468 - 7.01
APICAL -

.~ RIGAHT - 409 6.13 .
CARDIAC S
RIGHT 2405 36.04
DIAPHRAGMATIC :

TOTAL .. 6673
Vo
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of lobes.

The sex rat1o of aduilt P. boughtonf in the lungs of

.adult and Juven1le hares was’ exam1ned There was no

et .
v s e

s1gn1ficant monthly var1at1on 1n sex” rat1o of adult P

- boughtoni’ Within adult hares (G=19.25; p>0. 05) Similarly,

there was no sign1f1cant sex ratio var1at1on 1n juveniles.

.grouped by month of age (G 0.60; p>0.05). A G-test on data

~from all adult hares versus -altl- Juvenlle hares revealed RO

; .

slgn1ficant.dtﬁferepceean fhe‘sek ratvos'oﬁ-worms between- -
these two groups (G=2. 60; p>0 05). Therefore data from all

infected adults and Juven1les were comb1ned and a t- test

¢revealed no slgn1ficant d1fference between mean numbers of 7

‘male and female P. boughtoni (t 1 25 p>0.05). -

Dlgest1ons of 44 prenatal young from pregnant hares '

trapped from Apr1l to dune, and 4 st1llborn young from a =

4

hare: trapped 1n «June, resultéd in- né’ recovery of:

Protostrongylus larvae (Append1x I1).

K Snowshoe Hare\glstribut1on

Snowshoe hare. fecal pellets inga total of 1250 quadrats‘

from the 25 transects were counted Two way analysvs of

- variance on log- transformed pellet counts 1nd1cated that

~ both month (F=40.50) and habltat type (F= =123, 99) were:

s1gn1f1cant (p<0 001) factors in the den51ty of pellets

observed (Fig. 36). Densities decllned in all habi tat types
from May until August. THere were slight fhpreases in pellet
densities in the ST, CUT- and HW habitats in September ‘which-

d1d not occur in SS and Mw

v e
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The mean pellet counts‘for each habllat type ln a month
e were d1v1ded by the- sum of all hab1tat*means for that month -
":and multipl1ed b; 106'to producé a % of total pellets found
per habitat. ‘type ﬁor rank1ng purposes (Iable X) o
lzpercentage of pellets was cons1ste2{ly lowest in the Hw .__;Af;
.hab1tat where 1t was always less than 8. Next 1n order of ‘
' 1ncreas1ng pellet dens1ty was MW, where the percentage was

.repeatedly less than 14, CUT was the next h1ghest hab1tat

... type in all months except May, when the percentage of total

.pellets was highest of all habitats at 29 87. SS had a f
. cons1stently lower percentage than¢ST ranglng frqm 23102 to -
31 01, except in August when ST was sl1ght/y lower ST had )
the, hlghest percentage in three of the five months 1f % of
'total pellets tound per habttat type is a rel1able ind1cator
of relative use by snowshoe hares, then relat1ve hab1tat use
from spring to early fall ‘was of the follow1ng decreas1 g
order: ST,SS,CUT,MW.HwL |
‘Discussion _—
. Est1mates of the d1str1bution and abundance of 4
.terrestr1al gastropods are difficult .to make and the methods
lAemployed in past studies often contalned elements of bias of
" unknown nature (BishOp 1977 Boag 1982) Some object ives of
hthe present study were to measure the monthly abundance of |
= intermed1ate hosts of P. boughtoni in d1fferent habitats,
',and to determlne the extent to wh1ch they were infected w1th_

the parasite. Thus, a rel1able quant1tat1ve approach ‘was

essential to mean1ngful\compar1sons of data both spatially
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, and temporally The method chosen I belweve was the most-

approprlate g1ven ‘these- requ1rements ) N,A-,‘u1~.~‘>~~3f’5;”

\33 o . <

So11 samp11ng Hdis an accurate method of est1mat1ng total.

'?numbers, spec1es compos1t1on and age d1str1but1on of.

terrestr1al gastropods (South 1964 ; Hunter 1968; Mason 1970
Newell 1971 - Bishop 1977 Beyer and Saar1 1978) _ Random
quadrat samp11ng provides. 1nformat1on on spat1a1 d1spers1on,"
allows a level of prec1s1on~on‘the population estimate and
allows interjsite coﬁparisons (Bishop 1977). -The efficiency
of soil samplkng is-easiﬁy‘tested by introducing,a Known -
number of gastropods 1nto a "c]ean sample followed by ‘the
recovery, techn1que (South’ 1964 Hunter 1968 Mason 1970 “
present study) . However, Bishop (1977) 1nd1cated-that'
.quadrat sampllng may underest1mate spec;es with. strong
| micro- hab1tat preferenoes such as slugs, a statement,
re1terated by Boag (1982) who, -in addition, proposed
‘poss1b1e biases based on d1fferent1al d1str1but1on of 1ife -
stages, d1fferent1a1 v1s1b1l1ty among spec1es due to size or
frag111ty of she]l "and d1ffereat1al decay if only shells
are counted. | | :
Four major methods are commonly used to separate -

gastropods from soil samples: dry-sift)ng (Bishop 1977)
. soil washing (Newe11 1971'”Bishop~1977) Vagvolgyi flotation
(Mason 1970), and the cold ‘water process (CWP) (South 1964)
_ Dry sifting fresh so11 and 11tter“1s often 1mposs1ble 1f the

'sample contains much water. Bishop (1877) recommended so11

' washing in that instance. Soil washing was 63-100% eff1c1ent7”

BN

133
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for recovering slugs from samples (South 1964 Hunter 1968) ;

fbut an abundant suppiy of runn1ng water is necessary for the °

technique. A]so both dny sifting and so1] washxng are © .
extremely 1abor1ous Extract1on of snails from so1l samp]es
by the Vagvolgyi techn1que,1s quicker; Mason (1970)
determined, it to be 84%‘efficient However all snails are
‘K1lled in the process and slugs are not recovered The CWwP

L g

is quick, requires llttle water, and is 81- 99% eff1c1ent at
recover1ng{slugs in all but pacKed soil types ZSouth 1964;
Hunter 1968). This techn1que has not been used for recovery
of shails’ unt11 the present study. - ,@
Tests were conducted to determ1ne the etficienoy of the
CWP at recovery of terrestrial snails. The CWP was a huch .
5:qu1cker technlque than dry swft1ng and more sna1ls were |
recovered Decreased recovery of live snails by s1ft1ng was
probably due to decreased v1s1b1l1ty of snails when mixed
within leaf 11tter The relative proport1ons of snail
.'spec1es recovered were approx1mately the same with both
techn1ques. so spec1es spec1f1c d1fferences in response to,
r151ng water may be d1scounted The eff1c1ency of recovery
of Known numbers of D. cronkhitel and V. gracilicosta
Frang1ng from 60-100%, was s1m1lar to that reported for slugs
- using the same technique. .
It is a common elief that‘terrestriaj gastropods
cannot survive.submer ence under water. This belief is’
313ustrate¢'in Boycott’s (1934) statement that, *most Tand

' snaiis'and slugs are-easi]y drowned. If they fall ‘into water
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the1r mucus is’ so d1luted that they cannot crawl out Heavy
"ra1n, apart from the impact of the. drops, ‘may be qu1te
destruct1ve and they do not usua]ly go out 1nto 1t”. Many _'

species of terrestrial sna1ls and slugs can no doubt survive

extended periods of submergence. In the present-study, 100% :

of D. cronkhitei and'V;.pulchella surysved:2¢'hours‘of

,_,submergence and were observed crawling on the vial walls.

' The CWP appears to be a rap1d and efficient method of -
| obta1n1ng quant1tat1ve 1nformat1on on the d1str1but1on and
tabundance of terrestr1a1 gastropods, at least in northern
temperate regxons In trop1ca1 hab1tats, where many '
gastropod spec1es have arboreal d1str1but1ons (Peake 1968)
”dadd1t1onal methods may be requ1red

Species of terrestr1a1 gastropods~recovered th the

present study have'been ‘reported previously from'Alberta by

Platt (1980) Van Es and Boag (1981) and/or Boag and W1shart )

(1982). Of the four spec1es infected with P. boughtonf/
larvae, one (Euconulus fulvus) was of ‘the family Zon1t1dae;
species of whlch are not commonly reported as- 1ntermed1ate
hosts of Protostrongylus Since only one of 356 E. fulvus
was 1nfected this speo1es does not appear to be a norma]
intermediate host of P. boughtoni. Although Pillmore (1956)
.regarded E.vfulvus as refracttve?to infection‘with- |
Protostrongylus stflesl.and/or~Protostrdngylusfrushi;
Forrester?t1971), Latson (1977) and Boag and Wishart (1982)
found that this species was 1nfeoted with a

Protostnohgylusftype']arva on bighorn"sheep range. The
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'poss1bility ex:sts that those larvae were P. boughtonl or
Orthostnongylus macrotls | |

Although all larvae recovered 1n the present study were
designated as P boughtonl s1nce mule deer (Odocofleus ;
hemionus) and white- tailed deer (Odocoileus virginianus) -
occurred. in the study area, 1t is possible that some larvae yh
were actually 0. macrotls (See comparison, Chap 1). This is
“unlikely. because deer feces were never encountered in pellet’
1count quadrats 1nd1cat1ng that deer seldom frequented my
transect sites. Also, Stock (1978) repor ted that only-8% of
mule dger and 3% of white tailed deer from Alberta were
1nfected with 0. macrotls Moose (Alces alces) frequently N
observed in the study area, may also have been 1nfected with
0. macrotls, but the_para51te is not common in them (Samuel
et al. 1976). - | | —

Vertigo‘OVata and Columellatedentula’are ot considered
1mportant in transmiss1on of P. boughtoni on the study area
‘becausé of - their smaller, spatially restricted populations.
V. gou]dl was found in all habitat types including ST where
. the acid nature. of the substrate likely precluded the
establishment of most other species V. gouidl appears to be
ivery much - a generalist in habitat requ1rements. an .
observation supported by Vap Es and Boag (1981) who found it
on 90% of sites sampled in central Alberta, and Boag and
Wishart (1982) who recovered it from all habltats sampled on

bighorn sheep range in‘southwestern Alberta

e i e a4 i
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‘For transmission of P. boughtonf to ocour an 1nfected"
'snail mus t be‘ingeSted by a snowshoe hare. In the present "
study, there were no read1ly 1dent1f1able "foct““of |
infection in the sense of Lankester and-Anderson (1968) ‘and
Platt (1978). In those studies the def1n1t1ve hosts were
fspat1ally concentrated in the former 1n$tance on an island,
and in the latter on a townsite. Such concentration wou ld
‘amplify transmission in those areas. V. gouldi, the primary
intermediate host speoies for P. boughtoni was relat1vely
common in each habitat type Since ne1ther the prevalence
nor intensity of infeot1on var1ed among hab1tat types, the'v
-potential for transm1ss1on was largely dependent on - relat1ve
'abundance of V. gouldl a var1able which: oould differ by a
: factor of approx1mately 10. ‘ |

Prevalence of ParelaphostrongyIUS*spp;‘ln slugs
fluctuafes seasonally, due in part to an annual<diefoff of
older, |heavily-infected 1nd1v1duals and subsequent
'replacement in samples by young . recru1ts to. the populatlon
(Lankester" and Anderson 1968; Platt 1978) "The monthly size -
d1str1but1on of V. gouldl 1ndicates ‘a more stable population'
with reproductlon occurr1ngﬁo3er most. of the summer and no

: ;ﬁair an1mals The stab1l1ty of P. &
K % K
boughtonl 1nfect1on nwiﬁﬁwy ldi may be. related to the

5**;" °

stabnl1ty of the snail pOpulations Theal1fe span of V.

catastrophio d1e~ofF;

gouldi is unknown; but is likely greater than one year
Lankester and Anderson (1968) noted similar stabil1ty

in prevalence of 1nfect1on with Paﬁelaphostrongylus tenuis

TR B . ULl L e b e e



Rprevalence of Pare’aphostrongylus spp infection w1th .slug
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| ,jin Zonitoldes nltldus, possibly 1ndicating that age

iﬁstructure of the snails was relatively constant Lankester

and Anderson (1968) and Platt (1978) noted increases 1n};

s1ze (= ageO Rodonaya (1977) noted a 51milar prevalepce
increase in HellceTla derbentina infected w1th

';Protostrongylus taurlcus No such: increase was noted in the
" present study Snalls of the smallest 1nfected size class |
_;had the same prevalence and'inten51ty of infection with p.

.,boughtcni as the largest class, and this-may 1ndicate that

..only the smallest snails were susceptible Cabaret i1981)

ffdetermined that prev1ous exposhre of various spec1es of land \

"-fsecond week in May The soil in

)

“since they were found in the earliest collections ‘from the

f;gastropods to protostrongylid larvae may reduce their A_(
,d'receptivity on subsequent reexposure, although Lankester and v
‘Anderson (1968) found no evidence oF this.: Also. L3’s may
\;emerge from 1nfected snails (Chap I)} and 1f this. were - a
“‘»f common occurrence.'it could prevent an’ increase 1n both theA )
"prevalence and intensity of 1nfection among older snails
-_Another p0351ble reason for the unchanged prevalence and .‘

;1ntensity in older snails may be an. increased rate of

mortality among infected ind?viduals

Larvae of P bouahtoni must overw1nter in V gouldl

-
Ty
Ty

‘tst of the habitats was -

"ﬂf,still frozen Just below the sur.ace A the thipd week of

~7fﬁApril Even if larvae were to enter snails same,;ff'”

Lo early April low temperatUres would retard thedr d velopment
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(Gerichter 1951) and none would be 1nfective until late May
'Overw1ntered L3's were available to snowshoe hares as soon
as the snails became active. | |

Prevalences ‘reported for gastropodﬁ 1nfected with
metastrongyloid larvae vary w1dely, no doubt partly in
_ relation to the obJectivity w1th which the gastropods were'

COllected Pillmore (1955) collected Pupll]a muscorum by
‘field search and’ 51ft1ng techniques, from nghorn sheep
bedd1ng areas at Buffalo Peaks, Colorado 1n 1954 ‘and found_“
. 2.8% were 1nfected with 1 25 Protostrongylus 1arvae In.
1955, u51ng a more random method of sampl1ng over a w1der if
area. of sheep range Pillmore (1956) found prevalence of
_only 0.5%. Latson (1977) collected snails by field search1ngi7
from bighorn sheep bedd1ng grounds on Pikes Peak known to ‘

fcontain 1nfected snails. 10. 7% of Pupillia, 6. 7% of Vertigo,

L and 16. 7% of Euconulus (12 collected) were 1nfected w1th

1-40. PPotostPongylus larvae Within the USSR RthlKOV et 1t4’;;
(1956a) collected molluscs by field searching and found
,30% of Vallonia tenul]abrls and 36% of P muscorum 1nfected o
'w1th P kamenskyi and/or P. pulmonalls larvae Rodonaya 4
¢(1977) found 10 1% of all Helfcella derbent fna collected

.,'were infected w1th 1- 22 Pﬁotostrongylus tauricus larvae

More objective collection of gastropods was practiced
©in the work on related protostrongylids by Lankester and

-‘.':,Anderson (1968) and Platt (1978) In the former study, '.. .

*ﬁrfprevalence of infection with P tenuls larvae in susoeptiblef;-“

'"1flspec1es of molluscs ranged from 9 1 t° 8. 2% With an o
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1ntens1ty range of 1- 97 In the latter, 0, 7 3, 97% of
;susceptible specves were 1nfected w1th 1-377 P. odocoilel

larvae. The h1gher 1ntens1t1es reported w1th1n 1ntermed1ate

fg__vhosts of Parelaphostrongylus spec1es resulted when

) relat1vely largFr 1ntermed1ate hosts were collected in areas’e.
" of opt1mal para51te.transm1ss1on ("foci“)

None of the ment1oned stud1es are wholly comparable

. w1th the present work due to dwfferences 1n sna1l collect1on

'methods D1rect collEctqon of gastropods in the f1eld 1s'

su1ted only to large consp1cuous spec1es and |
;under represents young and concealed 1nd1v1duals (Mason
..1970) Many obJect1ons have been ra1sed to ba1t1ng and |
trapp1ng methods (South 1964 Hunter 1968 Newell 1971
,B1shop 1977 Beyer and Saari 1978) However, Byshop (1977),‘

felt that ba1t1ng and trapp1ng methodS‘may be of'value in
| detect1ng rare’ or'secretive spec1es and Boag (1982) stated
that permanent trap plots allowed more accurate temporal
‘vpopulat1on compar1sons ,‘
"1t appears that the percentage of' randomly sampled
"‘gastropod 1ntermed1ate,hostsulnfected with wild-mammal -
lsource'protOstrongyl1ddlarvae:fs'usually less than 10. )
Selectively sampl1ng areas of‘frequent def1n1t1ve host use

w1ll increase’ the prevalence and data on such focl“ shouldu'

ri be presented~separately for clartty Numerous stud1es e lst

—in wh1ch the prevalence of 1nfection w1th protostrongyl1d
‘larvae was determined for snails on domestic l1vestocK range

(e g Gerichter 1951 Matek1n 1954 Panln 1964 Urban 1980
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~.Cabaret 1981, numerous others) Var1ation 1n husbandry
R methods such as tim1ng d& pasturage and anthelm1nth1c
treatment wou ld so affect 1nfectlons in sna1ls as to prevent
_,compar1son w1th s1m1lar w1ld anlmal species of paras1tes
| Few terrestr1al gastropod studies have attempted to
}'produce an absolute value for sna1l dens1ty, and collect1on h
’methods gre far from standard Mason (1970) determ1ned that
:dens1t1es of the pup1ll1ds Columella edentula and PUpIJIa
muscorum in an Engl1sh beech forest were 3. 37/m2 and 0 67/m2
,respectlvely Vertlgo gouldi is normally qulte abundant in :
Albertan forest hab1tats (Van Es and Boag 1981 Boag and

, Wishart 1882) and shows a h1g ly aggregated d1str1but1on‘j 1H
" {Boag and Wishart 1982) 1n common w1th many othér spec1es of{

 _terrestrial, gastropods OMason 1970) L ;,; . SR
Populatlon stab1l1ty may be a common character1stjc
- among snal&s with a long\breeding season, and a relat1vely
:long Tifespan (1 5 3 yr) (Mason 1970) On three of f1ve -
’Thab1tat types i the - present study, dens1ty of’ V gouldl wasn
temporally stable On SS and HW, populat1ons decl1ned from ;:
June, unt1l August with subsequent recovery of numbers on 55"'3f
}only Berry (1966) found that whereas frequent and. heavy &
" rain promoted reproduct1ve act1v1ty and syrv val of young

;and adult gastropods. dry spells had the opposl_,

_fRa1nfall from the-end of duly to the beg1nning of September
ﬂwﬁwas well be Tow normal for the area (F1g 37) Although this*‘
1drought cannot account for the ln1t1al density decline 1n | o

duly, it may be responsfble for exacerbatfng the trend o ;»



- Figure 37.
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Precipitation meaSured at Slave Lake, Alberta from May

to October, 1981, and precipitation normals for ‘those

,

months. Bars above and below normals: represent one ['

) Standard deviationf (Data Sources: Monthly Record

Meteorological Observations in Western Canada. Vol. 66,
No 5—10, Part 1l; and, Canadian Climate Normals.
Precipitation. Vol 3 1951*1980 Both volumes from

Atmospheric Environment Service, Environment Canada )
.
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T Qrebipitation:returned to neargnormal in‘the‘second.halfjoﬁ
Seotember, coinciding_withgthe increase in@snaiJ densityfon-
'.55‘“' o ...? . , . | , .
‘ Drought would have a great effect on SS transects which
:were normally qQuite dry The herb layer was very sparsé and
mainly composed of bryop tes (Appendix Illc). The amount ‘of
ground covered by shrub was also very low Thus m01sture
would be rapidly depleted from the litter }ayer Although
'the substory vegetation on the HW transects was normally
'qu1te dense and would no Houbt aid retention of 301l
Am01sture under ‘norma conditions, attacks of tent
caterpillars in late May and June defoliated the overstory

’
trees and many - of the understory shrubs Direct

unlight and
wind likely des1ccated the substrate apd may have caused the

reduction 1n snail numbers

-

Den51ty of V gouldl increased on SS tran ects through 3

.fSeptember and attained near- Spring levels in October
“-.1mply1ng that many snails retreated deeper 1nto the o

substrate 1n the dry weather, but returned to the surface at
'the onset of more favourable conditions Den51t1es on. HW '" )
showed no” such rebound suggesting that substrate f“f'jitﬁlij‘
hdesiccation 1nduced greater mortality in those populatighs
| Reports of very high levels of Protostrongylus
~infection- in. leporids are not uncommon (Table XI) )

'yIntensities of P boughtoni where given, tend to be much

?'lower than the findings of the present study Detection and

' recovery of all P bouahtonl in lungs is a difficdlt and

RS :
v
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o (Kgdgnatsii-1969),

.
TABLE XI. PREVALENCE AND INTENSITY OF PROTOSTRONGYLUS INFECTIONS
IN WILD POPULATIONS OF LEPORIDS f‘
) v .
SPECIES "HOST. LOCATION PREVALENCE INTENSITY
. N (reference) = = p 4 X (range)
P. boughtoni ' Lepus Alberta 192.3 *2".7%},.»“(1—284),
v , americanus (This Study) - S , Do e
" : " _Alberta 53.0 . 5.0 (1-65)
e , (Shostak unpub ) - ' S
" " Alberta ‘ 52.0 -
Alaska 65.0 S
New Brunswick 60.0 ‘//
: (Tobon & Yuill . C
! . .unpub.) K
" M _b{e—w Brunswick 11.0
New ngk ‘ 41.0
<{(Goble & ’ .
Dougherty\1943) B ‘
" " - New York '87.0
(Goble & :
Cheatim 1944) | -
" " - Quebec - 100 16.4 (4-54)
- . (Appendix VI) Lo R
" oon © Michigan ot 4403 6.1 (72-37) -
S % (Bookhout 1971) . - T
" o " ‘Minnesota = - : 8.0 .
Minnesota & . ©62.0 U gm .
" Wisconsin T @ -
v "(Green & Shill- S S
‘ - inger 1935a,b) . ’ - ‘
" " :Manitoba 83.3 "up. to 50~
: (Boughton 1932) _ 60/1obe"
_ " " ‘Colorado .100° ‘
v (Olsen :1954) )
' P. sylvilagi  Sylvilagus Wyoming 90.0
.' - ” .nuttali' - '(Scott 1943) A
 P. pulmonalis/ Lepus o Yakuc.sk,.s,sa', 96.6 = 59-565
P. kamenskyi~",timidus - (Kontrimavichus & ° ’
o s ‘ ‘Popo#v1960)'
"P. tauricus “° Lepus . . _‘Crimea SSR , - "often 100,
L " europaeus. ‘»(Shulte and Kaden- to.8250"
; ' - -atsii 1949) : , , '
o S Crimea SSR 65-100




- of ‘the reports or1glnaf7

_

4

t1me consum1ng task and most researchers use more rap1d
recovery methods than t1ssue teas1ng, such as pre551ng lung

t1ssué between glass plates to’ examlne w1th transm1tted

4 -. —.::_ :

]1ght “In my eXpe ence. such techn1ques are less eff1c1ent .
e i

‘{*\“‘.'

and’result in lower values of prevalence and 1ntens1ty

- Another cons1derat1on results from the observatlon that many

G {
“vurom.éhe southern edge of

geograph1cal dlstrabut1oni$or§§§%us americanus Dog1el ét;ﬁ
al. (1964) stated that hosts Tt fhe ed%e of the1r range i{T;;)
*should have lower prevalence of inﬁect1on and lower =~ ‘%
1ntens1ty 1nfect1ons, than those centrally located
o Goble and Cheatum (1944) prov1de the onl”gyeport of
‘d1fferences 1n 1nfect1on of L. amerfcanus with P! bcughtonl
due. to age 91% prevalence in adults and 77% in JUVen1les

“The month of collect1on was not g1ven. although 1t was

G

likely in m1d summer They also found w1th a small sample
size, that all 1nfected Juven1les were older than 35 days
‘while negatlves were about 28 days of age With a larger

lsample collected I ﬁé%nd infected Juven1les at a minimum

‘ ”age of 23 days and patent 1nfect1ons at a m1n1mum age of 40

vdays Given a. prepatent per1od in the hare of 25 to 27 days
(Chap I), then some juveniles might beg1n 1ngest1ng 3

1nfected snails at approxwmately two weeks of age, long

4_;,before they would normally be weaned (Rongstad and Tester

1971) HOWever, if a juvenile were separated from 1ts qother
. at 2 weeKs of age, it could survlve weaning (Bursey 1877;

pers. obs.); neonatal hares have been observed nlbbllng on
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gpopov (1960) for infections of P. kame&gkyi and/or P.

lettuce within a week of birth.

Intens1ty of 1nfectton w1th certa1n nematode paras1tes
in Onyctolagus cuniculus was shown go d1ffer between males .

and females dur1ng the breedlng season, possibly due to

¢

"hormonal 1nfluences (Bull 1964; Dunsmore 1966) A s1m1lar

pattern was observed with ODeliscoides cunlculi 1nfect10ns

in L amer'l‘;anus from Mame (Gibbs et al 1977). Var1at1on.

'1n recruitment between males and females is another p0551ble

reason for the numerous reports 7f thls phenomenon among
_paras:tes (Esch et al. 1977) These factors were’ apparently

wi thout slmllar influence in the. present study Ertckson

(1944) also found no seerelated d1fference in prevalence of

'8 helm1nths ‘infecting snowshoe hares
A monthly prevalence of 1nfect1on pattern s1m1lar to

that of P. boughtonl was reported by. Kontr1mav1chus and

pulmonal is in Lepus tlm1dus from Yakutsk,-Prevalence was
~near 100% for most of the year with a reddotion from Mayui.
until June, possiblyAcorrequnding with'the period of
'recruitment of young, un1nfected hares 1nto the populat1on
Intensity exh1b1ted .a pattern oppos1te to the present ‘study,
-peaking from January to: February and reachzng lowest levels
.from August to September Increased 1mmunological competence
resulting from high qualtty summer forage was presented by
way of explanation for lower rates. of establishment of adult
”worms ‘Under such conditions 'many larvae which invaded the

hosts were. arrested 1n an early stage of- development by a.'

£
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tissue response The decline in fodder quality brought on by
cold weather was thought to lower re51stance of the hares,
allowing an increased" ‘number of ‘larvae to mature resulting
in highest intensities of 1nfection at a time when / |
‘gransm15310n could not occur due to snow cover of snails
| Arrested development 1s reported to occur w1tb many
.nematodes. most often spe01es with free liv1ng larvae.- Three

A4

“-maJor groups of factors are believed to 1nduce developmental

-

arrest. (Schad 1977): environmental (temperature humidity).
parasite (crowding effect) and host (1mmune response) In-
the present study. fourth stage larvae were found in the
lungs of adult hares in greatest abundance during the wznfer
~months. 51m1]arlé;1F1bbs et al. (1977) found that the )
abundance of arrested L4’'s of 0..cunicull in snowshoe hares’
peaked from October to February Since direct transmisSion
of P. boughtoni is unlikely (Chap. I), L4's found were )
Tikely ingested before snow cove?ed the~intermediate hosts,
sand’thus developmental arrest is indicated I have no
'ev1dence to suggest that the L4‘1s the arrested stage but
'most reports of arrested larvae do implicate 1t (Schad
1977). | Lo r -
Although development of some larvae 1ngested in the ‘
-summer and fall may have been arrested due. to a relatively
strong immune response the possible weakening of that.
response in the w1nter did not resuft in establishment of
massive numbers of P. boughtoni. If adult P. boughtonl have

a relatively short Jifespan as indicated by infections in .
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~lab reared naive- hares, then poss1bly reactivated larvee -y
replaced expired adults only, resulting in a fairly consbantb‘?;zi
,'1ntens1ty over the winter months A similar |
‘population regulating function of arrested development was
proposed by Michel (1974) who compiled ev1dence that
"gastro 1ntestinal ne atode populations in gra21ng animals
are constantly turned over, Adult nematodes which are lost )
from the population are replaced by larvae arrested in .‘
-samtm hs&wo " .
‘Considering the relative=lack of resistance'to'P
iiboughtonl 1nfection displayed by Juvenile hares, the
‘ 1nfrapopulations of lungworms within: adults appearfto be
,regulated within very narrow limits. The decline 1n
1nten51ty shown by the first and second lTitter groups 1s
evidence that partial 1mmun1ty to reinfection might develop
in the hares after an 1n1t1al heavy 1nfection. A similar
' age reiated pattern was apparent 1n'infections of 0 .
cuniculus with Trfchostrongylus retortaeformis and Taenla - /
plslfonmls in New Zealand (Bull 1964) Incidence increased
’w1th age,  but 1ntens1ty qu1ckly peaked ‘and 1n some instances
declined, 1nd1cating an acqu1red resistance to: reinfection ‘
| Dineen {1963) proposed the exfstence of an “ |
1mmunological threshold value for a parasite burden w1th1n a
host beyond which the host responds to reduce the “ )
population This may be accomplished variously by expelling
all’ or part of the. population reducing reproductive output

or retarding larval development Subsequent research on y
T .

!



e A . Tt S U VS . N S U S
. s . STy
L \ - .

150
[
trichostrongyles iDohaid et‘ai 1964) supported the basic
: hypothe51s and provided ev1dence that retarded deve]opment
A'of 1arvae was the maJor mediating factor Dunsmore'(1961)
'demonstrated that - 1mmunosuppre551on decreased the proportion‘
of arrested OStertagia spp. in infedted sheep Acquired o
'1mmun1ty has been shownlto 1nduce developmental arrest in
the iungworm Dictyocaulls viviparus (Michel 1974), -
1ndicat1ng that these mechanisms are 11kely not restricted
to gastro 1ntest1nal nematodes . )
The pOSSibiiity exists that some hares have 1nnate
re51stance to P. boughtonf 1nfection. and the fall deciine
~in juvenile mean rnten51ty was due to a die-off of B .
susceptible individuals. A possible genetic res15tance to
' experimental 1nfection wa's detaiied in Chapfe? I’ (S H. 28’
.offspring) It was not poss1b1e to detect such reSistant
hares w1th the methods of the present study as 1nd1vidual
intensity of infection varied so greatiy over time, and
~1ndiv1dual hares were samehed only once. - 7
If iarval output Ffrom bighorn sheep 1nfected with P.
stilesi and/or P. rushi refiepts the number of adult worms - t}ﬁﬁ
1n the lungs, then thagpeasonai dynamics of 1nfection with s
these lungworms ar@ﬁﬁo@b s1mi‘ar*to those of the Lepus
timidus lungworm sBecies (Kontrimavichus and Popov 1960)
Uhazy et al. (1973) and Gates (1875) documented peak larval
output in February and March, . apd minimum output in

mid- summer for’ bighorn sheep herds An the Canadian Rockiesg_

An often repeated hypothesis for such “winter peaks“ in ‘
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larval output is that transm1551on to terrestrial gastropods

is fac1litated by flooding the env1ronment~with the

re51stant first stage Just before snails become available. .
"for exposure (Samuel 1978; Boag and Wishart 1982) The ,

absence of a "w1nter peak" in the present study ma%-be due

.to differences 1n many faétors 1ncluding hosts, habitat and '

'.

'climate, - .
The exponential increasevin intensity demonstrated by
each Juvenile group indicated that 1nfective larvae were
available at a conSistently high level of abundance from the
'time the first group became present, and that . _4
“infrapopulation 51ze was apparently not controlled by the

para51te factor of crowding (Schad 1977) Also, this is

ev1dence for the absence of a peak transmiss1on period with ‘ff,f

respect ‘to 1nfected 1ntermed1ate hosts, a characteristic ‘
1ndicated by data from the previous section which showed a

stable level of V gouldi 1nfect1qp o

.-

The number of larvae in the lungs or - feces of a,

juvenile snowshoe hare is a relatively good predictor of the

intensity of P. boughtonl 1nfection The lung count is a
more accurate predictor, as may be expected Forrester and

Senger (1964) found that there was a poor relationship ”_:{al

;between fecal larval‘gutput and intensity of infection for'f’”

bighorn sheep with P. stilesi and/or P Pushl unless samples

~were compared on a herd basis "Pillmore (1961) and Uhazy et
al. (1973) found similar relationships ATY lungs from the
' first mentioned study were from sheep greater than one year

1]

N E
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' old and the data are more comparable to that for adult

BUESN A T
””‘ snowshoe hares which showed a poor relationship between

Jlarvae in lungs and feces and-adult P boughtoni in the e
lungs..In many‘instances. infecti s in .the lungs resulted
[“”Jin no output of larvae in the fec:E. even with relatively
"ffﬂhigh intens1ties The relationship of lung larvae to adult
tVifnematodes was much more. COHSlStent though not as good as

) ’ithe juvenile hare relationship‘;”‘ DL

"“?‘ The poor relatfonship between numbers of first stage
i-pg;larvae and adult nematodes in the lungs of adult snowshoe';:f'

‘*53hares is evidence of suppressed reproduction due to a host

hﬂimmune response This response may also be responsible for» '

':[fregulating the intensf*y of 1nfection within adult hares at

‘tla level much lower than that of juvenile hares

- suppression in adults and not77fven14ys indicates that the .

':;-1mmunity is acqu1red after*initial fnvection'with P.
"_,‘boughtonf SR R e -
Lo The: diaphragmatic lobes were.thtfpreferred'site of
°':7".-vestablishment for P stllesl in bighorn sheep (Pillmore
;mgﬁlgﬁl,.Forrester and- Senger 1964) a‘preference also shown by"%“}
: P boughtonl Lesions were occasionally found on apical
pcardiac and intermediate lobes Forrester and Senger (1964);hi1
“itmland Uhazy and Holmes (7971) determined a: preference for the ?“

"hsfright side of the lungs a characteristic not seen 1n the

”*t:present study “Possible explanations for diaphragMatic lobe

'iilgpreferencelbyi»Pofostrongylus incluge nutritional advantage.‘c;lif

..___.'su'itability and Original' "si je'of entry into theq
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lungs Relative ventilation and blood perfusion may be ';:i .
greater 1n diaphragmatic than apical lung lobes 1n mammals ; .
(Amis et,al 1982) possibly prov1d1ng an optimal o .,
environment for the lungworms A simpler eXplanation may be |
that lobes acquire nematodes in d1rect proportion to their

|

.‘relatvve volumes, resulting in highest populations 1n the
diaphragmatics - e |

There was no eVidence of transplacental transmissnon ofaf
P boughtonl in hares trapped on the study 51te | - : |
Dbservations by Goble and Cheatum (1944) Tobon and Yu1ll
(unpubl ) and others*of P boughtonl 1nfections in very

young hares prompted Speculation that lungwqrms«may be xli

ach1red in uteﬁo 1 believe this is unlikely in 1ight of myﬂ T

digestion data (Appendax II) and also my ev1dencé for early

acqu1sition of 1nfect1ve larvae by ingestion of snails The

o conditions for transm1ssion of L?'s from snail to host in

the sheep lungworm~systems where prenatal infect1on has been .
demonstrated are likely very diﬁferent from~those in the e
snowshoe hare-lungworm system at the Slave LaKe study area
A21mov and Kulmamatovﬁ(l§78) 1nduced transplacental
transmission of protostrongylids 1n domestic sheep by

"

&'expos:ng pregnant ewes to 3 500 4 000 L3’s an 1noculum
liKely much greater than that which an 1ndividual pregna;t o
'h hare would possibly 1ngest Transolacental transm1ssion of
p, bouahtoni is not likely a- factor in the snowshoe

hare-lungworm system
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Fecal pellet counts as an estimate of relative act1v1ty‘”

 or habitat preference have gained some accepfance in studies

"_-of rabbits. and hares (Taylor and Williams 1956 Miller 1968

=Th Bartholemew 1970 daKsii et al 1979 Rogers and Myers

"_,1979 1980 Wolff 1980) The technique has long been used in

studies of w1ld ruminants, and results obtained are commonly,i.
_}applied to" management programs (Neff 1968) Although W1dely
o accepted. all’ pellet count techniques are Underlain by at
number of assumptions L _" _" L
' A "In the present study,_I assumed that the denSity of
upellets w1thin a habitat type reflected the amount of |
feeding 1n that area by snowshoe hares Miller (-1968),
. relying on’ the same assumption, admitted that there were no
'data available to correlate fecal dep051tion Wlth the amount o
of. graaing by hares Neff (1968) concunred with the R ri ' |
statement that, "the relationship between defecation and ".
other an;mal act1v1ties remains conJectural“‘ Snowshoe hares
have crepuscular and nocturn;l act1v1ty patterns (Bider
1961) . During the .day, soft feces are produced for
reingestion (Banfield 1977; pers obs ). Thus 1t seems
reasonable to assume that hares dep051t hard feces in areas ,
"where they forage during the evening and at night Counts of .
" hard pellets ‘she uld produce a reasonable estimate of _ ' //
: relative feedin activity,between habitat types unless

certain habitat are used for spec1f1c non feeding

activities Af' R f" ‘f S o ‘C:,

'\!.v

- LA
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The random quadrat approach is preferred for:v(
quantitative estimates of pellet den51ties However. many
authors recommend removal of all pellets from Lo )
permanently designated plots some time before counts are to

fbe made (Miller 1968 Neff 1968 WOlff 1980) Removal of

. pellets avoids over or- underestimation of habitat use due to

change 1n seasonal habitat preference Also, relative

‘volumes of leaf fall in different habitat types will

'1nfluence the numbers of pellets counted I felt that total

‘pellet remova l from all plots would have been . 1mpract1cal as
there,were up to 200 pellets on each of the 250 quadrats

| sampled monthly In areas with heavy undergrowth,_such an
”act1v1ty would have greatly disturbed the habitat and

| affected potential use by ‘hares. Therefore pellets were not

Vremoved and the resulting data must be v1ewed with caution :

due to p0551ble biases '%v «

WOlff (1980) documented changes in: snowshoe hare B

habitat usage between winter and summer by live trapping and

~pellet countihg In the W1nter, more hares were found in ‘

e areas of dense vegetation than in the open plots In summer,

| all areas were utiliZed*_However these data were collected
}fduring the low phase of the population -cycle. Distribution tfw
- was relatively even in 1972 at the beginning of the decline T
g”phase when hare densities were still high Th s was
con51stent with Keith's (1966) conclus1on that “hares ——
.occupy the most favorable;habitat at low population .

_.densities and disperse into less favorable areas as their
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'“numbers increase”1 Also .pighest numbers of dispersing hares
. and highest dispersal rates were recorded during a .
opulation peaK (Windberg and Keith 1978) Thus an - annual
,change in habitat usage may be prevented during years of
‘__peak population denSity by near- total occupancy of most
~ habitats. a
The present study was underi‘ken during the apparent

peak of" the local snowshoe hare population cycle Thus a
seasonal habitat change was unlikely and probably did not 'j o
affect the pellet densities on transects However, relative -
“volume of leaf fall mi;i have differed between primarily I
7coniferous and dec1duous habitat types resulting in an;

1

overestimate of usage of the former, and an underestimate of -
the latter The actual extent of bias is unknown but likely " 8
small because only in HW habitats was a Significant " g”
-proportion of the substrate area obsEured by leaf fall.

ST and SS habitats conSistently-had the highest pellet v

densities This may have reflected the quality of cover from

,predators afforded by these two areas as ST was most

commonly recognized for dense;growths of blacK spruce and '

' rlabrador tea, and SS had a dense.canopy of heaVily branched
. conifers However, WQlff141978) found spruce in 80 100% of
: Alaskan snowshoe hare stomachs examined through the year

" and determined that it combrised 15% of the summer diet.
_With reference to the li erature, he concluded that conifers'E

were a maJor constituent of snowshoe hare diet throughout

‘North America Forage plants were no. doubt more abundant in C g’
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.the secondary growth of CUT habitats ‘The attraction of food}f;
‘1n this habtht may have b;en offset by the relative |
’reduction 1n cover on some of the more recently disturbed
plots resulting in lower pellet dens1ties compared with the
- ;primarily coniferous habitats Relatively less usage of the '
"“,MW plots was probably a result of both lower forage |
'availability and thinner cover For similar reasons HW:
plots showed the least usage by hares Relative paucities of
lfood and cover in HW were further aggravated by destruction L
of vegetation by tent’ caterpillars Leaf fall may have _
"hidden a significant proportion of pellets in. this habitat
Lalthough this 1s not indicated in comparisons of counts
;taken in spring and fall | ‘ A
, Decrease in pellet dens1ties inall habitat types
‘throughout the period of study may have been a result of the
'decay of pellets produced and accumulated 1n winter Pellets
produced in winter would rapidly freeze and be subJect to
little decay until the spring thaw After the snow\cover )
: ?? disappeared most of these pellets would begin to decompose
E-Zat approximately the same time produc:ng the gradual ‘
downward trend in den51ty observed If only pellets produced‘
during the snow free seasons were counted the dens1ties \\;

‘might be more stable or even increase due to recruitment of \ ‘

“1‘young hares into the population
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CONCLUSIONS - TRANSMISSION OF EBQIQ§IBQN§ILH§ EQQQHIQNI

_Efficient transmiSSion of a. paraSite within a host
'“population is central to the survival and perpetuation of f
Vlthat paraSite s own population Thus the pressure of natural'

'_ selection may be expected to- increase transmiSSion from a |

'random chance occurrence to one. of increased probability of,‘

:'host-parasite contact This is often accomplished by
ﬂimprov1ng the Synchrony of parasite and host life cycles to

accentuate contact between populations However. paraSite'

'_populations determined solely by transmiSSion are inherently,

unstable, though such systems may occur under spec1al

'conditions (Bradley 1974) StabiliZing mechanisms evolve in

most host parasite systems where transmission occurs in -

- .excess of that required for continued existence of the

parasite suprapopulation In this chapter I will summarize
;details of Protostrongylus boughtonl transmission among host
populations on. my study area, as well’ ‘as speculate on the
stability of that system over time and the adaptability of '
' the present methods to future research on n:lated nematodes
-of the Metastrongyloidea ' ‘ S

“In. parasitic systems where there ‘are. multiple
tintermediate and/or . definitive hosts often a single host

'species is of primary importance in perpetuation of the

Jf;parasite population and it is in that species that

}fdenSity dependent regulation of the parasite population is ;
‘likely to occur (Holmes et al 1977) Identification of such

},primary hosts can best be achieved by calculation of



';reiative rates of flow of paras1tes through each host

"'tpopulation utiiizing data on the temporai dynamics of

infection in each of the species (Holmes et al. 1977)
 value.of this method was demonstrated by Leong (1975) in an
',janaly51s of Mbtechfnorhynchus sa]monls in fish from Cold |
| lLaKe Alberta, and by Kontrimav1chus and Atrashkev1ch (1982)
in a study of five speC1es of acanthocephalans in birds A-““
s1mple non-flow model was constructed by Maklakhova (1979)
to" identify habitats in. which the probabiiity of hares and
'srelk (Alces alces) acqu1r1ng protOStrongyiid 1nfect10n wasz"
greatest | h - | A |
Transm1551on modeis were constructed for the P. o
gvboughtoni system us1ng data from the preceding chapter, N;iﬁ-
J,“snaii and hare data not presented 1n prev1ous chapters. and
“in some cases data from published sources to answer the
'.follow1ng questions 1) which snail. host was responsib]e for
the greatest amount of para51te flow to the snowshoe hare B
'vpopulation7 2) which snail host received the greatest flow -
'»of fLrst stage.larvae7 3) 1n which habitat d1d the greatest'
amount of . snail to: hare parasite flow occur? 4) in which
'.habitat did the greatest amount of hare to snail flow occur7
' 5) which age group of hares contributed the greatest fiow of
first stage ' iarvae to the system? and 6) in'which month did-
'the greatest: flow of first stage larvae to the environment
:.[occur° Simiiar to Leong_s (1975) study. panasite flow rates
were not actuaiiy measured but were deduced from a static

_picture of distribution of P. bouahtonl in the various snailt



N

‘species.:

o e0

In ChapteriII detailed examination of P. boughtoni
infection within intermediate hosts was restricted to .
Vertigo gouldi in recognition of its larger population ,
relative to. other snail hosts However, the locations of
snail species relative to-hares'must be con51dered 1n any |
assessment of parasite flow Calculations of snail to hare
‘and habitat to hare flow were organized in. a four by five

matrix with the four 1ntermediate host spec1es assigned to

}rows, and the five habitat types assigned to columns (Table

XII) In each cell the ‘mean density of snails per m2 on the '

habitat type, the abundance of P. boughtoni (prevalence'

times mean 1nten51ty) in the snail spe01es. the mean den51ty

of hare fedal pellets per m? on the habitat type and the
habitat type proportion of the total study area were
multiplied AT cell products of a’ row were summed as were

all ceil products of a column ‘Each row 'sum was d1v1ded by

the grand sum. to calculate the relative flow of: P boughtonl""

to hares from that 'sndil species (Fig 38) In order to '
determine the relative flow of . P. boughtonl to hares -
occurring in each habitat type (Fig. 39). each column sum
was . div1oed by the grand sum. | |

'f Algebraic examples of these calculations are as

follows If the variables for snail A in habitat type A are .-

snails/m2 = a, P. boughtonl abundance z b pellets/m2 =3',

habitat proportion éld then the product for this- cell wou 1d
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TABLE XII. CALCULATIONS OF__BQIQEIBQNQZL__ Q HTONI FLOW FROM SNAILS -,

10 HARES AND FROM HABITAT TYPES TO HARES

W

HABITAT TYPE

SNATL SPECTES &\ '
S \\'ST,.

'ss . mw_ - ..cur

SUM

Vettigo
. _g0u1d
. Snaiis/m

_ igmh(.Abundangé_ E
© Pellets/m2 '

"Habiﬁat‘Prop.

‘.:Product_

".Veftigo'.‘

ovata

Snails/m?2

P.b. Abundance -

Pellets/m2.
Habitat Prop.
,Product _—

Columella
.edentula

f Snails/mg
P.b. Abundance

Pellets/m?. -

‘Habitat Prop.
froduct

. Buconuluis
fulvus
Lulvug

‘Snails/mz

: P:b. Abungian:e
3742
__0.24 '

;Pelletslmzi‘“

' Habitat Prop.;

i Product»
. suM .
" GRAND ‘SUM~

5.87  53.33
Gobs . 9.02 - 7. 35 4.41
37.42

‘28 81 .

34.48 . 15.51

0.24 __ 0.117 _

' 29;54

24.93

'0.352  0.08

. 9.60
10.95
©7.70
0.203

- 234.06

1940.58 1156.07  259.81

1,06
455 .

15.51
0.352

26.33

: 1.20°
: 1.92
129.54
0.08
S.4h

0. 93
"0. 28

234 I

164.31 3754.83

26.33

5.44

4234

236,40 1940 58
3788 94

1182.40 "265.25
L.

TTeR.3L

%
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‘Figure 38.

.
S

Relative flow rates. of Protostrongzlus boqg;toni between :

4

snails and Snowshoe hares in‘the study area. -Solid
arrows indicate flow of first—stage larvae from the
definitive host to intermediate hosts._Outlined arrows
indicate flow of third—stage larvae ftom intermediate ”

hosts to the definitive host, Values indicate proportions

. of flow. . o
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T X b X c X d

SUmmation of five cell products of a row would produce,the f%*ff

¥ _

p1 4 p2 + p3 + p4 + p ‘bﬂ" |
=, Prl"-*_ IR

Summat1on of four row sums would produce the grand sum prt_fff7?

) pr\i -"- ppz + pr\3 + pr-4

prt

‘Y&;{tiv,sion of the f1rst row sum; by the grand sum would produce o

FN

the proport1on of flow from sna1l spec1es A in the study

area ppf1 Tflfiu

Several assumptions are 1nherent in these calculat1ons

One 1s that th1rd stage larvae (L3’ss from all sna1l spec1es :

;f were equally 1nfective Another is that there was no

differentfa1,vﬁ.n

normal on paras1te-a]teredfhost behavior Assumptions
lnherent 1ng!he*pellet count technique were detai]ed 1n
chapter 11 o | e |

R . o [T Lo B Y
.-»‘.A,.v, R . ,\

o N

ff infected snails to hares due to f,ff~j5“



"{fjin V. o

AeT

f.-mechahlsms to explain the unchanging levels oF P boughtonl f” o
w_ldl 1nclude increased mortality'oﬂ heavily 1nfected,s:ﬂ-
'individua“ and larval emergence due toa crowding |

effect" ”If;h

r,

e regulation w lesg likely as the necessary‘
: complexity o vresponse has: not generally been noted in the "
,invertebrate (Lackie 1980) Consideration must also be i If.f {

3.jgiven to’Th p0551bility that seasonal variation in para51te11v}‘

":4abundance may not have been detected due to the relatively

;'f small sample s1ze of infected snails (44 1n six mOnths) ) |
. | The second flow diagram (Fig 39) shows that more than‘.yu*”
,"half of all para51te flow from snail to hare occurred in the;‘p

"fiSpruce Slope habitat Even though thﬂs habitat type was not p"
'i}very abundant it had the highest density of v gouldi and-
j"the seCOnd highest density of fecel pellets Due to temporal"
'variation 1n the denswty of V. gou]df in the SS habitat

(i e., pODUlations were depressed‘in mid summer, Chap II) ';5?;A

- ;transmission rates may have been relat1Vely higher 1n the

'g;?early spring and late fall than in mid-summer Parasite flowfmffV-
to hares was also very high 1n Mixed wgod St;b>~Cut,,and

?wa“Hardwood were of minor importance 1n this aspect of

**'ﬁﬂtransmission

- {f’\ '.n}--.
”?&.

The relative flow of first stage larvae (Li s) to each

”*ﬁflintermediate7host SPQQi?s from'hares. regardless o"actual$?3”'ﬁ:
suscep‘ 'i’bility to. inf&ct;rion_ and 115‘the flow _f_-’._“,
*?potentiai snail hosts in each habita'“'“ werie

1:XIII) Differences we;gk
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TABLE XIII._CALCULATIONS OF PROTOSTRONGYLUS BOUGHTONI FLOW BROM HARES

TO SNAILS AND FROM BARES TO HABITAT TYPES

)

Vertigo

' f gouldi
- Snails/m2

Pellets/m2

‘Habitat Prop.
.?roduqt '

Vértigo,f:“f

ovata

Snails/m2 *_'ﬁ' o

Pellets/m

Habitht Prop.ff "
Product :;“‘jg-%‘,

CdiﬁmeIIa:'

edentula
Snails/m

: Pellets/m : [
Habitat Prop.-”f¥“ ii:_:

Product

Euconulus -
fulvus '

Spails/m
Pellets/mZ

ST 88 . M@ L CUT . . HW_

'*157}42"”“34 48 1551 2954 7.70
o.0.24 0117, 0,352 ©_0:08  _0.203 .
*;,V;;5g¢72 | 215 1 157.29 -'_58 91 ;515;91_31;499;07:'

1 oe'ﬁ'[~i 86'l
15.51 Lf‘zg b

. ~0\352 .0.08° e
. 79" 'V4’49*1; f'f“J.Tf:_:;*=”“)t'

PN

7186 ;;fpl 46 "P:;l; 9.

34,48 15.51 Q954 7

s o117 0,352;3?5»;~:;;j31 sl nn
: P TN a a;¥3 74 v_ii:az;f S

193 9 43 *9703:;51%*“* i




',abundances..and data on mean densities of non infected

7169

-h‘potential intermediate hosts were 1ncluded Row

'calculations, performed as_ln,the prev1ous example.'resdﬂted‘j'

in. the relative flow of L1's from hares to each spe01es of

1ntermed1ate host (Fig 38)._and column calculations

"1produced the relative flow of L1 s to, all 1ntermediate hosts,j'_~
',by habitat type (Fig 39)

These calculations assume no differential attraction of,.f

snail spec1es to feces bearing the L1 S, and that pellet s

den51ties were proportional to relative densities of L1’s.

»wreleased 1nto the env1ronment by 1nfected hares Since adulthrg

‘ }and JUVenile hares could have vastly differeny/NUtputs of ;t““?

_1dentical for all age groups

<1L1's (Chap Il){ilt was also assumed that habitat use was .

The flow of Ll's

’”ls was h1gher Whan the fIOWfofffi

"'ii L3's to hares for eac,=$péc~ésbet V gouldl (Fig 38)

;1ndicating that V gou7dl had the highest probability otd{

"‘:becoming infected Only a tiny fraction of the EUconqusﬂ;

R tfulvus which might have encountered L1 s actually became';fh;_f

__;1nfected indicating that this species was an extremely
'f'suboptimal host Input and output flows for CoJumeIla gr@
‘”edentula and Vertigo ovata were very low Both of these

‘;ipupillid species may have been developmentally acceptab ‘.?;3¢
;ffintermediate hosts for P boughtonl but were-un1mp°PtaAf 1n A

“4trahsmiss?on due to the size and/or dispersion_of theip
fpopulatighs (Table XIII) ‘;:;”gyféﬂuf.' P




Coat00

Flow’ of L1 s to each habitat‘%ype was roughly .
h";proportional to the flow'of L3's from each habitat (Fig 39)
' except 1n SS where high dens1ties of V gouldi increased

~the flow of L3’s and CUT where lower P boughtonf
g8 abundance in V. gouldl decreased the flow of L3‘
o The models of parasite flow thus far presented though

simple and based on a lim]ted data set;,’ summarize the v”jf
[

‘Uh probable maJor factors involved in trahsm1531on qf P

:boughton! Not investigated were Several pos51ble aspects of

S

_;‘host and para31te behavior which might fa01litate that

transm1ss1on For example, some'spe01es of snails may be |
o attracted to snowshoe hare fecal pellets\as a potential 1]';§ :
A‘source of food Emergence of third stage larvae from snails '
hont%}vegetation (Chap I) could be important Rowan (133?) R
reported that Vertlgo elatior became active 1n wet weather ﬁf
: at temperatures above 4C and climbed a foot or more in o iluh
| 'height on’ vegetation,\increa51ng the probability of .'u_ _
' ingestion by rabbits V gouldi may behave 51m1larly. but |
‘such behavior may not. be constant among all snail hosts “””‘. .
*;Vallonia pulchella 1nfected with P boughtoni L3's appeared |
~!~to exhibit a phototactic response in comparison to |
;%uninfected individuals (pers obs:

-_jg;f}];gnt increase the |
,l#fchance of" ingestion by hares However, thepe 15 no report of
‘ '\‘ -

uced alteration of intermediate host

t\such parasite-

'ﬁibehaVlOP for nematodes of the Metastrongyloidea

The remaining two questtpns for which flow rateSrwere

“2?calculated were 1) which age class of hare contributed the



T “,".

L greatest flow of f1rst stage larvaé\to the system° and 2)

"hg1n which month d1d the greatest flow of f1rst stage larVae o

*‘;to the env1ronment occur? To answer these questIons,,1t waS'Lg"

;jnecessary to calculate the approxrmate relative numbers of .

"hares 1n each age group avallable 1n each month that

flltransmtss1on m1ght occur Th1s tnformat1on was not collected_h;s

<

'-n.'.in the present study,,so llterature sources_were u5ed

Assuang an 1n1t1al adult cohort.o, tn Apr1l (50 ;

j;male 50 female), surv1vors were calculated for each month ti‘

l:unt1l Dctober u51ng survival rates for the peak population

' “;perxod of 1970 1971, reported by Ke1th and w1ndberg g1978,‘;,
'Table 7) The s1zes 'f}the 11tter groups produced 1n May.-i f

;Tgof female adults, the litter group pregnancy rate for 1970T‘

Jdune and‘duly wereﬁga,culated as the product of the number

‘._j_(Cary and Ke1th 1979 Table 2), and ‘the mean l1tter group L

‘size for 1970 (Cary and Kgdth 1979 Table 4) Since

,; d1fferent1al monthi “s:rv1val rates fOr the three l1&ter

,gubltshed they were est1mated from
Y

‘»ggroups have not beel

-f;ava1lable 1nformation as follows The mean six month

ffsurvlval from birth to mldwlnter for all juvenile snowshoeilti’l

f7;.hares in 1970 at Rochester, Alberta was reported as 0. 281
. {Keith and Windberg 1978{,

Table 8) Relat ve'survival of '“”

'ig'griapproximately tqf same period of time was 12, 2% for the

st litter, 11.1% for the' second jpnd 7,1%'for the third,

S and fourth (Keith'and w1ndberg 1928 Table ‘4’ “The, "at‘° °f
o fthese percentages ls 1 0 910 0 582 and thus __f“ﬁff

.-("

";e;,;edbh lltter group in increastng popblations'over ﬂtkfiﬁ7f7t’":"



,JMEAN SURVIVAL RATE 0 281 (1x +0. 910x +: O 582xl/3

o = 0,338
“ | Therefore MEAN MONTHLY SURVIVAL RATES .
":#;rl;t[' 1r,g LITTER GROUP 1 -477§§§f; 0.835° )
L LITTER GROUP 2 =%0TITOX - 0.822.
S LITTER GROUP 3 t 5 E

;0'763
.These surv1val rates were used to calculate the relat1ve

'?f”numbers of each l1tter group ava1lable 1n each month until
V?‘October 1;' | oo o

‘ | Caqulatlons of Lﬂ flow From hare age groups and e
't»;monthlqiflow of L 's were carr1ed out in a4 by 7 matrix» >
w1th age groups assIgned to rows and months aSS1gned to .
columns (Table XIV) In each cell. number of: hares was '
'mult1plied by the med1an L1fg of larval output (Chap Ill

and the proport1on of the.mean litter group welght relative

. “to ‘the mean Wewght of adults for- that month Row produots~/’\ }j
.:‘t were summed ,as were column products Row sums were divided _
gjby the grand sum to produce the relative flow of L1’§ from o
::feach age group Column sums were divlded by the grand sum to
'*Jgproduce the relative flow of L1 s in each month | j
These calculations assume that only f1rst stage larvae ,0

efproduced 1n non-winter months play a role ln transmissi:7;

v;P boughtont They also assume that hare populatloh»dynami s
”;at Slave Lake, Alberta ln 198T"were similar to those at |
Rochester. Alberta in 1970 and that the volumes of fecal

output from adult and juvenile hares were dtreotly
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o

-f dascounted

s

proportional to wefght This lagt assumpt1on was. no. doubt
false but no data ex1st that would’prov1de a’ better
estimate o

ﬂ The calculat1ons show that the d1fferent age groups of

hares varled in the1r relat1ve flow rates of P bouahtonl

| LY's. Adults were relat1vely un1mportant in dlssem1nat10ﬂ of

L1's 1n compar1son to Juven1les There is some 1nd1cation

(Chap II) that 1nfrapopulat1ons of P. boughtonl in snowshoe '

i e, ,.Bradley s (1974) Type III regulat[gn Holmes et al.
(1977) recognized three.mechanisms of Type III regulat1on
) mod1f1catlon of the number of parasites wh1ch establ1sh

Or which surv1ve 'o reproduce 2) modwflcatlon of the

proport1on of survl@1ng parasites wh1ch reproduce* and 3)

modificat1on of the number of eggs produced per reproduc1ng

parasite None of these mechan1sms'

y be presentlyr,‘

) M i. ’ l.' - ) H .
Regulation of P. b&ughtoni ulat1ons with1n adult

b

hares resylts 1n extremely low and often undetectable output

‘; of first stage laryae Infrapopulat1ons of FK\pcughtonl 1n dv

S Juvenile hares 1ncreased exponentially fOP a,period of at

least two months with proport1onal increases in the volume &

L of larval output until an immune response halted and

. most Lt flow was f'rom ‘the /second and thin

reversed the trend In 1be peak popuJa on{_ear studied,

:_liiter groups
Flow from the first group lower, but stl

thart from the adults. The months of greatest L flow from

o175

’ hares were regulated by the development of partia{\lmmun1ty,_

A

much greater -

2y



hares were AUgustﬁ September; and October, Withlan emphasis

S e

176

. on the last two. months c01nc1dental w1th highest infections .

;ff litters 2 and 3. R

Relative surVival rates of age classes vary throUghout'

i;:the hare population cycle as do pregnancy rates and litter.;‘

51zes (Keith and W1ndberg 1978) Therefore the relative
flow of L1 5 from each age group may vary over the cycle dd
4period due to relative'changes 1n group‘STzes Us1ng data
, for 1974 from the preViously mentioned literature sources,.

-~

" and assuming median larval output and relative weights

'identical o those determined in the present study, relative 2

| ”L1 flow rates were, determined for.” each age group and each

month during a population low (Table XV). As in the previousf-P

'calculations, adults were. relatively unimportant in

Adissemination of L1’ i The—third litter group, accounting ..”'

. for, the second greatest flow for a, peaK year. accounted tor

uthe least proportion in *a low year. This was due to a much

. . reduced FETative survival rate for the group during the chf.

,.4

| years, First andisedbnd litters accounted forga greater
1proportion of the flow*(This was also eyidenced in the

relative flow of RE s by month the greatest flow coincided
/?r»with greatest infections in those litters

";,;,}, ~ The periodic fluctuations of snowshoe hare populations

_ j’*'have been well documented (Keith and \ilindberg 1978; Wolff

1980} . Concurrent fluctuafions in fnfection with various .

& - ‘.-,. I
éff e . '.,

LT S

5‘3 '.;,".-ij;‘;.;!,19<44 Cary and Keith 1979) ier, Carey and: Keith (1979)

-~ s .

%?2*;;¢species«of helminth parasites have‘been reported (Ericksonj.?
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. determined.that prevalence of P. boughtoni 1nfection did not .
'vary oVer the course -of the snowshoe hare cycle, remaining -
‘1at a mean of 43 1% Whether P boughtonl 1nfrapopulations )
'rremain the same- size during the hare decline phase is_ f
unKnown but such an. assumption may not be . unreasonable.r"litﬁ
- considering the. apparently stable rate of transmission .
O Immune mediated density dependent parasite population
regulation at the 1ndividual host level, and a possibly
t'stable transm1ssion rate at widely'éariant host population
.densities are both indicative of extensive coevolution in a, t
.;host para51te system (Holmes 1983) As a result of such |
i‘coevolved mechanisms the suprapopulation of P. bcuphtonl

: Tmay not be threatened by extinction during hare population

o 'highs If this is an accurate-agsessive t of the - et
| - / 7 tality due to P‘ bouohtoni ;”.,*} :
ar }

Tows; - and the hare population may be spared massive ,'f,
'mortality'duefto increased fnfec‘

'atee-during population

oo ',mf montality would be compensatory
”°_'Ho mes 1982) rather than adqgtive R i )

,\‘

Thé approach I’ve taKen to: describe the-transmission of

iwﬂ_aP bouahtonl within populations of hosts can-be adapted for

‘study of other relatea metastrongyloids Seldom in SUCh o
- studies is there time or opportunity to determine the"‘
f»temporal abundance of a parasite in all aqe groups of a

'.\

e
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'definitive host. However..the simple models I ve employed |

Qfmay be usedrto identify primary " intermediate hosts and

,likely areas of transmission without this informatioqt
|

'Often, fecal samples can be collected from known; individual

*large ruminants, providiag information on relative
acontribution to parasite flow from various age groups
If control measures against parasite populations are

planned then Knowledge of primary hosts and sites of
'xtransmiSSion are essential Also -some Knowledge of the
.'regulatory processes acting on those populations 1s
necessary to avqid misdirected efforts (BradTey 1974) n
the present study, regulatory processes were by no means
definitively elucidated but tentative suggestions were
advanced which seemed consistent with the data Extens\ve
' experimental research would be necessary to accurately .

‘1dent1fy the exact mechanisms of population regulation

- ' ‘
ginvo]ved o

L
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APPENDIX I. Histories éf'snowshqé-hares experimentally infected:

with Protostrongylus boughtoni.
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" FEMALE NUMBER - MD YOUNG *NUMBER OF AGE OF YOUNG
e ' ACQUIR . YOUNG
S.H. 2 June 1980 1 14 p.p.
S.H. 2. June 1980 1 24 p.p.
S.H. 8 June 1980 1 11id p.p.
S.H, 8 June 1980 . 1 124 p.p.
S.H..8 - June 1980 1 21d p.p. .
S.H. 22 June 1981 2 stillbbrn
S.H. 24 June 1981 1 144 p.p.
S.H. 25 * June 1981 4 36d p.c.
S.H. 26 . June 1981 3 stillborn
S.H. 12 July 1980 1 - 2d p.p.
S.H. 12 ~July 1980 1 9d p.p.
S.H. 12 . July 1980 3 13d p.p. ¢
S.H. 13 ~ July 1980 3 124 p.p.
S.H. 15 . . "July 1980 1 54 p.p.
S.H. 15 - July 1980 2 19d p.p
S.H. 27 July 1981 -1 2d p.p.
S.H. 27 July igﬂl_,;_ 1 4d p.p.
S.H. 27 July 1981 1 26d p.p.
S.H. 30 August 1981 - 1 65d p.p.
S.H. 30" August 1980 - 1 6Q0d p.p. ~
s S.Hi 30 August- 1980 ¥ 1 5¢d p.p. ‘
’ S.H. 30 August 1980, L 6% p.p.
A2 April 1981 2 124 p.c. .
A3 April 1981 2 9d p.c.
A7 April 1981 ~ 3 26d p.c.
A9 April 1981 3 14d p.c.
A 13 April 1981 2 less than 9d- p.c.:
A 15 April 1981 2 16d p.c.
‘A 16 April 1981 2 ~ less than 9d p.c.
A 18 April 1981 N 1 12d p.c. ,
A 22 | April 1981 : 2 15d p.c. :
- A 25 : April 1981 1 less than 9d p.c.
- M5 ) May 1981 6 . 'less than 9d p. c.
M 18 May 1981 . 3 . 29d p.c.
M 20 ' May 1981 4 * °  less than 9d p.c.
M7 - May 1981 -3 . 33d p.c.
J 8 June 1981 4 19d p.c.
- J 20 June 1981 4 15d p.c.
- J 26 ' June 1981 _4 stillborn
- T e Total 81 ' -

R .
RISORE * X

_Amigth‘ numbers were females trapped -and killed on the study area.
o= post—paﬁturition.
{ p c. = post—conceptian (before birth)
Tyl
Loy
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I1Ia. VEGETATIbﬁ-VARfABL’ES DERIVED FROM POINT-CENTERED
QUARTER ANALYSIS OF EACH HABITAT TYPE. _IMPQRTANCE‘VALUE 1s

{ THE SUM OF THE FIRST THREE VARIABLES TO A MAXIMUM OF 300
"HABITAT TREE SPECIES RELATIVE RELATIVE RELATIVE = IMPORTANCE
TYPE, DENSITY .DOMINANCE- FREQUENCY VALUE
"STAG Picea mariana 95.7 92 44 90.7 279.0

Pinus contorta 0.5 L4 1.9 6.8
Saliz spp. & _2.0 1 3.7 . 5.8
. - Larix laricina 0.8 2.0 2.8 - 5.6
- Alrus crispa 1.0 0,9 . 0.9 ) 2.8
SPRUCE  Picea.glauca. 53.0 71.9 42.3 . 167.2
"SLOPE Abies balsamea 35.8 19.8 38.6 94.2
¥ Betuld papyrifera . 6.5 1.1 9.5 17.1
, ° Populus tremuloides 2.5 . 5.1 4.2 " 11.8
' - Populus balsamifera 1.5 1.1 3.2 . 5.8
Alnus erispa - 0.8 - 0.0 1.&‘.m 2.4
Picea mariana 0.3. 0.0 0.5 0.8
MIXED  Picea glauca 4.8 46. 1 128.2 99.1
WOOD Populus tremuiloides 18.5 .2 17.1 64.8
Abies balsamea 28.0 /712-.4 15.3 57.7
Betula papyrifera 16.0 5.5 17.1 38.6
Populus balsamifara 0 6.8 3.3 -~ 8.3 18.4
Salix spp. §8 0.7 6.9 13.4
Alnus erispa 5.8 0.9 - 6.0 12,7

~ Prunus pensylvanica 0.5 0.2 0.9 1.6
cuT” Populus balsamifera 22.5 33.5 20.2 76.2
Populus tremuloides 22.8 24.9 20.2 67.9
Betula papyrifera 20.5 ' 14.0 21.0 55.5
Alnus crispa - 13.3 4.1 17.7 35.1
Salix spp. o 13.0 6.4 11.9 31.3
Picea glauca 6.0 14.8 6.6 28.4
Pinue contorta 0.5 0.8 0.8 -~ 2.1
Ables balsamea 0.5 0.4 . 0.4 1.3
 Picea mariana " 0.3 0.3 0.4 _ L0

. Prunus pensylvanica 0.3 0.1 0.4 0.8
HARD- |, Populus tremuloides 45.8 42,2 41.4 129.4
woop Populus balsamifera.  31.8 . 43.9 30.5 106.2
: Betula papyrifera 8.5 3.3 8.4 . 20,2
.vAlnus erispa 8.0 0.6 ,. 10.3 18.9
- Picea glauca - 1.5 8.7 3.0 13.2
‘ Salix spps 3.3 1.0 5.4 9.7

. Prurnug pensylvanica 0.8 0.1 0.5 , 1.4 °
Picea mariana - 0.3 0.0 0.5/ 0.8

-
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Picea glauca

APPENDIX PERCENT COVER AND RELATIVE -GOVER DERIVED FROM LINE-
INTERCEP'I' ANALYSIS -OF EACH HABI'I'AT TYPE.

. HABITAT SHRUB SPECIES ‘% COVER "+ RELATIVE-
TYPE . : (RANGE) _ # COVER
STAG Ledum groanlandmm 42.0(0-78.2) "~ 82.8

' Pieea mariana 6.0(0.9-10.4) 11.9 .
Lonicera imolucrata 1.1¢0-5.6) 2.2

~ Abies balsamea 0.7(0-3.6) 1.4

\\Salun 8pp. 0.4(0-1.8) 0.8
Rosa aoicularis . 0.4(0-1.7) 0.8
Cornua stolonifera 0.0(0-0.2) . 0.1

. SPRUCE ,- Abies balsamea 14.5(0-43.8) 67.6

SLOPE Viburrum trilobum 3.8(0.8-8.0) 17.7
Lonicera imvolucrata v 2.4(0-7.6) 11.1

Rosa acicularis 0.7(0-1.5) 3.3

Corrus stolonifera 0.0(0-0.2) 0:2

Salixz spp. 0.0¢0-0.1) 0.1

MIXED Abies baleamea 14. 3(0—42 2) 47.5
WOoD Viburrum trilobum -.9.9(0.4-22.9) . 32.9
Lonicera imvoluerata 2.7(0.5-5.7) 8.9

Rosa actcularis 1.1(0~4.0) 3.7

Ledum graenlandwwn 0.8(0-4.2) 2.7

Picea glauca 0.6(0-2:8) - 1.9

Populus baZsam—Lfera 0.2(0-0.8) - 0.7
Ribes axyacgnthoidas- 0.2(0-0.6) 0.7

Rubus strigosuas . 0.2(0-0.8) 0.7

Alnus erispa 0.1(0-0.6) 0.3

. /4 ., :

cuT Lonicera imvoluecrata 10.7(0.3-23.5) "34.8 -
: Picea glauca " 5.0(0.1-15.2) 16.3
Viburrum trilobum 4:8(0~-15.9) 15.6

Rosa acicularis 3.8(0-9.1) 12.%.

Rubus strigosus 3.6(0-+10.1) 11.7

Salixz spp. . 1.8(0-7.0) 5.9

Alnus crispa 0.3(0-0.6) 0.9

, Abies balsamea 0.2(0~1/0) 0.7
Populus balsamifera 0.2(0-1.0) " 0.7
Amelanchier alnifolia 0.2(0-0.8)" 0.7

Ribes oxyacanthoidas 0.1(0-0.5) . 0.3

HARD~- Viburrum teilobum 22.8(9.7-32.1) 51.4

WOOD Lonicera imoluerata ©13.3(2.2-33.8) 30.0

- Rosa acioularis 5.0(0.5-9. 7 11.2 .
- Alnus erispa 1.5(0-6.0) 3.4
Rubus strigosus *0.9(0~4.2) 2.0
Cornug. 8tolonifera’ 0.7(0-3.4) 1.6
Ribes axyacanthoides 0.1(0~0.7) - 0.2
Abies balsamea = 0.0(0-0.3) . .0.1
.Populus balaam.fera 0.0(0-0.3) 0.1
' 0.0(0~-0.1) © 0.0
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APPENDIX IV.

Number, age group, ‘sex and month of capture of

snowshoe hares from the study area examiued for

. J

Protostrq_gylus boughtoni. =T
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- L - " GROUPED °
MONTH . . ADULTS LITTER 1 - fLITTEESZ ' LITTER 3 LITTERS
M F M F M ¥ M .F M F

FEB 7 7 . L e

APR. 8 14
My 12,8 o 2

- JUN 15.“_4, . {...5' | 5. 11 ‘ %

AUG . 2 6 b4 5 6 10T

sEp eé\}4 5 1 s 4 0 2
er 4 _

o | B

.’NOV 1 5. N a | A |
DEC 5 2 | 2 ~ oy | . _2.’_.8_, .
oL 75 e 20 20 2 22N T3 3 13015

SUM " 261

’ M= male ~j \
- F = female s

IN
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‘APPENDIX V. Mean intensities of Protostrongzlus/ﬁgughtoni infection,
R : ne
o - with standard deviations, for snowspoe haré age group

samples from each month. o /.// _ .
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A T
o

v .‘: “ H .

JAN

FEB

APR

MAY

JUL -
AUG
SEP
Jocw‘ '

CNOV -

ADULTS

]

LITTER 1

"X

s . X

(R A

LITTER 2 . °LITTER 3

- X .8

GROUPED
LITTERS
X s

12.6

10.2

k4.1

10.0

6.8

5.5
9'9

19.3

8.4

14.3+

7:‘45 .

5.9

. 704 e

8.5

6.8

6.5

6.4

17.5

3.0

9.8

6.7
145.3
48.8

' 22.8

51.3 69.7

23.6 103.9

16.1 : 56.6

4.0 1 0
73,9 78,5 0.7

" 40.6 160.3 108.0

14.3 . 6.6 " 26.5 19.6
DEC . 8.7 5.4 23.4 11.4
R = mean ' ; °
s = standard deviation . . v
" TR T ey ",.la: T e >
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APPENDIX VI. Protostrongylus boughtoni recovered from snowshoe
hares (Lepus americanus) of Quebec.
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There are no pﬁBliéhedbreports-pf<Protostfongylus boughtoni

Goble and Dougherty, 194$,~6ccurring in snoﬁshoe hares (Lepus
ame;icanus) of Quebec. Hares from that province were ekamined to
investigate whefher a discontinuity in the geographipal distribution
of thelpqrasitefﬁiéht exist.

* Ten anwshoe hares were collected from an area near Saint-Sylvere,

&

Quebec'by shooting_oﬁ December}30 and 31, 1982. Lungs were removed,
frozen, and transporté& to';he Unive?sity of Alberta‘wheré_they were
thawed and examined following the methods outlined in Chapter II.
Nematodés‘recovered were fixed in’cold glycerin-alcohol an&igxamined
as whole mounts after clearing in lactophenol.

Eacﬁ df the ten lungs contained édult nematbdes identified
as P. bbughtoni using measurements from the redéscription of the
species (Goble and Dougherty, 1943, J. Parasitol. 29 397 404) '.
Mean intensity of infection was 16. 4 with a range of 4 teo 54.
Data on ages and sexes of the hosts were not.available,Abut mean
\intensity did not appear to differ greatly from ;hat of December
"adults, a;d grouped 1igtéfs, in the prgséﬁt study (Appendix V).

‘This report may constitute a range extension for P. boughtoni.



