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ABSTRACT = . L

. IHe survival of fifst'ékage larvae of Parelaphosfrongylus

b y

odocoilei(aﬁd'Parelgphostrodgylus tenuis.was detérminedfin a .

'
]

-~ ' ’
. >

variety of temperature and moisture conditions. Following

" treatment in some of those conditions, the infectivity of
- IR}

. L . [ . - ) . ‘ o .
surviving first-stage larvae to the experimental intermediate host-
Triodopsis multilineata was determined.

t .

e
¢

The survival of larvae of P, odocoilei was strongly influenced

by both 'moisture and, temperature conditions. Hydrated larvae, and
. L. . ‘ ; ‘v, 8 ' “ v -

larvae desiccated at low relative humidity, had the lengthiest” -,

survival. Desiccation enhanced survival of larvae:at-high - .
. \ B . N : .

| ¢
i

: o , ; - ST, .
‘temperature, but reduced their, survival while frozen. & major
! .
~ . . . -
loss of infectivity to the intermediate host was observed for .
: ; % 4 i . .

larvae which surbived 'desiccation. .. ‘ e
Repeated temperature changes above freezing did,not alter

“ - .
@

survival of larvae of P. odocoilei. Repeated”freezing or repgated

’ - ~ I ’ ) .1 G . N A ) A
desiccation resulted,in reduced survival of the larvae of

f ] C L
P. odocoilei and P. tenuis. The reduction in survival was - . .’ ,
proportional to the number of treatments administered. .= L
Y ' . . ) ) ’ " ) L ‘:‘r 5 . ° . L
- The survival of larvae of P. odocoilei from two sources,

‘Vancouver Island and. Jasper National Park, did not differ folldwing ;"
'sto;age at various temperature.and moisture conditions. Differenqés
were noted betwéen species in.both their survival,--and ‘in their -

infectivitf'td the inbtermediate hoét._fLarvae of P. odocoilei

survived better than g..tenuis fQL1bwing‘repeacéd freezing, while’

larvae of P. tenhis»éprVived beﬁ%er_ﬁhan P. odocoilei fqllowidg



. ) € ! ’ o .
repeated desiccation. Following freezing, a greater proportion
. ’ . ’ ‘e N
of the surviving first-stage larvae of P. odocoilei were infective
to the intermediate host- than were larvae of P. tenuis, when

»

cOmpared‘to‘the infectivity‘éf the larvae of the two species I

which Eed-npt been previously frozen.

-]

v

The\results are diéehssed in'light of current concepts

regardlng survival of the free living stages of para51t1c nemacodeS,

wand in llght,Ff\ﬁhe current dlstrlbutlon of Parelaphostrongylus spp.

5 - : ’ o ‘H .

. - in North America, - It is suggested that dlfferences-ln the ;olerance

) - G 3 ' ° K] M ;

e 8f first-stage -larvae of P. odocoilei and P, tenuis to temperature--
and"moés;urg;conditibns provide a means by which climatic factors 0

‘ 5 T “ . . : . . l, o“ -

can differentially influence the survival of the free-living
PR ), . . » - - v ) » )
‘stage of these twe speci®s, and thereby their distributions.
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I. INTRODUCTION

Three species of the genus Parelagbostrongzlus (Nematoda:

Metastrongyioidea. Elaphostrongyllnae) have been reported in North

- America. Parelaphostrongylus tenuis (Dougherty 1945y, the menln—

Ll

geal worm, is found in its normal host, the white-tailed deer (0Odo-

coileus virginianu$), throughout eastern North America (Fig. 1)

- (Dougherty 1945; DeGiusti 1955; Anderson 19563 Alibasoglu et al.

1961; Karns 1967; Smith and Archibald 1967; Behrend and Witter 1968;
Prestwood and Smith 1969; Samuel and Trainer 1969; Bindernagel and

Anderson 1972; Carpenter et al, 1972 Pursglove 1977; Thurston and

Strout 1978); Parel_phostrongylus andersonl Prestwood 1972, a

_ muscleworm of white-tai§7d deer, has been reported in that host from

the southeastern. Unitedf States (Prestwood et\al, 1974; Pursglove
1977) and in southeastern British Columbia (M.J. Pybus, pers. comm,)

(Fig. 1). Another musclewbrm, Parelaphostrongylus odocoilei (Hob-

; maier -and Hobmaier 1934), has been reported from Columbian black-

tailed deer (Odocoileus hemionus columbianus) and Caiifornia mule

deer (Qdocoileus hemibnus cdlifornicus) in northcentral California

Q ¥
(Hobmaier and Hobmaier 1934; Brunetti 1969), 1n 0. h columbianus

from Vancouver Island Brltlsh Columbla (Platt” and Samuel, unpub D,

and frommule deer (Odoc011eus hemlonus hemionus) in westcentral
Alberta (Platt and Samuel 1978a; %amuel unpub.)(Fig. 2).

The life cycle of all three species of Parelaphostrongylus

involves the adult occupying an extraintestinal site in a cervid

T

definitive host, the first-stagé larva (L1) shed in the feces of the



Figure 1. Approximate distributions of Parelaphostrongylus

tenuis and Parelaphostrongylus andersoni in

\

0docoileus virginianus in North America. Star

indicates -a report of P. tenuis in Angord goats,
outside of known P, tenuis range in 0. virginiénus
(Guthery and Beasom 1979) . Deer distribution is

‘from Stock (1978).

.
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definitiye'host, and the penetration of thevfoot of a terrestrial
gastrogod by the Ll. Development‘tohthe infective,»third-stage
o larv;‘occups in the foot, and thevllfe cycle is completed when the
gastropod infected with third-stage larvae is.accidentally ingested
by%anotherdcervid.
}The maintenance of Parelaphostrongylus in a area is

’ ‘3\ '
dependent upon both su1table intermediate and def1n1t1ve host

conditions; and sufficlent‘resistance t0»the'external environment
‘h§‘the-free—living stageu(the ll)."lnfective condltions requirei
.nsuitable densities of*both/hosts, and hehahioral characterlstics
whlch facilltate each host achlring the appropriate stage of the'
,parasite. The intermediate host must come in contactwwith the first-\
stage-larva,dand sdbsednently must be available in‘snfficienthnumj. |
bersbto the‘definltive host as it:grazes.b Thevfree-llving larval
stage must:resist environmental extremes’of_mblsture, temperature,
.and solar radiathn, Either.throhgh'physiological adaptatlonvor
anoidance. | .
Many aspects of the relatlonshlp betneen the paraslte Parelagho-

strongzlu and 1ts normal 1ntermed1ate and deflnltlve hosts have been::
studled. .Ecolog1cal aspects*of the'parasite*‘intermediate host‘rela— '
\tlc)nship have been studled (Lankester and Anderson 1968 Kearney andf"
Gllbert 1978 Platt 1978); as has the life cycle 1n’the 1ntermed1ate
host (Lankester and Anderson 1968 Platt 1978) ‘Work'on_the.deflni-'L‘
tlve_host has.prov1ded-1nformation not'only onithelhrenalence‘andr |
dlstrlbutlon (asvprev1ously clted) and pathology (rev1ewed by Anderson
1971), but also on such aspects ‘as prepatent perlods (Anderson 1963

‘ Nettles and. Prestwood 1976 Platt and Samuel 1978_), effect of size, (f

b
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and frequency of admlnlstratlon, of infective 1ndﬁyla (Nettles and

Prestwood 1976 . Prestwood and Nettles 1977 Platt- and Samuel 1978b),

\\* .
and larval output (Nettles and“Pfesthodwl976;‘Platt and Samuel .

19 781_5) ,

The relatlonshlp between the flrst stage larva and the env1ron-

'ment has not been as well studled as that between the parasltlc

stages and the1r hosts. For example although the range of gastro-(

SN

'pods and ungulates whlch can malntaln the para51t1c stages of

[}

Parelaphostrongylus has- been exten51vely documented (Lankester and

Anderson 1968; review by Brown et al, 1978 Platt 1978 Platt and
:'Samuel 1978_) -the range of env1ronmental condltlons that ¢an sup—

port the free 11v1ng stage is almost unknown,

" The 1mportance of env1ronmental 1nfluences on the free- 11v1ng

.stages of para51t1c nematodes has long been recognlzed in epi-
zootlologlcal studles .on para31tes of domestlc anlmals (rev1ewed by

‘Gordon 19485 Lev1ne 1963 Rogers and Sommerv1lle 1963 Kates 1965

GlbbS 1973), but Lankester and Anderson (1968) have been the only

- Sy
&

1nvest1gators ‘to attempt documentlng the env1ronmental 5951stance of

£}

l.Parelaphostrongylus free l1v1ng larvae. Thelr study, fu31ng . .an

: extremely llmlted range of. condltlons establlshed that the f1rst-g

o

fstage larvae'of-P.‘tenuis_are sOmewhat reslstant‘tovde51c;ationland

freezing, oo e

o

Thls study was 1n1t1ated to expand upon the ploneerlng work

' of Lankester and Anderson (1968) on the env1ronmental re51stance of”'

; first stage larvae of Parel hostrongylus. The obJectlves Of»thls

vfstudy were threefold 1) to determlne the range of two)maJor cll-

o



~matic factors, temperature and moisture, over which the first-stage

larvae of P.”odocoilei could survive; 2) to deteérmine if those -
first-stage larvae of P. odocoilei which survived temperature or
moisture stress retained their infectivity to the intermediate

“host, and; 3) to determine whether or not temperature or moisture

stress eq@aliy affected the survival and infectivity of two of the

.

speqies of»Parélaphostrongylus; P. odocoilei and'g. tenuis;

e

10
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1I. MATERIALS AND METHODS ' S

A.nﬁfDefinitions /e

3 .
\

The following are definitions of terms used throughout the

~ text which have various meanings in the literature:

v 1. Sprviving larva' one, that 1s living follow1ng stor -

i

,age under spec1f1ed condltlons.- The-speclflc criterion'used‘was

that a surviving larva must move on its own, or exhibit active

* Ed

Motion follow1ng proddlng w1th a sharp probe. A larva was assumed
dead or.morlbund if decayed ar if not exh1b1t1ng actlve motion
‘even atter prodd1ng.' Surv1val of de51ccated larvae was mon1tored
-after they had been glven almlnlmum of three hours in water to
1._rev1ve. mSurv1val of frozen larvae was‘monitored no soonerfthan :

e

‘one hour:after”thawingf

' 2.' Infectlve larva- one’ possesslng the ablllty to enter .

O

and,develop further in. the next host of thé llfe cycle.

] HEN " ‘ .
';3,= Sample-'a group of 100 flrst stage larvae (unless,_!

.otherw1se spec1f1ed) in a- 60 mm Petr1 d1sh used for teSting of

¥

survival,

e K TR

"}?2' TN Repllcate- one in a. group of samples prepared at the'

,nd’f

: same tlme from a common source of larvae V,used; ufor the“same

. B
N

R L L
A'experlmental treatment ‘ ' ‘

-

—5.v Varylng treatment condltlons whlch are chﬁnged be*‘

' tween two levels on a regular ba31s.'
6. Non-varylng treatment condltlons malntal ed at a -

constant level throughoutar1experlmental per1od

IS

>
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7. Hydrateq;xa larva in water.

8. Desiecgated: alarva in air.
R ‘ . A

’

B, - Source'of Expeyimental Animals ' : S &5 '23

N

First-stage larvae of Parelaphostrongylus odocoilei were ob-

i

tained from.experimentally infected mule deer (Odocoileus hemionys |

f)/

hemionus) aﬁd,biagk—tailed deer (Odbcoileus hemionus columbian4is)

’houéedpat the.Univexéity of Alberta bivqrium,;EiierSIEg,_élbefla.
The(méjority of the lérvae'usea‘in‘this study‘yaS'ffom mﬁlé déer
'infectedgwith P. odécéile; origihating from a populétiQp_of mﬁié
deer in'JasperiNatibnal ?ark; ALbef;a; A Smallériggmﬁéf of Iaryae,
used inrﬁnly a féw experimenhg, wag'ffom ; black—taiieﬁ_deer iﬁfeé-
- ted with P, odocoilei originatiﬁgifrom a population of biécg- |

tailed deer on Vancouver

o

Island, British Columbia.’

First-stage larvae of Parelaphostrongylus tenuis were obtained,

lfszen on-féces,&from_néturqiif'infected white-tailed deer (0docoi -

bleﬁs'Virginiangg) frOmithé/kaCHelwood Wildlife Reéearéh‘Pfeserve

‘ ianennsylvaﬁia;; A whitegjtailed deer from Alberta waS’ekposed to
' : . . g i .o . ] B

larvae from this source, and P, tenuis was the only helminth recov- "

:véred at necrbpéy"(D,R; Ahdérsoh, pers. comm{),*vThis deer, hous-
ed in 1361%§ion,at,the‘UniVerEitygViVarium,‘proviqed,an additional -
véupply Qf!lérVaQ;,}_ :

i “Allvfirstéstage_iérvaejWeregleftfoﬁ fecéi-peiléts_until
’réquiréd.' P. odbébilei‘(Véncodvet Island éource)‘lérvae were. ob-

. tained fresh and wefé'réffigefatedv(SQC):unfil requiréd. 'Lafvae.gf- ‘

.'B, odocoilei (Jasper source) and P. tenuis were available .from



. 6 : : .
feces both fresh and previdusly frozen (-25°C).

In experiments involving a comparison of larvae from two
sources, it was ensured that both groups of larvae had similar
prior treatmerts, to minimize the influence this.might have on

¢

experimental outcomes: ““If fresh.latvae were available, they were

.used preferentially over previously frozen larvae. The sources

 years. The orlglnal_stock of the colony. was from-Nebraska.

of.larvaewused in each experiment are itemized in Appendix I,

The snail Triodopsis multilineata (Say) was uséd as the

. i e
ﬁperlmental 1ntermed1ate host These snails have been maintained

;n\a laboratory colony at the Unlver31ty'of Alberta for several

-

c. Temperature and Humidity Control

'
'

Temperatures other than room@%emperature (18°¢c) were_provided

. ‘L. : EN L ) . oo
by a variety of incubators; coolers, environmental chambers, and a

[>g

_freezer. Use of some of these fac111t1es for other purposes placed

4

' »mlnor conStralnts on’ the ch01ce of temperatures for experlments.

. -
~

N
Relatlve hum1d1t1es were malntalneaigt de51red levels by the

use of saturated salt solutlons (Wlnston and Bates 1960) in small

chambers (Flg. 4) The chambers, constructed of plywood had four

= o

‘:shelvesg(B mm'mesh- acryllc~coated galvanlzed metal) capable of

fholdlng a total of 16 samples. Each‘chamber was enclosed in plasticfwl

to reduce transfer of m01sture through the walls. Forty to: 50 ml
©

of approprlate saturated salt solutlon with prec1p1tate in- a

Sl [

50 mm dlameter glass dlsh,ﬁwere placed in the bottom of each cham- -

_ber.

13
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Temperatures were monitored several times thréughout the
cour se qf'each experiment. The relative humidity in several cham-
.hers was measured;in the early‘stage‘of the study tcﬂconfirm the
effeétiveness.ot the apparatus. .An electronic probe (Brady-
Array Humidity Module,  model PC 2000, from Thunder Sc1ent1f1c in
Albuquerque N.M.) w1th a stated accuracy of + 2%, Callbrated 4
shortly prior to measurement, nas used to measure relatiue humi&—
it} (RH). Chambers were allowed toequilibrate for two days'before
measurements of reletiue humidity were made. The resuIts are
given in Table I.  The discrepancyAbetween exsected'anu Measured
relative humidities was small for the nntermediate humidity values,
but greater for the highegt and lowest relative humidities, Since
’thismethodof humidity control relies on a diffusion process, it
 was assumed that the discrepancies at the high and lsw humidities
were due mainly to insufficient equilibration time for the chambers.
sIn all subsequent experimentatlon the chambers were allowed to
equilibrate for a minimum of one week, andlat cooler.temperstures
for two weeks, prior to the 1ntroduction of samples.

Since saturated salt solutlons regulate humidity up Or down h
towards the theoretlcal values as>long‘as_prec1pitate remains in

the solution, no further measurements were made. Salt solutions

/ . R

were frequently checked more water or salts added if necessary,
and the solutions stlrred to prevent the formation of an unsatur -

ated water layer at their surface,

16



N2

.

Table I. Theo;etical and measured values Qf percentage reléfive
humidity (7% RH)'in humidity control cﬁamberg. Measure-
ments were made only aﬁ the tempsratufes indicaéed i
below, Theoretical valués are taken ffo? Table II.
"/\ Discrepancy is the deviation of tﬁe measured value from
\\\ the theoretical value. g
- - - -
Sqi/ut_:ion ' 'I‘émpel“atﬁre Theoretical AMeas’ured ’Discfepancy '
(°c) % RH #“‘ . %RH (Z‘RH)
"Héo @é;y//r 100 | 94.0 - 6.0
KCl1 .45 3 . 8L " 8as + 1.5
35 83.0 - 82.0 - 1.0
NaC1 35 . 75.5 7.0 + 1.5
K2CO03 48 ) 40.0 . ’48.0" + 8.0
| 35 o 4Ls 42.0;;J + 0.5
25 © 43,0 - 50.0 + 7.0
LiCl 35 1S 22,0 +10.5

A

17
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‘D." Preparation of Larvae for Experiméntation

_ Feces contalning larvae were wrapped in.a double layer'of '
cheesecloth and placed overnlght in a Baermann apparatus [\;pprox-
imately 100 ml of fluid was drawn off and refrlgerated (8°0).

Larvae in this fluid were ﬁepeatedly washed in tap water at 8°C to
Tremove as much. fecal debrisdas possible from the solutioh. Before
‘samples were prepared, lorvae were allowed to reachbroom temperature,
and wer6~givehda final wash in room*temperature distilled water, *
, ~Washing‘procedure allowed laryee‘to sediment out by gravity-hefore
‘draWiog off the supernatant by vacuum,

.Fluid;containizg.an est{;ated lOO’larvae‘was‘pipetted into
60 -mm Petri‘di§hes. The water leoelrin all»diéhes oas equilibrated
so thatievaporation in all samples that were to herdésiccated. “i
would proceed similarly,

Control'samples (i.e. those remaining hydratedj were covered |
; L ' v
“to.prevent evaporation. In those to be desiccated, theswater was
: allowed to evaporate under ambient condltlons untrl only a thln f
fllm remalnedr At that time, :experimental treatment‘of all
samples, controls 1nc1uded, washstarted: H,

"E. ‘Experimental Design

" -

The. experlments were .designed to determlne the effects of
several types of env1ronmental faoﬁors o?,the firstﬁstage:larvaet

of Parelgphostrongylus.‘ The outline of the experimental program_

is given in Figure 5. Two criteria, survival and infectivity, were

’ S



C o

{
o

¢

"Figure 5. Flow diagram outlining the organization of the

experimental program. - Experiment numbers correspond

™
to those used in the text.

.
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1

used to aesess the influence of.experlmental'treatments on first- B
_stagenlarvaer "h : 7_'. - ' ' : '» . o f//-
mThe experimental conditlone were of two typés:’oneoln-which

the phyeical;conditions were maintainedrnon-varying,,theuother in

‘which they were varledf TwovtypesAof nOn;varying conditions were
useo. In one type thellarvae were hyoratedvand etored at
.temperatures above free21ng, SO that they remained in an actlve T : }
state | In the other tvpe the larvae were des1ecated and/or frozen

‘so that their response whlle rn a hypoblotlc ‘state (sensu Keilin- y‘ _ a/("
11959) could be determ1ned |

Varylng condltlons comprlsed elther temperature fluctuat1ons

hw1th.non varyrng m01sture condltlons, or m01sture level |

fluctnatlons with non-varying temperature. Temperature

fluctuations were of twoftypea one in whlch the larvae remalned

i

' ) §
in the active state, the other in whlch they were repeatedly cycled ©

-
+

‘ between the active state and cryoblotlc state (hypob1031s 1nduced

hvbv low temperature [Kellln l95ﬂ ):' M01sture fluctuatlons were

.onLy of the type where larvae were cyelen between the actlve state \
and the anhydroblotlo state (hypob1o31s 1nduced by water ‘ |
r:def1c1ency [Ke111n l95ﬂ ) 'l'. r. p}v

A total of 18 experlments was performed to determlne the

vsurvlval or 1nfect1v1ty of flrst stage larvae of P. odoc01le1 and-" e

e

-:B. tenu1s. The follow1ng sectlons descrlbe ba51c.procedures for‘
each tvpe of experlment alonng1th-var1at10ns on the baSlC
.proeeQure that,were.employed‘in‘specifiC_eXperimentsr.;fhe;»
'.experimentsvwere nnmbered;:andlthehnumbere.eerespond tevthoSe"

o : . L o7 /



used'in Appendix I andlin‘Figure‘51
1. Survival FollQWing Nonfvarving Treatment

. The survival of larvaefof P..odocoilei and -P. tenais was _‘. o
determined at several‘combinations of temperature and_moisture.
‘Desiccated samples of'larvah were stored at a varlety of’relatlve
'humldltles in the humldlty control chambers mhich each contalned
anrappropriate saturated:salt solution, Hydrabed samples were'
also Storediin theIChambers,_to control»forfthe effectspof
possrble contamlnants in the chambers. Those chambers contalnlng
hydrated samples had relatlve humldltres malntalned near - 106 percent
with dlstllled water-,thls prevented deSiccationvof the”hydrated'
samples with. the1r covers removed Temperature was'contLolled by

plac1ng the humldlty control chambers in elther coolers or

1ncubators set to desxred temperatures.

Where larvae from two. sources were belng compared each chamber
contalned samples from both sources. At varlous 1ntervals a
.number of samples was rem0ved to monltor surv1val , These samples

P

”were not reterned to the experlment follow1ng monltorlng TR

h-larvae from two sources mere 1nvolved survival‘ofrthose in thépsame
}»chamber‘was monrtored 51multaneously "é

The relatlve hum1d1t1es malntalned by. saturated salt. SOlUthnS
jrvary sllghtly w1th temperature f for the.solutlons‘used 1n these
esperlments..the relatlve humldrtles reported 1n the llterature.are

.glven 1h Table II’for a range of " temperatures from 2 to 50 c.

Further reference to the humldltles malntalned by each of these

22
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solutlons were expressed as a 51ngle percentage relatlve humldlty

v( RH), with an 1mp11ed range of + 5% RH. For K2C03, NaCl, and

KC1; the.values were 45 75 'and 854 RH respectlvely The‘values_
of HZO and L1Cl were 95 and 20/ RH, respectlvely, w1th allowance

for the dlfflculty of malntalnlng very hlgh or very low humldltles.
‘leen the 1mp11ed ranges of these values all five solutlons o
prov1ded a gradlent from hrgh to low relatlve humldlty, w1th no
overlap of relatlve humldlty regardless of temperature o 'l_ :

ar: Experlment Number ll;

This.experiment;'in cohjuhctloﬁ:with.theuext_ohe: was.
:hdesigded.to determioe'the.survival oftg.lodocoileihstored:under a.
'varlety'of moisture conditions, at'temperatures above freezing, p

_ Ih“thls eXpérlment deslccated samples at 20 45 75 85, orh |
R 9SZlRHY -and. hydrated samples, were’ stored at 5 36 .or 48 Crl
.bExperlmentatlon-at the comblnatlon of ZOA RH‘and 5°C was not

Y

performed due to the 1neff1c1ency of humldlty coqyrol by L1Cl .1'
- .lt' . ’

at’ th1s Low temperature (O Brlen 1948) The surv1val of larvae was_l‘

b '/ . -
“monltored after up to EIght t1me perlods in each condltlon. In

i

; most cases, four repllcates were examlned durlng monltorlng E

e

e b. Experlment Number 2 e ‘..'?fuit‘f.>"' - o .:»f, 'Yu;h
Thls experlment was 51m11ar in de51gn to Experlment Number l
‘(Exp t l), except that 1ntermed1ate temperatures of storage (14 and

Jkl'26°C) were used The condltlons tested comprlsed hydrated samples

LS

Land de81ccated samples at zo 45 75, or 95% RH.

2
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¢. Experiment Number 3= - ‘ /)_ R Vs
To determine if larvae of the same spec1es but w1th dlf—

ferent sources of orlgln had - 51m11ar surv1va1 the following experi~

.

ment was performed{i Samples of Jasper source and Vancouver Island-
'source~larvae of 2 odoc01le1 were placed in a varlety of m01sture
'condltions‘at125°¢.‘ These‘ ere desiCcated at 45, 75~'or )

95% RH and hydrated. A palr of samples from‘each source was placed
"on each shelf in the humldlty control chambers, g1v1ng a total of
six samples per m01sture treatment per source of larvae . The sur-’h

v1val of larvae from all six samples of each source was monltored

Vlafter 5. days at 9SA RH 7 days at 75/ RH, l9'days'at 45%‘RH, and

zted, \Ihese tlmes were chosen'to allow for an inter-.
1 of;mortality to.occur atFeach.moisture cbndition,c?
lltatlng comparlson of surv1val between sources.

ment Number 4

- ! L. 44

next two experlments were de51gned to determlne the surv1-

odoc01le1 whlle frozen. The purpose of thls experlment
EOld;ftOtdetermine*the-effectfof;desiccationfpriOr to freez-

-

CEx.

tlng C¢nsurv1val whlle frozen,_and agaln to compare the survlval of d_
‘P odoco11e1 larvae from.the two sources (Jasper and Vancouver~
iIsland), th1s t1me>f0110w1ng free21ng.52ii“ ST

vSlx hydrated and srx de31ccated (at amblent 35% RH) samples f,‘
afrom'each source were frozen at -25 C.- Surv1val was monltored
after 100 190 and 280 days.l Between one and“three samples per-

. ' I
source was monitored at each t1me perlod h
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e, Experiment Number 5

The long-term survival of P, odocoilei while frozen on feces

#

was estimated in this experiﬁent. Platt (1978) determined larval .

_outpdt pervgram of host feces (LPG),from’experimentally infected

mule deer, using the Baefmann technique on subsamples.of fecal pel-

let groups. He then placed-thé_rémaindérs of those pellet gfoups

in a freezer at -25°C. For this experiment, those remainders were

théwed, and LPGwere determined by the same method that'Platt;psedQ

3 -

‘The duratioh of fréezing wasv321monthsvfor the‘ﬁellet’gfoups

‘from one deer (n=4),\and-34 months for those from a second deer

(n=4) . Since the ‘Baermann technique tends to result in/recovery

~ of live larvae only, beforg—andfafter LPG could be used to estimate

. similar survival following storage 'under non-varying

£, Experiment Number 6 .

~ condition was monitored after, up to four time periods,

-

survival of larvae while frozen.

@

7 o
\. z ‘..

This experiment; similar in design to Exp't 3. was to determin
: P ¢ ’ desig Xp > )

if - ‘larvae of the two species, P. odocoilei

nd P, tenuis, hdd
-y vv - ‘. .
conditions at .
a temperature above freezing, Larvae of each species were placed 'in

El

thrée:mois;u:é,conditidné at -30°, They~compriséd hydrated, and

‘desiccated.at 45 or 95% RH. Survival of larvae in each moisture -

7 o

L oL R
~cates per species and moisture condition were monitored after each

o

timevperiOd.  R PR ) ,;'4'i DR
-2, Survival Pollowing Varying Temperature Treatment - = . |
' ERRRE. I » T e
_°4'g  Tq-determine‘thé.effécﬁ of repeated.temperature changes, such

Four repli- -

‘26
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as those that might o€cur on.a daily basis in natural, conditions,

on larvae of P, odocoilei and P, tenuis, hydrated larvae were rep-c

eatedly moved between two temperature levels a ‘number of times.
~ . . ) . . v

o X 3

a. Experiment Numbé&r 7

' This .experiment examined the effects of rggﬁated changes

A

. , - ' ) ’ s ;
in temperature, during which the larvae remained in.the active

state. Three hydrated sampies of 200 larvae of P. odocoilei

[P

_were repeatedly moved bet'ween 8 and 37°%, for a total of 16 complete

cycles of temperature over a four day period. ‘To contrdl for the

o

’ effégts'of Highftemperature per se “n'sufvival; a control group of

eath)' was placed non-varying éf'

three hydrated samples (200 lérvge

'379C for a similar timespari ' to that spent by larvae in- "

I

" the experimental saﬁplesvat“the high/temperature of the cycle (86 .

al in" the¢/ experimental groupg was.lowef
Lo . Pacaia :

' " . N / * ..

01 group, then the exceﬁ%;mortality

hours at 37°C). If survi
e |
than that observed in .tHe con

i

o WOuldbe'a‘respbk of the'changé,of temperature, and not " ‘the <
leﬁhal'actigh of the high temperature alone. . . ,
. . ” G . . [ . o

B. Experiment Number 8.
.~ . The nexttwo gxpér;meﬁts,involved:repéétédly“chénging the tem-

_perature‘of7samples between above-freezing and below-freezing levels,
so larvae were repédtedly cycled bétween the active state and the

- | s has = .
cryobiotic state. .

.

.....

S . » v Lot e
This experiment was of a preliminary nature, to see™if repeated

freezing_wbuld,reducé’survivqllof,the larvae. - Two hydrated L

samples»wérevrepeatédly_frozenfat -25°C'and}thawed'to +149C,,fof‘a

oy . B . i . - o ool .
. total of 13 cycles over'a'fOU?-day period. Following the final S -

I

i

Q)
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experiments involved varying the moisture dﬁ%dltlonsdbg&ween

“n

)

thawing,wsurviyai of larvae was monitored.
;. Experiment Number 9

This experiment was | designed to determine whether or not
survival following repeated f?eezing differed between g. odocoilei

and P. tenuis. Twelve hydrated samples of each species were

subdivided into four groups; two controls and two experimentals

(Fig. 6). The non-frozen control remained at +14°C. the frozen

control was placed at -25°C for the duration of the experiment,

'
\

11 complete days, when the.samples were thawed and survival
‘ . ' . ’ \\ ’ )
monitored. The two experimental groups were repeatedly”  forzen and
o w
L
A

thawed, 10 and 20 times,,respectiveiff Survival was monitored after

the final thawing.

3., Survival Following Varying Moisture Treatment

]

L
&

As with temperature, moisture conditions experienced by
larvae may change on a daily or other basis. Five experiments’

were performed to determine the effects of repeated desiccition on

" larvae of P. odocoilei or P, tenuis. A generalization of the

experimental design is presented schematically in Figure 7. All
. ' > :

B

hydratioﬁ and desiccation,.so that larvae wete repeatedly moved
/ .
between the active, hydrated state, and the anhydrobiotic state.

Several hydrated samples were divided into control and

experimental groups. There were two control groups in each

experiment. The samples in the hydrated control were covered
#,

o

3



Figure 6. Schematic representation of the design of Experiment
Number 9 (Exp't 9) showing temperatures of samples in

each of the four groups over time. '"S'" indicates

the time when' survival of larvae was monitored.
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Figure

7.

K

Schematic.repre§entation of the basic design of all
varying-moisture experiments (Exp'ts 10-14) .

Moisture states of samples in each group over time
' ) SO -
are shown (H= hydrated; D= desiccated), ”§T iddicates

: time when survival of larvae was monitored.
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to prevent evaporation ofjthe water (Fig. 7)f The

s'amples in’ o the de51ccated control, were allowed to de31ccate
and remain that way for the duratlon of the experlment These
»samples were rehydrated prlor.to survival monltorlng (F1g 17); The’

two control groups served- to account for the effects of cogtlnuous

hydratlon or de51ccat10n on the 1arvae. The samples in the experi-

‘mental groups were repeatedly deslccated w1th a small amount of

distilled water added at varlous 1ntervals to rehydrate the larvae.‘

The example of exper1menta1 de81gn (F1g 7) has three experlmentalv
.groups, recelvlng 3,‘5 or lO d631ccatlons. B

| All eXperlments were conducted at amblent relative humldlty
(30-40% RH) . Evaporatlon of the water in the‘sampl s oecurred w1th-
in 24 hours at room temperature. (18°C) or 48 hours when refrlger-

’ated (8°C) All_groups, control and experlmental were prepared at

the same tlme and surv1val monltored on the same days, 'The number

)

[

of repllcates in each group varled from one’ to four.

‘a. Experlment Number lO '

!

E Larvae of B _odoc01le1 were d1v1ded into two control groups and
: . : ]

J»" s

~one exper1mental group, whlch recelved f1ve de51ccat10ns " The"
_ experlment was run over: elght days, at_room temperature,

b. Experlment Number 11

Sy

7

w_Larvae ofuP. odoc01lei were lelded 1nto two control and three

fexperlmental groups. The experlmental groups recelved 3 5, or 10’

'desiccations. The experlment was carrled out at room temperature‘

)

- over a nine day perlod

- v . _. . ) * ¢

N
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c. :Experiment Nummer_lZ
This experiment was identical in deeign to @xp;t‘li, bot waS'
carried out at avlower temperature (SOC), and over a longer  time
period (22 days). |
d. Ekperiment Number 13'»-
Larvae of P, odocoileitand 2.'tenuie were each divided into::
twolcontrol and three experimental groups. .Five; six, or nine_desf’
iccations were.admindstered'tohthe enperimental grodpe_ower |
15 days,'at_room‘tenperature; '
e, Experinent Number 14 -
B Thie experiment was sinilar to EﬁpitilB; encept that the
dexperimental,groups_reCeived three,~sir; or ninevdesiccations, over

12 days. .

Infect1v1ty of f1rst stage larvae was determlned by exp051ng a

&

’aknown number of surv1v1ng larvae to the snall Tr10d0251s multlllneata.vg

After a”perlod of-one’month':larvae were’recovered-from:the snails'

.100 ml dlstllled water, incubated at 37 C) of the snall tlssues. |

Larvae were exposed to snalls in 10 -cm dlameter glass dlshesb_
:'wrth two dlSCS of fllter paper\llnlng the bottomn »nfeugpeneion.ofv
'flarvae 1n:water with numbers of live‘iarvae eetimatedjhy,standard
. R o
d;survival monltorlng on a subsample of the suspen51on ‘was plpetted

onto . the filter paper., A group of snalls was then placed on the

,filter paper and the«dlsh covered -The snails were;allowed'to crawi_ -

S o
by art1f1c1al pepsln dlgestlon (0 6 g pep31n powder O 7 ml HCl per Lo

34



" on the fiirer paper for several hpurs;' At intervals of’abogt one--

half hour, any snails on the sides or cover of the.diSh'were_ laced
back on.the'filter.paper}

‘In~Exp1t 15; ndmbersuof.farnaevand'snailsnariedlbetween”expof

sure‘disnes, since tnfsiexperimenf‘Was desfgned“fd”derernine the
A influenee‘bf.dffferentldensitybconditidna ef-enposnre Onbfinaialar}
val,reeoveries; In Exp'ts”lé;l8 fhe;sameﬁnUmber of laru@e and:.
enails was used'in all'dienes; rhenvariable'here was the pridr'

treatment of the larvae. 'Prior to being expgped'to snails, larvae

&

rWerelalldwed tofreyive; if necessary,‘frOm‘tne'treatments.they were
fadministeredﬁ_:FerEeﬁamp;e,fif tHe'experimental rreatmenf_nad invol-
ned deaiccation_ef thenlarvae; fhey:noeld be plaeed;in’water'fqu
-seVeral'houre td renive;; | | | | .
a;fdﬁxneriment Nﬁmbere15= .;,'f"v;'da‘;.’ : AR } S

:To determlne ‘the effeet of exp0sure cond1t1ens‘en.subseqnent
yrecovery of seeondavand third stage larvae,tf;iodecoilei'was expesédfi
l to‘snalls under four dlfferent dens1t1es of snalls and flrst stage
ﬂlarvae l) many larvae/many snallS, 2) many larvae/few‘snalla,uni..

3) few larvae/many snalls, and 4) few larvae/few snalls. ”Many'

)
foo

fand ”few” 1arvae were. 4710 ‘and . 1570 total or 60 and 20 larvae per
eng dn the fllter paper, reSpectlvely. ‘For snarls, many“ andv”few e
'nére l5~and«5»per.dish or- 0 192 and O 064 snalls per-cmzionithe’ |
Ffllfer.naperb respectlnely Larvae and snalls were chosen at random
:frem common eoureeS“pr19rrf0'alIOcaribn;%fExpeSUre.wasrfbrvninev
:hodra;:andidigesrion.of‘thedsnailefwas‘affer four;weeke:;;d |



| b. Ekperiment Number-l6i

This‘waéia preliminary experiment'to determine.the influence

of temperature and m01sture streSsvon 1nfect1v1ty of f1rst stage
»larvae. A large quantlty of P‘ od0Co1lel was'washed,repeatedly in
..water.at 8°c, and‘subd1v1ded31ntovfour gronpslb‘The snmmarizatlon
':of:experimental design (Fig. 8) lllustrates‘the Seqnence‘of“events
for these four groupa regarding: changea in'moiatnre state of the
larvae between hydrated:andldealccated,‘changes invtemperatures,
and'timeShof ekposure.of;the survivlng;larvae to.snailst.
',One group.of larvae.waspdeaignatedbasfinitial cOntrol,AandIWas
exposed to snails at'the start of'the:experiment>to.determinelthe

jinitialdinfectivity'of the larvae.
P 4 N .

' Two of the remalnlng groups were de51gnated as experlmental
grOups. One was allowed to de51ccate and was then placed at 9SA RH

-and,26QCQfor.51x days.. ThiS*was‘thenhigh?humidity experimental

-gronp;' The second group, a low- humldlty experlmental was allowed .
to de31ccate, and was. then placed at 45% RH and 26°¢ for 14 days.

Follow1ng de51ccat1on, the larvae were rehydrated and placed ‘over-
. L " '

nlght at 8°C to rev1ve.- Thevaere then exposed’to.snails":A‘shorf

ter treatment tlme was chosen at the hlgh humldlty based on other‘
V experlmental reaults whlch lndlcated that few or no larvae would d
surv1ve 9SA RH and 26 C for 14 days._ |
The fourthrgroup of’larvae‘was deaignated‘as.tinalfcontrol, |
‘vandlwasvatored_inlwaterlatf8°C‘for'the_dnration offché experiment."
e S - : R .
ItpwaaideSigned to account for anyleffectapthat'paSSage~of1tlmep

- _since the start of the experiment would have on infectivity of the



‘ Figure

8.

-

Schematlc representatlon; of the deslgn of Exp t 16

; w ‘ v
M01sture states of samples in each group over ‘time

are shown (H—Yhydrated D de51ccated) Temperature
'of samples (degrees C) is. shOWn above each graph

_”E”’Lndlcatesetime when.larvae were exposed to_Sneils., B
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rvae, Any reductlon in infectivity of the

ps below that of the flnal control would be due
entalltreatment and not loss.of 1nfect1v1ty over tlme.
ysure of larvae from each of the four groups was as'
;ints of lO OOO‘Suryiving larvae were selected from

eachlgr, and each unlt was exposed to lO snalls for 6 5 hours.

o dlgested four weeks after exposure to the flrSt stage

1rst—stage larvae of P._odocoilei; A'single stock}_

subd1v1ded into 12 groups, each to recelve a dlffer-.

'ent treatment ‘Four groups of 1arvae recelved one of three m01s-

. Q»

'h;ture treatments'-hydrated de31ccated at. 457 RH or des1ccated at

. 75% RH Wlthln each m01sture condltlon‘;ﬂo groups were treated at

’ZOQC two at’ 26°C _ At each of these six. temperature m01sture com-;'7

fb1nat10ns, one group was treated for 2 days, the other for 10 days. -

..1The ch01ce of condltlons was such that even under the harshest of

'i them (95% RH at 26 G for lO days) there would be suff1c1ent numbers;:

of surv1v1ng larvae to expose to snalls.~
S \l .

Following-treatment lO 000 surv1v1ng larvae from each group

‘.{,Were exposed to lO snalls for 31x hours._ Snalls were dlgested flvel:

.
£

f_weeks post-exposure.v For log1st1c reasons, all treatments were not‘d

started 51multaneously, but were staggered so that exposure took

place 1ntﬁuee group unlts“for each of four successiVejweeks.”‘
\ 33 3o
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d. Experiment Number 18 _ 77'

The objectives of this experiment were twofold: first, to

examine the effects of freezing on infectivity“of first-stage
larvae of g.'odocoilei and P. tenu1§ second, to determlne whether S

. t
infectivity . - of the two spec1es differed follow1ng freez1ng/KJ/

" Two sources of larvae of each spec1es were used: one fresh on
feces; the other collected from the same animals one month previ-

‘ously, and stored on the feces since then at -25°C. All fecal
- ' : [ ' .

'samples;'fresh or frozen, were brought to room]temperaturefon the

same day, and larvae recovered from them in a Baermann apparatus.'

The recovered larvae wére washed f1ve tlmes over the next week their
temperature“durlng,this periodfwas‘kept at 8'C. _: B o - o &
A,The,ekposure'of"larvae_fromweachiof.the'four groups was as
. o . o Los S ‘ -
followsgerwb-Units of .5000 surviVing'larvae_werebselécted from
~\gach gronpsgznd each unit.exposedito<five‘snafls for A'hours.a;At s

3,
i

|
1

28 days post exposure, the snalls eXposed to bne unit of larvae

\
Au&
\-

from each of the four groups were dlgested “The.remaining snails

PN
B 7

'were d1gested 38 days post exposure.»
F. Data Analysis ., . T

E

Data were analyzed staﬁlstlcally us1ng procedures outllned

by Snedecor and Cochran (1967) and Sokal and Rohlf (1969) Regres---’ -

- ‘31on analyses were performed on van Amdahl 470 computer u51ng APL

3

w1th programs obtalned from the’ publlC llbrary of the Unlver51ty of .

S

Alberta Computlng Center.

’ Palrs of means were: compared u51ng t tests.‘ Where_critical '




8

values of t had to be calculated, these aretgiyengaIOng’with

, theirlprobability values. Groups of means were compared by

/

’analy51s of vhrlance (anova) Heteroscedasticity_was reduced to

:

w1th1n acceptable llmits by apprdpriate transformations; Angular

transformatlon was used in the case of percentage data\\khlle

-logarlthmlc transformatlon was used for count data.‘ Reductlon of

'heteroscedast1c1ty was conflrmed u51ng elther ‘the F -max test or

technlque of comblnlng probab111ty values was used to teét the

D.hypothes1s (Sokal and Rohlf 1969) The prov1so of thls ‘test was

-

. Bartlett s test, Departures from normalrty'were testedvfor usirg

the Kolgomorov-Smirnoy test.

- Where overall statlstlcal analysis of a given set of data

( s i1
! B (J

could not be done due to v1olat10n of necessary assumptlons butwhena

- analyses on subsets of the data could be valldly performed the =~ 7

‘-

that the separate tests, from whlch probablllty values were obtalned

‘ aU.tested the same sc1ent1f1c though not- necessarlly statlstlcal

o

\

hypothesis.._' I f«f?

Means, standard errors, and confldence llmltsﬁ%n all percent-"

. \4 B

: age data were calculated follow1ng angular transformatliaf but” are

reported here follow1ng conver51on back to the percentage scale.

“in the or1g1nal scale. ‘

L

'The same 1nformat10n on count data was . calculated and,is,reported,

Any departure from the procedures outllned here w1ll be noted

when they occur,.

41
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S~ . "III. RESULTS

A. Survival Under Non-varying Conditions

&

e

The survival of first-stage larvae of Pareldphostrongylus

¢ '

odocoilei under non-varying conditions' at temperatures above

[3

. ) \
freezing (Exp'ts 1,2) is shown in Figure 9 (a more compléte

. 7

v . presentation of the data, including confidence limits for the mean
v percentagsf, is in Appendix II). Generally, survival declined in

—a linear manner, o .

* “ The maximum length. of survival could dnly‘b;_accurately
determined by direct inspection of the data in a few cases, such
as for the samples séored ag 36 or 48°cC. In other cases, either
the time period between observations was too great to determine

when the last larvae died (e.g. 75% RH at 140C), or ‘insufficient;

re L a

numbers of samples were available to monitor survival for the
entire lifespan of all the larvae (e.g. 45% RH at SOC). In the
~ latter two cases maximum length of survival was estimated by

regression analysis. Linear regression was ‘used to estimate the

2

x- irftercept (maximum days survival), unless a significant x
. 1

2

component was detected, in which case polynomial regression was
used, - The maximum survival times of the larvae jin all conditions, .

as determined by the aﬁpropriate oneg of the above methods, are
s given in Table III. i

At all moisture conditions survival was inversely’ related to

-temperature of -storage, Survival of desiccated larvae was
. : A

inverSely related to the relative humidity of storage, regardless
- . \¢ N - T
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Figure 9. Survival of first-stage larvae of P. odocoilei at
A} " ’ ‘L .
o, . it -
various temperature and moisturé conditions
s

(Exp’ts_;.Z)-

@
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, " _ _ .
of temperature. The survival of larvae desiccated at -the lower

relative hum1d1t1es was similar to that of hydrated larvae when at

tem eratures but was lengthler than hydrated larvae when at

.

Thus P; oddcoilei can survive at hlgh temperatures for ‘up to R
one week and at low temperatures from six- month@ to Over one year,
dependlng on moisture conditions.

The survival of P, odoc011e1 originating from Vancouver

v

Island did not differ from surv1val of P. odocoilei originating‘

°

from Jasper either at .above- freez1ng temperatures (Exp't 3 Fig. 10)
or below freezgpg temperatures (Exp t 4; Fig, ll) 'When survival
of the larvae .was correlated w1th source of larvae, shelf p031t10n

i
in the humldlty control chamber and m01sture treatment above

- freezlng (Exp't 3) by anova, there wasn081gn1f1cant effect of shelf

p031t10n or larval source (Table IV) ‘However the d1fferent

_‘m01sture condltlons did have a 31gn1f1cant effect on surv1val of
. | » ! . . i
the larvae, When mean survival of B,sodOcoilei“larvae from»the

two ﬁ@urces was»correlated’With source of'larvae‘ moisture condltlon .

-prlor to free21ng, and length of free21ng (Exp t 4) by anova, agaln

there was.no significant dlfference of surv1val between sources of

larvae. However,rthere was a 51gn1f1cant decrease 1n surv1va1

ouer tlne dependent upon ‘the m01sture state of the larvae prlorh

.to freezlng, asrlndrcated by the srgnificant>interactiondhetneen

moisture and,time (Table'v). u e--r ’ |
Firstrstage » larvae of P. _odoc01le1 can w1thstand free21né

on feces for much longer than the 32 and 34 month periods used

46
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Figure 10. Survival of first-stage larvae o f P. odocoil’ei ffom
‘two sources, at 2506 and various moisture Cb‘ndli'tivons-’
(Exp't 3).- Baf.s re:pre'sent 1méan + SE.
a. Hydfatéd forwlZ days, -
b. Desiccated fé; 19 days at 45% RH,
c. Des’i’cca\ﬁed for 7 days a;z-“75;/°‘“.R}.l. .

i d. Desiccated for 5 days'at 95% RH.
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‘figdre.ll, ﬁéanvﬁefeéﬂﬁ sdrVivél of firstjsfé%é;larvae qf, 
g; éédcoileifffom‘tﬁovéaﬁrées,‘foiiéwihg‘freezing"
‘-.,  4;(Exﬁi;.g).u opeﬁ"cifé1es;and dashéavliﬁe§”;epré§ent
Jéspgr'SOurcé;iafvée;Acioséd.cigéleS‘énd.s§iid’iineg

represent Vancouver Island source. Group "H' samples -

h wéréLfroqen while hydrated;»grbUp.HDU Were frozen

i 'whi‘lc‘ej_v'deéic¢a_t'ed';" -
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. ,-.\‘ p<0.10) b

in-Explt 5. Survivaliafter that time period was still close to
75‘percent:(Table-VI);_'Medianslrather than mean, snrleal was

~used due'to the‘aSymmetric distribution.ot surViwal values‘from

1the/four sanplesfromveach‘deer.h The survival,estinate of 75'

v percent for survival onlfeces is ~only slightly less than the

‘86 percent which is predlcted from the data of Exp t 4 E B _ : .
(Y- 98. 8 - O Ol3l9X),,for surv1val of Jasper source gu odocollei‘ |

which were frozen whlle hydrated o ‘_3 ”

11 .

o ' O
The survival of first-stage larvae of the two species,

2. odbcoilei~and‘ParelaphOstrongylus tenuisg underwnonévarying'*
Jcondltlons at a temperature above- free21ng (Exp t 6) is shown in-
' F1gure 12, vSurv1va1 could not be analyzed by anoVa as was done for

tsthe results of the 31m11arly de51gned Exp t3 (u51ng P. odoc01le1 vVF

-

from two dlfferent sources) due to overall heteroscedast1c1ty whlch \ :

v'could not be reduced to" an acceptable level However, t- tests on(
- the dlfference in. surv1va1 between spec1es could ‘be performed for '
jfithe 1nd1v1dpal treatment groups.s There was a. 51gn1f1cant dlfference o

| between spec1es 1n two cases: Class ”B” (t—& 920 df 6 p<O Ol), o

: and “D” (t 3 506 df 6, p<0 05) Probablllty values were

N,

L . ,~fl‘ ;’ftsxaf”]l

d:suggestlvely low in several other classes (Cla§s ”A” t=2.057,.J

: ;df 2, p<0 20; -"EH, £=2, 287 df= 6, 'p<0.10; vand "H” t=2ﬂ263,vdf%6;.

ity:values,from'the_t: tests on the six treatment

:ot1significantly7different wefe combined, the
2 that surv1val of P. odoc01le1 =_2; tenuis

,lng statlstlc, -ZZZlnP (dlstrlbuted as Xz)

53




54

%€L - e

19 g8Ew STvE L1zL SL-TIX61

T s 0oL . - S'we . 606 SL-TIX- 1

89 - §zeS. N 114 R Sr-TIX-ET R

Lot €v1L - ST LTy "GL-TIX-TT . £ °ON 135Q TN

i
.y, , o xT°CE

€8 - 0668 C®TE - - oeL01 ¢ or-TI-6T
Tove . 0°ze . - sLoL : of-IIfoT

69 stze T ggs . . g-iT-9 "

66 . $'Z€ - W T 9L-II-% ' 1 ON I99Q 3TNH

e e Yo (swuow) T~ (qwez-yiuon-Aeq)

.

.

Hm>ﬂ>u9m_quuuum ,. Uuw Teutrg ﬁmwouw auT T, omq.ﬂmﬁuﬂcw ‘ﬁvuwwﬁdoo.wuomw muwnu . {ewiue wuuﬂom .

o

1. N -
®

: - ‘ , , : . : T N ijdowwzuoﬂﬂmmu.M
- owes wsu;wm wwaaimmpim_EOhm 9IB SUOTIBUIWIRIIP- (DJT) Ewuwruum:mmbpmﬂ.HNWWM:vcmuHmﬂuﬂiHh.

w . .Am u_axmv.oommuum,mumﬂﬂma Hmuww co.:mmoumﬁﬂoaﬂowovo,.m wo-mm>umﬁ uwmuwrumuﬂw,movHm>ﬂ>MSmu_.Hw.uﬁangr



Figure 12.
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Survival of firsthtége.larvae;of P. odocoilei (P.o,)

—_—

“and P, tenuis (P.t.) at 30°C and various moisture

conditions (Exp't 6) ..  Bars represent’mean + SE.

" a. .Herated for 20 days.

' b. Desiccated for 3 déys.aﬁ 45% RH.

 d. Desiccated for-20 days at 459 RH. ~ *

c. Desiccated £&r 9 days at 457 RH.

e. Desiccated for.2 days at 95% Ri.

f."bésiccatéd_fof{4<daYS»at'9SZ RH,:

. _ 4
-g. Desiccated fp?.h'days at '95% RH.)\ e
- h.‘-Desiccatédbfor_S:days'at 95% RH.,
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was 20.12, df=12, p<0.05. Of the two species in this experiment,

g..te&uis generally had higher survival at low relétive humidity

(Fig. 12b-d), while P: odocbilei generally had higher survival at
o

&

high relative humidity (Fig. 12e-h).
Three experiments in this section (Exp'ts 3,4,6) compa;ed‘the

survival of larvae of different types following storage under non-

varying conditions. In two of them (Exp'ts 3,4) the'd?fferent

types of larvae used were of the same species, but from different
hed .

geographical regions, and the null hypothesis that their survival

- under non-varying conditions is equal was accepted. 1Im the other

(Exp't 6) the different types of larvae were of different species,

and the null hypothesis that their survival is equal was fejected.

B
1

B. Survival Under Varying Temperature Conditions

The survival of first-stage larvae of P. odocoilei was not
affected by the repeated cycligg,of temperature between 8 and
[
37°C (Exp't 7). Mean percent survival with 95% confidence limits

was 90 (88- 93) after 16 qemplete cycles between the two

temperatures, compared with 87 (74-97) in“the qéntrol. The control

had Speﬁt almost as much total time at 37°C as the experimental

group but was not cycled.l The'difference in survival between

\

control and experimental groups was not' significant (t=1.11, df=4,

o

p<0.40).

" The’cycling of larvae of P, oddcoilei between above- and

below-freezing temperatures did reduce their survival. In the

preliminary experiment (Exp't 8), mean percent survival was reduced

N

Id
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to 82 percent (95% confidence limits: 4%f\93z survival) after
S

13 complete freeze-thaw cycles.

-

The }eduction in surviQal foliéwing repeated cycles of
fteezingAwas confirmed for P. odocoilei, and also observed for
g.<tenﬁis;’ip Exp't 9 (Fig. 13). Survival of bbth species
decreased in relation to the number pflcycles., There was no!?
significént diﬁference invsurviQal bétwgfn the nonffroggn controls
of the two species (t=1.027, dffa, p<0.40), The survival of the
three groups which undérwent freezing (the control a singlevtime,
and the two experimental groups 10 or 20 times) was correlated
with species and number of freezings by énova (Table VII), The
effects of bq;h species and number of ffeezings were significant,
with no interaétion. P. tenuis not only had lower survival than
P. odocoilei in the two experimentalngroups’(lO freezings, t=2.979,
df=4, p<0.05; 20 ffeezings, t=5.560;0df=4, p<0.01), .but aléo in
the frozen control, whicﬁ héd just a single freeziné’(t=3.463,

e

df=4, p<0.05).
In summary, temperature variation not involving a change of

.
r

state of the hydrated first-stage larvae of g._5d0coilei did

not affect their survival. However, whén the temperature
A: .
. - \

variations involved a change of state for the larvae (from active

to cryobiotic), survival of both P. é%%éoiléi and P, tenuis was

reduced in relation to the number of times the change occurred,

¢

P, tenuis was slightly more susceptible than E; odocoilei to

o

repeated freezing,

7
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‘Figure 13. Survival of first-stage larvae of g.bodocoilei.(P.o.)f
and P, tenuis (P.t.) folldwing repeated freezing

(Exp't 9). Bars represent mean + SE,
)
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'C.. Survival Under Varying Moisture Conditions

The results obtained in the*four-repeated-desiccation‘

experiments which invdlved 2. odocoilei at'18°C (Exp'ts 10,11,13,14)

were in close agreement (Flg. 14). In only one de31ccatlon class

("3- 5”) was - there a 51gn1f1cant dlfference in surv1val between

experlments (F= 54 8, df= 3 ll, p<O 01) The results from' the two

‘experlments ‘involving repeated desiccation of P.

tenuis

‘at 18°c

(Exp'ts 13,14) were also in close agreement (Flg 15), with

only one des1ccat10n class. ("9~ 10”) hav1ng a dlfference in

R surv1val between experi’ments (t=3.6l3 'df=6‘ p<0 OS)#Because of

the general slmllarlty of results from the d1fferent experlments

they were pooled to allow comparlson between spec1es (F1g 16) .

For each Spec1es surv1val of the two control groups -

(hydrated and de31ccated) was hlgh, although surv1val in the de51c- S

- cated controls wh1ch had undergone one deslccatlon was about

a3.percent lower than that of the correspondlng hydrated controls>

i'The surv1val 1n all enperlmental.groups was'lower than in. the »;73fr
'7.correspond1ng controls,vand decreased 1n relatron to thevnumber*i

of de51ccat1ons. '2. tenuis had 51gn1f1cantly hlgher surv1val.than S -

P. odoc011e1 1n the hydrated control (t 2 697 df l9 p<0;05) and

Cin the three experlmental groups (Class ”3 S”'

t= 2 891

‘ 3't[bﬂ crit.= 2, 702 "6 -8", t= 7. 614,. df 14, p<0 01 "9 lO”

df=18, p<0.01). - EE

"A lowered temper '";l

df 20

t=z.996;“~]f'7’ |

Exp 't 12) reduced but. did not

ellmlnate, the e fect of repe ted de51ccat10n on surv1val of
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Figure 14:

S , R L
Surv1val of flrst stage larvae of P. odoc01le1

Y : L

follow1ng repeated de31ccat10ns at 18 C (Exp ts lO

ll »13, 14) Bars represent mean +- SE

Sk
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‘Figure“iS;' Survival of first-stage larvae of P. tenuis following

- ‘pépeated desiccatiQnsfat 18°C (Exp'ts 13,14) . Bars

f  répreSent‘mean i SE.
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Figure 16.

N

i ¢

Survival of fert-sta&e latvae Qf:g.'odocoiléi”(P.o.l

'tv18°Cf(pooled data from Exp't
T S :

represent mean + SE, ‘

.
s
—_—
.
5 L
[
[
’
.
B L
!

and P. tehuiS'(P.t{) following repeated desiccations

s 10,11,13,14). Bars

%

o
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. 1mpor5fnce of den31ty of both sna1
aQ

__/_“‘:\;)

B P. odocoilei. larvae (Fig. 17). At both temperatures,survival

S

decreased in relation»to the number of desiccations. At five or

fewer de51ccat10ns, surv1va1 at 8°C was, only a few percentage

J
.

points hlgher than at 18 C but after 6 to 10 des1ccat10ns the"
margin increasedrto nearly 40 percent~

" The results from this section are similar to the observatifns
‘on larval survival following repeated freezing.;rMoisture
fluctuations which elicited achange of state of the larvae (in this
case bet@%en ﬁctive and anhydrobiotic),reduced\their.survival in
relafion to tHe number of fluctuatipps. In contrast to their

survival following repeated freezing, larvae of P. odocoilei were

jusceptible than P. tenuis to the effects of’
. B . B ‘

It

slightly.

repeated/desiccation on survival.

D, Infectivity Trials e T e

The condltlons under whlch experlmental exposure of
s .

~ «

¢ . .
P odoc01leTjto Trlodop51s multlllneata occurs appeared to markedly

affect the number of larvae which successfully entered the snalls

v . . -

and developed (Table VIII) 'Using product-moment correlations, the

[

total number of larvae recovered from all snalls in a glven

. v

expOsure (Exp t 15) was 31gn1f1cantly correlated thh the overall

den31ty of the exposure COI‘ldlthnS (r—O 996, p<0 01’9 but not w1th, ) -

_'~e1ther sna1l den51ty (r =0, 702 ns) or larvaléaen31ty (r—Q 602 ns),

.\.
the two components of overall den51ty. Further_ev1dence for,the
. . . < . . ’ : T ’

andtbarvae during exposure . -

comes from the lack of correlati_ betWeenvnumbers;of first-stage °

X
.u'

69
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Figufé 17.

Survival of”firStrstage¢larvae of P. odocoilei

L3
2

~following repeated desiccations at 8 and 18°C

(Exp'ts %O-la). Bars represent mear + SE,
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larvae available per snail and the recovery of second- and ////m\\\\\\\XNK
third-stage larvae from those snails (r=0.333, ns)...in both thﬂ
few snails/few larvae, and many snalls/many larvae‘condltlons of
Exp't 15 there were 314 larvae per snail in the exposure dish, but
in the deoser conditions of theylatter group, five times as many
second- and third- stage larvae were recovered per sna11

In the first experiment to examine the effect of de51ccatlon
and high temperature on the -infectivity of f1rst stage larVae of
g. odoc01le1 (Exp't. 16), there was much Lower recovery of larvae
from the snalls in the two experlmental groqps than from | ’
either of the control grouos (Table IX). There was no loss of
infectivity of tbe larvae as a result of the two-week timespan
over wHich the‘experiment Wae run, sinee recovery of larvae from
the final control was‘not significantly dlfferent from ‘the 1n1t1al." R ‘
control (t 2 753, df 2, p<O 20)

The conditions under which'first-stage larvae of g..odocoiler

*

vere stored prior to exposure to snails (Exp’t 17) +had great
influenoe oh their infeotivity (Table Xj. Desiccation of th;‘:'
first-stage larvae; treatment at higher temperatures or for‘izﬁger .
periods of tloe all resulted in some loss of thelr 1nfect1v1ty

Those larvae desiccated at lover (457%) relative humldlty retalned

their 1nfect1v1ty more than those stored at higher (952) relative

even though both de51ccated groups had lower 1nfect1v1tyv

e correaaondlng groups of hydrated. larvae The correlation
of tdtal numbers of larvae recovered with treatment conditions

of the first-stagé‘larvae by anova (Iable XI) showed that the
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.effectsfof:moisture condition and durationrof treatment were
significant, while the 6°cC difference'between‘the two‘teMberature

. -treatments diéfnot have a’significant»effect. ln all groups‘of
larvae recovered from snails, the majority~had“reached.the third
‘stagé;f o |

Several dlfferences between the 1nfect1v1ty of P odocoilei

A

and P tenu1s (Exp t 18) were observed (Table XII) The mean

‘number of P. odoc01le1 recovered from T. multlllneata that were

v

exposed to prev1ously frozen flrst stage larvae was not 51gn1f- o -
" B .

lcantly dlfferent from those exposed to fresh ones (t— O df 2, ns). . »y

£
However 51gn1f1cantly fewer (about one twentleth the number) A

P. tenu1s were recovered&om snalls exposed to prev1ously frozen

s

: «flrst stage larvae than from those exposed to fresh ones (t— 6 212"

ts

r'. .

- df=2, p(O 05) Total numbers of larvae recovered from e

K

' T multlllneata was correlated w1th spec1es and prlor treatment S

v

of flrst stage larvae by anova (Table XIII) | The slgnlflcant
v 1nteractlon 1nd1cates that 31gn1f1cantly fewer larvae of P tenu1s‘
4‘_vreta1ned the1r 1nfectlv1ty followlng free21ng, compared to flrst-_
:.stage larvae of P.vodoc01le1 Under:the_eXPOSure conditions~.vr;l :

' jUSed ingthis'experiment the flrst stage larvae of P. tenu1s were

L

-generally much moreklnfectlve to T mult111neata than those of

Ry

“P. odoc01le1 exposed in a slmllar manner e

In all four groups 1n Exp t 18 the pro?ortlon of thlrd stage
i 4

1arvae recovered from snalls was greater in the second repllcate,

'-whlch was- digested lO days after the flrst Twenty elght days

.. N

“_vafter'exposure to.T. multlllneata, the- proportlon of th1rd stage

©

j~o-'

i
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larva‘le:of B. m‘recoveted did not differ betweerr‘ the fresh and
prev1ously frozen groups (X 2 0,613, df l, p(O 50) However; after
ﬁ38 days there was a 31gn1f1cantly lower pr0portLon ofvthlrd ~-stage
to second stage larvae recovered in the frozen group comoared tol

the fresh group (X = 21 23 df 1, p<o. Ol)

i
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IV, DISCUSSION

AL Suryivallof g.'odocoileim

First?stage larvae~of Parelaphostrongylus odocoilei appear
‘?* B - . N 5 ’ R .
< . . . .
extremely resistant to both high and low temperatures: the maximum'
eme \ , '

- - Sy

. ' | o - |
temperature they can tolerate-is at least 487C; at temperatures

S

8} o P

"4 just,hbove freezing they can survive in ‘the neighborhood of one

year, depending on moisture.conditions; while- frozen they can
survive’ several years. Their infectivity to snails does not 'appear

excdssively reducedby any particular_temperature condition.:

ﬁ,While»resiétant to a wid€ range of temperatures, moisture

et

: conditfonsfareﬂCritical-toothe first-stage larvae. When hydrated

or,desiccated their surVival was lengthy.j‘However, while survival
R . Q-_ '.‘ . L > . : R T s

. was not necessarlly reduced by de51ccat10n 1nfectivrty.of the
“_surv1v1ng.larvae alwayS'Was. Thus firSt-stage larvae of -
e SRUEE O

. P odoc011e1 aPPear susceptlble to de51ccat10n “in terms of its
: apparent~potentialﬂfor'redUCing;their transmission.*

- v

con

‘ﬂ,SurviyaldoffIarvae,wasgmodified_hy.severai factors._ Both

;_repeated freez}ng and repeated de51ccat10n reduced surv1va1 ‘*h’fg

. . ‘,.. E SRR . :“ ;4 . ’ . - X ,

ifr'zalthough repeated temperature changes above free21ng dld not

“.'“Desiccatlon of the larvae whlle 1ncrea51ng thelr re51stance to - ek ;"w, ‘*;"
hlgh temperatures, reduced thelr re51stanee to free21ng l,:’] R

b S

,’Theseifeatures_of;larVal Survival'of P. OdOCOilei are'intér;'f,'"

ey Lo . s < a

'fg?estdng7from two pointS‘of'view. Flrst, they 1nd10ate that the abll-'
i . e
3 1ty of the flrst stage larvae to re31st extremes of env1ronmenta1

',‘ m01sture and temperature condltlons (at 1east ln terms of surylval)
: o LN
is exceptlonal although the mechanisms by whlch they do:so appear ;? R



i

‘

N ' "4 - ’ . . : %
‘unusual for a nematode (see later). Second, they prov1de a

groundwork for dlscu551ng the eplzootlology of P. ‘odocoilei. While

f

much of thelr life in the 1ntermed1ate and def1n1t1ve hosts has been
o documented;'prior to this study little information other than
: [} . . .

on morphology or- prevalence was avallable for the free 11v1ng,

flrst stage larvae of any Spec1es of Pareiaphosttongylus._ However,

before examlnlng the eplzootlologlcal 1mpL1cat10ns of thls study,

0‘.

the relationship of P. odoc01le1 surv1val characterlstlcs to those

of the free-living stages of other nematodes will be examlned

Surv1val of the free 11v1ng stages fof para31t1c nematodes

¢

depends not only upon whether they are in- water or deslccated but

‘ also 1f de51ccated upon the relatlve humldlty of the env1ronment

(Rose 1957 Prasad 1959 Hansson 1974 Nath l978) It is therefore

”1mportant in comparlng surv1val of dlfferent groups of nematodes;

a

_ that m01sture

@léwasydetermined

y earller studles rEported the molsture condltlons to whlch larvae ff'

- were. subJected w1th such 111 deflned terms as “humld” and ”m01st”1"

CorY
. . B

ce
-

s well as temperature condltlons for whlch surv1va17

prec1sely spec1f1ed Unfortunately, most ‘of the:‘

-
82

': in addltlon to the more accurate descr1 tors Uwet”,fand "dry" or, e

”deslccated” o R

\

The follow1ng paragraphs dlscuss the surv1val of flrsthstage

N B ‘
. : _ A
P ,

'7; larvae of P..odoc011e1 in relatlon to that of the free 11v1ng

:;1:stages of other p%:a51tic nematodes., The purpose w1ll be to p01nt:;f7

'i out both that great variatlon 1n temperature and m01sture tolerance q;

N\

ex1sts between species,‘and that the tolerance of P odoc01lei to ot

"Q

\ Tal

¥

the range of condltlons tested 1n this study 1s\s1mllar or superior',i‘”"'
: : S : . % e B



, w1ll be made of llterature in %hlch experlmental condltlons are

%

-0 SOOC for one- half hour (Morev 1966) The upper lethal“*‘temperatureQ '

col

% : : ! T “ . 3

to that reported for other nematode spec1es The greatest use

'U,.
"

oo

accurately descrlbed A large number of studies, though vague in
descrlptlon of some aspects of experlmental condltlons contain
valld qualltatlve 1nformat10n, and will be referred to where . )
. X : : . \
,approprlate. - .
The high-temperature tolerance of P. odocoilei larvae is -

. bl : . ’ v ’ o - »
similar to that'of other metastrongyles} ‘The larvae survived a
temperature of 48 C for one day 1n water one week hen de51ccate§ ‘

4

at 20 or 45% relatlve humldlty (A RH) The Larvaeﬁof Cystocaulu 1

ocreatus and Protostrongylus sp tolerated temperatures of 5;3'

des
o

for Elaphostrongylus cerv1 in water was near SOOC (Mltskev1ch 1964),

but a temperature of 40 C could be tolerated for oneg week (Lorentzen

and Halvorsen 1976) under unspec1f1ed m01sture condltlons. Some
larvae of - Protostrongylus st11e51‘pould surv1ve at least one day

Q b

on drred fecal pellets at 72°C7£F92rester and Senger l963),_thls»

-

was the only metastrongyle giud1ed at sucg’a hlgh

These studles Lndlcate that spec1es 1n th1s group have 51m11ar
\ . . .; : - : :

" re51stance to hlgh temperatures, belng able to surv1ve exposure to

temperatures of 45 50 C at least for a short whlle,: S

-

Lower survrval//; hydrated than desxccated larvae at highfufs e
S ' AT

_as been reported for many spec1es In studles w1th

larvae on. feces (Rose 1957 Forrester and Senger l963) thls mlght

.,r

be 1nterpreted as due to the presence of contaminants such as

bacterla, rotlfers and fungi on the decaylng, moist pellets.‘hhd

3

. 5\ ‘A

A




Susceptibility of first-stage metagprongyle larvae to such
Kgoﬁdiglons has.beeﬁ reported'(Hobmaisr and Hobmaier l930;tO'R6ke
1936:$Pf11more‘l956;:' In tﬁ%s stud&&howgver; isqlate@;'élean,

, ; : AN
désiccated larvae of P, édocoiiei exhibited superior gurVivaL‘over
similarly treated but hydrated larvae at B&gh temperature; ‘Third-
stage larvae of trichostrongyie nematodes alsohreactéd similarly

(Poole 1956, on Nematodirus filicollis; Andersen and Levine 1968,

on Trichostrongylus colubriformis; Todd et al.;l19%6, on Haemonchus

contortus). This suggests that desiccation of* larvae promotes

*

their high-temperature survival, not by reducing decay of their

surroundings, but by action on the larvae themselves.
. . <

While resistance of first-stage larvae to high temperature is

similar among the metastrongyles, their long-term survival at

¢

cooler, more favorable temperaéures differs markedly. ' In water,

Protostrongylus kochi lived only 4 months at 2- 49C (Davtian 1949,

ited by Morev 1966) as did P. stilesi at ‘an unspecified temperature

/Pillmore 1956}, yet larvae of Protostrongylus rufescens lived in

- water over a year gt an’unspecified'pemééréture/(Hobmaief,and
Hobmaier 1930). P. odocoilei, also able”to survive a year in water
at 5°c, l;ved e&en.longer (18tmonphs) when desiceated at 45% RH.

Protostrongylus (=Synthetocaulus) hobmaieri was able to survive .

19 months at 10- 20°C, while desiccated at 35- 50% RH (Matekin

»

et al, 1954, cited by Forrester and Senéer 1963), Under similar,

‘ conditions, survival of P. odocoilei was 6nly slightly.shorter

- (14 months). .



J
In studies on other strongylids (Belle 1959; Gupta 1961;

Herlich 1966; Andersen and Levine 1968; Todd et al., 1976) a range

~in maximum lifespan (from 4 to over 18 months) similar to that

existing among the hetastrongyles has been reported. In contrast
to the response'of’f. odocoi}lei, studies on trichostrongyles have

shown a lower survival at cool.temperatures when desiccated than

when hydrated (Andersen and Levine 1968; Todd et .al. 1976).
'Thus while desiccation appears to promote high-temperature

survival of stfohgylid larvae, regardless of species, the
\ ) ' . ’

benefits at cooler temperaturés vary between species., ‘Too few
studies have beén done to pepmit generalizagion of partfcular
types of survival fesponses_as characteristic of any of the
majo; taxa within the Strongylidaf

i Therevis as much variation in the resistance of various
species of strdng&lid larvae to freezing as was deﬁonstrated‘in

N .

their ability to survive at above-freezing temperatures, Studies
on strongyles (Bellé 1959; Balasingaﬁ'l964) indicated a range
in éurvival from two h&ﬁrs to over 30 dayé Qhen frozen at -20°¢;
pﬁ trichostrongyles (Andersen and Levine 1968; Todd et'al*_l9765,
from a’ few days to‘two monthé at -28°C; and on.metastrongyles |

(Pillmore 1956; Rose 1957; Lankester and-Anderson 1968; Hansson

A . - . . L)
1974) , from nearly two weeks to 10 months at —200C. The ability

© \
of larvae of P. odocoilei to survive freezing for several years

thus appears exceptional fbr'th;s group of nematodes.

—_—
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¢

- Two of the factors that can influence the survival of larvae
}
while frozen are: whether the larvae dre on or off feces, and

*

whether they are hydrated or desiccated prior to freezing. For

»

.

example, Skrjabihgylusxnasicola survived freezing at'LZOOC_when on
B e '
pellets, but not, when off (Hansson 1974); H. contortus survived

freezing better when off fecal pellets (Todd et al, 1976).

-

*

Survival estimates for P. odocoilei frozen on feces or in water

were similar. g

e

In summary, Yarvae of P, odocoilei gentrally have'higher ‘

survival, under comparable conditions, than most'other‘Strongylida

studied. However, the extremes of high and low temperature and

desiccation that have been examined in some other studies were

a

not part of this study, and the response of P. odocoilei to those

.

conditions was not determined. Thé range of cbnditiéné chosen for
thi§ study was similar to what ﬁightfbeQexpecped inAnature;.the ’
¢ : ‘ Lo
data obtained would aid in understanding the epizootiology of
1 ’ :
Paréléphostrongylus. The usgiof temperaturé’aﬁd moisture extremgs
kw&u}d hot serve that purpose; but rather would Be dggful forf

studying the mechanisms of resistance to high temperature, s

freezing, and desiccation; such was not the purpose of this study.,

_However, while the elucidation of survival meéhaﬁi$ms-was not ﬁhe
5ufpdéé.0fighis study, somexbbfervatidns on ngodocoilei warrant
special apténtion in»Ehat régérd(

The consistent dbservatiq; in Stqdiés on other nematpaes has

been that while desiccated, survival was lengthiest at the highest

‘relative humidities, and shortest at the lowest. To illustrate

86



this point, survival data for several species whose desiccation
. ‘ [
etolerance was studied over a range of relative humidities is shown

in Figure 18. Because absolute lengths of_survival varied

: . . »n . . '. . P VA
- between species, survival at the different relative humidities in-
each study was converted to.a proportion of the maximum survival

noted for each species.j Thus the differences between species in

-

,thelr sen51t1v1t1estothe level of relatlve humldlty are empha51zed
. A

. v
whlle dlfferences in the length of surv1val ‘at a glven relatlve ‘
‘ ?humldlty are not..

,Strongyloides papillosus (Fig. 184) was most sensitive to the,

:5‘»

1evel of relatlve humldlty, surv1v1ng only 1f it was above 90/ RH.

‘ 'Dltylenchus myceliophagus,'s, nasicola,land Bunostomum trigono-
: ceEhalum (Fig. 18b-d) were somewhat less sensitive, survining

desiccation at relative humidities as low.as 20 percent. -Heterodera

» rostochiensis and Heterodera'schachtii (Fig. l8e),'a1thongh

“demonstratlng rapid decrease in surv1va1 at relatlve humidities .
below 100 percent stlll had some survival at almost 0% RH. )The

= surv1va1 of Dltylenchus drpsacl Muellerlus ;Aplllarls, and

:Trlchostrongylus retortaeformls (Flg. 18f -h) d1d not fall as-

‘rapidly w1th decrea31ng relatlve humldlty as the prev1ous spec1es,\k\

and in the case of T. retortaeformls and M agillarisfwasuquite'f:

,shbstantial,‘even at the lowest'relative humidities. LY
These nine specres, whlle show1ng a contlnuum.rrom extreme

to mlld sen51t1v1ty to. reduced relatlve humldlty,wall responded

1n the same qualltatlve manner, The surv1va1 of P odoc011e1 -when

‘dlsplayed in the same manner (Flg 181) had the opposrte qualltatlve



Figure 18, Survival of desiccated free-living larvae‘offa’vériety

h)
sl

of plant- and animal - para31t1c nematodes at a varlety

of relatlve hum1d1t1es
W)

a.; Infectlve larvae of Strongy101des Qgplllosus

b ’(after Nath 1978)

- b, Fourth-stage'larvae'of-Ditylenchus’mxgeliophégus

(after Perry 1977).
o , S S .
c. First-stage larvae of Skrjabingylus nasicola

L oo (after Hansson 1974)
) SR . ' ‘ . .
' o d. Infectlve larvae of Bunostomum trlgonocephalum

v

‘o

. (after Belie‘l959).

e. .Second-stage larvae of Heterodera schachtii and

Heterodera‘rostochiensis (after Ellenby 19682).

f. Fourth stage larvae of Dltylenchus ;;pSaCi (after

Perry 1977) -
g."Flrst-stage larvae of Muellerius capillaris (after
) ' . . L. < Y . R

Rose 1957).

h. Inféctive'iarvae‘bf Trichostrongylus‘ . b' R

- retortaeformls (after Prasad 1959)

1. vFlrst stage larvae of P. odoc01le1
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response to.thevlevel of relatlve humldlty éreater surv1val w1th

tdecrea51ng relatlve humidlty | | | |
This suggests three p0351b111t1es. First the.observed'

Jsurvlvallpattern of-g..odoc01le1 may merely be an extens1on of the

- Continuum;of‘increaSing resrstance‘to low‘relative humidity; with*
. ;e

the same mechan1sm for surv1val whlle anhydroblotlc (see N 21)

‘operating as in- the n1ne other spec1es. A second p055f§111ty is

H

that a dlfferent mechanlsm for syrv1val operates 1n larvae of

P. odoc01le1 than 1n the‘other nlne'species'studied f The th1rd -

i

p0551b111ty is that the- results obtalned in thls or the other :
studles wereart1factual, arlslng«only %rom the technlques employed

The last: poss1b111ty w1ll nowbe addressed Ain detall

-

The experlmental protocol in thls study compr1sed f1Ve parts.

First, larval surv1val ‘in this study was. examlned using larvae thatk
had been removed»from,feces;ﬂcleaned' and?placed‘inaclear water N
priorfto;desiccation. Of the elght other studles used tobcomplle
Flgure 18 all but Hansson (1974) used larvae prepared 51m11arly
1Second, dn order to desrtcate the larvae evaporatlon»of the waterrfr
iln wh1ch they‘were contalned was done in a Petrl dlsh under \.
:jamblent room cond1t10ns.e All the other studles but those of »
“:;Belle (1959), Prasad (1959), and Nath (1978) also used a smooth
d'substrate for evaporatlon “of the water. Rose (1957) and Nath (1978)
o t A

e allowed the samples to de31ccate under amblent cond1tlons, as 1n

bl.the present study Thlrd humldlty control in thls study was by

B saturated salt solutlons. Only Rose (1957), Ellenby (1968_), and

fPerry (197%0 used other methods.u Fourth surv1va1 1n thls and all



e

s A R T : R Sl
‘;feother stud1es was monltored after rehydratlng larvae without a
"perlod of ”pre hydrat1on” (see later) Finally; surviyal'of’larvae' R
. A . ) - . - -

in this study, as in al'l the jothers, was monitored using motion

' - \ ‘ o . o o
~of the larvae as a criterion;ijln.summary,,the_methods of .

'this study were similar‘to those;of”the other’eight studies,‘and»

likely did not contribute to -the different qualitative results
obsenved.: 'y oo “«5: 'fj@
From this study there are two-other pieces of supporting
. : . - "v.'“‘ y ha ) ‘. S . Co “" " N

evidence ‘that the unudsual desiccation survival of 'P..-odocoilei is .

Tavreal phenomenoh;g-First, thk»congener Parelaphostrongylus’tenuis

had a 51m11ar response, surv1val after nine- days at low relatlve
<N . . . .

.hum1d1ty (Flg 12¢) . was greater than after a shorter tlme at a

»

: hlgher relatlve humldlty (Flg. lZg).,‘Second 'the infectivity’of -

'larvae surv1v1ng storage at h1gh relatlve humldlty was lower than

11nfect1v1ty after the same tlme spent attlower relatlve humldlty

v } '

;.(Exp t 17) L

If the ev1dence that surviyal of flrst stage larvae of

Bl

P. odoc01le1 (and P tenu1s) is 1ndeed better when de51ccated at
v'leower than h1gh humldity is accepted the quest}on is ralsed what

“'mechanlsms could be respon51ble?
4 .

Although the ab111ty of many organlsms to surv1ve lengthy
~per10ds of de31ccat10n has been recognlzed for over two centurles '
_‘(Kellln l959),_the study of” anhydrob1051s 13 unfortunately st1ll

hlargely 1n the descrlptlve stage (as in thls study) : Several'
_factors are known to enhance de51ccat10n re31stance of nematodes,
although“the mechanisms_byfwhichithey'do so;areZStidl poorly

.
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; ji'understood;_-; L A v QMQ‘ » L : o ff
o Evaporative water loss;<for example; must be slow to result

. o :
._1n max1mum surv1va1 whlle de31ccated (Ellenby l968a b; Crowe and '
P Madln 1975) ThlS can be aCCOmpllshed by several means' c0111ng -

of the body, aggregatlons 1nto groups (”eel-worm wool ), retentlono_,
Aof cutlcles from prev1ous molts, or water loss 0ccurr1ng at hlgh

.

'frelatlve hum1d1t1es (Ellenby l968a, 1969 Blrd and Buttrose 1974 '

€A

Crowe and Madln 1975; Rdssner and Perry 1975 Perry l977a)

o Slmllarly, slow water uptake durlng rehydratlon also promotes

'“,rev1val of larvae. W1th Aphylenchus\avenae stored at OZ RH, a.

<per10d of ”pre hydratlon” at 95 RH.before the addltlon of water

h.resulted in 95/ rev1va1 of the larvae and adults w1thout the

o

» *f pre hydratlon” treatment, rev1val follow1ng the addltlon of

;twater was only 60 percent (Crowe and Madln 1975)

- f
BN

These studles however have not prov1ded answers as to howA
";_"larvae survlve de31ccat10n apart from suggestlons that'”prepara-;;;_ R

C tory" blochemlcal events must occur (Crowe and. Madln 1975), or ll'

rthat slow dehydratlon mlght permlt an - orderly packLng of tlssues

_\

rjdurlng shrlnklng (Blrd and Buttrose 1974) " No one has addressed
-,fthe questlon of why surv1val at dlfferent relatlve hum1d1t1es ”:f”'h‘
“'dlffers let alone why some spe01es should favor low relatlve ks

PN

u;_humldltles and others hlgh

Plgon and Weglarska (1955) and Bhatt and Rohde (1964) have :

. . 4 . .‘\ R .
V_{_suggested that metabollsm in: anhydroblot1c organlsms whlchvls-
v”ﬁ”almost non ex1stent at low relatlve humldltles, increases,sharplyh
o _ : LT
é y at relatlve hum1d1t1es of 90 percent and above Burns7(1964);;f'

LN <y



e ;
suggested that'a water content just sutficient to?SUpport oxygen
”consunption,.but Soterherlbiochemicalhreactions'fZO- 60%) may be .
. N : C : .- D s : C ‘
lethal. Thisinay’be of little COnsequence to'the;nenatode, either‘
hydrated 6r'aesiccated ' Studles on water content durlng dehydratloﬁ‘

‘:(Ellenby 1968a RBssner and Perry 1975 Perry 197Z§)have resulted

+ 3

in estlmates of the 1n1t1al water content of. several spec1es at

S

, about 75 percent exceedlng the lethal §%lue of 60 percent

'estlmated by Burns (1964). 'ASPWell) upon drying the water content
is reduced to belowvthe'204perCent>1ethal;vaiuek suggested_by Burns
:in a very short tim?. For ekaﬁple, even when dried slowly:at |
:amblent relatlve humldlty of 95- 99 percent bwaterkcontent of

»

Rotylenchus robustus drOpped to below. 5 percent after only 5 min-

utes (Rossner and Perry 1975) : Only a brlef time was spent in the

I

"crltlcal zone, even wheﬁ\ﬁrled slowly Thus;_factors other than

i

a lethal water content must- be Operatlng durlng mortallty of larvae’

texperrenc1ng de51ccat10n. ‘No SOlUthH appears ‘at hand to expllln‘
;the effect of relatlve humlé/ty on: survlval ‘.Shbseauent discussionfl‘
'ofpthe,phenpmenon w1ll deal,onlyfwrth 1ts_eplzoot101ugtca1‘_
'conséquences;F; D | | | |

| The prevrous sectlons.have dealt wrth surv1va1vof P ‘odoc011e1
.Punder‘a varletybot constant.condltlons.: The 1nformat10n ga1ned~§§§§?"tf
‘Pcontrolled'studlesvof that: nature canvbe applled to flePd o
'szrtuatrons onlyilt rt 1s.assuned that the 1nf1uence oftdlfferent f
_'¢6§dit155§'1ﬁ comblnatlonrls.andltlve ythat under chanérng H
:.:conditrons‘the changes themselves co not” have any 1nfluence

“beyond what the summatlon of thelr 1nd1v1dual components would

2



have. The results from several experiments in this study

indicate that this assumption is valid only under certain circum-

stances,

s

vlhe factor.which appears to determine whether added influence

7

“on larval survlval beyonﬁ the summation of the components occurs,/

©is whether a; change of the phys1cal state of" the larvae is
: / & I

‘invOLved;‘/In the casevwheretrepeated temperature changes.occwrrud,

" but larvae remained in the active state (Exp t 7), no added
/' N 14
mortallty in. the temperature cycled group of larvae beyond that

//- ’

in the control group was detected : However, when,repeatedv
: / : : ' . o
;,tenperature changes resulted in'theblarvae repeatedly mOving

bétween the active and cryobiotic { e p, 2l) .statas (Exp ts 8 9),

/addltlonal mortallty of larvae was observed above the . level

Jo!

/”j expected when thevaere constantly in either of the two states.
This phenomenonAwas also observed when»moisture changes involved

5

larvae repeatedly moving between the nctlve and anhydroblotlc ”

(see p. 21) states (EXp ts 10-14). TR

§

. Changlng states acted on the 1arvae by'killingjor'Weakening1‘

o a certa1n proportlon of the 1nd1v1duals each t1me a -change of v
. . w T e N ’
vstate occurred There was sllghtly reduced

. {o
—;‘»:,

surv1val observed after even‘one free21ng (or de51ccat10n), and A

“the: 1ncreased mortallty after each succeed1ng free21nF (or

S de51ccat10n) cycle._vThe proceSsesjlnvolved in free21ng larvae
appeared to ‘be’ less’demandlng than those 1nvolved 1n des1ccat1ng
Sl T :

v.(“ v

‘t_1arvae.“,Survival_OfﬁlarvaeFZ%ZP‘ ”;20 free21ngs

., was 51m11ar to the surv1val rqsultlng from bnly lO/de51ccatlons.,

iy
-
!
V'
|
i
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. ’ ‘>‘ Lo . ) J
Susceptlblllty of nematode larvae to repeated de51ccat10ns

. S has been reported frequently (Poole 1954, 1n Todd et al 1970;

Keilin 1959; Schmldt et al 19745 Evans and Perry 1976 Todd et -

al, 1977); Thls susceptlblllty has been attrlbuted to an 1ncrease‘

A

~of solutes with each de51ccat10n result1ng from 1mpur1t1es in the

S

R SR water added for" each rehydrat1on (Todd et al, 1970) TheA
susceptlblllty to repeated des1ccat10n varies between spe01es.
Thlrd-stage larvae of H. contortus were able to surviye 70 days -

¢ .

"of dally deslccatlon 1n trlple dlstllled water (Todd et al, 1970)

They surv1ved at . least 64 days wh11e constantly de31ccated under L

.,s1m1lar amblent condltlons (Todd‘et al, 1976), 1nd1cat1ng no, added
mortz l1ty due to the repeated de31ccat10ns.< On the other hand,»

;;,larval;T cqubrlformls could survive only 30 days of repeated

4

dall de31ccat10n in- tr1pl dlstllled water (Schm1dt et al 19?4),
y i’ Y v

but surv1ved constant de51ccat10n under s1m11ar amblent cond1t1ons
- ’ : )

for at least 128 days (Andersen and Lev1ne 1968) Re31stance of

Cooper1a punctata to repeated de51ccat1on was found to be

' '1ntermed1ate between that of H. contortus and T. colubrlformls

-

(Todd et al 1977) The surv1val of P. od0c01le1, determlned 1n '

- thls study u51ng dlstllled water as the medlum was 51m11ar to

el ped S
The effects of repeated free21ng have been examlnéd only :

» b

: 1nfrequently Spec1es of Nematodlrus have been shown to res1st atguﬂ

~in surv1val (Turner 1953 Poole 1956) Surv1val of P. odoc011e1' S

l_was Sllghtly poorer after a s1milar number of freezlng cycles.

In summary, 1t appears that surv1val data derlved under.;-

Y

that of T. colubrlformlslln dlstllled water (Schmldtiet al 1974) ;’v

least a dozen cycles of freez1ng and thaw1ng w1th llttle reductlonf

Lo
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constant temperature -and m01sture cond1t1ons can be 1nterpreted
CO ) A o R »

1n relation to the varylng cond1t10ws of nature only w1th cautlon.
. . . N

If'amblent condltlons are such that free21ng or de51ccat10n of

o . : R N

larvae occurs on a repeated ba31s then their surv1val will

ﬂ'probably be less than that predlcted us1ng data derlved under

o

'g.'st11e31 under temperature and m01sture stress, concluded

”that Moosdt” seems unllkely that temperature and humldlty can

-constant experlmental condltlons. - RSP

I’ 3 . N ) ’ . o . o

B. lnfectivity'of P. odocoilei‘ “'-:'. U : SETE K

. . : : U ‘ L . : \
O - . . : e
3 ',/ .

-
°

L
» < u - g . O

’alnfluence the’ survlvab of flrst stage protostrongylld larvae on

e

"fecal materlal to. a 51gn1f1cant degree. They felt that due to

the remarkable surv1val capabllltles exh1b1ted by the larvae of .

«

- ,
P.- Stllesl they woul%}surv1ve env1ronmental stresses and o
T T v S

'flprobably Stlll be avallable in su£f1c1ent quantltxes td allow _:'

N studles deallng w1th the 1nfect1v1ty of surv1v1ng larvae.jv

"larvae but that the surv1v1ng larvae could have been affected '

[

¢
] —~

'lvhad not examlned the v1ab111ty (— 1nfect1v1ty) of the surv1v1ng

N

L

rfiphy51olog1cally,_and may have been unable to complete thelr llfe-
. . T : :

. “'gcycle. The1r statement now appears prophetlc in llght of recent

BT
-

PR

The 1nfect1v1ty of nematode larvae whlch surv1ved a varlety

of dlfferent storage condltlons has been shown to be reduced

/

K4 IR

v_;;gradually over tlme.stFlrst stage larvae of Anglostronéylus

was shorter than the1r perlod of surv1val under both hydrated and

v

R

e

_»1nfect10n of the 1ntermed1ate host They acknowledged that they //

Sy

Fdrrésternand,Senger (1963); Studying“thé survival,of'larvaegoff,

‘( Parastrongylus) costar}censis had a perlod of 1nfect1v1ty thatu”

o
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desiccated storage canditions (hrroyo and Morera 1978; Bullick and

¢, Ubelaker 1978). Third-stage larvae of T. colubriformis gradually

a
-

lost infectivity after 12 months storage on moist filter paper at
4°C (Herlich 1966) . First-stage larvae of P. tenuis also lost infec-
tivity after desiccation or fréezing (Lankester and Anderson 1968;

A8
this study).

The results of this study indicate }hat P. odocoilei also loses
, {Q '

* infectivity before death occurs. Those conditions which resulted in

the poorest survival alsoresulted in the lowest infectivity among

<.

the survivors. Two conditions which resulted in lengthy survival of

» @ 23

° the larvae, storage in water at temperatures jusg above freezing, and
freezing, resulted in little ios; of infectivityfamong the surviving

J larvae. On theéother hand, desiccation of larvae resulted in drastic
reduction of the surviQorfsninfectivity. Reduction in.infeétivity,
just as in survival, was a function of thé degree of desiccation. At
457 RH,“surinal was better and the loss of infectivity less tgan for
larvae at 7SZqRH (Table XI). It‘is critical to note that while
.firétrstage lérvae of P,. odocoilei su;viQed‘asflong_yhén desiccated
af}ow rélatrvepumidities as when hydrated, the infeéfivi;y'of

larvae surviving desiccation was mever found to be more than

w 15. percent that of larvae which had not been desiccated.

C. Comparative éﬁg”'

\
~

L " The experiments/just discussed pertain>to larvae of P.' odocoilei
o originating from mule deer of Ja per Nayional Park. The remaining
discussion along those lines will ,deal with the survival of

Jasper-source larvae .of P. odocoilei in relation to P. odocoilei



originating from Pennsylvania.

larvae of Vancouver Island source, and to larvae of P. tenuis

[&]

No difference in survival between the Vancouver Island and
y -
SN

Jasper source larvae was detécted, though a broad range of

* 3

conditions was tested: hydration and desiccation; above-freezing
and below-freezing®temperatures. Climatic conditions in the
, v .

coastal areas of Vancouver Island are certainly more moderate
than those of Jaéper. Based on mean values for ;he'period 1941-
1970, daily minimum temperatures reported from Vancouver.Island
meteorologiéal stations were generally only a few degrees below
freezingbin january, while those fér Jasper averaged -17OCV
(Anonyméus 1973):6»Creater total annual precipitation and annual
days with measura le.rain were much greater on the Island (Anonymoés

1973). Snowfall was much less frequent Qn‘the coastal areas of

Vancouver Island than in Jégper (Anonymous 1973). This would-

result in more direct exposure to ambient conditions for larvae

shed on Vancouver Island sites, while those larvae shed in

Jasper. would have a higher probability of being covered with

~snow, thereby receiving a degree of protection from ambient

conditions. The sites for transmission of P. odocoilei on
Vancouver Island are not known, but the results of: this study suggest

that not only would transmisgigz;Ef\BF%sible in ‘the coastal areas,
! “ .

but that cooler temperatures in the upland regions would not
likely be limiting.

I3 ! . 0 “ . . . - i
Differences in survival between P. odocoilei and .its congener
R

P..tenuis were observed. The differences, slight when under
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constant conditions, were more prominent under .fluctuating
temperature and moisture conditions. These differences comprised

.

a lower - survival of P. tenuis than P. odocoilei following repeated

- freezing, but superior resistance of P. tenuis over P. odocoilei

to rePeated desiccation, Many other spéciesualso-exhibited

differences from close relatives in -their survival under various

storage conditions. Several examples follow,

S;udies an cohgéneric species pairs of plant—parasitic
nematodes (Ellenby l968b Perry 197Z;r%ave demonstrated that one
member of the pair had superior de31ccat10n resistance to the

~

other. Ellenby (l968§)’suggested that in thé.case of Heterodera

schachtii and Heterodera rostochiensis that the difference in
resistance was related to differences in the characteristics of
the host plants on whlch they evglved

Balasingam (1964), studylng Uncinaria (= Dochmoides )

stenocephala, Arthrocephalus (= Placoconus) lotoris, andv

Ancylostoma caninum, demonstrated that the first species, which’
has a northerly distribution, had greater freezing resistance

than larvae of A. caninum, a parasite southern in distribution.
A. lodoris, which has a distribution somewhat intermediate to

the other two species, had characteristics whicH’were intermediate,

Differences'in’5urvival capabilities also exist'between

’spec1es of Trlchostrongylus (Gupta 1961; Herllch 1966 Andersen

2

and Levine 1968; Rojo- Vazquez 1976). It is of interest that

although larvae of T. colubriformis exhibited greater resistance

to continuous desiccation than did ﬂ..contortus (Todd et al, 1976;

99



Icd

Hsu and Levine 1977), H. contortus was the more resistant of the
two to repeated desiccation.(Todd et al, 1970).

Todd et al. (1970) suggested.that the resistance to

hrepeatedfdesiccation exhibited by H. contortus and T. colubriformis
may be of adaptive value in places such as Urbana,-lllinois,

where daily dew formation and evaporation occur during the summer

%
W
i

months. Theldlfference in resistance between the two was

suggesteo as a contributing cause of the difference in distribution

of the two spec1es (Schmldt et al., 1974). -' . {fﬁ .
~While the dlfferences in surv1va1 between P. odoc01lelr%nd

P. tenuis were slight, the diffe;ence in thevinfectivity of the

surviving larvae was not. Following freezing3athe infectivity of "

g. tenu1s was reduced to only 5 percent that of larvae whlch had

not been frozen, wh“\e larvae of P. odoc01le% had gﬁ%y slight loss .
3

A R

of infectivity.' Following desic@ation‘though, the infectivity of

P. odocoilei was reduced to only about 15 percent of its normal
,q-r—"‘—-—" :
leve“-‘ls, as gjscussed'iously, Infect1v1ty‘ of P, tenuis. larvae

folldéwing desiccation was not determined in this study, but»

Similar-information can be derived from‘the study of ‘Lankester and

Anderson (1968) . They reported a recovery of P. tenuis larVae'frbm .

snalls (Mesodon thyr01dus) exposed to first- stage larvae in drled

and remoistened soil that was 50% that of the recovery from snails -
,exposed to larvae in moist 3011 that had not been dried. The

recovery from dgféd ‘and remolstened feces was about 25% that from
,.,_.._._‘ . V‘ ’ . -

fresh feces: congelnlng P. tenuls larvae. The 25 ‘and 507% 1nfect1v1ty
/ . . ! .
retention figures for P. tenuis following desiccation are not

strictly comparable with the infectivity figures derived ‘in this

R : : Y
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" study. . They do not take }hyo account the number of live larvae-

available to infect the snails, as this study does; therefore

if.mortality of larvae bf‘g.‘tenuis in soil or feces occurred,

‘those estimates are conservative.- Compared to’ the maximum

infectivity retention for g; odocoilei following desiccation, those
figure's lend credence to the argument that P. tenuis can better
. ’ » ‘ . -

resist desiecation.

D. Epizootfdldgical Considerations ' L

It has been alluded ¢o in the previous Jﬁscussion'that,slight

3

differences in survival of] the free-living stages of different

speéies"of nematodes can serve to segregate them géographically.

" However, conditions in the envirounment which we nght perceive as

being potentially-limiting to free-living larvae mayior may not

have any bearing on the conditions actually e%périenced_byvthe

nematode larva in, the soil. Temperature and moisture conditions
i . . h

occurring in the vegetation mat or in the soil may: be markedly"

¢

different ffqm the -conditions measured léss_than’two meters abové
ground in a standard weather shelter (Levine and Todd 1975).

Crofton (l963)lfeportedlthat relatiVQ{humidities in the

" vegetation mat were still above 90 percent even after ﬁhreevWeeksf;

of drought. - Collis;CeQrge (1959) outlined Several_factbré régarding

moisture conditions within the soil which would be of importance

P

¥ .

‘to soil-iﬁhébiting'nematodesu Even at water levels low enough to - - ¥

'elicitlwiltiﬁg in'plants,bthe séilfatmosphéfe is still above y

98.5% RH, The relétiQe_hﬁmidiiy.in soi1 near’thefsurface couldy o

at midday with a dtying wind, be as 10w'a5150 pertent.» To-kéeg



~a micron thick. -

2
[y

3

from desiccating the nematode must either expend energy sufficient
to retain water, which becomes more'exﬁénsive.as the soil .dries,

or migrate deeper into the soil; failing these two routes it must

 become anhydrobiotic¢ (Collis:George 1959). -

Changes in temperature result in temporary modifications of-:"

soil relative humidity: increases in temperature result in a
: * . E o . [N

3

‘drop'in-relative humidity; decreases in’temperatufe'result in .an

.increase through temporary saturation of the air. Despite:fv

[

occasional drops in relative humfdity, soil nematOdes spend'che

majority of the timé in a water film sufficient to keep them

‘hydrated (Collis-George 1959), in a soil atmosphere of high relative
‘ v v :

humidity. Movement of nematodes through the soil is restricted

' » . ‘ . . . » _/ .
“to within relatively narrow ranges of water suction, which is in

N . -

part related to soil structure, “In shrinking-soil systems, pore:*

spaces mightvb¢ only one-teﬁth ﬁhe size they'would‘be in'a rigid-

X

séilvsystem with/the Same;water suction (CollisQGeorge‘l959)."Once

Ve . ’.

the pores»émpty of water, movement of-.nematodes becomes' difficult,

‘fb:'althOUgh a,film'éf water remains on the walls of the pores,

‘even with relatiVeiy abundant"ﬁater'it may -only be a fraction of .

It is unfortunate that.measuremenps of ‘soil water suction are

.USé'iﬁ_undegétanding‘loCal miérOCIimateég'thérclimate thebparaSite .

1

experiences. As a generalization, the soil offers a degree of

'proteétion;for_thé Iarvae, compared'With conditigns .above its.= .-

“surface.

102
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The majority of/g;rst-stage larvae of P. tenuis is located
'near-the periphery of the fecal:pellet (Lankester-and Anderson'

: 1968), and although the mucus coat on abfecal.oellet nay'reduce'

f the'rate of drying'bynup lo 30 percent in .the casedof sheep |
.pellets (Crofton 1963), it is concelvable that larvae on the exposed"
portions.of thevpelletsVWOuld desiccate rather quickly, suffering

R .
any associated loss of infectivity.’ It is not known whether

‘flrst stage larvae of Parelaphostrongylus Spp. mlgrate read1ly>.
off the fecal pellets soon after they are shed, thus reaching

the protectlon of the soil or vegetat1on ahother metastrongyle,

. iM. aglllarls, does not(Rose 1957), even though it survives better
jln soil (Nlcke1v1960). Pellets containing f1rst-stage larvae |
could'behprotected .lf drobped‘in areas of lush vegetation‘as
.Joboosed to;open-areas;‘andifrequent‘rains-vould ard'survlval'byv

. washing larvae into the brotective‘environment‘of the‘soil.

| '_The extent tokvhich’transnission ofyParelthostrongylus Spp .«
| would be inpaired or‘aided by larvae leaving theyfecal pelletsb"”
Cand’ enterlng the 5011 has not been carefully exanlned but flf Jl"/ T
‘rLankester and Anderson (1968) observed that M. hyr01dus acqulred ‘_e
'g"substantlal numbers of P tenuls larvae after crawllng on 1nfected
,1pellets'or infected'soilf However prev1ous drylng of the so1l d1d 1.d'
not reduce the numbers otblarvae acqu1red by M thyr01dus as much
'l,sés prev1ous drylng ofvfecal mater1a1 contalnlng flrst stage 1arvae.f}
‘iThlsnlndlcates that flrst stage 1arvae of P tenu1s may have been

vmore protected from des1ccat10n by the 3011 than by fecal materlalvl.

,'Whlle the results of the present study indlcate that transm1551on

o



~of P. odoc011e1 to Triodopsis multlllneata is enhanced by crowded

condltlons of both snails and first- stagenlarvae theé movement of

a
f

larvae off the fecal material 1nto the surroundlng 3011 may not

have any- deleterlous consequences for transm1351on as long as

v

the larvae are not dispersed too. far, S

The -first-stage larva-is-therage class‘in the life cycle

of Parelaphostrongylus mosthusceptible to climatic factors.

‘Regardless of theoavailabiiity'of suitable intermediate and

definitive hosts, if this stage succumbs to environmental pressure, -

' ’transmiésionﬁﬁill not occur. ,Environmental pressure'onlthe first-

stage larvae is very: llkely 1nvolved in the current known

s -

dlstrlbutlon of- Parelaphostfoagylus spp.,

.

There is an appagent segregatlon’of g;;tenUie_and

Parelaphostroﬁgylus'andersoni in the southeasterndUnited States( d

v o-a

White-tailed deer were examined for both paraSitevSPeeieékin‘Zk .

oountieé in the'southeaét (Prestwood et:al.'1§74); g.ﬁandereohi’t

was,present alone in‘lzicountiee, P tenuls in lO but 1n only two
‘tcountles were the two spec1esfound together A particularlyo .

'strlklng example of thls segregatlon 0ccurred~in‘South Carolinahﬁ
'h.where 11/30 whlte talled Heer from flve countles were 1hfected

a

1w1th P andersonl.. None had P tenuls even though a large

S

g:proportlon of the deer to the north and south harbored P £tenul.s r'

(PreStwood'et'al 1974) As well 1n a prev1ous study (Prestwoodﬁﬂ

Z;and Sm1th 1969) none of 87 whlte talled deer from nlne other

.‘kcountles in South Carollna was - 1nfected w1th P tenuis}

104



e
.ArgUmentstere.out forth'by Platt (1978)‘thatrthe elapho-
strongylines’are relatively‘non-sbeclfic at the intermediate'host
f-1eVe1v. While_such_apbears to.be the case for.g; Eﬁiﬂiﬁ
(Lankester and' Anderson 1968) and.g‘. odocoilei (Platt '1978),‘.’
little‘is known of the intermediate-host speclficity of
"2; ahdersonl; Barrlng any‘extreme 1d10syncrac1es ln 1ntermed1ate

/

host su1tab1llty for P. andersoni, it is unlikely that
" T .

¢

intermediate hoSts serve as.the means for segregating these\tWo
parasite'species'in this region‘ The white¥tailed,deér is the

host for both barasite speciés and concomitant 1nfect10ns of ’

the two para31tes have been reported (Prestwood et al 1974), 50

1t is unllkely the def1n1t1ve host plays a role in the segregatlon.
\ .

This leaves of course; the'first—stage"larvae‘of’the two
. . % ' : . L

2
<

speciesuas’thejQOint_wherela.differehtial'influencévon the
’ I ' L A . .
_transmigsion of,thelFWO_Species is_Ocdurring.ert was observed-

o
)

that P tenu1s occurred prlmarlly in the oak hlckory plne

o
:. N

, subcllmax and the cl1max dec1duous forest habltats, but tended to.

. . . -6 . . . S . B r\\ .
: be absent from the southern floodplaln and southern mlxedwood

N

vegetatlon habltats (Prestwood and Smlth 1969 Prestwood et al
1974) In contrast P anderson1 tended to be found in’ the

southern floodplaln and southern mlxed vegetatlon habltats as well

as in the oak h1ckory p1ne subcl1max (Prestwood et al 1974)

a
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The dlstrlbutlonalrpattern related to vegetatlon types in. thls case. -

is strongly suggestlve of m1croc11matolog1cal condltlons hav1ng

a dlfferentlal 1nfluence on the surv1val or subsequent 1nfect1v1ty |

of the larvae of these ;tyo spec;est



o

A second oddity in the distribution ofvParelaphostrongvlus
N7

spp. is the apparent lack of any representatlves in the North
Amerlcan grassland blome, as deflned by Carpenter (1940) he

'reported distribution of P. tenuis extends westward only to the

boundaries of the grassland{ The only place where the confirmed

'diStribution of P{-tenuis has notvreached_the grassland is in

;Illln01s, but Schaeffer and Levine (unpub R c1ted by Levine l968

,,p 287) found dorsal -spined larvae similar to those of;ﬁf tenuis,

in whlte talled deer feces from Illln01s
& :

:Unfortunately, there are few reports of searches for.

felaphostrongyllne nematodes from the grassland parasite-surveys

-of deer from that reglon (Boddlcker and Hugghlns 1969 worleyrand'

( - !

Eustace 1972) have not: 1ncluded examlnatlon for them Samuel ard .
Holmes (1974) reported f1nd1ng dorsal splned larvae in deer feces

only from the- forested reglons of Alberta Pellet groups from

RS

upahkland (n— 43) and grassland (n— 13) were negatlve, whlle feces

from adJacent forested reglons were 1nfected

Gy

Blndernagel and Anderson (1972) found elapﬂostrcngyllne llke
<y LI .

’W_larvae ‘in the feces of wh1te talled deer from easteentral

LY

;SaSkatchewan Pos1a1ve samples were found 1n areas of»forest or.

»fbparkland, not 1n grassland areas Prevalence of dorsal splned
. . l

- - : S : o
’}larvae decreased from a h1gh in the mlxedwood forest to complete

4

E absence 1n the grassland (Table XIII) durlng a followup study

f_(l976 l978) in Saskatchewan (Shostak unpub ) ’ These pieces of

.evidence' adm1ttedly snanty, suggest that deer 1n the grassland do not

Al

”,harbor elaphostrongyllne nematodes 1'3”i : 'h'_‘ "~,o;f
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Tabie?&IV., Recovery of dorsal-spined larvae from the
whiteh;ailed deer.from‘different'regions‘of

:ZSOuthern Saskatchewan.(Shosték, unpub.)., .

g, . ) o . .
Rggibn_ © ot ‘ - . Number of - Number. of Percent

samples.  samples Uofvsampfes '

examined = positive - positive’ -

Prairie v oo ”' e,""35 _ 0 o 0
Praifie/ParkIand-tfansition S 61
Parkland =~ Sl e 57 14

.Parkland/Mixedwood tgghsition 25 16 .

Mixedwdod~ o \:_ ‘ A:_‘ 'l386 ‘

Toral .o Use 137 27




- /

The grassland Has' populatlons of whlte talled and mule deer,

Ny |

vgfprov1d1ng a def1n1t1ve host for elaphostrongyl1nes Gastropods

P tenuis and P. an

j._Conder 1978) and?metastrongyhd GRose 1937) n mato e l rvae. _In“

that are known 1nnermed1ate hosts for Parelaphostrongylus (see

1]

Lankester and Anderson 1968 Platt 1978) range throughout the

N

grassland (Carpenter 1940 Burch 1962) The avallablllty of

o

.sultable hosts for the para51t1c phases of the llfe cycle would

é

knot appear to be llmltlng for transmlss1on of Parelaphostrongylus

.

in the grassland It is p0331ble that transm1551on of elapho-

’x‘

.strongyllnes in the grassland is belng at least partlally 1mpa1red

. ‘at the p01nt 1nvolv1ng the first- stage larvae,’as was suggested
.'Q '

. ‘already” as‘partla

explanatlon for the dlSJOlnt dlstrlbutlon of

ni in the southeastern United States.

The seasonal prec1p1tat10n pattern in the grassland has been
. ~ ,1 N

1mp11cated in 11m1t1ng the act1v1ty of small anlmals and plants

‘.(Carpenter 1940) C ndltlons of de31ccat10n (on the 5011 surface :

at least) are ea51ly concelvable glven the characterlst1c drought

Y

'-,]:at the end’bf the hot season. Prlor des1coatlon has been shown

nito reduce the. 1nfect1v1ty of P odoc01le1 (thls study) and

P

';‘gﬁ tenuls (Lankester and Anderson 1968) Exposure to ultrav1olet

e o

}llght, elther from sunilght or. at1f1c1al sources has also been'

'df contrast Mltskev1ch (1964) reported that flrst stage larvae of

,E. cerv1 were re31stant to dlré%t sunllght Deslccatlon'and‘

. exposure to hlgh l*

.els of solar radlatlon worklng in. conJunctlon

*ffmay result 1n suff1c1ent larval mortallty or loss of 1nfectiv1ty

P

108
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to seriously impajir transmission of Parelaphostrongylis in the

grassland.,QRedﬁced?;astropod activity. under dry conditions might
also act ‘to|reduce thebefflciencylof parasite_tr%?smission. 1t
»seems orobable that, even if conditions'in the majority of thét
grassland‘are\severe’enough‘to impa}r elaphostrongyline trans-

mission these parasites may bevpreSent there in a discontinuous

dlstrlbutlon, assoc1ated with protected hab1tats such as rlver

o
2y

valleys o

Fs

"It was mentioned previously that the westward distribution

of g. tenuis‘in~§6rtthmerica appears limited by the grassland

biome. In 1972, Bindernagel and Anderson hygothesized’that

: ' - T : , € -

P. tenuis could~réa¢h.the foothillé‘of the'Rocky Mountains in’
‘western Alberta by spread1ng ‘westwards from Manltoba aloqg the"

v aspen parkland in central Saskatchewan and Alberta (Flg 19)4

_Thus;’g. tenui

\cot%d'circumventsthe grassland barrier.
’A'_gfrivalyqug;_t nuis‘inGAlherta_could haveldisastrous
ifor‘a“wariety‘ f wlld ruminantslthere.z.Bindernagel and
hyoothe31s was met w1th an alternatdve hypothes1s (Samuel and

'h Holmes 1974) whlch stated that some ecologlcal feature, poss1b1y .

* -
'

assoc1ated w1th drler western condltlons,.llmlted P tenuis -

pﬁgplatlons 1n the west They,cited'the;apparent.absence-of_h'd;l‘ ':H.‘,l;

Y-

tenu;s from the grassland and from the sandy 5011ed plne
for sts of the southeastern Unlted States, as. supportlng ev1dence.t'
‘} e results from the present study may be used to test the -

hypothe31 of Samuel and Holmes (1974) as 1t mlght apply to’ the :

7:”7 N
¢

flrst stage 1arvae of P tenuls. Thelr hypothe31s can ‘be restated

- . T g : RO . i !‘\

Ly
[
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'Figdre 19. Potential route‘of‘expansion of P. tenuis faﬁgé ihto
the foothllls of .the Rogk Mountalns, as: suggested
by Blndernagel and' AndeFson (1972) 'Vegetatlon'
regions are ‘from Rowe\(l972) ‘ ‘ '
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as follows: "'The first-stage larvae of P. tenuis have insufficient

tolerance of climatic conditions in the Canédian west

for the parasite to become estXblished there'.
N
A conclusive test of this hypothesiss would involve the
seeding of an area in the west withtwhite-tailed deer feces

containing larvae of P. tenuis, and the subsequent documentation
M T 3

H

of any spread of the parasite into non-infected deer in the area.
Unfortunately, such an exercise woulg have grave consequences if

the hypothesis were disproved. The hypothesis can be tested in a
&+

more indirect manner. - . \

o]

;

The life cycle of P. tehuis is almost identical to the

life cycle of P, odocoilei, apart from the.definitive hosts. Both

parasites even share several species of intermediate hosts’ (see

Lankester and Anderson 1968; Platt 1978). Since B. odocoilei is

native to western Alberta (Fig. 19) it is obviously adapted to

©

the climatic cpnditions.f0und there. If the larvae of P, tenuis

{‘\ B B )
have environmental tolerancej equal to or superior to those

possessed by the native P. odocoilei, the hypothesis that they
: : f

' ' . LN L
cannot tolerate western climatic conditions should be rejected.

PR

. o ,
This method uses the environmental tolerances of P. odocoilei as

a biological medsurement of the stress imposed -by western Alberta
r ¥ —

,"/ j )

microclimates.

.

This study examined .the effect of two climatic factofs,

' temperature and moisture, on the two parasite species. In terms

of moisture stress, the difference between survival of the two

species under a variety of constant conditions (Fig., 12) was

1
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never more than a few percentage points. In the case of repeated
. .o ! ¢ .

desiccation (Fig. 16)., P. tenuis survival was always slightly

,greater. The similar or supefior survival of ‘P, tenuis compared-

to

ac]

. odocoilei, ébupled with greater. retention of infegtivity

by P. tenuis larvae following desiaéation (see'previ0us'diSCUSSion),7

leads to rejection of the hypothesis that moisture gpnditionsslimit
distribution of'P, tenuis in the west. j/ .
—_— F

In terms of temperature stress, P. odocoilei had cbnsistently“

B i .
greater survival tham P. tenuis following repeated freezing

¢ -
! >

- (Fig. 13), although the diffe}énce in survival between tﬁeltwo
sbeéies was slight. Length'pf jurvival yhile continuously frozen
was considerably longer for g.‘odocoiréi (at least 34 ﬁoﬁthg) than

- P. tenuis (10 months;iLankéSter‘and Anderson £968). The iﬁfectiv-
ity df g; tenuis was also considerablydreducéd bykfreezing
(Tabie XIi). Not only did just 5 percent of the P, tenuis 1érvae:
.rétain their\infectivity, compared.with §ver 85 peréent'for

P. odocoilei, but those larvae of P. tenuis which had been frozen.

appeared delayed in thEirrdevelopment from second-stage larvae to .

third-qpagerkérvae. The data suggest that a susceptibility to

freezing might be a means by which P. tenuis is prevented from
ekpanding its range westwards. A
' T L i

To support the hypothesis that susceptibility to freezing-

may bar P. tenuis from the west, it must be assumed that winter is
an important’time_for transmission of the parasite., It is

obvious that infection of the intermediafé host cannot occur in

[} ’ .

winter, but must await spring. An advantage accruing

g

e

\
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‘Parelaphostrongylus in having larvae highly resistant?to freezing -

would be that a winter's accumulation of first-stage lﬁrvéé would
. - g ‘e

survive until spring, and following:sndw-melt would flood the
: s N

“énvironment with massive numbers of larvae, increasing the.chances

for larval contact with mblluscs.‘ The results from this study

[y

:(Tablé VIII) suggest that larval acquisition b& molluscs might be

facilitated under conditions of high larval density.

and P. odocoiiei (Platt71978;-Sémuel,,unpub.).V Platt *(1978)

The necessity for infection of the intermediate host to
. ; : L e

occur in the spring has not been established. However, the

)

the enwironment during the winter months appears to have been

strategy of releasi greatest numbers of first-stage larvae to

adopted by at least two species of metastrongylid nematodes, An
increase in larval shedding by infected definitive hosts has

been reported duringbthe late winter and early spring months for

Protostrongylus spp. (Forrester and Senger 1964; Uhazy et al. i973)

discussed this phenomenon in relation to the epizootiology of

g
ad

P. odocoilei in,JaspefﬂNatipnal Park.‘ He suggested that dispersai

- of mule &éer-during the .summer months would tend‘to.drasticéllyi

/

reduce;qdhtact'between.larvae and molluéps,_apd'infecpea.molluscs
and deer; addicibnally; iarvaé shed during the summéf'mqnfhs
'wéuid;fuﬁ'serioﬁs.riskkof désidéation_dﬁe &o éﬁly'sporadié rain-
fail.atbthaf t&ﬁewv-Tﬁe wiﬁtef's_aécumuiétion of‘laféi%,'o; the
other hand, Qauld‘be swept to, the prbtectidn of ﬁhe soil, |

esurviving there to infect molluscs throughout the summer months.

Lengthy survival of larvae in the soil would maké it unnécessary
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that inTection.of the.intermediate‘host occur only in the soringt
Deer, returning to the wintering grounds in thebautrgs, wouldu
thus face densities of iu%eéteu moliuscs sufficient to result in
acquiSitron ofhgr_odocoilergby many of the returuing deer, There
is evidence'suggestihg'that fauns in" Jasper do not acduire

g; odoc011e1 until they return to the w1nter1ng grounds (SamueL

o

, unpub )

Seasonal changes in larval output might‘be unimportant for

i

the tradsmission of parasites"pOSSessing that characteristic.

It may represent only a'host-regulated phenomenon. The scheme

suggesteld byhPlattl£}978)~for the transmission of P. odocoilei
might be “applicable to P. tenuis_ohly if the latter species has

a seasonal fluctuation in larval output. Such information is "~ . =

Jlacking for P. tenuis.  Until more information is available on
the extent to which winter is important in the tramsmission of ~
P. tenuis, the potential of its reduced freezing resistance to

' serve as a means for preventing its spread westwards can only be .

. s

<

speeulated‘on. ' o '

[ :

The present study can go no further bhan to suggest that.at

1east two mechanlsms ex1st by whlch cllmatlc factors mlght
1nf1uence Ehe transm1551on of P. odOCOilei and P‘ tenuis in a

differeﬁtial manner. One ‘a greater Susceptlblllty to repeated

4de51ccat10n may serve to prevent the e;tabllshmeﬂt of )

+

" P. odoc011e1 1n _areas whlch P tenuis'could,oceupy; The other,a
a greater susceptlblllty of P tenuls to freezlng (both contlnuous

and repeated), mlght also serve to segregate the ‘two spec1es'

. under certaln c1rcumstances.
i - SreERstanC

a4 . R . . .
. . .- . v
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‘Appghdix'l.

History of'first—stagé larvae used in this study.

Information is arranged in the following order:

©

1) experiment number; 2)- species of Pérelaphostron-

gylus and source; 3) host animal from which larvae

on feces were obtained; 4) date feces Wereucollected
, ‘ L . .

from the host animal; 5) the temperature at which

50H

the feces were storéd;vé)'the:date larvae were

recovered from the feces; and 7) ‘the date the ‘experi-

N}

‘ment was initiated, .. -~ . .
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10

Experi-
ment #

Species

r

Host
animal

stored (°C)

Collected Temperéture Recovered
from deer

from feces

-Exp't

started

1

  12‘.

13

15

p;éﬂ(d)
'7 P:6.(J)”
U,

leLt;f;

| PiQf(J)

P.o.(J)

P.o.(J).

P.o.(J)
P.o.(V)

VP.O;(J)

P-OJ(V),

 P.o.(J)

.<-P.o.(J)

P.t.

“‘P.o;<J)'f

?.qQ(J),

.

.P.o¢(J)'i
Pt

 vTP.o.(j5

Pou(2)

.B.o.(J) ;

_WID .

MD-7 -
MD-6, 8
MD-?
BTD-? .
MD -7
BTD-?

MD-1

. MD-3

MD -4
WD
MD;é
Mb%?l“v
-1
WID

ne

MD-?

-Mﬁi?z

MDC?"

WD

MD-1

7

'M,D.‘?

297Nov-77

14-Dec-77

?
3

.'"Q}Vﬂ

?

Feb-76

Dec;75 :

Mar-77

early-78

R Feb-76 o

early-78 .

Feb-76
eérly-JéV;
 Feb-76

: ea:iy?78

25
- -25

=25

29 -Nov-77

'15-De¢-77
 22<Feb-78

22-Feb-78

10-Mar -78

10 —Mar f78

25-0ct-78
‘26FOct-78
- 25-Apr-79

25-Apr-79

-7

. 26-Apr-78

~26-Apr-78"

g

7.

- 26;Apf+78 :
2 —Apr '-‘778
f26-Jun;78

"26rjun;78 5

?

30-Nov-77 -
16-Dec-77

1-Mar-78
1-Mar-78
15-Mar -78
15-Mar-78
25-0ct-78 .

' 26-0ct-78

: l-May —79 ;

1-May-79

10FFeb-78
‘22fMar£78 :

1-May-78

' 21-Feb-78

3-May-78

T
14 -Aug-7

AS
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v l-Nay-78 ‘ :,f

o 1Mar-78

3May-78

14-AUg -‘78 =

‘7f167Mar—78;H; |
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Expéfi— ﬁﬁecies Host ~ Collected "Temperature ,Rééovered"Exp't

ment #

animal from deer stored (°C) - from feces started -

16
17

18

P.o.(J) MD-1 - Feb-76 -25 = 26-Apr-78 2-May-78

3

Po.(J) M-l Feb-76 25 26-Jun-78 l-Aug-78

P.o.(J) " MD-20 '12-Dec-78 8. '13-Dec-78 22}bé}?78_

. MD-20  14-Nov-78 . -25 13-Dec-78 22-Dec-78"
WID-25. 12-Dec-78 8 13-Déc-78 22-Dec-78

WID-25 14 -Nov-78 -25 13-Dec-78 22-Dec-78

Abbreviations

j_P;o,fJ)f ;

'P;o.kV5; 

- BID

P.t.

used: "

S v

:QddCOilei‘of'Jaéﬁer Paﬁk origin

Itg .

P, odocoilei of:Vancbuver_Iéland,Origin .

‘P, tenuis

captive'mule_deerjlnumber:fdllows:,

-

' .capﬁivé;blaékféiléd deef;;hﬁmbervf§llpws L
.capfivelwhifeftéilédndeér; number follows

wild white-tailed deer =

information not'noted =~ .

o e e T e e



. Appendix II.  Mean. percent ‘survival with 95% confidence limits
; - for fi'r's“t_-sta‘g;e larvae of P. odoc'oi'léif;at} ,_j‘a'u-varzie‘t':yi._f v
of - temperature and moisture .'c':’ombinat_ions' (Exp'ts
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