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F1ve he1m1nth P ctes, uchmzorchts cabaZZerac.; o
N o E , :

-

Eugenuwte“taZkeetnaeuris, Labzostomuﬁlrawschz. Cebhalwrzs‘

4 ¥ + b

aZa§kensms,rand C coZoradenszs lnhabnt Ochotona coZZarts

’}‘ o Jnd1v1dua15 C0118Ctﬁd from the Og11vre Mounta1n$,{Yukon Tf‘;;h
Ry 3 Y - . . L .

Terr1tory,fand seven,«é; cabaZZeroc, Graphtdzella ochatonae,

"Murzelus harpesptculus, Eugenurzs Sp A,'L. coloradénszo,f-

Nt 'fk’-alaskenszs, and C aoZovadenszs 1nhab1t 0. przneeps

-

1ndtylgoals.from the Rocky Moyntalns of southwestern A]berta
D}st1ngu15h1ng chafacter1st1cs and host re1at1onsh1p§ of '

- d
. A .

spec1es #n the s1x genera of helminths are cr1t1ca11y rev1ewed
‘5ﬂ? s FrequenCTes of he1m1nth 1ntens1t1es approximate the “

“”fﬂdnegat1ve b1nom1a1 d1str1but1ons,'wh1ch ﬁmp11es c]ump1ng,

v T

such that a h1gh proport1on of 1nd1v1duals are d1str1butedf'

_ among re]a¢1ve1y few host 1nd1v1dua15 The c]ump1ng was

N

on]y part]y exp]a1ned by seasonatity, host sex or. host age»

"related res1stance or spe%1f1c1ty,uand locat1ona7 d1ffer-

ences in abundance C]ump1ng of 1nfect1ve stages,'and TDtGP-

L;‘ spec1f1c 1nteract1ons appear to be the maJor causes of c]ump-‘

1ng “in the def1n1t1ve hosts. .
» Abundances of the tr1chostrongy701ds G ochotonae and;f_”

:; + Mo harpespzeulus exh1b1t sex- re1ated seasona1 f]uctuat1ons“

- x

wh1ch may be re1ated to. stress, “the hlghest 1ntens1t1es aref,f

a

.ff fouhd in hosts wh1fh may be ‘the most stressed Juven1]e ; o
- S L . _ u . ' R
° » * o o - .. n".; 3
® v T ’ iv _ .
- BN - o = T A °
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p1kas do not acqu1re helminth 1nfect1ons ungf‘*

\

1d¢.about 40 days, but Yap1d1y p1ck up he1m1nths after that~A

~t1me Abundances of some he1m1nth specres vary between

geographic 1oca11t1es, 1ndicatlng that p1ka populations'“‘%n,’

-: \
Y,
The commun1ty system of he1m1nths 1n p1kas 1s “an o]d‘

'?T haVe an 1s]and ]1ke d1str1but1on -‘4_11

one,ﬂ The o]dest p1ka he1m1nths (G ochotonaé,'and p1nworms;?e
.of’ the suhfami]y Lab1ostom1nae) appear to have the most -
soph1st1cated means of avo1d1ng compet1t1on'"se1éct1ve s1te;5

-

i segregat1on Sahzzorchts cabaZZe%oz s probab]y the most

‘\',recent acqu1s1t10n to the commun1ty system, and s, the on% h‘
'h‘most affected by 1nteract1ve s1te §egregat1on ‘ ' ‘
Known d1st?1but10ns of he1m1nth spec1es of p]kas,
ﬂ.support the current hypothes1s that the Worth American

fancestral spe{1es, WhJCh

.pikas: are der1ved

R

';'_m1grated across Ber1ng1a dur1ng the IJ]1no1an g]ac1atfon

:Th1s spec1es rapid]y spread south -and 1ater Was sp11t 1nto'f‘Q

.” two groups by the barr1er caused by the merglng oF the

:u_tCord111eran and Laurent1de 1ce sheets dur1ng the w1sconsln"

;.»g]ac1at1on

T S
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B U CHAPTER T

-~ - _INTRODUCTION

.Helminth~COmmunities ane usda]]y'!1ff1cu1t to delimit
because ‘more than one host spec1es mus t be. cons1deﬁed as .
part of the host heTm1nth system He1m1nth commun1t1es of
'h;p1kas (Ochotong spec1es) in North Amer1ca are an except1on\u
Abecause ng he}m1nths that mature in p1kas have been reported
in other hosts, and the two spec1es of Ochotona in North,
'd:Amer1ca are a]lopatr1c (see F1gure 1(\ Thus, un11ke other
ihekg1nth commun1t1es be g . K1s1e1ewska, 1970a; BUSh 1973)
'none of the helm1nths 1nhab1t1ng p1kas éan be regarded as -
an 1mm:grant or acc1denta1 spec1es
: The maJor ob3ect1ve of" th1s study was to gather
'o‘1nformat1on on the dynam1cs of two p1ka he1m1nth commun1tj

v?systems (1) the he]m1nths of 0 coZZarts from northern

S

Yuk@n Terr1tory, and. (2) the he1m1nths of “0. prtnceps from o

©

) 'southwestern Alberta Aspects of popu]atJon and commun1ty

'fEand host—1nd1v1dua1 1evels : At the broadest or host—.

.structure were exam1ned at the host spec1es, host- popu]at1on

Dy

- spec1es 1eve1 .the geograph1ca1 d1str1but1on of‘hosts ahé

m'hhe1m1nths is rev1ewed. A more restricted'1§;e1 the host-

' -pOpulation»]eveT is ana1yzed ‘to, answer such quest1ons as.

K

'_dwhen and how do p1kas acqu1re ‘their he]m1nths ~ The most'



‘Figure-T.

- -

Map of North Amer1can d1str1butjon of” p1kas,

show1ng study areas. Samp]e sizes from each

site are shown in barentheses.“ The d1Ttr1g

but1on map 1s based on Ha]] and Kelsbn

"(1959)

_*
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:rest?idted or host 1nd1v1dua1 1eve1,,1s ekam1ned 1n terms"

L

~of 1nteratt1ons between spec1es of he1m1nths :

| S1mpson (1945) stated that "an1ma1s cannot be dﬁs
cussed or treated in a sc1ent1f1c way unti] some taxpmdm}y
:has been ach1eve§,"' ThlS is parﬁﬁcu1ar1y appropriate for
stUd1es of commun1ty dynam1cs, S 0 taxonom1c prob]ems were
aexam1ned pr1or to the eco]og1caﬁ study .The so]ut1on of i:
ﬁthese prob1ems subsequent]y became a manr obaett1ve 1n :N

l1tse]f . T ,‘ . 4 ,l:&: - :', . . . ')

i
3
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S opened and the gastro 1ntest1na1 tract t1ed off into sec—

. CHAPTER. TI' -
MATERIALS AND. METHODS

. . .
e

Necrops1es were perform%d on. 111 0 prtnceps Jnd1v1-

dua1s from A]berta, and 92 0 'coZZarts 1nd1v1duals from‘:

: the Yukon Terr1tory AT the 04 ‘coZZarze, and 16? 0 prznceps_?"
ihwereueollected by shoot1ng P1kas were shot in A]berta fromb
1May to August 1971 and 1n the Yukon Terr1tory from Junef
}to August 1972‘ Seven 0 prtnceps were trapped 1n NOVember,ff”
’1971 one 1n December 1971 and one in: Apr11 ]972 ju51ng o

3wease1 snap traps ba1ted W1th 1ettuce . Wlth the except1onre

DR
4

o of the Apr11 caught p1ka, carcasses of those caught 1n
‘.traps were frozen, and necrops1ed 1ater 1n the 1aboratory R
The Aprﬂ]—caught p1ka was necrops1ed fresh w1th1n 18 Rrs

‘of death.. L o o .:~f3'72;?5’ﬁ7i3 e

W1th1n f1ve m1nutes of: deatb the p1ka s abdomen was5.
t1ons with: cotton thread to prevent post mortem m1grat1on‘
of he1m1nths A1l the. p1kas wh1ch were co]]ected by shoot-
1ng were- exam1ned w1th1n 's1.X hrs of death

Convent1ona1 methods were used 1ﬂ co1]ection of gastro-

-‘1ntest1na1 he]m1nths Nematodes were’ f1xed in 5% g]ycer1ne
in 70% ethano], cestodes were re]axed 1n co]d water and |

'e1ther f1xed in. AFA or sta1ned 1n B]ach1n s 1actic ac1d



R

o

ifcarm1ne stain

Conventiona] method&mof preparation and sta1ning of

) »~paras1tes wereoempToyed ' Nematodes we e cTeared 1n

'TactophenoT cneoéote Measurements wer made w1th the

: a1d of an ocuTar m1crometer, or camera Tu@ida and measuring
o s

wheeT SampTe sizes for measured p1nworms are shown in . -

[Append1x I The anter1or ends of some - nematodes were

f'smounted en face 1n gTycer1ne JeTTy, us1ngaa mod1f1ed tEChr_'

n1que of Anderson (1958) The mod1f1cat1on was suggested

"w“f_by A 0 Bush (pers comm ) and entaiTed mount1ng the end

iesect1on face down in a drop of warm'. gTycer1ne JeTTy on a=:'

;c1rcu1ar coversl1p The anter1or end coqu be brought very'.

»

S \
fclOse to the coversT1p, or even 1n contact w1th it, _and was

”“eas11y bos1t1oned w1th a f1ne probe When correct]y pos1-
o t1oned the covergTass was qu1ck1y cooTed to harden ‘the

,glycer1ne JeTTy : when 1t was set a warm square covergTass

'~Qwas placed on top of the glycer1ne JeTTy w1thout d1sturb1ng

_Lthe pos1t1on of the t1ssue sect1on,»and aTTowed to coo]

'The resuTt1ng sandwich was then mounted on a gTass sT1de,

toxy]:ﬁ or Sem1ch0n s acetocarm1ne

Juven11e p1kas were aged based on the1r we1ght

fﬁ]ar and Tapper, 1973) Conf1rmat1on that some of thej

. el
I's

?v1er Juven11es were not- adu]ts was by sect1on1ng the‘"
prer jaw (M111ar and Zw1cke1 1972a)

In determin1ng re]at1onsh1ps of 1nd}V1duaTS at the

haemb;‘



4 "» Ct : o ‘ B 1 .. '/n .;'.' -
species 1eve1 decisions were mbst]y arbitrary.,and were'

based on’, morpho1ogy and geographic d1str1but10n. Spec1mens
avaiTab1e for study and thOSe used for descr1pt10ns 1n the
literature,IWere usua]]]ﬂfrom w1de1y scattered popu]at1ons,
such that d1str1b£t1ona1 data were, sketchy In most cases,

"

1f morpho1og1oa1 var1at1on w1thin a popu1ation was. exceeded'

by dgﬁferences between populat1ons, 1nd1v1dua1s:were c1ass1¢5
f1ed .as. two spec1es In some cases,where there’was-inSuffi;’ .
c1ent morpho]og1ca1 ev1dence, I have recognized-two spec{es

based on geographftal d1str1but10n, where ‘there- may be.onTy- :

One (e. “9.s Eugenurts schumakovttschz and E. talke?tnaeurts)

e Members of congener1c species were found to be sympatr1c in

only one gemus (Cephalurts) and 1 have used a more bio-
1og1ca1 def1n1t1on of spec1es in making dec1sions between »
1nd1u1dua1s 1nhab1t1ng hosts of a_s1ng1e populat1on for

-

that cidse. =



CHAPTER 111

[ STUDY AREAS

.Specimens of Ochotona princeps ‘were co11ected for

th1s study from. the eastern slopes of the Rocky MountaTnsb

of sout western A]berta, and of 0. collaris from the

’Og1mv1e Mountalns of centra] Yukon Terr1tory (F1gure ])

fhhlberta . | Cia |

, P1kas were co]]ected From seVeral 1ocat1ons in ~
A1berta all in the mounta1ns and’ footh11]s -to the east oF

the Kananask1s R1ver ;

. H1ghwood Pass (S1te Al)

T,
0y
3

| Spec1f1c co]lect1on s1tes, ran91ng in e1evat1on from
':2000 to 2530 n ’ were on the west sides of Mt “Rae, Mt.. ‘
';Arethusa and_ Storm Mounta1n of the M1sty Range, and at the-‘
‘southern t1p of the Opal Range on the south s]ope of Mt.

E]poca Peaks in these Ranges reach over 3400 m. e]evat1oh;

'”,The mean annua] prec1p1tat1on for the per1od 1965 to 1969

was 92 58 cm, 29 97 tm as rairn and- 62. 61 5& snow’ (Watershed
'Research Branch from Trott1er 1972) Th1s h1gh precip1ta—
t1on in winter 1s a mar1t1me d1str1but1on,;more charactgr1s-

‘t1c of the- centra] ranges of the Rocky Mounta1ns, whereas

-
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the eastern randes typically receive~a‘continen@givo15tr1-t
bution. The otherlstudy-anees qf?ﬁfbenta fall Wn;o«the
Tatter category. vFor”e detaileo description.of the alpine
}Egetatton in thiskregioﬁ,‘cghsu1t Trottier (1§72).

“b

2. Cox Hill Summit (site A2) | S .

‘ The maJor co]]ect1on s1te in the footh111% region was
a dome-shaped mounta1n,‘rox H111 (67°00'N, 114° 54'W).  Two
Tocat1ons son-this h111 were samp1ed, wh1ch I c;11 the Summt
and the Northwest R1dge The Tatter is cons1dered sepa-=
rate]y because it supports a d1fferent p1ka helminth fauna
. Talus sl1des on the Summit range in elevation from

~1900 to 2100 m., and face northwest ‘It was an open,

‘exposed -dry~site' Vegetat1on surround1ng the ta]us was

-dom1nated by grasses and Zygadenus'elegans. Dryas octopetala,

Antennarza sp. and PotentLZZa f‘.picosa were a]so abundant.
The ]ower reaches of" th1s site were among young Ptnus cons

torta forest the f]oor of wh1ch was dry,»and covered w1th

dead needles. -Other common plants- here were Hedyearum
= e v

mackenzii, Ribes Sp., Juntperus communts, grasses, and
' P ." . “ - - o o .‘.

._Afctostaphylos uva-ursi.: o TEL . e .

‘. - - N - ) q . ' ’ " .‘l‘ N - ‘ ) . . l."-
3. Gox Hill Northwest R1dge (S1te A3) ) ' '

‘This area is on]y 1.5 km. west of the s]1des at- the .
Shmmjt.‘ E]evat1on of the co]]ect1on sites ranges from 1700
- to 1900 m. S]1des were nest]ed amongst Picea engZemanntt/

Pinus contorta forest and face north. .The foresthfloon B
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Was“faTrly dry.‘shaded‘ and»covered with deadfp1ne needles,
‘particularly at the base of the s]ides Vegetation around
lthe ta]us was dominated by (Zadonza Sp., Arctoataphyloa

muva -urgi, grasses, Rihes sp., and Dryae octopebala

4.;jniscé11aneous (Sites A4, A5, and A6)

P1kas from these areas were not 1nc1uded 1n the com-.
9. ) .

parisons between 1ocat1ons, and s1nce co]]ect1ons were

.scattered over a. w1de var1ety of habitat types, I sha]l not‘

[~

kqdescribe them in deta11 Locations and samp1e s1zes are

sy

shown 1n Figure 1. = , ‘_,‘ N

« »

{ ‘ ;
Yukon Territory

The Og11v1e Mounta1ns are north of the T1nt1na Trench
1n centra] Yukon The northern part of this Rahge cons1sts
‘of 11mestone, and the southern part of sandstones and
vo]can1c rocks " Pikas were ¢ollected from three;sttesv

o

-

1. Nor th (Site vy o ' ) e e

‘P.ikas were co]lected w1th1n 2 km. dof the Dembster
.H1ghway from m11e 83 to mite 100 (65 00 N 138°15" W)
“elevatlons rang1ng from 920 to 1380 . (F1gure 1) Thee b

dome shaped mountains of th1s area reach elevations of abOut
:1700 m. from va]leys of 900 m P1kas were found predom1n-~.:;~
A ant]y around the base of these mounta1ns, where vegetat1on :
Was most abundant but many were a]so found h1gher, as much

of the surface ‘was COVered by talus, and scattered vegetatﬁan

o
. -
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IS1opes were genera]ly open. dry. and supgp\ted a vegetat1on
ﬂdom1nated by'Dryda Lntagrtfolta..u. ootopetala. grasses,
“and czadon7a sp Open Pmoea gZauca forests were' found 1nﬁ.
some" of the 1ower sites. w1th w111ow shrubs; Betula nana,-ft
and a moist mossy floor, Pika haypi]es in late summer con-
sisted most1y of Dryas 1eaves and f1ower heads, grasses,>
/ .

Arctostaphylos'uva ursi and 4. ’rubra'

4
»

2. Central (&1te v2) | PR

' .
b | TheoDempster H1ghway crosses the . North Fork Pass. c

wh1ch marks the d1v1de of the Yukon River dra1n;ge to the
south and the Mackenz1e River dra1nage to the north. . Pikas
were co]lected -on' Sheep Mounta1n (64° 35 N, 198 12_N), to B
-the east\of the pass The entire area 1s wet] abovegtihber;'
-line (1000 m. ), co]lect1on 'sites’ range from 1500 -to 1900 m.
e]eoat1on . Much of the vegetat1on was dom1nated by Dryas(_
sbp? -and grasses, w1th patches of Casstope tetragona ) A]so-
"present in mo1st areas W1th runn1ng water were Salzx spp.
tSedum rosea and Qxyrva dzgyna Haypﬂ]es con91sted m05t1y

of Dryas. 1eaves and Flower heads,-and grasses -

c -

3. -South (Site ¥3) .- . - =T B '.f': -
At m11e 43 the Dempster H1ghway crosses the North
-K10nd1ke R1ver (64°28 N, 138 10'W) . Mounta1ns on both

;Qs1des of the r1ver reach e]evat1ons of about 1900 m. P1kas

\

\were co]]ected from these mounta1ns at e1evat1ons rang1ng

from 1T00 to 4800 m. Vegetat1on was general]y s1m11ar to
\ - L S o o ’
\ v ] L
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. site Y2 dominated by Dryaa ocfope(ala and gl‘asses. with

patches of Uaeamopa tetragona. ‘Many slides encroached upon

*»
E moist meadows w1th f1ow1ng streams Here the vegexation 2

was .dominated by sedges and grasses . with D. ootopatala.

'Sqlzx spp., and’ szZob1um Zattfoltum.‘ Hayp11es conta1ned ';'

Dﬁyde; grasses, Oxyrza. Equtaetum. Potentmlla. and

ArctobtaphyZos.
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CHAPTER IV '+ = o

-

' . A v oo
"" - HOST NATURAL. HISTORY
04
_ As. far as 1s known. both Ocshotona pmncmpa anLo.
ooZZarza have simiTar 1ife histor1es 1n terms of hab1tat'
“requirements. seaSOnal and datfly act1v1t1es. reproduction.
and socia1 structure (Broadbooks. 1965) Dwellings are

-

1ocated 1n the interst1ces of rocks, put pfkas usua]ly must

9

.leave the talus to fegd‘ They eat a great vartety of o ’
4

grasses and forbs depending upon ava11ab1lw?y (Broadbooks.
1965; Rausc@_ 1962; Mil]ar and Zwickels 1972b) ‘Most forag-.

'
ing is carriéd out within 20 m. of. the ta]us. bat longer

trips have been observed (personal observations. Smith,
1974b) Because of the nature of the1r hab1tat pikas are
usua]]y located in scattered and dlscrete popu]at1ons, whacﬁ
is of great s1gn1f1cance to their dispersa] (Tapper, 1973

| 0
“Smith, 1974a). " © U o .

Weather cqnditioﬁs modify the‘daily attivfbiés of
‘pikas, but they are essential]y d1urna1 -0On fine sunny days,.
observab]e act1v1ty (1nc1ud1ng feed1ng) is pr1mpr11y in the_
morn1ng and late afternoon, w1t‘ 1ess around m1dday, wh1le .
on c]oudy days, act1v1ty is at a peak around m1dday (Sharpq f
1973). _ Presumab1y they are avb1d1ng heat stress on hot days

M111ar (1972) stud1ed reproduct1on in 0. prtnceps of
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'southWestern:AT&erta‘, wa”Tittérs, each of 2- 3 young per

1950 M1Har, 19"72')* c e

' that Japanese p‘lkas, 0. hyperborea yesoenszsh pr‘oduce soft

Ac0ntrast to the f1nd1ngs of TyndaTe B1scoe and Haga, p1kas o ﬁ'“

.]AA,

-

fema]e were born each year The mean date of concept1on.:"

for the f1rst T1tter was May 9th and for the second T1tter JA"

June TZth The ges y on per1od 1s 30 days (Severa1dy

1950) and Wean1ng occurs 324 weekswafter b1rth.($eyeradd,r;

o

Soon after wean1ng,»3uven11es e1ther d1sperse or wedge
between terr1¢or1es on the1r home sT1de (Tapper, 1973)

D1spers1ng Juven11es are usuaTTy unsuccessfu] 1n estabT1sh\/;;;:;
1ng themse]ves on occup1ed hab1tat Th1s‘further 1soTates ‘

the popuTat1ons 1nto d1screte "1sﬁands“

The abundance of p1kas on a rocks]1de 1s qu1te stable

FRR

'and reguTated by terr1tor1a]1ty (Tapper{ 1973) Male home
'"Tanges over]ap cons1derab1y w1th those of femaTes unt11 |
o after the period of breed1ng They then shr1nk to become

Ldindive duaT home ranges, wh1ch are: defended more r1gorously

w1th the onset of the hay1ng season 1m JuTy (Sharp, 1973)

fHay1ng, the storage of vegetat1on 1n the rocks, cont%nues”

“ a2t Teast into September (persona] observat1on) S

P1kas, T1ke other Tagomorphs, produce~two kindsmof'

‘faecés,*soft and hard SevezF1d 1955) observed captive
'O pfinceps 1ngest1ng soft faeces, and TyndaTe B1scoe €1959)
'found ev1dence of - re1ngested soft faeces 1n the stomachs

u-of w11d 0 royZez caught at n1ght Haga (1960) cTa1med

faeces at n1ght onTy aTthough he produced no evidence Tin,dh

- ) " ‘
‘ . [
‘a

v Ca
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in. ’o]orado (0 prtnceps) were found ‘to produce soft faeces'
:dur1ng the day (Johnson,‘1967), as 1n w11d rabb1ts and hanes;
Ind1v1dya]s of both Spec1es of p1kas 1n ﬁh@ present
lstud?’produced soft faeces dur1ng the day More 1nd1v1dua]s'
of 0. prtneeps produced soft faeces in- the morn1ng (0700-~ fﬁ
0900 hrs . 58%) and m1d afternoon (1:100 1600: 69%) “than dur-
ing in- between t1mes (34%) thus rodgh]y correspdndingdto_"‘
.feed1ng per1ods No such trend wgs present w1th 0. c%ZZZ}{e%r
perhapl because the feed1ng per10dﬁ1s not as d1st1nct1y |

'“‘bnmoda1 due.. to extended summer day11ght in h1gh 1at1tudes

A

. ‘ e B SN ad
0. . N - K .
N ¢ . " : - B .
s - :
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. ©¥  CHAPTER V.

TAXONOMY

',h The purpose of th1s sect1on is t¢ c]ar1fy the status
uof the' named. taxa of he1m1nths whose members mature jnfl L
lplkaS) “to summar1ze host and geograph1c d1str1but1on, and
;toiaSS1st 1n the 1dent1f1cat1on of these he1m1nths Table 1
"11sts names,of taxa‘of the tWO Nearct1c he1m1nth commun1s .
t1es as def1ned 1n the broadest context the host speq1es.
1eye1‘ The commun1t1es compr1se seven spec1es in,O;'princeps;
ahd‘five.spec1es 1n 0. coZZarts : A]] these spec1es, and;, ‘
‘ othérespecies in the Six genera represented are knoan"
';dexclus1ve1y from p1kas . : -. - -. | ;-d‘f_ieg .
The taxa of each genus are treated in some: deta11
"'hbelow, w1th keys,»d1scuss1ons of features thought to be of

‘dwagnost1c va]ue,vand data on, d1str1but10n .
_ | s ;
: Schzzorchts Hansen 1948‘ o

Schtzorchts Hansen 19&8 754.  TYPE SPECIES:- S.. ocho-, .

-

e

'vtonae Hansen 1948 (by monotypy)

A]though f1ve spec1es haVe been ascr1bed to this genus,"
Rausch and Ohbayash1 (1974) have shown that s. esarst Lovekar

'Seth and Deshmukh 1972 from the mouse Mus muscuZus in'India,

{does not be]ong to th1s genus and is near Atrtotaenia '

‘.{60”
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iSandground 1926 The four rema1n1ng spec1es in.this genus

" are’ d1st1ngu1shed by the fo110w1ng key

¢ « R :
‘Ke_'y-'to ethe,spvecies' of fsc'he;z,omhis Hansen

g1A:,'0uter egg she11 covered w1th tubFrcles or.”

Sp1n85 'Tf“'l"‘""—‘: ----- - P e
G CmTmAsmise-e- e —m—ae - S altatca ‘Gvozdev 1951
1B. Outer‘egg she]T'smooth'~—--;<Q}J~-;-;-{f-;~—--;(2) -

2A.- Testes not é%parated 1nt0 two d1st1nct
: Tateral bands;: cirrus sac 286- 428 micro-.
~metres long --------- EERUREpua R el S -
——F-;fQE—e{-—h*4f-—-e--- 5. yamashztaz Rausch 1963

. 2B. Testes separated 1nt0 two d1st1nct 1atera1
Lo bands; cirrus sac 1onger than 450 m1cro- T .
e e -"metres -'—-—---, --------- mm—————— mm————— -—:'."-.'f':---" (3) .

3&.._Strob11a wedge shaped, up to 5.mm wides

" .. -.testes -and uterus not reaching.ventral.
"longitudinal excretory canals; ovary = = =
;s11ght1y more-anteriad than level of testes -

S g-f---f-f---efe----;;rsi ochotonae Hansen ]9481
3B;-"Strob11a slender, up to 3 mm widé; <"~ e
" testes and uterus reaching ventra] . e

Jong1tudgna1 excretory.canals on both
- sides; ovary at.same level as testes’ P
"-—437@--f4e—f—f-f-jr—-—;'5. cabaZZerom Rausch ]960

tT; Notes on D1agn0515 h"i"‘~e‘i _Z,f'\"f’

hfIn d1stingu1sh1ng Nearct1c spec1es,‘Rausch (1960) stateezjf
~,that the gen1ta1 atr1um was. more poster1or—1n sﬁec1mens of
.S, cabaZZeroz than of S ochotonae, but my observat1ons do-
th@t conf1rm this. He a]so reported that the uterus of

ALS aabaZZeroz spec1mens d1d not extend 1aterad to the excree
: tory cana]s, but din manyqof the spec1mens which I examined

"'the uterus,doesOextend_]aterad. I found the c1rrus to be

“ . 4



I

spined. on- somecspecimens of 5. .cabglleroi in 0. collaris.

' The sp1nes were very fragi]e, and apparent1y'easi1y 1bst.

»

=A Sp1ned c1rrus/has been: reported prev1ous1y on specimens .'

'ﬂ“fof this. genus,.on1y for S. aZtatca (Gvozdev,¥1951)

‘gobservat1ons suggest that such sp1nes may have been over—‘

"rooked 1n spec1mens of other spec1es, and shou1d not be usqib'f,

.

as a d1agnost1c character

Pa]aearct1c spec1es are.S altaicaAGVQZdeV'1951° and\.

-,,

yamashttav, Rausch 1963 Schtzorchzs altatca was Y‘e—'.

&

descr1bed soon after be1ng descr1bed (SpaSsk11 and Ryzh1kov,,;ﬂ

'11951) ’ The or1g1na1 descr1pt1on was .of a worm: 150 mm 1ong,”'

73

'whereas worms measured for the redescr1pt1on were 60 70 mm

'1ong‘o A]though Gvozdev appears to- favour the redescr1pt10n'jff

(Gvozdev et al., 1970) ;- Rausch (19-50 1963a), and Rausch’

~and’ Ohbayash1 (1974). Suggest that these may. be two- spec1es'}f' B

'aRausch and 0hbayash1 (1974) 1dent1f1ed two spec1mens from

0. PoyZeL of Nepa] as S ﬁcf aZtatca because they most L,t..u

resemb]ed spec1mens deser1bed as. S aZtatca by Spassk11 and

ij1h1kov ' Rausch and 0hbayash1 (1974) d1d not character1ze e

_the outer=egg he11, whach seems ¢o offer the on]y char-f

acter1st1c d1st1ngu1sh1ng between members of S aZtalca and |

'other members of the genus The mater1a1 descr1bed by‘

15Rausth and 0hbayash1 seems to be 1nd1st1ngu1shab1e from j;f

';fspeéfmens“offs aaballerot Accord1ng1y, members of S, ef~"

;jaltatca may . be conspec1f1c w1th members of S cabaZZeroz,_fild

_and 1f d1fferences in egg she11s are not d1agnost1c, then»’

!

‘these mayvbe cpnspec1f1elw1th-members»of S. altaeca\‘ﬂ,j;

R
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: The spac1es S. yamashﬁ%aﬁBTs cTearTy recogn1zab1e by

;fcharacter1st1cs presented 1n)the key
S 'f e :
- */‘ "" .

’2 Host Records and Geograph1c Distr1but1on

R R
: In the Nearct1c, 3. ochotonae is known onTy from .
:iO;.prtnceps, in CoTorado (Hansen, 1948 -ttype area, Le1by?; _{
S;T961a) Ca11forn1a (Voge, 1955 Severa1d 1955) Wyom1ng
'u(Rausch 1960)"Utah warnock 1962 Grundmann and Lombard1,"
:1976),,Nevada (GrunJ;Snn ‘and Lombard1, 1976), Idaho (Seesee,
."1973),TMontana (Barrett and worTey, 1970) and ATberta"‘
(Lubinshy, 1957) " The spec1es S. abaZZeroz has been-
reported from both Nearct1c specwes of p1kas 0 prtnceps'
f1n Oregon (Rausch and Ohbayash1, 1974) and ATberta (th1s .
' study) and 0. coZZarLS 1n ATaska (Rausch 1960 - type area)

'~and Yukon Terr1tbry (th]S study) The twe Nearct!c spec1es

3*!of Schzzorchzs are not eas1Ty d1st1ngu1shab1e, and 1 suspect

.h'that many 1nvest1gators have assumed spec1mens obtaﬁned from

fspec1mens of" 0. prmnceps to be- i ochotonae, mere]y because

i ‘iAF.?cabaZZeroz had not been reported in 0. prtnceps - ﬂ‘L

A summary of the known d1str1but1on of the Pa]aetrctwc
'spee1es is presented in TabTe 2 |

.'Murtelus D1kmans ]939

N\

Mur'belus Di kmans 1939 2.- TYPE SPECIES i- M harpe-

i
. [

nspzculus D1kmans 1939 (by monotypy)
Three spec1es (one HoTarct1c and two PaTaearct1c) are

1nc1uded in th1s genus, members of wh1ch are d1st1ngu1shed

1

. \ : - ) ¥ . ‘V'. '



- . N . ,. ' ..u | \ . | | .... o,

. a. :.. : oL ) .... u . . . »%U:HM

SLU3 tepade adf} - ecgpl ‘yosney)ruedep -/ ¢ ‘ APN3 S

. eds B P , . SL <1961 *AOyLyz :

+(096L *A3BA0Y0L 4961 ‘A3pzOAD) ueys uehl 'y ¢(ggpL ‘Adesedsny)

AAWARL (961 ‘AouRqND) einye) g f(eaue 3dA3 .- LS61 ‘Aapzoap)
©o . UBISWIRZER D 7 (0961 ‘A9®QO0L) uRYS WAl { is3ijL|ed0] /-|
s L A A, BE L iSr3ELRa0d L1

X 7 . sizoaovu ‘g

e

. . | A . , o wx ..v .. ) ) .A x - . :v ) 4 N . dﬁﬂwamu IQ

v

s g T gaqfoa puogoysp

ipgpysvunh g o porbagp 4o s porpgip g - equ_‘._M

e cmm:mz_mvmnaonM&mw_wo.mkuwmm_Uﬂpomemzm . S
g.mum:u.wo cowpan*mefn ﬁwursmmgmomm U0 BIEP pUB SPU0IAU pwom '2 8pqey

> .

P ) o. ,

.
o
.



22
by the key beloi. -

Key to ‘the Spec1es of Murmelus Dikmans

- TA. Sp1cu1es 480 m1crometres 1ong, un1ted
-+ at‘tips, but w1thout barbed head ---- -
7-:---—7 -------- el gM. abet Durette Desset 1974

]B;= Sp1tu1es 700- 900 m1crometres long,
united at t1ps *n a barbed head - Lo e
(F1gure 2a) ----- R T AL-r--e-}——-— (2) -

2K, Externolatera] bursal rays in males
P much smaller }han other laterals; most
. medial of the three dorsal rays uath
a-minute appendadge (Figure 2b); syn-
Tophe of both ‘sexes with only one pa1r
of robust lateral crétes (Figure 2c) ' .
------ ,-—--—ﬁ--—---~-- M. harpesptcu,lus Dikmans 1939
- 2B, Externo]atera] bursa] rays almost ag °
o. .. stout as other 1atera1s, no appendage
-on .most medﬁa] dorsal ray; syniophe
b.w1th t pairs of more robust 1atera1
cretes (F1gure 2d) cemmmme el

2 1. Notes on D%agnosis
. :/:,\v

Ma1e$7bf'Me tganshanzenszs were d1st1ngu1shed from
those of M. harpespzculus by Gvozdev et al, (1970), by theb
arrangement 'of the dorsal group of bursa] rays A]fhbhgh
the d1fferences glven sound c1ear,_members of both spec1es‘

ipossess three pairs of rays..in the dorsa] group. Spec1mensl,
of M tJanshantensts are descr1bed as hav1ng the. 1nner two
pa1rs Jo1ned wh1]e those of M ﬁarpespzcuzus are- descr1bed

- as hav1ng rays separated for- the1r ent1re 1engths However,“’
c]ose study 1nd1cates that these character1st1cs vary

\
- apprec1ab]y, and the- d1fferences are not d1agnost1c A1so,

B

d1fferences in ta11 shape between fema]es of the two. spec1es

LN

o
-] . |



'(APP - appendage)

spicule tip of Murielus harpespiéulus

dorsal bursal rays of M. harpespiculus

&£

 Syn10phe of.M. harpespiculus

'synlophe of M. tjanshaniensis
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~,are not diagnostic because of 1ntraspec1f1¢ variation

3) d1st1nguishes members of M. abvt

Durette Desset (11

“from those of the othenwtwo spec1es by the fo]]owing char-

acterist1cs, which I find unre11ab1e

¢

N o _
T. Three paﬁrs of dorsal rays are separate from each

-

"other 1n specimens of M abez 1 have found this to be

' characterist1c of some spec1mens of M. harpespzculus

'2,' Spec1mens of. M. abel are dist1nguwshed from those
of M, harpesptculus by the equa] 1engths of rays 10 and 1]
ﬁ1n M. abet. A1though I was unab]% to sat1sfactor11y deter-'
mine to wh1ch dorsa] r;ys these numbers refer, a11 the dorsa]
rays in. her f1gure 2H are of different 1engths In another
‘f1gure of thg bursa4(21) two of the dorsa] rays are of
equa] 1ength -but these correspond wixh the two that are:
‘equal in spec1mens of M. harpespzculus (see Durette Desset S
f1gure ID or D1kmans /(1939) f1gure 2E) . #

3. She d‘ist‘i ngu1shes M abe'z, fr'om M. tj*ansha'niéne'is

by the re]at1ve s1zes of the’ 1atera1 rays‘. The postero-\ts o

'1atera1 are equa] to the med1o1atera1 in specimens of M. abezp‘,

but this is also true for spec1mens of M. tganshanzens;sf .

'(Gvozdev et al. f,- 1970)

4, Sh§d1st1ngu1shes among the thr e spec1es b_y the

'number of cretes 14 for M.’harpespzculus 15 for M. tjan- ,‘L
~$hanzenszs, and 16 for ‘ﬁgibei" This cha acter1st1c ‘Varies:
6

1 have found from” 14 to cretes din spec1mens of M. harpe—

B

spzcul s and from 15 to 18 in spec1mens of M. tganshanmenszs

The syn]ophe .of M “abei (f)gure\ZC Durette Desset, 1974)

-

jad
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R : _.--,, P . ] o .
~‘abpears to be identical to that of . tjanshaniensisy

members of both spec1es having two pairs of en]arged lateral
cretes, and thus d1ffer1ng ﬂpmnlnembers of M, harpeepmculus
Host records and geographic d1str1but1on are presented

~in Table 3.

‘GraphmdLeZZa 015en 1948 : . ' o F“

Graphzdzetla Disen 1948: 749.‘hTYPE SPECIES:- G. ocho~ -

tonae 01sen 1948 (by monotyPY) -

Two spec1es. the Nearct1c G. _ochotonae, and the
| Pa1qeahetic G. olsoni Gvozdev 1966, are included in this

Qenos,‘members befng distihgu{Shed’by.theffoTIOthg:key.

‘Key to the Spec1es of Graphzdzezza Olsen .

TA. Sp1cu1es 660 770 m1crometres long; eggs‘
" - 180 micrometres long; body length of
females 17.7-23.2 mm, and of males
17T.1-17.4 mm =-ecaca- .—----'G.-ochotonae 01sen 1948

- 1B, Sp1cu1es 400 550 micrometres long; eggs ' °
T 165 micrometres -long;-body. length in ‘

females 12- 13 5_mm, and- of ‘males 8.6- : y
9‘&-mm R -G, ononz Gvozfev 1966

.
_1._ Notes on D1agnos1s

Apparent]yh Olsen (1948) m1s1nterpreted the structure
itof the oveJector of . fema]e G. ochotonaeu' He stated .that 2
these structures were‘trip]e bu]bed;"HOWeven; A]herte ano:
Idaho femaTes have s1ng1e bu]bed o;eJectors, and Seesee
(1973) reported that paratypes of this spec1es were s1m11ar1y

character1zed. Female G. olsoni Gvozdev a1so.have single-
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.obulbed oveJectors,,so th1s feature cannot be used to«dws—;
,t1ngu1sh between ‘the two spec1es Gvozdev (1966) d1fferen-,m
't1aqu between ma]es of the two spec1es by the shape of the

L}ﬁqrsaj ray. However, 1ntraspec1f1c var1at1on is too great

“for this cHaracter to:be of use. _
e T o

G

-i.fZ;' Host Records and Ge;graph1c D1str1but1on SR o o o

_ The Nearot1c G. ochotonae is known.zn]y from 0. prineepé
in Co]orado (O]sen, 1948 = type area) Idaho (Seesee,'1§73jf

o Montana (Barrett and WOr1ey, 1970), and A1berta (th1s study)
AMart]n}(1943) reported Ztomach worms" from p1kas 1n Wyom1ng,
'whjth are;almost ;ertaJHIYPGJ'Qchotonae<m 1he Pa]aearct1c :

G. oZeohi-is'known"from;specinensfof’0 _aZptna from the

.:rSayan Mounta1ns of eastern S1ber1a,(Gvozdev,A1966 - type"f

"_ area) and spec1mens of 0. daurzca from Tuva (Su11mov and

fObukhov; 1974) o f'f Rt ;fiy'f:}. u-,ij EREI

".,_Cephalurts Akhtar 1947

‘? : Cephalurms Akhtar 19472 qo4. TyPE SPECIES:- C. ocho- . .

»*tonae Akhtar 1947 (by nonotypy)

=]

Th1s genus 1nc1udes s1x spec1es,'arrayed intovtwof

 “groups The taxa are d1st1ngu1shed from one another in the

fo110w1ng key }j

Key of the Groups and Spec1es of Cephalurts Akhtar
CTA. 'B]unt, rugged. teeth on ventral pre- - .
.+ - cloacal r1dge,-subcut1cu]ar Tongitu- = .
.dinal bands or bosses in-caudal alae; -
‘greatly expanded. cush1on 11ke ppsterior . - SR
~;pap111a R P R mtmm e o -~ Group T..(2)



1B. F?i ®thin teethAon ventra] r1dge,;’"
' 1oﬁg¢tud1na1 bands or bosses absent;
relatively deflated cushion- Tike’

,pOStQVTOV pap111a E L ’Gndup 2';(4).
“2A. fD1scont1nuou5w@osses in cauda1 alae’ » 1
‘f‘F~—__f:-ﬂﬁx-5"f"'77“f‘ hashmz Akhtar 1956

° 2B Cont1nuous 1ong1tud1na1 bands inn- - ;',
- CaUda] a]ae ,—.—'-f-——.—'.—-—.---f--—A__a.;;_______'_‘_.___-_.__' (3)

3A;_;Cloaga c1oser than 700 mlcrometres
- from tail tip; nerve ring closer ‘than

195 micrometres .from anterior end; - e
‘ ‘buccal cavity shallower than. 35 m1cro- S
metres, Nearctic.distribution -------- o
P f-—----—--—ﬁr—ﬁ-~—~— c. aZaskenszs Akhtar 1958
38._'Cloaca further than 700 from tail .= ' v
- . tip; nerve ring further -than 195  from ’ -
. ‘anterior:-end;. buccal cavity deeper
. ..-than 35; Pa]aearct1c distribution --- = . o
f-e-~---—~-~————f—--e-7-.C; andregevz Shu]'ts 1948
4A. C]oac&] pap111ae asymmetr1ca1 4?-—4-# S
- T f“_—‘f‘—“;‘- —————— 51'0. chabaudz Ing]ls 1959
F% % :_48;' C1oa¢a1'papi1iae symmetrica1 mmmme—eeme ol ~a-t (5)
'~ 5A: Body shorter than 8 mm, and narrower :
T - . than 400 micrometres; Nearct1c : MR
- .d1str1but1on Trmmeeeee- C.%coloradenszs O]sen ]949.wf
“w . 5B. Body longer.than 8 mm, and wider = |
- ~than 400 micrometres; Palaearctic . R
d1str1but1on ~;ﬁ-¢-51‘-—< C‘ ochotonae Akhtar 1947
o . : o . a i Tooe fﬁ
- - R R -

1,: NOtes\on Synonxmyﬂ

-Hobbsf(in preés) showed that the name c. vakhanzca
B~ -
Erhardova Kotrla and Dan1e] 1970 1s a Jun1or bynonym of

cC. oahotonae,vand that c. fcoZéarzs Akhtar 1958.-is a junidrt

synonymﬂdf,c. coZoradenszs g

-



2. Notes on D1agnd§1s._. ;'- .

W1th1n Group 1, members of:cC. aZaskeﬁéésLand-c 'andréf o

-.

Jevl are so s1m11ar to ‘one. another that they may- be con--~
' spec1f1c The ma1es d1ffered s]1ght1y in measurements of

:tatlgfength, pos1t1on of the nerve r1ng, and depth of’ the f

"~bucoai cavﬁty, 'It-was 1mposs1b1e to compare fema]es of

“these speejes, since the North Amer1can co11ect1ons were "

from m1xed ivnf"'ectflions ’Qf. c. aZaskenS'Ls and C _colno,radjen‘szs,j“
.d'the'femaies'of‘nhichrwére.ind1st1ngu1shab1e ; ATthoddh’;-
tsc. andregevz and. c aiaskehsis are Very éﬂgse morpho]og1c— é,‘
'4a11y, kscons1der it safer at the present time - to regard them?

‘ S
as separate spec1es - Less c]osely re]ated 15'55 hashmt

A s1m11ar s1tuat1on ex1sts w1th C. ochotonae and
f. coZoradenszs in Group 2. | Ma]es of the 1att;r spec1es
Afﬁd1ffer on1y 1n bpdy 1ength and w1dth from ma]es of c. ocho#:es
ﬁtonae Fema]es%pf C ochotonae possess a vulval f]ap,, B
whereas no North Amer1can spec1mens had one Members/of‘v
t'chabaudz are eas11y d1st1ngu1shab1e from those of the

o Lo

'f;other two spec1es in th1s group

Host Records _and. Geograph1c D1str1but1on

In the Nearct1o, Group 1 is represented by C. .aiaekeﬁfg
sis,-spec1mens of wh1ch have been co]]ected from 0. princeps’
tspee1mens in A]berta and Co1orado (Hobbs 1oc gl_;),]and;
>Afroh 0. ooZZarts spec1mens in A]aska (Akhtar, 1958 - type;

1area)‘and thngukon (Hobbs 1pcff_ it.)) Groupaé Bs- repreQ'A

_sentédjin,the Nearctic by:c. coioradensie, specimens offwhich_'

- o
?
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havé been co]]ected from spec1mens of 0 prznceps 1n7

uCo1orado (01sen, 1949 type area, Le1by, 1961a J%obbs

‘1oe; cit: ),. Utah (Warnock 1962 Grundmann and Lombard1,°

.

-'197egt Ca11f0rn1a (Severa1d 1955 Voge, 1956) Nevada

19

(G%;ndmann”and;Lombardt, 1956), Montana (Barrett and WOrley,
%:),‘Ldaha’(seesee,31§735 and A]berta (Hobbs ioc. t s
and'fhon;O coZZa;:;\epec1mens 1n the Yukon (Hobbs 1oc c1t )

and. Alaska (Akhtar, 1958) Some of these reports may not

be ent1re1y accurate however, s1nce I found spec1mens of e

eé:‘alaskenszs to be more common than C coZoradenst in a]T_‘
' 10cat1ons stud]ed .even sqme of the syntypes for c. fcolor— |

?adensas were C aZaskenszs (Hobbs 1oc c1t ).

-

D1str1but1on of Pa]aearct1c species of Cephazurzs-fs'“

_,presented in. Tab]e 4
) , )

o

Eugenuris Shu1'ts-194875xl B g
5 Eugenurms Shu] ts 1948 ]7'3. TYPE SPECIE?S\ - E schumc"

;vatscha Shu]'ts 1948 (by monotypy) - Akhtar 1956ba@137

. Barus et al. 1972:14. Skryabin et al. 1950.‘259 1967: 193;1;3-
; oo ;Grundmann ‘and Lomba;ET\$g;_; 45. o - B -
- | Dermatoxys Dub1n1n and Dub1n1na 1951 1]3,‘(nbt' ,
AJSchne1der 1866) . Tokobaev 1960: 240, Erhardoga-Kotrlafanda]
~ Daniel 1970: 208. e I
, 'Pika"eur“;s 'Ahhtar 1>95.3"". TYPE SPECIES - P, .ptkaeurts
.Akhtar 1953 (by abso]ute tautonomy and monotypy) 4Akhtam
‘1956b' 133 ~ Yamaguti 1961 550 Skryab1n et al. Tésd: 23a;
1967+ 198 U | R R
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\ Labiostomun Inglis 1959: 186 (not Akhtar, 1941). |

. . e " ) o o TR .* EE - ., . . - °

Motes on anonymy |

; A1though members of Eugenurts share w1th those of
“fDermatoxys a pre c1oaca1 comb the two groups are read11y
.;d1st1ngu1shed by d1fferences in structure of the anter1orffjd
”end (mouth number and shape of 11ps) (Barus et a] o 1972)

d A]so the pre c]oaca1 comb of the two groups 1s d]fferent
"deta11 .and furthermore the comb of Eugenurts 1s more T1ke

r thatfof.the other p1ka p1nworms (Labtostomum, CephaZurts andl
rfpast%giuria-aabaev, 1966)' than 1Tk thit of Dermatoxys -
:The»ventra1tridge 1n p1ka p1nworms 1s a narrow, 3atera11y':\
'”'compressed ridge; wh14e in members of Dermatoxys found 1n"ﬁ
other groups oY 1agomorphs, the r1dge 1s a 11ne of trans— B
'»verse teeth Thus, Eugenurts and Dermatoxys are not con-fh;;?jf
Aigener1c o ;?d :r;-l 2'4‘;‘. d. n, '“'ljo.'..:;tl; _f.cf
. ‘ Akh}ar 1956b) reported that membersrof "P. ptkae;rte-i":-”
'Akhtar 1953 d1ffered on1y 5119Q}1y from member% of E. o

”Vschumakovttschz, and that these»two spec1es were congener1c 3o°:'

: Thus the name P%kaeurls ]S a Jun1or sub3ect1ve synonym of

.Eugenurts, Yamagut1 (1961) and Skryab1 et al (1960 19§7)
"knot w1thstand1ng | ‘ , ’
A]though members of Eugenurts d1ffer from those ‘of

>

Labzastomum in cepha11c structure (Barus et al. ‘s 1972), the o
1 4

’two groups were conSIdered to be: congener1c by Ing]is (1959),
who had: not seen spec1mens of Eugenurts.— Ev1dent1y, he

thought the d1fferences were artefacts of f1xation In add1a?n

&
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. . '\_ . o
R tion to d1fferences 1n cepha]1c structures, fema1es of
.Labzostohem have a constr1ct1on Justaanter1or to the tlp
of the ta11 whereas fema]es of Eugenurzs have a gradual]y
.tapered ta11 Hence, these two groups of spec1es are a

‘jc1ear1y d1st1hct

i
/

The Spec1es

v

Th1s genus 1nc1udes f1ve forma11y named species and
a fifth, des1gnated here as Eugenurzs spec1es A The_-7"'
:Nearct1c redresentat1ves are d1st1ngu1shed from one another

'i1n the fo]1ow1ng key

. e L. : . Se

Key to the Nearct1c Spec1es of Eugenurts Shu] ts‘

1A. IEggs operculated at each pole; . two
uteri empty separate]y dnto oveaector
o, anter1ad to vulva =~ aca i o
B T A utahenezs Grundmann and Lombardf ]976

1B Eggs opercu]ated at one. pole° s1ng]e:

"~ . uterus formed by fusion of two uteri.
;. posteriad to anus empties into the . . o N
oveJector at the Tevel of the vulva --<<-2c--- . (2)

‘2AL';C1oaca] pap111ae of ma]es as follows:
: large- "b", .small "d", “"g" broad-or
absént. (Figure 3a);. bucca] cavity
depth in females 62 micrometres, in ‘ :
ma]es 51 '~.‘ ' E, talkeetnaeurzs Akhtar 1956
2B. Cloacal: pap111ae as’ fo]]ows sma1] ' . .,
S "b", large "d", compact "g" (Figure . - = .
~3b); buccal cavity ‘depth’in females. ' - S
%55, 1n ma]es 44 - ool R, species ‘A

K Palaearctwc Spec1es of Eugenurzs Shu]'ts.

.E, shumakovttschz ShuT ts 1948

iE..haszkt (Erhardova Kotr]a and Dan1e1 i970) O
: ' new comb1nat10n T _ :



Figure 3.

[ 7 &
Véntral‘view of the-c]bacal”regidn of
a) Eugenurzs SpeC'leS A .and,""
Ab) -E‘ taZkeetnaeur‘Ls. ' Pap'l]]ae ar‘e
'_1abe11ed a- h for compar1son .
{ N g
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g [ prkadurie (Akhtar, 1953) Akhtar 1956, .

3.  Nétes.on. D1agnos1s

st -
[

Although the morpho]og1ca1 d1fferenCes are s11ght,
hesitate to include E species A as a synonym of E. taZkeet-
%aeurzs beca%;e specimens of E. species K ane usua]]y of. )
.smaller size (Tab]es 5 ‘and 6), and they appear ‘to use
: dffferent ecological.niches within the host (see. Chapter
ovir D). ' ' B »' o |
. Seesee (1973) c1a1ms that spec1mens -of E ‘sbecies A
"(wh1ch he places in Dermatoxys) d1ffer from. those of E.
taZkeetnaeurzs lh hav1ng vert1ca1 sharp pointed. tooth ]1ke
‘prOJect1ons on the med1a1 s1de of the 11ps, and also, 1n hav—_
ing smaller eggs. The tooth character1st1c varies. oetween |
-.sexesi(Figure 4) but is not d1agnost1c of the two spec1es
dnSeesee did not specify the .sex of the spec1men(s) he - used’

to descr1be this, 'and it is. not poss1b1e to»determ1ne the.H
sex from his draw1ngs, because the tooth structures 1n both
sexes are more comp]ex than he has shown D1fferenpesnin '
egg 1engths and w1dths are s1gn1f1cant as 1hd%cated'by |
Student_§ t-tests (p < 0 05, and p < 0. 001 respect1ve1y, |
df = 38) . ’ans were not as. w1de1y d1vergént as Seesee
reported (see Tab]es 5 aqp 6, Append1x II) .j ‘ -
" Grundmann and»Lombard1 (1976) d1fferent1ated spec1mens
,o;f— E. utahensis from E. talkeetnaeurts by tooth structure,

,and the number and arrangement of gloacal pap111ae The

tooth character1st1c as ment1oned above, is not d1agnost1c
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. Figure 4. -En face aspect E)f a) férh’a]e‘;’_";and -b)vm_a]e
. v Eugenuris t’alkeétnaeuéis
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.of the spec1es AThe arrangement of ﬁhe c]oacab>pap111ae
Nshown in f1gdre 5 of" Grundmann and Lombar&1 (1976) o
351m11ar 'to that For spec1mens of t. ‘specnes A;‘except that
Lthe'fe and “f“-pap111ae a&% mfs1ntengreted as- the cloaca1 ia?ﬂf~l
7 ;open1ng, and a sma11 pap111a :% shgwn where the'c]eacajff' ' y

e

The d1§t1ngu1sh1ng character1st1cs 1 have used in the
-,ley'(eggs and uterus), are open to quest1on,'as these struc-.
tures are otherw1se known as stab]e characters for a]] ¢he

o’

‘fp1nworms of p1kas Regard1ng the egg character, Yamagut17.w
'_(1961“ 545) (apparent1y due to an error in trans]at1on)
'.stated that eggs of E. schumakovttschz Shu] ts 1948 are
;'Opercu1ated at each po1e 1nstead of at one po]e - Eggs of

a]1 other p1ka p1nworms are opercu]ated at one po]e, and-

.are dv9t1ngu1shab1e on]y bx s1ze S1m11ar1y, the structurei':
.tof the uterus in p1ka p1nworms w1th the so]e except1on of
Eﬁ_utahens,u.1s as descr1bed in the key above for. members of

T E spec1es A. - The Uterus Joop in- f1gure 4 .of. Grundmann and

Lombardi (1976) may be a. m1swnterpretat1on of the g]andu]ar

"‘structure wh1ch enc1r@1es the ovegector in qther;p1ka p)n—n e
«?\ f" Akhtar'(1956b) cOnstructed a key to d1st1ngu1sh among.

”1the three specmes of Eugpnurte known at that t1me However,

<,
Trman

fthe character1st1cs he used were’ not d1agnost1c specimens*

- of both E schwnakovztschz and E z‘atkeetnaeurts have 1nderh1"te‘d_ :
3

11ps in, the sense. of Shu1 ts (1948), -and the supposed differ- -

ences 1n Tip ad&:}ooth structure between spec1mens of. the ' -]“hﬁﬁ?“

“:



’C\J

1att r spec1es and those /t E. ptkaeurts are 111usory
¥ /°

Erhardova Kotrla /and Dan1e1 (1970)° attempted to d1ffer—

: &
entlate among the spéé1es on the basis of the oral” struc—'

tures, but the1r/gtatements are in part 1ncorrect and 1n

part contrad1ctory They a]so 1nd1cate that members of

g

»E havltkz possess on]y three 11ps and if so, th1s spec1es

._probab1y be]ongs in another genus. However the ora1 struc-

,res were probably m1s 1nterpreted because otherw1se the

..character1st1cs .of E. haszkt fit -those of rugenurts.

3 are Very s1m11§¢ to both Amer1can spec1es dn oral structures

SRS

these swm1]ar1t1es

or: E ptkqeurus

'mthe Pa]aearct1c spec1es L

'Y

In conc]us1on, the Nearct1c spec1es E taZkeetnaeuris
seems’ to be c]ear1y d1st1ngu1shed from E utahenszs and E
spec1es A but members 0f- the latter two. spec1es may be

conspec1f1c The Pa]aearct1c spec1es ‘are not we]] under— -

'.stood' Spec1mens of E. echumakovttschl (two ser1es - @ne

-

-co]]ected from 0. ruttla 7n Kazakhstan by E.V. Gvozdev, the77'

¥nther from 0 hyperborea yesoenszs, c011ected by F C. Zw1cke1)

.“) .

2.7

f;he'Kazakhs _ser1es are more s1m11ar ‘to those of.

E. taZkeetnaeurts spec1men% than E. spec1es A (Tab]e 5)

"More work needg to be?done to’ deggrm1ne the s1gn1f1cance of

" s L : o

, S1nce I have not seen spec1m£ns of e1ther E. hauszt

hh 4 deta11s of the oral structures and

‘;4.?‘3‘

hé]oaca1 pap111ae are 1ack1ng from the descr1pt10ns, I cannot

determ1ne the1r re]at1onsh1ps to one another or to the other

spec1es C]ear]y add1t1ona1 work quhequ1redsto e]uc1date

e
Yy »

@



, ._, . . . %‘ . ' . ‘, N . b /« o .
4.-. Host Records and Geograph?ca] D1str1but1qn . b

v o

In the Nearct1c, members of E. taZkeetnaeurtu are

_known from spec1mens of 0 coZZarzs in ATaska (Akhtar,
]

51956b - type area) -and the Yukon Terrmtory (;h1s study)
Spec1mens of Euqenuris spec1es A are known from 0 przncepq

:f‘spec1mens in A]berta (th1s study) and Idaho (Seesee, 1973)

Loa

e"Members of E. utahenszs are known fnom 0. przneeps spec1mens
~ in-Utah and“Nevada (Grundmann a%d Lombard1, 1976) EugenurLs
'Sbecies are known from 0 prznceps spec1mens from Oregon w7‘

(koest' 1953) and Ca11forn1a (Voge, 1956) ’o

G

D1str1but1ona1 data for the Pa1aearct1c spec1es are

presented in Tab]e 7

- e, f’-h_‘

,Labzostomum Akhtar 1941 "A' H 4

L. U . ,q

éﬁAkhtar 1941 (by monotypy) ‘!o
F1ve spec1es are 1nc1uded 1n tm1s genus, two 1n the

Nearct1c, and three “in.the: Pa1aearct1c ‘Thevf011ow1ng key,.

<
T

a

;_d1st1ngu1shes among them

0

‘Key to the Spec1es of Labzosﬁvmum Akhtar
CTAL Pap111a 1mmed1ate1y poster1or to m]oaca
7 in males ("e"), quadruple ;rf?---w .....

—-._—_-.L-—_-——'———-——-.---——_——-

1B, "e" pap111a not quadnyp1e, usua]ly
.. .. ~doubTle : Bl -
2R. Cepha]wé\bu1b d1amé§gr greater than :
250 micrometres in females', andsgreater
e, et than <2000 in mgytles; Palaearctic distri-- ' .
: a . - 'bUt]Oﬂ ————— '--—:-‘—--f—~v----—»—-—r—~‘r——-—.-;~;""f-‘ (3)

o,

| LaBios tomum Akhtar, 1941:-217. . TYPE SPECIES:- L. naimi '

‘”ﬁ ‘ ?; d'vi _ ;)’[[_
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. L.- coLoradenSts I have seen from the same host spec1es, c

28, VCepha11c bulb diameter 1ess than 250 (3

. . micrometres in femalés, and less thah o
Ly 200 dn ma]es,.Nearct1t d1str1but1on ------f--f”(4)

3A. 11 pairs of cloacal papiliae in .. , S,
I R s L. nhimi Akhtar 1947 -

38. 6 pa1rs of c1oaca1 map111ae.fe~;-——-=' S
o g-j--i-f—-———; ------- - L ves teularto Gvozdev,]956‘

4A.  Inner head diameter 1gss than 93 .. o
'.m1crometres in femalef -and less . than.
75 in malws (Figure( la); distance
© from cloacal vent" to/tip ‘of ta11 in
males less than 550 micrometres. «---- :
b L T 7-,L. coZoradenszs Le1by ]961'_

¢+ 4B. thner head d1ameter griater than 93
. micrometres din-females+) and. greater:
- than 75 in: males; distance from - =~ = .
. cloacal vent to tail tip in males ‘
greater thah 550 m1Crometres et ‘ B
'_-—-—f-—--—---—7--~ --------- L. rauscht Akhtar 1956 -

'ﬁ.auNotes'ow Diagnosis ld“ ‘i"ujﬁ ii{:rrﬁy .

‘ Members of the’ Nearct1c spec1es were d1fferent1ated by 2
: p. ; .\v«-,. .‘ s
Le1by (]961b) accord1ng to s1ze Ma1es @¥ L eoZoradansdil'

: Were sma11er than ma]es of [ rauscht : However, males of

L\l." )
se

w}
Y

to the type 1oca11ty,' were about three t1mes the ]ength o
?those in the type series. (Tab]e 9, and Append1x III); the_'

'1atter spec1mens were apparently 1mmature 0 Another char-"

acter Le1by used was‘"d1fferent arrangement of - the ventra] o

-crests" I am - not SUre what th1s means, but the r]dge

4

:extends c]dser to the c1oaca1 vent in spec1mens of L cazér;a
adensms than 1n L. rauBChL specimens (ana&ys1s of covar1ance.~
p < 0.005 for both regress1on on body 1ength and d1fference la

nof means) R f. e



~: Figure 5.
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. diameter,.HD -:head diameter). .
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3 SeeSee (1973) gaVe’! br and 1ncomp1ete descr1ption_

o
d’r

- of spec1mens belonging to Lab%o&tomum. from 0. prtn0epb in.

Idaho, wh1ch he c1aJmeJ d1ffered from members of L. colore...

»

ttadensin by the greater body 1ength 1n ma1es, the tooth struc-.

’

Y

ture, and the presence of ’ a sp1cu1e in males. As mentioned'
above, I cons1der that the males Le1by measured were 1mmatureﬂ-‘
‘SO Seesee S flrst characterlst1g~Js 1nva11d Seesee d1d not

g1ve the s1ze of his specimens, except that they were 1onger

_than-TQ.mm, Spec1mens»of L coZoradensts that [ measured

o

faveraged 10. 6 mm . Regard1ng the second character, Seesee

c1a1med that Le1by had descr1bed spec1mens of L coloradenclt

L 9

w1th a tooth like prOJect1on at the very tip of éach, 11p

Le1by c]ear]y did not descr1be the teeth that way:

;L. coloradensis they [the tooth-11ke project10ns] extend

antero]atera]]y from the adJacent 51des of the. palred 11ps

B Seesee is- not exp11c1t about the tooth strdcture in h1s'

\ “;a
spec1mens, but h1s f1gure (f1gure 5 of Sgesee,,1973) may

feas11y be 1nterpreted to 111ustrate what Le1by de5cr1bed

F1na11y, it is. extreme1y un11ke1y that Seesee saw a sp1cu1e
“in h1s spec1mens “No other members of e1ther Labzostomum,
E’ugenurtslor‘ Cephtzlurto, a]] c1ose1y Y‘e'lated worms,' have a-
sp1cu1e,‘a1though some were or1g1na11y described as hav1ng

0"9-4 The cut1cu]ar 11n1gg of the rectum in some cases 1ooks

.11ke a sp1cu1e, and 1t 1s c1ear that Seesee has mis1nter—

preted th1s structure< Therefore,»th1s spec1es-is L. coZore

,adensu&w - o '. o , A o . &,

'Males of the Pa1aearctic'specﬁesit,.naimf are supposed



L.

to have more cloacal papillae (11 pairs accord1nq to

'Ak'hta'r, 1947), tha‘n"maIes of . coloradensis; but this may
' not be .50, because onIy six pawrs are ShOWn in Akhtar S

(194I)>ventra1 view (Akhtar~s f1gure 2a). MaIes of L. naimi

are also much’ shorter than the males of L.‘ﬂolnradenslb
.

" wh1ch I measured (TabTe 9 and Append1x III), but Akhtar

by \the meagre deveIopment o#mthe cauda] alae (figures 2a and’

”agizars “to have descr1bed 1mmature spec1mens as 1nd1cated

50

2b" of Akhtar) ‘ Accord1ng to Leiby (1961b) maIes of L. color-

adenstu have a shorter ventraI crest than ma]es of: L.'veei;
cuZaria.y Th1s character, however, is h1gh1y var1ab1e

Le1by (1961b) dffferent1ated L. coZoradenris.from

.Dl akhtarL by pos1t1on of the tooth Iike prOJections on the

Iips among spec1mens of the former spec1es, these Struc-.

tures project from the 'side of the I1p,.whereas in specimens
of the Iatter species they pnoaect_from the,m1d11ne. There:
s, a marked sex d1fference»nh thts‘character in specimens.of

L.,calorademste, not noted by Leiby, but it does apply.to’

-cboth sexés AHditidhaIIy, maIes of L. co7oraden81 have a.

-

doUbIe,'not a. qua@rup]e pap111a 1mmed1ate1y posterior to’f'

the cIoacaI vent.

o Akhtar_(1956b) used six tharacters to d1st1ngu1sh

between-sbecimengiof L. rauschi and_L, naimi . .Ihree of

A these are. va11d‘ spec1mens of L. rauschi have a smaIIer

cepha]ic bulb, Iarger eggs, and longer body size (TabIes 8.

and'Q;onpehd1x_III).‘ Another character (fewer c]oaca]

~papillae in males Of'L.-rduauht)amay_a1$0 be valid, but
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: : < . o ‘ B
Akhtar (1941) yAS 1ncdns1stent with his diagrams -of spec1mens
- of. L. naﬂml,yas mentioned abo‘e Two', characters are not . -
uSefu1' 1enqth of oesophaqus (corrg]ated with body size){
' and length of tai] in fema1es B
' ‘ Members of L. Paunﬁhm differ from those of L. pﬁpif -

0u7arb! and I :nk%rarﬁ'by characters shown~jn the key
Amonq the Palaearctic species, L.-naihi ma1es differ

‘from ma]es of the other specwes by: possessiOn of'11 paﬁrs

-of c1oaca1 pap111ae -As mentioned above, this may be in-
icorrect Other characters reported s d1agnos¢1c between
" specimens of L. namma_and L.'vebiculartb (absence of a
fSpigule,;strueturef%f the bucoa1 carfty. body ]ength in‘l,f?x

ma1es (Gvoidey,-19565 are. not useful Ma1es of L‘sdkﬁtart‘ .

are d1st1ngp1shed by possess1on of a quadrup1e med,11

-G
pap111a, Just poster1or to the c]oaca] vent (Ing11s, 1959)

LT N

2;' Hos.t . Records and Geograph1ch1 D1str1but10n'

"_ | Members of the Nearct1c L. coloradenaLn are"known fromf
0. prtnccp& in Colorado. (Le1by, 1961b - type area), Utah
_(WarnOCk 1962 GrUndmann and Lombard1, 1976);'NeVada
(Grundmann and Lombard1, 1976), Montana (Barrett and NorTey; ~
1970), Idaho (Seesee, 4973), and A]berta (this study)

Members of L. ranachz are- known from O collaris forom A1aska
f<a_.(A52£ar, 1956b - type area) and Yukon Terr1tory (this-study).

Ao
’ D1str1but10na1 data for the Pa]aearctic species are

. . : . - ’ «
presented in Tab}e 0. T S , s
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a_.' ‘b_”"¥‘[ {“ ) D‘CHAfjffz VI . .
v ‘.f \‘pq, o ““I ‘“1 ’ ‘I ) ’ i . ‘ Y . ‘C : . .
. ECO[POGY:"GROUPS OF HOSTS . ' \ '
i w ‘v ‘ . ‘ ' ’ ) . ) & . ‘. N
, o " ) o } . , v . ‘ ‘ ‘ . Ve

In"this.chabten? I.conSidgntthe dynadies of popule-a

tions and commun1t1es pf he&minths in groups of hosts. 1n

u *

’order to ascerta1n Ehe effects of extrins1c mod1fy1ng factors.

o | y
: : : u »“ z o . R : o
A. yAnalyt1ca1 Methods &5 PR : ‘ ‘;
. Var1ous measures are used to compare ‘helminth popu]a-

t1ons and commun1ties of- d1Fferent grodps of hosts " These

R “ PR3 LT
are:“ P S ' e .

[ . - )" °. . - ‘ "L . - ) ) \ R
1. The abundance 1ndex (7). (Janion; 1968) .t "It fis. 7
"calmnaéedas ,"-'-=f' . RS _ '
‘ : o ” ‘ o ¢ “
u RUT ‘
un. z.‘u - :7
. u ) .

a ='the total number of 1nd1vidua1${of
: vhe1m1nth spec1esa1 5 .

"&b,=-the number of hosts infected‘uith
L specaes i, oW ) .

4

¢ = the number of host; exam1ned

Ihgs 1ndex‘1s used 1n graph1ca] representat1ons of
he1m1nth abundances, because 1t 1ncorporates both
;7;'1 ?;{,: preva]enCe and 1ntens1ty ; S1nce”on1y one ‘value of

0.

Z ex?sts for a,groupvof hosts,~1t 1s,nqt amenab]em'ﬁ



»o <a . el ‘ . .‘ .
o - ~ L p 2 56
’ ‘to stat1st1ca1 ana1ys1s " f‘/iy" .
2T7 A 1ogan1thm1c tnansformat1on of 1ntens1ty of
gnfect1on | | : ‘ »

s

L aTagy Ny _ (\q |

" where N, s the number of ]nd1v1dua1s of © specgég'V

» : . . £

~in an 1nd1v1dua1 host It 1s used in the stat1st1-

~ . . . 5 pe

cal compar1sons of abundance ' Uninfected hosts are

'771nc1uded 1n the analyses un1ess otherw1se 1nd1cated

B

_:13.} The 1mportance va]ue (hij (Bush 1973) . }s caT— ,/

ulated as: ;"‘ ,‘:',‘:,i'.‘ : ;_' o ':. : ‘xgj

2 ./’

M,H
3

% G
.

.*g LT

" ‘where D.-fé thefpércent 1mportance of spec1es {; N

PRSI

-'.' P ,andlz is the‘abundance andex for Spec1es ﬁ,lin>a
=*5;;' , : ;commun1ty of S. spec1es T '
4. Spee?bs r1chness k§), the number of spec1es in the .

KR

—— . . AL

1t s Lalculated as

= The Shannon Weaver (1940) {nﬂek,hfddiversity-(Hl);h

T
ey



- ‘where p; s the proport1on of the commun1ty of S
el a .
' »spec1es‘represented by spec1es 1, and In 1s the

'1ogar1thm of basg e. H' is 1nf1uenced by changes

53]

- )

nd re]at1ve abundgmse (equ1tab111ty)

. _' 6. 'qu)tabj1mty.(d' dee;ou, 1969).. It 1s ca]culated

as: - e

/. o "Whe%e"Hﬁ‘fé~the£Shanﬂoh:Weaver di?ersity ihdex,‘and

e s e T
max L

'(}é?SL, to include fa]} 1nd1v1duals of a. s1ng]e paras1te

Speefes“Withih ah ihdfyidwal host. Y Esch et al. (JQ?S).used

suprapopu]atlon“ td'ino]&de ”a]ﬂ‘para51tes of a given spec1es§;

. / s .
h1n a11;stages of- deve]opnent~ w1th1n a11 hosts of an eco—

_system " Since the boun ariés of an ecosystem are usua]]y N
. #//f«\ ) ,

nebu]ous, a: suprapopu]atwon in the above sense s d1ff1cu1t
to def1ne Thus, I havé taken the 11bert¥ of redef1n1ng the
‘term for the purposes Jf thiS study, to 1nc1ude the memyers
of a given spec1es of hementh within 3 g1ven group of hostsg
hAddﬂt1ona11y,‘I have eXtended these categaories to the commu—
nity 1eQe1i such, that nnd1v1duals of a11~he1m1nth<speCtes
Wfthin an 1nd1v1dua1 host compr1se an- 1hfracommun1ty, and'
_1nd1v1dua1s of a11 he1m1nth spec1es w1th1n a g1ven group of

n‘ r
. ‘,,\r‘/'

. -

iy

fI uée “infrapopu]at1on in"the'same sense as Esch et al:

Wi



.o

. -
hosts. comprwse a supracommun1ty s
Stat1st1ca1 ana]yses were performed on«groups of”f» S

1nfracommun1ty d1vers1t1es, and 1nfrapopu1at1on abundanceSﬂ

Either»onefway‘iStee1 and Torr1e,,1960: p. 112)'or two - way"-’

(Steel and Torrie, 1960: ’p. 269) ah.-w-i_ldf varidnce (ANOVA)'
 were carr1ed out. In the former caydlﬁ‘f a s1gn1frcant

(p < 0.05) F va]ue for treatments obtanned,‘means were

d1fferent1ated by a Duncan s" Mu1t1p1e Range Test (Stée] ahd
: TOFP]E,'1960 .p- 107) The me thod used to d1fferent1ate

means in- a two -way ANOVA was that in Steel and’ Torr1e (1960: -

Cpe 2710 e e

;_Intens1ty frequency d1str1but1ons of he1m1nths were.\
cdmpared “with Po1sson frequency tables (Beyer, 1968) and
.negat1ve b1nom1a1 d1str1but1ons, the component k of wh1ch
wado fitted: by an 1terat1ve method ofET%ss and F1sher (1953).
Stat1st1ca1 compar1son of these d]%tr1but1ons was by Ch1-
square tests (Stee1 and TorrLe, l960 - '3449)..

The two species of Cevhalurvs were poo]ed fo%hthe

ana1yses, because fema?es were 1nd1st1ngu1shab1e from eachv

o

“other (p. 30). o~ . =%

L
"B Genera1zDescr1pt1on

Cons1dér1ng the he1m1nths of all samp]ed indfviduads.

of a host spec1ES to represe#t a. supracommun1ty, the two such
commun1t1es ar! remarkab1y s1m11aw in d1vers1ty ( able 11)
:The 0~hotona prqncepe (= A]berta) supracommun1ty has greater

'spec?es r1chne#s and this raises the d1vers1ty, but equ1t—

e
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. ' u L ' ‘
ab111ty is, a1most 1dent1ca1 to that of the supracommun1ty

1n 0. cozz rts (= Yukon) when means o? d1vers1ty va]ues‘
. for 1nfra%ommun1t1es are cons1dened for . the two host - spec1es,
‘_:,bohly %pe£1es r1chness 1s sign1f1cant1y d1fferent between-
fugroups See SdFt1on D for a more comp1ete d1scuss1on
- ’ In contradt to the above f1nd:ngs, spec1es comp051t1on
of.the two supracommun1t1es 1s quite d1fferent (Tab]e 12) A
| The 0. prtnceps supracommunxty s dom1nated by Murtelus
harpesptculue;-wh1ch 1s not present in the 0. }coZZarzs supra—
Bush (1973) proposed a scheme*of dom1nance, based on
"h{s 1mportance 1ndex,t1n wh?ﬁE&he]minths are catego‘1zed “in
a. decreas1ng scale. as dom1n5nts,.co dom1nants, successfu1
1ﬁm1grants and unsuccessful 1mm1grants Spec1es with D.
»va]ues greater than or equa1 to 1.0, he ca]]ed dom1nants,
those w1th 0 01 .< D, u< 1 0 co dominants He suggested that

: wh11e dom1nants are, chanacter1st1c of the commun1ty, co-

E
©

dom1nants may do well 1n ‘other hab1tats Accord1ng to this
hypothe51s, all he1m1nth spec1es din p1kas shou]d be dom1n-'
. ants, because none’ are known to surv1ve 1n other’ habitats
(% other"s;mpatr1c host spec1es) even as. unsuccessfu1 1mmif“
rgrants | My data support his hypothes1s even the 1east

abundant SDEC'leS Labzosi:omum rauscht and E coZoradensas are

c1ass1f1ed as dom1nants‘(Tab1e r2). er

The abundance 1nd;‘ and va1ues of mean ‘intensity - yg

revea] noth1ng of the way in wh1ch the he1m1nths are dis--
tr1buted amongst host Lnd1v1dua1s. Many workers.have found

)

commun1ty, Fephalurts sppt,dom1nate the ]at{er supracommun1ty, _
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that he1m1nths are usua]]y c]umped sech'that e sﬁall'pro-"
port1on of hosts carry the greater part of the he1m1nth
Qgpu]at1on (Lm-and Hsu, 1951 Northam and Rocha, 1958;
Frwd and clark, 1962 Bradle 1965; Th?ma.s, 19657 |
&Bt’éﬂewska, 1970b Crofton,®1a“; 1971b-- Pennycuik, '19771'-
.“Bush ‘1973 Anderso ' L974) Lntens1ty frequency d1str1bu-
‘twons of 411 ‘helminth spec1es, except LabLoatomum rauschi ﬂ.t,
>1n 0. COZZarlx, show a good f1t to the. negat1ve b1nom1a1 _
‘efd1str1but1on, ahd a11 show a efor £it to the Po1sson gTablebv,'
13, see F1gure 6_f0r an examp1e).' Thus, 1nd1v1dua1 he1m1nthe"{
:are over- d1spersed br c]Umbee | T ’ : .
| Factors respons1b1e for c1ump1ng may be
(1) seasona]1ty in abundance,
"v'(iiy vres1stance or'spec1f1c1ty, Felated ecihcetlage,a
'(i%i).ffesisfance or specﬁficify; ré]hféd;co hos t se#(
(iv) TeCationél differences 3n‘abﬁndaece,, ‘ )

t

(v) . c1ump1ng of .infective stages

‘](vi) 1nterspec1f1c 1nteract1ons A

Each ofuthe first five of these causes w111 be\diécdssed'ih

the rema1nder of this chapter.‘énd the.sixtﬁ cause in the ¥/
. A . "_0.

.Chapter VII

C. Season and Sék

o

No s1gn1f1cant changes;;n d1vers1ty due to ‘season
adgusted for sex were foumd for enther the 0. prmnaegazor.

0;’cuzLamze.suprecommun1t1es. However; té’hﬁ were sex e

+ differences fqr both supracommunities, im species richness,

D e
e '“.'._ .‘ . . :"({e:: e'.\
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Figure 6. Intensity frequency distribution of
' ‘[z'u(]c»?nuris- taZ-koe.ﬁrzAaeuris‘ in adult . Ochbténc;
<oZZarls, compared w1th expected Poisson

?and negat1ve b1nom1a1 dﬂstr1but1ons

..

-
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and ShannqneWeaver‘diversity'(F1gure 7). Females of

" 0. princeps have cdnsistentTy mone.d1verse>he1m1nth communi-

ties than maTes;.Spegieg n1chnesa was also N1gher,eXCépt_
for one sample. The pattern_fer~0; ooiZariu.helmtnth_
communities js.much-more éomp1ex.' Trendélseen in specie§
nichness'are ref]edted tn the diyersity 1ndex. Values for
helmdnths 1n”fema1e:hosts f1uctuate'h0re.than for those in
ma1es; but. th1s may: be due to the lower samp]e sizes of
ffema1es ‘ 4 L . S )
| _ Each helminth spec1es is. now considered separately;
(Figure 8} On]y one species group (a pa1r of ; spec1es)
referred to &s Caphalurte Spp.. in,a.‘przncepa/showed any
’_s1gn1ffcant seasonal trend' and on1y one sanpge, theifiret
‘caused th1s d1fference (Figure: 8d) A]though Ce phalurtu sppf
was the on1y one to show a statist1ca11y significant sea-
sona1 trend a]] nematode spec1es 1na0 pr?ﬂcepv were ]ow in
abundance at the first’ co]]ection period Thus. there. is .
probab1y a reduced exposure to 1nfect1ve stages 1ate in tne‘
~ winter. Data from seven p1kas co]]etted 1n mid- Ndvember,i
not.inc1uded 1n the analys1s show that mean 1ntens1t1es of
p1nworms are quite high at that t1me (Tab1e 14) Further-
moreL the p1ka captured on 21st December was heav11y
_ﬁnfected, whereas the pika co1lected on 3rd Apr11 had few_
pinworms (Table 14)3 It is not worthwh11e at the present
't;me to speculate-on the'wate of‘acguisitjonwof~new.dnfec-
tidnsldurinu wjnter..as.TdngeVities of worms aredunknOWn for

all species.’
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Figure'7}

Ochotona collar{ygs |
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‘Meqn‘number oflspéﬁiés, ahd”analysis of{. |
‘varfance for 1nfrhcohmdn1t1esdf.HE]m1nths‘
’th adujtlpﬂkas;-at'different coT]égfion;

_pgriods. Median collection dafes,for.ééch"
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period and‘saMp1e sfzes'(male hostsj‘fema1e‘“ o

hosts) are asvfollpys
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‘ p1kas at d1fferent col]ect1on periods
Medxan co]]ect1on dates and samp]e s1zes
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*TWo speoies in 0.

A

in o, pI'an(’pb commumties (Graphbcllﬂlla oc'hotonao. Muru?m

‘: <

[ ™ ;

harpeep?cy?éuc and Cephalum,e spp= ) were signif'lcant]y
different (two -way anaTys1s of var1ance) in abundance |
between host- sex groupﬁng, when adJusted for season
(F1gure 8)., . = - "._

‘ n 0 prtncepa, the*two trichostrongy?oids (G. ocho-
‘gonae and M. harpeapzcuLue) show Simﬂar‘ patt&ns* such that
popu]atqus reach a peak ear]ier in ma]es than 1n females _
‘($W%ure 8a) Fema]e plkas did not maintain high popu]at1onsw
of he1m1nths unt11 after the breed1ng season. This’ 1sk '
oppos1te to the case w1th two trichostrohgy]oids, thc:E‘
.;LI’()NJJ[MS u.tortz’zn mmtn and Graphidium gxtrzgouum.’ 1n)¥;bbg§,s

(Opya to!aJu cuntculu&) in Australia 1nvestigated by Dunsmore'

(1966a, 1966b) and Dunsmore and Dudzynski (1968) -and withv

7. r<tor!acjorm18 in wild rabb1ﬂ§#1n New Zea]and (Bull A .

']964) Dunsmore (19664, 1971) showed exper1menta11y that

the increase 1n worm burdens in females dur1ng the breed1ng

"raSOn were due to host hormones 1nc1ud1ng ACTH and prob-

'ab]yvoestrogen He postu]ated that either the 1mmunologica]

threshold var1es with d1fferent hormona] states, or hormones

~change the m1crohab1tat of the gut Transmission @b young -

-

‘hosts is made max1mwm becaUSe the highest 1eve1s, and hence

the h1ghest product1on of - 1nfect1ve stages, are atta1ned

;1n females at the per1od of greatest contact with young.

J .
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One would expect this to be true for pikas too That

ﬁt 1s not S0 cou1d result from fema]es being unddﬁlnore

stress after %he breed1ng period than during it. At the -

‘end of the breed1ng per1od they must compete with ma1es far

-terr1tory and beg1n co11ect1ng hay. Ma1es on the other hand,

s ’W1th‘fema1es,(5harp, 973) Tappe‘\;1973) found that whereas .
' Q 5
;the1r %&rst year,g@?ny ma\@e dtd’not do S0 unti] the fo]]ow-

get an ear11er start w1th hay cb11ect1ng (Sharp, 1973)

Perhaps the greatest stress for ma]es is during the breed1ng .

ise?sdﬁrwhen they defend 1arger terr1tor1hs, ;hich they shareﬂ

K

t fema]e yoUng of the year dispe ed. in the autumn of

%

'1ng spring! Spring then, may be a particu]ar]y stressfu1

'period for young males,'and it may be these 1nd1v1duals giﬁ.j

4

- which are carry1ng most of the 1arge popu]atioa,of tricho-

strongy1oids However, pre11m1nary data of Samuel, (1970)

..do not. conf1rm th1s, ‘prevalenceyin one- year old p1kas was,no

,h1gher than that in older. p1kas

L d
*

]

“Amount of fat storade is an 1ndex'of condition.

‘M111ar (1971) weighed 1nterscapu1ar, card1ac, and sp]enic

M E

f b# and expressed the total as an’ 1ndex of fat sca]ed_

for bo y we1ght ﬁccording to this 1ndex, females are in

’ the1rqpoorest cond1tion from- Ju]y to early August and best

»fvtimay and ear]y June. Ma1es are poorest 1n May and June,

1mprove in Uu]y ahd August Low. fat 1ndex corresponds

we11 with h1gh trichostrongy]o1d 1eve15 for. both sexes.

Dunsmore (1972) suggests that burdens of o. Btrtgoaum‘r" 

Cine rabb1ts increase w1th 1ncrease 1n density of host popu]a-,

&,

' ‘\‘ ’
a
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0

&F g sgﬁp p.

, cond1tion of the host . qmﬁ@%y

.bree?1ng season.

:78‘

tion and decrease in Tiving space, both of”whtch are.

" stressors (Myers{gg al., 1971). Although the same trendé .

- existed for 7. wutonﬁuufuwmiu,'there,were no significant
e ; . b

density or épace effects.
' In conclusion, the two trﬁchostnongy101ds in o0 privecpn
show similar sex differences 1nvthe1r.seasona1 patterns of
# ’ ; :

1nfect1on 1eve1s In contrast to studies on trichostrengyloid

popu]at1on cycTes 1n feral rahbifs. which 1nd1ca£e the influ-

ence of . reproduct1ve hormo&ﬁ% ﬁhis‘study 1mp11es that popula-

t1ons of tr1chostrongy1o1ds 1n ﬁ#kas 1ncrease due to poor'
\

. o
#

On1y one WUWE*}&'“S pe’é1 es group m () pr'( necpe s e phu lu rig
e _
ttﬂwas q1gn1f1cant1y d1ff$geqt 1n abundance between host

-

sexes (Figure 8d). ma]eé-“&ﬁ§1stent1y had greater abund-

ances of v(pha/ur{u spp bhan*ﬁa1es 1 am unab]e to offer

an-eXplan%ﬁ’on ﬁor'thi§ the“same spec1es pair in 0. «u@fariu

R

had 1dent1ca1 popu1at1@ns tn males and fema1es Dunsmore~

*

(196Qt) found the p1nworm /at:a/uxin ambrjuuu at’ much hhgher-

levels in- femalefrabb1ts than ma]es.‘but on]y dur1ng the

C A L S
LA, -

In»’_(). ((>L/ar'74 » two "Speréies, 1” r(zzu(hz and &. talkeet-

hacuris exh1b1ted signifwcant d1fferences due to host sex,

adJusted for season (Figure 8b and 8c) _ Unfortunate]y,‘v
sample s1zes for co]]ection per1ods were low, particular]y .
for female hosts, and these may have b1ased the results |
No 1nterpretab1e ‘trends are obv1ous with these species, SO.

[ feel ‘that a greater samp1e size wou1d be necessary before

s ay
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drawing any conclusions.

0. Location

Helminth communities in adult pikds, from the three
¢ ! e . . ‘ A‘ ' o
collection sites in the Yukon and the three major sites in

~ Alberta, were compared with each omher.byvoneeway analysis

. A ' s '
.of variance. Shangﬁg—Weavgr diversity values (Figure 9) are

not Sjgntfjcantiy different between any pair of the collec-

tion sites‘" Species richness'howaver. is si niffcant]y

1ower 1n the Yukon commun1t1es compared with Alberta  communi-
Mo .

tids; and amonq the Yukon commun1t1es, site Y2 has sign1f1-
f;u'?,

E)

4ﬁgant1y lower spec1es richness than Y3, 10 km d1stant It

o
is tempting to postu]ate the existence of a contro] of diver-
csity from the apparent constancy of Shannon Weaver d1versi-

't1es. in*contrast w1th the var1atvon 1n species richness and .
C Ve

species composit1on. However, I believe ﬁt to be a reftec~

°

tion of’the’low potential species. richness and the mathe-f

matical nature of the diversity ihdex, rather than a bio-

.Logica]_property,tsince the 1ndex has a maximum of In S.

Three’(A‘ftf/zt'::c)t'({h:/'.': 1"rzlrrz(lffx'(‘:7, and (,(e;).}zczluz"z,zr Sp-p.‘) of
the'fiVe species present in the.Yukon communities (Figure 10a),
and one (Murﬁvluv napppvpfwuluu) ofithe seven-in.the Alberta
commun1t1es (Flgure 10b);‘differ stghifidantly in abundance
between 1ocat1ons The three species in the Yukon are less

-

abundant-at site Y2 than at e1ther of the other s1tes
. g [

Interestinq]y, fleas on these pikas show a3s1m11ar’re1a%10n-'

ship; preva]ences of 75 and 607 were found for Mnnopny//u(



Figure_g.

1"(‘.

i

Mean Shannqh—Weaveh_d1Versity values/(H').

“mean humber?%f species and %9a1y51s of e

.variance for\lnfracommunities of he1m1nths

TH:QdU]t p1kas from different geographica]

10ca]1t1e See Figure 1 For locations

oft sites. .o
o : ' &a};
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Figure: 10,

Abundance values (z) for suprapopu]ations,

and analysts of variance on 1094y, (N/f“TT//// 

.for 1nfrapopu1at10ns of helminths in adult

i

a). ()oho,{;orm m)ll,gm,u and b) 0. pm,n_c:e,pu »

f'rom different!@gbgraphica1 localities.

B - - ) - . . “
See Figure 1 fdy location of sites.
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' b. / ‘ ‘.‘ ",'. B e . ‘
tollz at s1tes Y] and Y3 respect1ve1y, but no f]eas Were
present:on p;bés from s1te Y2 (unpub11shed data) ﬂIn
A]berta, M. harpespzculus 15 absent from s1te A3 but qu1te.l'

- . B .

apundant 3 km d1stant at s1te A2 S

B These data support the hypothes1s that pikas are grouped

“in 's.emw-srs'o]ated\_.POpU]ahons‘ Smith (1974a 1974b) treatedv

pika populations as islands, and cons1dered them to be in a
. arIons A . . o,

~dynamic equilibrium of'extinct1on and~reco1on1zatjpn.

Ext1nct1on is" 1nverse1y reiated to 1s1and snze, athrechoniia— (
t1on 1nverse1y re]ated to 1nter 1s1and d1stance (MacArthur

and W115Qn, 1967) Sm1th (1974&) cons1dered that d1stances
greater than 300 m were d1ff1cu1t barr1ers for d1spersa1 by

young p1kas, but he was work1ng w1th popu}at1ons at the low

. g‘a1t1tud1na1 11m1t of the spec1es range He cons1dered that

/

~d‘n1gh temperature 11m1ted d1spersa1 d1stance (Sm1th 1974b)

NS ‘ . _
P1kas are known to bes 1nt01erant of h1gh temperature : R T
(MacArthuriand wahg, ]973) ‘ “ |

Tapper (1973) undertook a remova1 exper1ment to test

* o

the'rate-pf reco]on1zat1on 1n an area cons1dered c]oser to

.

Lthe;COre of the spec1es range In th1s area (located 60.km .

o

lsouth of'my site AT 1n ATberta) aimpst“alT-the available

Hantat‘Was f111ed He removed all tﬁe pikas from“an iso]ated[

J1de 1n May, ‘and observed the area every twwﬁweeks for s1gn

’uof p1kas Pr1or to remova1 an average popu]at1on of e1ght

adu]ts res1ded on the s]1de In August a Juven11e make-pre-

v1ous1y seen on a s11de 3 km d1stant appeared on the s]xde,v
and took;up_res1dente Hoggver, by the f0110w1ng year, ﬁé”‘

L3

e . N . . .
- L . BRI
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was st1]1 a]one }When p1kas were removed from another less .34"
o~1so1ated area,yon]y 200 300 m from the c]osest p1kas, the~

'experwmental area became saturatﬂ% aga1n on1y two months

[

“later. Thus: 1n A1berta, p1kas can potent1a1]y d1sperse over

v o

a - \

,_re]at1ve1y 1ong d1stances S ¥ ﬂ‘.a ?~f.f‘¢

’ ﬁ‘. My data" on paras1tes‘1nd1cate that few d1spers1ng
.-p1kas becobe estab11shed on occupied hab1tat The extreme
;”examp1% is w1th M harpespzculus 1n A]berta, where two of«*”‘.'
.>the co]1ect1on s1tes w1th rad1ca11y d1fFerent abuhdances,

,A2 and A3 are on]y 37km d1stawt “and not obvwous]y separated

by a barr1er Th1s 1nd1cates that evon 1n the core of thesy"

L Y

o

fspecwes range, 0 prtpceps (and 0. coZZarts) popu]at1ons and

.

thewr he1m1nth suprapopu]at1ons,'may be regarded as 1sTand1c

If th1s 1s so, then 1oca1 extinct1ons of he1m1nth popu]at1ons"

',fsuch as_that of M. harpespzculus are not unexpected One

'woqu expect a much greater rate of ext1nct1on w1fh heTm1nth
‘suprapopu]at1ons than w1th host populat1ons, because each |
'host 1nd1v1dua1 1s 1tse1f an 1s1and wh1ch may or may not

'wconta1n an 1nfrapopu1at1on of he1m1nths .b, : ‘1ﬂ V g _i._' Aﬁ;

STte Y2 4where spec1es r1chness and abundance"of two

spec1es of he]m1nths and of the f1ea M toZZz, are cons1st-

o

ently 1ower, may represent recent recovery from a 1oca] host

"popu]atlon ext1nct1on However, cons1der1ng the 1arge 512e

. ., °

yof th]S popu]at1on, 1ts prox1m1ty to other popu]at1ons, and
tthat a11 the ava11ab1e hab1tat in the ent1re reg1on appeared

_QTto be f111ed (persona] observat1o7), th1s seems 1ntu1t1ve1y oy
- L

“un?1ke]y "Instead this area may have suffered more 1oca] ' ';}

—

S
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| ext1nct50ns of he1m1nth suprapopu]at1ons than the other
’ yianeaS" A]thbugh 1arge, th1s popuTat1on of p1kas seems"f
#’ “smaller and.more 1so]ated than the ather tWO sampged o
§§2} ;the Yu?on‘ Wh1ch c0u1d°exp1a1n the h1gher rate of ext‘n tion._l

o\

Another explanat1on COu1d bf that the area prov1qes mar 1na1 o
é] stages of these paras1tes S f7f—7t"'

- hab1tat for the 1arv ! ‘
y _ , o " T ‘ _yn,‘“” o

e
-

.vnsamue1 ]h 7b) prov1ded pre]wmlnary E{T;aneé that théhe'f;‘
’ '.;akeino“dftfenenSES 1n preva]ence between he]m1nth suprapopu]a-‘i;
.htions in J1ffe;ent age clas es of adult 0 prtnceps a His- -

—

data a]so 1nd1cate a graﬁuah acqu1s1t1on of- he1m1nths by

R Juven11e p1kas over the1r f1rst summer I ana]yzed add1t1ona1
: .
N data on sequence and rate of acqu1s1t1on of he1m1nths by
* k e .
Juven11es but not by adu]ts : 7 p

To obta1n grgups of hosts comparab]e in s1ze between'x“J;af

2
W

'Juvenile age c]asses of the two spec1es of p1kas, I p]aced

S

1nd1v1d6als‘1n one of three groups for each host spec1es

(de°1ghated a- c)~ as shown dn F1gure 11 The groups are onky

“3~ apnroxrmate]y equ1va1ent in host age between host spec1es

- S1m11ar trends 1n d1vers1ty and- spec1es r1chness are

~

apparent in. the deve1opment oE supracommun1t1es din both host

“-f~spec1es (F1gure 11) ;By age c (approx1mate1y 55 days)

o

cqgmun1t1es are’ s1m1]a<g1n d1vers1ty and spec1es r1chness~
‘to commun1t1es in adu1t prkJs Th1s is a rather rap1d

deve]opment.>51nce no p1ka younger than 44 days for 0 cg!éuhivyu

N or 39 days for O przncepo,,was 1nfected

. . . . . . . . i
‘/ Ay . . .

A
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Figure 11, Mean Shannon Weaver d1vers1ty va]ues (H ),~'

'nquer of spec1es,’and ana1y51s of vari-;"

~ffance for 1nfracommun1t1es of he1m1nths 1n

- _ p1kas of d1ffgrent ages ' The age3 of each:
o group ar@*as fo11ows I '_ o
Ochotona coZZarzs a) 21'39'déys
. iy S b) 44 days e T
i . c) 65 days =~ . . . ¢
4 d.) Adult . o .
; ' s ® . : <
Ochotona prznceps a) 14-38 dayS'
4 : 4 o bg 39-50 days _ o
e B - ¢) 52-65 days - LT
| o Ad) Adu]t_ T
o LT T °
» 'd
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The earliest invader in 0. collaris (Figure 12a) is

SEhizorchiu cabaZZeroi Cephaluris spp. arevpresent early,

wbut are not ‘as abundant 1n Juven11es as in adu1ts Eugenuris

e

“taZkeetnaeurzs reaches abundance. charactemstic of adu]tﬂ

p1kas by age c, but st111 appears to be a 1ate 1nvader

)

!

Labios tomum iauschz is conslstent1y in ]ow abundance, andfha_
is 1mposs1b1e to ana]yze g1ven the present samp]e 51zes,
,but 1t appears é% be a late 1nvader

In 0 pr7ncepu (F1gure 12b), 'S. caZaZZekl'

ear]y 1nwader, but Fraphtdtella orhotonae and~‘ "
'harpespmcuZus reach abundances character1st1c of adu]t p1kasl
;ear11er The p1nworms are somewhat s]ower in 1nvad1ng
-Labiostomum coZoradensms is a]ways 1n 1ow abundance, so is
d1ff1cu1t to ana1yze 'Eﬁjenurie'sp -A»and Cephalurts spp

-

are re1at1ve1y 1ate 1nvaders, a]though they reach abundances

"_chatacter1st1c of adu1ts by age c.

*Pikas beg1n to emenge,from the nest about 21 daysv
'after b1rth and are weaned at 21-28 days (see Chapter IV)
It is surpr1s1ng t#at he1m1nth 1nfect1ons do not occur. unt11
another 10- 15 days. have e1apsed Unpub11shed data acqu1red
as -~an offshoot of. work by Hobbs and Samue] (1974), ‘show that
'Whp1kas acqu1re cocc1d1an (Protozoa E1mer11dae) infections .
much - ear]1er than he1m1nth 1nfect1ons : Cbgcidia'haverddrect
_11fe cyc1es, ‘as . do all the he1m1nths encountered here exceptt
dS. cabaZZerOt ‘One p]ka (0 prtnceps) was pass1ng more than
10,000 oocysts of Fzmerla Ctroumborealts per gram of faeces

i . -

at’ 17 days of age, presumab1y before Wean1ngd'vThe difference

. Lt . . \
e - . . . . . YU -
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‘Figure 125

.o v .
. are as in Figure 11.

ot

-

_Abundance values (Z) for suprapopulations,

“and aﬁélysis of variance on 10910 {N + 1)

for»infraﬁopulafiohs of helminths in'-

) _dchbt‘oﬁa_ collaris_and b) O..princeps

b a

_ofjdifférent aées;‘ The ages pfvéach group

5. ) . o ‘ 2

2

1



M ’ ' 4 - " . H 93‘
’ , 'Y \\\ .« . . ; o .
. 'fr“ . N - . .
g '
. \ . ©
\ . o
- : * -
, o \-" , - . _
. ) . N ¢ . ) )
. HELMINTHS IN OCHQTONA COLLARIS .
1047 1 - SCHIZORCHIS CABALLERO! '
. . X KN MEAN
, A SOURCE DF gouarg -F  SIONIF.
5. ik ¢ TREATMENT - 3 1330 513 P.<0-005
T 1 . ERROR 88 0259 ., |a b Ad c
' 01— : .\ EUGENURIS TALKEE TNAEURIS
' a b c Ad NuR et o MEAN e
o so\gnca CofF BEARe F SIGNIF. s
TREATMENT 3 | 324 6-06 P <0005 -4
_ ERROR 88 0218 ' . ~ 2 z
- ' . : 1 a b ¢ Ad '
. ° A | §
0-5- [ - LABIOSTOMUM RAUSCHI . b L—cl 4 o
04ad o ' , MEAN " e ¥
o | SOURCE' . DF Joyagg F  SIONIF o
0-37 TREATMENT 3 ~0-151 157 N.S:
0-24 || - ERROR, . 88. 0096 :
014 I | S E
"o [  CEPHALURIS S 25
o b ¢ Ad o ' j'::i‘n : , E——
. ‘ . : SOURCE D.F J . 20
SAMPLE AGE - sQUARe. ' SIGNIF
SIZE 6 3 ,4 .79 . o ) ) s
: ; TREATMENTY, 3 3861 .14:92 P< 0-005 iz
—_— ERROR 88 0-259 _ ' + 10
' -a b ¢ Ad. : , .5
WL“'I ].,_' L1 0
2 : a b ¢ Ad
N  _ « AGE.



F

i

. -
. .
.
-
. L ]
.. . v
\
o
e
A‘ .
o
-
©

gure 12. Continued.

E
3}
v !
N
¢ »
- -
B
.

- \

.

«

w



>

HELMINTHS IN GCHOTONA PRINCEPS

s . AGE-

12 8 L
4 ' SCHIZORCHIS CABALLERQ! g
B , MEAN , -
3 1+ SOURCE DF chuAre \ F = SIGNIF.
Z " e . ’ ) -
s gl . . TREATMENT ~ 3. 1426 - 1074 < 0-008 \_,\
. ERROR 68 . 0433 : '
'ﬁ ¥ ST - e b_ic Ad
0 T Ad. GRAPHIDIELLA OCHOTONAE
: . MEAN ‘ ‘ e
OURC o.F M _ F.
SOURCE SQUARE JF . siGN)
TREATMENT 3 0548 433 P<0008
ERROR ° 98 0127 =
NROR. o b_¢ Adl
‘164 MURIELUS HARPE SPICULUS o
12 . SOURCE DF MEAN - F sioNiF
. » N
"z TREATMENT 3 2357 = 443 P<0.025 ., :
. ERROR 98 06532 T y v o
4 | . . a ¢ b Ad <
e [1m e EUGENURIS species A 6
- b ¢ Ad - AN ‘ , =
, SOuRCE a0 F JIEARC L F ‘SIGNDF 4;
TREATMENT '3 1 378° 542 p<0-005 7
ERRCR 98 0254 4 ,
‘ Jﬁ : g b. ¢ Ad") -2
v j — | -
\ 057, : LABIOSTOMUM COLORADENSIS &= = == =t o
! . & Houm LAB - -0 MEAN ; a b ¢ Ad
04 : . 2 . e
] " SOURCE D.F. gope F  SIGNIF ‘
Z 031 : TREATMENT 3 0243 265 P<O005
o2 . *  ERROR 98 \ 0092 [
‘ : ] 10992 . 1a b ¢ Ad] L
01 - —————— _ :
.0 . : CEPHALURIS SPP, Y
- sodrce - oF MEAN F. SIGNIF F‘ i
- AGE : & OF- squaRE T . -~*‘T"9z
SAMPLE | S o 1 z
SIZE 5 6 79 TREATMENT 3 3397 16-80 P.<0 005 6
"ERROR ~~ 98 0 | e
20%%% g b ¢ Ad 5
& L i -
> o] )
- g b ¢ Ad



coccidia, life cyclef or development tfmes of hefm1nths or°
’cocq1d1ans in: pikas are unknown However, related species
of each group are not as divergent 1n development time as.’
wtuld be-requ1red for the first explanat1on. For example,
Aspz%ulurts tetraptera, a relativé of pika pvnworms, yas no

mucosal stage, the‘deve?opment being entire]y 1umena1

»(Ph11pot 1924) and worms are deﬁngtgjle in the caecum, . by

) E . o . [} . ‘
’ ' . R ‘ ' o -
between time -of acquis1t10n -0f- heiminths and cocc1d1a cou!d 'FﬁNr_
Vbe caused, by the following: e | A
° (1) helminths have‘& TongeY devf}Opment time 1n
pikas than do coccidia and are not detected
unti] later ' , e _
(49) pikas do not encountor 1nfas§1ve staqes of -t
.. helminths &5 early as thby éncounter sporu~-
“lated (= 1nfective) coccidia oocysts | o
i) young pikas &re refractory to infection with |
o he1m1nths, but not to coccidia. ) o,
Y W1th the exception of Sporulation times ‘of some ..

»

18 hours post- 1nfectlon -Oocysts -0f Bimeria .perforans are .

,pres’nt in the faeces of rabb1ts (OryctoZagus cumculus)

’

. six days post-1nfect1on (Kheysin, 1967) o o

It is 1ﬂke1y that unweaned pikas eat the -faeces of the
ffemale parent as’ has been suggested for~3ackreb&?ts (zepus -

caszornzcus) in Ca11forn1a (Lech]eitner 1957), If cocc1w

d1an oocysts 1; the faeces sporu]ate ‘more qu1ck]y than nema—?

S tode eggs develop to 1nfect1v1ty JUVen11e p1kas coqu be,

exposed to the former and not- the ¥atter. Oocysts of Isospora

e B

marquardtt, Eimeria banffenszs, E: cryptoba?rettz,, E. prin- -

depsis, .and X. calanﬁtnez, Aall cocc1d1ans of p1kas, sporu &
) . ce - i o"\- o
2

- : : -
L. L 4 Lo t - °
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lated w?thin 72 hours at -30°C (Duszynsk1 and Brunson 1972, ¢
1’973) ' Eggs of ASP’I,CMZMI"’LU tg«tr‘apt.e‘;r‘a bec‘ome 1_nf°e.ct-‘1‘ve-,jn
6- 7d’ays (Anya,.1966) g L e B o |
The th1rd exp]anat1on is alsb prdbableain:uiew’o?‘thef
1ate acqu1s1t10n but subsequent rap1d deve]opment of he]-e“.
\m1nth CQTEEE}t1eS’ but cannot be supported w1thout exper1?b
bfmenta] eV1dence It cou]d be med1ated d1rect1y by the hostu*‘
in, terms of necessary cond1t1ons for 1nd1v1dua] he1m1nth ‘
,spec1es to deve]op, or y1a 1nteracﬁ1ons w1th other spec1es, ;éh
/sé a success1ona1 phenomenon,a f5~]:ﬁ' fhg~4bn';’47nfi ‘
There s not enough known of the b1ology of any p1ka'
rhe1m1nths todexp]a1n why 1nd1v1duals of s.cabaz7eroz,*
:?-fochO?euge or M..harpespzcuZus 1nvade younger p1kas than“”
»thgbpinwoéns are ab]e to 1nvade. The poss1b111t1es d1s-
eussedfabpve‘1n re]at1on to cocc1d1an 1nfect1ons, may app1y
‘,edua11yvwe11‘to-d1fferences'7n acqu157tjon‘rates betweenv

helminth species. o e -

o

F." Clumped Intettive Stages'

1

RS

A]though T have no quant1tat1ve 1nformat1on on th15
. S
,top1c, no doubt much of ‘the cause for over d1spers1on of

‘he1m1nths 1@%p1kas is. due to the c]ump1ng of 1nf§ct1ve stages
E,g9gs are passed ‘in the faeces,'wh1ch are e11m1nated as d1s-

SR T
,hcnete.peTlets v Groups of these pe]]ets are c]umped into

B

'ffaecal p11es because & p1ka ten@s to defaecate at a 11m1ted

number of 1Qcat1ons within its. terr1tory

For the d1regt life- cycle he}91nths, including all the

g,

&



nematodes, a pika comdi ng into contact with one infectiVe
fndividoal idcreaées 1ts probab111ty of contact w1th others.
The s1tuat1on is not as s1mp1e with s. vcabqllerOI.\ Other
:anoplocepha11nes for‘wh1ch 11fe'cyc1es are'known, use. '
noribatfd.soi1‘mftes és 1ntermed1ate hosts (Kates, 1965)‘
'For c1ump1ng to occur here, e1ther dhe m1tes have a. clumped
hd1str1but1on, or. the cyst1cerco1ds are d1str1buted non- -
random]y in . m1tesu One very ]1ke1y area of contact between»
vakas and 5011 m1tes 1s the ‘hay. pile. A wel1 developedvso1J
accumu]ates at hay pi&i s1tes, §1ncedthewsamets{teSTMay be:

I I

used {far after year ).
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ECOLOGY: INTERACTIONS

A ,Introduction

Interspec1f1c 1nteract10ns occur amqu paras1tes ]{Qf .
1n¢ in the same host (Lewgh Sharpe, 1933 erss, 1934 for g
7monevexamp1es’see Holmes, 1973) c Ho1mes (196]"1962) prc;'
\Videdaexpeniménta1 ev1dence in a c1assica1 study of compet1Ad:
@t1on between the cestode Hymenolepzs dzmznuta and thei.%
iacanthocepha]an Monzlrformzs dubius in- 1aboratory rats.
Interact1ons between paras1tes may take many forms,h
1nc1ud1ng compet1t1ve exc]us1on, 1nh1b1t1on of m{i:rat1on'§:
cdonggrowgh, and 51te dnsp]acement.“ In cqmpet1t1ve xc]us1on;
dbne df‘the eaniﬁest forms'to'be demdnsfnated~ the number of
fone spec1es 1s reduced in hosts 1nfected with a second (seej

Hp}mes, 1§73 for examp]es)f Schad (]966) regarded cross—uﬁ

1mmun1ty as an 1ﬂg1rect form of’ compet1t1ve exc]us1on. .Thet.
| hY

'pconverse of compet1t1ve exc]us1on, 1ntenact1ve enhancement

'-has rece1ved 11tt1e attent1on, but there are examp]es (Ew1ng !
and Todd, 1961a, 1961b; Thomas, 19643 c1outman, 1975) %“
S ' A]though there are many examp]es 0# 1ntraspec1f1c b
1nh1b1t1on of maturat1on (Avery, 1969 Ghaza1 and Avery,-
'1974);‘veryﬁﬁewfexamp1es-of 1nterspec1f1c 1nh1b1t10n of—

maturaticn have been'ébserved,‘ Ho1mes (1962) suggested thato

iv 4
S B

99



“the. pnesence of M. dubzus reduced the egg output of H.
Hydlmznuta in rats Leong (1975) presented ev1dence that-:

the proport1on of grav1d fema1es§\f the acanthocepha]an'~;1 ;\\\
Metechznorhynchuq ealmonts in ]ake trout (Salveltnus ‘ . -
namayauqh) is 1nverse1y proport1ona1 to. the number of cestode
“1nd1v1dua1s (Eub&thr1um GQZDeZtnL) An 1nteract1ve s1ze
'reduct1on effect 's1m11ar to the we11 knownv1ntraspec1f1cb

J '
' crowd1ng effect" (Chand1er, 1939),;has been demonstrated for

oM. dubtus and H. dtmlnu$a (Ho1mes, {962)
' | Accord1ng to Ho1mes (1973) scheme,'organfsms“may'aVOidh
‘eompet1¢1on-of~the above k1nds‘by'interactive site segre9a¥f
xt'on._ The best known example in he1m1nths fs,the'dfspiace_‘f
vint-ofﬁ' dtmtnuta by M. dubtus (Ho]mes, 1961 ‘t962)t"a '
‘few other examp]es are g1ven by Ho]mes (]973) Many more’ -
;examp]es of se1ect1ve s1te segregat1on have been observed
(see Ho]mes, 1973 and Crompton 1973 for: rev1ews) g Ho1mes
(1973) suggests that se]ect1ve s1te segregat1on 1s the probs
ab]e evo]utwonary outcome of 1nteract1ve s1te segregat1on,
and postu]ates Thaf the reason for the re]at1ve pauc1ty of
cases of 1nteract1ve s1te segregat1on is that most paras1te 1f ‘
'commun1t1es are not young ‘ | ' ' o ///

- He1m1nth commun1t1es 1n p1kas afford severa1 examp]es /

.

of‘fnterspec1f1c 1nteractron and s1te selectnonh I w111~dJs—‘
- - . L e //’.
CUSS examp]es of compet1t1ve exc]us1on or Tnteractive ) ‘

. i v,

'enhancement f1rst then 1nteract1ve s1te segregat1on,‘@nd‘

se]ect1ve s1te segregat1on

o . ' . . \ o . o



B.. Comp@t1t1Ve Excluswon and Interact1ve Enhancement
o il

<A s1mp1e method of’ testing fbr compef1t1ve exc]us1on

v

1s to compare the frequenc1es of occurrence of. each spec1es'

\

of a]] poss1b1e pa1rs of specues,'1n sanTE)and concurrent

‘ 1nfec+1ons i Th1s was done thh 2 X &_Ch1—squared cont1ngency

tests‘(Stee] and Torr1e, 1960, p 37]) 'JuVenﬂ1e~p1kas were.tl :

v

_exc]uded from these tests, since sotfew were. nfected w1th
‘_he1m1nths, the1r 1nc1uswon wou]d hav§ bwased the Qutcome"‘
'itoward pos1t1ve 1ntenact1on __f o BREEE R l

o Not one of theqe tests 1ndicated avéigniticant (1 e

‘.p < 0. 05) compet1t1ve exc1us1on between species (F1gure 13) | }

'fbut four spec1es pa1rs were found concurrent]y more oifen~

lthan by chance Iwo others, both 1nvolv1ng the two: gen@ a-a

\

/fzbtnetamum and f‘epnalurto, were strong]y 1nd1cat1ve bf [5931-".

5t1ye 1nteract1on, but were not stat1st1caljy s1gn1f1cant ’ I;
. - \

’(p < 0. 1 for each) 'In each compar1son, Labzd§~omum was

found on]y 1n p1kas concurrent]y 1nfected w1th Ceph\Tuz\e.’

S

Rank corre1at1on is another method of detecting com-\\g;

\\

'pet1t1ve exc1u51on It 1s a’ 11tt1e more sens1t1ve than

2 x 2 cont1ngency tests, because ‘Tt a11ows for, those s1tua—'

'v‘t1ons 1n wh1ch compet1t1ve exc]us1on 1s*not abso]ute, that ;f

1arge numbere of spec1es A reduce the numbers of B w1th-
'nout comp]ete1y exc1ud1ng B. Rank corre]at1ons ‘Were. deter- '
lm1n1ng for on]y those p1kas wh1ch were 1nfected W1th at

least one speC1es of the pa1r Once aga1n,:no stat1sttca1]y.i
°;s1gn1f1cant cases of - negat1ve 1nteract1ons were detected w1thht?

“Spearman S rank corre]at1on (Stee] and [orr1e? 1960 -p; 409).



FTQUre,JBh

Tre]]1s ma%r1x of 2 x 2 cont1ngency tab]es.“'

-Vfor a11 poss1b1e pa1rs of spec1es . The

4

:”Ch1-square va]ue 1s givenobe1ow each box

"All 1nteract10ns are not s1gn1f1cant except

those marked *(p < O 05), **(p < 0. O]),,or

'-***(p < 0. 005)
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,Positive'cdrrelatiOnsfwere_tuund;hetween somefot'the;pjn~
’Iworm pairs‘(Figure>t4). SR /
A ’VMost‘ot the.instanceshof:nosit@#w‘intéractions inuolved
:Dairs‘of pfnworms ~Accordvhq to‘uauaa”;,cumpetitwve exc]u-:

'SioniprincipTe, one might expect stronganegat1ve 1nteract1ons

between such g]ose]y re]ated spet1es The quest1on then‘

"arlses hpw these spEC|es co- ex1st Fol]owing the evolutwon—

- ary sequence of Ho1mes (1973 f1qure “) one wou1d pred1ct

these spec1es to be segregat1ng resources, e1ther 1nter—'

act1ve1y or select1ve1y, such that compet1t1on 1s reduced;

e th1s.1s often so (see be]ow)

. B U
W1th resource segregat1on however, one w0u1d st111 '

'expect on]y a 1ack gf- compet1t1ve exclus1on, not an 1nter-

act1ve enhancement Occurrence of the 1atter among p1nworms,
m1ght be due to: s1m11ar1t1es in 11fe-cyc1e and deve]opment

outs1de the host, so. that the he1m1nths are: more’ common'ih'

’1nd1vwdua1 p1kas wh1ch 1nhab1t areas of part1cu]ar1y good

\

hab1tat for the free 11v1ng stages of a11 the p1nworms
\ Ew1ng and Todd (1961a, 1961b) demonstrated exper1ment-{

a]ly, an assoc1at1on between two spec1es of 1ungworms

. Netavtz'ora’ﬂus aprt and M. pudpnto ctus, i oswine., When o

Kl

1nfect1ve stages of these he1m1nths wer@ adm1n1stered con—v

current1y, the number reach1ng matur1ty was much greater for
both spec1es than when adm1n1stered s1ng1y, even though there“ﬂ
was no apparent s1te segregat1on

:*QCo}we11 and Wescott (1973) showed exper1menta11y that

-a mouse adapted stra1n of thpOO rowqu s brastltens¢e bene-

LN

<
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fitted from conturrent 1nfect10n with Nematoapiroides'dtb\?n.

 Whereas u. brastZ1ena1ﬂ 1s el1m1nated after 12 days by an \

\

1mmune reaction in single- species 1nfecmions, worms are

still present at 60 days’ in concurrent 1nfect10ns There'
is'apparentiy no effect.of N, brasszenazs on N. dubius 1nfec \
'tions ‘In & further ser1es of experiments including: host- ~ \
“to-host transfers, Jenkins (1975) showed’ that on]y tﬁose o \
.ﬂworms wh1ch have developed 1n m1ce wnfected w1th ‘or pre- ' n"\\
‘nv1ous1y exposed to w. dubzus, have a proTonged ]ongevity
He postu]ated that worms became adapted durlng their larva]
:stage, to ant1bod1es developed aga1nst “N. dubzus .
Pos1t1ve 1nteract10ns have been observed in f1e1d
studies, but can often be attributed to mutua] requ1rements
at the 1nfect1ve stage, ‘and s1m11ar1t1es 1n life- cyc]e
?homas (1964) recorded pos1t1ve re]at1onsh1ps between hel-\
-minth spec1es in brown trout "which he attr1buted to feed1ng
preferences of the hosts, ‘and C]outman (1975) reported posi-
't1ve re]at1onsh1ps between g1]1 paras1tes of bass, warmouth
and bluegill, . o ‘ -
”rKisie1eWSka (19>0d) reoorted some 1nterest1ng examp]es

of pos1t1ve re]at1onsh1ps of he1m1nths in the vole CZeth-

rlonomys gZareoZus She found three pos1t1ve relat1onsh1ps,

'vvall between spec1es occurr1ng in d1fferent s1tes in the host.

AT

I ‘re- ana]yzed her data for two of these associations with S
"2 x 2 Ch1-square cont1ngency tests, and’  found only one 2
(HeZzgmosomum hablt and Catenotaenta pusilla) to be statlstIC—

B

a]]y (p 5 0.05) s1gn1fjcant.' st1e1ewska (1970d)°a1so



]06; o
. h ' L
»Aclaimed that yhile there was a positive 1nteraction for
‘cp occurrence of H. halli and c. puailla. th!re was a nega-
tive relatiohship between“igtensity of 1nfection of the two }
'species. The figure she refers to for evidenceAﬁowever
jKis1e1ewska 5 1970d, figure 2). does not show any such
relationsh1p Her reaSOning requires the assumption of a
~random distribution of 1ntensity frequenc1es 1n singlel
»spec1es 1nfections, a situation she d1d not encounter except -
5N1n spec1es with very 1ow preva]ence (Kis1e1ewska, 1970¢,
1970d) Samp]e 2'x r Ch1 Lquare ana]yses I ran,' using data'
'fhom her f1gure (1970d f1gure 2), between 1ntensity fre-- @
.-quency d1str1but1ons of one species under d1$§er1ng 1nten?1-
.ties of the-other showed no s1gn1ficant»effects '
d ‘The - pos1t1ve redationsh1ps found between pinworm
spec1es of p1kas in th1s study cou]d be explained as be1ng
caused by’ s1m11er1ty in 1ife~cyq1e. An experimenta] study
is required tootest{fqrrmore direct,reIationéhies betkeen
'spectes. Suéhvan\epéroech‘maytprove~Fruft¥u1 tor_the'effect“
ot other epecieS‘of pinwormsdon the e%teelishment of'b B
“rauschi and L. coloradensis. No 1nd1vidua1s of these spec1es*{
.were present in pikas wh1ch were: not 1nfected w1th Cephalurts'{.
'spp (F1gure 13), hint1ng to the poss1b111ty of a successiona]

phenomenon

A

.
o

'C. Interact1ve S1te Segreget1on

ngure 15 1nd1cates the s1tes at wh1ch he1m1nths of

e each spec1es are found Only ‘the p1nworms ouerlap in dlstri-f

Y
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Figbre 15. - Diagrammatic view of ‘thé ‘ga'strovdntest‘inal'
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but1on, more w1]1 be said of these 1ater
In’ order to test for . 1nteractive site segregat1on of'

“a]'l 1ntest1na] worms, Murielus, Qarpespzculus a,nd'

caballerot, the sma11 1ntest1ne was phys1ca]1y'

part1t1oned 1nto approx1mate1y e1ght sect1ons 1mmed1ate1y

fafter the host s death by tying off w1th cotton thread

~—

}'The anter1on most sect1on ‘was on]y about 3-4 cm 1n 1ength

wh11e the rema1n1ng seven were, approx1mate1y 15 cm. Some.

©

\/\
jntest1nes were part1t1oned 1nto mere or 1ess than e1ght

-]

Sect1ons in the f1e1ﬂ, .and were standard1zed to e1ght for the

W
ana1yses Thus, ‘each section: is represented by a d1fferent

=~ 4

-wsampleISJze of=hosts. To compensate for th1s, a form of

i

.prevalence'measure was used in terms of the frequency of

;1nfectwon in each of the sect1ons " The mean number of worﬁs

)

“per»sept1on (1nc1ud1ng uninfected sect1ons) Wwas: also ca]cu-

lated. Resu]ts are shown in Figure 16, On]y those pikas

_whioh;were 1nfected w1th s. ‘c&anZeroi were included in the

'“ana1yses

: R U
The he11gmosome M. harpesptculus 1s an extreme habitat'

spec1a11st ‘and occurs a]most exc1us1ve]y in the anterior

duodenum, within about 5 mm of the py]or1€ sph1ncter (Figure

iv15). The cestode S. cabaZZerot, was not found in this- reg1on

and is a hab1tat genera11st 1nhab1t1ng the. rema1nder of the -
sma11 1ntest1ne For the ana]ys1s, M. harpesp7culus 1ntens1—_
ties were d1v1ded 1nto three c]asses: absent; Tow (1-10,

mean 4.6 worms) , and hmgh (11-186t mean 69). Schizorchis

_caballeroitwas‘categorizeddby;sizé as: small (up to aboyt

L BES
a



»Figure L@.

Intestina1 d1str1but10p of sma11 and 1arge

S‘chtzorchts caballerot 1n pikas mth d1ffer—

’

ent levels of concurrent infe€tion with

) Murid Zus-_'};aiﬂ_péspivcu"las/.- S a) Ih-‘telﬁvsv‘i ty, and

'b) prevalence. JLOGdtions'%f’sectiphs I-7

are shown in Figure 15.

s,‘cabaZZon?Vin 0. collaris, not

'§§5

1"nfecﬁed_with M. '>Iharpespicuvf

A(nﬁ Sérpikasj;:._ S

D 5. cdbaZZero.i din 0. pm,ncepe, not.
'1nfected with M. harpespgculus

(h: 15 p1kas)

4

@ TS. cabaZZerot in 0 prtnceps,

'(n; 10 p1kas) » "h . .,

'f;S.:cabaZZeroz 1n O p:m,ncepss_ ‘ |
E infected with 11-186 M. harpespl—rl

. } cuZus (n 18 p1kaS)

vdnfected wgga 1 10 M. harpesptculus o
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Y‘Figére'lﬁ.

s

‘Continued.

Vi

B}

fS. caballeron 1n 0. coiid}is, fot

(1nfected w1th M harpeapzculus
(n 52 P1kas);j B . i
S. cabaZZero¢ infO! E;iﬁééps..ﬂbtf’
1nfected with’ M,»hdrpeébigulusf,_ '

(n: 15 p1kas),”

S{ caballeroz in O.-prihceps;

.G

”1nfected with T¥TO,M.‘hdrpeép?cuZus'

o {n: 10 pikas).

S;;caballenpi-in'O% princepsy'

infected with 11-186 M. happespl-f"

'quzus*(n; 18 pikas)



s

INTENSITY

168

TODES

sMAgLfCEg

TR .%Ew..:o_o\_hve,zo__ho.m_m\muno.suo.o.z fvaw
. IR - YRR -—

.“—‘.. ) ST

‘ . — o -
V///// V// ////

f — ~ - .

5
«mmmo\sm& 9 zo_._bun\mmao»mmo oz 2<u>_ .

°

LARGE CESTODES

- . E SR -

f

N o .. T

T "
-2 L 84

zo:.oww \ mmoo._.mmo oz z<ms_ .

£l

INTESTINE -

"SECTION OEsMAtL



. . R - P o P
e . » ' : ; . o R T SN B
. L " ) . . - o L ‘ . 'I\] 6 .
’ - ! : . " .

,;.

-

4 mm). or 1arge (4 -40 mm) It 1s uncertain whether oiﬂnot )
the sma11 worms. represent new 1nfect10ns | "
D1Str1butions of S caba%lerot under different M. harp*vv

h'esptculus 1ntens1ty classes are shown 1n Figure 16 D1ffer-~7

- ences between preva]ence dlstrwbut1ons (F1gure 16a) were

| tested using a three way G test. (Soka] and Rohlf 1969.
“ip. 60T), and 1ntens1ty d1str1but1dns (F1gure 16b) by a twofh;fdm
way test (Soka] and Rthf, 1969 p. 509), the resu]ts are“*;j
presented “in Tab]e 15 | - I e ._ )

o Although the d1str1but1ons of each. of the two spec1es~ft?

1n s1ng1e spec1es 1nfect1ons dg not overlap, in concurrent:“

'Q 1nfect1ons S oaballeroz 1s d1sp1aced towards the poster1or’_;r-

-

end of the sma]1 1ntest1ne H1gh he]Tgmosome 1nfrapopu1a-‘.;
t1ons have a swgn1f1cant effect on both Iarge aJd sma]] A

jj cestodes +.Low he11gm050me 1nfrapopu1at1ons do not haVe a
s1gn1f1cant effect on. the d1str1but1on of 1arge cestodes,.
but are: as effect1ve as h1gh populat1ons dn a]ter1ng the o
1ﬁtensity d1str1but10n of sma]l cestodes ' " ;V ﬁ

. ;".In the we]] known 1ntéract10n Of Montltformzs dubtus -
‘ahd Hymenolepts dzmtnuta inm rats (Ho]mes. 1961),3the spec1a-?;“

11st (M dubtus) sh1fts the d1str1but1on ‘of the genera1ist

The system din p1kas is s1m11ar except that the norma] habitat -

"ranges do not over1ap - It is un11ke1y that the two spec1es’

‘are competwng for a: resource, and part1cu1ar1y un11ke1y that AT

-yS.fcabaZZerot cou1d dep]ete a resource of M. harpesptculus,

's1nce the 1atter ws upstream Consequent]y, there may be" fit

1

no FUnct1ona1 s1gn1f1cance to the sh1ft There is another,f

3 / »

¥
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R@Eu]%s of statistical comparisons (G tests) AR

"V"»‘between distributions of Sahtzbrchts caballerot,
aléng the small intestines of Ochotona spp.

/‘U

“with Murtelus harpespt¢ulue

-t

nger different levels. of concurrent infection.

S Test

"Preva]egpe

G value*

“'Intenm@

’Signif

(Y A ) Vs, A] 105'

(Y A ) vs A11

Sy

: vs.Ay
 1u(Yn§0).n
(¥.89)

Smali (Y Ay )

N ‘thv ‘T4¢56}?, 

;“Smallxcestodesf"

| Large (Y AO) vszfi; |
~1<40;13§

3.59
2235 °

- 7.00 ‘
14.44 0 p

o \szUIf;; 
('>-0‘S

p > 0.5
< 0. 005 - -

"'<_0}6Q5.?

C9.58

G value*

';p > 0.1
| p > 0.95 °
' 51.38

4.97<i0yﬁ05.‘

204,46+

e;'

P < 0.005.

o
- -
a

fp;zio-odﬁ,;-'r

PR

P < 0.005

.A .

.'uY o

df -6,

V

Distributions of s
gYukon

A]berta,

‘in ali'cases;"

.vDistribut;ons of s.
L vAiberta,

'Distributions of S
~Alberta,.

edbdllerai“in'bf'

.cabaZZerov

' concurrent]y infected
.M. harpespzculus :

'Distributions of s

harpesptbulus

cabaZZeroz
concurrentiy infected

aoZZarié f?omt

/v

ngaZZerot 1n 0 przncepd from

not- concurrently 1nfected with M, hanpeaptculus. :

in o. przncepe from.
ith from i to 10 '{

ih O.fprincepsffrdmef

with 11 or more



tx by 1nterference (Case and Gilpin, 1974) . Many e

’

though somewhat 1ess convincing, reason for discounting'
bresource compet1t1on as. a reason. Chappe11 et al (1970)
observed an anterad migration of H dbMtnuta 1n rats,;in‘,
- response to suboptima1 host d1ets One wou]d thus expect
S. cabaZZeroz to be found: more anterad if M harpespzcuZus
were deplet1ng a food resburce | . " ' |
h The more common genera1 case of competi%ion 1nvo1v1ng\~
a spec1a11st and a genera11st 1s n1che 1nc1usion;'where the ‘
'-n1che of the Special1st meabured a]ong a’ resource gradient, B
15 1hc1uded w1th1n the potent1a] n1che of the genera11st.
Compet1tion between such spec1es is theorlzed to be 1ar€e]y

'y ﬁamp1es- ¢
between c1ose1y re1ated spec1es of b1rds, mamma}s,.fishes,
‘and arthropods are g1ven by Morse (1974) and Co1we11 and’ ;to
Fuentes (1975), in wh1ch the spec1a11st emp]oys 1nterference
comvet*tion aga1nst the genera11st A]though the examp]e

1n p1kas 1§ not: n1che 1nc1us1on, it appears that compet1-1"

| ’t1on here 1s 1nterference by the spec1a11st against the

0 .harpespzqulus are extreme“spec1a]1sts (F1gureA15),nand:a1—;Vft

-genera]ist Mechan1sms of 1nterference ava11ab1e to para-‘

s1tes may be d1rect, or 1nd1rect v1a an effect on the host

o~

v‘fﬂD; geietthe'Stteoéegregatﬁbnt | L

| Perhaps the greatest s1ng]e reason for the absence of
eompet1t1ve exc]us1on in p1ka he1m1nth 1nfracommun1t1es is
the h1gh degree of se]ect1ve site segregat1on shown by them}

“The tr1chostrongylo1ds Graphzduella ochotonae and Murzezusfa

<@

BN
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though Schtzorchts cabaZleroz is a genera11st it does not
over]ap w1th any other spec1es |

The d1str1bution of: s, cabaZZe}ot requ1res further'
e]aboration it 1s of 1nterest that sma]] cestodes are

s1tuated more anterad than large ones (F1gure 16, Tab]e 15),

'suggest1ng a posterior emigrat1oﬂ W1th age There have beenc_r"

: few reports of em1grat1ons in th1s direction: (Crompton, 1973

~48). Rendtorff (1948) showed exper1menta11y that '1n mice,

'-_1nd1v1dua1s of the anop1ocepha11d Atrtotaenta symmetrtca

:V(Bay11s 1927) Stunkard 1961 shift posterad with age . Tov
my. know]edge, my data on the 1ntest1na1 d1str1but1on of

S caballerot constitute.the on]y other 1nformation of’ th1s

-

]'type for an anop]ocepha11d

Interpretation of the poster1or magratxon as ageq

re1ated is somewhat tenuous however, because sma]] worms are

o

*not necessar11y young (Crompton, 1 3,ﬁpt 48) . Sma]] and

1mmature worms may be that way af a consequence of a crowdingd
phenomenon (Roberts, 1961),'or pe aps have destrobi]ated

“’bdue to some other unknOWn cause - This problem can onJy be

"so1ved exper1menta11y | o

{IﬁThe p1nworms 1n p1kas, un11ke the above speo1es, appear ’
to overJap cons1derab1y 1n the1r s1te preference (Figure 15)
In order to test the degree of’ spec1a11zau1on of the p1nworms_
w1th1n the caecum and 1arge 1ntest1ne, three natura1 zones7
’;were part1t1oned by ty1ng w1th cotton thread 1mmed1ate1y

after death of theep1ka - These . zones are shown in F1gure 15.

Each»zone.has a d1fferent 1nterna1 structure (see Puget and
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v

'Vois1n, 1973 for a descr1pt1on of the caecum and 1arge
.‘1ntest1ne‘of.0 rufescens).h Zone A consist1ng of the
caecum and a°short (10- 15 mm) section of largde 1ntest1ne,-
'afis thin- wa11ed ‘and has a spiral flap throughout 1ts 1ength
-.from which extend f1at f1nger11ke prccesses The processes
-are progressive]y shorter toward the blind end of the caecum.

a

Success1ve Goils of th1s f]ap are approximate]y 5 mm apart
Zone B (= prd;olon of Ke1sa11 1942) is short*(ls 25 mm),
relatively th1ck wa11ed and muscu]ar, w1th ret1cu1ar musc]e_
'bands. Zone‘c is th1ck Wa11ed g]andu]ar, and is- fo]ded
into three'1ong1tud1naJ 11nes ofttfan9Verse poeﬁet-11ke>
-flaps or haustra. 7.5"

P1kas, Tike other lagomorphs, are eonrophagous, andh
excrete two d1st1nct1y d1fferent k1nds of faeces. ’ Soft |
faeees are loose,‘have a h1gh water content, 'are re]at1ve1y B

_roughage free, and have the cons1stency of toothpaste ' Soft

L effaeces are re1ngested by p1kas (Johnson and Maxe]] 19663

-nynda]e B19coe, 1959) as in other 1agomorphs (Bookhout,
1959; K1rkpatr1ck,»1956, Madsen,v1939).-1Hard,faeces are
Jspher1ca1 p&]]ets,,about}é mm in dtameter;} They haveoa
’relat1ve1y Targe amount of roughage J PnospeCtiue hand-faeCes..'
'rema1n motst and do not form pe11ets unt11 after passing |
through Zone C but because of the re]at1ve1y 1arge amount

of noughage,’are eas11y d1st1ngu1shab1e from soft faeces {n

" this. zone The kind of 1umen contents in Zone C, and the

fmnumBer of 1nd1v1dua]s of each p1nworm spec1es in each of the

'

. zones were re;orded at necropsyu Pre11m1nary resu}t have
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been published (Holmes,,19735; detailed refgjts are shown °
in Figure 17. o | | |
Most spec1mens of Lugenurvs species A are found in
‘Zone A in o. prtnceps (Figure 17a), ‘regard1ess of the 1umen
"tontents in Zone .C. Cephalurtb spb had to be considered
togetnen}because fema]es were 1nd1st1nguishab1e (see p 30)
‘ Nhen Zone c conta1ned prospective hard faeces, 1nd1v1duals
of CephaZurtsqspp were d1str1buted almost even]y Tn both
~Y'A»and:C‘ wfth very few 1n B When4Zone C conta1ned prospec-‘
t1ve soft faeces, most 1nd1w1duals of Cephalurts Spp. were
’l1n Zo_une A. Labtostomum coloradenets were found almost '
) erciusfye]y in Zone C, ’regard]ess of the contents o
In 0, coZZaPts (f1gure 17b), Cephalurts spp. and Labio-
f°t0mum rauscht had patterns of d1stribution s1m11ar to their
congenérs 1n 0. prtnceps Thus, Cephalurts SPP- were pre—
"‘sent in Zones A #nd. C when4pard faeces were form1ng 1n Zone
C, and most]y in Zone A when soFt faeces were forming ?n
Zone C . Patterns Of Eugenurts taZkeetnaeurts d‘lstr1but1on
lwere un11ke those of Eugenurts species A but slmi1ar to-
'Cephazurts spp. patterns Ma]es of Cephalurts aZaskenszs ‘
and b' coZoradenszs‘inAo. collarts were treated separJte]y'
(F1gure 17c) to determ1ne if they were segregating, but no

3

: d1fferences were found between them
In summary, two spec1es are sjte spec1f1c in 0 prtnceps

y-and'show very “1ittle overlap Eugenurts speCIes A selectsl
Zone A and L coZoradensts se]ects Zone C ' Cephalurts spp

~.are m1grators and tend to e1ther ‘avoid prospect1ve soft
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Figyre‘17. "Distfibatibn of pinwbrms in-the three zones
' (A-C, see F1gure 15) of. the caecum and .
. A Pl \ <
'1arge 1ntest1ne oft pikas dur1ng per1ods of

- ,‘r4f . hard faeces,'and Soft faeces format1on

~

Samp]e sizes of. p1nworms (and hosts) are

“shown be]ow each pie - a) p1nworms in.

bchatond'princeps, b).p1nworms 1n\0” COZZaris;

‘and c) male Caphalurts alaskenszs and
2

C.{colorademszs'in 0. coZZar@s. o N
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I7A. QCHOTONA PRINCEPS ~
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faeqes, or select prospectlve hard faeces : Schad'(igﬁj)
“1nvest1gated the, s1te se1ectlon of eight species of p1n- :
:h worms (Tachygonetrta) in ‘the co]ons of torto1ses (Testudo
graeca) using a. quick freeze technique He Found four pa1rs':
of specnes, each of wh1ch had a- d1fferent longitud1na1 d1s?
tr1but1on He then stud1ed the radia] d1str1but1on, and
d1scovered that one §5351es of each pa1r tended to be a-
1umena1 and the other a paramucosa1 dwe11er ‘In the present’
study, Cephalurts spp 1n 0. prtnceps over]ap w1th both -
Eugenurzs spec1es A and L coZoradenszs at d1fferent times,
but appear to be cue1ng on prepert1es of the. 1umen, whi]e
the 1atter spec1es cue on propert1es of the gut wa]l Thms f;.
suggests that Cephalurts spp mayubev]umen'dwelrers,Land theaaﬂ
. others paramucosa] dwe11ers ;i‘ B '_-t,' o L

The s1tuat1on in 0 <collaris 1s more puzz]lng., Not;‘

°

cod

: on]y do bath spec1es of Cephalurw m1gr~ate t'ﬂeh_; but
Eugenurzs taZkeetnaeurts jo1ns #hem Onty L a:ue'chi":'ls
sedenfary in Zone C Perhaps thesgﬁspecies are. segregated , .i
von food preferencgﬁ A1ternat1ve1y, co ex1stence cou]d ‘
'_occur 1f each spec1es were pr1ncipa11y 11m1ted by a d1ffer-
i’ent'm1cronutr1ent as may be the case for phytop]ankton' ;'@‘T
‘assemblages (Petersen,'1975) f.'” S ‘ -
B 1 Holmes (1973) and Crompton (1973) have recently
c.rev1ewed the 11terature on he1m1nth m1grat1ons Hymenozépis’
dlmlnuta 1s known to undergo forward m1grat]on 1n response

to food 1n thexhosta% stomach,, w11]1ams et a1 (1970),,. RO

"reCOrded,several_examp]es“of'feed1ng mtgrat1on of.he]minths 4



o

1n rays and cod and Mackenzie and Gibson (1970) noticed
.one examp]e in p1a1ce These examples are perhaps atyp1ca1
.jbecause the f1sh were brought into the 1aboratory and starved

‘-for some days to br1ng about a posterior m1gration The

examp]e in p1kas appears to be the f1rst known case oF a:':”

o L)

ﬁ;natura}ly occurring feed1ng migrat1on of a gastrointest1na1

Other he1m1nths shou]d be s1m11an1y 1nvestlgated

© o
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‘“ﬂ@]Dawson (1957) rev1ewed the fossi] record of ]agomorphs

ﬂ dur1ng Tert1ary The ear11est known ochbton1ds are Desmato-ln,fp.

Zagus gabtensws and Stnolagomys sp ) from the mid-t
011gocene of As1a ’ By the M1ocene, chpton1ds were;pore i'ff
d1verse than 1epor1ds,'and many species were' present/nn

North Amer1ca . The North Amer1can ochoton1d 11nes are

thoughteto have hecome ext1nct, and the present speciES are

PR
‘o

Ochotona, the only 11v1ng genus of the fami]y, arose

_,r1n the Pa]aearct1c Reg1on, probab1y dur1n9 Pliocene t1mes.,’5?'
S and apparent1y soon spread to ‘the Nearctic Reglon Ochotona .

epanglez; from a Hemph1111an assemb]age (P1iocéne) in Oregon,‘f?'

is’ the fwrst known Nearct1c representative of the genus @. i

&

(Shotwe]] 1956)

S 9».;

o . S
Records 1n the P1e1stocene do not appear unti] Kansan

e -

n"t1me,)w1th a giant p1ka 0. whartonz, 1n A]aska (Guthr1e and

Matthews, 971) Another g1ant p1ka, Ochotona Sp-. found'
1n the Yukon Terr1tory, is thought to be of’ 1ate Sangamon"s
age (Irv1ng and Har1ngton,_1913) North Amer1can records'

of p1kas 1nd1st1ngu1shab1e from 11v1ng spec1es, f1rst appear

'1n 1111no1an cave depos1t§ of Mary]and (G1d1ey and Gaz1n,'

130



.‘]9.38)1 LECE mumm1f1ed kaa,~ Cf COZZGI"LS: ikh."A“lj'.‘a»s‘.kav 1 5

‘.'.represent a’ 11ne wh1ch probab]y became ext1nct dur1ng

ab]y of W1scon51n age (Guthr1e. 1973) IR
The current hypothesis concerning the present North

Amerwcan d1str1bution of Ochotona.lls that the two spec1es

'ﬂ”are der1ved from a s1ng1e m1grat10n across Beringia in;'
"~*,I]T1n01an time, fo]]owed by a* souther]y spread aTong the
thocky Mounta1ns,‘and a subseqUent sp11tt1ng 1nto two groups

| wpdue t° the J°1n1"9 Of the Cordi]]eran .and Laurent1de ce'”

LR

°~sheets in the W1scons1n (Rausch 1974) The ancestra]
T¢Jspec1es must have spread south dur1ng a. period when the 1ce
'hisheets were not c0nf1uent e1ther Tate 1n ITT1no1an time or

f1n Sangamon t1me The presence of a foss11 Ochotona resemb]—_'

RN

;dng 0 prtnaepe 1n Mary]and in a deposwt thought to be of

'*ITTano1an age, 1nd1cates that the spread must have been’

\ e

1-?ear]y and rap1d ,'PresumabTy,us1nce modern North Amer1can
',p1kas are taTus dwe]]ers, the spread to the east must have
:;been a]ong patchés of gTac1aT dr1ft»7 The p1ka 1n MaryTand

L 1s somewhat anomaTous in that 1111no1an dr1ft deposits were‘.

L re]at1ve1y f1ne gra1ned un11ke WTScons1n dep051ts (FI!nt

‘o
o

;1971 559), wh1ch were rocky and shoqu have provided more

¢ °

suitable hab1tat for p1kas

The records of g1ant p1kas 1h ATéSka*and-Yukon'

w1scons1n t1me, and 1s not re]ated to extant p1kas The

‘o

Yukon spec1men was found in assoc1at1on‘w1th human. artefactsﬁ E

'~Humans “have been suspected of caus1ng ext1nct1on of other c

- mamma]1an spec1es in.. North Amer1ca at th1s t1me (Hopk1ns,.f

Y . : «
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-1967; Mart1n. 1973),. and may have been responsible for the
‘L‘ext1nct1on of the g1ant p1ka D-l'__ | _ o
‘;‘éee Rausch (1960 1963a, 1963b) used ev1dence from hel-
hc; rnlnth d1stribut1ons to hypothes1ze a c]oser re#at1onsh1p of
» o coZZarzs to Asian p1ka$ than to o, prznceps ' At that
't1me,‘neither Eugenurzs nor. Labtostomum was known from

0 prtéueps, and Schtzorchzs cabaZleroz ‘was known on]y‘?h

o. coZZarts . Add1t10na1 ev1dence was ava1]ab1e from f]ea :
Z‘;: d1str1but1ons (Ho]]and 1963) Monopsyzzus toZZz,'a spec1esg
found on As1an pikas, was known from 0. collarzs, but not
from 0 prznceps. ‘ | , ‘: » A

| Rausch later changed his hypothes1s as more 1nformat1on
became ava11ab1e on he1m1nth d1str1but1ons (Rausch and
0hbayash1,,]974) and karyotypes df pikas (Rausch and R1tter,
1973 Vorontsov and. Ivan1tskaya,.1969 Hayata and Sh1mba,
]970) Aff1n1t1es of 0. ,coZZarts and 0 prznceps to their‘“

geographwca]]y and eco]ogwcally c]osest congeners 0. hyperborea”

¥

.\. ) . ’_’o

and 0. 'azpzna are apparent]y remote, compared w1th thelr
3 aff1n1t1es to. each other o . , 4
Ivan1tskaya (1973) has found that 0. puszZZa, the
’steppe p1ka, has a chromosome number s1m11ar to that of
o, prznceps She postu]ates that R pustZZa Was in Berwng1a
fdur1ng the early P1e1stocene, and is. the ancester of 0. ﬁrzn—.
ceps Cons1der1ng the present str1ct hab1tat requ1rements
}‘~of 0. -prznceps and 0. ;coZZarzs for ta]us, it seems more

]1ke1y to. me that the North Amer1can spec1es have a common

ancestry W1th a talus: dwe]]er (0 hyperborea, O. aZptna,
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» 1

‘0. rutL )~rathe¥ than‘a.steppe dweT]er, a]though“a:ta1us‘
dwe11er wou]d Fwnd 11tt1e avai1ab1e hab1tat on Beringia
I have found a great fauna] sim11ar1ty between,the'

he1m1nths of 0. coZZarzs and 0. prtnceps ThTee“helminth

specwes (CephaZurza alaskenszS, C. coZoradenszs, and Schmzor—‘

'chis cabaZZeros) are common to these p1kas, and two genera

(Labzostomum and Eugenurts) ane represented by spec1es pa1rs,,“

of wh1gh one‘member 1s in each spec1es of p1ka ' The maJor

‘ J

fauna] d1fference 1s ‘the absence of. the tr1chostrongy101ds

] .oraphtdteZZa and Murtelus from o, "collarzs

<

The d1str1but1on of S&hluorchzs spp. dn“North‘Amériéan.‘

pikas is the" most d1ff1cu1t ‘to fit: 1nto the current hypo—
thes1s concern1ng the or1g1n of these p1kas A spec1es not

found 1n.thls_§tudy, 5. ochotonae, has been repqrted from

O;_prtnéeps in sevéra] 1oca11t1es 1n North Amer1ca (see

°

‘p. 20) “but conf1rmed on1y in Co1erado and Nyom1ng (R L.
Rausch pers comm, ); Schtzorchts cabaileroz is known from
0. coZZarzs in A]aska and Yukon‘%err1tory, and from 0 prtn—

sk

ceps in Oregon and A]berta (see/p 20) Spec1mens of

o

L8y caballeroz are c1eser morpho]og1ca11y to spéc1mens of the‘“

'As1an'spec1es, é.‘aZtazca, than to those of 5. oehotonae
"This s1tuat10n cou]d poss1b1y be caused by a qomp11cated
hjs€2ry ofrlsplatjon agd re301n1ng of popu]attons since"
‘I]1inbﬁanbtfme Cdnsidering the'preSent ﬁsiandie diStribué
tion ofjeikas, th1s exp]anat1on seems reasonab]e However,

the- d1str1but1ons of Spec1es of other genera do not suggest

’such a h1story. A more cr1t1ca1_exam1nat1on of_the var1at1onf

N

<

o o° oo "V:"
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'in‘Schqu‘bhis’WWthinﬁandbetWeenbpopu1agjonsofé; priﬁcepeiéd'
.15 requ1red . o -",' . - | | ‘
D1str1but1ons of spec1es of oraphtdteZZa and Murtelua
'v:shed Tittle 11ght on the evo]ut1on of North Amer1can pikas
Presumab1y, both- these genera were present previous1y 1n the
0. coZZarts -0. praﬂceps ancestor, and have s1nce\become
"ext1nct in 0. coZZarts, at 1east in the popu]at1ons surveyed
“Both genera are represented in Asia. GraphtdteZZa OZSOHL is
known on]y frrom-a sma]l geograph1ca] area: (A]ta1 and Sayan
”;Mounta1ns) in 0. aZptna and O.Vdaurtca.‘ No other species’
are known in the Pa1aearct1c Reg1on.l Murtelus is represented
hby three spec1es 1n the Pa]aearctxc Reg1on, 1nc1ud1ng M. /‘,
"_harp‘esptculu_s, known a?so fr‘om O prtnceps , Th1s Spec1e/§ hasﬁ
"‘beeh found in 0. hyperborea, the range of wh1ch extends
hic]osest to North. Amer1ca e R
The d15tr1but1on of. the p1nworms Labzostomum and
Euqenurts support the hypothes1s that both 0. prtnceps and
- 0. coZZarts are der1ved from the same Pa]aearct1c ancestor.-.
"_Lavbeostomum raus:;hz 1n 0. coZZarts, an-d L. coZoradensms i,n;
Q; prtnceps ‘are about as s1m11ar to each other as to the
eastern Pa]a%arct1c spec1es L. vestcularts The same pattern
"pp11es to the Eugenurv,s taZkeetnaeurts - E’ugenuris, _spéc‘aes )
| A = E) schymakovttscht gY‘OUp o . | |
' ‘“Cephalurtu spp d1str1but1ons are the most cons1stent
W1th the hypothes1s . There‘are two easily d1st1ngu1shab1e

groups of species 1n th1s genus; Hobbs.. (1n press) found two

Spec1es of Cephalurto,;one from‘each of the two groups,‘_

“'d'

\ul,'... '
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%Eatudied (0 prtnceps,- 0. coZZaris;“

. '#,'n i

.three of fo%r host speci
.O; rutzla) The Nearct1c Cephaéur1a alaskensws 1S Wn the
';same group as the Pa1aearct1c C. andregevt, and c. coZor;’
.aden8ts and C. ochotonae are in the other group. | Un11ke
“Labtostomum and Eugenurus, ne1ther Cephalurts coloradenste.j'
nor C. aZaskensts has undergone spec1at1on since the sp11tt<
1ng of 0. coZZarts and 0. prtnceps However, these spec1es dn
_and the1r Palaearctic, counterparts must ‘have diverged before
‘the 0.:collaris = 0. prtnceps sp11t,g1mp1y1ng a considerab]e
:period\of separation of the Palaearctic - Nearct1c 11nes
'vThis'is&supported by karyotyp1c ev1dence.‘ Ochotona hyper—
'borea and 0. ualé{na;~whlch are. cons1dered the c]osest re]a-d
t1ves of the Tiving: North American pikas (Rausch 1974)L
.have a d1fferent chromosome number (2n %~40§ Hayata and‘
'hShnmba, 1970 Vorontsov and Ivan1tskaya, 1969) from 0. coizdris'
(éhd= 68;'Rausch and R1tter, 1973),or 0. prtnceps (2n = 68;
;Adams,'1971* wurster et al., 1971, hey and: Ben1rschke,_197f{
: W1se1ey,-1973) o .b .‘ .
| 'D1str1but1on patterns of fleas are more d1ff1cu1t to
-»1nterpret because they are not as host spec1f1c as he1m1nths"
in. p1kas, and may be transported by other hosts. Pikas are
pr1maryhhosts to three spec1es 1n North America: Monopsyllus
rtoZZt, Amphaltus necoptnus, and Ctenophyllus terrtbtlts
" The 1atter two are found on both 0. coZZartS and 0. prtnceps
(Holland, 1963)' a]though 1 d1d not f1nd either on 0. collaris

{n”the>Yukon. Both fleas have re]ated spec1es (A runatus

and c..aymatus) in the Pa1aearct1c Reg1on, SO. 51m11ar to them,



b,'dhat differencee may‘be“oniy‘at‘the‘SUHépecffiewi:Lel
(Holland, 1958, 1963). Monopsyllus tOZZ‘L is known on’
th.-coZZarzs in the Nearct1c Regicn and a]so on eastern
. 5alaearct1c pikas . It may have been prgsent on 0. prtnceésar.
dand“becomezextnnct; or more likely, 1t1ﬂey‘represent‘a_mpre "
recent invasion to the NeanctICHRegien Qja,anethér‘namhar.
'after the sp11tt1ng of o. cbllarié.;‘o prinéeps. |
In conc1us1on, the haras1te d1str1but1on data are con-
--,sistent with the’ hypothes1s that O ’collarts And 0 prtncepe.
:are der1ved from a single m1grat1on of a. Pa]aearct1c ances-
tra] spec1es, probab]y dur1ng the I111no1an g]aciat1on
There 1s some eV1dence from parasvtes that the 0 coZZaris‘4."
0. prtnceps pa1r d1verged from its Pa]aearct1c ancestor as‘

a s1ng1e un1t on North Amer1ca before dwvergwng 1nto the two

“extant descendant spec1es

- . . . LI



- CHAPTER IX
L : ~
CONCLUDING DISCUSSION

Ny e
He]minths of p1kas muﬁt have had a 1ong evo]ut1onary -
~'h1story together-‘none of those encountered 1n th1s study o
’appears to be new to p1kas, as no spec1es have congenersul'
in hosts other than p1kas The plnworms form a monophy]etiC-m
'Jgroup as ev1denced by the s1m11ar1ty of c1oaca1 papiT]ae ih.

males.(F1gure 18) and probab]y are der1yed from an ancestor

r-dc0mmon to Dermat?xys -in 1epor1ds : My views on the phy]ogeny

.of ‘these pinworms are shown in F1gure 19.‘ Each characten'
_state is des1gnated»by a}]etter: ]ower casenis'USed for-
ortmttivercondftion, and capital‘for;derived cbnditfont-_A”-f-
.;summary:of’characters‘fs shOWn'in Tabfe?]6 'Reasons fbk'
"ass1gn1ng cond1t1ons to e1ther pr1m1t1ve or- der1ved for each
character state are as fo]]ows ii
'Numbergof_ltps.  Because the commonest state 1n th1s'
group~is:three311ps; and because thws state occurs
parasites of. a11 host groups, it qs des1gnated as
’pr1m1t1ve Add1t1ona11y, those genera w1th s1x 11ps ‘
" have them arranged in pawrs,: CRIT .
. Precloqcal ventral o‘fnqmten't‘._.vvlTh'i:s tr‘an.sbf':o'rtnatjiio_n
‘seriesvis~based‘on_the assumption’that the direction
- of eVOTutionthasibéen from a broad to a ‘narrow ornament.

137 -
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Figure 18. _Djagrammdtic'rgpresghtationﬁof cloacal

\

'Gfecﬂabe1Jédva-h; in prder_to_show thé

L Ha\FimTWarity ‘between gerera.

<
-
‘
L ! o
- . L
o
°
o, . 4
©
\ o u
N
R -
\ B
¥y ]
% [
i,
o
° o S .
v .o

f ] . X
: %{w

papiliae in male pinworms.. The papillae’

°
-
o«
*
K .
&

T



140 . -

\\—"cushion*"

v oor .




- B
-
-
a . . £
. o ;
. [}
‘e «
. R
o )
s -
f < B .
o o
B
°
o
" o8 .
.o I
& o
] -
°
. f.e
8 W . v
° - . o

‘ Fi§hrei19‘° D1agra;ZShOW1n9 hypothetica1 phyiogény of

A

a’ group of p1nworms 1n the fam11y Oxyur1dae.

: See Tab]e 16 for exp]anat1on of 1etters.° L
’ . kl ' Soa
, | o ) -
. c ,_'f.‘w * [



LS

T4z

R

ko

. LAGOMORPHS
- LEPORIDS 'OCHOTONIDS

e

'RODENTS

s

HOSTS"

A S1dNIvHAd30

v

. SINI9LSYd

-

1 sixolvWy3G:

B

| wiKanAxCY3 13K

WNINOLSOIEV T

SERIERRER

T

~a b=cd




”nc-'

~stomach worm of 1epor1ds ‘ The heligmosome Murzelue doess;?;‘

-not have any re]at1ves in- the He]igmosomidae, wh1ch is - now

R DT RR a3
.I ‘""] ‘A . ‘," ‘. ‘ . )
.[The pseudosucker of the genm@§1m rodents (Heberoxynema)
Jis a re]at1Ve1y short and brOad structure - I cons1der
this to be pr1m1t1ve, because sim11ar structures are
bpresent in: seVera1 other genera of p1nworms 1n rodents;

h'A]] b1nwormf of th1s group wh1ch 1nhab1t 1agémorphs

ipossess an- ,1ongated crest, 0n1y in those 1nhab1t1ng

o

N$1kas is the crest 1atera11y compressed

Cushton Zt'e czoacaz paptZZa Because th1s is presentl_ S

ﬁ71n on]y one\%znus, I. cons1der 1t to be a derived state.-.'

. h(‘uttcular orn mentatzon oj‘ the anterzor end ot Ther‘e is.
- great var1ety exh1b1ted by the p1ka p1nworms “in thqs
;-character . Because the ornamented character states

are not eas11y derived one from the Gther, I cons1der
Jlr_the un- ornamented state to be primitive. |

e

.Among the other genera 1nhab1t1ng pikas 1n North

Amer1ca, Graphzdzella doe@ not have close aff1n1t1§% to- any \f

‘3‘

be11eved to be a po]yphyletic group (Durette Desset. 1971)

There are however,'many s1m11ar1t1es (e 9. syn]oph struc-'

ture, dorsa] ray arrangement sp1cu1e shape) to the tricho-

| strongy11d genus Nematodzrus, particu]ar]y to- those spec1es .

| found 1n 1eporads (D1kmans, 1939 Durette Desset, 1974)

The cestode Schtaorchts % the on1y genus wh1ch does not

3

have a counterpart in 1epor1ds A1tpough 1t must have been

1n p1kas at 1east before the I111no1an, cons1der1ng its wideév'

-

=3

‘f‘11v1ng genus, but 1s probﬁb]y c]osest to Graphzdmum. the . \




“wor1d and New WOr1d

e L

: spread present distr1but10n 1n them, 1t REE perhaps the

newest of pika he]minths It resemb]es Manoecoceatus,,para—"p'

.s1tes ‘of . many d1fferent groupa of mammals in both the 01d

P1kas offer an exce11ent opportun1ty to study the

’ structure of an old. he1m1nth commun1ty system According

to Ho1mes (1973) hypothes1s,'1nd1v1dua1s in such systems

shou1d show an avo1dance of competitive exc]usion by inter-

‘. act1ve and se]ective segre at1on ’ Data iven aboveoare con-'
.) greg T -g_AyN\°‘A.» A

- tion, as expected

s1stent with the hypothes1s In eed, those.species.thch

.appear to have been in’ p1kas Tongest (ofaphtdtézia and.the
¢p1nworms) are those ‘which use se ectiye site‘segnegat10n?
'the k1nd cons1dered by Holmes" ( _73)fto:be the»most highTy '
'evo1yed., Spec1es of»ochcaorehcs,'the'mostArecent'pika“het-b

. minths, are‘those most affeéted by jnteractivefsite{segregafg_’

1

Studies of this type tend to pose more quest1ons than

are answered Several 11nes for future research became '

obv1ous dur1ng the course of th1s study ' I shall brief]y

;'d1scuss four of these ','A7€v : - i‘_f

_th1s study that smal] worms were youngeworms '.However, Tf

The'distr1but1on of S- caballerot a]ong the 1ntest1ne

needs to -be stud1ed exper1menta11y | had assumed dur1ng

v

‘uonce found a sma11 5. cabglleroz in the 1ntest1ne of a p1ka
which had been 1n ‘the 1aboratory for six months The p1ka

~was very un11ke1y to acqu1re new 1nfections in the 1aboratory,_

Eggs of 5. _cabaZZeroc were numerous 1n the faeces of th1s



pika unti] three mOnths before the_host's;;;;}hs Et s
'poss1b1e then, that many of the small wormX in field-

sco11ected p1kas were not young w1th care,,dt'istpOSSibTe

% to keep pikas An the 1aboratory for exper1menta1 studies,,

'*and even to breed . them (Severaid 1950,_Underh111,.1962)

*

A 1arge number of capt1ve p1kas wou]d be necessary to. fol]ow

jthe d1str1but10n sh1fts of S. cabaZZeroe in the sma1l 1ntest1ne

"}at var1ous ages of 1nfect1on

In order to carry out the above study, itfﬁou1d finbt_-
ybe necessary to determine the 1ntermed1ate host for 5.
caballerom and to comp]ete the life cyc]e ' Other anop1oce-v'

' gpha11ds use oribat1d soil” m1tes Pika hayp11es wou]d provide

~}1906d habitat for mites,'and 1t may be prof1tab1e to. study

”Emites assoc1ated w1th hayp11es "Indeed there may we]] be
' mod1f1cat1on of the behav1our of 1nfected m1tes, such - that
‘they wou]d be more 11ﬁe1y to be 1ngested by the def1n1t1ve'
»Qhost, a s1tuat10n simi]ar to that found for ants 1nfected
uw1th Dtcrocoeltum dendrttzcum (reviewed by Carney, 1969) and
Q.gammar1ds 1nfected with PoZymorphus paradomus (Bethe] and
:Ho1mes, 973) _._?_ : ,Abh: / _' s B | |
F Understand1ng 1s 1ncomp1ete bf s1te segregat1on by p1n-
‘Wbrns - The cons1derab1e overTap between preferred‘s1tes of
' fCephaZurts Spp and Eugenurms taZQeetnaeurzs 1n O -voZZarms.

_¥ema1ns to be exp1a1ned Use of Schad s (1963) technique of

'rap1d1y freez1ng #the gut in liquid n1trogen or a]coho]/dry

© “jce mixture (Ha1r and Ho]mes, 1975), s O that 1umena1 and

'fjparamucosa1 dwel]gng w0rms can begpoparated, may prove prof1t;

a
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‘able. A1ternat1ve1y. it may‘Be poss19ke to develdﬁwgm

1mmuno%og1ca1 techn1que for gugnfﬁﬁtent ana]ysis of the
worms, to determ1ne d1fferences Hin. feeding preferences, as.
has teen done for turbel]arians (Reyno1dson and Davies,
1970) |

'Th1s study was too short to adequate]y observe the

dynam1cs of ext1nct1on and reco1on1zat1on of he]minths in

the 1s]and 11ke popu]at1ons of hosts The patchy ﬁ1str1bu-
t1ons of Murtelus harpesptoulua, and the d1fferent abundances

of other spec1es in var1ous 1oca11t1es (see Chapter VI)

1nd1cate that a long- term study wou]d Be worthwh11e The

. northern part of the A]berta study area.is an jdeal p1ace.

for such a study, as there are many sem1-1solated p1ka gopu-

1at1ons of d1ffer1ng sizes and degrees of 1so1ation
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Appendix I. Samples sizes of piriworms measwred for taxonomic Compérisons. ATV
.+ 7 worms were collected by the author, unless otherwise indicated ‘
L ) o . Sex sample.
+ Species . Host - Locality . of Worm Size®
Cephaluris dlaskenete Ochotgna collarie Yukon~ Male 22
o : " Oghotona princeps Kananaskis Male 20
Ochotona princeps Colorado* Male” 10
. Capﬁaiuris coloradensis o 'Oohotonq collaria *quon ‘ Male 20
D ' Oahotona princeps Kananaskis Male - 20
Ochotona princeps Sheep R.* Male S0 -
Oochotona princeps . Colorado*  Male 9,
c. alaakaneio'é.,ablo}ddéhnia Ochotona collaris Yukon . “Female - 23
: : O Ochotona princeps  Kananaskis Female - 20
Ochotona. princeps Colorado* Female .10
Cephdluria'andrejevi Ochotona ruifla .,kazakhstdn** Male 10
- S ‘ R . . Female -7
Ochotona hyper- Japan*** . Male 4
] - borea yesoensis ) - *Female 6
- _ — e T '
Cephaluris ochotonae "Ochotona rutila Kazakhstan** Male . B
. . o *? ' : _ - - Female -8
Eugenuris talkeetnaeuris Ochotona eollaris  Yukon ‘Male .. 20
. L ’ ) : FemaTle 20
Eugenurie sp. A ' Oaﬁotonabprinceés thahaskis.' “Male .20
: ' . ‘ - F} e i Female 20
" Bugenuris échumakovitacﬁi Ochotona rutila Kazakhiﬁan**; Male 7
: " : ' : R ~ - Female 7
Labiéetamum rauschi Ochotona eollaris Yukon Mate 20
o ' a i : . . ~Female 20
Labios tomum céloradcﬁoid ‘Ochotona princepgs Khnanask1§ Male 20
: v : L o Female 20
Labiostomum vesicularis Ochotona ‘rutila’ ‘Kazékhstaﬁ**. Male - -2
‘ . . : : ' 4
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