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,"‘3§Ehaérdléfiopéis,dendfoctoni or C. reversus in the hemdéoel. 

o

o T .« ABSTRACT '~

S

{Bfitigh’CQIﬁmbia'pépulatiqhs,bf DéhdrocféndsVbrevicdmis;,9¢' 

gﬂtufipénhis;%Q.7ﬁ$eﬁd0t§ggae;and Trypodendron Iineatum“weré'QXémined f.f:;&
fvfoiJHEmatgde'Pax@éiiesiand:;he“1ncidéhcef¢f infgéti0n,wasﬁreQ6fded;

Two;popplétibnsfofigi'Brévicomié deré'32.02 énd,17;Az;irespéctiyély;f-.” 

'ihfé¢€%d?wi£h'CohtbrtylethQéubrevipqmi<g Tho,pébulationé 6f Qg .

. ’rhﬁigennié Qereil3x6215ﬁd‘As.sz;yfespéétiVeiy, ihfectéd'ﬁich7either :

'Ektagbgléﬁchus sb.ilaﬁvée wére,fbuhq;uﬁdéf_the elytra of all

%

-~ - and ?araSitorhabdftisWobtuSa larvae octhféd'in,the gut;"PquiétiQnS g

’

= bflgf péeUd0t§ggae from‘éithérhsités'ih B;C;;had‘infectidns'of g.‘réVersqu’

':ranging from 0% to 50.0%. ‘Gut péfasifiSm by‘g,'obtusaifapggd from 0% = .
t0.77ibzu ‘Four,species’thsube1Ytral nemato&es.werevfound.,TTWO,)' {

populatioqs.of I,\iiheatum were713;OZ and 2.4% infected By a fylehchidﬁ"
o . . ' N "~ . ’ :, : t ' 1/ T ' o '

c larva.”

"Qi barberus. is synonjmized wifh'g}.breviqomi;from D.ibrévicomisfvf
'éﬁ¢Jthe deSignation oi/;he larval stagés of C. brevicomi is féviséd.‘ff
A new spécies of an apheleﬁchoid'hematode,»belonging'toMeich%rrtheggenqs

Bursqphelenchué or .the genus Parésitapﬁelenchué; is described from the.

géllériesjof Q,‘pseudotsugaé, A fir$t répoft'of a'tylenchid: nematode in

the hemocoel of T. lineatum is éiso,pfesented bﬁt‘its biology and specific

<

P .
.identity are unknewn.

. C. reversus from the hémOCOeI of D. pséudotsugae is redescribed -

s

 including the firsp.déséription of the free4iiving, infective female.

’z'c,ime'n,s,j L



?(lk):fl"

L , o - v R o
Tht pOst-tmbr\onlt dtthopment of L reversus LndicateS'fout larval .-

5 . .
- . M

‘ staggs'within'the‘host,hemocoelw» lnclhe gal]eries, the l4 larvae” -
molt. into séxually mature maleskandrfemalee,,copulation occurs, and

ytheffemalesvmigrate §p5tbe'larval galleriesiand reinfeéct primarily
' seeondjorupQSSibly earlytthitd Stage‘latvae of the neXt’host"“
'generation.hr
- Cnlikevmetmlthi&s;_the sex ratio of C. reversus apparently s
. e ) - . . L ) " ST "‘———‘“ j,rn ‘;’ . , o

unaffected'byieither Host stage,'Sex Lor the'number'ofbpafasiteSVpresent;
T ' : SO s
= Adult -D: Eseudotsugae were: examinedffor the phyaiological LffELtb of Ce o

parasitism. C. reVersus depletes the hemolymph proteln of . mature but not

¥

(Qf callou adult,females{ ,Parasitism also.reduees.the ootyte size‘by,ZOA;

',TWO,prdtein fractions tncrease Si%nificantlytover the‘controls in the

1nfected callow males but: not 1n the 1nfected mature males HoweVer;'tétal.

'hemolymph“protein‘levels in,male hosts are'unaffected,l Hemolymph carbo—

hvdrate and amlno ac1d levels are not signlficantly altered by parasitism

in all four adult ho@t Categorles
\\~y .

Y

C > k ‘.\ o o ) )
g,freversus alters the,behaviour and fecundity of D. pseudotsugae -

¥

,effecting the fotmatlon of 20,— 304 shorter‘egg galleries by 1nfected than

. by unlnfected females and 40 - SO/ fewer eggs la1d by. 1nfected than by'
'uninfected females 'No directlonal .change in gallery construction occurted.
'Eggvviability was unaffected by paraaltism. Mat1ng with 1nfected malea )

affected neither the;gallery length -nor the fecundity of;uninfected females,,’

However, infected'males‘were good dispersal agents for C. reversus, carry-

ing it into galleries that might otherwise-be parasite free.

-

P

-
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’The number'of'generations per year varies from one to five or more, with

L e : . . ‘. . e

4;‘

Bark beetles are'common pests of .timber, attacking”both'standing?and ;‘ .

. . " > (j
- fallen trees. Between 1960 and l970 approximately 1, 164 million cubicg

feet of - standing timber was - destroyed mainly by bark beetles in British

'Columbia (Cottrell and Fiddick 1968, 1972) R (r/‘ ) l_\

.'Ln North America, most;of-the bark beetle pests belong to the‘gennslf

‘Dendroctonus.’ SpeCies of thiswgennS'may~overwinter‘in'almo txany stage7

»of déVelOpment;' Emergence from infested timber begins in- Apkil or May when fnkb:"'

B

temperatures rise above lO C (50 F), ‘and continues to late Seatember or'H

&October(with peaks-around.June andNJuly}j The emerged female initiates the.

oattack,en new timber and attracts the male for mating ‘ AfCer mating,vt he

v , _ Y
male either leaves in’ search of another female or dies w1th1n the gallery

'nThe female then commences egg laying and may'eventually die within thef

3

gallery or, alternatively, she may- emerge and attack a second or third tree’

“(Wood l963);v The larvae that hatch from the eggs tunnel laterally from the -

main gallery withln the bark Pupation usually occurs in the onter bark.ﬁ

fewer .generations in colder areas.

NematOdes are frequently found in association with bark beetles'but

i.lvery little is known of their effect on the biology and population character~ fT

1stics of their hosts The first report of,nematodes parasitizing bark.
beetles was by von Linstow (1890) who reported the’ presence of Allantonema

in the ‘hemoeoel of Ips typographus By 1963 a’ total of 250 speciesjof

nematode,were recorded from 60 bark beetle species;(Nickle, 1963a). ﬁTheﬂ‘

degree of association'ranged,from‘casualuphoresy‘to obligate,endoparaSitism.'



e T

,,Iunttlgn as a host to ectoparas1tes and to true endoparasites e

Stelner:(1932),n}p0thesized an'evelutiqnary Sequehce-in,theiparaSitismlef

bérk beetles from,the use'Of‘theﬂbeetle as-an eccasional carrier to its?f

,\ ; . X
' Fuchs (1915) described the effeets of bark beetle nematodes as killing

,orfweakening the host, causing~a reduct;onfinfhost fecundity and,preVention

bf.a_secondvhbst generationtin~the‘same ﬁear;'lln RuSsia;tYatsenkaWSky/(1924): o

:Tnoted,tnat;bark beetles"of'the genhs'BlastOPhagﬁs'infeCted‘witnjsmall—nnmberS“h

'of‘hematodesiwere-castrated;'while those with large numbers of nematodes n

were killed; Rhm (l956)ﬁbelieyed that'the,inflnencevoflbarasitic nematodes

L

npon,barkfﬁeetle pdpulations'isfminor and could not behponsidered asja cause

.Y

of decllne in host populatlons

' The number of nematode spec1es and the abundance of each species chané;

‘when bark beetles attack dlfferent host trees or dlfferent parts of the same

tree (Ruhm, 1956) The number’df-nematqde species and'their;abundanee decreases

and laterithe surVivors‘produceddwarf fiematodes and‘dauer_laruae.' This o

"anggests that bark beetlefnematede surViVal'nay depend on their adaptability'to‘

Ctheééffectslof changing environmental conditions on the hosts.f

Ruhm (1956) reported that 1nterspecific competltlon occurs. amongst;_,_‘

nematodes wlthin the'beetle gallery. Aphelenchoides piniperda, for example,

occurs in lower numbers in the'galleries of.Blastophagus piniperda_when present’

| together with Earasitorhabditis piniperda and Panagrblainus tigrodon; Under -

5uch_conditidns, most of the aphelenchoids are juveniles rather_than‘adultsQ

Competition between parasite‘speciesiwithin a gallery.occasionally leads

to the premature invasion of the host, or alternatively, to a total cessation

- of nematode development.



Bark beetle nematodes Dccur in One of three sites on the beetle..»

Externally, they inhabit mainly the subelytral position occurring,usually‘

'as clumps of ensheathed third stage larvae commonly called dauer larvae

"Only the genus Ektaphelenchus exhibits true: ectoparasitism (Massey, l956)

“iMbst Rhabditoidea, Tylenchoidea and Aphelench01dea are phoretic when they S

‘..av.

occur_subelytrally; Internally,,the parasites may be found in the gut or.

infthe hemocoel Many rhabditids enter the‘ 'stivia the anus and migrate
up - té the midgut while the beetle is overw1”tering. Nickle (196
‘that larval garasitorhabdltids caused abrasion of the epithelial layer of ~—

the yentriculus in ps paraconfusus. vThose:nematodes that_paraSItize‘thefl

‘hemocoel‘enterﬁeither‘by direct‘cuticular penetration.br bypbeinglingested'
'f-_yby the host and subsequently penetrating the host gut. VAll.hemdcoel‘parasites L
possess’a buccal stylet whlch may be used.to aid in host tissuevpenetration.j;

Observatlons on the phy31ological effects of nematcde par381tisn on
rbark beetles have been,few. thm (l956) stated that larval and "adult hemocoeli

para51tes obtained nutrlents from the fat body of bark beetles but did not -

*.‘support his theory'with evidence from“biochemical and physiolcgicallSCudieshv

It has also been reported that I. paraconfususvbeavily'infected‘with:

' .ContOrtylenchus'elonggtus'hadrfewer fat cells‘than uninfectedfindividuals

(Nickle, l963b), and that §phaerulariopsis ungulacauda interferes w1th the‘

',growth and function of organs in Dendroctonus pseudotsugae (Khan' l957b)
tIhe:physiOlogical effects of parasitism may sometimes~manifest themselyes

as a reduction in hoSt'fecundity.'vSphaerulariqpsis‘dendrbctonixhas been -,

reported to cause a decrease in egg production in Dendroctonus rufipennis

-



‘trom an. average of 76 5 to 28 8 eggs per adult female (Massey, l956) Redueedr“

v"fecundlt\ égs also been observed inlScolvtus ventralis 1nfected with

Sulphuretylenchus elongatus (Ashrafrand Bereran, l970) and in I paraconfusus,vl;

'1nfected a1th C elongatus (Hassev, l962) 'Nematodes are known~t0‘indUCe'f"w
'Acellular defence reactions in somé’host beetles. Eggs and,larvae of S

,elongatus, for example,,are encapsulated bv first to th1rd instar larvae of

é; ventralxs,but not bytother stages (Ashraf and‘Berryman, 1970)
“Vematode'parasitism‘can affect bark beetle Behaviour. %&kins (l96l)

‘ fhreported that the duration of initial flight of D pseudotsugae was reduced :

'rbv up ‘to, 50% by nematode ﬁarasitism but that.total fllght duratlon and the’
’number of rest periods remained unaffected. Impalred fllght capacity has
also been demonstrated for.S‘ ventralis heavily 1nfected w1th S. elongatus
(Ashraf and Berrvman, l970) and D brev1comis infedted nlth C. brevicomi

(Nickle, 1963a). Reid‘(l945) observed“the Q,'ponderosae heayilytinfected”

’ . : »

: Qith Sphaerulariopsis hastata.eould bevdetected by their“lethargic moyements‘
_andhthe‘impaired fesCapeﬁvbehayiour*when rempyed'from their‘galleriesfp'Tremors*
in the antennae and legsiofdinfected'beetles were also‘observedQ Aberrant
)galler\ constructlon is displayed by female S. ventrallsylnfected with'S

elongatus (Ashraf and Berryman 1970), and by’ female Scolytus rugulbsus .

1nfected with Neoparas1tylenchus rugulosi (Nlckle, l97l)

In thls study of the nematode parasites andfassoC1ates of economically;
1mportant scolytld beetles in Brltlsh Columbia, there were - three objectlves -
‘ (i)‘to assess:and deseribe‘their nematode parasite fauna, (11) to’ study the‘
biology.and development of the hemOcoelhparasite C. reversus in the Douglas— ‘

Pt

fir‘beetle, 9} pseudotsugae, and (iii) to elucidate the host-parasite relat{on-

. ship between C.’ reversus and D. pseudotsugae;
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THE NEMATODE ASSOCIATES OF SOME SCOLYTID BEETLES IN

BRITISH COLUMBIA




Introduttion .
T ',‘

' Little prev1ous work has been done on nemaqode parasites of bark c
' beetles in B/}tish Columbia Re1d (1945} reported that of the seven
~nematode species associated with D ponderosae Hopkins, S. hastata Khan B

'wa51the/onlv endoparasite. hhan (l957a b) described S. hastata and S

4hfungulacauda from the Douglas f1r beetle D pseudots_gae Hopkins, in

'/Britlsh Columbia Both these nematodes have now been placed in the'

’ genus ﬁphaerularlop51s (Nickle, l963c) ,.Ektaphelenthus macrostzius

:'Xhan has.been describedjfrom Specimens found;nnder:the elytra ofpﬁouglas;~i
fir beetles3tKhan; 1960).5; |
| ‘This SectiOn on thebnematode assooiates of four species.of Britiéh'

' Columbia sColytids inclodes}yb(i)_theqsynonymy'of,ContortZIenehus‘barberus

(MasseY) with C. brevicomi (Massey) from the hemdcoel of the western pine .
Heetle,'g,1brevicomis'LeContej (ii)'a'description of'alnewapecies:of

'aphelenchoid nematodevbelonging,to either the genuszurSapheIenehus or .

. the -genus Parasitaphelenohus fonndfnnder the elytra and in'the‘galleries>.

B

“of the Dduglasffir beetle;d(iii) avredescription of the gravid fémalé'AAa”
'mature nale of C. reversus'Thornebnith‘aidesoription ot the;free—iiping;

infectiVe female'from the galleries'ofithe‘Donglas—tir beetie,‘(ip)va‘report‘
of the Lnoidence‘of nematode 1nfection of two populations of the spruce'
beetle, D rufipennis Klrby,vand (v) a report and description of a tylenchid N

»

nematode,larva from the hemocoel of”the striped ambrdsia beetle,

Trypodendron lineatum Oliviera' Redescriptions ofbpreviousiy described ~

nematode species are in Appendices I and II.

e
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| ethanolamine/formalin (T.A.F.) and stored'in‘freshyfiXative.: Stainedvpreparaq

of vulva from tail end). All values are given aS'Means“ipone Standard”Error,l o

‘iMaterials'andlMethods'

P

Bark was’ stripped from logs QI trees 1nfested w1th bark beetles, placed

%n large polythene bags for transport to the laboratory, transferred t0'f"

R ) . . .‘ ‘ .
:emergence cages qnd the emergent beetles collected tw1ce daily. Frass that

"’.

-Awas scraped from beetle galleries was placed in Baermann funnels for nematode

: extraction (Southey, 1970)

oBeetles were d1Ssected in insectASaline after examination for'shbelytral

‘ parasites, Nematodes obtainedffrom'subelytral, midgut and hemocoel positionsh

'were kept separate; fTheYnematodes were killed and fixed in hoth(SO?C)ftri%ll'

tions were’made with7O.OlZrcotton,blue{in'lactophenol prOCessed through-f
‘Baker' s solutions (Sodthey, 1970), and mounted 1n glycerine. .

Drawings and measurements were made under transmitted llght and phase—"

~7contrast'm1croscopy. Measurements,follow the deaMan formula except\for_Gi

‘(length of female gonad eXpressed'as a percéntage of body length),and th(distance

[}

Y

Descriptions of bark beetle nematodes

1 Host: DENDROCTONUS 'BREVICOMIS ,LeConte |

Host beetles were collected from Lytton on two occas1ons. In-December

1969 ll7 beetles were examined of which 59 were males; The hemocoel of 32/
P :

of the beetles contained the" nematode C. brevicomi, w1th 282 of the females

and 36% of the males being infected,v In December 1970 46 beetles, of which

23 were males, were examined. On this occasion, l7.4% had Q: brevicomi‘in the

hemocoel with 4.37% of the females and 30.4% of the males being'infected. No

Y

subelytral or gut parasites were found on either. occasion.

‘



9 " ﬁrf‘ .
‘ Contortvlenchus brevicoml (Massev 1957) Ruhm 1960 :
svnonvm Contortylenchus barberus (MaSSey, 1957) thm 196Q ,"_,wi:f;;
Females (= 16) L=Ts 61 + o 14 (2.82- 4.82) mm 5 W = 86 9 +2.69 '_«'j'sz

(70 100),, 3 -41.8 + l 6 (32 8 60 O)

95 9+ 0. &

(94 7+ 97 O)A C = 93 5 +.0.6 (88 5 96 5)2

'_,vt = 147.2 + 5. 0. (110- 180)u

+

: The mature female nematodes are found onlv in the hemocoel 'Femalerf

yflqng,and.slender,\with body'slightly_bent'dorsally; CntiCIeifinely'étriatedﬂee

’except‘at~egtreme antetioriwhere it becomés annulated (Fig: 1,B). Buccal

“stylet very'dietinct”ingégg-produéing females,but degenerate in.dldef épecimens};»f

‘Stylet,shert and--slender Qith Sﬁall"basal‘knpns} ;Esbphagns‘straight; non- :”

.

bulbpns; esophageal.glandsaindistinct, Exeretory'pOre and ne:Ve(ringfnét‘

s

visible; Posterior end of female broad athUlva;’witherbpnded'tefminuaﬁending

‘abruptly in a,muero_TFig.,l;A)ﬁ,’antro pfesent,in all sbecimens,fbAnal epening R

not visible. Intestine appears to. end ‘in mucro."PhaSmidS present just

~

posterior.to.vulva;' Ovary monodelphlc, prodelphlc,,and occa51onally reflexed‘ -

Length of gonad variable Qcc351ona;ly;reaching‘head end of'nematode( 'Poat*f

uterine sac present only in some specimens.  -Vulva, a transverse slit at =

posterier end of body. The more pOSteriorlyvpositiQned eggs “in the uterus’

~"have a thick wall. Spermatozoa not observed in uterus.

- No males were found in the hemocoel. However, males

. lénchus genarally femain in the galleries of,the'ﬁdst;and

foiof‘to'their,entty into the beetle host. Maséey (1957)

barberus but not of C. brevicomi in'the‘beetle\galleries;

of the génus;ContoEtz;,'

-
-

inseminate females . "

ﬁgund males of C.



. 7104,

' Figure 1. ‘

fConﬁortylenchus\breviComi A. fTail5of female showing termihallmﬁcro

. and postuterine sac. B.VHead“and\antefioriEQd of ovary of female.

C. Unembryonated egg. D. Unhatghed'fifst stage larva;d,E.'Head ofﬁ,f 

r‘§écbﬁd stége'larva{ F. Posteriér end of‘seConq,stagé'lérva; . G. Head:

of third stage larva. H; Genita1‘pfimordiﬁm of third Stage:larva;

" I. Tail of 'third stage larva;.

Y
. L)
s Ty . ]

JR—" .
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J Eggs: (58—66) X 32u Eggs fromvthe beetle hemocoel‘sh0wed various stagesanﬁ;u e

. 2
Y

"'of development up to the formatlon of - thé flrst larval stage (F1g l C D)
‘vg;The colled f1rst stage larva is about 135u long, with a rounded tall and body 1:
;taperlng toward’the»anterlor end.b Buccal stylet very small and cutlcle very

f1ne1y strlated

b::Second stkge larva (L Yo L = 170u, w = lOn.: Larva minutefand freeiin host

8-

(hemocoel.' Cutlcle very f1nely strlated Head'distinctly offset fron'restﬂ
of body by a narrOwer neck reglon, head eXpanded and rounded anterlorly

(Fig 1 E) Stylet very small and esophagus not eas1ly dlscernlble | Genital

-

5

':pr1mord1um 1n posterlor of body (Flg l ,F) . Tall rounded Anal opening 6 7u

,'from ta11 termlnus Thls stage has been des1gnated L2 because it is the smallest

’:larval stage found in the hemocoel of the hest’, and alffers from the unhatched

’

' L larva in its head shape and'development'of the genltal prlmordium.

;Thlrd stage larva (L ) L = ZQOu;,Q.% l6m. Larva slender and short w1th
vflnely strlated cut1cle - Club- llke head reglon offset from rest of body by
’narrowervneck‘region (Flg.‘l,G). yHead w1th5prom1nent cephallc,paplllae when
examined under’phase contrast microscopylilspear slenderdand:short._1Esophagus1‘
bstraight and(non;bulbdus. Genltal prlmordlum‘consplcuous (F1g. 1 H)‘. TailA
“rounded"anal openlng112 13u from tall termlnus (F1g 1 I) ThiS>larval‘stage'

has been ‘designated L. as d;stlnct from‘the L

2 because of'1ts larger size,

3
generalgcephalicbstructure, and its greater tail length. 'Ihis was the'largestv.
larval stage found in- the host hemocoel

’ _ZB__ZEZ: The taxonomy of ébé genus Contorty~>nchus was rev1sed by Nickle

(1967), who retained C brev1com1 and C barberus as separate spec1es Massey o

(1957) flrst descrlbed these two nematodes and gave the range .of the body :

L



L

length for;maEOrévparaSitic_femalee of,g.fbarherus as 2.1 —ﬂ3.9rmmpandp‘

.that”fOE:femaleﬁxoﬁ EA brevicomi 55‘3.2 4'4.2hmn."Mgtureffemélﬁ,gfvbfeviééﬁiﬁ‘:':

aﬁ§lfrom'my coliectioq;fanged inbsizeefrom;Z.S to Z;Bimm, ’Thisylargékvariation>
‘demonstrates. the 'unreliability of body length as a criterion. for the separa-.
-}tion‘of thé*two.species;*fThE'greatest'width in the‘specimehSwexamined'b§'me

hvranged from 70 to lOO,’which conforms with Massey s description of C. barberus, fh
but not w1tP that ot C brevicoml.' ‘In my opinion, the greatest width like

the bod\ length varles w1th the degree of development of the female gonad

F

'and the number of eggs present.

—

lln.the orlglnal deséription;.the‘diStanCe offthe:volv&‘from;the‘tail ';

‘terminusxnas osed hy haesey’as,affeatnre torhdifferentiating,the<tho3speciee;h>
L e ) e N - o e ‘
Thfsfdisfahce was 70. for g,jbarberoé_andAQOp,for E;ibrevicomi,rbntisinceﬂ

neither thefnunber bf specimensJobeerved'nor“the;range*of the meaedremehtSjr
was gipen{,it.ie.a'weak criterion‘for'thehseparationjoftheSe two‘specdeeﬂ‘d
IhE'ddfference‘of‘ZO;Ahetweethhe two meaauremente:iefsnaii‘compareduto thé¢
70;4range forthfrecorded dh’BﬁC;ispecimehsdofdQ, breViconif‘ beepdte~the;7
differencefbetween‘the oriéinaihmeaéorements‘ofdV? givenpfér C. harhernsp

’pand C; brepicomi,vand those for the Lytton populations oth;”breVicomi;w
agreement 1n other characters 1dent1f1es the Lytton populations as'C. 'brevicomi

Massev used the'presence of”a mucrolln the ta11 of C. barberus, and 1tsi

oecasional presence in‘ﬁhe tail.of [* brevicOmi’as a‘criterion‘in'the,‘
separation ofvtheee-species: AHoweyer, examinationvof the-type specimens of:

. C. brevicomi‘showed t&emocro tophe‘preeent in all‘caSes; Simdlarlyé it waei

A present inhall’epecimens‘of Q}'brevicomi obtained,dn thetpresent Sthy,

- The eggs recovered in the present study were larger than those of

either_g. barberus or C. brevicomi as originally described. Two larval'stages



*

.2, Host: DENDROCTONUS PSEUDOTSUGAE ,Ho‘bkins

o Lo S T e T T e
of C. brevicomi were found within{the'host hemocoel;ﬁand"hav?‘beengdesignated Ce

Li,and7L3 for»reaSOns nentioned above.:¢hasseyls deslgnation of“the'larva;1;
of C. barberus found in the host hemocoel\as ‘a L1 1s possibly erroneous as-

‘ : S Y .
the appearance and descrlptlon of thls lar$§\1s similar Lo the des1gnated

. L by/virtue‘of its siZe and~head shape. Furthermore,‘the prominent cephalic -

5
papillae (observed on L3 larvae 1n the present study and on the type larval

-

'_speclmens) are characteristic of the L3 The other larval,stage observed

N

de51gnated L. is smaller than, and has a different cephalic structure from

2’

' that of the L and 1s differentiated from the unhatched larva by 1ts head

3

: and &all shape and development of the genital prlmordium a

I/ .

The synonymy of the hosts D barberi w1th D brev1comis (Wood 1963)

e lends further support to the argument for synonymizing the'two parasitic

)

nematodes. (?he synonymy of C barberus w1th C brev1coﬁﬁ is now supported "i‘

by Dr. C L Massey (perSOnal communication)

Host beetles were collected from eight sites throughout_BrC‘ at yariousv

4 . Lo ‘. L ‘
. . . . N . 1

times and an indication‘as to"their incidenceiof,infection is presenteﬂ'invﬁ'

Table I. Four spec1es of. subelytral associates, namely Ektaphelenchus
R

macrostzlus, a new species of aphelench01d belonging to e1ther the genus i—'

-

Zz -~ 1
Bursaphelenchus or ‘the genus Para51taphelenchus, Cryptaphelenchus latus and

<

Panagrolaimus dentatus, were. present in all beetles examined - E. macrostzlus,

b

;C. latus and‘g, dentatus are redescribed in Appendix I,_and in each instance,

more detailed morphometric. measurements and descriptions are presented than .
were given in the original descriptions, and supplementar§.notes on their.
R - . S -

biology have been_added. Other nematodes that have previously‘been found.

P

&
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" Ridge, in May l970 A'redeseription'of”P obtusa is presented in Appendix I. .-

from Hixon. Female beetles.from two samples pbtained'from‘Whistler Mountain’

I

.‘andAWilliams,Lake‘were free of hemochl_infectibns.While;théir male cdunterQh

h"associated with the Douglas fir beetle but were absant 1n B C. specimens

hh are Ektaphelenchus obtusus and a spec1es of MlCOlEtZan (Furniss, l9673

-

. Wide variations 1n)the 1nc1dence of gut and hemocoel parasitism were" 3

. therved_betWeen sitesvand between,different;periodsﬂof Sampling at'the=sameV'
' siteﬂ Theponlyigut,parasitedEOund~waS»glmobtusa/ﬁhich waslpresentpin,all .

samples'except“those‘dbtainedlfrom Hixen‘andjfrom thth)B-C.'Forest ;Maplel

i

'C; reversus was‘the main. hemocoel parasite in B.C. samples‘of-Q,p‘ '

| pseudotsugae;”, It was_present,in allvsamples eXceptjthat-frem the_U.B:C.' »

"' Forest fMap‘le ,Ridge,'. in Apr.il 1'971'. ‘The degree cf 'i'nf,‘ec'ti’on-“in-'singl'e
- populations ranged from 4 5 - 50/ and generally, male beetles had a higher

1nc1dence of 1nfect10n than female beetles W1th the exception of the.sample L

' parts had 20/ and 45 5/ 1nfect10n respeetiVelyuv HoWever'-the differenees,

,;1n degree of 1nfection batween the sexes of the host may have ‘been, due to

chance.'”',', e I AP 417' Lo

,Larvae.of‘an unidentified‘Parasitaphelenehus‘sp.kOCCurred inthe

-

'hemdcoels‘of a few'speeimen of Q;Apseudotsugael They,had a nery.lowﬁincidenee

Y

" of occurrence and only one larval'Stage of thishparasite was'foﬁnd.,‘Furniss”

(1967) reported finding'C.'reversus and a Parasltﬂphelenchus sp. in the

':hemocoel of D. pseudotsugae from Idaho and Utah U S A. .In thevformér'area,,:

. E :
Parasitaphelenchus sp. occurred three to four times. more frequentlyﬂthan"’

did C. reversus, whereas in the latter area, C. reversus occurred twice- as:’

frequentiy as did Parasitaphelenchus sp.
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'h'Other,Speclee of nematode pteviouely found inhabiting'thetheﬁoeoel

'uof D Eseudotsugae in B C but were not present in my samples are

7 Sphaerularloyeis hastata (hhan, l957a) and S ungulacauda (Khan, l957b)

l A descriptlon of a new spec1es of aphelenchoid belonging to either the’

“genus Bursgphelenchus or the genus Para51taghelenchus

Holotype female: L =0.78 ma; a = 27:9; b =9.8; 19 0, o ea2.6;°”

I T

v 1

z);:gtp; 0.79 +%0.02 (0 71-0.89) mm; a';'30,3 +

76.4%; G, = 59.02 ‘tall length - 41u, stylet = 154,

- Paratypeffemales (n

e

)

(26 4-35. 8), .}% 10. 1 + 0. 2 (9 6~ 10 9) c = 19. 5
ital l (15.4- 24 7), h= 2.7 +0.1 (2 /5- 3 2);:V = 76.0

+ 1.1 (72.7- 82 4)z G, = 60. 67 1.8 (53 9- 69 8% tail ‘

1
length = 41.7 + 2.7 (32- so)u, stylet - 14, 9 + 0.4 (12- 17)u.
Paratype males (a2 6): L'= 0. 72 +.0. 04 (0.54-0.84) mm, a: ,35.7;if1,5 co

;,‘(29;7-41.1);~b:- 8.8 +0.3 (7 4-9. 6), ¢ =19.7 + 1.0

(15.3;23,0§‘cfv?'2.2,i>0 1.8 2. 7), ;69;3.¢i2;1

b

’(64;7-8010)2; tail length = 36.7 + 0.9 (33 40) s splcule

S =15:1 4+ 0.6 (13a17)p;jsty1et,=v16.o +0.1 (15-17)u.
Female'body long andchln?'with‘hody infleXiod at the vulva.

Cutlcle flnely str1ated Head rounded'and,offsetgffom rest of body;

flattened sllghtly at the top (F1g A). Styletvlong andlaphelenchoid

' w1th small basal knobs Procorpus of esophagus narroW‘at‘baSe’Of'styleta

e

and w1den1ng poster1orly, end1ng 1n a constrictlon at the medlan bulb

Hedlan bulb large nd oval 1n-shape, with'promlnent valvular apparatus,-':

anterior duct of eso ha eal gland opens JUSt in front of valve apparatus,
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' Figure 2

New species df'aphelenchpid nematode. A. .Anterior end of‘£emale."'
'B. Tail of holotype. female. CL'Tail of male. D. Méle goﬂad,and -
tail. .E. Male‘S@icuie. F. Vﬁlvélffegioﬁ‘of female. G. Féﬁale “ ,,

ugouad.aﬁd vulvalffegiqn.

;;ﬁf"

LAl
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"posterior esophageal gland opening not dlscernible Esophageal glands jjv S

’»:long Intestlne straight, ending in posterlor anal openlng 32 - 50u from

"tail terminus Excretory pore situated about lOu behind the median bulb

1P051tion of ‘nerve rlng Just poster1or to median bulb/1ntest1ne gunction ,ce,sé;;;;;

Tail of‘female conical in shape, ending in three f1nger like processes
;(Fig. 2 B) ' In the female, the shape of the ta11 terminus varles 1ntra;‘5.
.fspeciflcally (Fig 3), the terminal processes sometimes be1ng absent‘}

Female,gonad monodelphic, prodelphic, occa31onally reflexed beginning‘
‘at the level of" the esophageal glands 0v1duct and uterus fllled w1th |
}spermatozoa (Fig. 2 G) Walls of»uterus thlckened. Vaglna slopes posteriorly

‘to vulval opening, vulval openlng covered by ‘a characterlstlc anterlor |

cuticular flap'(Fig; 2,F), Post—uterlne'sac long eatendlng 70 - 120u(

‘posteriorly from.theNnulVa post—uterlne sac th1ck—walled and filled nlth H
: spermAtoaoa. | |
| Males generally shorter than females and w1th simllar cephalic
_hmorphology; Iall of male conoid, 3§—‘40u in, length, and sharply curved
‘ventrallyr Small buféaaprésgnt'term¥nélly’ rounded around tall;tefmi“9$¢

fThree pairs‘of caudal papillae present'(Fig{ 2 C), thehfirst pair justranterior

s
S

“to the cloaca, the second pa1r m1d—way between the cloaca and the tail terminus;bfj

i

and the third palr at the level of the beg1nn1ng of the bursa Male testis'“‘
~51ngle;-usually reflexed,at the anterior extremity (Fig. 2. D). ‘Spicules
'palred,.unfused along most of thelr length but p0531bly fused at the

posterlor extremity, with strong ventral - incurvatlon, and promlnent ventral 5{ E

process at the proximal end (Fig. 2,E). Gubernaculum absent.
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o Fig"utv"‘e‘ 3

New species of aphelenghoid)nematode:v‘IntLaspeCific variations -
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Diagnosis: There is uncertainty as to whether thls nematode belongS‘

20,

.o,

.tomthe'genus.Bursaphelenchuslor to thevgenus Parasitaphelenchusl_ The

@

'morphological~characters thathseparate these two genera are;insufficientf»

to-separate the two genera conclusively. The'males'ofpthe,genus Bursaphelenchus -

have spiculesrthat'are‘either‘separate or-partiallﬁ fused“whereas thosefﬂv_/,
: ) . . . . . &' . M - .
'of the genus Parasit helenchus have spicules that aré always qued (Rﬂhm

»\
L

“‘&y,i1956) ' There 1s doubt as to whether the Spicules 1n my specimens are’ fused

_5but even 1f thev were: partlallv fused this character alone 1s insufflcient to

-

47_place them_into OneaOr'other of these'two.genera; In addition,‘males of the_

'thlrd palr present,'whereas those of the genus Pa£a51taphelenchus usually

have three palrs of large caudal paplllae (Good;], 1963) Nevertheless, from -

P

‘\\;;//f'dlagrams presented by Ruhm (1956), there does not appear to be any 51gnificant
dlfference between males of these two genera with respect to the slze and

; i l"f/the numher of'caudal'papillaevpresent, thps.making thls criterion'unsatis—

factorytu‘ | : . S

It appears, therefore, that the only satisfactory criterion to separate’

these two‘genera_is theirvrespectiue hiologies. Bhrsaphelenchusvspp; arep'

‘phoretic and do not invade the bark beetlehhemocoelt,&hereas-Parasitapheienchusp’
‘spp. dre para51t1c in the hemocoel as larvae but free—11V1ng as adults
' '(Ruhm 1956) ' Since no,studies on the'life‘cycle ofvthis nvespecies of'f

aphelench01d were undertaken, further blological data is unavallable..'ﬂoweVer

the fact that these nematodes were receoveted in all frassosamples collected

”_genus Bursaphelenchus have two pairs 0 audal paplllae with an occas1onal ¢fv"fjtx



from beetle galleries;'evenhfrompthoseugalleries'initiated7by beetles

that were free of hemocoel -infection by either C. reversus or

,Parasitaphelenohus sp. larVaE, prompts‘me'to'favouf the.plaoement

'/ of these nematodes into the genus Bursgphelenchus.@

- This: spec1es of Bursaphelenchus differs from all other spec1es

iof %&gvgenus except B. lignicolus Mamiya and Klyohara, 1972 in theﬂj.
presencéﬁof a distlnct vulvar flap 1n the female,‘and in the Shape'
of the bursa and spicules, and the numhervand p051t10n‘of the |
-lcaudal papillae‘ln the male.';it dlffers0fr0m B. llgnlcolus in the
'length of the female gonad and post uterlne sac and the slope of the
uaglna; Which rs perpendlcular:to~thevventral body«wall 1n.§,'1ign;colus-'4.‘
but sloplné postefiorrf*tonards'the;vulva in thls_new species;r Thez
males of the two spec1es differ in splcule shape and s1ze bursa shape, '1~
Vis and.number of.caudal‘paplllae. ‘The splcule of male B ligg colus 1s .
':tulce as long and more arcuate than‘that of th1s new specles,‘and
»the‘bursayof the former'has a p01nted“termlnus wherEas that ofathe
latter is rounded termlnally In thlS .new spec1es there are'three o

'palrs of caudal paplllae in the male tall but in’ B llgglcolus there_

are only two palrs presentu_

P
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2.2 Contortylenchus reversus (Thorne 1935) RUhm, 1956
Y Egg lawlng females @ ¥~18):- L + o 05 (0.93-1. 66) m; a = 18.3

W

o+ o 6. (14.9-23, 7)," ‘93.$ef_o 3 (92.5- 95. 8) '113;7'f;df[““
5 3 (93 5 196 S)Z V = 80 6 + 2 5 (70 lOO)u )
Egé lav1ng females ‘are preeent only in the beetle hemocoei‘endlheve
f’beén'lsolaCed;from.alL sFages'of ;Be beetle,exeept’for theﬂeégSHand;fifge dv:.
‘.'Nemetode:bodn long'and;efout dorsallv flexed (Flg 4 A) and taperlng
’_anteriorlv to the head,’whlch may be annulated in some specimens S;ylet‘
'e*snow3'slgns ofvdegeneratlon 1n,older‘Specimens.' Esophagusishortq’Qitb‘ne:veid"
ring about one body‘width behlnd ‘head end 1£nﬁeetine‘sinple;‘runniné;whole'vi_u
’length of\body ,ho anns Qlelble;_vTallJconoidvffondvnlie;vendinéFiﬁﬂa‘ﬁucro;e
Bodyjslightly.donstjioted/aﬁ;vdlne,‘yqoned‘single.end nefiexed, neneiing: |
'.leoei<o£‘eeopbego~intes£inaldjnnceion:.fLengtn Qf_eﬁcire,gon;d often;iongef“ {_
tnan‘lengfh,of'body.;uOvdduCﬁ and‘spefﬁéthecevsitneeed'in'middleFOf-Body;'
vulvagiefa ;fansverse'slit;' Eggs and sperm often v151ble 1n‘neerns

. Free-living females (n'= 14): L = o 40 + 0. 01 (0.34-0. 43)m; a = 31;0'g1‘\

| i'o.e (28.6-35. 8)3V = 91.0 +0.2 (89 8-92. W13 Gy = 25.3

' + 1. 2 (17.2- 32. 3)z v = 35, 9\ + 0. .6 (30 40)u, stylet
14. 6 +0.3 (13 l7)p

" The free—llylng'female has not b‘endpreviousLy described.A’Nemetode'

body long anddthin; dorsally flexed when fixed (Eig.]4;B); _Headyrounded;
vtaii‘conoid. Stylet well deﬁelbped,with‘proninent basal knobs;ftatio of length ofd
'forestylet.to'aftstylet averaging 0.6. Esophagus relatively straight,

’ nérrowing slightly as it’oQSSes thfough the nerve ring, whicnﬁisysituaté&_

\ . . s .
! ' P ' ' . ! . ) -
. : e . ,
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Figurevé'
Contortylenchus reversus

A. Gfa;id égg4laying.female.

* B. Eree—living, infective femaie.'.cf ?ree—living male.
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75u fron}the'head endvv Excretory pore located approximately mid*way between

head and-nerveyring; Hemizonid located slightly behind nerve ring ' Intestinev'

%

V:straight running from nerve ring to tail end No discrete anus v1sible Three;,f

dorsally s1tuated esophageal glands extremely long, with cell bodies extending ‘,

to mlddle of nematode body Gonad s1mple, unreflexed, occupylng posternor ’

.hhalf_ofrbody; Ovary and ov1duct very short, about 20u in length Uterus long;ﬂfd
',_extends rest of way to vulva, filled w1th spermatozoa; Body,yall at .

;region of‘vulva not constricted as innegg laying female Vagina'short:and‘

“muscular. Vulva 30 = 40u. from tail end No eggs are produced at: th1s stage.-'

Free—living nales (d =112); 0 40 + 0 Ol (0 35-0. 45)mm, a = 31. 7

. £0.7 (28.9—35.8);:c é 24:3 £ 0.6 (20.8- -28. 0), ¢! ;‘2;0 +0.1
(1 5-2, 5),~ 61 3+ 3. 7 (40.7- 77 3)2 tail length ='16.3 +

1.0 (15- 18)u; stylet = 14 3 + 0. 6 (11L17)u, spicules,éf14}5”+ 0.4 -
(12 =17)u; gubernaculum = 5 7 + 0. l (5 6)u
%ale long and thin (Fig 4 C) like free~liv1ng female Head‘end'with_'

narrower neck region. Stylet slender and baSal knobs well developed Ratio of

. length of-forestylet to aftstylet.on average 0.5 Esophagus narrow. and straight, .

L

narrow1ng slightly when pa531ng through the nerve’ ring which is located

approximately 45y from anterior.end. EXcretory pore: located about one’ body yll
width in front of nerve ring. Intestine a straight tube from level of nerve

ring to cloacal opening,,which is‘situated,about‘lS—lSu from tail,end. [Three,f'

dorsally sltuated esophageal glands overlap esophagus but not as outstretched

“as in fenﬁle Tlp,of most posterior gland 51tuated about 50u from nerve
‘rimg. Tail of ‘male approximately conoid, ending in avmucro—like’processt

" Bursa stretching from just anterior of the cloaca to the tail terminus. Testis

/



. uell developed 50 —'60; long, reaching up to one body width behind last

‘~‘r

' dorsal gland cell bodv Vas deferens long and packed with spermatozoa,irp
opening ultimatelv at the cloaﬁﬁ : Copulatory spicules palred ahd curved :; &
fuventrallv; anterior‘part otuspicules broad and cup—like ‘while median 1:
.gportionvis uniformlv thick ‘taperiné:posteriorlyfinto aifinekpoint.; Guber?fx,’
.Urnaculum trough shapsg/ 6;' in length | o
The egg laving female was described f1rst from the mountainvpine beetle,’tt
ponderosae (Thorne, 1935), and later from the spruce beetle rufipennis,,
and D terebrans (Hassev 1956).‘ Thorne also found the eggs and two larval

| stages of this para51te in the hemocoel of D ponderosae, and;Massey,found

the free-liv1ng male in the galleries oftQ,:rufipennis and,Q} terebransﬂ

3. Host: ' DENDROCTONUS RIIFIPENNIS Kirby
Two samples collected from Prince George and Pemberton ‘were obtained

b) courtesy of the Department of Fisherles and Forestry, Victoria, B.C.

1n November 1970 Fourty four beetles, 22 of which were males,vwere examined

“
o

from Prlnce George, 13 67 of the beetles had hemocoel 1nfect10ns, with 9 54 |

b

‘of the males and l7.44 of the_females infected.” From Pemberton,'33 beetles,

’ '

of whichfsiXteen were males, were examined with'andincidence of'henocoel

) infection of 37.52’among-nales and 52;92 amongdfenales.7 This was the only
host spec1es that was attacked by two different spec1es of hemocoel paras1te
though never together.:/ihese parasites'neregglreversus, Vhich has been;" “

described above, andTSphaerulariopsis dendroctoni,fwhich'iS'described in

~ Appendix Il,iwith the'latter species occurring‘more'frequently than the

former. ' Larval stages of a species,of Ektaphelenchus were found under the

elytra of all beetles examined, but further identification of these was not”

attempted. Larvae of Parasitorhabditis.obtusa were found in the midgut of

»
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.iSOZUof_the‘beetles,from”Prince Georgerand°inm3521of thoée“fromfPemberton.,bv

- 4 Host: 'TRYPODEND:R'ON‘LINEAI‘,UM'Olivie’rV' '

There have been no prev1ous reports on the occurrence of nematodes '

RPN assocfated with th1s beetle e1ther in Western Europe or, 1n North Amerlca,;f
" The 1ncidence of infectlon of T llneatum was Very low. LarVal»nematodesﬁ

.

;.were obtalned from the hemocoel of two females and one male out of 23 beetles
'j.;.collected fromutheAU{B.C. foreSt invOCtober‘l969 and from'only*one’female ;
;ont ot 4lvbeetles colleoted—from‘thexsame/Sitegp December 1969 ‘Betmeenp
A 26 ;and lOO larvae were toundbln the hemocoel of 1nd1v1dual beetlee, all v

’ apparentlyrin.the same”stage of'deVelopment.

'Tylenchldhlafva:'v L‘=’O{37 mm; w.;iJZU; ,Larvarlong and‘thin;(Fig;'sj.
head‘ronnded“vith“prominent cephalic rrame. Tall p01nted, approx1mately 45u d
* long. StylEt ehOrt 5u long,'w1th promlnent basal knobs.r Procorpus of'esophafr
"j gus.straight ,endlng in a narrow, elllptlcally shaped medran bulb 5u w1de°fd
Valvular apparatUS'not well‘developed. Esophageal glands overlap’1ntestine .;‘;
to a dletance of ZOu behlnd the me;;fn bulb. Nerve rlng just behlnd medlan
'bulb: Intestine stralght ard undi ferentiated,,openlng»at anns‘—-Genital
‘-prlmordlum two thlrds of way. down body length cons1st1ng of - three cel s the
central cell be1ng larger than the prox1mal and dlstal ones..
Thls’apparentlyi1s the first stage'larva’asbindicated by ‘the structure
;f;gééthe genital’primordinm.blNo other larval stagee mere'fopnd. "The nematode.

BRI

~larvae did not have any obvious effect.on the beetles.
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’Figufevi
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Tylenqhid larva from the-hemotoe1 of T. lineatum.:
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1L LIFE HISTORY AND PQST EMBRYONIC DEVELOPMENT OF CONTOR'I'YLENCHUS ‘

e REVERSUS N DENDROCTOI‘fUS PSEUDOTSUGAE

&()



o

vnematode from D.'rUfipennis and’D,aterebrans, 1ncluded a-descr1pt1on»of-the‘

;molted 1ntosfree—l1v1ng male and femalernematodes w1thin the galleries;

fcompare the life cycle -of gf'reversus"withlthatrof C. elongatus

Introduction

In his original descriptfon;of.CL‘reversus; Thorne (1935)‘included’

"descrlptlons of the egg and two larval stages, and suggested that the second

; stage;larva"was the 1nfect1ve stage. Massey (1956) in descr1bing thlS

, free l1v1ng male ‘and stated that the f1rst stage larva was the 1nfect1ve stage ,,.f

Massey (1962) reported that the closely related spec1es C. elongatus, | “

paras1t1c in I. p*raconfusus, had two larval stages in the hemocoel of 1ts

.host and two in the galleries, and that the spermatised immature femalefwasg N
' the‘infective stage. | Nickle (1963b) confirmed the status of'the spermatised .
“female, but - found that all four larval stages of the nematode occurred

'fw1th1n the host hemocoel and that the fourth stage larvae left the host and

The present study was undertaken to eluc1date the development of

:g.freversus in relatlon‘to that of “its host, the Douglas flr beetle, and to

Materials and Methods

'ColonieS‘of~§, pseudotsugae'Were @aintained iniDduglas~fir logS‘inithér.
laboratory, Females were introduced into the,logS'through pre—drilled-entry

holes; males,were’introduced'on the onset of frass production by the female

-

’beetle. Thereafter, bark was removed from the logs at weekly intervals for

2 months, and all larval pupal and adult stages of the beetle were collected

separately Nematodes were extracted from gallery frass by the Baermann funnel

technique (Southey, 1970)



ﬂ3d‘4;
Allvstages.of thecheetle verefchecked:torparasitism’by dissectingl L
l‘invinseotdsalinegi;Some‘of:thenlarvalfnematodes‘obtainedjfrom the,hemocoelyl
’oflinfected hosts were placeddinAculturesvoffdamo;frass'atvroom‘temperatnref,:'
,Nematodesvwerelentracteddfrom“these cnlturesﬂB"andg7_davsbafterinocnlation;.
.NematodesioereiRilled,)figed;;stained and‘nrocessed as‘per'methodstj

v

. described in the previous section.

Lifefﬁlstorv and Post Embr\onlc bevelqoment

| The llfe cvcle. of C. reVersus is‘representedﬁdiagramatically‘inl%ig;.é..:
"tnembrvonated eggsf(éO'X 25u) are’laidxinto;fheThemocoel of“the;hosté ?he,'
',flrst larval stage is formede1th1n the egg aqdk prior to hatching, is about |
‘ 140 long (F1g727,A)l (Head and tall ends are rohnded and the head bears o
i‘_small cephalic'papillae; The‘stylet is formEdvhnt,the components are‘npt
, readily distinguishable.i The rndiments‘of*the esophagusdare‘the only recog} 6
vniaable'oartslof'the digestivevSystem The genital primordium is clearly

e -
V151ble and con51sts of three cells, of whlch’the c*ﬁffaluoﬁe'hagka-much

§ larger nucleus than.the other two.: leschmann (1962) observed these three ‘ }1

nuclel in the genltal primordlum of the molting first stage larva of D 1tz-:

lenchus trrformls and called the largest the germlnal nucleUs and the two

smaller oneS»the somatic nuclei. v d,'-t T Y C

A
After hatchlng, the flrst larval stage (L ) undergo s aaszort period of
growth before moltlng 1nto the second stage larva (L ) Specimens were’obtainedﬂ
show1ng the cast—oif cut1cle of the Ll covering the head of the L (Flg 7,B).

This is the common 1nd1cator of a. molt in all the- larval stages as ‘the old

cuticle elsewhere on the body of. the nematbdes'adheres cloSely to the. new



»

Figure 6

© The life cycle of gfireVersus in the DOuglas#fir beetle, kapseudotsugée‘

R
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ib- |
4Fig,ti.f.e' 7
£ ’ .
Contortylenchus reversusulafvae A Unhatched f1rst stage 1arva.'\

'ﬁ.'EnSheathed'Lzlmele 1afve.f C-. Female L larva.' D Ensheathed L3f
méie 1erva.' E. Female L3 1arva.l F Ensheathed L4 male 1arva

G Ensheathed L4 female larva
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53Tv>h,.
l; cut1cle and eannot be easlly discerned. Thevmale L2 latva (Flg 7 B) is o
: ,about 185u long and has a rounded head with small cephal1c papillae. Thenj,
':"stylet is well formed and shows def1n1te basal knobs The esophagus 1is- |

: telatlvely‘stralght, narrowlné asi1t oasseskthrough the nerve t1ng, whichf‘
1s looated 45p from the‘anter10t'end The 1ntestine beg1ns at the level
~“50f‘the-nef§eﬂtiné-and rnns~oosteriorly tovthe anusil The rud1ments of.the.'
E dorsally s1tuated‘esophageal glands are ptesent but the1r oell bodles ‘are |

'not-v1S1ble The tall of the L2 1s cono1dvand rounded termlnally Thef
structure.of the genltal primord1um,Alocated about two~ th1rds of . the'
R way along the body at th1s stage, 1dent1f1es the sex of the‘ioh" |
,.larvae.f In thelmale, the anteriot,somatic cell diyides;and produoes adfewd
Small‘cellsty IheAoostetloresoﬁatiofcell also'dioldes hut produoes,just?two"
"oells,‘the more oosterior one ofvWhioh'probably:remainsvas a'cap oellfthtonéh; -
:out larﬁal deyelopment as‘inrgt‘trlfofmls (Hirschmann, l96é)."lhe'germlnal
icell‘is‘still'enident in thevoentre of‘theuprimotdldmf” | |
;‘The t’e'male:L2 is ahout sdu‘longer than‘the.male inand ;~1i;t1e'stou£ér'_,
(Fig1'7,C)L fThe:nerveiting ls'sitnated ahout 6dn frommthe'antetiot;end; The;,
‘stylet.knobs.ate'poorly deﬁeloped.‘ Ihe_éenital primotdlnm'diffets’tron that\
of?the maie in”that the:hoséetiorjsomatic cell hashdioidedvto'formta nunber
of small célls;‘whereas the antenior'somatic'cell'has not yetvleided;
Eventuallyalthe'latter will’deide”and'give;rise to two cells, ;ery,nuoh'as‘
in the fenale?larya;of é,itriformis.‘ Thesgerminal oell withdlts large'nnoleushj“

remains just anterior to the group of small cells that originate from the 5.

posterior’somatic'cell. The ventral chord nuclei seerm in developing female

-~



¢

'larvae of D. trlformls are not noticeable in C.,reversus

4

The male third stage larva (L ) 1s 2&0-- 250u in. length and lSu wide
l?Tigt 7,D), and retalns'much‘of the bodv form\of the,L except for the growth
. Of_the?genital’p;jmoréinn:Tand the presencehof thevspicnle primordlum 77Théi.
'fvanterior'cap'cell is clearly Visible:at_the anterior of theegenital'priﬁordiu@,Q
TBehind this, the cells; nhich‘arelarrangeo:in:twotparallel‘roﬁs, form‘the‘phr
:Tslnltials of the vas deferens" Posteriorlv, there is aisinglé?rowiof“tonrhto
ifive cells. The length of the prlmordium is now 80 - lOOu. 5ur1ng the perlod ;,”i
“'before tne L3,molts 1nto the fOurth stage larva (L ), the. primordlum differen;if
tiates‘lnto testis and vas deferens.cvMeanwhile, around the anus’of nale,Lg
'v‘larvae a grOup of small cells appears‘that forms the splcnle primoroium. }This
. %}oup of cells pers1sts‘through to the Laband gives rise to Splcules andhl,
: gubernaculum only after the last molt

=“The‘L3 female larva (s\ahout 70w longer t

, -

‘the L3 male, buteequall§ o

.‘*

’.broad'(Pig;;7,E). The‘excretory pore is: v1s1ble l_ - lSu anterior to the nerve
ring, which is‘70n from the anterior’eno:, The genital primordlum of the
'kfemale larga aevelops sloner‘thanlthat,ofithemmale. At this stage, the -
primordlum moves to a more. posteriorvposition, occupying the: posterlor one-
quarter,of the body.f Inhcomparlsonlwith the’malevlarva therevis llttlevdevelé,
, opment'oftthe-female'primoroinm between‘the LZ and‘h3.v The posterior‘cap‘cell.
has a‘grouprof:smaller cellsrjust4anterior'to it.. The anterior_part oT‘the
primordlum consists of a single row of larger cells and, at this stage, it

is difficult to distinguish“the germinalfcell.from_the other cells.’ The genitalt

primordium at this stage is.only 30u long. ) : ) ’.Z/”
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- The fourth stage male larva (L ) becomes rather stout and 1s about
T

. 400u long and 25u w1de (Flg 7,F),, The nerVe r1ng~1s s1tuated.about/60u

from the anterior end w1th the excretory pore about 20u in front of 1t.ﬂn7’

s

"The undlfferentlated sp1cule pr1mord1um appears as a&group of small cells

Y

‘has commenced and spennare v1s1ble 1n the posterlor part of the vas deferens.

‘,The anterlor end of the gonad extends forward to withln a. body w1dth of the B

¥

vnervetrlng. There,1s no connectlon between the-vaS‘deferens and'thﬁ anus:

“
R

&)

larva is as long

: ‘ S 0
: The newly molted female L4 vws but only héﬂf,as'wide .

3

.'as the male L (Flg 7 }:' The nerve rlng is . situated 60u from the anterlor

end The three’ dorsally: s1tuated esophageal glands are clearly v1s1ble, the

mOst.posterlor one extendlng aboutz60u behlnd the nerve rlng.‘ These glands
; . ‘

undergo’%onslderable elongatlon to reach almost halfway down the length of the '

¥

developed as in the male La, is about'80u long The anterior four f1fths

cons1sts of a s1ngle row of large cells, which eventually form the ovary and

P

;ovlduct...The,posterlor one—flfth.COntalnsta-group of smaller cells«whlch wlll:

~ form the uterus. The genital primordium'abuts'posteriorlyfuponiahgroup-of

small cells arranged in,a;cup—lihe fashion, with the mouth pointingVVQWards

the ventral body wall. fThis is the vaginal_primordium-thatvwill ultimately ‘

as is the‘case'withfgjhtriformis‘(Hirschmann, 1962)

The development‘of'the nematode ceases at this stage until'a-transfer

“0f habitats occurs. The larvae escape from thé host hemocoel through the

hindgut wall and out with the feces. Fourth'stage larvae of -C. reversus were

gsurroundlng the rectum ] The gonad is nearly fully devergped - Spermatogenesisv:

'body‘before ‘the last’molt OC99€5‘ The- genltal pr1mord1um, though not as well g

N

link the uterus'torthe‘vulva, These cells are present only in the Lg‘female,‘~v

T S
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’obserﬁed‘ulfhin the hlndgut of bofﬁ sexes of the adult beetle (Fig 8) ;"‘iigt
: asvearlw as 74 hours arter entrv of the host béetle 1nto a log, and‘alég in
_the Ifass of thé egg. g;llerles e#cavated‘by ghe female beetles vHAWever; -
fourth'stage iarvae were, éoﬁ alwavs found in tﬁé hindgﬁt at.the éamé tiﬁe'

:they occu;r!d‘in!the gailgries,(Iable‘II), Whiqﬁ,suggésts.thatjtheflaf?aéV-
' lléavéf;he“inseéf‘péribaicélly'rather thénial1'at‘oncé Thls 1s probably an .
: édéptafiinto}en§ure a Béﬁfér’giétribgtion;of 1ﬂfect1ve étages in different
ipérts,éf'the‘gallery; fhié;;eie;seadbvioﬁs}y_oécdrS'throughout;thefbofing-
'-éégiviky éfhtheMPéfed£ Eeetleias fgq;thiétagé;lgrQ;e afévspiil‘p;esent wieﬁin‘i
vthe?Hemoéﬁélfaﬁdfﬁinégut'bf péren;ibeétlésfélQSe'ﬁo tHe cesééti§n ;f‘bOr;hg.}

‘:'It’ 1s a'l's’.o- ;:;plparér{t fro.m.rIable II ltha_t A,ﬁa,le hosts .céti 'aét-bla‘é::éf'fe’ct}ive ;geh.t'%, e
‘{for the’gisséminétion of fourﬁhﬂstaée larva¢ §f §5 f§verst, by.;éleé;ing them
Vintdiﬁhe galieriés of'uﬁinfeCted’féméle Béétlés?' S

} The finai‘ﬁaﬁiof'the nematodeé?occurs vér§ sﬁb}ﬁi?iaftér{£h§-£4bla?vaé;

 ‘éreAféleaéed7in£o'the géllerie§, {Adultﬂﬁélésﬂand féméigs wefe'abtainédﬂffom ta”’
frass;culturés-éft¢:13-dé§% but only a ﬁéw:ﬁématpdes'could bevtecové?ed~ff;§ . '
the culfures,aftef é”weekf‘ fhé”hosg seércbingﬁpériod Of ﬁﬁe nem;todé;vgﬁeréféré,f‘
;laaté for aﬁéroxlmatelv onelweek, after whlch they perlsﬁ in the galler1é; if
"no host 1sufound. The édvanced gonad- dévelopment in the male iarvée ensﬁfes
'Ehat.ferﬁiliza;ion_qf’the<female Qccu%s Spon'aft?r shg‘m0l£s into’an adulflin/
the‘galleriES' ' The malé=;hén‘dies within;the:galléfigé.::A.Compériéén bf",
.the gonads{éf tﬂe_free—liviné male,‘freé—liviﬁg fémale?'éndfegg;léying fémglé
s?o@s»that Qhéreés the ﬁalé‘édnad'achieves,its full matufiéy,in the gdﬁlﬁ
nem;tode‘in thevgalleriés;'tﬁe female'gohaa'reacheé full.matﬁrity only

after she  enters info another host. The = adult female ofg.7 -

reversus infects primarily second or possibly early third
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Figure 8

_'Fourthﬂstage larvéé of”gi“feversus (]ik) withihifhéfhindgu; of an’ ”

adult D. pseudotsugae. Maghification x 80. -(Lower .left arrow

’indi&ateé'rectal,ehd.)






E Table lI. L

R

Océurrencebof fourth stage larVae of'C”

38

'reversns in the”

| hemocoel hindgut, and gallery of adult D pseudotsugae :

: and 1ts relatlonship to the length of the egg gallery.

. egg gallery (cm) and -

Length of

NEmatode present or absent -

. Hemocoel -

Hindgut'”

Gallery”

No. of D
Egeudotsugae‘

sex of 1nfected parent(s)

-

T
3.

4

L
Y

& v/v/fv\/' TN

7

9

12,

12
13.

15.
1s.

17.

18

18,
19,

19
20

20

8.
X
.

o
.5
3
0
7

4
0.
0

.5
2
3

5

0
6
5

.0
5.
3
AN
.0

0

L

Lo

<

Ck w0

HQ

R

Q,

R e AT I T S S S I T &

4+ 4

<+
+

+ 4+

‘of fspring produced*jl,f*

2
S;

8 -
12 o

13
.

15
221

8L
33 4 8L
14
.
15
6 + 4OL
3L
41L
42
- 50L

20.2 g +. -+ 32L
21.4 ? - C+ 281
23.0 4o - + 37L
24.5 R - - 3oL

*Eggs anq'larvae (L).
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L

) instir;larneefof'D}vgseddotsugaej WEggflaying femalee.togefher*with,lafval'h:

y stages3554£;ﬂreversuéaﬁere found in all stages'of’thefhost exceptfthereggs.and~
“first:instantlarvaeA(Table IiI);

"Discussion -

~although Thorne (1935) and Massey (1956) were .wOrk‘ing“wich‘ different host .

.species, it is unlikely that.the life cvcle of c. reversus in D peeudotsugae'

is radicallv different from that in D: ruflpennis, D ponderosae or D. terebrans; L

vThe»specimené.of the'frEe;IiVing male‘in'the present study are similar“with“h'
those of Hassev s (1956) except for the posltlon of the excretory pore.i Thorne
;.(1935) descrlbed two larval stages of C. reversusﬁfrOm the.hemOCOel of‘Q# -

;Eonderosae and stated that the ovarv'of the’second stage Iarve dévelOps:from“

a rudlmentarv genltal prlmordlum untll it extends to about half the body length )

P
-

and its terminus,isﬂflexedfa dlstance_equal to three to five body widths; fIhe g
probability of the ovary developing so rapidly within a single larval stdge
is smali.

- . ' . - N . . ) 3 ’i }
in its most advanced stage of ‘development, is

: fhornefé designated7L27
statedvhf.hin to Ieave;the host:end tranefer;toAtheﬁnext generation.'.Thie ie'
presumablyrnhat I'believe‘td‘be the,ta.: Thorneudid not find any other_etegee:
in the'galierieé; poSsiblr Becauee thehgallery phaséiof the litedeycie'lasts‘_
about one week and because mortalltv is hlgh durlng thls neriod . Hesseyl |
'(1936) found the male 1n the gallerles of D. ruflgennls and D terebrene‘and’
‘stated. that ' the 1nfect1ve stage of the specles is evidently the flrst‘larval
vstage” Jlthout explalnlng the presence of the L (Thorne, 1935) and his free—f

living male. I have shown that all four larval stages of both male andffemale

C. reversus occur in the host hemocoel and that sperm production begins in the
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Table III. Occurrence of C. reversus .infection .in larval S

instafs'and‘pupae of D. pseudotsugae in the

laboratory, -

: Host'étagéwand" e Nematode infection*

- head Capsdlé,ﬁidth (mm) -~ No. hosts‘exémined "No.'iﬁfected~>' A

larval. < 0.5 o o1 o
I 1.22-1.30 031 . 29003

1

| v

Pupa - e Cdis T 19 16,81

P
?‘

.3 s - 18.26 . .

*Gravid females, eggs and larvae.
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,somatic_célis'could‘not be traced beyond the L

" . the presence of the sbiculelpfimordigm in thévmale larva.
Y, ‘The life cycle of C. reVerst résembles‘;hat ofVE} elbngatusvasashown by,.;,

the L

'sciarae hatches:as®an L

that ‘the L

41

‘maleglarva before'the'Spiculesbéﬁd gUBernQCUlum/ére_formgd,‘éndia1c03ﬁéc4_fv"'

“fion with the anus is é&tablished%

' The post—embryonig'developmenﬁ 6f'§. reversus is similar to'thét Qf“E,v"

.‘trifOfmis aé,described;by“Hipéthmann (1962) . vawever; Siﬂcéfdifferential :~ 

' staining-of nuclei was not attempted, the derivatives of the germinal and

2{' The yéntral ch0fd‘nnéiei;v 

. pneseht4in'thevfémalé larvae of D. triformis were mot observed in C. reversus.. -
"Hirschmann states that from the second molt, male and female larvae can be’

"distingpished‘byvthe'differentiél‘develémeht of_the‘genital’primordium'and by

" The sex of the'l, =

C. reversus was‘distingufshable“by‘thé deVelopment'of théfgeﬁi;al primordium.'

éven- at this early stage. - S,

’

 Nickle (1963b).  The gravid fémale.la;s.uﬁgmbryodéted~eggs¥in‘;hé;heﬁogoei»Qf‘the -

host, ‘but whefeas_it is the L2 that hatchés ffom‘the~égg‘in Q,-elqngatusglftAis;7
1 which hatches'frbm the egg’iﬁ g,»févérsds; In general, the’larvalﬁ$tageb,j

that hétéhes from the egg is Variable iﬁ-the'Sphéerulariidae, éwg. Tripius

1 (Poinar;,1965)”and~sgggerulafia.bombijhatches«as,an'Ls .

(Poinar and Van der Laan, 1972).  There are four molts in the life cytle;of =

c. reversus,and‘maléé develop more quitkin:Z::,fémales;:1Rﬁhmv(l956) bélieved' ,

larvae of the génué,COntortyleﬁc leave the beetle and that there

3

are two molts to maturity in the galleries. My findings indicate that it is .

A"larVae that leé?e the -host in C. reversus and molt.into,adults-within-

the L
the galleries where cppﬂlatibn occurs almest immédiately after which the males -die.

The spermatised female tﬁeh reinfects a second or early'thifd ihs&arvbeetle larva.

Both sexes of parent D. pseudotsugaerafe eapable of ‘spreading the infection to the.

subsequeﬁt generation/of'offspring..It,has been shown, however, that pfogeny 5f I.
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'paraconfusus‘are,more likely to be'infected-With C elongatus when the female

i

/parent was. . 1nfected than when the male alone was 1nfected (Massey, l962)

This d1fference between the two bark beetle hosts may be. explalned by the A

7fact that the males of I paraconfusus unllke those of D. pseudotsugae do not

follow the females 1nto the egg galleries.
The‘development'andfegg production of the femalernematode is equally

N,

successful in all life stages of the Douglas f1r beetle in whlch 1t 1s found

g Ashraf and Berryman (1970) found that the nematode Sulghuretylenchus elongatusv"

' ‘was encapsulated by flrst to’ third 1nstar larvae of ‘the beetle Scolytus ventralls

‘but not. by later ‘stages.- of the beetle This wasbnot observed in 2,‘oseudotsugae
.infeetedlby g, reversuS'whlch.suagests’that é,“reversus is”aibetter‘adapted
vparasite than ls S. elongatus ',_The wide host range’oflg;:reversus{ which'
vlncludes four dlfferent spec1es of Dendroctonus may also,be advantageousvfor;

the_surviVal of this parasitew

.JThe'route'ofVinfection'of larval’instars of D. pseudotsugae by the female

C. reversus is unknown. Attempts to observe the penetratlon process of D

pseudotsugae larvae by the parasiterfemales.on'eitherfplain“agar plates or in

frass»cultures were'unsueeessful. I Suspeetlthat'penetrationdis Cutieular:
rathervthan'oralkor:anal becauseybark beetle_larvae,are constantly cheuing'into
.'fresh phloem tissue and-passing»outla_steady;stream'of frass through thelanus:
Nematodes are‘unlikely to‘betoresenttin unpenetratedvphloem;tiSSUe:andhthus
would not be lngested;‘and nematodes-enterlng anally'would have‘to:migratev
o against the current ofvfrass belng produced; Eurthermore, the infettive female

‘nematode has a well developed buccal stylet and digestive glands which are

structures that conceivably.could aid'penetration of the host cuticle.

)
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‘Youngvfemaiés of'£¢v£é§ér$ué doinot,fééd duriﬁg,tﬁershoft ﬁérioa ébént‘

‘1n tﬁe‘géllerles,«and 1t‘15 reasénable té assumé that'large.amounts of - hoétv'

'nutrlenfs:%ré‘rémoved by théﬁfemale nematode after her entry'iﬁto‘the second

“-stage‘beetie larva beéausé of a fourfold increase in her bédy 31ze;‘and the
deuelopment éf hér gonadvto flll almost her Qhole pséudocoelom. The:hOst

'therefore» supplles the nutrltlonal requlrements for the growth and gonad

,development of the parasltlc female C reversus.
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* III. HOST-PARASITE RELATIONSHIP BETWEEN €. REVERSUS AND

¢

D. PSEUDOTSUGAE:
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A, “THE. INFLUENCE OF HOST AGE HOST SEX AND PARASITE BURDEN

ON THE SEX RATIO OF C REVERSUS

Introduction

Sex in- nematodes lS &u#ermlned bv genetic and environmental factors.,

5Little is known of the geheticvaspects since in moSt'biseanl nemétbde
species, the male chromosomal composition has not beén well studied. In some’

;nematedesspecies,‘eﬂg.‘Angpihe tritici and the genus Heterodera; both sexes;
) have equal numbers of chromosomes. ‘In the rhabditlds, the male has one .

chromosome'iess than‘theffehale.vfln hermaphroditiC'nematodes whiCh:grpducev,

Sperm.and eggs-with the same chromosomal complement, sex chromosomes have not

‘been observed (Trlantaphvllou, l97l)

Eneronmehtal 1nfluences on. the dlrection of sex, dlfferentiatloh have r
'been'dem?nstreted in insect and‘plant‘peresitrc hematodes. _Eeresite.hgrdenf:
landAhest'sheeies-effect theISethatio of‘soﬁehmerbithid‘paresites,,withvhighér_,‘h
.‘huﬁbers of hara51tes ahd smaller hosts produc1ng higher\gr3$nrtlons of male
. earasltes (Chrlstle, 1929; Parentr, 1965) Petersen.(1972),'however;-found
that the size of the host larvs did not affect the sex natio -of Reesimerhls

nielseni. HQst-diet influences'thevsex;ratio of R. nielseni.in'that starved -
hosts produce relatlvely more male para51tes than unstarved hosts (Petersen,

1972y . Strelkov (1964) suggestedrthat the . sex of chironomid hosts influences

theisexhof the parastte'Fil;pjevimermis gsingularis, and Parenti (1965) reported

. e ' e ‘ - x £y 5
that the sex of the first penetrating larva of Paramermis contorta influences

the sex of other mematodes that subsequently entér and develop to maturity.
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Hence, although the sex of mermithgds has been genetically determlned in:'

R

embryogene51s, the dlrectlon of sex differentiation may be altered by

&

"environmental faCtors”after'the nematode larvae enter the‘host,insect,‘”

In plant-parasitic nematodes, sex may be influenced by nutritional.or”

théical faetorsl fInjspecieshof Meloidogzne,'sex'reVersal occurs in

' response to a sudden onset of unfavourable condltlons after the 1n1tiation

“uof sex differentiatlon (Trlantaphyllou, 1971) The'duration of feeding,nlh

of second stage larvae is an 1mportant factor 1n the sex determlnatlon of

1ncognita (Trudglll 1972) ﬁFemales of’H, roStochiensis,exhibit»

- Sex reversal when they 1nvade nematode re51stant varletles of potato, thus>w

Y

‘increa31ng the proportion of males in the populatlon (Trudglll et: al

. . 4

3

1967) v However,‘inoreased proport1onslof.males are 30met1mes‘due’to;the,'

’differential death rates of males and females as has been[shownbfor

glzc1nes (Kol1opanos and Trlantaphyllou, 1972) and for H ,sehachtii

(JohnSOn and Vlgllerch10 1969). ,Parasitlc-female laryae reouire‘more g

spacexand’nutrients-than do male larvae to mature. Therefore, under adverse

"

‘conditions such -as crowding, nutrient deficiencies, removal of leaves and

stem, and'resistant.hosts;‘many,ﬁemale'larvae‘die before maturity whereas

male-larvae nanage'to become adults'(Johnson and Viglierchio,‘l969)f flhvgj

glzc1nes and H. schaohtii; sex'is genetically'determined;

and only the Sex

/)

ratio, but nog the sex expre531on,‘1s modlfled by env1ronmental 1nfluenoes

In view,of the high latval density,of g, reversus in

”thefDouglasnfir~beetle, it was deeided'that the influence

sex, and parasite burden on the sex ratio of the parasite

to determinevthe effect, if any, of -environmental factors

tion in C. reversus.

:the hemocoel‘of’

of host age, hést-

‘should: be studied

on_ sex differentiaf

s
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Materials and Methods | .

:Different lifeﬁstagesAof Q}tg§eud0tsqgae'obtainedvfromvlog cnitqres

| vvin‘the“i:ia’bo.‘fatof—",.""eré';fdv'vis"sle‘;ted.’ ‘af?-?i; :ir}." all Cases; ‘the number of",’vl:‘?vr\i?iv_i :
ﬁana‘éréyid-female“ﬁéha%bdés;pe#vhosé wésrCouétéd;_'Thiréidné@atOdé‘lg;Vae

picked ac randon from esch nsect vere Used for each sex ratds deternination.
oey ""”éfe; f ixed a.“vdfsf?i:“?d by the methods ment foned 'bef_qré;. ,. ’DVi‘:f;fé;T‘ent 1_a:t_1o'r{

'betyeeh thefsexes was based on the'differential'gfowth'of.thedgenital' v

s

'primofdiafin'male and}female larvae; The sex fatio;was‘ealeulatedjasuthe-

" number of femal€é larvae to the total number of nematodes examined.

" Results and Djiscussion

The results obtained in‘thisygégdy;ate presented in Table‘fV. Of the

twenty larvae of the Douglas-fir beetle examined, twelve were fourth instar
larvae, four were third‘instar'larvae;;and,fOut were second instar larvae.

Sinde?the;feSults indicated no obvious differences betwe&n the larval instars

with respect to sex ratio of the parasites asa function of nematode burden,

'all twenty samples were treated as a_single groupt 'Parasite”burdenialso

(dld not affect the sex ratlo of nematode populations f}om pupal and adult

hosts, and the results were grOuped for each of these host categOries. No

'51gn1fxcant d1fferences were found in the sex ratio of samples obtained’from

-

‘male andvfemalevhosts? and those from‘larvae and pupae of'the”beetles.f”

Therefofe, neither host stage, host sex, nor nematdde burden affects the
direction of sex differentiation in €. reversus, which normally produces

a greater number of;female than male‘offspring.

gt



’Tablg IV.: Ihé sex,ratio.df‘pbpulétions of E} féverSus'inir,v

e

' differénﬁ<stéges‘gf D. pseudbfsﬁgae}

i

 :‘;Hdst‘étagé  'i' ” '*Samﬁlé o ‘Séx,tatié *

A

’;énd.éex -  'n T ‘ size L v(i) o i7":-S.E;' B ,Raﬁgef

' ;Lafvaé": , }" 20; {" _2' 30 - '1;10;6¥ “ “5 lw‘vO.bl . 0.57 7.0;67
‘ P,Ui)ée R ll} . ‘ 30 ':70_62‘ . :._;10_02 0_57‘ 0’.73" L
LAdult¢ 17 U300 . 0.59 ¢ 0.01  0.43 - 0.67 ..

Cadult g 017 - 30, . 0.58 - 000l 0.43 -0.67 -

* Sex ratio =

)
+

g

Ny ¥



‘»feedihg pﬁase ofv

”

It isvgeasohablevto assume that,hostlsrage;rsex,andlﬁarasité'bnfdeﬂ

could affect the sex’ratio of -C..reversus since these factors are shown to '

‘affect the sex ratio of mermithids in other insects (Christie, 1929; Petersen,. .

3

'L97i; Stfelkov, l964).v'5oﬁevéq, tﬁe apparent indépendehce{bf sék,deterﬁinétiqn

“in €. reversus from host conditions and parasite burden may be due. indirectly

to thfee factors. 'Fifstly, £g'reVersus has ‘a véryvshortffree—living, non-

about one week, after which another host must'bévlocatéd .
or. death ‘ensues. Therefore, the amount of nutrients that. must be stored tQ",

‘enable - 'the nematode to survive this non-feeding phase is very small. In

mermithids,. however, there is Chara¢téfistiCallyva‘comparativélY~iong free-"- - -

liying;Tnonffeeding'périOd'in thgflife\gy¢iq, e.g. M. nigrescens takes 1 to

" 2 years, and as such these nematodes must store large amounts of nutrients
during the parasitic phase to enable su:vival7ofAtheffreeeliving stage..

Hence, the !'stress" on the host,exerted by C. reversus is proportionately

E

less than that exerted by mermithids on their host ‘during the parasitic phase. '
Secondly, the phenomenal increase”jh size,df mérmithids from the timerof' 

entry 'into their hosts up till the time of emergence of the parasite implies’

v

a great demand for host nutrients for parasite growth. . The increase in

size of C. reversus during its'parasitic,phase is small compared with that
o7 the mermithids and, consequently, less host nutrient - is required,:AThisl‘

indirectly suggésts that there ére‘probably sufficient host nutrients évailable

fer all the developing larvae of C. reversus, and, thereforé, less "stress"

‘on the nematode population, so precluding the shift towards increased proportions

of males. Thirdly,,the larvae of -C. réversus, because. they are very small,
. . i N - * ) - .

do not occupy as much space in the insect hemocoel as do mermithids in their



kh,oé;ts'.‘,‘ This "spatial stress", 'which 'h;is'bééh shovfm'to be" avf‘acto‘r”'
affecting’senvdetetminatign in,H schachtii (Johnson and Viglierchlo,
1969) nay be’ 1mpottant in. the sex determinatlon of entonophllic |
'onematodes. |

F‘Mermlthids have been.shown to causedlarge depietlonslln hemolymph
_ and fat body nutrients in locusts (Gordon and Webster, 1971 1972 Gordon,”
'b%$~al 1971) and decrease host welght deplete host-storage products,{'l
and lnhlblt 1maginal dasc development in mosqultoes (Balley and Gordon,
I973) , Mermlthids lnvarlably kill thelr\hosts at emergencewt Ihe’effeCtsvn
.of gt-revetsus:on thétDougiaséfifeheetle afedless pronounced and although‘
, the hostvphysiology and behaﬁiout’ate;aftected, the Host is. not. kllled
and'nutrientjdepletionlis'less.dfastic:thanvthat'caused by metmithid‘
q;infectiOns in locusts. Hence, bv belng a less demandlng par381te;

C. reversus has probablv adapted 1tself to belng present in hlgh numbers ;:'

) witnout‘jeopardlzlng it's own surv1val. o L
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B EFFECTS OF‘C.,REVER’SUSTON,HEMOLYMPH ’COMPOSI,TION OOCYTE'V

DEVELOPHEVT GALLERY CONSTRUCTION FECUNDITY AND EGG
VIABILITY IN D PSEUDOTSUGAE ,

‘Introduction

Inere”nane'been’few'studiengn‘rhe'objsioioéy’of'the noar;paraaite;
v relatioqsnip berween insedts'and.nenatOdea.zxSrricklandu(lgil)‘obéernedf‘
fthar pnpalihistoolast deveiopmentﬁin'érnnliumgiarvae'waé?retardedfby'a |

Smali,nematode; ’Thisireaulred in abnormaivrespirarion‘and adoeSSarion'of

» A o g S ST W
“paturation processes. At that time, he proposed that the juvenile nematode

‘secreted a substance’ that inhibired the development of‘pdpal and adult';
histoblasts. Nematodes para51t1c in the hemocoel of insects generally cause

‘ja'reduction in feonndity ordsterility'or death. Female D rufigennis

‘parasitized by.either S. dendroctoni or C. reversus laid fewer eggs than’

nealthy beetles (Massey, 1956),'anddfémale I. paraconfUSUS'infecteduBy

'C,'elongatus dad‘émaller broods'thanvhealthy individuals.(Massey,,1962).’

Scol\tus destructor and - S. 'multlstrlatus have ‘been reported to be sterilized

bv Parasltylenchus scolytl (Oldham, 1930), and S. -ventralis is‘Sterilized

when heav11y infected ‘with S. elongatus (Ashraf and Berryman, 1970) " When .
‘infections were light or medlum, the host oyaries were smaller and the
germaria translucentfproducing‘smaller-and malformed oocytes.

The deveLooment of nenatode/paraSites usually is closely synchronised with

that of their hoigsf‘:Thé egg‘debelopment of the nematode‘Heterotylenchus

autumnalis is affected by the diapause of’its‘host,lthe'faoefly Musca autumnalis;.

‘and this ié attributed to the effect of either the host juvenile‘hormone
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:,level or the level of sterol esters in the host hemolymph (Stoffolano, 1967)

.”The pOSSlbllity of a hormonal control by the 1nsect of 1ts paras1t1c fauna_«_f;;.;"

s also demonStjated by the reductlon in the: number of adult nematode o

-é

paras1tes in" the gut of Blatta orientalis after removal of. the medlan

,neurosecretory cells (Gordon, 1968 1970) A simllar operatlon performed

- on the cockroach Periplaneta americana,.however brought:about-an increaseir.

Min the number of nematode paras1tes in the gut (Homlnlck and Davey, 1972)
Tt also seems that some nematode parasites are unable to elther develop

C to maturlty-or beg1n egg—laylng Unt1l theﬂhost insect'attains sexual«

maturity. C elongatus females in I. paraconfusus pupae have fully developed

eggs in thelr uteri but do not ovip051t unt1l the beetle becomes adult

'(Massey, 1962) In addltlon, Para51tylenchus strpatus larvae are produced

'only in sexually mature‘D.‘adjunctus (Massey,‘l966b).

Mermls nlgrescens 1nfectlon decreases ‘the rate of excretlon (as B

measured by the’ dye amaranth) ‘in Sch1stocerca gregar1a but not the host

: hemolymph volume '1nd1cat1ng a.probable,indirect'effect on-excretion by*5

'jthe suppress1on of the hormonal balance 1n'the host (Gordon and Webster, f:
l97l).' nlgrescens also depletes hemolymph carbohydrates owing to

a progress1ve depletion of glycogen phosphorylases and reduced glyco; ‘”‘
genes1s in thebhost fat body (Gordon et al 1971). 'Parasitism didrnot affect
vhemolymph proteln and amino- ac1d levels, but fat bodyfprotein and‘amino—acld“
levels were’reduced. Since neitber signs of fat‘body_tissuefdegeneration,were
detectedlnor,the presencefof proteolytic enzymes‘in homogenatesyofrthe nematodeavf

LY

demonstrated, it was concluded that 'the nematode was altering protein metabolism
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witﬁiﬁ tbéifatlb§dy’tié5uelr§therltﬁan‘fééding difecgiy ubéh'it; ‘Ther
ﬁematpdes pr§5551§ étiﬁuiate_pfoﬁgin‘éafab01isﬁ.yithiﬁ4£hé faflboéy;%aaafhéi
’fgieésé of‘;minOfacigg iﬁtéythétﬁo%t”héholympﬁ'fdrniéhes'iﬁé'ﬁeméfédé §i#h
éufficiéﬁt p?étéi@bnigrqgéd,fOr aé@i?éidﬁfaké.(CGrdqh-a$d Wébsté%, 197ii;
.A::It‘ﬁas l;ﬁef.fdqu tﬁé£r§; nié?éétensiwééféépable”Qf indqrpp;éting 1éSéi1éd

‘gmihé;géid; (praoaﬁéna‘Wébégep;'1972): Siﬁcé'thé fuﬁﬁﬁioﬁs-afféctéd‘é%e;y
"AhaerAaliy éontrélléd, it\iS,pq;éiﬁlélthat tﬁe ééfdsite.ﬁay affgéttthém by‘-?
.JaLtering‘théabostvhdfm&né;.fegimeu’ HQrevféé¢pfv$£udie§'ﬁéﬁé dé;énéﬁfa#éd ‘
:b'difféféntial éffe¢£s‘of“i.:ﬁigpeggéﬂs‘pa£é3%tiém oﬁ/préteinvftactiéthin;'

'fhé ﬁemQ1ym§h;of tﬂe dé$erf ldéust'(@ofdoﬁ:gg.il.;'i??ji.‘ 7 " |
 ;v'Némétodesv;réfknqﬁn als§1t§‘afféctvinSé¢t béhéviour (ASﬁrafjand,Béfryméhk;
1970; ‘atkins, 19615 Nassey, 1960;.N1¢ki¢,f1963a;,Ré;d; 1945) . |

This study was undertaken to‘determiné the effects of C. réversus on .-

"

the phyéiologyfahd,béhaviouf of the Ddugiasffir béetle. 'ToféctbmpliSH‘ 
;his, hemolymph‘énalysis‘wés'uhdertaken'ahd bocy;e,deyelopmeﬁt,.géllery". 
Coﬁstruction;'fecundity’énd egg ﬁiabilitvaére:obsérVéd.‘

*

'Haterialsnand,ﬁethods'

-

:Forithe experiméhts, daturallyfinfected;Dduglas—fif,beetles wéreAqséd. |
quettéd beeéies‘éonpaiﬁed fif;y’ér moréfnémabédeé in tﬁe hei0c§é13 .Ali daﬁé
..were‘ahalysed qsing‘étudéﬁt's £—te§t,ﬁand significant'différéncgs betweép .‘
cdnﬁrol and C. revgrgusiihfected gFoup; are expreSséd é£ le§eis’o£'£;<v0.05 (*),

P < 0.02 (**), and P < 0.01 (¥*%),



l(a) Hemolymph Analy51s »

o Analyses were perforoed on the hemolymph of both sexes of. callowl'
,puoemerged'and maturevemerged adultvbeetles prlor/to,ov1posltion;* Hemolymph
L'Qasldrawu ffoh“beetlesfthfoughfaruOUnd?ﬁedeyby'tpe‘feuovalﬂof:almetathoracics
2leg. The- body of the beetle uasbsqueezed gently w1th a paif of forceps to

‘eject hemolymph through the wound Withdrawal of hemolymph and the measure—'l
-v"ment of hemolymph volume uas done u51ng l ul ddeosaple mictoplpettes
’(Drummond Microcaps.).' Hemol?mph that was not used immedlately was stored.
in vials at =30° c w1th a crystal of pheuylthlourea;

-

l”Hemolymph trehaloselass¥y 'This was performed usingntﬁin layer~chromatography '

.

(TLC) .- A newly formulated adsorbant mlxture consistlng of. 24g of MN Kleselguhr

- and 6g of Cellte analytlcal fllter aid (Johns—Manv1lle, U S A. ) was slurrled
,]w1th 80 ml of 0. 02 M sodium acetate solutlon and layered to a thickness
“of 250 U on ZO'x'20.cm,glass plates.‘ Hemolymph from 1nd1v1dual beetles and

“two serial dilutions of a trehalose;standard'solution‘ were spottedvonzeach

4

_‘TLC‘plate12:cm apaft. }The‘plates'wereideveloped to/afdistance of 15 cmvusingf“‘
a mlxtureiof‘60lel ethyl acetatevaud 40 ml isopfopauol/watet~(Zfl)gaslsolveutld
“The:compouuds sepafated out were detected'using Stahlfs aulsaldehyde/sulpouflc:v

acid reaéeqt.k50 ml élacial-aceticlacid wlth 0.5 mlvanisaldehyde andtl'ml

';:conc._sulphqric acid)tand:by heatiug‘plates at/llO°C ln‘en‘oven tlllithe .

spots attained maiimumtlntensity;. Theqplates Qeréltheﬁ femoved from’tde oven

and cooled‘for'hagf:ao‘hourvat*foom‘temperature; ’Quantification'was’dopekwithf

a‘Zeiss»chromoscan spectrophotometet fof'TLCluslng.a aneleugth of 370 my .

Readings were calibrated against a trehalose standard curve.



or

~ e

«Total hemolﬁ@bh prdtein'assav:= Hemolymph from individual beetles was

- spotted dd,ﬁ_kl Cem Whatman 42 filter paper Assav was carried out essentially

aecording to{the me;hod oleramhall eg"al (1969) u51ng xylene brilliant

lHichrbme l224)=a5 a stain. Samples were read in a spectrophotometer .
at 620 m. aveledgthfand~calibratedfagaina§,adbéviﬁe_serdm albumin (BSA)

~'standard curve.

ﬁiso‘aeryladidelgel eleetrophoresis df-demelyméh:prdﬁeins:_dHemolfﬁph frdﬁlf'
'eigﬁt’inaeeis“ﬁaélpéoledaaddv5‘almu5ed:fdr eae%.aaﬁble‘runi’ Aerylamide'gels_ -
were'madebbyJEhe‘meeth'Qf;DayiS1(1964),gsidg‘72 rundidgfand‘BZ spaeer‘gelsl
“J(Smiih; 1963);d A'pﬂisfgdjriefHCl,buffer was used‘and broﬁpphénel’blué waér
'addéd ro?thevupperlbdrfer eﬁamber:aé avmarker}ivUpod completion ef the elec-
trophoreticvrun, the gels ;ere‘flxed 1n lO/’trichloroacetic acld/for oae;half ,:
hOur,/and stalned for one hour at 37 C ina 19: 1 solutlon of 107 TCA and l/
Ceoiassle blue'RL-(MlchrOme-lOO)f Gels were*destained‘over,severalvdayslwith
:eeeeral'ehanges‘of‘72eaeetic aeid:and'were'quantiearedAdaingﬁéheijeiéé;Loebl -

’ cnromoscan. - :

Total,hemolymph amino{aeid'assaX;' Hemolymph from'individual_inseets.was'used.
The method eﬁployed was.esSentiallyﬁfhat'df~Roseﬁ (1957) uSing'the ninhydrin

reagent, but volumes of Teagents were decreased to compensate for the small
volume of hemolymph Obtaihable-from!each inseet.'~Samples were read in a -
. - B . . - . - f N .

spectrqphotometer at 570 m; and staddardised'against.a glycinelafandard curﬁe.
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L

',(b)‘Odcyte,Develobment ?:

: The:raté of develop,eﬁt;Qf 6Qéytés,¢anbbe estimated by measuring the

/lengtﬁ'of:the 1arge$tvterminal; ocyte in_adult female inseéts ggiﬁr to ';'5f

‘oviposition (Thomsen, 1948; Thomsen and Moller, 1959a,b, 1963). In this . .
;éXpériﬁént,<thirteen,uhinfectedfahd thirteen infected matUre’adult;g."

-

:' pseuddtsug§e'ff§m the .same coldny wérevuéed,'ahd,thq;lengtﬁ ofvthe.léfgeSt

ﬁerminéi oéqyfé:éf éacﬁ;beetle hés-ﬁeasUréd%f Meé$urémént$ wérettaken,ﬁndé;'.J
 ,375X_maénificationibh‘thé'diséf;tigg mic}bséqpé'uéing‘a'éalibfakéa’ﬁiéro;-
g méterveyepiecé; ' | | o
”,(c)vGaiier} C;ﬁgtfuétion, Fé¢undity‘éhdaEggiﬁiabiiityf
Beetle*colonieé’gollécted fromeilliams Laﬁé district thét showed'éf
least'ZOZ;infectioﬁ By gf'reversusvwefe‘gsed. Fémélé,beeflés‘wéreijnterﬁééd -
int&quglas—}ifvlogs‘in,thé‘labéréﬁﬁfy thfoﬁgh pfe~drillédheﬁtfgﬁgéiﬁéles{’f
- ﬁales wéré'interQng affi%rfraés brbdﬁction'by thé feméie begéﬁ, iEﬁ#rgnqe'
'_‘héles‘were made‘aﬁproximately 20ucm.aparn’téﬁavoid §§Bse§ueht:ovéf1ap‘off
iaryal miﬁeé'By offépfiﬁg bf‘différent parentibgétlés} BérL‘Waé réthedfffbp',v
sémé_logé ét“ingérvéis of 7, lé'énd'ZB days‘féllOWingtthe intréd@qtibn 6f'v
_;lthéjparenf'beeples»inpo thé logs}‘:Aﬁ each of‘thesévﬁeriods;.;;lieryvléﬁgfh:
gallery shape{vthe number.of_unhatched gggs, anq thennumbe? of ¥§ryaeﬁp§f v\\*,v
‘pafgnt beefle were rééorded.l‘Six replicatewaere obéérﬁéd a£ 7’énd'14 qay$'QJ
and four at 23 days: Uﬁhatched.eggs Qere bléped,in Petri’dishe§ on dapp
pieces of filter paper with a capffuli of water inveaeh,dish to maintaiﬁv
dampness within thé diéh; The’disheslwefe cove%éa and 1ef£ ap ;oqm temper—

ature (22°C) for .one week and at the end of this period; ﬁnhatéhed eggs, 1if
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anv, wére é@gnted,ahdfdésigﬁétgd as hoaniabie.‘,InfsiFuéf{onsiQhete; -
'lagvaé Qerétdiélodéed'ég?}hg;tﬁévﬂrécessiof ba;k féﬁdVéi;'é‘léfvéliéoﬁht

- waé“doné b;»gogﬁﬁiqé the qumbé} QfgiarvAl miﬁééxiéévihg'tgéiﬁrim%;y égg
'géile}y, ’:,P.a‘re"nt b'eét.i-é.:s ff:,h’at_\llévré still alive at the "tri‘me"'lrorf; bark femoval .

were dissected to determiné whether - or.not they were‘infécted.‘

Résdlts 
(A)YCarbohydrates'
’tA‘preIiﬁinafy‘experiment showéd’fhat'thé level Q£'ngcosé in the hemolymph

. L

, , o , , T h : A L o
appeared to be the main carbohydrate component, making up more than 90%

.was;exfréﬁély.lé; and ofren UQdéﬁéctabiEHbf tﬁin layer chgoﬁéFogrépﬂy.'foehalqsei;
' ﬁqf ;he

: tOﬁél heﬁblympﬁ carBoh?drates.,‘Tﬁe fiormal physiélOgiéal levéiio£ hem91ymgh
tfehaloseryﬁ,g.'éseudqtsugae,doés nég'éhaﬁge S%énificahily (B}>f0;05) in the. 

 .'ga£pra;iQQ;Q§?F§};Qw femalé adults, but mature male‘adults‘had 2524m0re trehalése

L

than Cailpu méléjaduits (E ‘ 0.02) (TablevV). ~Maturé'§élé'adulﬁs aISo.Had -:
257 higher Heméljmph’xtehalosévle&els than‘matUre female adQltsr(g;f‘O;OZ);u'NQﬁ o

significant différendes (B»%‘O.OS),4h6wevef, were‘detectéd in theVIQQel of"»
hemolymph trehalose betfween codf:ol,and infected groups in each adult’éategorifv

(b}'Total hemolymph"pfptein

The ﬁoFai’hembiymph*prétéidileﬁels iﬁ:nbfhal‘g, éseudétsﬁggé déc;éasés'
significéntly during-ghe mgturation>of'botﬁ éeies:pf‘caiIOQ adglts'(Tablg Vi);.
‘Thérevwas ﬁé éignificaﬁt differengé (P »-0.05), however, Betweenlpotai heﬁdlymph
profein ievéls invﬁélé and fe@éle beeiies;' Nd.51gnifiéanﬁ aifference:(g ?'O:65);V

ir total hemolymph protein was detected between control and infected callow -

females. However, infected mature females had 20%Z less hemdlymph'protein}

\
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._TablgTV{: Hemquﬁph'crehalbse,leyels in control andlg,,révefsds'

k ‘inféctéa adﬁlt g; p§eudotsugae (Hean'ﬁ_L S}E,).

Host. stage and o .+ Trehalose concentration . .-

sex o n. . Control \ - . Infected-.

Callow ¢ C6 . 107%09 - 10.1+0.9

Mature © - 8 . 10.6+1.0 11.3 + 1.4

Callow o e . 11.0 £0.7 '- 97+ 1.2

Mature < .8 149+ 1.2 4 1454 1.0

+‘ug tfeha1b§e/ui‘hemonmph.‘



~ Table VI..
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_—
)’

VTotél hemolymbh protein leﬁeis inicbnfrél'and E,»revérsusnvi

infected éddlt/g;(péeudo;sugaex(MeanfiQIISQEf).v; o

Host stage and

- S5eX

- Total protein concentration. . -

7

Control ’ . Infected

Callo@ Y
Matgre T
Callow. -7 )

Mature

6

198’
14.3
21.2

16460+ 1.6 16.1 +

|+
o
N

19.2+ 1.6

1.2 - . 11.0 +0.7%

it

1 1764 1.3

4+
N

N
o

“ ug BSA equivalents/y1 hemolymph.

* Significantly different from controls at,E;? 0.05.



. .
3 . ’ .

(P <. O 05) th\n“COntrol insects of the same group No significant differences;';
(P > 0 05) between total protein levels of control and infected callow and

: control’and infected mature'malesrwere'detected ‘although the difference in

- levels between control and infected callow males approached the 5/ significance ‘dj'

':,level;

}(c) lndioidoal proteins
ﬁine.orotein fractions were separated from‘thethemolymph of callow femalé‘

: beetles, with fractions I ‘and VIII being the major fractions (Table VlI Fig,
fvl9); No significant differences (P 2 O 05) between control and infected"
heetles,were'observed withfrespect tohthe percentagevcomposition of Qhese
nine fractions. Fraction lV, whichris always'oresentdin thefﬁenolymph~of
. marnre females'wascundetectable in callowvfemales;‘and fraétionslVlllBﬁaﬁd;
lx‘thatthre‘SOmetimes present,in mature femélés“wéne totallyhabsent in‘all

‘ theﬁcalloy females..”ln‘mature'females;da total;of twelye_fractions were d”
‘lfdetected in theIhemolfmph/but‘fractions_VlllB, }x,-and X’Qere absent fronl  f
some of-theVSamnles analysed; lhere was‘a lower concentration of‘fraCLlons'
v and VI and a higher concentration of fractlon lll invmaturc as conpare@ to-
‘callow females (Table VIl) 'Despite theredbeing no significaht differences S
(P -~ 0.05) in percentage composition:of protein'fractions recorded.between
control and.infected‘groups of nature‘fenalebheetles,.the;éels~showed that‘the’
total level of prOtein (according to the intensity of staln retalned) was
higher in the.control groups‘(Fig; lO),.sﬁpporting the results obtalned-in

the total protein‘analysis. ‘Parasitism, therefore, caused a proportional

‘decrease in all protein fractions.
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) . '53—7 - “ Co s ’ . ) 3
Electropherograms of ‘callow adult female D. gseudotsugae. . | '

Left -,Cpntrbl; Right - Infectéd. The.mai'r fréétiong are'métked;”

No significénnwdiffefénces.wére.detected between the'protéin-fractiOns"

df]cqntrol"aﬁd infected hemolymph With>respect,td.éercﬁﬂtage com=
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', Figure 10.° | . A

Ce ]

Electfdpherograms 6f mature adult femélé Q}fpseuddtsﬁgze(.

Left - .Control; Right - Infecﬁedi Thefmajbrtfrattions"arevmarked,_j

Although no Sighificnnt differences in the'percentagé_compOSition _

or:protein fractions ovér.total protein concentration was

récorded between control and infected hemdlymph, infected -
electropherograms retained less stain than control electro-
pherbgrams indicating less ‘total protein.’ o

o
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(d) Totalfhemolymph.amino—acids."

64

'Inmthe callow males, eleVen'fracticns were separated. Ffacfion”“

’VIIIB was absent from all samples and fractlon IX was. detectable in only

some samples”' Fraction v, which was not found in the hemolymph of

callow females, accounted for about 10/ of the total protein in callow .

"males Two fractlons increased signlficantly din énfected groups (Table VII;~A

o Fig ll) These two fractlons,»V and-VII increased approx1mately 4/ and d

-

6% respectively in percentage of total proteln, whlch was ‘a 30 - 40/ :

1ncreaSe over the controls. Fractlons IV and VI decreased alightly in T
'percentageTOf total pfotein'compositlon, but these changesjwere’not

: significant at the 957 confidence limit. - In_chefmature male;beetles,"

twelve fractions were recoghised, but, as.in the mature females, fractions

VIILB, IX, and X"werexabsént.from some sanples.'.No significantudifferences

3

(P Q.O§&&yere‘detectedrin the leyel’of‘the protein‘ffAQtionsfbecween'

»

-cantrol and infected'matnre male‘beetles,' thably; the higher leVeL_Qf

" fractions V and VII that occurred in infected than control-callow males

PR

does nOt’ocCurvin the mature maIes‘(Tabie VIT; Fig. I2).'fFraclions‘IV'

and VI ‘were significantiy lo@er;(ﬁv<70.05) intcontroi'grodps‘of mature:

males than in control groups ef callow males. JFracLiOn VI}[B,‘which;was

detected in some samples of hemolymph from mature males, was not detected

in callow males. As in all the Ocher.groups analysed, .fractions I nnd_‘

VILI were the two major fractions in the hemolymph.

F

JON

The *level of amino-acids in the hemolymph was approximately the same

in callow and mature female beetles, and in callow and mature male bee{les
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Figure411

Electrophérogréms_of callow adult male D. pseudo;Sane;

Left - COntrQl;{Right - Infecfgd.' The.ma}br fractions are
marked. - Fractions V and VII were significéntly higher in

infected hemolymph than in healthy hemolymph (P - 0.02 and

P 0.0l respectively).
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.

‘Eluyrropherograms_of‘ma;urc adult male D. pst

CLeft - Conﬁ}ol;.Right - Infected.

 66A

- o :
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Figure 12-

e

udot sugae..
“"The major fractions are.
narked. Mo signitiv

protein frugtionﬁ of control and infected hemolymph.

ant differences wcfu}defectcd’b&twcen‘LhQ‘
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,(Tablv \Ill) }and:ﬁolsiénificéﬁt di{férénéé§fin'3mino;acid'li&qu.werruA

cheLLcd between nontrol dnd’infegled mémber% Qf‘each dkiﬁhc'fbﬁf’adﬁilf
‘5éateg§fiés stqd;edg |

1(ci~00cyL§ d§§eLoR@eQL: o  :'  fA;';fifl . : S 'f;‘;r

‘ LﬁfchcQ”remqlc béptlcﬁlhad Sighificantiy'smﬁllér oocyceéilh&n'dj¢wﬂ

udidfeclcd Ones'(fshle,lﬁl. 'Bufuré oviposition; Lhe'dotytés,wcfe'ZOZ,ﬁ”

“smalleér in 1ntogted temalob Chdn yn'thu'bontxols;

(fj'gqllvfinuﬁstfuulien feaundity dnd Cpg vldbilltv

At 7, 14, and 73 davs dftcr Lhe initldlion of gdllery conslruction

“the intected female béctl@s,had;signiflcantly (P - °0.05) Shorter'cgg,

! 'éallﬁrics;ihan'pnihfcctﬂd meHIUS‘(éig; 13)7' Atji,‘lb;“apd Zjidays;
‘@he-ggfiv;; u; ihfcétuﬂLfvéglés‘waé 252; éHZréhdv?7zl;égpéétlvelyrshoriﬁr
pﬂanvthat of.thp‘voﬁﬁruls;‘:Qéspige théSQ‘dit[Qrgﬁcbg; é;c'slopéé of
‘(hoifubruswlnn'linos’fur cdntrpl An& {niv§Lbdbbee£ivs'are ﬁotusigﬁlficébtly o
S o . , D e L :

\

(r - 0‘03)'diffvr§nt;
'l'hl-n nuvnflhlc;br ot ev',‘;;g’s ll_a‘i'd'by’,i‘rift‘;{(i’Lcd( _f('m;'jll‘('s; .hy‘,‘f]", ll;; and. 23 ddys
after the 1ﬁftiati§n of galivry»uonstrdrtkaﬁ were sigﬁffiﬁnnply (RH- 0 05)
lower tﬂah thdéé laidrb? t he CongrqlﬁfémAIcgl(ng. IA): The Qiffercnco
at 7,'14{ and ZE:Jnys wgé 507, 332, anJ_éSZ ;égpégtivély; Fufthef, the
infected gruuéé‘hﬁd a Siénifléanllyt(y ';b.OZ)IIONQYifde'§f cggfIQQIAé
’than;did.thp.uqinfétfpd'inauﬁts'aéindicatcd,sy,iﬁdar;iaiivé'slopes“qf,;
lplxvgrwsﬂivh lines: Thg'déﬁfcted ]ﬁncdr.rCiqtiothjp between Fhéﬂnuﬁbéf
wﬁﬁgggg léid by jnfccécd 5ark bnutloé and LHQ longth OI’infecLibhvig-pcfhﬁﬁs
: ‘ N -
Ry ‘ “not o axtiaficigrv {\frcsanuLion of tho‘dssumud fun(tiondl reldlionshlp.

The Lime rtlatlnuship is probdbly Lvailincar (Lhe (urvv’rOA(hiny a plateau)

“Since the number uf epgs avatlable is Finite.



g
-

jlﬁ, »'Tablc VIII,;'TotaI amine—acid levels 4in the hcmolymﬁnvof‘  -
cdn;ro} and C. reversus infected adhltvgﬁ_
c EEEEQQLSUggg (Mean + 1°S.E.0).

Host stage’ and Lo o Total amino-acid concentration
CBex v n : 'COULrhl ‘ ' 'Eﬁfpclcd

Caltow v g 04 407 . 10+ 07

Mature % R A 9.6+ 0.6 10,5+ 0.8
Callow o . 7 A R A 12,0 4 1.3

117 4 14

. ‘H.‘AL.U_I"(' o , 7 7. _’ ‘ 10.9 + 0.7

iy Clyeine cquivalcnts/ul.hcmolymph.



69 ‘
Table 1X. The effect of C. reversus on the size of the
‘\JI: ’ ' - . . ' L o . . - ‘. . . - T
‘ terminal oocyte {n matare .female adult DUV
Pf?.‘f"}.‘_‘,jfit,5.“&5‘;‘5v'(’HCJ“ 1 SOESY. I
Group 1 Length of largest terminal oocyte tmm)
Control 1y 054 + 002 '
Intected Ly D UL 0.2k
LR Significant by difterent from Ar'(mtr’o] s attpP - 0.01,
'\?“\ -.
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Figure 13-
A . . I -
JRQgreésion Iines for the géllery‘lchgthf

e

', f}’»o'lnt‘h' répresent Mean + '
S e > ‘ L s
-1 S.E. at each time period.

" .

?' . ',‘ , o ‘ g . ) . o e . -
, 3 N Ll . . 3 . :

-

I"I;:}urk: ][6 -

Regresslon Hnes for the number of epgs latd by normal jid C. reversus

“infec ted ftemale adult b. p‘;fa_t_:udv(JL,V:,;UBjL(: O Polfnts fvprs‘-:y;vnl Mean R BT i

at cach ¥ ime period.

o
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4,Néﬁatoﬁe'infeétion'affects'heithérfthe'shape offﬁhe_xallefy’nd;.”f‘

'

' thc egg viabi]ity of female D pseudotsugae ({able X) Measurement of

. egg viabiliLy at 23 days wasg" not possible owing to Lhe difficulties

+

.in'distinguiahing'between-latval'mihgsxfrom ngighbour}ngggallerigs “and

thg-deterIOration70fruhhétéhed egps.

o e

‘Distussion. -

Triehalose- 1s the major blood sugar of insects and I'ts concentration

in the hemqumpﬁwis maintaiﬁed by hormonal action. If hemolympﬁ ‘f

truhalose'ls aéplcted'bj,the energy.demgnds_of the Iﬁséct, iv is.

reconstituted at the expense of ‘glycogen stored In the fat bgdy (Gilmour,
1965). Trehalose. Is broken down by the enzyme trehalagse to two molecules

2

of glucose, which normally is only a minor constltuent 0{71nsect”h6@§lymph
' D - ‘ ' ’ ' et Y
and there Is no evidepce. of any’ ‘f't;g\'ll atory mechanbsm controlling it oo B
concentration: (Gilmour, 1965). | o both control and 1ﬂfu0LQdIHUQL]CﬁJ‘

Jane 1cvc:1 of ;;lucé‘;ss; was -r.md'uL‘(.g('tLab l'e . 'I‘h(:'—- ‘l,(:vc,‘]‘ '_:()f v r(:h'a’,].om: In, }) pm xrdot ';uﬁ.u

‘(10.6 % /ul ln mJLUYL fLmdth dnd 4.9 uy/ul 1n mutur( malea) 1u }Jph thn com-

2

paréd to thL of uthcr (olpoptcra perLousl/ 1Lud£ed‘!g.g. 3;4'7 ug/ul in ddUJl
';ﬂﬂﬂﬁﬁiﬁiIWﬂlﬂlEﬂfﬁ and'3:~ 5 ug/ul in’ 1dulL Lydroghlluu plceus (DUChd?(JUvdnd .

Florkin, 1959). It de ,‘Cr,nnpa,vr-ab]u, 'hr)w‘sew'r, whth the lL-vel‘x—; found In Uu .

‘hemolymph ofs more actfﬁu f]iefa,‘u.gi‘ﬁ = 12ppfil lnjadult,APjﬁ'nmlefyfp ,
(Duch:_fU‘au and Florkin, 1959) ,anrl L4 ;.;;z)/ui lo adule Pe rlpl.m(t A N R

1mrrl<1nd (Irthrnr 1960, and adwlt Wcranqpluu diffLranIqu' (fﬁndxll

and Derr, -1 ‘}65')'. Hotably, D. }_j»:f;r;:u.clo7L_.';;‘u:,;_:u: l also consldered. as .ufr .n.t Fve -
. . - . . . , . d L A ; \j‘
flier (Atkins, 19615 Bennett and Borden) 1971) . . ’



~Wbays after start
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. 'Tﬁle"Xi -ViaﬁLlLLy of qggs [éid‘by'hOrma1:und'C. fg;}tﬁpf
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some. aematode’ species: are Chapable-of glucosé uptake from the

20

ssnrrounding medium’ This abillov ‘has heen demonstrated for M., nipreseens o

(Lordon and Webster, -1972) and ‘Ascaris, lumbricoldes (Entver and Gonzalez)

}‘#‘)*J';' Castro and Falrba [«rn‘, 1969). 1t is. pof;s}blé, ‘(h("r‘p:f()r'(‘, Cthat

fE

] t,hq;{;;}')( '”‘O-", “ vi'g'l'lv,lﬁ f_‘i{‘ ant e hany ¢ i‘rj1 ;'L’h_u’. lcw 1 0 f.'.“lvl(im”o ly_mp'h: t r(‘h."l l’ns't': ,—:I‘fn , ’i‘ :
: (-;.,- ' r-,_*;v}l:_rr.*;‘xvx > i'r‘lf.myl ‘c‘dl beset 1 vc"s;j b.v';.’i’:’?» (h}il vct‘v‘d . h’o:;(l, _;',v'l‘:l‘u-"ns(* ;‘1 fnm’ 't"‘h(*_ (1( l~ .v

Do 11 .Hlm <’>¥ ot nhil ose nm V. bree ‘r‘&"mb'v(“d' bv tvli(‘*' ‘t\(‘m.jlt (')jdbu.’ ;‘fli'nd 1 h‘(f ( ()l.i.s ‘(‘(.j“l‘l("l)",{‘j R

4[»«":'1&«'-_;:1‘&”; “ to I (>)wv(~vr‘_ tl‘u"-. Tnsect ‘hv(jn‘;u'l )im[)Ix "‘L r'.c-.l.');lll'gv)m‘ luv,"ul v.w’nu‘:l‘f\("}' l;(*, (,‘Om% ’

peasiated for by the hogrmepal contrdl mechandism’ refeasing trehatose trom
!

the tat 'b()@i";. TML nigresgens changeés the carbohvidrat ¢ metabol Ism Ain

the i_wrru_»l'\'mp}i amd the tat bodv ot its locust host (Gordon and. Webster, ..,
., . . Lo ) - _ & . ,':. S ‘ ) = . »_.“ o

) }(f /1 ;4; '(;%')'r"(h_)n'_ i‘:f ‘?L <y 1971y . HOUL‘AVL‘I’ ,‘. ) lllL" ,'Ii)jgiéf‘llemist ry -of ‘the '[‘";1 L k

Bodv ot €. reveérsus infected bark beetles was not studied and so it -

is not known whether parasitism atfects. a rbohydrate metabolism in the
fat body of these dnsects in asimilar way to that  in M. nigrescens

. - X . . " o e L . o X ..

infected desert: locusts.

2

-, ,

“In insects the corpora allaty ditectly regulate p,r'ol'(fin S5Yn thests”
in thé tat.bodv and indirectly control hemolymph protein levels.  Protein.

miay be released by the fat body into the hem'ol‘ymp,h and. taken up by

Uw"ou(‘ytvls for Inpobrpor;ui‘(m;fntyd fwar,idl pt’jot’eins"(‘w{gg‘les}w‘ort‘h,,‘ ;1'9.70)_‘.'

The, amino-acid ‘level fn the hemolymph, however, Is not. under hormonal o
A ' : - i ° . . ‘. . oL '

tontrol but varies with the nutritional. sftafte and metabolic activities

N
TN

6f different tissues (GI lmour, 1965) . Although. the .avér‘,;i’gev_ p.,rotei’n

level in the hemolymph of Coleoptera is 30% 40 ug/il (Florkin and

.bc)tﬂl,ll o




;i‘h(_l' Jeun I‘.;ilxx, “1964), the 14 - ,;2‘()3' py/

~the, beetle hemo

Cadule f'.(?mﬂ,l?», beetlés sugpests) hat dugdng the maturat [én process of L the E

‘protein source and-the homeostatic méchanism for the maiant ¢nance ‘of .,
~hemolymph protedn levetls is unable Lo compensat e Aor the relatively farge

quantity of protein removed. The nematode probabl y removes hemoLymph

beette diapause, the nematode also m:nyl énter a state of - lnac

ef fects hive been ‘observed in lleterotylenchus autumnal l?‘w; parasitlzing

-

‘
LI

PR i P - A - . ; . - - . B - . . o E

. . <. )

il Level of p'r'c)"l ¢in 'f"'(_.)t;m(l vlrn';‘:uilifl;'l' L
female D. '1)‘5;‘__(‘-2(‘19}45}1&;1}_&_' agrees wlth that found by Sahota (1970) " tor the

,

Lhe- | (;l"(r"l ~that protel n deplet fon. caused by €L ‘reversus I Tl

same: Inseel.,
ympli I's- detdéted oy in mature bul not. tn callow -
. . R . R o : . '.,,"

’

Jatter, when active incorporation-of hémolymph proteins  futo ovarial oo
protcing ocenrs, Llu‘--g_n‘:u'rmll ode is alsg drawing. { rom the: hm’;_L hemotymph

.

proteins also from the callow female,. but the hrormonal control ol hiemolymph
e

withaut tlie. -

protedns is able to cope with tlits’ rate of depletion,

develop j"[ll;; opRs ,(lr;l\;/lfi‘np, from the avall :il);i e prote hw SO Alternatively, ‘(l'n,xv‘ ing

-

reduce i-Vst ratce. of metabolism, and, hHenoe, of protein ut i Lizatton. &

the facvf"‘.ly‘ (St o‘fl‘ilJlfu’l‘()‘,‘ 1967). | F .

v

The protein-depletion measured in .L"h(r' hemotymph of  the infeect ed o/

. . . ' ) C - : . . . - : . ‘_" i
mature, female D. ‘pseudotsugac may possibly be an Indirect: consequenceyy -
of changes in the host fat body caused by ‘the ncmgltmlb; SM.oonigredeens,

: T('); ‘cxampl.c,,,'h;’is been shown not to affect total hemolymph protein’ Vlﬁ_vv'u‘l 5
) - l ' 5 (v‘ P ) - . ) - " v .
in the desert. locust but ‘depletes both fat body prorein and amino-acids
(Gordon and Webster, 1971).  This was, attributed to the nematode's



~

Cabiltity to st i'n'm.l".‘n»t ¢ protefn cataholism (o the it body of l( 5 jh_‘(’).'s;vl'\

- i o -
’ z
. v
“ . Ty e ) .
WA : o
;
' ‘dA .

o, ‘ v

Land Tt typke. up amino-acids.releaséd by this’ process “tnto the hemo Vymph: |

COUTTUING precTse pathway by which the neémagode could a [fect host proteda

¥ N

§

Csvinthes b o Fwunknown, Tbhut ft may be direct ]y or Wnd i{,n}‘c"tlv l"v"m_v"(l'l;ilv ed

Cthrough the host hormonal Gystem.. 1t fs also possible that “the nematodes

f
“

is capable ot the bioconverston of carbobvdrates into amtno-acids In'

4

the hemolvmphe This abil ity has been demonstrated tor AL Tumbricomsdes . o

’ L . A A . o

"(Pollak 19 ‘)/) and ('.'."i(,rn(‘)‘rh;i,l)'(l.i l s brig u.iﬁ'(" (Rot hste¢ t0 - and - Toml b ny. .

1961 ). . The reduction | fy t Ivi‘zr/s‘fz‘(‘v.’h;l‘ the ()0(‘;ytg~sg, i'lv.\“‘,ili‘l.(‘g(“l(,?('l‘ Temale o

©o “beetles) {s probably a consequence of the hemolvmph profein depletton T

'

~other fractions detegtab Te conly in some samples.. Electrophoretically,

DL pseudot Q}L’E}j}fﬁ CThe fact that intected female beetles have ovocytes that

’

Sare’20% smaller than those of uninfeefed {female béet les. sugrests: that

4

ccither the nematodecompetes witdi-the developlng - oocytes for hemolymph

protefn or. the nematode atfects thethost hormonal confrol system for -

c e

vitellogenesis.
s Sahota:- (1970) was able to sbp.ﬁlr;ltb eighit” fractions from thé hemo-
l»ymph of "matyre I_um’ulu adu'ly; D ‘pﬁ_&:_&dg_l:;}igp_‘(b l"l.‘il,n'p_' a 6% ,lruqn‘l'np,/p‘vv’l.. N

>

f&und nine tractions in all -samples using a 77 running gel, with three
- o : B ) . i B ) . o L . ;

P

the depletion in total hemolymph protein id lnfvv_lvd mature female

b(‘(_{Lles' can be observed in vdi,f"f’cr'en(te:?' in ‘the stalning Intensity of gels
S R 3 ’ , | |
‘of control and {nfected beetles.  The percentage composition of varlous

4 v

protefn fractions within the hemolymph of infected mature fcfnzllg‘s dous



R T

not change pver the controls,  Indicating a non-sclective aptake of

proteins by the parasi te. ~Howéver, desplte the Tact 1 h);_i'l “total tevels

:

“of hemd lymph proteing. IKeal low males do not change stgnkticant] Y, .
L - . . N . vt T o ' . : .

o~

clectrophoresis shows significant Increases in the” pere@ntape of, two®

protein ;.I,'r.'ntl, fons o the hemo Lymply of infected beet les over tuit of

controli. This may be ,du‘u" é‘iLllcr_ 1o selective uptake. of’ specific .

. {l'mill(‘)%':zrg‘ fds, or to a sclective dtifizat fon ()l,br;p(-(‘ itic protel ns OrTLo
o di rm‘{ or indjir¢et effect on protein catabol ism dn -t he st body of
~the beetle and, o Subsequent disproport fonate release of Chel var fouas

‘

cmino=acids Into the hemolymplr. . M. cnigrescens depletes. some proteln o

fractions in the hemolymph of deserts locusts while causing an 'increas

in- coertaln protein Tractions In the inséet fat ‘l)ml'y ('(10r<lo-n; et al.,.
1973). .. '

L - . X .

’

SO Despite the fact that no signifitant clumges were detected din

“total amino-acid l(*\h‘l’@in the hemo lymply of “ infected beettes, the

possibility of uptake of host amino-acids by Lhd parasite cannot be -+
i;111()r(*(l'.f,}l'lw beeties may be able to replace thedr amino-acids by
{ncreased foog Intake. A sélect lve uptake of amino-acids W:Lt/(l("mmF

strated ‘t‘(),r,jM . n_lﬂg‘rrc;_;;;(‘»u'ns (Gordon and Webster, 1972) . Alternativel ),, )

parasite induced catabollsm of fat body protdéin may be supplying the
nematode with sufficient .frée amlno-acids in the hemo kymph for uptake.

C.. reversus, . 1iké M. nigrescens, docs not “appear to feed directly

on host tat body tissue. The nematode {ami ly Sphaerulariidae, to

Id

i



//

,
o
t;,”

Celteh C

Ahe cut vi,'r'lr'., ‘ru-miin;.,:'. »lfu»m lil’i‘v' hypaode rmisi o the

v 7‘." . ! N . T
suypested that these canals arve concerned w

But does not atfect s shape .

SSimblar ettect on .the ln-ci le l,".k i)ﬁ;'l"r.'{(“,();xlf'm;‘ugs '.(Mz»ms;vy,v‘ 1960) : ,;ihd 5.0

' ' - P . [ e . P
. - .
s .o f
.
Ly - L

o

reversus betongs, clneludes the genus iil)llxlvlffli laria where nutrient

absor ption oceurs t hirough: the epl thelfa of the “extruded vagina, and uterl. .

q l’nl'n:li‘r and Hess, 19720 Althoughaacmbers of the genus Contortylenchus

~de not xdlifbit such behaviour, nevertheless, U fs reaseonable Co upecaltate .

that nutricnt uptake in this penus, Ls through the cutleldé.  Nicholas

. .o

‘ ":» . , T o ’ e I ’ . ' ‘ ‘ 'y .»":” ~ . '
(1972) reported, - tor example, that the parasftfd females 0f the closely’

Telated penus Heterofvlenchus have numerous canatls ramifyfg through-

=~ B . 3

outer surface, and

-

h nutrient uptake.
g lll‘Vi’t fsw 4n Do pscudotsugae by Coireversus results fnoa redudtlon .

]
:

1,”‘ l'httv, 1 F(Il‘l.ﬁ', (etlf‘:()l' ! l }1:.‘ Prim.lr\w.xl vf'("rS' 'I*)‘u:'[ It /' 1)y l[.hpv-‘ ,iﬂllli\/"-',l(l‘lvi:l.l}'_ f (‘-mv‘-",“]‘(. .

The, clogsely related €. clongatus his a .

3 :

('-"lru.‘n&;ll us also causes this c'(-)n_(lvljl‘ﬂjiol_l “in S, 'V}-hntix‘fuﬂl Is (Masscy,; 1964

Ashrat ‘.'nr\‘d Bervyman; vl“)7'()')'.' In both &, \;/'(‘lfl.(rlvl{lj};’.‘ll‘}d S, r,“B,‘,',,‘,‘r’?“?*v

nemat ode sparas it bam al 0 At d(‘t?s “the shape of the ;",‘;H lery, which ‘h‘llp'g(;‘ﬂl 5]

N

an .effcet on, the nervous coordination and vigour- of the beetles thato ¢

mav bey caused.directly or indirectly by excretory or secretory products @
ot the nematode paragites or’ indirectly tl',l_rdu;;h nutrient depletion of
. . : ' . . . .‘ ¥ C

the hosts.  Ashraf and Berryman {(1970) have shown vth;x_l' p:.lr.'mil‘lz('d' St

ventcalbls femates somet fmes constructed normal gallerfes but ceased to

oviposit lon,}",‘l)('!()r,(' the cessatlon of boring. This resulted in. a decrease

in the average number of eggs laid per centimeter cof gallery.  In D,

pscudotsugae, howevery egg laying proceeds with pallery ("ou.qtrm“l‘ fon -



and Intected?females may#bulld shorfer gal leries becaubé there are o -
, ATA ! By . orter gal C5 hediuge L

1 %
3
4

:f‘ ('Q(!Ih devetoping ooe yt e avall ible far (y;v Lay | lif_-: “.Th s eff cet ol .

© Cooreversus on epg product lon has alsoe:been observed” In Do rufipennis
Cu(Massey, T1956) o Thes slower™Fate ot egy productfon’ by infected D, =70 -
*

1):;((‘11(10(5;’[1&;1({, may be Indlrect Iy due ko the proteln depletiow in the

hemolymply caused by the nematode or'may indlcate an upset "In the o

Cvitel Foperile P r.()(‘cl',-:‘;‘:»;.ke;;_,_‘. " There 'was no slgni ficant. difte r{,vm‘;('» in
' v[ll) [l y".’l)("tw;‘("n‘ ("},',}',.‘i,‘ Tald by ‘1,llv[(‘(? t,('gl' :nll(l‘ those fiald; hy:‘ healthy @ -
Jtemale beetles.  Thus liv[} litke S clongatus wh ich steril lzi'-s 90% ot

Cintected Femaler 5. \'/("l’l}‘rkllrli[_'ﬁi. (Ashrat and Bérrymany, 1970)., ¢ reveérsus

only reduces :l)y EAS) Mﬁ()()% the t’o(fuudi(y of D. P;;_g:uﬂo‘t‘s:_lifg.lq.

© When male 'I)v(-l-l('sv\w(“rc‘ Intected, the slze of the generation

. ‘ -
. P

‘. . : i ) v' . " ‘ - . .o "v
that résulted from thelr mat inp with healthy females was no different

from that resulting from matings between unlafected insectés. 1t would o v .
. . . R X P o At .. R

L 2N

:‘1])[i(-:|x‘; l_hcrvfn"r' ’, that parasltism does’ not affect tertility inmale

D. pseudotsugae.  This has also been reportdd for S, ventralis Infected

with'§. clongatus '(‘As;hr.’ll, and Berryman, 1970) and for the l(*llll(-gxm()l)ik]-

. . . . : . P )
wasps, . Rhyssa sppe, ™ inf ceted with the nemat ode beladenug ‘sp. (Hock ll‘{\}',,‘ ‘

4

1967) . . R o .

Parasltes that cause Tittle or no pathological cof feets on thelbr

Yo

hosts are thooght to have been associated with thelr hosts for a long
time (Read, 1970). However, some evolutionists do not agree with this
theory and quote Instances where parasites have been int roduced into

new hosta without pross pathogenic eflects (Ball, 1943).  There s al 50

-

a hypothesis that host specifliclty in [);1i‘zle;ll05; has cvolved as a result
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K , A .
Ll et . . o ~
. 2

ot overspeedtal faat i()l\"(r",:j[;ht,’, Tattes,

¢ 'cind it i W’h, ‘('l‘{tf‘.'ld - 19710) . {_qv(f'lf:.fiyi‘.-j_ ,:

‘ _'Ai-'u) Togical },‘J.rﬁ‘ phys 1ol oy | (?'.vrlv

riv”'l;lt Fvelvoavl r;n—i"élj( “hot g }{u\( "\ ,rtmll,uv‘;lngr st m;'ux_j(‘.l? i lfy.“.hl_,l t “imxf -

P L sterd bt ki Hing or, cAausing 6‘}% eotable cellular responses to s

S

yresence. . Ssoelongatus is more antagomist {c¢ towards. fts host S, oventralts),

S causdng sterd LIty and. indde thp celtalar reactlons in certafin host Farval 0 -
instars. - Encapsulation mavobe Interpreted as an indlicator ot poor host-- .-

- ;‘);l_r»;tz;ii te comp.it H) flitye ..‘ ,.‘hui ljl:l(' tact that. €. reversus has DHeen toaund” n '

LR

<, all Elsl':lglz':;‘ ot the I);.vll;:izfls;'v"t',lr beet le ‘except the-egg and, f-irst larval

’
’

. - o o . » ‘ ' BT : core L .
Sdngtar omiay indicite a Tong assoclation between ‘this parasite. and the
host. . reversus has beendf ound {u three other. species of Dendroctonus,,

namely Do orutipennis, b. ponderosac and BD.. terebrang, bﬁf no cellular

' - . . . . . ! .
react ions to-Hts presence were reported.  This indicates that C. reversus o
. o ds o acparasite well adapted to 1ts host (s), but not 50 overspeciallsed S y .
in itys ceological and physiologfeal requivements as to bé narrowly
‘host spectiticd ) ) . L e \
. : . ;
4
.
1
CF r-a’“‘.
/ .
A
.
e 4
p
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.v' . ‘.. ] v ,v ,‘ ’v’v‘.vv‘ ‘-v‘ i A ‘_“’_v" ‘ '

.

bhils taxonomfc a

' nd b fo Logical ,:s"tjl‘ldy‘ ‘has '(-.lx(",()ﬁi]);,ll.t;‘:u:{_l only . l',‘i‘m:l ted - -

crmgmber’ ot _:@‘;ﬂ,ft fp.s’;' Ot bark” b(-'v}l Les tn- Britiash Col ujml_) { 1, and t'l"\i'f b 1.¢)__1i>;';y

of “all of the associated nematode species has not bheen studicd n detatt.

. . Lo

Several dnconSistencles have been Tound betweerimy results and  those of

o o EEY
N B . R

cothirrs especfalty Tin stadfes on morphology, e cvele.and: post=embryonle
deve Fopaicut cot bark beetle nemitodes. - From the present study; o teéw
Areas for toture researdh can e dit Tned, Farther - knowledge of € h‘er-'”.

Tbiology and’. Lite historv. of thé hemocoel” pardslte fyom T: 1lneatum o o

cshould prove, both asbful and interes L'{‘i'ng_; becatise Lt miay have dn Tmportant-.
ind luence on the host s bt c’l OEV amd is the only known nematode l"-'"""i;‘ ite of T
. - e " - . - X e B i : . T

% o . . : L ‘ . - : ) , 5 . . R B - * e . . ’ S .
Hineatum,. Also a e loser” st udy’ of Che, post —e¢mbryontc development of -
S5 dendroctont trom ). r'uf_fp(»-nn_iﬁ may (g\u fdate t]w-'xi-glmhvr. ot liarval
costages present in the host lis".n'l'(,)(‘()(‘,l u'm,l ~Clarity prev lous {j ndings.

TS study Has brought out several Hhterest Ing . features of. Gl r.‘-,vl'rf;} .00

Lo

Firstlv,. {t has shown 't'h'.':'( “thie nemat ()dt:‘spvml‘s’ only’a short [r('("~l-tl“\/i|1;.',
periodin the palleries of the Douglas=tir beetle: dn preparation for
this briet free-jiviog period, {t dbvolopsf to the. tourth Jarval® Stage

in . the huys;'-L hemocoel and becomes adutt in the gallerics Lmmed l.'l?L’c‘l‘y

after lc;‘x\vzlru.).’, t 11;~ beetle. " Hn vm‘{l'.l ‘ ';‘4(")1‘1‘{}(1 ;pr()("l,’u'('é.‘—.‘: ;;’;um(ﬁt;‘s  11|.' t.h‘v/~ four L‘l’rf

| larval "..";( dge so tfh;lt'v' Jrh(m]hxl i.()ll‘ ol 'y{ttjl‘lx /l’;;rrlfl,llltt iH [’,10‘3511311' ‘.‘;'ho"rl' ly af t(';r

. molt ing ’1 nto-t hes akiu ¢ . "]‘l‘litil') study al 5;0  demons .L‘/r,.'il ("H‘ t h;'lt" t h'o‘ vt".n l(;_Livv S
. ! - . B b B ~

‘ sL:ng- of C. reve rvf%us ic. /.L'l‘xelélﬁ(?rm:ltié;(-fl e Le ‘Wg also now Rnow that

kL

the nematodcs leave the beetld via the gut and are released at Tntervals.
- {"' : - ’ N te B . . .

to’ facklitate ,(H.tit_ribfulion "nlo,n;.; the length of the cge gallery. llowever,

' .



'

82 el
coowe st 11 do not know A,h(,:)wy the nematode eut ¢y the host 7l u"r_\‘/.tic . Al though

4

Ceutleular penctrat bon has been suggested,” actial. Observat Lons of the
Intective process are necded.  The reason-thit the

pucudotsugac Is ot parasitized by C.oreversus has still to be established. -
bt 1% ot known whether this part feailar stage Is "immane” o ‘Che p;“'l_r,uslj!,\_:,

“Althoyph cellular react fons have not been. observed (in any stage o Cthe s

o

“beetde In regsponse to thi s nemitode. [T has been shown dilsosthat botle

v
N .

sexes ol the parent bectle are able o spread the nematode intection to !

‘the ‘sml)jscquc'nl penerat ion of of fspring,.
. . N : R . e e :

The physlologlcal istudices attempted, alt hough prellminary, ludi cate
that €. reversus causes disturbances“in the host that mantfest themselves.

as changes in hemolymph composition;.oocyte development and behavlour.

The effects of C. elongatus:on . vpuru(,‘onifu:é;us werde belleved to bos
’ ' L e e I e e L , :

"mechandeal rather than.patholos, [ e

parasitic I;ly‘r'v:nf and (v-gp,s; '(M:ms’éy, 1Y ). My I fnd tngs 1 nd feat e L/lm”l
‘the r’k,;:h;(’l_l’( of "l!l(.“.

e

C. reversus causes a nutrient depletion™giich is

parasite’s partieular nutrient demands and/or changes induced by para--

sitism affecting the hormonal control of metabol ism i‘h ‘the bectles. bt

is essential that the fat body of. l,h"v_.bv('.t les should bi .—nmbl"yé_u’d to.

enable correlation of vln;nigutayi[lnin it with v["hom‘ occurring in. the

hemolymph. It has been assumed that the vnl('rt:,lu)d_c.)'f nutrient :lJ[}l“ilk(B by, -

PO R "

.
il

G. reversus is through the digest fve Syét(’.‘m;v “Electron microscope studies

on.the cwticlke-of parasitic stages ol C. reversus may show anatomical

featurcs that may support the theory of cut tcular nutrient uptake.

first ll'lst,;{r“:izl;rviji v olQ

ot

I because ‘ot the large numbers. of

PR




R

ey

reversus only redtives the length off

By

s beens shownt to be altered  °

g T

by tht parasite €. reversas. o However, unlike S, elon ratlng and No- oo

[t

ery’”
R

5, . -

u 5x'IAl‘.u':;j L which cause gj'b’l;.r'r.-.l'rj.t, “direetfonal Hi.‘m,;ﬁv;; in-the g:; 11

.

“ot L h"&,iv,r r(m..tlt }jmi.&a‘[ , (Ashralf}zihcl 'Bﬂfﬂ'iﬁ:iﬂjﬂ 1‘)'7'(\)_;; Nickle, ',_]f‘)Uv')'- (*

t Hes . cég “";.;.flvl_]'u'ry'

-

‘without alterding jfts direction..  Reduction In fecupndity of the host

Cistd awidespread phenomenon caused by -birk beet le nemat odes .
reversus, unlike me rmithids; does not kidl {ts hout ..'_xlnd,, unlike .

n

! L T 'vA‘ LT
elongatus, does not' ('Af'i”um-'. steril ity

This study bas ident xi ied ‘i"n detall some ofsge eff cots () f. ‘lmrk_

_beetle nematodes on their hostsy It i+ reasonable, therefore, ‘Lo

‘

envisage that further. resciarch inte the interactions bhetween nematodes

-

~and bark beetles would lead to a better understanding of the effects

.

of fry 1,3)1&;1 1¢ host-

a

b thesc parasiteés on. the ‘natiiral populat ions of bark' beetles and so tos-

their utilization as bi ological:- contrel agents. .

g ~a

.

.
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APPENDIX [
Nemacodes.éSSGCiaCed’withithe;DOleasffi;fbeetle,jD.‘pSéudbtéugae;
~id British Columbia:

B P
" These 'nematodes have been previously ‘described by other workers.
Herber,'in several instances ‘there is. new information on the life

- histories and’ in every instance a more detailed,morphdlbgical description

is'given. Measurements presented are from’B.C. specimens. -

"1?( R Ektépheiencbus macrostylué Khaﬁ 1960

Females (10): L = 0.78 + 0.0l (0;7140,81)mm;;a - 28, 4+ 1 1 (23 1- 36. 7)

b = BQA'i,o 1 (7.8:9. 1) vV - 78 0+0.3 (76 0= 79 8)%; i'=

P

442 +. 106 (34,1f52.2)4; stvlet = 13 b+ 0. .8 (11 19)u

!

\"

Males (105:,.Le; 0.69 + 0.02'(0.61—0 78)mm~‘a[; 33.5 + 1 3 (26 6 41. 6),1“_ e

l\J

6+ 0.1 (6 9~ 8. 3) 19. 6 + 0.5 (17.0- 22. 3),‘ t=2.3

+ 0.

ol

(2.0-2.6); T = 28. o +0. 7 (24.1- 30 6) ,‘styleﬁ = 9.6

+ 0.4 (7-11)ws spicule‘¥r2l.0 + 0.3 (20 22

Adult nematddés werexfognd'inithe gallery frafs of the Douglas fir' g

»

beetle.'eNematodeé iong‘and stddt;' Cutlcle regu%grlv annulated ’ Head ;
S o ‘ : G

roffset-by’siight cephalic consfriction - Stylet lon and ointed wlth
, o 8 P

.small incoqspichqubasél~knobs, Procorpus of esophagus 1ong and cylin—'T

-

‘drical with slightvcons{riction at junction with.median'bulb, which is .
ovél, twice as'lohg'es wide. Nerve ring‘approximatelyleQ behind mediah‘

'bulb. Exeretbry pore about 10-15u posterior to nerve ring. Inﬁestine

&



~

‘pndifferentiated running‘frbm‘mediah;bnlb,t04pqstetidf'end‘of”nematédé,h
Anus not discernible in female specimens. - Taiibin‘both_sexes_cOnoid:with;um

Y
’

' fénnded'terninne;fav’
Female gonad monodelghic pfodelThic‘and'uurefleked;'Apégtew“
Uterine.sac'preSent 90 130u long, extending approxxmately twor thirds

. way to tip of tail. - ,ﬁv'

Male gonad single, extendlng half way down bodv length. Spicnles"
veryvprominent mitten shaped w1th;a promlnent,ventral processx,DiStaI'v

A

) end of qpiCule adlaqent to cloaca w1th weLl def1ned hook like process.‘

' . . . .‘/' ¢ o
GubernaculumﬂabsentZ' Single palr of acudal paplllae present Just behlnd-
..tail terminus

‘,fffﬁ This spec1es ‘was orlglnally descr1bed by Khan (1960) who presented

¥

'measurements off”L', "at, ”b” o ﬁi,”V", and "T" for only one male and

'One;female obtained from‘the Douglas;fir beetle in B.C. - His'”b",ratio-
for the female spec1men'was 4.0, half that of those‘dbtalned in the
vpreéent study. hhan alsovmentioned that he found temales of El EEEEQ?E
'st ‘lus under the elytt@ and males tn.the barh In‘the present‘study,’
M}onlx ensheathed L3 larvae were’ found under: the ei?tra, male and’female'
adult;nematddes eceurred 6n1§?in,the‘gallery, - The life'cyele occurs
'almost entdre}y in thevgaileries‘and'enly theLL3i1aryae‘reattaeh‘tdi.
adult beetleshpfiof to emergenéevqf the latter far ttansfer to anotheth

habitar.

2



:87‘ ‘,

Panagrdlaiﬁns'denﬁatdq (Thofne 1935) Ruhm, 1956 ’E 'i"';'

‘FémalééX(;Dj:‘,Léz oL49 + 0: 02 . 2 0. 57)mm -37;»15 5 + 0 5 (13 1=

\

R \SS 05
L LEEIF '%jv 5+ ? 1 (2.0-2. 83

6 j}O,E (A o;svn)f'~,% 11 0 +0.3 (10 1=
61 7 + 0. 6 (58: 5_,:v
(596%n ﬂ

'L',bu B7Q\§ul’é 69 5 + j.

tail length =

A3 B+ 1. (AO SO)H

- ' ﬁf
) "'1al+.S (10)

Oia? +0.01L (0{39—0}493mm§}a

< 4.5+ 0.1 (3.95.1); @

]

‘17.9 ¥v0{8 (1&.34"”

It

' 10 6.t o 3. (9 2-12. 5),

66 9 + 1 9 (59 76 3)2

L3 AL (82T T tail
T S o v ' S
lengeh TGI8 +.1.6 (35-49)u: spheule 2 22.2 + 0.6 (20:25)y;

"-gubernaeulnm %’12;A_f'0:33(L1-14)uﬂ,vf

fLarvgl'nematodes‘were’foUnd undér the elytra. Adults were. obtained -

trom frass ef the beetle galleries.

’Adulg nematodesdéhort and‘stout. Head end with six llps "BnCEalv,'

apparatus pana r a1m1d w1th chellorhabdions fnsed with ro— and
g %W P

TR

- ~‘,&w
"mesaﬁubdﬁans formlng a wide Chamber

TOoth'presentuon dorsal segment

bf mesorhabdion. Procorpns'of esophaguS’cylindrieef_and'wide, narrowing K

poSteriprly into an isthmus equal‘in'length t95the’procorpus; nedian,bulb
,ronnd in shape:with prbminentanlvularfépﬁaratus.
anus approximately two:bddjdwidths in front_of‘tail‘terminﬂé;',Tailgin  .

both sexes con01d with attenuated termlnus which occuples one- third to
g

one- half of total tall length .Male tail with one pair of‘pre—anal
r,/\eplllae, one palr of post —anal paplllae ]USt behlnd the cloaca, and two

/ palrs of‘caudal papillae-at base of attenuation‘of tail.

of caudalxpapillae are one pair dorsal and one‘péir ventral in position,

Intestine opens into . -

The last two pairs



B A e
éx,tequvi.ngi to d‘{e réét“,r'ﬁ"jor "in'té the :t,é’il". ‘ | ,Post'—.u"t’er_ine _Sé‘c‘,rudiméntz,i;riy,‘,.f
- abbrbﬁimatély d’ne‘ Bod'y wid;{?, i 1e1‘igth‘_‘ﬂwlv;a atrangve“t idr “’th‘;’ .
blightly eleVated lips o s S o

Male gonad single Qifh ;ermihai’porrionvrefieréd}:fsﬁiéurés;ciub;r
shaped Paired yentrall§ ercdate wrtﬁ an expanded proximal portion. ;

»Gubernaculﬂm'ptésent ll 3 14u long

P dentatus was first described by Thﬁrne (1935) from D5 Eonderosae

ianrah Orlginally placed in the genus Panagrodontus, it was later
. 3 . / B oo

' .rrenéferred‘to'the_genus.Panagrolaimus,»wiUEfTichvtheonrmer‘genué has"

‘been_synpnymized/(RUhm, 1956)- :Thorhe‘preeented measuremenﬁsiin"thefCobb
fbrmuladfbr one male and onelﬁeﬁale'sbecimen; Hi's speciﬁens[Were Slightlj”

"longer than those'bbtainedfin the present study and had,ionger'tdiléjv He

r

did nqr measure the full.lehgth.of the'reflexed:femalé,gonad,dnd,_thefeforei,r'“

a comparison with'my,specimenS’is‘not possible.. Thorhe'riike mvself B
" found the ensheathed larvae onlv under the elytra of D Qonderosac

“and the adult nematodes in the galleries..

Cryptéphelenchus latué'(Thorne, 1935)‘Rdhm,'1956‘
Females (12): L = 0.31 + 0.01 (0.26-0.38)mm; a = 20.0 + 0.4 (18.7-

22.2); b = 7.5 + 0.2 (6.5-8.6); V =78.5 +0.3 (76.8-

80.3)%; G, = 48.7+ 2.0 (37.2-63.5)%; stylet = 8.9 + 0.3
Gow

Males (7): L‘=30.26 j_0.0l‘(O.23—0.29)dm; a ¥‘20}6 +0.7 (193?—,
| | 24.1);‘bd= 6.6 i'b.l (6.1-7.0); ¢ =‘1bL7 i'o,f (8;9f,'.
1118)5 c' = 2.1 i»o.i (1.9-2.4); T = 39.3 + 1.3 (35.1Q
. fj vl: - e



. two péirs—of Céudal‘pdbillae:p}eéenc; one pair;pré=anal énd‘the,othérf,_;’

lip.

89

e

s

44.3)%: tail-length %'zg§3}+'1.2;(21¥29)u;‘sxylet'“'9-1'1L"
SRS , oy T R

L9 O0ME (1l

'Adul't .mématodes were recovered. from gallerv frass.: Body of nemafode

"Qhort'and tdpéfiﬁg-toQardS,thh‘ehdsJ‘ Hégd»offsetkfrom‘body“by harrower ;
vﬁeck_f?gLoﬁ; lSpéaf“éhoft;,abQut:lOp110ng,;yiﬁh‘small‘baéai kﬁobs;:  s

vProcdrpus’of}csophagus ndrqu‘andfabout one Loitwohbddy Qj&ths;ldng;'{;ff

medidn bulb oval to~spheric31 withiconspiéubus'vaIvﬁlar‘dpparépus, ‘Nerve

ring situated approximatély one body width behind median bulb. Excretory:

‘pore not easily visible. ’‘Intestine with granular: inclusiens; anus not

discernible in"female/spgcimens; Female téi1‘slight]§ghfchdté; conoid S

‘1 and ta éring to a point. Male tail ventrally afcuéte;cconoid75nd dintéd; :
2 tap point. Hale tail, _ , and pointed;

ClOSé‘to'tail.perminus.'»
Feémale gonad mohodelphic;prddelphicg dnd‘unrefiéxéd; Post-uterine
sac preseht:extending'half-way down tail from vulva. ‘VUIVQ,a_tranSverSe,

slit with the anterior lip élightlnyaised and overlapping‘the poéterior
. : N , o o
Male, gonad single ghixoutstrétched to about two-fifths the. body. .

length. Spicules paiyediaaﬁ mitten+shaped with a prominent veﬁtpal7procesé:

in the proximal part. Gubernaculum absernt. =

C. latus was.dtiginally described from D. Qondérosée.(Thorne,'l933)"

;and‘named épheienchoides ldtus,,butvwas transferred tbuphé'genus Crzgt—

[,

4 0.4 (8-11)13 spicules = 15.9 + 0.4 (14-17); gubernaculum = . . .



. yuﬁ“‘ .
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-

ﬂaEhelenchus by Ruhm (1956) Fhorne ER origindl doscripLion prescnted tl

, Cobb formula for one malL and one femdle bpecimen ThL malo 1n- Ihorne

.. 090
‘\ K ) r

e i

R4

5

, deSCription was'lafger'phanfﬁhosc in'phg.preseht~3tqdy;lnﬁd hig_male'anq

-
"”_te

vj{eﬁalelspécfmehs hddv‘a,_ratiosgdnﬁ%hﬁlf that‘ofhmy sbédiheﬁs.',Thofne'sﬁ

'specimens also h1d sllghtly longcr ebophagqus in proportion to thLir

%

body length thdn did my specimcnq, dnd dlthough thg lcngthb of LhL Ldilb o

‘1n'the tWOidescriptiOns an'similnf, tho tALJS of 1horne,s.spucimens
,‘ . : . : &» B N : B .
were wider.

,/,

: Parasitorhabditxs’obtusa (Fuchb, 1915) Doughgrty, 1953

7Fema1es (10) =0. 70Vt 0.04 (0. 54 0. 88)mm,va ? 19.7.4 0.5?(18<1— e

22. i b Q Angi 0.4 (3.4- A 6)3 Z32.3 4 1.0 (26.8-
38 5); . SN 1+ 0.04 (o 9-1.2); v =936 + 0.3 (93.7-95:4)%s
| Cl - 73 22,2 (6] 1482. 2) | tail;lehgéh,:'21§8”f;ﬁ.0  |

Males (13): L= 0.72 + 0.03 (0.54-0. 91)mm,,a'* 20.8 + 0 8 (16 1=

I

‘24L5);’b 4.5 i»o.z (4.0-6.1); 28 3+ 1.3 (23. 0-39. 6)
cP % 1.2‘t>6;1»k0;§éi}4)~ T = 78 24 1.3 (71 8-85. 5)4,
tall length —‘25 7 + 0.9 (22 30)u, spiCUle = 45.1 + O 9
; L (38~55)u; gubernaculum - 23. 3 + 0 6 (20 28)u.
Larval stages’of the nematode are f0und living free in the midgﬂt

and.occasioﬁally in the hindgut of'adult beetles. The.nematodes are in

constant movement, working against the flow of food mﬂtérial in the gut.

Adult nematodéé.are found in the frass.of‘the galleriés.

D T



5 £
RSN

AdulL worms 3hom %nd Htout 2 Stomnﬂnarroﬁ,'apprbxlmntély_thtoc'
,11M03haszdcep'JS'yldekgphgilorhablens'ahd;prorhabdions ﬁllghtlyjéqhvex;v”°

telostom absent.. Corpus.of éébphagus,éylanFiéal7Q1Lh narrower istﬁmUs:

’wﬁlé%vis;h ?long‘aélthe'cotﬁusﬁ médlah‘bulﬁvnof-welleQV¢i0§éd'i&}béth
'x“séxég;'ter@lﬁél bﬁlﬁlo;él;vﬁlth.ﬁéll déﬁelbpéq VHIQ;4QF”5ppaf§FUS,V
NérVe riﬁglpfe$éuL'hélfl;q;ldéﬁn'1$thﬁﬁsl AEgérétogy pblé sllghtlyl
'poégerlot‘ld'né}QQ ;lhgﬂ”’ | |
, FeméFclgonad;ﬁbnodélbhié,'prqdelphlu,’feflexeﬂ.’ Pésl;upéflne an:'
,iabéént. qulvs lGSS‘chﬁsaon6?50df wldchf;n‘fgéptbl.thé 4"“52 wlfh\llpéi{
‘Slighfl§ elevnted.' Fémalo tall conpid’ehdlng in‘a”foundéd lcrﬁlngs;'
lea{eapeJOleqLely th§ gameb§lze‘aS_Fhe LQAAle'lMaléigénAQ singic’v
outSLretcﬁéd'an§’reflexéd."Tdillof‘malé‘tonoid_ahd endihéflhra,pointed.%
'térﬁiﬁﬁs; Bursa‘present, enveloping tall' with ten pairb of supporting"l
aVs, two of whlch are‘pre anal and the rest arranged in groups éf
3,01, l, 3 poﬁfjanally. One'palr of prefanal“and oﬁe pélr of pOSLjanal:
‘papillae preseﬁt‘closélgé aﬁal opeﬁlng. Splculéé of male paired dnd’v

fused distally, apprdxi telv 45u lonb, bllghtly bent ventrally, wlth

" proximal terminal knbbé. 'GubernaCUlum present, 23u ln'length sllghtly

wider in central portion /than at both ends.

EUchs (1915) first déscribed/P obtusa from 1. XQograEhus dnd plaLed'
~it 'in .the genus Rhabditis. It ,was. later traanerred to the’ genus Para-
sitorhébditlg of which"g-’obtusa is now the type specics (Dougherty,

1953), Thorﬁe$(l935) désfribed ébecimens of E{ obtusa from:Q, Edndérosae; _



P

. showe

The m a%uremean of his specimenb, presenLed in the” Lobb formula,v

fe ales~with ailb one-~ half the length of thoqe in my specimens

'Aahd Consequenﬁiy'"c"‘ratios twige’those of my specimons. Nicklc (19633)

rstated thdt the 1arval paraqitorhabditids reduced Lhe opithelial layor

- ’

'Q( the ventriculus of 1 Earaconfusus.' However, as these nematodes o

do not attach to the mucosa but arc free in thc 1umen it 3s’difficull

to cnvisageTsuch an effect unless the nematodcs are numer0us'enough to .

cause gut occlusion. The mode of re-infection of (hesé‘ﬁemntodeé is

'unkhqwh, but’ it is,prbbﬁbly either Ordl'duplhgvfccding,orvanAI during,

Bl

Lhélquiescent,oderWintering period of the adult beetle.
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Nematode parasite from-the hemocoel of the spruce beetle,
: ! ! ! . | A |

ﬁéi - ﬁyr:%. rufifgnnis,'
s . . T __.T-/ — ‘" -

QgpgprgIqr}pgﬁjfi@gpgfgs}égkgY(Maﬁsey‘.1936)‘Nidklv,1196;

St;éés ObCurfing'jn‘tLe hcmocdeiywérc studied. Hqture7grqyid'f§mqios,
,eggﬁ,'anJ dt lqu§£ ﬁhrqé }drvdl s[agé§ weré,§btuinéd; ;iheuéggs'(ho X
j&Op)varv;depQSiﬁed;in fhé hcmgéOcl}Ak[e}vihit?ai cleavage. At léasin
“iéhb‘moit Qécursvwiﬁhin’the egg.  NQ Uetniled stﬁdy~gﬁs uﬁdbitakeﬁ éf
thc'posﬁfembryeﬁig 6évelopﬁént'of §a'§£ﬂé£ﬂﬁﬁﬂﬂﬁ but fGUrﬁh'stage femalg
iqrvae'wcrv'observéd'by-virtu;'0] thevpr§SGncef0f‘A.Vnginql’pgimordium,.
The fcmalévis unugnél yn Lﬂat?earl§ in:dévciOpménL; a[idrAfhg femalox

‘ , S , o , : :
‘lérvaé:becomv éyxually mature, thefptérus, Qvary and oviduct are e*(fudéd

‘ghrough thé'Vulvé. Tthe $;rpcturésvtheﬁ'enlnrgé‘Lo mofe}than[q huhdred’

timeé théir ofigjh?llgize,pdwarf&ng thc'oftgindl quyVQf,thvfemalcl u'é:f
ﬁematodc to which the; dre“stl1lin£f§ched. The ;iée of thése prof{uacd

réﬁrpduc[ivv organs may reach a¢lcﬁgth'0fvl.6 mim jna a width of 0.25 mm-.
Tﬁe SUrfacp bf the everted»utgrus’ié‘coﬁé(ed with randed‘ﬁrojectiqns
.coQtaining efflarged nucléi of the ugerine_CCLLS} 'fhe body éf’;ho fema;e 
at this‘stage is Qpproximafeiy ofa ﬁm tong and 30u‘Qidcg : 

The original déscriptiod of]this'ﬁématodé ffém‘the samc‘hogp speciqs
collected from Colorado andrnofthwesgern Montanalinfluded t@o lqryél

stages (MdSsey, 1956). Nevertheless, fourth stage larvae of S. dendroctoni

‘were observed in the host hemocoel in the preseht study; and,'fherefoTé,

.
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it is possible all four-iurval'stdgeg_occur in the hemocoel QT7D.‘V"

rufipennis. - ‘Magécy also found mqlqs togcthvr with'thc fpmaleﬁ'in',

. the beetle hémoéoq], which is anylnteresting'rcportltﬁdt needs further
examination since in other ‘members of the Sphaerulariidae previously’. .

studied, the male is;free¥1iﬁinguénd doés noL,énterztﬁvvhost.
Egg pfoductlon of female bcetleslpardsitized by S ﬂchdjggﬁéﬂi

v

lwasﬁrepcfted to have been:reduéed (MaSScy;'1§56)} ‘Polndr and lless

(1972) in their studies on the related Sphaerularia bombi observed RIS

that nutrients were taken up by the nematode through the waltls of

+

the extruded uterus:

et

o
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