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PiJ ohoca lllpc sp , was first reco rded as a lan'al 
parasitoid of Opero/,hlero spec ies on southern Van 
couler l sland bl' G ill espie a nd Fi nlal'so n (1D79), It 
was found to Iw the most important pa rasitoid of 
Operophl l'l"(J spp, in I D76 and 1877 (G illesp ie a nd 
Finl al'son 1881 ) , Th e lar\!e numbers of 
Phoho;'alllpe reared from a mixed co llection of 
winter moth. n, bTl/lliala (L. ) . and Brucc span 
worm. 0 , hr/lceola (Il ul st ). ind ica ted that this in 
te rnal pa rasito id attac ked t ill' in trodllced winter 
mot h as eHcct il 'e'" as its natiH' host. the Bruce 
spanll'orm , Since "rinal-insta r Phoho(,(I1npc lan'ac 
e merge fr om fin a l- insta r host lar \' ae , the 
Operol'hleT(J specie,s at tacked in !!J76 and IU77 
could not defini teh- be determined from the mass
reared spec imcns (G illesp ie and F inla l 'son 198 / ), 

The p urpose of this paper is to describe t il e uni 
qu e ('mergence behal'iour of the final -insta r la n 'a of 
Phobo('(l lllpc and to pro\'ide additiona l host assoc ;a
tion data for this paras ito id, \\ ' illml' branch es bea r
ing Opcrophlera lan'ae parasiti zcd Ill ' I'hoiJoc(Jlllpe 
were bro ugh t into the la boraton' fo r obserntt ion , 
The emergence and cocoo n-spi nni ng beha\'iou r of 
the final -instar paras ito id lan'a l' we rc obsen'cd and 
photographed d ll r i n~ carh ' J une. I!:J82 , Camera 
lucida drall'ings II-ere prepared from selec ted 35 
mm colol lr transpa rencies to ilill strate the 
f' rnergence ..;equence of thl' PI, o /;() (,{}I1IIW la n 'a. 

Op('rophlew la n 'al remai ns close to Phoh ()('(llllpe 
COCOOIlS lI'ere co llected !JI' sea rching folia ge and 
branches o f willoll ' , Add ition al host rcmains were 
obtai ned bl' ind il'idua l'" rear ing ficld collected host 
la fl 'ae para s i t ized b l' I'h o h() ('a JII/"', Thc 
Ol'crophlcra la n 'a l rema ins lI 'e re mOllnted on 
points and the a rran gement o f lar \'al ocel li exam in
ed unde r a d issecting scope fitt ed w ith a filar 
micrometer at SOX magnifica t ion , TIl(' lan'a l 
oce ll a r cha racte rs descr ibed bl' E id t and Em bree 
( 1968) were used to determine -the host species. 

Duri ng the late stages of PlwboraJllpe lan'al 
de"elopmenl. the pa rasit ized ca terpill ars ex hi b it 
behal' ioural changes lI 'hi ch all oll' them to be eas i'" 
identified, Prio r to pa rasitoid e lll er\!pnce. the 
pa rasi ti zed host lar\'ae are fo u nd hang ing head 
dOll'n \\'ith in the foliage (Fi g, 1)_ The prolegs of the 
cate rpill a rs are attached to a lal'e r of si lk . apparen t
h ' spun bl' the lar\"ae thcmsel\'es . on the unders ide 
o f a leaf o r b ranch, The PhoboC(Jmpe lan'a can be 
seen mol'ing w ithin the host's skin at this tim e: a reaS 
of the host's bod\" occupied h l- the paras ito id lan 'a 

a ppear \!ral 'ish and the rcmainin\! rq,~ i on , pak 
lI 'hi te, T he head of the ich ncl ll llonid lan'a is with in 
the postcr io r ahdominal s('\!J1ll' nt s of the ho,t, 
feedi ng on the re ma ini ng hmt tiss lle, 

Prior to the em ergence' of til<' I'hO/JI)('(lIlI/)(, lan'a . 
a bu lge appear~ on thc I'cntral sll rfacl' of the limt 
lan'a, an ter ior to thc prol!'g" of thc sixth abdOJ llinal 
seglllen t (/" i ~, 2), Thc paras itoid larl'a L"e, its llIan
dibles to rasp through t he host" integllnll'nt at the 
site of the hulge. tak in g IS-,'lO minutl',s to break 
tlmlllgh , Once tIll' init ia l open in,\! is made . t i,l' 
parasitoid la rnt forccs itself o u t throu\!h til(' opcn
i n~ , alternatl'" shortening a nd IcngtllL'nin \! it.s boch 
segments to nl()\' l' them th rou\!h the open ing , T hese 
mm'emcnts continuc until the' thorax and fi rst 2-3 
ahdolllina l sel(ments arc frec o f the host cll ti ci (' ( Fi ~ , 

3), The parasi toid la l'\'a tli en archc,s its head caudal
II, and dOIl'nwanL looping its head and al lierior 
thoracic scgments in a direction alon \! and uncler 
one side and 111l'n II p thc other side of ih bodl'. spin
ni n~ a strand of silk around its hoch (Fi\!, ~ ), These 
sp inn ing mo\'ements produce a " sl in\!" of sil k ( Fi ~, 

.5 ) lI'hich suspend,s the parasit oid lan'a hdoll' the 
leaf o r bra nch , 

Once the Plw/)()c(JlIlpc lan'a has ,SPUII the firs t 
loop of the sl in!!: . it anchors the anterio r pa rt of it s 
bodl ' us in ~ both the ,sl i n~ and the leaf sur facl'. then 
pIli) " more o f it." ahdolll('n fre(, (I f th e.· ho.o;; t . Slillt! 
sp in ning cOllt inues. as mO rf' of t ilt' paras ito id lan'a 
is fr eed. IJlltil it is cOlllpictell' frc'c of the collapsed 
host in tegument (f i ~, 6), The I 'ho/)o('(JlII/Jc Idn 'a 
can 1ll()\T up to .2 enl f roll) t il e host rt'IIJa in ..... 
suspendcd in its silk slin!!: bC'll eat h the !'-af bladl' , 
befo rc spinning it~ own cocoon (F ig, 7 ), The (,lapsed 
tim es from the ru pture' of the Opcroplt ll'ro lan'al 
int egu ment to the bCl(inn ing of const ruction of t he 
parasito id cocoons, for t IU) ellH'rgenee seql lellces 
tim ed in the labora torl '. were II and 2,5 Illinull's, 
Thc cocoon spinn ing bl'ha" iour o f this I'hob()(,(lIl1pc 
species lI"as desc ribed Ill ' G ill esp ie and Finla l 'soll 
(Wi9), 

Eidt and Embree ( I96R) showed tha t the ar
rangement o f ocelli I anel l! reiatiH' to oce ll i IV and 
VI could be u.s cd to separak most lan'ae o f the 
winter 111 0th and I3 ruce spanll'orm, Im aginaJ'l ' lines 
dra wn through the two pai rs of ocelli were tl stl al'" 
pa rallel in the winter moth (g(l"; o f exam ined lar
vae) a nd tlsual", dil'ergeci caudad in I3ruee , pan
worlll (93 % of exa mincd larvae ), Somc m 'e rlap of 
the ocellar characters lI 'as e\'ident. I\' ith the lines 
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Fig? 1-4. Init ial stages of emergence seq uence of Ph niJo('(l 111 pI' sp .: 1, endoparasitized Oprrophlera larva 
attached to a leaf while Plwboralllpe la rva completes feeding; 2, Operophlera la rva w ith ventral 
bulge (arrow); 3, emerging Phobocampe la rva with thorax and first two abdominal segments free; 4, 
a . Phobocalllpe la rva a ttachi ng first silk strand to undersurface of leaf. b , diagramm atic representa
tion of head movements of the PhoiJora lllpe lan 'a during sling spinning. 
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Figs. 5-7. Final stages of emergence and site of cocoon construct ion of Phoboca mpe sp .: 5, a, final -instar 
larva of Phoboca mpe using sling to free itself from the remains of the host larva , b, diagrammatic 
cross-section of Phoboca mpe larva suspended in sling: 6, Phobocompe la rva free of host remains; 7, 
site of cocoon construction with collapsed sling remnants between Phobocampe cocoon and host 
remains. 
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diverging caudad in ,5 % of th e win ter moth lan·ae 
and parallel in 3 % of the Bruce spa nworm larvae 
exallli ned. In this stud \ the remains of -14 
Operophtera larvae associa ted with Phohocolllpc 
cocoons were recovered. The ar rangement of the 
ocellar pairs was pa rallel in 36 of the head capsules, 
slight"· d ivergent caudad in 7 specim ens and was 

strongl,· d ivergent caudad in a single specimen. The 
proportion of O. bruceato represented in the 
recovered remains cannot be determined exactl v 
beca use thc cha racter overlaps as described betwee~ 
the two Operophtera species. However, these data 
indica te that most of the Ph obocolllpe sp . present 
uscd o. hmm ata as a host. 
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BOOK REVIEW 
TH E M OSQU ITO ES OF BRITISH COL U\1 13 IA BY PETE R B E LTON 

Handboo k 41 , Britisb Col ulli bia Pro,·incial \Iuseum. Victoria, B. C. 198,'3, p. 189 

It is a pleasure to rcport a second volum e on in 
sects in this handbook series - a series wh ich so fa r 
has had 18 volumes on pla nts (including fun gi and 
al gae) . 15 o n vertebrates. fh'C o n m a rine in
vertehrates and o ne o n nHlrine life. I hope 1l10re o f 

the insect [,\IIna will he trea ted hefore lonl-( . 
The work should succeed admira bl y in its 

priman' a ims - to allow identificat ion of ma ture 
lan·ae and females of the species of British Colum 
bia, to outline their d istribn tion within the pro
,·ince, and to prO\·ide a brief accou nt of the biologv 
of the group as a whole and of thc indi,·idual 
species. -The introductorv sect ions a re ful" · ade
quate; they cover the usual subjects of biolog\', 
histon· of mosquito stud,· in the pro'·ince, life zones , 
management (i. e., control), collection and preser
vation of the va riolls stages , and anatom ical terms. 
An unusual but interesting additon, bv E. M. 
Belton , is "\1osquitoes in the C ulture of the i\or
thwest Coast Indians". A useful in novation consists 
of several blank pages; in this way the larval figu res 
for each species except those of Anoph ples face the 
descript ion of the species. The drawings appea r to 
be sufficient in number and deta il to allow for read ,· 
ident ifica tion of females and la rvae. 

Two om iss ions are unfortunate , One is lack of 
treatment of the males . The author is correc t in sa,·
ing they a re less often encountered than females, 

but ha lf the specimens reared from la rvae or pupae 
a re males, and bad"· rubbed males can be much 
more reli abh- identified than can similar females. 
The author· perhaps felt that the prepa rat ion of 
drawings of mal e termi na lia was not worth the ef
fort, but the drawings in \ \1ood et al. , The Mos
q ui toes of Ca nada, to w hich users of this handbook 
are referred for identifica tion of males , could 
almost cert ai nl v have been used . 

The other r~grettab l e om ission is of distribution 
maps. The general d istribut ion within the province 
is ontlined for each species, but maps wou ld have 
allowed the distributions to be much more quicklv 
perceived, would have indica ted which pa rts of the 
province are poorl y surveyed , and would almost 
certa inl" have provided a grea ter incenti ve for fur
ther coll ecting. I think four maps to a page would 
have been possible; with non-overlapping species on 
one map , JO page.l of maps would probablv have 
been adequa te for the 46 species treated . 

One surprising sta tement shou ld not go 
unremarked: "This order (Diptera) has about 67 
fam ilies". Williston 's Manual of l\earctic Diptera 
(1908) recognized 60 fam ilies, Curran's Manual 
(1934) 83 , the recent Agricultural Canada Manual 
(1 98 1) 108, and some European authors recognize 
120 or more. Not even the most enthusiastic lumper 
ca n make a reasonable case for on" · 67 . 

J. R. Vockeroth 
March 8, 1984 




