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Abdomen short, subconic. ch inv  Ijlark, inter~ncrliare segn1ent5 usually 
pruinose on basal margin; hail-.; nlr rn~i1.e upper ~ u t  Fact longis11 ar~t i  erect; one 
pair of median marginals on haral seginen1, but wfcnl, nil fir5t; marginal row on 
last two segments, no differcnt~atctl ciiscal row ntl last; genitalia small, I3lacki~h: 
forceps moderately long, united about a, ~\-itlr ar thick. In  1,rolile tal~ering tu 
a sharp forward bowed tip; accessory protcsc clrnrler, 5horier than lorccps, hear- 
ing several very minute stubby hairs on anterior side near apex; fifth sternite 
rather widely divided, lobes shiny blackish, with a few long slender hairs on 
inner margin. 

Female. Front in profile not $0 prominent at antennal base, at vertex 0.25 
of head width, gradually widening forward at facial angle; frontal vitta deep red, 
.-.-%-%- jlalLowed upward, over half parafrontal width at middle; two proclinate and 
two reclinate orbitals; outer verticals barely differentiated; two or three frontals 
below antennal base; abdomen ovate, hairs depressed on intermediate segments 
above and basal fourth to third of each segment silvery, the pollen thin but 
denser than in male; genitalia retracted, without piercer, fore tarsi moderately 
stout, with four apical segments short and slightly swollen. 

Lcngth, 5 mm. 
Holotype male and allotype female, College Station, Texas, May 18, 1923 

(H. J. Rcinhard). Paratypes: 3 males and 4 females, same data, except dated 
April 24 to June 18, 1919-44. 

STUDIES ON PARASITES OF T H E  SPRUCE BUDWORM, 
ARCHZPS FLTMIFERANA (Clem.) * 

1. Life History of Apanteles fumiferanae 
Viereck (Hymenoptera, Braconidae) 

BY N. R. BROWN, 

Forest Insects Laboratory, Sault Ste. Marie, Ont. 

ABSTRACT 

This paper describes all stages of the spruce budworm parasite Apanteles 
furniferanae Viereck, including the adult. Illustrations of all stages are presented. 
A short account of the life history of the host is included. 

INTRODUCTION 

The  spruce budworm, Archips fu.miferana (Clem.), is the most important 
forest insect in Canada at the present time and vast areas of forest are being 
ravaged as a result of its continued attack. Waves of budworm attack in the past 
have subsided, due in some cases to exhaustion of food supply, but in other 
cases they have died out in the midst of forests apparently suitable for the con- 
tinuance of attack. The  cause of the decline in the latter instances is not known. 

Intensive investigations now in progress are designed to elucidate some of 
the factors involved in the epidemiology of the spruce budworm. Approximately 
~ ix ty  insect parasites of the spruce budworm have been identified in Eastern 
Canada; very little is known regarding their life histories or their effects on the 
populatioxls of the host. The  two papers in this series represent a contribution 
toward the study of the life history and identification of two of the important 
species of parasites of the spruce budworm. 

After the essential features of the life history of Apanteles fumiferanae had 
been worked out, the existence of an unpublished manuscript on Apanteles 
fun7,tferanae by Dr. J. D. Tothill (4) was discovered. This manuscript was in the 
files of the Forest Insect Laboratory, Fredericton, N. B., and was made available 
through the courtesy of Mr. R. E. Balch, Officer-in-Chars of the laboratory. 

*Contribution No. 2373, Division of Entomology, Science Service, ~ e ~ a r t m e n t  of Agri- 
culture, Ottawa. 
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LIFE HISTORY OF THE HOST 

I n  order to demonstrate the synchronization of the host and parasite liie 
llistories, the seasonal development of the spruce budworm may be briefly de- 
scribed as follows: 

The  adult moths lay their eggs on balsam fir or spruce needles during 
the latter part of June and the first part of July. After one to two weeks the eggs 
hatch and the young, firsl-instar budworm larvae migrate along the branches 
of  he tree seeking a shel~ered place in which to spin a sniall silken hibernaculum. 
These first-instar larvae are less than one-eighth inch long and do not feed. The  
moult from first to second instar occurs, in the hibernaculum, from two to thrge 
weeks alter hatching (personal communication, Dr. S. G. Smith, Forest Insect 
Laboratory, Sault Ste. Marie, Ontario). The  following spring, just before the 
balsam fir and white spruce buds burst and begin to elongate, the second-instar 
larvae leave the hibernacula. These larvae at first niine the needles and later 
attack the succulent young growth of the new shoots. Here they reimain until they 
exhaust the food conlained in the bud; they then migrate to another young shoot 
and continue their feeding. When there are many larvae present, all the new 
foliage on the tree rnay be consumed; the larvae then attack the older foliage 
and may completely defoliate the tree. I n  the vicinity of Chalk River, Ontario, 
where most of the material for this paper was collected, the larvae are full-fed 
by about the first week in June. Pupation then occurs and the adults, as already 
noted, emerge in late Junc and early July. 

LIFE HISTORY OF APANTELES FUMIFERANAE VIERECK 

The  following account of the life history of this parasite is based on work 
carried out by the writer. Where results and observations are at variance with 
those of Tothill (4) the latter's findings are also included. The  general outline 
which follows is based on the study oE the various stages as described in detail ,  
below. 

b merge ice of adult parasites coincides with the hatching of the budworrn 
eggs. Parasite oviposition in the newly hatched budworm larvae occurs at this 
time. I t  has been demonstrated by dissection and by rearing of winter-collected 
larvae that the parasites oi  t~~xvinrrr i r l  +cr I-~ncl-htage budwornl larvae, in some c a m  
at least as eggs. I n  the sy,ring 111cv tle\,c-lr)p i r i  the budworm larvae and emerge 
as full-fed larvae from fn~~r r l l -  nr l i fr lk-srnjir burlworms. Pupation follows and the 
adults emerge from five t r l  histccli ~ E ; I ~ s  l a t ~ r .  

MATERIAL AND METHODS 

Material from two main sources was used in this study, viz., (a) overwinter- 
ing larvae on white spruce foliage collected at Laniel, P. Q., during the winter 
of 1941-1942' and shipped to London, Ontario, (b) larvae on balsam fir foliage 
collected in early spring of 1942 near Chalk River, Ontario, and transfcrred to 
a screened insectary. Data on length of time spent in the cocoon near Search- 
mont, Ontario (1943), and Black Sturgeon Lake, north of Port Arthur, Ontario 
(1944) , are also included. 

The  foliage from Laniel was placed in large emergence cages and the young 
budworm larvae coming from it were carefully reared in order to determine the 
general features of the parasite's life history in relation to that of its host. 

The  bulk of the material on which the descriptions are based was secured 
at Chalk River, Ontario. Budworm-infested foliage was kept under observation 
in an insectary and each day a number of budworms were removed from the 
foliage for rearing and others were preserved in alcohol. Numbers ol .-ll~(rnlelcr 
fumiferanae third-stage larvae issued from reared material and were allntved LO 
devclolr rn adultr ill ol-rltrr- t o  ;Iw-crl;titl r he length of time spent in the l a ~ e r  stages 
oL clci t.11 ) ~ - ) n ~ r - r ~ t .  T l i c  I ) I .CFPTY~C~ ]lo+( larvae were later dissected carcf t11ly and 
anrr ~ m r i ~ s i ~ r s  ~ h c y  c o ~ ~ l a i t ~ c d  rvcl-c 1 )rcservctl. Tl ~ c s c  parasile l;irrv:ie were later 
separated into sLage5 I>? nleans o l  crrv-l rnicroc;cr~~)ici~l csainina riou a nrI measure- 
n.lclits. \~Tra'irtr.emr*tits 0 1 '  r:~ch st;lgr 31-e ~n.c.ccn~cil in thc accom1)at1ying table 
(Table 1 )  . Typical larvae of each stage w e ~ c  dl.atrn i~ntlcr t 1 1 ~ :  t-ti in-{).;cope. 

https://doi.org/10.4039/Ent78121-6 Published online by Cambridge University Press

https://doi.org/10.4039/Ent78121-6


THE CANADIAN ENTOMOLOGIST 

PLATE VIJI. 

APANTELES FU\lIFERLINAE VIER. 

A. Adult of Apanteles fumifel-a~zae Viereck, showing lemale from dorsal view. 

13. Details of propodeum and first and second tergites from dorsal vie~v. 
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Table 1 
Measurements of Apanteles fumiferanae Viereck (in mm.) 

Larval L e n ~ h  No. Width No - 
stage Range Average measured Range Average measured 

1st 0.249- 1.062 187 0.043- 0.205 198 
2.147 0.570 

T h  mouth-parts of first- and third-stage larvae were drawn from material 
cleared in potassium hydroxide and stained with safranin. The  nomenclature of 
Vance and Smith (5) was adopted in the description of the mouth parts. 

Description of the Stages of Apanteles fumiferanae Viereck 

T h e  Adult 
The  adult of Apanteles fumiferanae was described by Viereck (6) in 1912 

froin material reared from the spruce budworm. A dorsal view of the female and 
derails 01 rhe propodeum anrt l irsc and seconcl t~rgircl\ are illuru-atctl in P l a~e  V1II. 
:\; the origina! tlescription of the species ic \cry dmrt and con~ists 111ercly of a 
cornparicon r l t  the spct.ies with A. ~rlu*ntdsil Rile\ ( 2 )  , and ;I\ file b~~eciec has no1 
yet been adcquatcl! descrihcd, the author liar rrdcscril~rd t l~i ,  insecl as lollows: 

Fcmnlrl. Length 3.5 mm. Lci~gtli I>[ ovi1m~itor rileat11 1.5 mm. Face nar- 
rowing very slightly helorv so that i t  -ir dightly narrower at I~ase o l  clypous than 
at the insertion of the anrennar, sliglitlv Ilroadcr rliarl Inng, w i ~ h  a \light median 
ridge, drnsely punctate. Clypeus tl15tinrtly scpara~cd lrom face. V e r t ~ s  rparsely, 
ternpleq and cheeks more denrely punrtatc; IieacI 1101 roslriform. D i k  ot scutellurn 
almost tlat, about as long a\ broad at h e  I J ~ \ P ,  s ~ ) a r w l ~  punctale. rather shining; 
the posterior polihhed a-ea on  lalcral Incc nl scurellum \~nall ,  extending f o n v a ~ d  
to about h e  mitlrlle 01 the disk, serr~icircttlar i r ~  sIiapr, tho ro~~ghtmcrl f~ r i a t c  area 
in front of it vcry large and canspicuous. Mc~o+cutum unilur1111y closelv ptirlclatc, 
sarncwhat shining; mrsopleurn I~unctatc dor~allv a~lrl anteriorly, with a r1istinc.t 
grotwe, shininq. Propodturn heavily pu nriatc. ~v i lh  i t  la1 jic oval areola shar ply 
mardned, finely punctatc within; rostulac irltli.stinct; sit IPS nC prnpodei~n~ ap- 
i ~ r o ~ i m a  LPIV 13ar;ilIe1, IIIC apical ;inglcr very prom incn t. R a t l ~ ~ i \  ol lure~ving 51 igh~ly 
Fonqer than cranvet.Fe cullitus; nenccl1it.r cl~rving \irnngly rownrd the I ~ a w  of 
the wing. Pnqlerins covne linely plinrtate, ~hininy,  lareral wrfare IIattcnetl. Tnner 
+pur of liititi ~itsia noticeabty longer than rrutcr ::nd ;tOout h;rll as long as 
n~eratnrsns. rlbdomen sligh tlv longer than thorax. ilhout rrcfn nnrl ;i half tlrnes 
ac Tonq as irr evtrerrte brradth. First tcrgirc rectang~~lar,  \lightly I>mader at apes 
rllan at basc, with a rather distinct 1ner1i;ln 1ong-iturli11;rl dcp~ersion nn apical half, 
twice as long as wide at base, punctntc wit11 [he pllnstuics \olrle\$l~at eiascd i r ~  
the basal portion, several irregular bngituciinnl rugulae prewnt r111 the apical por- 
tion a t  either side of the median lori~itutl inal clrpl-cssian. Second tcrgi~e sllort, 
tranmcrse, approximatclv thrcc times as broad at  apex :I$ median letlgth, wilh 
thc side? diverging posteriorly, rather unifnrnlly pnnriate anti with numerorls 
l ine irregular lonl;itudinsl rugi~lae. R~n~ainc lc r  ni thc ahdo~iicn rnlnolh and 
~ 1 2  ininy. Lateral men) b r a n n ~ ~ s  margins a101l~ apital Ilnl t ol lint t ~ r g i  t ~ ,  and along- 
Ic~lgth nf second telgire ancl t ~ a ~ a l  half ol t l ~ c  ~liiril tergire. Oviposittrr slleath 
tnoderatr: in width ancl slightly oxer hall the lcnl,rth of 111~ abdomen. 

Rlack: antennae cnrircl~ black: lrgi~latc 1)Jackish: wing5 I ~ v a l i n ~ ;  stigma 
hrnwn wit11 darker anterior marqin: ~ h o r a s  ant1 abrlot-r~cn hlack; hind coxae 
black, front a n d  middle couae dark Ix-ownish-blark: first (M-n pair+ CJC It'p rrcrIrlish- 
stramineous; I~ ind  femora and tibiae reddi \f i - tc ,~tacen~ with a v a q i n ~  amount 
of darker fuscnur; tnruard the ay)icrr; 11 intl tarsi l u~cnurj; or ipoqitor shear hs black. 

Male. Length 2.5 rnm. I'ns~crior poli~herl arca on lateral Pare nf scutellun~ 
slightly smaller than in fernale, making the r~ l~ghcnec l  s~riatc  area in  front rela- 
tively larger than in the female. .Jlpeu ot propodeturl narrclivcr ~I lan basc. Por 
terior coxae not flattened vcnlrallv. ~l!,dornen slixhtlr shorter than thorax, 
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about three times as long as its extreme breadth. Second tergite about three 
times as broad as long, sides almost parallel. Kcmainder ol abdomen narr0w.x 
than in female, tapering to a sharp point; lateral nlembranous margins, along 
whole of first and second tergites very prominent. Colour as in female. 

Apanteles  fumiferanae is species 43 in Muesebeck's key (1) . A. solenobiae 
Walley (7) which also traces to fz~miferanae in this key, can be distinguished 
from fumiferanae in having the stigma brown with a large pale spot at the base, 
the hind femora not fuscous at apices, the rnesoplcura only narrowly punctate 
in front with their remaining surface highly polished and impunctate, and the 
nervellus not strongly curved toward the base of the wing. 

A. fumi feranae  is very similar to A .  po1ychrc;sidzs Viereck but, according 
to Muesebeck (4, p. 517) the species are distinct, polychrosidis having the tegulae 
yellow, the legs usually darker, the mesoscutum indistinctly punctate and the disk 
of the scutellum smoother and more polished. 

The  Egg 

The  egg (Plate lX,  Fig. l ) ,  dissectcd out of preserved spruce budworm 
larvae, measures 0.292 mm. in length and 0.098 mm. in width at the widest point. 
The  chorion is light brown in colour, semitransparent, and the developing 
embryo may be seen within. The  egg is slightly curved, and widest near the 
cephalic end which is broadly rounded and narrows only slightly toward the 
caudal end. The  surface is smooth. 

The  Larval Stages 

First S tage  Just after hatching, the larva measures about 0.25 mm. in 
length (Plate IX, Fig. 2, A ) .  The body is widest anteriorly and is somewhat 
wedge-shaped, tapering posteriorly. There is a short spine-like caudal append- 
age extending posteriorly from the ventral part of the last body segmen't. The  
larva is creamy-white in colour. 

A later first-stage larva (Plate IS ,  Fig. 2, B) has, besides the head, twelve 
body segments and a caudal appendage or anal vesicle. The head appears to 
be composed of two divisions, the second being much broader than the first. The 
posterior part of this second head division is the widest part of the body. Be- 
hind the head there are twelve fairly regular annular segments and an anel 
vesicle. Either the tenth and eleventh, or the eleventh and twelfth, or all three 
of these segments appear to be partially f-~sed. The  twelfth, which is probably 
a composite segment, is slighty wider than the other abdominal segments but 
is not as wide as the second division of the head. The anal vesicle appears as a 
rounded projection of the eleventh segment. The  spine-like process disappears 
as the larva grows, finally disappearing before the end of the stage. 

The mouth-parts of this stage (Pl;llc IS. Fig+ 3 )  arr rln I 111: anterior-vcr111,al 
surface of the first segment of the head. ' l ' l ~ i ,  sexrllcnr apl3e;ll-s a\  n lonval.tl nnrl 
slightly ventrally projecting lobe of tht  st-r:trrlcl ~r;);rnc-l~~. AU~lir~rr~l l  snlnt r j l  
the mouth-parts are sclerotized, they are I cry l i ~ t 1 1  I: 1,igtncntcrl. The  m:intlib- 
les (md) are fairly long, pointed struct:~~-r< w - i t l l  curved l)lxclcs. TIIC base nl 
the mandible is broad and sits in a shallow concavity laterad of the mouth open- 
ing. The  mandibular articulations and the supporting head structures are very 
difficult to interpret. There is, however, a sclerotized ring ( ~ 1 )  around the 
base of the mandible which the writer tak'rs I r l  I W  Iir~rjiolt)qr~l~s 1 0  lhc 111~11rnalon?:4. 
possibly combined with the superior and in I e r i~  ~ l -  ~ , l c : i ~ - c > ~ ~ o l ~ ~ a l  rami, of nther 
hymenopterous parasites which have rllore clcsri-lr tlct incd f irsr -ut age I ;irva1 ma~r rh- 
parts. The  labiostipites (Is) are merr.1:- f lr .~hy lol,cs l>~-)rclcl.ing : . I I ~ .  nit-?u th ope1 1 -  

ing ventrally. On the labrum (lm) are t ~ \ , t ,  srrlall ~mtr~l ,e~.ances ,  the lahral pro- 
cesses, which project forward. 

As also noted by Tothill, the mandibles of both forms described as first- 
instar larvae are the same size, indicating that there is no moult between the two 
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forms which are so irifferent in appearance. Tothill states that the caudal ap- 
pendage of the first- and second-stage larvae is a blood gill which is simliar in 
structure and function to the one which he described for Apanteles hypharztriae 
Riley (3) . 

Second Stage. As in the previrru, Itaqe, 11lc I\r=acl of thc second-staye 
larva is divided into anterior and posterir,~ ~)nrtionc. Frnm a d n r d  b i ~ t v  ii is 
mmewhat wedge-shaped, tapering anterio~ I \  irb n t iltRt.1 I ) I L I ~ L  e~lrl. Ti i \  lr>llctwed 
by twelve segments. The  twelfth sr~mr-111, 11 l ~ i r l ~  1s narrow, lrcar\ a largr. hilubcd 
caudal appendage or  anal vesicle wl~ich ma\ hc.:c)~~w 21, 1,-ide ;I, the Imdr. Tile 
anterior half of the body IS sliglilly nan narer than tlic pr)clcr inr hall and the 
whole is more or less fusiform with blu111 r-~-rtl\. ( I ' ln~r  lX, iy. I ) .  Thc  tmdv i5 
creamy-white in colour. Tothill notes ~ l i r  ju-c.\rzlc.c 01  1 i~i l ) ic  leq and wing l~1t!5 
and of a well-defined facial plate and rrbmnl I,\ I hat "as thr l a r ~  . I ?  g i r ~ ~ c  iIle rilk 
glands become more con\ oluted and nouceable." 

No definite sclerotization of the mouth-parts of this stage has been demon- 
strated and there 1s no pigmentation in this area. Various treatments failed to 
make the mouth-parts visible. Tothill states that mandibles are absent in this 
stage. 

Thtrd Stage. The  third stage (I'i~atc I S ,  F I ~ .  5) rTpl;cn~ \ ~ ~ i ~ l i i i r  ille ho\t 
larva and issues soon after the moult. J u s ~  a11c.1 ~itoul~ing.  [he  caudal appendage 
or anill ieqiclr i~ still present, but this irnaqiu;l~c\ tlltrinq thc inqtal. I his is a t  

non-feeding, hpinninji stage. I t  is grub-likr. t u ~ ~ c c l .  anrl r\.ide\i zt :rl)nut 111e I c \ -~ l  
r)l ~ I I P  c t ~ c - r ~ ~ h  I(, 11111th segments. A distll~rr srpara~ioll I ~ e t ~ s r e r ~  t l ~ c  dorral and 
c.ntr;tI \ur I\ nrrrt clearly visible for ihr I I I  5t  ~ir i i r  as a pleitral nicnlhranc. The  

head no longer appears to be t w o - ~ r ~ n ~ r i ~ ~ c r l  :und rhc hcn(l-cnpsults i\ rctugl~ly 
hemispherical from a lateral view. 7 l-tc !)r,dt ctrn\i\~\ illirtern crqmcnts, the 
last of which contains the anal opvninq. Fiql~t llall c o l  cpii nclcv arc ~ i 4 l l l e ,  
occurring on segments two, foul, l i ~ r .  5r\,  , , .\en, uiqfir. n i r~c  nncl tcn, Thcy ;ire 
close to the anterior margin of rarh scqi-ucni. 111 rhr 111~rIian-ldic.r;1I 1i11e ol seg- 
ments two to ten there 1s a row c ~ t  rr~ncl)ic ta r t r l>  tot~nrl (.lm ;t~inn\,  and on the mirC 
dorsal surface of segments one to eleven there is a row of short spines. 

The  mouth-parts of this stage (Plate IS. Fry. li) arc ~ r ~ l l  scla-o~i~ctl, nl- 
though not all the \lruc tmc< ale ~~ rvsen t  n.li i111 i l l s \  orcrll in rlw pxwit ic  
Hymenoptera. The  n~;indil~le+ ( I I I C ~ )  illr j~ointrrl and hrar I ~ v o  rowc 01 teeth 
on the dorsal edge of lllc I~larle. 3 11rr a1 c l iq111I\ ~)isnrcnrcd. Tht7 \cntral edge 
of the base of the mantlil)lc al-~iculn tcs 7, itti ;t rlat rorv 1)iqmrntctl bar, tllc inferior 
p1c111 ntt(1111a1 raiilus (1p1-j . XI)  J>IC.LII I I \ I ( I I ~ ; I  or \ t ~ y > e ~ i o ~  p I e ~ \ ~ o < t n ~ n a l  r a i i \ ~ ~ c  i\ 
uicihle, p r n h n h l ~  I)rrnu\r 11jr.\ :rrr I lc lr  piqncntccl, hcntr the mallclil~lc.\ appcxr 
to arficttlatc ; r i  nnlf O I ~ L  poini. r11c il \pr~\(ntn;~ (11~)  ~ Y ~ P I I C ~ \  I;~~crallt- Irom the 
inlcrirri plc~11 o5tom:d ramus and. n11c.r a \ l i ~ l l i  I I ~ X : I I C I  cut i e, innhee a \elnit irrle 
t7entrally, xc11c11 vic~vccl a n ~ ~ ~ i r > y l \ .  \ slinrt, c urlcrl 5til)it;tl \c lcro~~ic (\ls) projects 
r rdt~trall\ Irt~rtl tllr j w j i r ~ ~  v, hrrc chc 1 1 ~  pn\trrln;t lir<r c l 1 n r . h  drlrtally. .-I pig~t1c.nct.rl 
C--shar,ed Ial~ir~\lil,ic:tP \ c l r ~ c ~ n l ~  (la,) Ilrll-rlrts tllr lal)in<tipitc\ ( I \ )  1;lcclall) ancl 
t*cn~~ally. .  , \ I  t l~e  mid-~ rn t l ;~ l  I):art, ~clutanlc i\ e~ilargrcl 4ligIltlv. T h c  
clor5al part nf 111c arc3 cnclr~\rcl 1 1 ~  thp l:~I>iortip~l:~l \ C ~ C ~ O ~ I I P  ir rvrirlkleti !loriron- 
rallv a ~ l r l  a ~,igrnenrctl +trip c\tenrls arras\ L ~ C  oprn r11c-I. It1.c~ ventral to this iq 
locar~tI  111c Irori7r)ntal \ill, tlurt ol)eninf: ( d o )  . L(elow 1 1 7 ~  oppning lics the 
1 igulm sclerome (li5) . i r  U-sPlapcif a r ~ d  I~~, rh t l \  ttig~llrnterj with tlrr 5 cntr;ll 
bordrr sometime, i~~rlisi inct .  The Iiihiosttpit~~, i~rnict 1 h e b n n r l  t11c llpper npcn 
end nl t l ~ r  t ah i~~ l ip i t a l  \rlrr-c,ntc. wi~ir ~ h c  ape\ Inr>re or 1csc j>nintrd. On 

5ide of LIIC liq!iInr w-l~rorr~r i c  a labial pnlpt~r t l l~a )  . a m a l l  conical pro- 
jection floIn ltilc labrnstipite<. IIc<atl anrl ~ c r ~ r ~ . ~ r l  nl the labial pillpi i q  a pair 

labial setat (lqr) . I:* nlu the lal,i~xt ipital ~clernmc a rna\rillar\ sclernrnc (mas) 

esrmdc; on either \ i c lp  lat~l-all\ ancl clorsallv inlo 111c area cnclos~d bv the semi- 
circular hypostnrn;t. t)ut dncs no1 read\ a4 fat ac the hvljostoma, lqhe  nlavillae 
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(mx) are bounded dorsally and lateral11 1 ~ y  I llc I I !  llostclma. v c ~ t r a l  t y  hy the 
maxillary sclerome. I 'he stipital sclertri~~r. p~.r! jr t ,~ing ~ + c n ~ r i d l y  t'mrn the 
hypostoma, partially divides the maxilla inlo a carrln ( ca )  and a st il,es (:st) . O n  
the maxillary stipes is located the maxillary 1,:1I1ju.+ (infm). La~cracI ant1 verltract 
of the maxillary palpus is a maxillary setil ( I  IISP) . N o  ~ p i s t o ~ n ; ~  is x'isi t~le. -4 
varying number of setae (se) are present nn  t l u -  Ialx-iun ( l r n )  anrl t11e frontal 
area. On  the head-capsule illustrated ~lyr.r  wcrr six 1)ail.s 01 sc1;tr dorsal 
to the mandibles and two pairs laterad 01- I llenl. -4 t.arying n ~ ~ u ~ l w r  of sctac are 
also present on the labiobase (lb) , as shown in the drawing. 

Tothill notes that spiracles do not appear to be present in this stage and 
that mandibles are not visible. These observations are at variance with the find- 
ings of the writer. 

The  Cocoon 

The  cocoon of Apanteles fumiferanne is spun on the tree and is attached ro 
the needles or entangled in webbing and lrass left by budworm larvae. . I t  ir 
white in colour and is very opaque. The  cocoon,measures about 4 mm. in length 
and 1.5 mni. in width. 

The  Prepupa 

'1-he eony~nph very closely resembles the third-stage larva except in  the 
loss of aclivity and the disappearance o f  the small median-lateral round elevations 
Or1 Segments two to ten. 

?'he pronymph (I'lale IX, Fig. 7 ) ,  the conlnlerlcement o f  which is rllarked 
by the first appearance of the imaginal eyes, is quite different in appearance Iron1 
the eonymph. A slight constriction appears between larval segments one and 
two and a much deeper and more prominent constriction occurs between larval 
segmenl.; f r - I U V  : I I I ( I  f i w .  -171~ns tllr ~fr~ , c l c )p in~  head, t l ~ i ~ r a s  a11c1 ; I I ~ ~ I O I I I V ~  arc 
clearly rIctl~arc.;tctl. -I-ltr: I:rr~i~ill ;Il.r;is of' I:r~,sal segments t~vo  t o  eleven arc raised 
to forrri n r n r l r i n ~ ~ o i ~ ~  1-itlgc 1.v1iic.h i5 csl~cciall\: promintbnt trn W ~ I I L - I I L S  1;)111. !o 
cleven. '1'11~ l,ro~~yrnldt i c  cr )rls idtur;~l,Iy short& than I 11e I I ,  irrl-st.;qc I;u.vn and, 
like it, is cclnwl. I I  i s  r ~ - r ; t n ~ ~ ~ - ~ v h i t c  in colour. 

T h e  Pupa 
The  exarate pupa of Afiante1r.r fltr,?iferrr)t~rr (Plate IX, Fig. H) :II firsr i ,  

creamy-white in colour with conspicuorts dm-k-lwown eyes. Later lhe lic;~rl, 
dorsum and venter of the thorax becon~e blncki~li and finally  he ;~bdo~.tien ancl 
legs assume the colour characteristic oi' 111c : i d ~ ~ l t .  The  pupa measI!rrc aljoul 
three millimetres in length. 

LENGTH OF TIMF. SPENT IN  THE COCOON 

Data on this part of the life history nT i !p/r>r/rlrs frrrni/(v.nr?fle we avai!- 
able from Chalk River (1942) , Searchtnol~t ( I !b13) anrl 131acli S~LU-KCOIT Lalic 
(1944) . At Chalk Riyer, 31 males hpcnt all avt-l.rl~c 0 1  12 c1 ;11~  in l l ~ c  (r>r.oclti: 4 1 
feni;~les averaged 12 days. At S e a r t ~ h m n ~ ~ ~  thc ~lcriod was X cI:\vc 101- 1 1 ~nalc'i 
and 12.5 days for 15 females. Twenty-six n~n l r* ;  spc~lt at1 avcrage nE 12 days in 
the cocoon at Black Sturgeon Lake n11d 2-1 Icm;~lrn,s I'r:l111 11i;it Iocalify S ~ I ~ I I ~  : t l  

average of 11.5 days. 
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EXPLANATION OF PLATE IX. 
Immature Stages in Life History of Apanteles fumiferanae Viereck. 

Figure 1. Egg, lateral view. 
2. First-stage larva. 

A. just after hatching, lateral view. 
B. a t  end of instar, ventral view. 

3. Cephalic skeleton of first-stage larva. 
4. Second-stage larva, dorsal view. 
5. Third-stage larva, lateral view. 
6. Cephalic skeleton of third-stagc larva. 
7. Pronymph, lateral view. 
5. Pupa, female, lateral view. 

SYMBOLS USED IX THIS PAPER 

ca - maxillary cardo md - mandible 
hy - hypostoma mpa - maxillary palpus 
ipr - inferior pleurostolnal ramus mse - maxillary sera 
las - labiostipital sclerome mx - maxilla 
lb - labiobase pl - pleurostoma 
lis - ligular sclerome sdo - silk duct opening 
lm - labrum se - seta 
lpa - labial palpus spr - superior pleurostomal ramus 
1s - labiostipites st - maxillary stipes 
Ise - labial seta sts - stipital scleronie 
mas - nlaxillary sclcronle 

BOOK NOTICES 
A MONOGRAPH OF T H E  BEETLES ASSOCIATED WITH STORED PRODUCTS, 

Volume I, by H. E. Hinton, Assistant Keeper, Department of Entomology, British 
Museum (N. H.). VIII and 443 pages, 503 figures, 1945. British Museum (N. 
H.) , London, England. Price 30 shillings. 

The  exigencies of the food situation in Britain in 1940 intensified interest 
in the pests of stored products. As "Beetlrl; art. I)v lar thp most i~rrpc~rtant and 
most numerous order ol insects a1 ~acliinfi 5 1  nred prod:~cts", and 
"about six hundred species representing 5ome t liirty-four faislilies have been 
found associated with stored products in ~ a r i o ~ ~ s  Ikart~ o r  the world", a compre- 
hensive study and revision of coleopterous stored 1)roduct~ pests was initiated. 

In  1943 Dr. Hinton was lent to the  Foot! Minismy by the Department of 
Entomology of the British Museum. Primarily he was responsible for insect iden- 
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