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ABSTRACT

The co,ccfnerìfd, Anatís marf (say), fed sfngry and rn groups of
three to four on egg masses of the spruce budworm, Chortstoneura

funlferane (clemens). The potentfar of thfs predator as a bforogfcaì
control agent ''as rnvestrgated by revfer'fng the r rterature and

establlshlng laboratory and ffeld experfments on host synchrony and

feedlng behavfor. The predaceous stages of the{. Enrr ìffe cycre
colnclde rlth the spruce budworm ovlpos.ltlon perlod. .Ttre predatorrs

çnerallst feedf ng behavf or may however tfmrt Íts fmportance as a

prcdator of the spruce budworm.



INTRODUCTION

Beetles of the family Coccfnelìfdae are known for thefr predaceous

habits (Hagen 1962). Few have been utillzed fn bioìogfcal control
programs of forest fnsects pests, except the exotfc predator, ,Aphfdecta

ob'ìJterata ('{-.)' released for control of the f ntroduced baìsarn wooìly
aphidr chqrmes rrrceae Ratzeburg (Amman 1966). Anatls spp. have been

recorded feeding on varfous forest defoliators. Struble (1957) reported
that '4. -rathvonl "(Le0onte) tvås a very comrnon pnedator of wh-lte-fl r
sawfly (Neodfp-rfon abfetls complex) [sfc] ìarvae durfng outbreaks In
whlte flr tÂ¡lesconcolor{€ord. &Gtend.) Lfndl.l Incalf-fornra. Â.
ocellata (L.) [sfcJ adutts have been observed feedfng on larvae of the

Jack pf ne budworm, Cnqc,IstO¡e¡¿l¡ pf nus Freeman {Allen el À1. t97O).
Graham and Knight (1965) reported that Â. ocellata {sfcl r+as part,ly

responsfble for checkfng an outbreak of the Jack plne budworm. Smith
(.1.966) reported that Â. malf found on whf,te sprucêr ptcea olauca
(lvloerrch) voss, and on baTsam flrr Abfes ba.lsamea {L.) M{l.l., fed on

spruce budworm, Q. fumf ferana {Clenrens), larvae

l{e report here our observatf ons of Â. rnaì f feedf ng on spruce

budworm egg messes. The potentfal of this prredator to act as a

ölologlcal control agent of spruce budworm egg mass popuratfons is not
known. lt|e have Tnvestfgated thfs potentîal wlth a revlew of pertlnent

llteraturer fletd observatfons of the synctrrony of predaceous stages of
Â' malJ wftt¡ the spruce budwormts ovfposTtfon perfod, and fleld and

laÕoratory observatlons of a. malf feedÍng behavfor.
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LITERATUR€ REVIE$T

Taxonomy

l{atson (1976) clariffed the synonomy and specfes descrfptfons of
the genus .Anatfs Mursant. Thfs genus has srx specfes: marî {say),
ocel'lata (L. ) ' halonis Lewf s, lahlculata (Say) r trathvonf (Legonte) and

lecontel Casey. Two specÍes, Â. rathvonf and Á. lecontejr are
dfstrfbuted ln western North Arnerfca; whereas, .Â. ,lahfculata and .Â.

FaIJ are predomTnately found fn eastern and northern North Amerfca,

respectîvery. Ttre twoi remaf nrng specfesr å. ..h¿Lqnill and Â. oceilatar
ar€ found fn Japan and €urasfa, respectlvely. Indfvfduals from North
A¡nerlca prevlously descrföed as Â. oceì.lata (L.) or Á. ocellata maìl
(Say)r ôñd whfch have each black spot on the elytra oceììated wfth wtrite
ol" lvory, are nol{ recognfzed as {. malf (Say). A. maìl is generaìly
dlstrÍbuted fn coniferous areas of the northern half of North Amerfca,

' from l'lebraska and vf rgf nra f n ttre u. s. to southern yukon and the
l.l¿cKenzfe Dfstrfct In Canada 0{atson 1976).

Lff,e Hlstory

General blologles of cocclneìllds were given by Hagen (1962) and

t{odek (1973). Gagne and Martf n (!.968) descrf bed the ì f fe stages and

hablts ofÂ. errt fn ontarfo. Â. maìr fs a unrvortfne species; adurts
overrlnter and öecrome active fn early May. ovfposltfon commences fn
€arly June and contlnues ínto mfd-July. Larval development requlred
32.6 days f n r aboratory tests at zroc. pupatfon oc\curs

characteristfcalìy on needles of the lowest folfated brarrches and fs
generaìly completed by ìate August. Adutt emergerlce fs generaìly
completed by mfd-September. Allen el Àl_. (fgZO) reported a sfmflar
llfe hlstory for Â. ocellata [slc] fn Mlchfgan, and noted that tarvae



5

passed through four stadfa and completed deveìopment ln 5-6 weeks.

llabftat Assocfatfons

A' mall fs predaceous on Insects assoclated with conlfer .forests

('Gagne and Martfn 1968, Watson 1976). Smlth 0966) .collected Â. malf

from whltê sprucer balsam ffr, red pfne (Plnus resjnosa Âft.)r àñd Scots

plne (P,. s)¿l vest¡f s L. ). Al len el _al . (1970) reported that Â.

ocel-lata [sfc] are frequently encountered on Jack pf ne (f. .åanks-f ana

Lamb.) fn Mlchfgan. Martfn (1966) reported tha.t coccìnelllds
rcpresented a maJor portfon of the lnsect predator complex fn the crowns

of red pfne ln centraì Ontarfo plantatfons. Martfn (1966) and.Gagne and

Martln (1968) demonstrated that cocclneìlfd specfes composftfon ,,as

related to ttre age of red pfne stands. Prey densfty and coccinellÍd
specles <tlversfty decreased in oìder red pine plantatfons. Â. malT and

f"lulsantlna pfc'ta (*andall) were the dominant species ln older red pf ne

pl antatlons.

Searchf,ng Behav.lo.r

Gagne and Martfn (1968) noted that old-stand coccfnelìld ìarvae

sust às A. üit-l-l'had greater searcfrfng capaclty and moöiìlty than df d

larvae ofcocclneìlfd species whfch predominated fn young red plne

stànds. These searchfng characterfstfcs are presumabìy requ{red for
survlval tn areas where prey .densfty ls low. Several authors have

concluded that coccTnellfd ìarvae percelve thefr prey onìy by physfcaì

contact (Haçn L%2, Hodek ,1973). Kesten (1969) reported that a.
æellat¡ dÍd not have adequate sensory organs to percelve food at a

dlstance. smtth (1965a) reported that vísual stfmulf, such as pr€y

movemontr shaper size, color, and texture are of ì lttle Tmportance for
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perceptlon of 'food by ten specfes of coccf neilf ds, f ncìudrng Â. mari.
Allen el Àt. (1970), however, fndicated that v{sual stimuìi seemed to
play a roìe wf¡en Â. ocellata tsfcl adults were wf.th In L/2 _ 3/4 f n (1.3
- 1.9 cm) of Jack plne budworm larvae.

Feedlng Eehavlor

Allen et À1. (1970) reported that.f,. ocetlata [sfc] larvae ln the
flrst two stadfa are smatl (3.0-7.0 mm long)r slow movfng, and not able
to negotfate sflk spun by Jack pfne budworm larvae. These young Anatfs
larvae probabry reìy on reratlvery fnrmobrìe prey {e.g., aptrîds and

mealyöugs) for food. Newly hatched coccfnellfd larvae are also
cannf balf stfc (Alten et Àr-- Lg7a, Banks r.956, Gagne and Martrn L96B).

Larvae consurne thefr egg streils and usuaily other unhatched eggs. a.
mal I adults have aì so .been observ.ed to cannf bar {ze eggsr pupae, and

teneral adults (Gagne and Martfn 196g).

Feedfng rates of ¡{natfs have been reported by €robìer ,Jg6Ð 
and

Allen ei .¡,1. (1970). Á,. ocelìata ts{c] adults consumed 0.4 fîfth-and
slxth-stadfum Jack pfne budworm larvae per day over a 30-day feedîng
perlod ln the ìaboratory (Allen e!.a1. ¿970). Third-: and 4th_stadium

Â. ocelìata fsïcl larvae'consumed two 4th-stadlum budworm larvae per
day for ?O days- Consumpt{on of a budworm larva requfred 3-5 mfnutes.
Grobler (t962) observedÂ. matf feedfng on woolìy plne needle aphfds
f5cå:l¿ol¡ghtgÂ pfnf ra<f.f atqe (Davf dson)J on red pfne ln Ontarlo. Two Â.
mal f adults ln captfvfty each consumed more than 900 aphîds {n 23 days.

smltt¡ (l96sa) concruded that å. mar r ,,as the rnost generaì f zed

feeder of the prfmftTve coccfnelìId specfes whïcf¡ he studled, and ft
would probably respond to dry suppìementar foods rn the ffetd. Arìen gL
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al' (1970) rePorted that A- oceìlata tsfcl adults feed on potìen ln the
stamlnate fìower heads of Jack pfne. smlth (Ig65b) determlned fn the
laboratory that Â. ma]f wouìd eat foods not normally encountered fn {ts
naturaì habftat (e.g., aphfds assocfated wfth al falfa and corn).
Prevfous feedfng by larvae and adults dfd not affect the food preference

of Â. mal I adults.

SmTth (l965c) compared the responses of "A. maltf and Coleomegilla
maculata ìeng-f rlmberìake to changes fn qualtty and quantfty of larval
food and concluded that .A. malf was better adapted to toìerate a

shortàge of food- food quaìfty signf ficantly a.ffected .the tarval growttr

rate ofQ. macuratar but had a neglrgfble effect on Â. nalr growth. Â.
¡nal.l was also capabl"e of convertf ng a gr.eater percentage of food f nto

body welght when food was scarce than when food was abundant.

Parasites of Anatls

Parasltfsm of Á. qufndec{mpunctata 0llver [sfc] r{as reported by

Kulman (1971)- The encyrtfd rvèspr Homalotylus fe.rmfnal fs (Say)r

parasltf zed ?5116 of larvae coììc,cted Tn Vf rgf nf a. Kuìman pos-tulated that
tttls paraslte may f nfìuence the bfologlcal controì potentf al of ,Anatts.

Gagne qnd Martln (1968) arso reported parasftism of å. mair r pupae öy the
pteromal ld, Pachyneuron sp.

Fffects of rnsectJcides

Responses of Â. rnal.f to ct¡emTcal s used for f nsect poput atlon
suppressfon have been varfabìe. Smfth and Berube 0966) reported that
s€x stærilants {N, Nt-trexamettrylene bisazfrldlnyì carboxamfde and

apholate) ln the drinkfng water at concentratfons of 1.0, 0.1 and O.OLv6,

lnterfered w'fth the growth of Å. mal I and prevented Tt from reachfng the
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aduìt stage. converseìy, Macdonald and t{ebb (1963) reported that
Coccfnellfdae (suspected to be Â. ma]l, personaì communications with
I'l{' Varty) were found at hlgher densftfes fn spruce-flr stands fn New

Erunswïck sprayed wfth lnsectlcfdes for spruce budworm suppressfon than
ln stands not sprayed. Hydornl observed varfabre r€sponses by sparse
populatfons of Anatrs sp. In spruce-frr stands rn centrar Malne to
appl Icatfons

popuì atlons.

of carôaryl and acephate for suppression of spruce budworm

MATERTACS ANO METHOOS

fnftf al observatlons of ,Â. nall predatfon on spruce budworm egg

rnasses were made fn l97B and 1979 fn spruce-ffr stands of centraì Mafne.

{n L982, more lntensTve ffeìd studfes of Â. rnalf Iife hfstory and

feedlng bet¡avlor were conducted at Aìion and old Town, {,faine. The Alton
sfte was composed of a stand of tamarackr {-arlx ìarlcf na (ouRoi) K.

Koch, on the border between a large bog a.nd ¡nfxed stands of sprucer

balsam ffr, and hard¡voods. The old rown sfte ,,as composed of a

Chrfstmas tree plantatlon (baìsam ffr, whfte spruce and Scots pfne) and

a surroundfng mlxed stand of balsam ffr, sprucer tamarack and hardt+oods.

Oetailed observatlons of Â. malf actfvfty and lffe stages wene made at
each slte onc€ or twfce per wee* from g June to 3l August ¡.9g2.

studles of Â. .maì r t f fe hf story and feedf ng behavf or were arso

conducted f n the laboratory In l.9g?. Â. mall eggs and ìarvae were

collecüed at the study sltesr caged fndlvTdualìy ln 30 mì plastfc

It{ydorn, s.B. Lg7g. The infìuence of pestrcfdes sprayed for spruc€

budvorm controì on certafn non-target terrestrfal fnvertebrates in
the forest. Report to the Marne Forest serv.fce. 30 p.
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creamer cupsr and placed fn an envfronmental chamber (ca. zSoC, 7O-gS%

Rt{' and 24-hr lfght) for rearfng. Beetle larvae and adults were

provlded e99s of the Angoumof s graln moth, S.f totroga cer,ea,le.ì ì a
(0lfvler)r ðs food. Oates were r€corded for a. maìf egg hatch, larval
ecdyslsr pupatfoîr ôîd aduìt efi¡ergence.

For observatfons of 'ô- J!ÂI[ feedlng behavfor, 14 laboratory-reared
beetìes l{€re placed fndfvfdualìy ln 9 cm dfameter petrf platesr each

contafnfng a slngle batsam ffr needìe bearlng a spruce budworm egg mass.

Recentìy-emerged beetle adults ß 24 hrs.) were denfed .food for e4 hours
prlor to testing. Spruce budrorm egg masses were collected from balsam

flr at tfre Old rown study sfte. îhe number of "nnË.ln mass .,as

recorded prior to each test. Each 'beetle was tested for one to five
hours. Each beetìe actfvi,ty (e.g., waìklng, feedfng, statlonary with no

feedfng, etc. ) was timed and recorded.

RESIJLTS

On 12 July 1979, the authors observed adult å. ma.ìl feedfng sfngly
(Flg' l) and fn groups of three to four Indfvlduals on newly-deposfted

spr{Jce öudworm egg fnasses at l,tedford, pfscataquls county, MaTne.

speclmens of these beetles were sent to the us0A Insect ldentfflcatfon
and Eeneffcial [nsect Introductton Instltute fn Beìtsvflle, Maryland and

ï€f€ ldentffled as Anatfs maì f (Say) by R.D. Gordon. These

ldentlffcatlons were conflrmed by J. l,lcNamara of Agrlculture Canadar

Bfosystematfcs Researct¡ Instftute at Ottawa, ontarÍo [dnatls ocellata
maJl (Say)1.

Matfng of overwfntered adurts was observed as earry as 9 May (t978)
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fn the fïeìd' unecìosed egg cìusters were observed on balsam ffr,
spl'ucêr tamarack' and eastern whfte pfne (Plnus strobus L. ) from mid-May

to early Juìy. Egg cìusters coìlected from Alton and old Town in rgB2

ranged from 3 to ?3 eggs./cluster (i = l2.Ir n = Z5). one adult female,
colìected ¡.0 June i.9g2 and provf ded wfth g. ce¡-ealella eggs as ptetr
produced more than 159 eggs from 14 June to 26 Juìy fn the laboratory.
€ggs hatched after 3-5 days under constant laboratory condftlons (ca.

25oQ, 70-9516 RHr 24-hr lfght).
Larvae of Á. mal'l were observed f n the field from early June to

mfd-July' Pupae were most abundant from ìate June to mid-July. The

length of the development perlod {four larval stadfa and the pupat

stadlum) ranged frorn ZO - 29 days (n = 421 for A. malf reared under

constant ìaboratory condft{ons and provfded wfth S. cerealelìa eggs as

Prey.

€mergence of current-year aduìts was first observed fn the fleld ln
earìy July (¡.9s2) and peaked ca. 15 July. Although Gagne and Martin
(1968) reported that Â. ma,lf pupatlon and adult emergence contfnu.ed

through late August and mf'd-september fn ontarfo red pfne plantatfonsr
we observed no Â. marl pupae or adurts rn the f{erd after rate Jury.\

{)rt"." f s conslderable overìap between the predatory stages of å. Eèrt
/ ana the ovfposltfon perfod of spruce budvorm. Egg masses of the sprtrce

budworm are deposited over approxfmateìy a z7-day per{od beglnnfng ln
late June or earìy July (Houseweart et.tul. L9gÐ. The last two weeks

of the coccfnellfdrs larval perrod (3rd and 4th fnstars) cofncfde nfth
tfie ôeglnnlng of the spruce budworm egg mass perfod. Newry emerged {.
malf adults are present for about three weeks of the spruce budworm egg

mass perfod' Adults and 3rd and 4th stadum larvae are the ìife stages
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rlth the greatest mobf'lfty and the greatest consumptfve capability.
From our fïeìd and laboratory observatforìsr w€ conclude that A. maìÍ is

weìl synchronf¿ed wfth the spruce öudwormfs egg mass perfod; hence thls
cocclnellld has a potentfal predatory fmpact on the spruce budworm egg

popul atfon.

4. .mal I Feedf ng Behavf or

vf suaì stf mul f df d not appear ,to be lmportant for prey perceptf on

o1 
^. 

mal f aduìts fn ìaôoratory feedlng tests. Aduìts frequentìy

ralled rlthln ?-3 mm of balsam flr needles whfch held spruce budworm egg

rllôsssr apparently without detectlng the potentlal prey. When the path

of a öeetle fntersected the balsam ffr needle, the .beetl.e usuaìly

searctred the length of the needle untf ì the egg mass was found.

The time f,. ¡na]i aduìts {n = 9) spent feeding on a spruce budworm

egg mass ranged from ì-ess than 15 minutes to more than ZSO minutes in

laboratory tests. Thls ls equfvalent-to ?-15 min/egg, when egg mass

slae ls consfdered. No obvious rela"tlonshfp between egg mass sfze and

quantlty of tfme spent feedf ng was detected dr¡rïng our ,tests. In ffeld
observatlaosr oñeå. malf adult spent fTve hours feeding on a slngle

€99 massi however, during this time, there were lntermittent perfods of

non-feedlngr ïhen the beetle remafne¿ stattonary on tfre same balsam fir
br¡rrch wlthln I0 run of the egg mass. t{hen not feed{ng, Å. malf adults

vere most frequently o'bserved ln secluded places on confferous trees
(e.g.r oñ th€ öole, on the under surface of branches).

tlke Smtth (I965a), our observatfons fndfcated the generallst

feed'lng nature of Â. 'mali. It was easíly reared ln the ìaboratory on a

non-natlve Prey ($. cerealelta eggs) and was observed to readlìy feed on
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varlous species of aphids- tle also observed cannlballsm in the ffeld as
reported by Banks {1956) and Gagne and Martfn G.96g). Early fnstars of
Â. malf fed on ìate-hatchfng eggs and larvae. Â. ma.lf aduìts were
observed to feed upon {. m¿l f pupae.

Jennfngs and Housew.eart (I9s3) reported spruce budworm egg masses

rere damaged by unknown predators or by physfcal breakage. Although not
conffrn¡edr uê suspect that many of these egg masæs may have been fed
upon by coccf neltf d beettes such as Â. ,maì1. pamage on these ,lch€wedr

egg masses was sfmilar to known feedlng patlenns of Â. matf (Ffg. Zr.

'Iennf ngs and l'louseweart (f983) reported rrcherved,, ,egg masses.coìlected in
mfd-winter were sfgnfffcantly more cornmon among parasftized egg masses

(75'68)r than among partÍally parasftized eg.9ä or normalr eclosed

143.8%'l egg masses.

cessation of egg deveìopment caused by the egg parasftofd,
Tnlchogramma minutum Riìey, may prorong the exposure of parasftfzed egg

masses to predators such as Â. rna.lf . Thfs factor seems to dfmfnf sh the
posltlve effect of¿. malf fn overalt blotogÍcaï suppressfon of spruce
budr+orm egg populatlons. It ls not known, hoyever, wt¡at portfon of the
parasrtrzed egg popuratron is affected by {. malf predation.

coNcL{JS{ONS

The ì f fe hrstory of Â- .mal r rs werì synchronf zed wf th the
ovlposltlon perlod of the spfirce budworm. Thls predator feeds on both
parasltlzed and unparasitfzed spruce budworm egg masses. The overall
effects of Â. fnailf predatlon on spruce budworm generatfon survf vaì are
not knotln. The apparent generaTíst feedfng behavlor of thfs predator,
however, may lfmft fts potentTal for use in biologfcal control efforts
for suppressfon of spruce budworm egg populatfons.
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Flgure 2.
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FIGURE CAPTIONS

Anatjs mall (say) adult feeding on a spruce budworm egg mass.

characterfstfc feedfng pattern of Anatls rnal I (say) on a

parasitfzed spruce budworm egg mass.
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