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natura1 

Tadeusz Jerzy Poprawski 

NÂ'IUIU'.L EUEl-!IES OF PHYLLOPHAGA Spp~ 
(COLEOPTERA: SCARABAEIDAE) IN SOUTH

ERN QUEBEC, WITH SP~CIAL REFEBENCE 
." 

TO ENTCMOP ATHOGENS 

/ 

Entomology 

~ 

A systematie survey of the ~erobiàl and invertebrate r 
enemies or Phyllophaga spp. was conducted from 1979 to 

1981 in 45 10calities in southern Quebec. Chronic but low (non

epizootic) rates of biotie regulation were found in aU hast 

life stages except eggs. The natura1 enemies ineluded 36 species 
\ 

- . 
of ~redatory and parasitie inseets, 15 udte speeies. six ~unga1 

species, five bacterial spèc:ies. "three different nematodes, one 
"-,-

virus, one gordian worm. and one sporozoan. Microorganisma1 

pathogenicities to white grubs were demonstrated by infectivity 
J 

tests and laboratory bioassàys using four methods of inoculation. 

Field-type microp10t studies on the fungus Metarhizium anisop11.Ae 

and the nematode Hikoletzkya aeri vora were undertaken in 1982. 

The furigus and the nematode showed potential as bio1ogiea1- sup

pressants of Phy110phaga grubs by_ eausing 91% and 68% mortal!ty. 

resp_eetively. Twenty-seven ~hemicals were tested as attractants 

against P. anxia adults in 1981 in four localities in sQUthern 

Quebee. Hexanoie aeid was consistently the most attJ:actlve ehem-'y 

ieal to beet1es of both sexes. 
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Il 
RESUME: 

Ph. D. Tadeusz Jerzy Poprawski 
~ [, 

, 1) 

~es microorganismes et i~\ve:ç'tébr's, enne~,s 

Phyllop~haga spp .• furent systémat,iquement dépistés 

Entomologie: , 

naturels des 

de 19~9 à 1981 

. ene 45 localités du Québec méridional. On cons tata dans tous les 

stades du cycle de ,1 'h8te. l'oeuf excepté, des taux de régu1ar-
, , 

isation' biotique chroniques mais faibles (non-épizootiques). Les 

ennemita naturels comprirent 3b espèces d'insectes prédateurs et 

parasites. 15 espèces d'acariens: six espèces de cryptogames, 
, C-..... 

cinq espèces de bactéries. troi~ nématodes différents, .un virus. , 
.. • ~ , 1 

un ver nématomorphe, et un ,sporozoaire. Q1}atre méthodes d' inocu

lation des vers blancs furent utilisées au laboratoire ,pour dé

montrer là pathogénici té microbienne en essais d' infecti vité et 
'/ , 

c;; en ,tests biologiques.· Des ~tudes en micro-parcelles sur le cryp-

- . 
togame Metarhizium anisopliae et le nématode Miko~etzkya !!!!

vara furent, entreprises en 1982. Le éryptogame et le nématade, 

,en tuant respectivement 91% et 68% des vers blancs. révélèrent 
• 

leur potentialité comme agents biologiques de ,lutte contre les 

larves de Ph~llophaga. L'attraction de 27 composés chimiques pour 

1es-~ultes de P. anxia fut éprouvée/en, 1981 en quatre localités . - ~ 

du'Québec méridional. L'acide hexanoique fut constamnent le plus 

attrayant pour les scarabées des deux sexes. 

, 
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CLAIM TO ORlGINALITY 

.' 
The following findings from the present study, in the 

author' s opinion, erovide original knowledge on Phyllophaga spp. 

in Quebec. 

1. The June beetles. Phyllophaga fraterna (Harris) and ~. rugosa 

(Me lsheimer) were .collected in southern Quebec· for the first 

time. 

2. A new small iridescent virus, Phyl~ophaga anxia iridescent 

virus (Pa IV) 1 ~as found to infect white S!rubs. Ph'llloohaS!a 
\:' 

anxia (LeConte). The first record of a naturally occurring 

virus disease of Phyllophaga spp. for North America. The 
first record of a nat\jral virus of Scarabaeidae fbr North 

Pmerica. 

3. PalV viruS ,was isolated, purified. characterized and its 

antiserum was, prepared for the first time. 

4. Pal V was shown to Cause mortal,ity of P. anxia grubs in in

fectivity tests. 

5. A eugregarine s.porozoan. Ac t inocephalus s p.. was found ~s
sociated wi th aIl stages of Phyllophaga spp. except eggs for,,( 

the first time in Canada. ~ 

6. The eugregarine. Actinocephalus sp .• was demonstrated to be 

chronically present in populations of grubs of Phyllophaga 

spp. throughout southern Quebec. A dis tribution map of 

Actinocephalus sp. in populations of grubs of Phyllophagà spp 
Iè> 

has been produced for s9uthern Quebec. 

7 . The bacteria Baci llus popilliae ~tky. Pseudomonas aeruginos a 

(Schroe'ter) Migula and Serratia marcescens Bizio VIere found 

for the first timE! in several stages of Phyllophaga spp. in 

Canada and in North /meriea for the lat ter two bacteria. 

viii 
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8. Five bacterial species: B. popilliae, P. aeruginosa, S. mar

cescen"â, Bacillus cereus Frankland 'and Franklan~. and Micro

coccus nigrofasciens Northrup were shown to be pathagenic to 

grubs of Phyllophaga. Sp? in force- feeding. and intrahemocoelic' 

injection tests for the first time i~ Canada. 

9. A local isolate of ~. popilliae and the commercial preparaTIon 

DOOM (milky disease spores) were assayed agains..t grubs of Phyl-
\ 

lophaga spp. for the first time in Canada, in comparative 

laboratory.~i.oassays! using four methods of inoculation for 

the test gruD~ 1 

i 
10. The susceptibility of grubs of Phyllophaga spp. to .five funga1 

species: Metarhizium anisopliae (Metsahnikoff) Sorokin, Beau

veria bassiana (Balsamo) Vuillemin, Fusarium sp. neat F. sol

ani (Martius) 1 Appel and Wollenweber, Aspergillus Miche li: 

Fries and Penicillium Link: Fries was demopstrated for the 

first time in'infectivity tests. 

, 
11. The fungi ~. bassi'ana and M. anisopliae were tested J.n the 

laboratory against grubs of Phyllophaga spp .. ,for tae first 

time, using -four methClds of inoculation of the test grubs. 

12. Field microplot studies on a local isolate of t!. anisopliae" 

as a potential control agent of ·Phyllophag.a grubs were con

ducted for the first time. 

13. A gordian worm , a rhabditid and an aphelenchoidid nematode 

wE!re found from Phyllopb.aga individuals for the /first time. 

New hos t records'. 

-14. The parasit'ic nature of the entomogenous. dip10gasterid nema-" 

~ tode, Mikoletzkya aerivora (Cobb) was "demonstrated for the \' 

first time in behavior studies. 

ix 
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15 The survival of M aerivora was found ta depend on regu1 

passages through an insect hast, eg , Phyllophaga grubs 

16 An improved apparatus for extraction of live M aerivora 

from its insect hast was built and its efficiency was de

monstrated 

17 Field microplot studies on ~ aerivora as a poténtial con

trol agent of Phy110phaga grubs were conducted for the first 

tiœe 

18 A systema~ic survèy of mites associated with Phyllophaga spp 

was conducted for the first time in southern Quebec 

19 Several species of mites were found for the f~rst t~rne from 

Phyllophaga spp in Canada 

20 An undescribed species of mite, Scarabaspis sp n , was 

found from P anxia adults 

21 Several species of predatory and parasitic insects were found 

for the first time ta attack Phyllophaga spp 

22 

23 

The natural enemies' complex of Phyllophaga spp 

fied and quantified for the first time in Quebec 

was qual~
• 

Twenty-seven chemicals were tested as attractants against 

P anxia adults for the first time 

x 
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1. GENERAL INTRODUCTION 

Phyllophaga spp. are weIl known co the 1ayman as Mayor 

June beetles which defoliate omamenta1 crees and shrubs and are 

a nuisance around outdoor 1ights ana lighted windows during their , 

flight periods. The larvae, commonly known as white grubs, are 

p01yphagous soil-dwellers that are major pests of lawns and other 

turf' grasses and such agricu1tural commodities as pasture and hay 

grasses, strawberries, corn, potato ,tubers and young nursery trees 

(Me t c a 1 f et al, 1962; Be i rn e, 19 71) . 

Phy110phaga anxia (LeConte) is the most common, and con

sequent1y destruccive, species of June beetle in the province of 

Quebec (Hannnond, 1940, Toohey, 1977; Lim,' 1979), but is also founq 

in several other Canadian provinces and American states (Lugin-

bill and Painter. 1953) Most of the damage occurs in the second 

year or "white grub year" of the three year life cycle of P. anxia 

in Quebec and Ontario, and is essentially caused by heavy feeding 
,. 

of thira instar grubs on plant roocs (Harnmonq, 19488,1954). A 

note on these important pests appeared in 36 of the Annua1 Reports 

(Proceedings) of the Entornologica1 Society of Ontario between 1900 

. and 1937 and most of them commented on the economic aama~ caused 

. by white grubs and on the extrerne difficulty of controlling them. 

The reports for 1948, 1951, 1954 and 1957 were simi1ar, covering 
\ 

the years of\widespread occurrence of the second year 1arvae of 

June beetles. Crop damage by white grubs in Eastern Canada peaked 

in the 1930' sand 1940' s. Losses of up to 75f~ in fodder corn were 

common in Eas tem Canada (Hammond, "'-193481; man y thousanas of ha of 



_ -f 

( 

, 

( 

( 

sod were destroyed in Ontario in 1945 (Hammond, 1946al; annua1 

losses of $500 , 000 were estimated to be caused by white grubs. 

from Manitoba eastwards (Hammon,d, 194881. 

2 

There was no control for white grubs until 1949 on agri

cultural land except crop rotations, repeated discing and other 

cultural methods, whereas applications of up to 645 pounds of 

lead arsenate per acre per season-were recommended for lawns and 

golf greens in Ontario and severa1 American states (Anonymous, 

1974). Thereafter and '\.mtil 195T, ch10rdane, lindane, aldrin. 

dieldrin and heptachlor were used to control white grubs on lawns 

and golf greens but damage to pasture still occurred. (Anonymous, 

" 1974). From 1958 to 1967 several cycloaiene insecticides and 1in-

dane were recornmended for white grub control except .on pasture, 

and chlordane continued to prevent 108s on lawns and turf. How-

ever, for unknown reasons, the populations of white grubs de

creased dramatically after 1960 on pasture land although insec-' 

ticide treatments were not widely app1ied in_ Ontario and Quebec 
, 

(Anonymous, 1974; Morrison in Toohey, 1977). Such a situation al

so occurred in New York state where Phyllophaga spp.were almost 

"endangered species" in the- late 1970's (Gyrisco, G. G., 1980 

personal communication); Gyrisco (1980) found a very high corre

lation between dry weather in the f1ight year and subsequent re

duction of grub populations, but this did ~ot account for the a1-

most complete disappearance of June beetles in New York and On

ta~io. However, populations of white grubs were still destroying 

chlordane-treated potato crops near Nicolet. in Quebec Province 

(Morris on , 1971), strawberry fields at Pierreville. Quebec (per-

/ 

16 1. 
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sonal observation, 11979 - see Figure 2; Anonymous, 1981a) and 

Letendre (1982) wrote that widespread white grub infestations 

have been observed recently in Quebec pastures. In Quebec, there 
~-

is at present no chemical control recommendation for white grubs 

(Anonymous, 1981b); instead, farmers are advised to resort to 

cultural and mechanica1 practices. In North America, many of 

the persistent chlorinated hydrocarbon insecticides, once used 

to control white. grubs, have been de-registered for agricu1tural 

use and studies in the Unites Stated have shown chat several 

Phy\lophaga spp. have d~veloped resistance co sorne of those in

secticides (Plapp and Frankie, 1976). Although alternative in

secticides, especially the organophosphates and carbamates, have 

been receivi:ng attention recently for control of white grubs, 

(Reinert, 1979; Letendre, 1982), none has been registered for 

use against Phyllophaga spp., in Quebec. 

Biological control agents are among the alternatives to 

use of chemical pesticides. These agents can be useù against- a 

pest through manipulation of native entomogenous species or 

through introduction of exotic species. Prior to introduction 

or manipulation of entomo.pathogenic microbes and entomophagous 

arthropods into any ecosystem, it i5 essential that an inventory 

of the natural enemies of the target species be known in order 

ta provide a basis for future management strategies (Pschorn-

Walcher, 1977). 

The present study of Phyllophaga spp., principal1y g,. 

anxia, was conducted in 1979, 1980, 1981 and 1982 in 50uthern 

Quebec. The main objectives of the research were: 
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1. to inventory the non-vertebrate natural enemy 

complex,of Phyllophaga spp. 

2. to' de termine the impact of biotic components 

(parasitic and predatory arthropods, etio

logical agents of diseases) of the complex 

upon the pests species. 

3. -->to evaluate the potential of b1ocontrol 

agents of selected natural enemies of 

Phyllophaga spp. 

4. to determ1n; the feasib1lity of autocidal 

control by means of behavior-modifying 

chem1cals. 

" 

The refrolts of the present study should prov1de a better 

understanding of the biological regulation of Phyllophaga in 

southern Quebec. They should also provide a basis for future 

managemen1! strategies against tfle pest by supplement1ng local 

crop protection recommendations with microbial control agentS' 

and behavior-modifying chemicals. 

! 

pt" 
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II. LITERATURE REVIEW 

"June beetle" is one of the vernacular names given to 

adults of the large, near cosmopolitan scarabaeid genus Phyllo

phaga Harris 1827. Members of this genus have been reported 

from the Americas, the West Indies, eastern and southern Asia, 
" 

and the is1ands of the Pacific and Indian Oceans. The root-

feeding larvae, or "white grubs", are among the most destruc

tive pests of numerous cultivated crops, grasses and trees in 

many countries, including Canada. 

The 1iterature on Phyl10phaga is voluminous. Miner 

(1952) reviewed it up to 1950. Pike et al. (1976) 1isted 680 

titles in their world bibliography of the genus. Toohey (1977), 

Lim (1979), Um ~ al. (1980a) and Letendre (1982) have reviewed 

the 1iterature on Phyl10phaga with special reference to P. anxia 

(Le Conte) in Quebec. 

This review deals with P. anxia since it 1s the major 

pest spe~ies of the genus in Quebec (Hammond, 1940; Maheux and 

Gauthier, 1944; TOQhey, 197~ i,- Um, 1979); relevant publications 

on other Phyllophaga spp. are a1so inc1uged. 

A. SYSTEMATIC HISTORY AND SYNONYMY 

According to Benoit (1975), the common name for Phyllo

phaga anxia (LeConte) is the common June beet1e. This insect 

has at various times since its description been known under sev-

eral combinations of names, due mainly to changes in generic 

• 
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concepts throughout the years. The American entomologist Harris 

assigned the generic name Phy110phaga in l827! but the fol1ow

ing year the British entomo1ogist Hope gave the name Lachnoster-

na (Maheux and Gauthier, 1944). To end the growing confusion, 

I.eConte (1850) reviewed the generic names given to species of 

Jtme beet1e and concfuded that Phy110phaga was the va1id name. 
J 

However, in 1856. Lacordaire rejected the name Phy110phàga 

, 

Harris 1827 as nomen nudum and ~latch1ey's (1910) and Dalla 

Torrets (1912) catalogs still opted for Lachnosterna. Final1y, 

Glasgow (1916) revised the synonymy for North American species 

of June beetle and Phyllophaga Harris 1827 was adopted, although .. 
the name Lachnosterna was uséd for a'''long time in Canada (Ham

mond, 194881. As recently as 1976. Pike et al. stated that "tax-. -' 

onomically, the genus ,Phyllophaga does not have a"solid classi

fication basei satisfactory genéric and subgeneric divisioning 

have not been achieved". Each of the following names are or 

have been considered a valid e1ement of 'the genus Phy11ophaga: 

Phyl10phaga sensu stricto, Ancylonycha, Chirodines, Chlaenobia, 
\ , 

Clemora, Cnemarchis (:Abcrana), Endrosa, Eugastra, Gynnis, Ho

lotrichia (=Brahmina), Lathnosterna. Listroche1us, Me10lontha, 

Phytalus, Rhizotrogus, Tostegoptera, Trichestes and Triodonyx 

(Maheux and Gauthier, 1944; Pike et al., 1976). Species within 
" 

the genus Phyllophaga are numerOUSj Dalla Torre's (1912) cata

log 1isted 232 species wor1dwide, and according to Luginbi11 and 

Palnter (1953) 152 species of Phyllophaga occur in North America 

north of l1~xico with about 25 of them known from Canada. 

Phyl10phaga anxia (LeConte), a native species of North 

. , 
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America (Hammond, 1948a; Ritcher, 1949a; Neiswander, 1963). was 

first described by leConte (1850) under the name Lachnosterna 

anxia. Luginbil1 and Paint~r (1953) listed the following syno

nyms for ~. anxia: 

Lachnosterna anxia Leconte 1850 
Ancy10nycha brevico11is Blanchard 1850 
Ancy10nycha punctico11is B1ancharà 1850 
Lachnosterna ceph-alica LeConte ,1856 
Ancy10nycha uninotata Wa1ker 1866 
Lachnosterna dubia Smith 1888 
Lachnosterna insperata Smith 1889 
Lachnosterna a1pina Line11 1896 
Phy110phaga anxia Glasgow 1916 

The taxonomie position of ~. auxia is as f~lows 
.. 

(Ritcher, 1966): 

Order: Co1eoptera 
Suborder: Po1yphaga 

Superfami1y: Scarabaeoidea 
Fami1y: Scarabaeidae 

Subfamily: Me101onthinae 
Tribe: Me1olonthini 

Genus: Phy110phaga 
Subgenus: Phyllophaga 
Species: anxia 

Published vernacu1ar names used to designate various ' 

June beetles are abundant; adults are known as June beetles, 

June bugs, dor bugs, hardbacks, May beetles, chafers, cock-

chafersj larvae are referred to as white grubs. grub worms, 

potato grubs, garden grubs. In Quebec, the June beetle is 

known as hanneton, hanneton de St.-Jean, barbeau, man; and 
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the whit'e grub as ver blanc, ver des 'jardins, turc, ver matis, 

e~graisse-poules. 

) 

. P. anxia has a wide distribution in North America, hav

ing been recorded in every Canadian province and in 43 of th~ 

continental' Ameriean states (Luginbi1l and Painter, 1953). 

Keys for identifièation of adult P. anxia and other 

Phyllophaga spp. are based on external morphological eharacters 

such as form of antennae, form of c1ypeus, surface and form of 

pronotum, spur and hind tibia of males, surface and structure 

of abdominal stema (Horn, 1887; Dillon and Dillon, 1961; Nairn 

and Wong, 1965), and especially structure of the male and fe

male genitalia (Smith, 1889; Langston, 1927; LugiI)bil1, .1928; 

Sim, 1928, Ritcher, 1940; Bôving, 1942; Luginbil1 and Painter, 

1953; Chagnon and Robert, 1962). Luginbil1 and Painter (1953) 

dis tinguished a nbrthem and southern form for·P. anxia on the 

basis of morphological variability in the male pha1lic struc-

tures. 

Exce11e~ keys for identification of scarabaeid 1arvae, 

inc1uding ~. anxia, were published by Boving (1942) and Ritcher 

(1940, 1949a, 1966), but Ritcher (1949a) emphasized that posi-

tive identificatiqn of Phy1lophaga grubs was difficu1t because 

of the considerable withi~peci-es variation and overlap bet

ween taxonomie charaeters. The only field key to Phyllophaga 

adufts in Canada was prepared by Nai ru and Wong (1965) for 

Manitoba. Lim (1979) proposed a key, ba,sed on genital chara'c

'ters of both sexes,' for Phyllophaga spp. of southern ~uebec. 

The following species were reeorded in Quebec agricu1-

tural lands by Toohey (1977) and Lim (1979): P. anxia (LeConte), 

1 
1 
! 

1 
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P. d~akii (Kirby), !: fus ç,a (Froelich). P futilis (LeConte), 

P. marginalis (LeConte) an'd P. nitida (LeConte).· AlI these spe-

" cies were found in the present study except ~ marginalis, in 

addition, !:. fraterna (Harris) and P. rugosa (Melsheimer) were re

corded in several loèal i ties of southern Quebec by this author 

B. MOFPHOLOGY. ANATOMY, HISTOlDGY 

AND EMBRYOLOGY 

LeConte (1850) provided the original des cription of a-

duIt P. anxia Further descriptions of adults oL -this and other 

species are found in numerous publications, especially in Lugin-

bill and Painter (1953) and Dillon and Dillon (1961) Lim et al 

(1980a) summarized the morphological characters of adul t P 

anxia and of third i~a r grubs, the latter having been origi

nally described in d~i l by Boving (1941, 1942). Descriptions 

-
of aIL the 1ife stages of severa1 Phyllophaga spp. are detailed 

in numerous technica1 and research bulletins or reports of 

North American agricultur.al research stations and extension ser-

vices. A partial list of pertinent publications is indexed in 

P;ike et al (1976). For Quebec, Lim (1979). described aIL stages 

of P anxia, inc1uding the prepupa and the teneral adu'l t lim 

(1979) a1so, listed measurements for èggs and adults anà gave 

measurements of head width that are used to distinguish the 

three larva1 instars 

"Thè anatomy an"d histology of reproductive, nervous. res-
r 

piratory and digestive systems of adult and third instar grub 

of P. anxia were s t·udied by Hammond (1944a), and Berbere t and 

He Ims ( 19 72) . 
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The only contribution to the knowledge of the embryology 

of the June beetle- was prepared by Luginbil1 (1953). 

C. LIFE HISTORY AND BIOLOGY 

1 Life His tory 

The complete life cycle of P. anxia takes three years , 
in eastern Canada and .. in most American states (Forbes, 1916; .. 
Hammond, 1931, 1940, 1948a, 1954; Harmnond and Halleux, 1934; 

Maheux and Gauthier, 1944; Jarvis, 19~6; Toohey, 1977, Lim, 

1979, Lim et al , 1981b). The life history is sunnnarized as 

follows. 

Overwintering adults begin ta emerge. from the sail and , . 
to fly to neighbouring trees and shrubs during the 1ast three 

weeks of Nay, when approximate1y P6 degree-days have accUIIlU-

1ated above a base of 5 oC in southern Quebec (LilR ~t al., 1979). -,-

Peak flight activity occurs in late Hay or in .early June ,..'and 

f1ight is usua11y terminated at the eq~ of Jlme (Cridd1e, 1918; 

Haheux iind Gauthier, 1944, Hammond, ,~1948a, 1954; Sutton and 

Sterne, 1974, Lim et a1., 1979) June beet1es aLe nocturna1 in 
; 

habi ts, emerging at dusk .to fly to the ~referred food plants 
, 

where mat ing a1so takes place, retuming at dawn to l'ride under 

rocks and debris or j ust be10w the surfaèe of the soi1 (Maheux 

and Gauthier, 1944). This pattern .(Jf aç-t~vity apparefltly con

tinues daily until the in:sects die of natural causes " succumb 

ta their n~ura1 enemies, or unti1 the fema1es oUen die from 

exhaustion in their oviposition burrows (Grlmer., 1973). About 

~ 
" 

\ 
, 

1 
1 

1 
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ten days after mating, fema1es 1ay eggs in grassy areas, at a 

depth of about 10 cm, eggs are enclosed ~n an earthen ball con-

st ructed by the females (Hudson, 1920, Harnrnond, 1940, 1948a, . 

Maheux and Gauthier, 1944) First instar grubs hatch about 30 

days later and feed on decaying organ~c matter, soil fungi and 

fine roots of plants (Maheux and Gauthier, 1944, Hammond, 1948a, 

1954, Miner, 1952) Molting to the second ~nstar takes place 6 

to 8 weeks later and after feeding on plant roots for a short 

time, the second ~nstar grubs migrate downwards and overwinter 

at depths of 15 to 90 cm, depending on the 10caLity and the 

cl~mate (Johnson, 1942, Hammond, 1948a) 

In early spr~ng of the second year of the l~fe cycle, 

the overw~ntering second ~nstar grubs migrate upwards to the 

root zone, feed on roots for a short period, and molt to the 

third instar, usua1ly ~n late Ju1y This f~nal larval stage 

feeds vorac~ous1y until the fa1~ely damaging the roots 

and underground stems of a wide var~ety of plants, the second 

year of the cycle is otherefore referred to as the white grub 

year (Hammond, 1940, 1948a, 1954) The second w~hter of the 

life cycle is spent by the third instar grub.s in burrows at 

various depths in the so~l (Sutton and Stone, 1975) 

The third instaF, third year grubs remain relat~vely 

inactive in the subsoil and feed very little or not at all 

(Hammond, 1941, 1944a, 1948a) Pupatlon takes place in July, 

following a short prepupal (yellow grub) stage Pupae trans-

form to the teneral adult stage in August Teneral adults re

main in the pupa's earthern cell ~ti1 emergence in the follow-

ing spring (Hammond, 1948a, Lim et al , 1979) 

.. 
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2 Oviposition 

Severa1 workers have reported that fema1es of sorne Phy1-

,lophaga SPP , ~c 1 uding P anxia, preferred to ovipos i t in ground 

covered with grasses rayh~r than 1egumes (Davis, 1916, 1918, 

F9rbes, 1916; Hayes, 1920, Luginbi11 , 1938). A1though eggs were 
~ 

deposited in 1egume fields, mortality was high presumab1y be-

cause the tapro~J system of 1egumes and the ha~d dry soi1 in 

• which the y wer~ growing were unfavorab1e for 1arva1 feeding and 

! 

tunne1ing (Chamber1in and Ca11enbach, 1943) Although Sweetman 

(1927) and ~ner (1944) stated that fema1es of 8 species of June 

bee.1e, inc1uding P anxia, did not exhibit preferences for ovi-

position sites on the basis of cover vegetation, Hammond (1954) 

Lound that fema1es of P anxia preferred grassy land. Sweetman 

(1927) a1so conc1uded that fema1es preferred easi1y-penetrated 

rnoist soi1s to 1ay their eggs, anq Sweetman (1927), Miner (1944) 

and Toohey (1977) wrote that P anxia and other Phyllophaga spp. 

showed a preference ~or thick stands of vegetation and soils 

containing roots Slight1y acid soi1s, a soil moisture of bet

ween 28 and 58% and -an optimal temp.erature of about 25 0 C were 

found to be idea1 conditions for oviposition of ~. anxia fe-

males (Sweetman, 1931, Hammond, 1948a, 1949b). Females of Phyl-

lophag,a sPP' ~sual1y 1ay an average of 55 eggs (~heux and . 
Gauthier, 1944) 

3 Distribution and Movement 

Horizontal movement of Phyllophaga spp. was studied by 
( 

Forbes (1907) in Il1inoi~ He concluded that there was no 

( 

\ 
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evidence of significant migration of June beetles in any stage 

or under any circumsta~ces The most marked movements were t~e 

evening flights of adults ta their food plants, and the morning 

dispersal from trees ta fields in which females laid~ir eggs. 

Hammond (1944a, 1948a), however, wrote that second year grubs 

migrated 30- m or more when searching for new roots on which ta 

feed Spatial distribution of white grubs was studied by Lim 

(1979) in two pastures of southern Quebec; he concluded that P 

anxia individuals in the two populations were not distributed 

randoml~~were aggregated 

Vertical distribution and movem~nt of white grubs as 

related ta overwintering depths vary with the locality, species 

preference, sail ~ture and moisture, drainage and temperature 

Criddle (1918) reported that grubs nf ~ anxia Dverwintered at 

depths of from 36 to 64 cm in wet land but as deep as 112 cm in 

dry woodland soils Overwintering of the grub stages of P anxia 

took place at 15 ta 38 cm below the surface of the soil in east

ern Canada (Hanunond, 1941). Jomewhat deep-er (20 to'61 cm) in 
'-

western Quebec (Guppy and Harcourt, 1970), and third instars 

of P anxia spent the wint~r at a depth of 60 cm (Sutton and 

Stone, 1975). Granovsky (1956) reported that Phyllophaga grubs, 

including ~ anxia, overwintered at depths of 76 cm in silt loam 

sail andomuch deeper in sandy soil Non-overwintering third in-

star, third year grubs of ~ anxia were usually found at depths 

of 10 to 20 cm in Quebec (Hammond, 1941) and 20 ta 40 cm in 

Manitoba (Ives and 'Warren, 1965) 

Pupal cells of ~ anxia, and hence overwintering adults, 
\. 

l' 
! 
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were found at less than 20 cm below the surface of the·ground 

in Quebec (Gauthier, 1944), at depths of 10 to 23 cm (Guppy 

and Harcourt, 19.70) in~western Quebec, and as deep as 30 cm in 

southern Quebec (Lim, 1979). 

4 Broods 

Torre-Bueno (1937) defined "brood" as "aIL the individ-

ua1s thàt hatch at about one time, from eggs laid by one series 

of parents, and which nbrma11,y mature at about the same time". 

The concept of brood, and hence brood zones, was used 

for many years, concurrent1y with the knowledge of the duration 

-of the life cycle of Phyllophaga spp., to predict "white grub 

years" severa1 years in aàvJlnce and thus prepare preventive 

control measures for a given brood zone (eg. cropping rotation). 

Davis (1918) recognized three distinct broods (A, Band 

C) for Phy110phaga spp in northeastern United States. A simi1ar 

pattern was recognized for various Phy1lophaga spp. in severa1 

other states (Chamberlin et al., 1938;' Luginbill, 1938; Ritcher, 

1940, 1949b), There wrs litt1e or no overlap of broods in each 

locality mapped. 

Hammond (1931) provided the first distribution maps for' 

Quebec and Ontari'o populations of ~, anxia. Three distinct zones 

(A,B,C) were found to exist with Little or no overlap (Hammond, 

1931, 1948a, 1954). H~ond and Maheux (1934) identified three . 
brood zones in Quebec and their map was long used to predict . 
local 'loutbreaks" of white grubs in Quebec 1 s agricu1tural lands. 

In 1944, Maheux and Gauthier redefined these brood zones and , 

--------------------------------.---~--
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found small pockets of brood C within zone A, while Hammond 

(19460) reported that there was no brood B in eastern Ontario. 

Toohey (1977) re-assessed the geographica1 location of the 3 

broods of P anxia in Quebec.and stated that zone C appeared 

to have largely merged with zone B; she strongly suggested the 

. abandonment of the term brood zone in favor of "~light year". 

The valu~ of recommendation maps for white grubs issued by Que

bec Agriculture was questioned by Toohey (1977) and studies by 

Lim (1979) on the concept of non-overlapping brood zones for 

~. anxia in Quebec showed it to be invalid, tnus confirming the 

opinion of Shenefelt and SUnkover (1951). 

5. Diapause 

eetes and Wade (1974) for ~. crinita (Burmeister), and 

(1977) for ~. anxia, suggested that the de1ay they ob

erved from third instar grub to pupa, reared under lao0ratory 

~onditions, was evidence of a facultative diapause in the third 

instar grub stage. 

6. Rearing Phyllophaga spp. 

There have been many attempts at rearing grubs of root-

feeding scarabs, including Phy1lophaga spp., individually in the 

field and mass rearing in the laboratory Field rearing was usu-

ally difficult and mass rearing was impractical, many grubs 

being lost to cannibalism (Girault, 1914, Davis, 1915, Hayes, 

1920, Hiner, 1948, 1952; Howe an'd Campbell, 1953) . ... 
Parltial success at real"ing Phyl10phaga spp. in the 
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laboratory, often on artificial diets, was reported by Sanders 

and Frackers (1916), Sweetman (1931), Reinhard (1940, 1946), 

Ritcher (1940), Miner (1948), Teetes and Wade '(1974)" Toohey 

(1977) and Lim (1979). 

7. Food, Feeding".Behavior and Type of Inj ury 

The flight of June beet1es in spring coincides essen

tial1y with refo1iation of many plants. Adu1ts have been re

ported to feed on the leaves of numerous species of deciduous 

trees and shrubs, including fruit trees and berry shrubs, and 

of coniferous trees (Hammond, 1948a), Beet1es were also observed 
~ 

ta feed on the f10wer buds and young fruits of fruit trees 

(Hammond, 1948a), a~on the leaves of various weeds, flowers, 
./ 

and vegetable crops (Scheibner, 1978). 

A1though the feeding habit of the beetles is polyphagous, 

a few primary plant species seem to be more attractive to one 

Phy110phaga sp. than to another and ta the same species at dif

ferent 10calities (Davis, 1913, 1918; Chamber1in et al., 1938). . --
In Alabama, ~. prununcu1ina B~;meister and ~. micans Knoch ap

parently feed on1y on 1Q~gleaf pine (Forbes, 1916). Forbes (1916) 

also noted that P. anxia, a dominant species in southern Illi

nois, was col1ected from e1m, wil10w, poplar and apple trees; 

in Kentucky, the same species was most1y found on ash, oaks, 

sumac and b1ackberry (Ritche~. 1940). Feeding preference of ~. 

anxia appeared to be for oaks, pines and grape-vine at sea lev

el, but for maple and walnut at higher altftud~s (Luginbil1, 

1938). Hàmmond (1936) reported th~t the worst.damage caused by 

i 

l 
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the feeding of P. anxia adults in Ontario was to elm., hawthorn, 

rose and oaks. Elm, ash, cherry tree, hawthorn, willow and rasp-. 
berry were favored by P. anxia' in Quebec (Maheux and Gauthier, 

1944). These authors stated that the common June beetle adapts 

itself to environmental conditions and will feed on trees and 

shrubs which are dominant in the locality; grasses, legumes and 

weeds growing at the edges of fields are also important host 

plants, especially for female ~. anxia. According to Hammond 

(1948a), the preferred food plants of f. anxia were elm, oak, 

poplar, lilac, rose, ash, aspen, butternut, apple and raspberry. 

June beetles feed at night and pre fer the more tender 

young foliage of various plants. They usually feed on the crowns 

'of trees, and defoliate the top twigs first by gnawing inwards 
" 

~from the edge of leaves to the petiole (Davis, 1918; Hammond, 

1948a) . 

Host plants may be complete1y defoliated as a resu1t of 

the feeding of adult June beet1es, The denudation caused by bee

tles may resu1t in the death of trees, impoverished growth of 

timber and, when flower buds are eaten, in po or yield of fruits 
'Q 

(Riley, 1869; Smith, 1889; Davis, 1918; Hammond, 1948a). Ac-

cording to Luginbi1l and Painter (1953), serious damage to trees 

is more common in northern latitudes than in southern areas, be-

cause of differences in weather patterns. In northerly areas, 

the weather remains co1d and wet until late spring, then s~dden-

1y becomes dry and hot, thus triggering the sudden emergence of 
\ 

large numbers of beetles, whereas in southern areas, the steady 

rise in spring temperature causes the beetles to emerge and 

feed more gradually. 
) 
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As ear1y as 1857, Dupont (alias Abb' L. Provancher) 

wrote: "in Quebec, white grubs do not respect any root i they 

are the terror of the gardener and the despair of the farmer" 

(in Maheux and Gauthier, 1944). Although primari1y grass feed

ers, white grubs are polyph~gous and few cu1tivated plants are 

immune to ~heir attacks <oJstan, 1932; Gib~n, 1934). They feed 

on the underground parts oJ a wide variety of plants, including 

flowering plants, without a given species appearing to have p~e

f~rred hosts (Hammond, 1948a). However, fibrous-rooted plants, 

such as timothy, Kentucky bluegrass, redtop, corn, strawberries 

and smali grains are favored as foods, wheréas tap-rooted plants 

such as c10vers and aIfalfa are a~tacked ~d injured to a 1ess

er extent (Hammond, 1940, 1948a). White grubs will eat potato 

tubers and roots of a variety of tree nursery stock' (Hammond, 

1948a); they'are occasiona1 but serious pests in greenhouses 

when they are 'brought in with potting soi1 (Haseman and Jones, 

1934). 

White grubs feed about 5 cm under the sail surface 

(Hammond, 1941) and move forward in a horizontal plane ta new 

food sources (Hammond, 1948a). According to Hammond (1944a), 

the grubs of ~. anxia and other Phy110phaga spp. are cap.able of 

shaking off so~l partic1es adheripg to roots, to avoid intake 

of tao much sail. 

The presence of whit~ grub infestations in crops is 

often not detected until their damage appears as areas of wilted 

or dead seed1ings and areas of stunted plants; these areas are 

commonly scattered across the field, circular in shape, and 

"Ii. 
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.vary in size from a few meters to a1most an entire field (Ham-

mond, 1960). White grub injury to potato and other root crops 

i9 typica1; they eat out large sha110~ circu1ar ho1es and leave 

no overhanging epidermis; ~he injury is usua11y unoticed unti1 

harvest time (Macleod ànd Rawlins, 1933; Goble, 1957). Grubs 

typical1y eut t~e main stem or root of vegetable seed1ings and' 

transplants 90 that the plants wilt ànd die (GobIe, 1957). By 

feeding on grass roots, white grubs seriously reduce the ability 

of sod to withstand the stress of hot or dry weathe~ conditions, 

the damaged sod deve10ps· large dead patches and can be ro1led 

back 1ike a carpet (Scheibner, 1978). Fibrous roots are sheared 

through and only partia11y devoured. This resu1~s in death of 

the p1ànts, evidenced at first by sudden wilting; where the 

roots are not comp1etely destroyed, the plants may survive but 

are browned or dwarfed (Metcalf et al., 1962). White grubs con

sume the sma1ler roots of tree seedlings and eventually gird1e 

the larger ones, reducing growth, weakening and fina1ly ki11ing 

the trees (Fow1er and Wilson, 197,1a, 1974). Shrubs and saplings 

may be killed by massive root girdling when grub infestations 

are heavy (Hammond, 1960). 

8. Physical Factors 

The activity, survival of individua1s, and population 

size of P. anxia and other Phy110phaga spp. are affeèted by 
• 

physical factors of the enyironment. Besides the availability 

of food plants, soil moisture, structure and texture, appear 

to be important factors in influencing the attraction of adult 
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Phyllophaga spp. to an oviposition site and in survival of the. 

offspring. Sweetman (1931) reported that female Phyllophaga spp. 

laid ~ery few eggs in dry fields and that females died within 

a few days when confined to dry soil. Adult t. lanceolata (Sày) 

deposited more eggs in moist than dry soil in Iowa (Travis, 

1939). Chamberlin and Callenbach (194~) believed th~t the usual 

preference of June beetles for grass r~ther than legumes was a 

result of different sail conditions produced by the two crops. 

Miner (1944) found that the oviposition rate of P. crassissima 

(Blanchard) was higher in sail covered with straw than in bare 

sail. He also observed that different sail types'with uniform 

moisture conditions had little effect on oviposition rates of 

~. fervida (Fabricius) and ~. crassissima. However, heavy soils, 

such as clay, were re1atively free of white grubs in Ontario 

and Quebec (Hammond, 1931; Gauthier, 1936; Maheux and Gauthier, . 
1944), but sandy loam and silt loam favored the multiplication 

of populations of P. anxia in eastern Canada (Hammond, 1948a): 

High densities of grubs of P. anxia and P. fusca were found in 
1 

sail with a pH between 5.3 and 6.2 (Hammond, 1949b) and addi-

tian of lime ta acid soils resulted in a decrease of grub pop_o 

ulations. Sweetman (1931) found that the optimal conditions 

for incubation of eggs of P. anxia was 25°C and 20-73% of water 

saturation of the soil. whereas optimal conditions for develop

ment of grubs was about 28°C and 25-75% of sail saturation. The 

majority of grubs were found in the sandhi11 areas of Nebraska 

where the sail moisture ranged from 20 ta 40% (~vis, 1966). 

Hot and dry weather caused abrupt drops in whi~e grub popula

tions in Wisconsin in 193"6 and 1937. but co1d s~ed ta have, 
'\ 
i 

r" 
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no mark_d _ffect on grub survival (Clark and HO~d. 1938).' 

,Hammond (1948a, 1954) found that reduction in populations of 

~. anxia and other Phyllophaga spp. in eastern Canada within 

each generation was large1y caused by weather conditions. Ex

treme dry weather for a pro1onged period destroyed large numbers 

of grubs. Excessive rainfall (and f100ding of pastures for a 

period of severa1 weeks) reduced oviposition and hatching rates, 

and also the surviva1 of the three 1arva1 instars of P anxia 

Gaylor and Frankie (1979) demonstrated that, in Texas, female 

P. crinita (Burmeister) did not oviposit in very wet or very 

dry soi~, and egg and first instar grub surviva1 was poor in 

very wet or dry soil. 

Air temperature and rainfall affected the activity of 

adults of several PHyl10phaga spp. (Hudson, 1920), as did rel~

tive humidity for P. anxia (Maheux and Gauthier, 1944). Light 

intensity contr011ed the activity pattern of adu1t P. anxia, 

and direction of flight and feeding site were inf1uenced by 

strong winds in Minnesota (Sweetman, 1931) Gruner (1973, 1975a) 

suggested that the period and pattern of activity of ~ p1eei 

Blanchard adu1ts were di.ctated by temperature, rainfal1 and the 

moon. The site of oviposition of ~ anxia and other Phy110phaga 

spp. was possibly being inf1uenced by the moon in Quebec (Toohey,-

1977). Gayl~r and Frankie (1979) showed that the f1ight activity 
, 

of P. crinita was correlatèd with rainfa11 in Texas; in Quebec, 

temperature had an effect on the emergence of ~. anxia (Lim, 

1979), and temperature and light intensity regu1ated the noc-

turna1 activity patterns of ~. anxia and ~. fusca in western 

(' 
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Quebec (Guppy, 1982). June beetles, ~. anxia, were killed when 

soil temperature dropped to -5°C (Sweetman, 1931), and Ritcher 

(1958) and Howden (1966) stated that sail temperature was ap

parent1y the major factor affecting the deve1opmenta1 rate of 

a11 stages of ~. anxia and other Phy110phaga spp. 

D. ECONOMI C IMPORTANCE 

For t~e past 130 years, white grubs, Phy110phaga spp., 

have been often referred to as "the most destructive insect 

pests of the year" in numero'Us Canadian provinces and American 
1 

\ 

states, as documented in the Annua1 Reports of the tEntomo1ogical 

Society of Ontario and the pub1ications of U.S. Agricultura1 

" Experiment Stations. In Ontario and Quebec, most of the refer-

ences on crop damage -by white grubs are for P. anxia (Hammond, 
, 

1948a). 

White grubs live in the soi1 and feed on roots, under

gound stems, rhizomes and tubers of a great variety of agri

cultural, horticult~ral and greenhouse crops, and of nursery 
. , 

stock. Much of the actual injury is not recognizêd and is fre-

quently ascribed ta winter killing. sun scorcping or some un-

favorable sail condition (Hammond, 1934a) . 
• ., 

Several studies o~economic los ses due ta grub damage 

have been made. Damage ta corn, timothy and patata by whi~ 
grubs ~n Iowa, Wisconsin and Illinois in 1912 was estimated at 

over $12,000,000 (Davis, 1913. 19i8).Losses of several millions 

were recorded in strawherries, nursery stock, lawns and other 
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crops in the same states in 1912 (Davis, 1913), a year referred 

ta as "as the most serious outbreak of white. grubs in the his

tory of American agricut1.ire" According ta Twinn (1934), ~ 

anxia grubs w~re the most serious crop pes~s in eastern Ontari~ 

in 1933, and crop lasses, espeéia11y timothy, corn and potatoes, 

were "many" thousands of dollars Gauthier (1936) estimated 

loss,es caused by white grubs at about $216 for each of 45 sur

veyed farms in 1935 in Quebec He also estimated that over 

$100,000 damage.was caused in prairie land in Quebec, ~n 1935 

2 Over 2400 km of bluegras~ pasture was destroyed in sQuthern 

Wisconsin in 1933 (Fluke and Ritcher, 1938) The average 10ss 

was $188 per farm during an outbreak of white'grub9 in eastern 

Ontario and western Quebec in 1933 (Hammond, 1940). In eastern 

Ontario. pastures were either completely destroyed in 1942, or 

they had their stock carrying capacity reduced by 75% due ta 

white grub attacks; up to 80% of corn and potato crops were lost 

in eastern Ontario. and oats 'and bar1ey sustained 10sses of up 

to 90% in severa1 counties of southern Ontario (Hammond, 1943) 

Hammond (1943) also pointed ta a secondary prob1em resulting 

from grub damage in pastures in that sad was replaced by nox-

ious weeds, adding,to the farmers' costs White grub infesta-
.) 

tions on 78 farms in the Eastern Townships of Quebec resulted 

in an average loss of $108 per farm in 1938 ,(Maheux and Gauthier, 

1944). The 1944 outbreak of white grubs in the Niagara Peninsula 

caused lasses of $250,000 in crops and nursery stock' (Hammond, 

1948a) Schwartz and Klassen (1981) averaged the reported rnean 

lasses due ta white grubs\ over 10 years in the USA and found 
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that grub damage yie1ded 10sses of 43 and 39% in corn and grain 

sorghum, respectively 

As adu1ts, Phy110phaga ,spp have' been reported to cause, . 
during their f1ight years, considerable damage to trees and 

\ 

'shrubs by their nocturna1 feeding ac~ivity, New1y established 

p1urn and cherry orchards were comp1ete1y destroyed by adu1t 

beet1es feeding on leaves and flower buds, and gnawing at petio1et ---- , 

and bark in Virginia in 1886 '(Anonym~us, 1889cl. Hundreds of km2 

1 
of tracts of timber were comp1ete1y defo1iated in Wisconsin 

Iowa and Illinois in 1911, and numerous ~rees were dead in those 
) 

tracts in 1912 as a resu1t of the 10ss Qf foliage the year'be-

fore ,Davis, 1913). Twt~n (1935, 1937) reported severe defo-, 
1iation of deciduous trees and shrubs over 7,000 km2 across Que-

bec in 1934 and 1936. Hammond (1936) estimated that genera1 de-

f l " f 1 h d k 1 2 ,000 km2 
l' n o latlon 0 arge trees a ta en p ace on ove~ 

Ontario 

In years of abundance, Phy11qphaga adu1ts are also some

rimes serious nuisances Linton (1889) complained about a "huge 

swarm" 2 5 km wide and -up to 3 m high that occurred in Hay 1887 

In ea~tern Hontana in 1917 Phy110phaga beet1es were so ab~ 

that "campers were great1y annoyed by their hitting the tent 

and a1ighting on the bed" (Coo1ey, 1918). Large surns of money 

had to be spent in c1eaning streets in Hontrea1 (Co01ey, 1918) 

and in Wisconsin (Davis, 1918), where beetles were attracted to 

1ights in such numbers- that ~hey had to he hau1ed away by the 

wagon 10ad each morning for two weeks 
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E TRAPPING AND SAMPLING 

Varlous fOrTIls of e1ectromagnetlc radiatlon have been 

used extenslve1y to attract Phyllophaga spp adults for detec

tlon, survey and control purposes (Forbes, 1916, Henry and Heu, 

1940, Ritcher, 1940, 1"1aheux and Gauthler, 1944, Sanderson, 1944, 

Chandler et al 1955, Nelswander, 1963, Rao, 1964, Teetes et al 

1976, Veeresh, 1977) B1acklight trapplng has been useful for 

monltonng adu1t ~ anXla populatlons and other Phyllophaga spp 

(Chandler et al , 1955, Nelswander, 1963, Cantello et al , 1973,' 

1974, Gruner, 1975a, Teetes et al , 1976. Lim et al , 1979, 

Toohey and Harrison, 1981) 

Several sampllng methods for l!nrnature stages of Phyllo

~ spp have been devel.oped The samPl: unit usually conslsted 

/ot\a block'of soil with an area of 0 09 rn dug to a depth of 

-30 5 cm Optlmurn sample SlZes for popu1atlon denslty estlmatlon 

of P.hy11ophaga spp grubs, teneral adu1ts and eggs have been 

ca1culated by Ives and Warren (1965) for cut-over and burnt-
. ~} 

over fores t land ln Man i tODa, Jarvi s (1966) for sandhi l1s in 

Nebraska, Guppy and Harcourt (1970, 1973) for perrnanen t meadows' 

in western Quebec, Fow1er and Wilson (1971a) for red pine plan-

tations in Michigan and Wlsconsin, Teetes (1973), Teetes and 

Sterling (1976), and Teetes et al (1976) for graln sorghum and 

wheat l.n the Texas high plains, Gruner (1975b) for sugar cane 

in Guaçieloupe, Lirn (1979) for pastures in southern Quebec The 
- r, 

number of samp1es taken varied accordlng ta the purpose of the 

survey and the leve1 of sampling precision required 
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F NATURAL ENEMIES 

1 En tomopathogens and Entomophagous Invertebrates 

,Practical1y al1 of the known invertebrate n~tural enemies 

of P anxia and other Phyllophaga spp have been discussed by 

Davis (1919) for the American states, Petch ~nd Hannnond (1925, 

1926) fo~ Ontario and Quebec. and Lim et t1 (1980a, 1981a) for 

southern Quebec A detai Led li terat ure review on invertebrate'· 

natural enemies of Phyllophaga spp is presented in the appro

priate chapters of this thesis 

2 Ve rtebra tes 

NlUIlerous authors have reported that vertebrates are the 

most important natL?-ral enemies of Phyllophaga spp Wild birds 

and mammals, and farm animaIs' such as pigs and fowls have long 

been credited as the most efficien"t biotic regulators o~ Phyllo

phaga populations in North America and elsewhere. Both grubs 

and adult beetles are a part of the usual diet of a variety of 

species of vertebrates. artd grubs and pupae are also eaten in 

\ large quantity by sorne other species when .exposed by soil cul-, 

tivation Hogs and especially wilà hogs such as long-nosed 

prairie -rooters have been Eraised for the work they did in de-

s troying grubs in infes ted farm land (Town ley, 1867) Riley 

(1869[ mentioned badgers, weasels, skunks, crows and different 

hawks as important natural checks and destroyers of ,~rubs. To 

this list, Lintner (188-8), Anonymous (l889a), Fogg (1889), 
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Hargitt (1890) and Forbes (1891) added domesticated pigs. toads, 

frogs, racoons, foxes, gophers, martins, bat~, rats and birds 

such as robins, brown thrushes, jays, blackbirds and others as 

invaluab le he lp in the control 0 f gq.lbs and adults of Phy llo

phaga spp ,All of these reports were not mere visual observat ions 

but were based upon stomach and crop examinations of the preda-

tors Osborn (1894) insisted on the importance of frogs and skunks 

as destroyers of adu1 t beet les whereas Devereaux (1890) advo-

'\ 
cated that the farmer should protect skunks. hedgehogs, coyotes, 

wolves and bears because they rescue his crops from "many thou-

sands of dollars damage" by eating grubs Crows, b1ackbirds, 

skunks. moles. ground squirrels, amphibians and pigs were con-
> 

sidered as the principal enemies of white grubs and adult bee-

t les by Forbes (1894. 1896, 1907, 1908) Crows were sai d to 

rank highest on the list of natu~al enemies of Phy1lophaga' spp. 

in Manitoba (Criddle. 1914) Cosens (1915) wrote t:hat wh i te 

grubs were becoming more numerous in Ont:ario' s market gardens 

because of the destruction of star-nosed moles by the gardener 

and also because wi ld birds were forced to nes t in other 10ca1-

ities following the remova1 of t rees in garden areas Davis 

(1919) 1isted 52 species of birds as 1argely benefiting the 

farmer by destroying June beetles and their progeny, crows .~~ 

robins and bl.ackbirds were again top of the list Frogs, sala-

;nanders, and sktmks, were considered to be most efficient ene-

mies of Phyllophaga. as we1l as domesticated pigs and other 

farm animals such as turkeys. chickens and dogs (Davis, 1919). 

skun\and ma les were among the most active farmer' s helpers 



-
____________________ _________ • __ ..... l""""'r~\ ........... ,Jo.) .... 

28 

and <$.ght to be protected according to Davis (1919). Gulls 1 

shrews, deer mice. grasshopper mice were extreme1y efficient 

white grub and pupal destroyers (Sweetman, 1936). Maheux and 

Gauthier (1944) calculated that nlne pigs devoured over 500, 000 

grubs when pastured for 3 weeks on an infested meadow in ,Que-
... 

bec. and McAtee (1946) estimated that b1ackbirds destroyed over 

9070 of grubs exposed at ploughing time in California, HaDDIlond 

(1948a) called for the protection of skunks in eastern Canàda 

for their important rele in the destruction of June beetles and 

white grubs. Hammond (194881 a1so wrote that migratory birds, 

many of which feed upon grubs and beet les, should be encouraged 

by working the land to expose the insects in the period when 

these predators are present Snelling (1968) found that Phy110-

phaga sfP were an important part of the natural diet of ,grackles 
~ 

and redwinged b1ackbirds. Vance and App (1971) stated that moles 1 

skunks and birds shou1d not be hunted from 1awns infested with 

grubs Pigs. skunks and crows thus appear to be considered the 

most important vertebrate natural enemies of PhY110Ph4~a spp. 

in North America 

G CONTROL MEASURES 

1. ,r Chemical Control 

Effective chemical control for Phyllophaga spp. has been 

sought s ince the 1880' s Until the late 1940' s, food trees and 

shrubs of the adults were sprayed with a variety of inorganic 
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insecticides such as sulfur, sodium fluosilicate, lead, copper 

and calcium arsenates (Fluke and Ritcher, 1934, 1935, Travis, 

1936, André, 1937, Luginbill, 1938, HaIIDIlond, 1940, 1948a, Neis-

wander, 1951) Later, benzene hexachloride (BHC) and DDT were 

used as foUar sprays ta contx;:ol the adults (Hammond, 1948b). 

Sulfur was also dusted on potential oviposition sites to deter 

egg laying (Forbes, 1907) AlI those chemicals were unsatisfac-

tory in contro lling Phyllophaga spp , al though part ial success 

was obtained wi th lead arsenate (Hammond, 1940) and BHC and 

DDT (Hammond, 194'Sb, 1952, Marshall, 1951) 

Most efforts to achieve preventive and remedial chemical 

control of Phy1lophaga spp were directed at the grub stage 
~ 

Early attempts to destroy white grubs relied on soi1 application 

of kerosene, petroleum ails and botanical insecticides (A1wood, 

'1889, Maheux and Gauthier, 1944) Inorganic insecticides, es-

pecially sulfur and lead arsenate, were used for grub control 

in a variety of crops (Luginbill, 1938; Hammond, 1940, Kerr, 

1941, Schwardt, 1942; Marshall. 1951, Neiswander, 1951). Phyl-
--- '-

lophaga grubs were a1so tentatively controÜed with soil fumb-
\ 

gants such as ch10ropicrin, paradichlorobenzene, methylbromide. 

dichlorethylether and ethylene dibromide; prohibttive costs ànd 

slow mode of action accounted for the abandonment of soil fumi-

gation as a means qf control (Johnst:m and Eaton, 1942, Schwardt. 

1942, Hammond, 1945) 

Chlorinated hydrocarbon insecticides were reconnnendea 

for control of white grubs from the late 1940's. DDT, BHC. al-

drin, endrin, dieldrin, chlordane, heptachlor, toxaphene and 
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others gave partial control in various commodities (Hammond, 

1948a, 1949a, 1960; Shenefe1t and Sirnkover, 19?1; Burhardt, 

1955; Pass, 1964; Po1ivka, 1965; Danie1s, 1966a, 1971; Fow1er 

and Wilson, 1971b, 1974; Sutton and Stone, 1974). The deve1op-

ment of resistance to the ch10rinated hydrocarbon insecticides 

by severa1 Phyl10phaga spp (Teetes, 1973, 1975; Fuchs et al., 

1974; P1app and Frankie, 1976) and 1egis 1ative restrictions on 

the use of these pers is tent chemica1s on crops and in the soil 

have reduced the number of insecticides avai1ab1e for white 

grub control Testing of alternatives has been main1y with 

carbamate and organophosphorous insecticides. Diazinon, fensul

fothion, and carbofuran, were effective for grub control in 

grain sorghum anà wheat CTeetes, 1973). Fuchs et al. (1974) re

ported effective control of white grubs, Phy110phaga crinita, 

using fonofos, diazinon, carbofuran -and fensu1fothion. Green-
/ 

house tests showed that an organophosphate, CGA 12223, was ef-

f~ctive for control of white grubs. Pike et al. (1978) demon

st ated the efficacity of carbofuran for control of second and 
1 

/ 

th~rd instar grubs of ~. anxia. Reinert (1979) showed con~stent 
t 
-, 

of white grubs on Bermuda grass in Florida with is~~fos, 

and c:arbofuran. Fens ulfothion J fonofos, isofenphos and 

WL 24073 were toxie- to third instar white grubs, Phyl10phaga 

spp., (lim. et al., 1980b). Fenva1erate and cypermethrin were 

highly to~±c ta adult Phyllophaga spp (Letendre, 1982). Chlor-

pyrifos and fonofos were effective in contro1ling white grubs, 

both as a contact and soi1 insecticide (Letendr:e, 1982). Lim 

et al. (1980b) and Le tendre , s (198-2) bioassays were conducted 
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in the laboratory on field-collected Phyllophaga individuals. 

in Quebec. 

2. Non-Chemica1 Control 

a. Cultural control 

Damage by white grubs to susceptible plants such as 

potatoes, corn, strawberries and nursery stock has been pre-

vented by not p1anting them in ploughed-up pasture or abandoned 

fields (Crosby and Leonard, 1918; p'ettit, 1930; Hammond, 1940; 

Neary, 1,950; Fow1er and Wilson, 1971a; Sutton and Stone, 1974; 

Anonymous, 1981a,b). Injury of white grubs in strawberry beds . ' . 
has been prevented by burying tobacco stems in the beds and by 

placing ashes on the ground before setting the plants (Lintner, 

1888). 

Pr:evention of damage by reducing populations of white 

grubs has been achieved by capturing and destroying the adults 

during flight years; tree shaking at night (Lintner, 1888; 

Forbes, 1907; Comstock, 1940), attraction to lighted lanterns 

suspended over a pan filled with water and kerosene (Fogg, 1889; 

Dus tan , 1932), hand-collecting (Veeresh, 1977), and attraction 

to blacklight traps (Rao, 1964; Cantelo et al., 1973, 1974) 

are sorne of the means that have been used to reduce populations 
( 

of adult June beetles. 

Hand-picking and destroying grubs and pupaé ("grubbing") 

when preparing land have been recommended as preventive meas-

ures in small fields and gardens (Fogg, 1889; Dustan, 1932; 
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Gibson, 1934) and as remedia1 measures (Neary, 1950), 

Compacting the surface of the ground by the use of 

heavy rol1ers or by treading it with sheep and catt1e has been 

said to give protection from depositian of eggs and prevention 

of easy passage of grubs fromt{root to root (Lintner, 1888; Gau

thier, 1936). Heavy ferti1izing has been credited for reduction " 

of inj ury by white grubs in susceptible craps (Ananymous, 1889b; 

Gable, 1957; Hammond, 1960). Destruction of food shrubs for a-

duIts in the vi'cinity of cultivated laned has been advocated as 

a deterrent means of control (l1aheux and Gauthier, 1944). Ham

mand (1948) reported that flooding of pastures and meadows for 

a period of severa1 weeks when white grubs were 'active elimi

nated the pest. 

P10ughing is one of the commonest methods of white grub 

control, and ploughing of infested fields fo11owed by repeated 

cultivations with disk harrows has been shawn to reduce popula

tion 1evels of white grues and pupae by physica1 injury or ex-

posure to adverse weather and natura1 enemies, especially ver-

tebrates (Davis, 1916, 1918; Cridd1e, 1918; Drake et al., 1932; 
, , 

Hammond and Maheux, 1934; Hammond, 1934b, 1940, 1948a, 1960;6 

Maheux and Gauthier, 1938, 1944; Gauthier, 1936, 1944; Hodgson 
"-

et al., 1974). Timing of the operation ls important for maximum 

effect and praper timing i8 achieved by thoraugh know1edge of 

the 1ife cycle of the pest, principa1ly of the seasona1 verti

cal di,stribution of the 8ail-dwelling stages (Maheux and Gau

thier, 1938, 1944; Gauthier, 1944; Hammond, 1960; Hodgson et 

al., 1974). 
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Short rotation of crops in which land will not be 1eft 

in sod for more than two or three years has a1so been recommended 

for control of white grubs 0 A rotation of corn or claver and 

small grains (oats and barley) was reconnnended by Davis (1918) 

with the suggestion that clover or corn shou1d be p1anted at 

the flight year of Phyllophaga spp. Hannnond (1940), and Chamber

lin and Fluke (1947) recommended planting crops resistant to 

grub damage, such as clovers and alfalfa, during flight years. 

A deterrent effect resülting in reduced oviposition was demon-

strated when pastures of grass were planted in combination with 

clovers or alfalfa (Fl~e et al ,1932; Fuelleman and Graber, 

1937). Hammond (1940) suggested a five year rotation sytem: 

hoed crops in the first year, grains the second, clover hay the 

third, grains the fourth , anp clover hay or pasture the fifth 0 

Maheux and Gauthier (1944) however conc1uded that. though par

tially successful in lightly infested land, no system of crop 
/ 

rotation would control Phyllophag~ spp. in heavily infested 

land. 

b. Biologtcal control 

There have been only a few attempts at using entomopa

thogens and entomophagous insects for the control of Phyllophaga 

spp. outside North America (C1ausen, 1978) and most, if not aIl,' 

W'ere not sùccessful. Although native invertebrate natural ene-

mies of Phyllophaga spp. have been found, there is little pub

lished information on their manipulation and use for the bio

logical control of June beetles in North America; the relevant 
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information is reviewed in the appropriate chapters of this . 

tl)esis. 

Farm, and other animais, however, have long been advo

cated and put to work as biotic control agents of grubs and a

duIts, in North America and elsewhere. Domestic fow1s, espe

cia11y turkeys, have been successful in control1ing white grubs 

and pupae of Phyllophaga spp. , whenever allowed the run of 

freshly ploughed infested fields; poultry relêased in orchards 

and timber lots destroyed adult June beetles in flight years 

(Lintner, 1888; Fletcher, 1905; Davis, 1913, 1918, 1919; Huard, 

1916; Walton, 1917). Sanderson (1911) even advocated the "train

ing" of a f10ck of chickens cYr turkeys to fol1ow the plow and 

pick U» exposed white grubs. Pigs have a1ways been considered 

to be the most usefu1 assistant in man' s fight against Phy11o

phaga spp. and more than one pasture or meadow has been cleaned 

of white grubs by pigs allowed ta run free and root. out the 

pests Simi1arly, freshly p10ughed fields have been successfully 

stocked with pigs to feed on the exposed grubs and pupae; popu

lations of Phy110phaga spp. were reduced by pigs rooting out 

adu1ts hiding be1ow'the sail surface in orchardS, timber lots 

and shrubs fencing cu1tivated land (Town)ey, 1867; Riley, 18-69; 
(Sir-:.l 

.r Lintner, 1888, Forbes, 1891, 1907; Fletcher, 1905; Wa1ton, 1917; 

Davis, 1918, 1919; Maheux and Gauthier, 1944; Chamberlin and 

Fluke, 1947 ; Hammond, 1948a) . Davis (1919). and Chamber1in and 

Fluke (1947) warned, however, against extensive rooting of white 

grubs by pigs in pasture land to avoid,.~eros ion and to protect 

against the danger of pigs becoming infested with spiny-headed 
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\ 

worms which have white grubs as intermediate hosts Devereaux 

,(1890) reported to have trained "severa1 kinds" of domestic 

dogs to follow the p10ugh and eat white grubs He concluded 

that dogs rendered a better service than crows and ravens at 

p10w time Davis (1919) recotmIlended the use of dogs to root out 

white grubs in infested fields 

( 
/ 
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III. APPROACH TD THE STUDY OF BIOTI<! REGULATORS 

OF PHYLLOPHAGA SPP 

A. INTRODUCTION 

36 

The limitations imposed on population grawth of Phyllo

phaga spp by the abiotic components of the environment are ob

vious and wi Il not be dis cussed here The principal biot ic fac

tors influencing the presence of Phyllophaga in a given habitat 

and affecting the population density ('If the beetles are availa-

bi lit y of preferred hast plants for adults, availability of 

breeding ~ites for grubs, intraspeci fic and interspecific com

petition, predators, parasites. diseases. ~an's manipulation of 

the agro-ecosys tem It \v('luld have been idealistic ta encompass a11 

these factors in the study of biotic regulation of< P~llophaga re-

ported in this thesis However, time, money and manpower limi-

taticlTIs dictated a more realistic approach and a selection of 

the biotic factors to be studied had to be made 

Until 1979, most of the information on the biotic regu-

1ation of Phyllophaga spp. was available in Davis' (1919) "Con

tributions to a Knowledge of the Natura1 Enemies of ~hyllophaga " 

and in a few subsequent publications of a lesser scope_ It is 

on ly recently that an ecological- type survey of the natural en-

emies of Phyllophaga was reported. Lim's (19,79) d0ctoral thesis 

included two chapters presenting his studies on the complex of 

natural enemies of P. anxia in southern Quebec, later summarized 

uu 
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b Y Li met al· (19 8 1 al. 

In view of these facts, i t wàs cons i dered wor'thwhi le ta 

continue Li III , s (1979) prelimin.ary studies an-d to survey, both 

qualitatively and quantitatively, Phyllophaga populations of 

• southern Quebec in a search for their invertebrar-e paras i tes 

and preàators, etio10gical agents of- disease, and of any non-
, , 

vertebrate organism associated in vari6us relationships with 

this bee t le genus 

Due ta the exploratory nat'Ure -of the research, the liJain 

emphasis was placed on the field survey of Phyllopha~ popula-

tians No particu1ar sampling method of these populations was re-

tained, the ultimate objective of the research being ta collect 

-the maximum number nf Phylloph~ individuals, as often as fea

sible and in as many localitles as 'possible. This emphasis on 

large host samples (Phyllophaga, -occasions, localities) shoulu 

result in correspondingly high numbers of natural enemies. b0th 

in re la t ive abundance and species di \(er~ i ty The ecological ob-

servations and the field collections of specimens were chen f01-

loweà up with studies of hosts and potentia l naturai enemies in 

the laboratory and, in a feW cases. in fielà microplots Flgure 1 

presents the progressJ.ve st::tges of the research, emphasizlng the 

st udy 0 f pathogens. 

Due ta the broad scope of the project and the diverslty 

of-organisms found associa ted wi th Phy llophaga, i t was cons ide red 

desirable to present the àata in the form of successive chapters, 

each of them dealing with a particular organism or group of or-

ganisms Nevertheless, l emphasize here that the field recoveries 

and laborâtory follow- up reporte d in the f~ll owing sect ions 0 f 
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* Field- collection of all stages of Phyllophaga and of organ-

isms associa ted wi th them 

* lsolation and i denti fication of associa ted organisms 

* Assessment of natural enemy status of the organisms 

isolated from Phy110phaga 

, .,I~ 

Infectivity tests with isolated microorganisms 

* Lab oratory bioas says wi th se 1ecte d pa t h oge-

nic microorganisms 

Microplot tests with se1ected pathoge

nic microorganisms 

Recornmendat ion for future needs 

in research 

• 
Re connnenda tians for in tegra-

tian with current cul

tural and chernical 
~ 

controls 

" 

"k 
Figure l Progressive stages of research ( concurrent) on 

the natural enernies of Ph.Y.!l:.9~a spp _ in southern 

Quebec 1979 to 1982 

-
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the thesis were concurrent in space and time during the survey 

Surface (1908) wrote that "A kno\olledge of the natural 

enemies of insects may be exceedingly va1uab1e in he1ping ta 

, preserve those whieh are beneficlal and dest~y those which are 

obnoxious" De8aeh (964) wrote that "the prime it'"equisite of In-

tegrated pest control is basic ecologica1 knowled~e of the entire 

eomplex Involved, includlng the extent of biologieal control of 

each hnst insecï that <lccurs ln the abscenee of treatment" These 

tWO quotatlons were always kept in mlnd during my research and 

were encouraglng when frustratlon was stronger than pa~s~n 
p' 

B ~1ATER IA:"S AND NETHODS 

C011ectlng trIpS ln snuthern Quebec were planned acc(lrd-

ing t" the nbservati(lns made by LIIT. (1979) ln his scudies (lf the 

llfe cycle and occurrence of "brood zones" nf P anXla ln chat 

part (lf the provlnce Lim's (1979) f"recast of brnods f0r 1980 

was used for that year and extrapolated for 1981 This method 

made it possible to know with relative accuracy where and when 

to co11ect a partlcular ~tage of ~lophaga, given that the SIte 

to be vlSited was ah habitat sUltable for ~bLUophaga (Figure 2) 

Eggs (lf Phyllophaga were obralned by dlgglng in the soil 

w-ith a hand shove1 and by maintaInlng a colony of field-collectea ... 
adults in OViposltion cages ln the laboratory (Figures 3 and 4) 

Grubs of the three instars were collected by hand-pulling infested 

plants, digging, plowiQg, s0d cutting (Figure 5) and "carpet 

-', 
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Flgure 2 Strawberry field destroyed by third instar, second 

year white grubs, Phyllophaga sp Phdtograph taken at Pierre

ville, Quebec, September 1979 
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Figure 3 Eggs of Phy1lophaga anxia laid in the 1aboratory by 

field-collected females Some eggs are shown in their earth

en cells opened intentionally The arrow points at a newly 

ernerged first instar white grub. 2 5X 
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... 

Figure 4. Rearing cages used for obtaining eggs and first in

st~r grubs of Phyllophaga anxia. The oviposition boxes were 

wooden containers filled with sandy loam soil seeded with 

red fescue and Kentucky blue grass. 
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Figure 5. Sod-cutting, a rapid method for collecting large 

numbers of Phyllophaga grubs. Robins, crows and gulls were 

competing with man to pick up the exposed grubs . 

,. 

( " ~ 
1 

t 
" , 



.. __ M 

~U4A IiUS 

• 



-
44 

rolling" (Figure 6) the ground vegetation of badly infested 

grazing land, first instar grubs were also obtained from eggs 

hatching (Figure 3) in the oviposition cages. Prepupae, pupae 

and teneral adules were usually found by digging,although plow-

ing was aiso used A few adults were hand-collected while flying 

to lighted windows and found by digging,but the bulk was trapped 

in Ward's 4-baffled insect traps fitted with an 8-watt black

light fluorescent tube (GE F8TS. BL)* and equipped with a col

lecting funnel and a nylon bag at the tube end of the funnel 

S~te/particulars of habitat, date and method of collection were 

recorded for each specimen of Phyllopha~. 

With the exception of sorne adults, live specimens of 

Phyllophaga were brought to the laboratory on the day of collection 

for purposes of rearing under close observation. Adults trapped 

in blacklight traps located at considerable distances from the 

laboratory were collected by volunteers each morning and kept 

in paper bags at SoC for 3 days but sometimes up to one week. 

AlI stages of live Phyllophaga. except adults trapped in black

light traps, were transported to the laboratory in horticultural 

flats filled with local soil and covered with grass uprooted at 

the site of collection. the trays were placed in styrofoam cool

ers containing bags of ice. Adults collected in blacklight traps 

were transported in the nylon collecting bags kept in a refrig-

erated conler. 

Potential predatory insects and parasitic gardian worms 

found in close association with Phyllophaga specimens collecteo 

in the ground. were placed individually in plastic vials with a 

* Ward's Natural Scienœ EstablishnEnt, Inc., Rochester, N.Y. 

," 
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Flgure 6 "Carpet rolling" of damaged grass, a method for col-

lectlng large numbers of Phyllophaga grubs, e5peclally durlng 

the whlte grub vear A150 shown L5 the serlOUS damage (sev-

ered roots and dead grass leaves) Lnfllcted bv the feedlng 

grubs 
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label recording aIL pertinent data, they were transported to the 
~ 

laboratory for purposes of identification when collected in the 

adult stage and for purposes of rearing prior ta identification 

when collected in the immature stages Specimens of Ilve ~~~-

phaga found' to be ln fes ted wi th Acarines 'a t the t ime 0 f co llec t lon 

were transported ta the laboratory lndlvidually in plastic vlals 

Transportation in indiviàual vlals was also the mode for speCl-

mens of Phyllophaga found deaa or dying - with or without exter-

nal symptoms of d1sease - and for those show1n~ abnormal behav-

10ur All Phyllophaga spec1mens wounded by collect1ng tools were 

dlscarded in the fleld and were not accounted for as havlng been 

collected Wounds, usually decapltatlon, were rather c0mrnon ln 

grubs exposed by the cutting machlnes useo on sod farms ln the 

vicinity of M1rabel With the exceptlon of light-trap catches of 

adults WhiCh were kept ln domestic refrigerators, Phyllophaga 

speCimens reached the laboratory within 4 to 5 hours after col-

lection 

In the laboratory, live lnsects were confinee slngly ln 

numberea plastic vials Pasteurized sandy loam was added to v1als 

receiving eggs and pupae Food for grubs conslsted of an artlfl-

cial diet for insects used by Toohey (1977) for rear1ng ~ anXla 

grubs, and of a 'plece of lettuce Adults were' fed leaves of 03k 

or chestnut growing near the laboratory Prepupae and terreraI 

adults were not f~d One regularly-moistened cotton dental wlck 

was added to each of the containers WhiCh were kept in an enV1-

ronmental. chamber set at usually 22!loC, 40-50% RH and 16h photo-

phase Th us , after their removal from the original habitat, the 

• 
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~nsects were kept in, isolation in ord~r to prevent any subse

quent co~taminat~on aS weIL as transmission of disea?e As a 

matter of routine the specimens were exarnined every other day 

for emergence nf parasit~c insects and nematodes (Figure 7), 

symptoms of disease and eve9tual death F~ve to six weeks of 

47 

~snlat~on were cons~dered $ufficient for rnanifestat~on of para-

sites and ~nfectious agents, at the end of the quàrantine, ap-

parently healthy ~nsects were killed by decapitation and d~s-

sected under a binocular stereoscopie microscope for purposes of 

a final àeta~led examination, haemolymph smears were r0utinely 

taken Juring the post-mortem examination 

Fleld-collected and laboratory-quarantined dying and 

abnormally-behaving insects were allowed to die in isolation 

Haemolymph smears were taken upon their death and, following 

surface ster~llzat~on in 70% ethanol an~ 3 passages ln sterile 

distilled water, the cadavers were incubated on nutrlent agar 

plates at 25 c -27°C for 7 days Plates were checked daily for 

cnlonlzation of the agar by b'acteria, fung\, nematodes and by /, 

emerglng mites and parasitic insects The remnants of the in-

sects lncubated on the colonlzed plates ana the cadavers of the 

~nsects frow the nnn-colon~zed plates were then subjected tn a 

f~nal examlnatlon under a dissecting microscope Field-collected 

and labo~atory-quarantined dead but asymptomatic i~ects were 

prncessed in a manner similar to that deqcribed for dying in-

seets Subcultures of plates colonized by bacteria and fungi 

were performed untll pure cultures were obtained 

\ 
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F~gure 7 Nematodes, 

.- a fi e l d - co 11 e c te d , 

~----------------------------------~----

~1~kole~yka aerivora (Cogp) emerglng from 

monbtmd, third instar PJ:~.111~;hLga grub 
j 

WhlCh died ~n qu~rantlne 5X 
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F1.eld and laboratory dead insects for which a detectable 

man1.festatlOn of potential rncrob1.al d1.sease was present (such 

as mycelial growth or milky-colorea body) were prpcessed using 

standard m1crob1.o log 1. cal t echn iq ues Pure cu 1 t ures were obtalned 

after severa1 subcultures of the original 1noculum (Flgure 8) 

As a matter of precaution for surv1.val nf s~ore-fornllng bacte~1.a, 

wh1.ch grow po6"rly in vltro. lnocula were also preserved as a1r-

dried smears of aseptically-obtaj.ned diseased haemolymph fsola -

tian media were prepared as recommended ln the Difco Nanual (1977) 

Iso lat ion techn iques for potent ia lly pa thogen 1.C bacteria, fungi, 

protozoans and nematodes, and staining techniques for microor-

ganisms were as described in Martign(1Oi and Steinhaus (1961), 

Steinhaus (1963), Burges and Hussey (1971), Cantwell (1974), 

Poinar (1975, 1979), Poinar and Thomas (1978), Burges (1981), 

Cole and Kendrick (1981) More specialized manuals were also 

used and are cited 1.n the appropriate chapters of the thesis 

Ecto and endoparas i tl.c 'insects found in the larva 1 and 

pupal stages were, whenever feasible, reareà to the adult stage: 

in order to facilitate their ident"ifications Poten t ially preda-

tory insects and parasitic insects were mounted as adults and 

preserved in alcnho1 as larvae and pupae Adults were identlfied, 

often to the species level, using various keys Larvae were 1-

dentified to the family level but pupae were not identifieo 

Fina11y, a11 specimens of predatory and paras itic insects were 

submi t ted ta specialis ts for confi rmat ion and, in ~e case of 

larvae and pupae, for further identification Mites were mount-

ed in some cases, preserved in other cases 1 and submi tted for 

r 
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Figure 8 The entomopathogenic f1.mgus Metarhizium anisopliae 

(Metsch.) Sorok, in pure culture Fungus isolated from a 

field-collected, dead, Phyllophaga grub 
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identification. Ne~todes were identified using characteristics 

provided by Lim (1979) and P0inar (1975, 1979) Bacteria' and 

fungi were identified using the keys of Barnett and Hunter (1972); 

Poinar and Thomas (1978), Burges (1981) Bath agar slants and 

microscope slide mounts were submitted ta specialists for con-

firmation of the identifications Protozoans were mounted on 

slides and identified to the genus 1evel A new virus was identi

fied by specialists. 

Voucher specimens of a11 organisms found associated wi th 

Phyl10phaga were d~posited in the collection oe the appropriate 

depository; duplicates were deposited in my co1lectioQ. Keys 

used for the identifications, names of the specialists and loca

t ions of the voucher specimens are provided in the app,ropriate 

chapters. 

The identification of specimens of Phy110phaga collected 

in the course of this study was made saon after collection. The 

grubs, prepupae and eggs (through the hatching grubs) were iJen-

• tified ta the genus and in sorne instances to the species 1evels 

using keys published by Bt)ving (1942) and Ritcher (1940, 1949a, 

1966). Measurements of the cepha1ic capsules a110wed me to sort 

the grubs into one of three instars and the body appearance per

mitted distinction of prepupae from third instar grubs (Lim,1979). 

Second and th i rd ins tar: grubs were further des ignated as second ..,.. 

instar/fir~t year, second instar/second year, third instarlseeond 
". 

year and third instar/third year grubs accordingly ta Lim (1979). 

Species of PhyI10phaga adults, teneral adults and pupae were se-
., 
parated from each other using descriptions and keys pub1ished by 

Horn (1887); Langston (1927); Luginbill (1928), Sim (1928); . , 

-
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Figure 9 A common soi1 fungus. Rhizopus sp . colonizing the 

cadaver of a white grub Causes of death unknown Findings 

similar to this one were not accotmted for since definite 

identification of the insect was not possible 
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Ritcher (1940), Bélving (1942), Luginbill and Painter (1953), 

Dillon and Dillon (1961), Chagnon and Robert (1962), Nairn and 

Wong (1965), and the unpub1ished key of Lim (1979) for southem 

Quebec The identifications were confirmed by Dr J McNamara, 

Biosytematics Research Institute (B RI', Ot:taw~ Ontario and 
~ 

Dr. E R Hoebeke, Department of Entomology, Cornell University, 

Ithaca, New York Voucher specimens were deposited with the 

B R l and the Lyman Museum and Research Laboratory, MacDonald 

Colleg~, Ste.-Anne-de-Bellevue, Quebec 

Specimens of Phyllophaga collected in the ftield in an 

advanced stage 0 f decompos i t ion '. render-ing generic identi ficat ion 

impossible, were not taken into account in the course of the 

present study (Figure 9) 

Finally, fiela microp1ot tests of twC' pathogenic micro-

organ isms were conclue Led, de tails are gi ven in the approp riare 

chapters 

C. RESULTS 

The results of the three-year survey of the natural non, 
vertebrate enemies of Phyllophaga in southern Quebe c are pre

sented and discussep in derail in the next chapters Data per

taining ta host' s collection are h(1wev~r summarized helJ Jar sake 

of continuity in the format of the thes~ --~:...---
Fort y- fi ve collection sites were visi ted on severa1 oc-

casions in southern Quebec from 1979 to 1981 (Figure 10) and aIL 

stages of the life cycle of Phyllophaga, especially ~. anxia '. 
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Figure 10_ LocatiCIlS of collectiœ sites for Rly llqJha~ spp_ in sout:hem 
Quebec. 1979 ta 1981. 

Site Abbreviatim ~scriptiCX1 
used in omer of site 

~ tables 

l Mattawir. Old pasture 
2 Grand' lw@re Old pasture 
3_ Nicolet Old pasture 
4 Pierreville StréN>erry field 
S_ East Iv:lgœ ~~ 
6_ CaNansville ~ 
7_ Frelighsburg Farm land 
8 Stanbridge East Stanbrldge Abandooed com field 
9_ St _ -Sébastien St _ Sébastien Co:m field 

10_ Lacolle Highway banks 
lL Napierville Sod fann u_ St _ -Jean- Richelieu St _Jean ~adaol 
13_ Valleyfield Stramerry field 
14_ Coteau Statim Coteau Sod fann 
15_ St -Clet St _ Clet Sod fann 
16 Ste ÂIlne-de-Bellevue Ste Anne Pasture 
17 Rigaud Old pasture 
18 Alfred a Meac:bl 
19 Papineauville Hay field 
20_ St -André-Avalin St _Anuré Backyard garden 
21 Notre-OanE-de-la-Paix Notre-I:mœ Patata field 
22_ M:mtebella ~c:la.; 

23 Ùi,(\-des - Seize- Is les I:1Jntford ~dcM 

aqdfntfOrd 
, 

24 Mir el-Ste_ -M:1nique Mirabel Sod farm 
25_ St.- q,nvier Sod fann • 
26_ Ste.~ie and Ste _Sophie Sad fann 

New Gl~gav 
27 Mas couche Gld pasture 
28_ L'Assooptian Mixed vegetable fields 
29_ Joliette Meadow 
30 Lac Cloutier Old pasture 
31 Qœbec Hay field "'" 
32_ L'Acadie Mixed vegetable fields 
33_ Pointe-Claire Pte _ Claire Lawn 
34. Duvemay Lawn 
35_ Ste. -Clotilde Ste _ Clotilde Mixed vegetable fields 
36_ Grand-St _-Fsprit Gd_ St. ESprit Potata field 
37. Pincourt Lawn 
38 Baie d' UrfE!" lBwn 
39_ Le Luc ~adow 
40_ Berthierville Tree nursery 
4L Lanoraie Old pasture 
42_ Bellefeuille Sad farm { " 43_ Dt.nham App le orchard 
44_ Ste. -Angèle Sèe_Angèle CoTIl field 
45_ Sil ver Lake a -~-" Old pasture , 
Ci 

~-Eas tem Oltario Province_ 
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(Figure 11), were found at 0ne or more of the collection sites. 

all the li fe stages 0 f the bAt le were not necessari Lv found at 

any one gi ven l Jcation 

A grand total of 13,468 Phyllnph~~ individuals were c01-

lected during the survey and examined for associated oq~anlsrns 

{Tabie 1) The 8,1395 adult males, 2,647 adult females, 7J tenerai 

adult males, 37 teneral adult females. 1,289 pupa males and 897 

pupa fernales reported ~n Tab le l were determined to belong to 

the spec ies, Phy llnphaga anxia Si xty-s i x adu l ts other than P 

anxia were also cC)llected. six species were thus found ta oecur 

ln southern Quebec, besides !: anxia P drakii (Kirby), ~ fra

tern~ (Harris). P fusc4 (FroeI'ich). P futilis (LeConte). ~ 

nltida (LeConte). P rugosa (Melsheimer) (Table 2) Since th[1se 

66 ddults were kllled f(1r mountlng purposes upon collection, 

they were not examined for the presence of associated ~rganisms 

and there fore are not tali ied in Tab ie 1 By campa ring n umbers 

for adults ana teneràl adults in Table l ta nurnb#rs for adults in 
, 

Tab le 2 i t was deduced that P anxia adul ts represented 99 44% 

of a 11 Phy lloph~ga adul ts co llec teu in S outhern Quebec during 

chis three-year survey This observation agreed with earlier re-

ports, Toohey (1977) stated that 98% of the June beet1es trapped 

by her in 1975 and 1976 in southern Quebec were~. anxia, Lirn 

(l979) a1so fou~_t P ~~xia was the predominant ,lhyllophaga 

sp. in southern Quebec in 1976 and 1977. in sorne instances re-

presenting 100% of a 11 PhYl1:~~~ adu1 ts trapped in the course 

of his studies It thus seems safe ta consider that at Least 98/0 

of the wh i te grubs co 11eet e cl by me and the s ame percentage of 

.. \ 

\ 



56 

Figure 11 Llfe stages of Phylloph~ anXla (LeConte) A egg 

B first instar grub C second instar o third instar ~ 

prepupa F male pupa G female teneral adult, lh old H 

male (left) and female (nght) teneral adults, 3h old l fe-

r.lale (left) and male (nght) adults A ta C, '15X H and l, 

2X 
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.. 
Table l. Nt.nhers of Pnyllophagaa spp individuals coUected in 45 1ocali-

ties of southem Quebec in 1979. 1980 and 198!. 

Insect stage Year of colleccicn Total for 
md sex I979 1980 I981 • three years 

Adult rœle 2636 -552 5707 8895 

Adult fermle 1511 258 878 2647 

Egg 1870 0 655 2525 

First instar gn.b 1556 0 276 "1832 

Seccnd instar year 1 1010 () 642 1652 

Seccnd instar year 2 1130 370 l 1501 

'frJ.rd instar year 2 7064 c- 1106 4 8174 

Third instar year 3 84 3598 89 3771 

Prepupa 1 166 8 . 175 

~a male # 3 1259 27 1289 

Pupa female 0 888 9 897 

Tenerai Adult male 5 23 45 73 

Teneral adult fetœle 3 Il 23 37 
"--

AlI stages cœi>ined 16873 8231 8364 33468 

a AlI adults, teneral adults éIld p~ae detenni.ned ta he ~. anxia (leCcnte); 

by cœbining nUIbers of all adults tallied in this Table and Table 2. it 

was deduced that 99.44% of a11 adults collected were ~ anxia; adults 

other than P. anxia are not tallted in Table 1 but are in Table 2. 
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Table 2. NtlIbers of Phyllophaga spp adults otiter than ~. arud.a collected 

by blacklight traps in southem Qœbec, in 1979, ~1980 and 1981 , 

Species 

P drakii 

P. fratema 

P ft5ca 

P. futilis 

P. nitida. 

P. rugosa 

Co 11ectioo 
date 

JU1. 5,1980 
JU1 14,1980 
May 27,1981 
JU1 6,1981 

JUl.12,1980 
JUl 14,1980 
JUl 15,1980 
May 29,1981 
JUl. 6, 1981 

May 16,1979 
May 18,1979 
May 20,1979 
May 20,1979 
May 24,1979 
JU"l. 12,1980 
May 27,1981 
JlIl 4,1.981 

May 27,1979 
May 10,1981 
May 29,1981 
May 1>,1981 
May »,1981 
JU"l. 10,1981 

JU"l. 21,1979 
May 28,1981 
May 31,1981 

May 16,1979 
May 18,1979 
May 31, 1900 

~ 

Site 

Fœlighsburg 
St.ln~ 
Ste Anne 
Ste hme 

Fœ1ighsburg 
Frelighsburg 
Pincourt 
St.Jean 
L'Acadie 

Nico1et 
Silver Lake 
Sil ver I.à<e 
Nicolet 
Ste. Arme 
L'Acadie 
Ste Arme 
Ste Anne 

Ste Anne 
Baie d'Urfé 
Pincourt 
Ste. Anne 
Pte. Claire 
Pincourt 

Joliette 
Pte Claire 
Pincourt 

Nico1et 
Silver Lake 
Silver Lake 

Nt..J:Ibers co11ected 
and S'eX 

1 male 
1 nale 
2 males 
1 male 

1 male 
5 males 
1 male 
1 male 
1 male 

6 males 
1 uale 
6 males 
1 male 
1 IIBle 
1 male 
1 male 

.1 female 

1 male 
1 male 
1 male 
1 fema1e 
1 male 
1 male 

1 male 
1 male 
1 male 

1 male 
23 males 

l male 

•• 
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eggs (through the hatching grubs) were P. anxia. From, ~ow on it 
, 

shou1d be understood chat when "!,hyllophaga sp. /spp. ft i9 mention-
~ 

ed when reporting my stuclies, it i8 implied that l am referring 

tO ~. anxia; this rider applies 40 grubs and eggs only, since 

aIl other life stages were actually determined to be P. anxia. 

However small (0.56%) the ntmlber of Phyllophaga adults other 
( 

than P anxia found by me, it indicated that at lea~t a comparable 

percentage of collected grubs and eggs might have been non-anxia; 

hence the use of "Phyllophas.a spp." and nnt ~. anxia in ~he title 

of this thesis. 

Detailed data for numbers of males and females of P.anxia 

collected in 1979, 1980 and 1981 are presented in Tables 3, 4 and 

5 respective1y. Very few adults were collected other than by 'a 

1ighttrapping. Females represented 36.43 and .31. 85% of adults co1-

lected in 1979 and 1980, respecti vely, but were less (13.33%) in 

-

1981. On the other hand, 33.63% of teneral ~dults found over the :~ 

three-year period were fema1es (Table 6), a percentage in agree- ! 

ment with those reported f?r adult fema1es co1lected in 1979 and 

1980. Moreover, 41.03% of aIl pup~~ co11ected during the survey 

were females (Table 6). It thus appeared that approximatively 

one third of~. anxia populations in southern Quebec in 197~ to 

1981 was composed of females. These numbers are about the aver-

age of numbers reported in the li terature for ~. anxia and other 

Phyllophaga adults col1ected in blacklight traps: 53%!:. anxia 

were females in New York (Henry and Hei t, 1940); 0% !:. fnxia 

were females in Indiana (Chand1eli et al., 1955); 5% Phyllophaga 

spp. were fema1es in eastern Quebec (Gauthier. 1944); only male 
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Table 3. Nmbers of males II1d feÛIal.es of IN110phaga ~ collected in 

southem Quebec, 1979. 

Site 

Baie d'Urfé 

Nicolet 

Ste.Anne 

Gd. St. Esprit 

JQliette 
.. 

Lac Cloutier • 

Si1ver Lake 

Quebec 

St.An~ 

Alfred' 

Pierreville 

Lanoraie 

Fast Angus 

Berthiervil1e 

AlI sites' 

Collecticn 
tedm.iqœ 

Digging 
Ugtlt trap 

Ugtlt trap* 
Digging 

D1gging 

Ligtlt trap 

ligtlt trap 

Digging 

llgtlt trap 

llght trap 

Light trap 

Light trap 

Digging 

Light trap 

Digging 

Dtm.n 
\ g 

Co1lecticn 
dates 

Apr. 4 
May 7-May 14 

May 10-Jm.25 
Jul.20 

Jul.26 

May 16-May22+ 

-lm. 26 

/lpr.27 

May 18-May20 

Jm. 19-Jm. 25 

May 12-Jm.28 

May 18-May 21 

Aug.28 . 

May 25-May 27 

May 3 

May l 

Males Fema1es Total 

3 3 6 
U 0 12 

1978 1195 3173 
0 1 1 

0 1 1 

2.lJ 148 378 

26 10 36 
22 10 32 

109 11 120 

DB 98 236 
1 0 1 

89 11 100 

0 2 2 
13 8 21 

13 12 25 

2 1 3 

2636 1511 4147 

* Indicates two nrn-futerferlng blâck1i~t traps operating at this site. 

+ Disccntinued en this date 'becatSe of lack of adequate storage facilities 

for trapped beetles . 
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Table 4. NuIbers of males a'ld fernaJes of .!'!tYll~ amçia ,colleçted in 

southem Quebec, 19~, 

, 

61 

Site Colleètiœ CollectiŒ1. Males Faœles Total 
technique dates • 

... , . ~ 

Pte. Claire 
\ 

Digging May 27 3 0 3 
Light trap May lO-Jm.27 11 " 6 "'17 

{j 

Pincourt Df.gging May 5 9 2 Il 
Li!lJ:tt trap* May i6-Jul. 8 o " o ~ 0 

L'·Acadie Light trap* May 14-Jul. 7 91 42- 133 

St.Andri Li8J;lt trap May 12-Jul.26 56 44 lOO 

Baie d'~ Digging MIlylD 4 4 8 
Ligpt trap* May 17-Jul. 13 7 2 9 

St. Jean 
\ 

LiW1t trap t-'ay 15-Jul. 7 146 84 23:> 

St;:e.Anne Light trap May, 21-JuI.. 2 21 ... 
14 41 

L'Assœptiat Li8J;lt trap* May 14-J1.I1.29 6 3 ,9 

Frelipurg LiS:tt trap May 14-JUl.26 103 38 ,141 

Alfred Lip)lt trap " May 20-J1.I1. 13 13 1 14 

Mattawin Digging , Jm. 4 48 13 61 r 

Silver Lake Uppt trap M!Iy 31 3, 0 3 
;-

Grand't4re Digging JUl. 4 ~-/ 25 5 30" 
---

AU sites 552 258 810 

* Indicates t.wo nm-interfering blackli~t traps qM!radng at these sitesl~-6 

1 1 
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Table 5. NuIbers o~ males md fena1es of Aly~l~ a1Xia co11ected in 

southe1:p Quebec, 1981. 
'" 

Site Collect:ioo Collectién Males Females Total , 
r' technique dates 

, 

~may Digging Apr.ll 1 1 2 
" Light trap May 15-Jm. 8 38 5 43 

St. sllbast:ien Digging },pr.23 19 6 25 
. Baie d' Urf~ Digging Apr.19 2 2 4 

U!Jtt trap* May 5-Jm.24 65 12 77 
. Pte. C1a:lre Lighttrap May 19-JUl .14 41 3 44 

... 

Pinc.ourt Light trap May ~O-J\Il.,:D 84 ~ 93 
Sta:lbridge , Ligtlt trap May 12-JU'l.~ 886 204 . 1090 
Ste.Anne . Digging , May 15 2 4 6 

Light trap May 18-J\I1.27 436 189 625 
Du1han Water palS May 5-JUl.27 26 4 l) 

L'Acadie llW:tt: trap* May 5-JUl.24 1846 199 2045 

St,Jem .. ~ 
U!Jtt trap May 5-JUl. 8+ 2109 199 2308 

0 

Ste.Cloeil<;le L18Jlt trap May 28-Jm.21 121 33 154 

Lac Cloutier J..:l3'1t trap May 22-May 26 12 . 0 12 
St. And:z:-â ·uFJ:tt trap May ll-Jm.12 19 8 27 

All sites 5707 878 6585 

, 
* Indicates two noo-interfering blacklight traps operating at these sites. 

+ Discontinued ŒI this date to avoid interference with the JlIle beetle at

traCtalts elqleriIœnt (01apter XII. 

' , 
1 
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. Table 6. NuJbers of eggs. ~. ~ and teneral adults of lby110phap spp. aco1lected in southexn 
Quebec. :In 1979, 19M and 1981.' . 
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June beetles were attracted ta 11ght in' eastem Ontario and 

Quebec (Hammond, 1960); 96.6% P. anxia were females in OhiQ 
-;! [ .. 

64 

(Neiswander, 1963); from 0 to 45% f. an~a were females in one .. 
1 

or the ot;her loca1ity of southern Quebee\',(To~hey, 1977; Lim, 

1979) . 

A total of 2525 eggs were secured', and examined during 

rearing; 1070 of them were laid in tht! laboratory by female P. 
D 

amia trapped at Nicolet {n June 1979 and confined in cages with 
. 

male P. anxia trom the same 19cation C~able 6).' Of these 1070 
<, 

eggs, 490 hatched suecessfully (45.6'7.). 4:1. 3% formed embryos but 

failed to hatch' and the remainder were apparently sterile. Fail

ure to hateh was not elucidated but no parasitic insects or 

microorganisms were found upon examination;embryonie grubs thus 

probably diéd from constitutional weaknesses, genetie defects, 
~ 

( 

idio~at.hic dise~8es or be~ause of imProper rearing conditions. 
1 1 

Teetes and Wade (1974) obtained 15.9% succesS'ful hatching in 

rearing' experiments with P. crinita. Ooly 132 (9.07%) of the 

1455 fie Id-colleeted eggs hatched in the laboratory; the firs t 

instar grubs were determined to be Phyllophaga spi>. Here again, 

causes behind the failure to hatch for the 926 eggs with formed 

embryos were not fOl.md; the hypotheses advanced for the labC\ra-
l 

tory-laid eggs probably app lied here too wi th addi tional causes . , 
such as breakage of the proteeti Vé earthen cells at digging time, 

cold storage during .1ourney to the laboratory, and manipulation. 
J 

The remainder of the field-collected eggs were fOl.md to be sterile. 
0# 

Drawi~g conclusions for egg mortality is difficult although 

neither infectiouS diseases nor parasitic insects- were respon,sible 

, 

'.1 

'i 
1 
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for the high rate of mortality observed. Egg predation was not 
r 
observed when ':digging, for- éggs. ..., 

Very few pupae were found, during the survey and most of . 

them were ,col1ected on a single occasion at Stanbridge East, in 

August 1980 (Table 6). 

Data for whi te 'gqJbs are sunnnarized~in Tah1es 7, 8 and 

9 for 1979. 1980 and 1981. respective1y. A t'otal of 16930 grubs. 

inc1uding 490 firat instars which hatched from eggs in the 1a-, 
boratory. were examined. $lightly ove'r 48% of all grubs were 

third instars/second ,ear and 8.86% werê seçond instars/second 

year. The second year of the li,fe cycle of ~. anxia is known as 

'the "whi te grub year"; mas t damage to çulti vate4 and other plants , , 

. 

OCQ~~~, in that year (Hmmnond, 19488, 1954) and is principal1y 

caused by the feeding of the voracious third instars/second year .. 
L 1 

Gfubs o.f the second. year and especia11y third instars were thus 

of particular interest in this survey. The 132 fkst instar grubs 

obta1ned from field-.collected eggs hatching in the 1aboratory 
, , 

were noV tallied tn Tables 7, 8 and 9 ~ince they were killed soon 

after hatching to becoJQe voucher specimens. 
o .. 

AIl data pertaining to invertebrate,predators and ~;a
~ tes,' microorganisms (inc luding nematodes) and Acarina found in 

the course of this survey are reported 

chapters. 

• 
separately in suceeeding 

-" / 
) 

l emphasize here that bacteria and fungi found a880ciated 

l4th Phyllophaga individuals for which Koch' s postulates (Stein-

- '" halls. u 1949) fai.le'd in infectivity tests. were no t' considered to 
... 

.. ~~ntomopathOgenic t thus not natural enemies, and were not 

1 

'j 
1 -

! . 
1 

i 
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( Table 7. Nœber oJ white gnbs, Phyllophaga spp .• col1ected in southem 

Quebec, 1979. • 1 

Instar a 

Site Collecticn r LI 12,1 12,2 L3,2 1.3,3 Total' , 
dates 

Ste.Ame Jm.21-Jul.19 49fP 0 0 0 a 490 
Nicolet' 813 

.... 
~ 9œ 1 Jul.2B 96 0 0 a .. 

Aug. 7 28 914 0 0 0 942 , 
~bec Aug. 6 0 0 0 0 84 84 
Pierreville Aug.28-tbv. 6e 0 0 7 4194 0 4201 

Bel1efeuil1e Jul.U 0 0 8 'l55 .0 163 
Valleyfield Aug.20 0 0 0 93 0 93 
Mirabel J~.20-Aug. 

a 6 42 0 6:)7 1662 0 2311 
Napierville Jul.29 0 0 112 170 0 282 
Gd. St . Esprit Jul.21 183 0 0 0 O. 183 '. 

( Ste. Sophie Jul.16 0 0 112· 183 0 295 '. .,~ 

IU.gaud Jul.23 1 0 O· 37 0 0 37 . 
Papineauville Aug. 9 0 0 28 44 0 72 
t-bltebello Aug. 9- 0 o ' 93 l53 0.. 246 
Notœ-Daœ Aug. 9 0 0 1,26, ·77 0 2b3 
t-bltford Aug. 3~ 0 0 0 79 0 79 

St.JalVier Aug.13 0 0 0 226 0 226 
Mascouche - Aug.13 0 0 0 28 0 28 

• 
AlI sites l556 1010 lU 7064 84 10844 , 
a LI: first instar 8nO; 12,1: secood instar, first year; U, 2: seccnd 

instar, secct1d year; 13,2: third instar, seCŒld year; L3, 3: third instar. 

third year. 
~ . 

b Hatched from erts laid in the Iaboratory by females collected at Nicolet. 

(" c Nine occasiœs. 
\ 

1 EiW:tt occasiŒlS. 
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Table 8. Numers of ~te gnbs, JPhyllophaga spp., collected in soua:qe~ 

~bec i 1980. \. 

Instar a 

Sit:e Collection U U.1 12,2 13.2 13,3 Total 
~t\ 

dates 
-C..-

'Q 

Pincourt May 16 0 0 0 '0 4 4 

Ste.Ame May 28 0 0 # 

0 3 2 5 ' ! 

U! Luc 'May 29 0 0 0 0 2 2 

Ste.~le t-B:y 29 0 0 0 0 2 2 
Nicolet Aug. 5 0 • 0 328 245 0 573 

Aug. 6 0 0 42 38 0 80 

" Aug.20 0 0 0 820 0 . 820 .-
! 

~lle Sep. 4 0 0 0 0. 324 324 L' 
'. 

St. Se'bastien Aug.24 0 0 0, 0 38 38 
• 
Iacolle Aug.24 0 0 0 0 57 57 
Coteau ~.28 0 \'0 0 0 123 123 

St. Clet Aug.28 0 0 ' o' • !L--.. 213 213 
M:ntebello Aug. 9 0 0 0 .0 188 iB8 
MIrabel Sep. 2 0 0 Or 0 934 934 
S,t. Janvier 'Sep. 2 0 0 0 : 0 173 173 

5tAridge 
i 

l354 1354 Jtn.12 0 0 0 0 
Jul. 9 0 0 0 0 184 184 

c ~1 sites ( 0 ·0 370 1106- 3598 5074 

.. 
" a 

U: first instar gIÙ)j 12,1: secœd instar. f:i.rst year; 12,2: second . .,.".,., 

~. second yearj U.Z: t:bixd Ulstar. second year; IJ.3: third instar. 

third year. .. 

( 

• 
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Table 9. Nœben of ~ite grubs, Phyllophasa .,9pp. , collected in southent 

~, 1981. 

. 
Instar 

a 

Site Co11ecdrn il 12,1 12,2 1..3,2 13 7 3 Total 
dates 

Stalbridge * Aug. 9-23 . 40 195 1 0 0 236 
Oct.lO - 0 43 0 1 0 44 

Ste.Anne Apr.16 0 0 0 3 0 3 

Mirabel Jul· 28 6, 4 0 0 0 
.. 

10 

Ni.colet " Jul.30 0 0 0 0 89 89 
St.lt1~ Aug.16 217 184 0 0 0'- 401 

i • 

NOtre-DaI:œ Aug.16 .13 .," 216 0 0 0 229 

• 
AlI sites 276 642 1 4 89 1 1012 

1 
( 

a U': first ~tar grtD; U.1: sJxnd instar, tirst year; U,2: secmd 

instar, seccnd year; 13,2: third instar. seccnd year; 1.3,3: third instar. 

thii'd year. 

* 'lbr:ee occasiŒlS. 

~. 

, 
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studied further as .. biotic regulators of Phyllopha8!:! spp ,<'in 

southern Quebec. 
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IV A NEW SMALL IRIDESCENT VIRUS (PaIV) FOUND 

INFECTING WHITE GRUBS, PHYllOPHAGA ANXIA 

IN SOUTHERN QUE BEC 

INTRODUCTION 

70 

In recen t years, virus diseases of insects 

has advanced very characterization of 

the viruses, ecological f the diseases, industrial pro-

duction of the etiologica1 agent , control of insect pests with 

viruses, have aIl been intensively studied 

The literature on insect virology is voluminovs and se-

veral excellent reviews have been prepared in the past 40 years. 

Specifie and detai1ed treatments of the icosahedral cytop1asmic 

deoxyriboviruses, inc1uding the iridescent viruses, were pre-
• 

pared by Smith (1963), Be11ett (1968), Vago (1968), Kelly and. 

Robertson (1973), Stoltz (1973), McAuslan and Armentrout (197'4)"; 

l.2e (1977), Goorha and Granoff (1979); Harrap and Payne (1979), 

Kelly (1981), Payne and Kelly (1981) Martignoni and Iwai (1981) 

have compiled a use'ful computer-based cata10g of virus diseases 

of insects, mites and ticks, updated on a regu1ar basis 

Classification and nomenclature of viruses have slowly 

evo1ved from an early chaotic state to a relat~ve stability 



\ 
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and a general consensus, thanks ta the efforts of the Interna

tional Committee on Taxonomy of Viruses. This commdttee has uni

fied to sorne extent the numerous systems and names advoeated by 
o' J 

virologists and viruses of invertebrates have been ïrteludéd in 

the reorganization (Gibbs et al., 1966;- Lwolff and Tournier, 1971; 
'-' . 

Wildy, 1971, Fenner et al., 1974, Fenner, 1975, 1976; Matthews, 

1979, 1981, 1982; Fenner and Gibbs, 1983). 

An interi~ nomenclature system for the iridescent group 

of insect viruses was proposed by Tinsley and Kelly (1970); the , 
system is s~ill interim at the time of writing a1though over 25 

new types have been isolated sinee 1970. 

Ihsect virology is a very dynamie field due to the eon-

tinual discovery of new viruses and new host-pathogen relation

ships. One of the first published catalogs of insects attacked 

by virus diseases 1isted 42 speeies of hosts -(Sweetman", 1936) "and 

one of the first attempts to e1assify entomopathogenic viruses 
~ 

recognized one fami1y and four genera (Steinhaus, 1949). As of 

September 1984 (Martignoni, 1984, persona1 communication), the 

updated Martignoni's and Iwai's (1981) computer eata10g 1isted 

over 1020 host speeies, each reported to have one or more of 22 

virus diseases or disease groups, for a total of about 1500 na

tural host-viru~ records. Matthews (1982) recognized e1even fa-

mi1ies and groups of entomopathogenie viruses, numer~us subgroups 

and genera.lnteresting1y, a1though the order Coleoptera contains 

the bulkiest number of species in the insect world, beetles ac

counted for on1y 4.7% of host-virus records in Sweetman's (1936) 

catalog and, today, still represent only 5.7% of aIl recorQs 

i 0 ., • 

\ 
! 

I~ \ 
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(Martignoni, 1984, persona1 communication) About ha1f of be~tle-

virus records concern species of the fami1y Scarabaeidae (Mar-

tignoni and I~ai, 1981). From 1981 to September 1984, only three 

new host-virus records for Scarabaeidae were added to Martignoni's 

and Iwai's (1981) cata10g. one-Of_which was a new host, Phy110-

phaga anxia (LeConte) (Lim et al , 1'"9'8~aJ. However, a1though Lim 

et al. (1981alreported a suspected spheroidosis (entomopox virus) 

for P. anxia, Martignoni (1984, persona1 communication) 1isted 

their record in the Il prest..mled virosis " category of the cata1og. 

Marlignoni and Iwai (1981) warned the users of their cata10g that 
. Il 

such entries shou1d be considered with scepticism. 

Scarabaeid grubs are known to be infected with the fo110w-

ing virus diseases' Ma1aya disease, densonucleosi~, watery dis-
, 

_ irttegration, '~spheroidosis, iridescent ~rosis and " other non-

occluded-virus disease" To my know1edge. none of these confirm-

ed virus diseases occurring in scarabaeids is a North American 

record. The scarabaeid hosts, aIL grubs, are listed in Mar,ignoni 

and Iwai (1981) together with the viruses infecting chem 

As far as cou1d be ascerta{ned by consulting the a~ailable 
• 

literature, l report here the first naturally-occurring virus 
...-

disease of P. anxia grubs whose etio1ogical agent l propose ta 

name Phyllophaga anxia i rides cent vir.us ,-(P~IV) This i8 also the 

first record of a natural virus disease of Scarabaeidae for Harth 

America 

---------------------~- ~ --~-
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B. t-'lATERIALS AND METHOnS 

Third instar, second year white grubs were collected by 

"the sod cutting technique described earlier,~at the farm of Mr. 

C. Lorrain (Belle~lle, Quebec) on July 12, 1979. The grub pop-
;\._./~ 

\ 

ulation was quite .d~persed since only 155 grubs were unco~ered 

~-------' in the removal of 45000 ~ of sod. Most of the grubs were aggre-

gated at the lower part of the red fescue and Kentucky bluegrass 

field at a depth af 6 cm, 2 ta 3 m from the bank of a small creek. 

The grubs were healthy-looking (sensu Berberet and Helms, 1972), 

although several subsequently died of fungal and baeteria1 in

fections. Two grubs however were de situ noticed for their ab-

errant aspect. One dead grub disp1ayed an emerald green opales

cente on the ,four apical segments of the abdomen while the re

mainder of the body was in an advaneed stage of deeompasition. 

The second grub was alive but sluggish; its response ta probing 

with the pointed end of a penei1 was not immediate and, at rest, 
~""i 

it did not assume the typieaLC-shapea searabaeid posture but 

1ay o~tstretched on its dorsum. Instead of bei~~ea~ white 
, .. 

in color, the body had large areas of an azure ta turquoise b1ue 

iridescence on the ventro-thoraeic segments and on the dorsum and 

vantrum of the abdomen (Figure 12). 

The dead grub was frozen at -18°e and the 154 live grubs 

were placed. in individual mi1k cups and held in an incubator set 

~t 15°C, 20-25% RH and complete darkness. No food was provided in 

order to st~ss the grubs, whien were checked daily for manifes· 

tations of latent v;"rosis'. 
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Figure 12 A field-collected third instar white grub, 

Phy110phaga anxia, infected with Phy110phaga anxia 

iridescent virus (PaIV) 

Note the typical blue hue (arrow). 
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AlI the live grubs were identified as Phyllophaga.anxia 
".~ 

and. therefore, the dead grub wa$ also considered to be ~. anxia. 

Eight days of daily examination of the quarantined grubs 

did not reveai aberrant aspect or behavior besides an accentua

tion and an extension of the blue iridescence of the affected . ... 
grub, especially on the ventro-thoracic area. On July 20, the 

grub was still alive but the blue color had spread to most parts 

of the body, being more intense on the ventral side, from head. 

to pygidium; the intersegmenta1 folds were more intensely color

ed than the body segments. The grub was then ki11ed by freezing 

and both iridescent grubs were shipped, for diagnostic analysis, 

in dry ice to Dr. 9. O. Poinar, Jr. , Division of Entomology and 

Parasitology, University of California at Berkeley. The two spe- , 
, 

cimens were forwarded by Dr. Poinar to Dr. A. Cole, Department . 
of Plant Pathology, University of California at Berkeley, who 

processed them for E M studies. 

Isolation and purification of the etiological agent re

sponsjble for the blue iridescence were performed following the 
--.. 

method of Kalmakoff and Tremaine (1968). Methods for E M of fJit 

body and hemocytes and, later, of the purified agent were simitar 

to those reported by Cole and Morris (1980) for diseased isopods 

(Cole, 1979, personal communication). Antiserum preparation and 

serology tests were similar ta those of Cole and Morris (1980). 

The Koch's postulates for viruses (Rivers, 1937) were fulfilled 

using 50 healthy third instar, second year grubs which l shipped 

to Dr. Cole on November 22, ~hich haf b~en collected from a straw

berry field at Pierreville, ~ec, on November 6. Voucher iso-
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lates of the etiological agent were deposited with Dr. J. MOrris, 

Department of Plant Pathology, University of California at Ber

keley. The antiserum, prepared in rabbits by injection of the 

- purified etiological agent from P. anxia, was deposited with Dr. 

J. Peterson, Departme~t of Plant Science, MacDonald Colleg~ of 

McGill University, Ste.-Anne-de-Bellevue, Quebec, Canada . 

. ~li E M studies were performed on a Philips E loi 300 
. 

electron microscope operated at 60 kV. 

C. RESULTS AND DISCUSSION , 
The gross symptomatology of the aberrant grubs recovered 

at Bell.feuille was at first indicative of a possible rickettsial 
.~ 

infection described from grubs of several scarab beetles under 

th~ vernacular name of "blue disease" (maladie bleue in Europè). 

Such rickettsiosis ls known ,to.be caused by Rickettsiella popil

liae (Dutky and Gooden) Philip in grubs of Popillia japonica New

man, Rhizotrogus majalis (Razoumowsky), Phyllophaga anxia (LeConte) 

and~. ephilida (Say), in New Jersey and Maryland, (Dutkyand 

Gooden, 1952) and by R. melolonthae (Krieg) Philip in grubs of 

several Melolontha species in Europe (Hurpin and Vago. 1958). 

Krieg (1963) reported that the bluiah-green iridescence (greyish-
" '1 

blue in Melolontha). similar to that of Tipulâ i~idescertt virus 

but not so intense, ia due to Tyndall scattering and Bragg re

flection, due to the smallness and orientation of rickettaiae 

withi~ fat body cells of diseased grubs. 

( However. preliminary E M study of a ct'ude homogenate of 

, c 

.--: .~_ ...,' ..... : .. , ~.~~,:--~. :::~ .... -Y::;;:- -.:~'".~.~~-:. 
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embedded tissues revealed, in both Bellefeuille grubs, the. pre~ 

senc~ ,of non-occluded cytoplasmic, sytl'llletricai (hexagonal) virus 

particles, mor.phologically similar to those of members of the 

family'Iridoviridae or icosahedral cytop~smic deoxyriboviruses 

(Matthews, 1982). Isoïation, purification and "subsequent E M 

study of the particles confirmed. that both grubs suffered from 

an iridovirus infection. Payne and Kelly- (1981) emphasized that 

the presence of iridescent viruses can be confirmed yisually only 

by E M. 

The large virus partiçles found in thin sections of ~Dl

bedded tissues occurred on1y in the cytoplasm of infecteu cells, 

'never in the nucleus, and averaged 110 nm (n-32) in diameter. 

Particles of purified virus, stained with 2% potassium phospho

tungstàte, pH 6.8, averaged 138.6 nm in diameter (n-30i rang~ 

135-140 nm) (Figure 13). 

The pecu1iar optical properties of the virus, partic1es 

in infected grubs and in purified virus pellets. tà~ cytoplasmic 

çonfinement of the virions in infected cells; the non-inclusion of 

the virions, their shape, isometry and size were aIl indicative 

that the virus isolated from P. anxia grubs was indeed an ico

sahedra1 cytoplasmic deoxyribovirus (family Iridoviridae) of the 

group of the small iridescent insect virus es , genus Iridovirus, 

for which the proposed type species (~~tthews, 1982) la the Tipula 

iridescent virus (TIV) or insect iridescent virus TYPe l, the 

firet such virus ever reported (Xeros, 1954). The other members of -

the insect iridescent viruses be10ng to the genus Gh1oriridovirus 

br large iridescent insect·virus group (particle diameter - 180 nm) 

'b . 
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Figure 13. Electt'on miC!rograph of Phy,lîophaga anxia 

iridescent virus j purified particles negati~ly 

stained in 2% potassium ph08photungstat~. pH' 6.8. 

Magnification on print - 102200 times. Note t~e 

hexagonal shape of the particles. the capsid en-. 

closing the densely staining .core, some empty 
, 

shells and ~he apparent second membrane (inner 

row of .protein ',subunits). 
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, 
wpose type species is the mosquito iridescent virus. regular 

" 0-
'strain (RMIV) or insect iridescent ~irus Type 3 (Matthews, 1982). 

Since P. anxia is a new natura1 host for a virus of the 

genus Iridov!rus, 1 propose to designate the Bellefeuille isola

te PaIV or Ph11lophaga anxia iridescent virus. It is also 1egi

timate ta designate PaIV as Type 33 'in the interim nomenclature 

system proposed by Tinsley and Kelly (1970) for the iridescent 

group of insect viruses. Th us , PaIV becomes iridescent virus 

Type 33 because the last published type designation was Type 32 

from the sow bug. Porcel1io dilatatus, from southern California 

(Federici, 1980). Several authors have published new natural 

host r~rds for insect iridescent viruses since Federici (1980). 

but they have fai1ed to assigne new types '(Pope1kova, 1982; 

Avery and Bauer, '1984). The cryptogram for PaIV is simi1ar to 

the cryptogram of TIV, the type spe.cies of the genus Iridovirus 

(Fenner and Gibbs, 1983) and reads: 

(0/2:126/L-:5/S:1/*) 

in which the first two sets describe the genome: (D) ONA/(2) 
~ ~ 

double-stranded: (126) molecu1ar weight in Mda1tons/(L-) linear 

non-infectious isolated nucleic acidj the third set describes 

the virion shape: (S) spherical outline shape of virion/CS) .sphe

rica1 outline shape of nuc1eocapsid in the virton; the fourth 

set gives sorne biologieal eharacters of &he virus: (1) ~nverte

brate hostJ(*) mode of transmission unknown. 

Viruses with properties in common with the in~ect 

(including'terrestrial isopods) iridescent group. other than . . 
iridescence in ~. have ~een isolated from the protozoan. 

.. j 



Entamoeba histolytiea; the molluse, Oetopus vulgaris; the 

annelid, Nereis diversieolor; the midge, Chironomus plumosus, 

the daphnid, Simocephalus expinosus; frog~, newts, tadpoles, 

swine and fish (Tinsley and Kelly, 1970; Federici, 1980; "Mat

thews, 1982) Viruses of the fami1y lridoviridae (the name is 

mis1eading, sinee the inclusion within the' fami1y does not ne-

80 

cessari1y denote irideseenee) are thus recognized as ubiquitous 
.. 

pathogens in populations of several Phyla in many parts of the 

world and more particularly (genera Iridovirus and Ch1orirido

virus) if invertehrate populations of Isopoda, Ephemeroptera, 

Orthoptera, Dip~era, Lepidoptera, Hymenoptera, Heteroptera and 

" -Coleoptera. Within the Co1eoptera, iridescent viruses have been 

identified in species of the families Buprestidae (1), Ceramby

eidae (1)~ Ch~rysome1idae (1), Coccine1lidae (1), Curculionidae 

_(2), Luean~e (2), Tenebrionidae (1) and Scarabaeidae (6) (Mar

tignoni Ind Iwai" 1981). 

ALI isolates of insect iridescent viruses are lethal to 

their hosts (Kelly et al., 1979),~ the v.iruses having a cytocidal 

effect by rapid inhibition of host cell macromolecu1ar synthesis 

( Matthews, 1982) and death of the host (for TIV) occurs 2 to 4 

weeks or more after the disease beeomes detectable (Xeros, 1954). 

The physics of the peculiar properties of TIV were des-

cribed in·detai1 by Williams 'and Smith (1957) and Smith and Wil-.. 

liams (1958). In vivo and in- vitro iridescent hue in ref1eeted 

light depends on the state of hydration of infeeted tissues or of 

virus pellets and may thus he purple, blue, green or orange but 

the color is a1ways orange in transmitted 1ight (Xeros, 1954; 

1 

r 
1 
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Smith and Williams, 1958, Lipa, 1967; Smith, 1976)~ Bellett 

(1968), Lee (1977), Kelly and Robertson '(1973), McAuslan and 
.1 

Armentrout (1974), Payne and Kelly (1981) reviewed the structure, 

biochemistry and serologic~l relationships of insect iridescent 
• 

viruses and Matthews (1982) summarized their main characteristics. 

The route of infection of insect iridescent viruses is 
• 

uncertain. Evans and Harrap (1982) wrote that in nature it his, 

been difficult to substantiate that iridescent virus infection is 

acquired by mouth, as for other insect viruses. Kelly (1981) and 

Evans and Harrap (1982) remarkéd that iridescent viruses are far 

more infectious when injected into the hemocoel of an insect than 

when ingested but Kelly (1981) a1so suggested that'iridescent vi

ruses are 1ike1y transmitted, in the field, by cannibalism on in

fected hosts and, accord:Lng to Evans and Harrap (1982), acciden- 'J ,l 

~al injury or predatory behavior might be important in iridescen~ 

viruses gaining access to susceptible tissues but it would be per- • 

haps 1ess 1ikély than cannibalism or feedi~g on infect.d cadavers~ 
J 

It should be said q.ere that, in .my three-year survey of naturâl 

enemies of Phy110phaga in Quebec, l found ont y the two cases of t 

irides cent virosis reported in. this chapter. Both infected grubs 
& '.' 

were collected on the same day and in close proximity (2 to 3 cm) 

of each other. Moreover, one of the grubs was dead and the live ..... 
grub was in an early stage of infaction. In my opinion, these 

facts strongly suggest that contact between the two grubs took 

= 

1 

; \ 
1 

place someti~ after the death of the first grub. It i8 known that k' , 

Phyllophaga grubs have a tendency to cannibalism (Mi ner, 1948). 

My observations on PaIV occurrence in the field appear to agree 

·1 
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with the suggestions advanced'by .Kelly (1981) and Evans and Har-

rap (1982) 

The rep licat ion of i rides c.ent vi ruses is surnmarized in 

Kelly (1981) and Natthews (1982) anà will not be discussed here . 

All students of insect iridescent viruses agree that the first 

site of infection and virus replication of the iridescent viru-

ses of insects are the fat body cells, that other tissues become 
... 

gradually infec ted and that infection finally resul ts in sys terni c 

infectwn and death of the host (Kelly, 1981)., This systemic in-
• r-

fection was observed -rn the live grub that l quarantined after 

field collection, the blue iridescence, an indicatiJn of iride-

scent virus infection, spread gradually throughout the body of 

f ~ 

the grub, as mentioned earlier 

lndi rec t enzyme-linked {ii:munosorbent as say used by Cole 

and Morris (1980) to de fine se"rological re lat i onships between 
" 

PaIV, TIV and l IV (isopod iridescent viius) indicated clear1y a 

distant relationship between TIV and nv and an interm~diatè re

lationship for P aIV, wi th however a grea t~r af fini ty ta TIV. Thi s 

relationship was confirmed by titration of the sera with the three 

antigens, using the indirect test. 

Infectivity tests on healthy third instar grubs to fulfil 

Koch 1 S postulates wère conclusive and transmission of PaIV by intra 

hemocelic inj ec tian was readi ly derno~ trateà (Cole, t 980, personal 
'\, 

communication) Of 40 h~althy P anxia grubs injecteà with 2 to 

3 pl of pure PaIV suspension, 37 became i):1fected and died The 

grubs began to show symptoms of infection (a b1uish iridescence) 

8 to 10 days after inoculation with PaIV and died 19 to 21 days 

after inj ection. UV purified from an is opdd a1so readily infected 
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another series of third insçar gr:ubs; 15 days after injection 

with' IIV, the grubs developed purplish coJ.&t:~tion and died 7 to 

9 days later (Cole, 1980, personal connmmication; Cole and Mottis. 

1980) The results of the IlV experiment are in agreement with 
\ 

previous observations on insect iridescent viruses swmflariz.ed by 

Matthews 0 .. 982): viruses of the genus lridovirus are apparently 

not specifie and infect a wide range of insect species. 

was 

The yiel<\. of purified virus in the PaIV transmission tes ts 

very high, ave1aging 5 mg per grub, the average weight of a 

heal thy third ins tar, second year grub being 0.65 g' (n=38; per-

" sonal measurements) 1nsect viruses are well known for the very 

high yield of virus often produced in infections (Evans and Har

rap, 1982) and insect iridescent viruses outperform al.l insect 

viruses as well as other animal viruses (Williams and SInith, 1957; 

Day and Hercer, 1964, Longworth ~ al., 1979, Kelly, 1981),. 

l returned to the Be1lefeui11e sad field on several oc-

casions in the summer and fall of 1979 but never collected any 

other PaJV infected grubs. Moreover. the three-year s.urvey in 45 

locali ties of southern Quebec ~over 16900 'grubs collected) did 

not r~sult ïn other Pal V isolations. Iridescent viruses are ~hus 

far from being important natural regulators of Phyllopha~ anxi~ , 

and allied species in s'outhern Quebec. It is true that:_ t~ ma::k

er of~ iridescence as a measure ·of frequency of infection 
1 

j l ~ 
prob'ab ly wou1d under-es t1mate 

earl~, stages of infection are 

the pr.evalence of the virus si'nce 
,/ 

not detect4?d by the naked eye, but, 

l must recall here, that every grub collected d\lring the survey 

• 
was routinely quarantined in the laboratory for .périods of_trime 

.- , 

.. 

, 
! 
1 
) 
j 

i 
1 
: f 



much longer than the 8 ta 10 days i t' took, in the PaIV transmis

sion tests, to notice the first ~color symptoms' of iridescent vi-

r~s infection 

The incidence rate of PaIV in the Bellefeuille field was 
'-- , 

l 29% (2 cases of virosis in 155 grubs examined) on July 12, 1979. 

whereas the prevalence rate of viral disease in the grub popula

tions (16930 grubs examined) over 3 years in 45 localities of f 

southern Quebec was less than 0.02'70' Although several authors 

reported relatively high infection rates in several insect spe-

cies, most repCfrts of new insect iridescent virus types concerned 
, 

one or two, rarely more, specimens, especially for scarab beetles. 

and Longworth et al (1979) concluded that " none of the 30 or sa 

iridoviruSes that have been described sa far has been identi..fied 

as causing major mortality in natural populations of its specifie 

host, so iridoviruses are not regarded as promising candidates for 

biological control " 
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V. A EUGREGARlNE PROTOZOAN, ACTlNOCEPHALUS SP .• 

ASSOCI~TED WITH PHYLLOPHAGA SPP. 

IN SOUTHERN QUEBEC 

A. INTRODUCTION 

Protozoa-insect relationships range from symbiosis to ob-
. 

ligate parasitism in nature and the specles involved are numereus-. 

Early reviews of Protozoa-insect associations, inc1uding 1etha1 

infection. were made by Paillot (1933). Steinhaus (1946, 1949) 

and Aoki (1957). Lîpa (1963) reviewed the entomopathogenic' ci1-

iates, f1agel1ates and amoebae, Weiser (1963) the Sporozoa. and 

Lipa (1967) general protozoonoses of insects. Considerations of 

pathog~nic Protozoa as'potentia1 control agents for insect pests 

were given by Tanada (1959. 1963); Hall (1963); McLaughitn (1971, 

1973); Pramer and A1-Ribiai (1973); Brooks (~,974).; Canning (1981); 
~ 

Henry and Orna (1981); Maddox et al. {1981); Wilson (1981, 1982). 

The Microsporidia, Coccidia and Neogregarinida appear to be the 
. 

most potentia11y usefu~ pathogenic Protozoa for insect control. 

In spi te of this 9u1ky li terature, there is on1y scattered 

reference ta the Protozaa associated with scarabaeid beet1es (TablE 
." 

10). Forbes (1916), Davis (1919), Travi~ and Becker (1931), and 

Berberet and Relms (1969) are the few authors who reported associ- ~ 

ations between Protozoa and: Phyl10phaga spp. As shown in Table 10, 

most of these reports are of a taxonomie or descriptive nature. 
f-

To supplement this information, l report here the first record of 

! 
1 

, 
1 . , , , 
l 

! 
1 
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, Table 10. Known Protozoa associate<J with some important scarabaeid pests. 

/ 

Protozoan Host insecta Country 
species 

Unspecifiéd Ph~11~hag8 spp. USA 

Unspecitied Phyllophaga spp. USA 

Polymastix melolontae 
(Grassi) BUtschli 

Ph:ïllo~has:a spp. USA 

f. phyllophagae Ph~llophaga spp. USA 
Tr~vis &: Becker 

Monocercomas melolontaé Ph:tll0r2haga spp. USA 
Grassi 

Eutrichomastix passali Ph:ill!!2hag& spp. USA 
Tanabe 

E. phy llophagae 
Travis « Becker 

Phyllophaga spp. USA. 

Embadomonas ph:ïllophagae Ph:ïllopha~ spp. USA 
Travis &: pecker 

Vahlkampria, Arcella 
and Allantion sp. 

Phynophaga spp. , USA 

l\etortl!l1looas sp. Phyl1~Q!g-,! spp. USA 

, 

Nature of Reference 
information!> 

E Porbes 1916 

E Davis 1919 

T,M, Travœ& Becker 1931 

T,M Travis & Becker 1931 

! 

T,M Travis &: Becker 1931 

1 
T,M Travis &: Becker 1931 J 

T,M Travis & Becker 1931 

1 T,M 1'1"a vis & Becker 1931 

T,M Travis &: Becker 1931 

·T Lipa 1963 

~ 
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Table 10. (cont'd) 

Protozoan 
speeies 

..1 

Host insect Country, 

. \ 

Na"reot 
illformationb 

p 

ReteJ'.ence 

Gr~:rinat Actinoeepha- Phyllophap. anxi: \-- . -~~A--~- M,B - - - -- ----~~b:r;-&~~;m~I~69 
~. " . 

. 
Actinocephalus sp. 

Gregarina cetoniae 
Foers.ter 

Monocercomas mackinnoni' 
"Kowalezyk 

Nosema melolonthae' 
<Kdeg) 

o N. melolonthae 
(RriegJ 

Adelina serieesthis 
Welser &- Beard 

Monoeystis sp. 

Retortamonu ~ 

~-~--... 

---

P. !!!!!! adult 

Cetonia sp. 

Popillla japonica 

Melolontha sp. 

Melolontha melolontha 

Sericesthis pruinoSa 

Hopliasp. i 
Popi1!~ Jae9nica 

i ", 

, 

USA Record Berberet &: Helms 1969 

Ger.many T,B Foerster 1938 

USA T,M Kowalczyk 1938 

Germany T,M 1 Kr,ieg 1955 

France B,E Hurpin~& Vago 1958 
Hurpln 1965 

Australia T,B,P Welser & Willie.1959 

Swj~rland T,B Welser tt ~Ule 1960 

USA B ~ Lipà 1963 
/1 

...--' 

~_~_ L....- ___ ----'1'" -~-
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Table 10. (cont'd) 

Protozoan 
species 

( 

Polymastix melolonthae 
( Grassi) BUtschli and 
related species 

Monocystis sp. 

Adelina sericesthis 
Weiser &: Beard 

Gregarjna melolonthae 
Lankester 

Eugregarinida 

Nosema costelytrae n. sp. 

Host insect 1 

Melolontha melolontha, 
PpeiUia japonica, AnomaIa 
orientali~ Oryctes~-

.• comis 

Melolohtha melolontha 
\ 

Melolontha hippocastani 

Melolontha melolontha 

.. 
Costelytra zealandiça 

Costelytra zealandica 

a qrub stage when not specified. 

,..-,. 

Country 

Unspecified 

France 

Czechoslovakia 

Unspecified 

New Zealand 

New Zealand 

b E: epizootiology; T: taxonomy; M: morphology; B: biology; P: pathology. 

-------------------------------'1 
,"" 

Nature ot 
informationb 

B 

') 

B 

p 

T,B 

T,lt 

T.B 

"...... 

Reference 

Lipa 1963 

Weiser 1963 

Weiser 1963 

Lipa 1967 

A~ison 1969 

Hall et al. 1977 

." 

co 
CO 

{ 

i 
--'-

1-



• 
.................... , ..... _--------... ...-............. ,- ... _---'"'------------.-.:;...--------'.".' _.' --------~ 

~ 
t 

1 

.. . . 

<.. 

- a eugregarine protozoan found parasitizing Phyllophaga spp .• in 

Canada. 

B. MATERIALS AND METHODS 

89 

In August 1979. when dis.secting"t:h~rd it;tstar 'Phyllophaga 

grubs coll~cted from Pierreville, Quebec. l noticed that severai 

specimens harbored relatively large, extraceIlu1ar, white organ

isms, which. after searching the literature, were te~tative1y i

dentified as representlKi vas of the Protozoa. 

AlI specimens of PhylloPhaga spp. that were collected in 

1979-1981 from the 45 collection sites in southern Quebec (Figure 
: 

10) were thus examined for the, presence of the conspicucus mature 

trophozoites observed at the onset of the study and for ether 'signs 

of protozoan "invasion. Methods 'cf examinat~on are described ip l,. 

Chapter III. The abdominal cavi ty and alimentary tract of the in

sects were specifically searched for the presence of protozoans ~ 

Eggs of Phyllophaga spp. wece not dissected but examined with a 

dissecting microscope set at the ~ighest magni fi cation . 

The fcllowing data were recorded for each specimen examined 

presence and \umber of trophozoites, sex and stage of the specimen. 

collection dà;e and locality. Some trophozoites wer~ perman~ntly 
motnlted en microscope slides after coleration with Giemsa or hema

toxylin stains as recommended by Martignoni and Steinhaus .(1961); 

Weiser and Briggs -(1971); Thomas (1974); Poinar and Thomas (1978). 

Bleod smears, routine1y taken during the examin'ation, were treated 

in the s ame way. 

, . 

-1' 
1 
1 
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lt can be asstDDed that over 98% o~mcimens of Phyl
...L-)....:-\. 

lophaga collected in Quebe~ were P. anxia (Triohey, 1977; Lim. 

1979; Chapter III). 

C. RESULTS AND DISCUSSION 

Study of the mounèed specimens under a bright field mi

croscope confirmed that the organisms previous ly seen were the 

mature, extracellular stage of a eugregarine protozoan. The grega

rine was further identified to the generic level Actinocephalus 

(order Eugr;egarinida, suborder Cephalina, family Actinocephalidae). 

The identifications were based on descriptions and keys pub1ished 

by Watson-KamÎn (1916); Jabn and Jahn (1949); Grassé (1953) i Hall 

(1953); Honigberg et al. (1964); Kudo (1966); Berberet and Helms 

(1969); Sleigh (1973); Poinar and Thomas (1978) i Levine et, aL 

(1980). The fact that sporadins were never observed in syzygy and 

hence :were solitary gregarines, confir.med that they belonged to 

the genus Actinocephalus .and' not to the closely related genus Gre

garina, whose members are biassociati ve (Laird, 1959; Berberet and 

Helms, 1969). Although voucher specimens were submitted to proto

zoologists (Drs. M. Akbarioh, Département des Sciences Biologiques, 

Universit~ de Montr~al and G, G. Wilson, Forest Pest Management 

Institute, Sault Ste. Marie), they wtare unable to identify the gre

garines . to the species level. 

l measured a total of 42 extracellular mature trophozoites 

(sporadins) isolated from the gut lumen and hemocoel of grubs col-

1ected at'various localities during the three-year survey. The 
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mean length was 1400 pm (S .D. = 160, range 1100-1800), with the 

deutomeri te being 6 to 8 times longer than .the protomeri te. The 

single nucleus was 'always locatediin the 'deutomerite, this latter 

1 compartment of the cepha1ine sporadin being separated from the 

protomeri te by an ectop1asmic septum (Figures 14 and 15). The 

mean width. measur~d at the widest part of the deutomerite, was 
.'1 

280 pm (S. D. = 40, range 220-360). The apove measurements are with-

in the ranges reported for gregarines by Steinhaus (1949) and 

Berberet. and He1ms (1969), the 1at;t,er autbors having described a 

Gregarina sp. and an Actinocepha1us sp. from ~. anxia grubs in 

Nebraska. 

The number of gregarines recovered from any single insect. 

specimen was consistently low, averaging'3 to 5 per specimen.with 
. .,,-

a maximum of 12 in 6' cases, whatever the hos t stage, year, time 
" 

of the year and locality sampled. Steinhaus (1949) and Weiser 

(1963) wrote that insect hosts are not intensely infected by eu

gt;egarines since these lack merogony (reproduction ia by gamogony) 

and no actua1 multiplication occurs wi thin a single host. Stein

haus (1949) a1so observed that the mlDlhers of gregar~nes (unspec

ified) in one indi vi dual of a species of insect may vary accord

ing to the season of the year, being much Iarger (up to 100 or 

more) in the faII than in the earlier seasons (from 1 to 10 gre

"garines). Furthermore. a greater number of insects in a given eco-. . 

logical niche are infected in the fa11 éhan earlier in the year 

(Steinhaus, 1949). Such seasonal variations at the host and host 

population leve1s were not observed in the course of this st~dy. 

The relative abtmdance of Actinocepha1us sp. that l found appeared 
i 

----------~~ ~- ~ . 

,. 
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Figure 14. Three mature trophozoi tes (sporadins) froII\ the . . / \ 
midgut lumen of a whi ... te grub, Phyllophaga sp Giemsa 

staining. N = nucleus, P = protomerite, D = deutomerite. 
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Figure 15 A sporadin prior ta encys tment. Giemsa staining 

Note the shortening and thickening of the deutomeri te 
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to have been fairly constant over the years in geographical dis- \ 

tribution and in host stage specificity (Figure 16 and Table 11) ~ 

The short duration 0 f the fi rs tins tar grub stage e){:

plains the low numbers of individuals found harboring the grega-

rine, since these grubs had less opportunity to ingest the in-

fec ti ve stage of the paras i t~ Pas teurization of ,the soi 1 used in 

the laboratory rearing trays probably killed the infective stage 
c-

of the gregarine, hence, first instar grubs derived from iabora-

tory rearing were free of the parasite (Table ll) 

The relatively long duration of the ~econd and third grub 

stages and the active feeding activity of th~se larvae ·may have 
.. 

accounted for their relative1y higher infection rates with grega-

rines (Table 11) 

The profound IT~tamorphic changes taking place at the onset 

of pupation and the quiescence of the non-feeding pupal stage and 

teneral adult would result i~te-free individuals; on1y one 

prepupa ( one pupa and one teneral adu1 t were found paras i tfzed 

du ring this study (Table 11) 

The phyl1ophagous habits of the flying adui·ts might ex-

plain why, with one exception (Table 11), they were par~site-fre~ 

indeed~ even if gregarine spores did occur on foliage, it is \.U1-

likely that they could survive the letha1 action of solar radia-

tion and other adverse physica1 factors None o~ the blood-and 

tissue smears taken routine1y during this study showed the presencE 

of innnature gregarine stages in P anxia adul ts, pupae and pre-

pupae, although Berberet and Helms (969) found cysts of an Ac~!.-

nocephalus sp in the mesenteron of P anxia adults collected in 
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Figure ;'6 Distribution of the gregarine, Actinocephalus sp., 

qssoc..iated with g.rubs of Phyllophaga spp. in southern Que

~c, 1979-1981. 
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.1980 

01981 

Numbers assigned to collection sites are eXplained in Fig

ure 10. 
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a P: ~upa;1 PP: prepq>a; A; adult; TA: teoeral adult; U, 12, IJ:'. first, seccnd. 

third instar gnb, respectively. 

b Including 490 U ,frcm laboratory œar:ing. 

c Nale of the 490 U frein laboratOry rearing. 
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Nebraska. 

No gregarines were found associated with the eggs or Phyl

lophaga spp. 

Over 95% of gregar~nes recovered by me were located in the 

gut lumen of the host, at the mesenteromic level, and on most oc

casions, were found free in the gut and not attached to its epi

thelium. In a few instances, 'however, t~ophozoites were found 

attached to the mesenter.omie epithelium and free sporadins were 

reeovered from the hast hemocoel in the midgut region (Figure 17). 

Poinar and Thomas (1978) reported that the entry of most ençomo

philic protozoans into the hemocoel occurs thr~~gh the midgut wall. 

Excellent reviews on the morphology and biology of grega-

rines were prepared Léger (1892); Watson-Kamm (1916, 1917, 

Steinhaus (1946, 1949); Théodoriàès (1959); 

Jolivet (1959); Weiser (1963); and Brooks (1974), Théodorid~s 

. but these tD ies wi 11 not be dis cussed further here. 

e effects of Actinocephalus on individual Phy1lophaga 

speci~ns and on field populations are not c1ear. During this 

study. l could not identify any specifie symptom in grubs harbor

lng the protozoan; all grubs examined were healthy and behaved. 

normally, but this is not unusua1 according ta Poinar and Thomas 

(1978). None of the dissections revealed any particular sign that 

could have been the manifestation of disease caused by, a patho

genie condition. However, it is"true that the destruétion of grubs 

for dissection purposes did not allow prognosis and pathogenesis 

studies in the event ~f a latent infection although the location 

of Actinçeephalus found in the insect body would ex'e1ude patho-
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Figure 17. Gregarine (circled) in the mes~nteromic region of 

a third instar grub, Phyllophaga sp. 2.5X . 
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genesis. Equally true is that sorne damage must have taken place in 

the g~t wall of grubs which had sporadins present in the hemocoel. 

This type of mechanical damage, if not fatal by itself, could re-.. 
suIe in death of the grub by septicemia following the invasion of 

the hemolyph by the general bacterial flora. aonigberg!! al. 
1 

(1964) considered cephalines to be ~ar~sites of the guç and body 

cavity of insects, but this doeS" not necessari.ly imply that the y 

are pathogenic. On the ~~her hand. the majority of workers in

volved with the study of cephaline-insect associations, have con

cluded that gut-inhabitating cephalines are non-pathogenic com

mens aIs of their hosts (Laird, 1959 ; weise~; Weiser and 
" ./ Briggs, 1971; Brooks, 1974). At least one worker (Weiser. 1963) 

stated that the adhesion of cepha1ines to the host's gut must re

suIt in a decrease of the absorptive capability of the gut and 

must contribute to a lowered vitality and shorter li~é of the hast, 

although çymptoms of disease are seldom pathognomonic. The lack 

of apparent pathogenicity of cephalines for their hasts' should 

not be taken·for granted. As for many other Sporozoa, only inade

quate methods of detection are responsible for inadequate knowledge 

of their importance in natural balance of insect populations. In 

the field most infected grUbs disappear, consumed by saprobes and 

other predators and most protozoan infections escape"detection 

(Weiser, 1963). l 

l have demonstrated that the ~tin~us e~regarine 
found in this study is chronically present in ___ llopbaga pop-

; 
ulations of southern Quebec. ~e analysis of dat? in Table Il show 

chat 4.52% of 16~30 white grubs collected in the t~ree-year survey 

were infected with the gregarine. Infection rates for the other 

j 
. l 

\ 

l 
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stages of Ph:111ophaga spp. were insignificant. The "infection" 

thus appéars to he endemic to the larval stages of the June beetle 

hut enzootie in grub populations throughout southern Quebee. never 

reac~ing epizootie dimensions. The true nature of the Aetinocepha

lus-Phyllophaga associtcion remains to be demonstrated at the host 

level as does the impaet on host populations. 

, 
.. 

,.. 
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VI. BACIlLUS POPItLlAE DUTKY AND OTHER BAcrERIAL 

P ATHOGENS OF PHYLlOPHAGA SPP. 

A. 

IN SOUTHERN QUEBEC 

INTRfcrION. 
1 : 
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Hundreds of bacterial species have been associated Wy 
vast number of bacteria . 1 insects (Steinhaus. 1946. 1949) and a 

'have been recorded as causing disease in insects (Milner. 1980). 

However, 'primary consideration for use in pest suppression. has 

fa11en upon the order Eubacteriales. espec1a11y members of the 

families Enterobacteriaceae, Micrococcaceae, and Baèi11aceae. 

along with several genera in the order Pseudomonales (Bucher, 

1960). The Enterobacter1aceae, Micrococcaceae and Pseudomonales 

are aIl nonsporeformers and are particularly sensitive to drying , " ,II 

and sunlight, vary greatly in their virulence to insects and are 

very often pathogenic for vertebrates. There 18, therefore, 1ittle 

hope for these bactsria as potentially useful pathogens for in

sect pests (Mi1ner, 1980). According to Dulmage (1981). the only 
.. 

bacteria used or proposed for use in the foreseeab1~ future as 

microbial insecticides be10ng to the genus Bacillus, of which 

four species are considered entomophagous: ~. thuringiensis • 
(Berliner). ~. popilliae Dutky. ~. moritai (A1zawa and Fujiyoshi) 

-

and~. sphaericu$ (Neide). For some reason, 'Du1mage (1981) did 

not inc1ude the sporeforming obligate pathogen ~. lentimorbus 

~tky in his listing, a1though the eighth ed1tion of Be~geyrs 

• 
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~Énua1 df Determinate Bacterio1ogy (BUChan~d Gi6bons, 1974) 
) . 

recognized B. lentimorbus as a species distinct from its close 

relative B. popilliae. Only B. thuringiensis i9 produced com

mercialy in vitro. Bacillus popilliae and ~. 1entimorbus, the 

agents of the milky disease(s) of scarab beetles, were the first 

microbia1 i~5ecticides to be registered in thé United States 

(in 1948) although commercial production is possible only in vivo. 

Comprehensive reviews of bacterial associations with in

sects and of the practical u$e' of pathogenic species of bacteria 

were p~epared by Steinhaus (1946, 1949), Bucher (1960, 1963), 

Briggs (1963); Hall (1963); Heimpe1 and Angus (1963); Lysenko 

(1963); Tanada (1963); Jacques (1964); Angus (1965, 1974); Fal

con (1971); Dulmage and Rhodes (1971); Faust (1974), Bulla et al., 

(1975); Cherwoncgrodzky (1980); Du1mage (1981); Singer (1?81). 

In 1940, Dutky published the original description of 

two bacteria which he named Bacillus popiIliae (Type A milky dis

ease) and~. 1entimorbus (Type B milky disease). both sporeformers 

and obligate pathogens which sporulated profuse1y in the haemo-
o " 

1ymph of livi,ng grubs, Popilli~ japonica Newman, collected in 
~ 

New Jersey. AlI infected larvae eventually succumbed to the dis-

ease. The term "milky disease" arose because the'spore-filled 
. 

b100d of grubs in the final stage of the septicemia deve10ped 

an opaque white appearance, although overwintering grubs in

fected with Type B organis~ were bro~ or b1aèk in color. Milky 

diseases, caused by similar but distinct pathogens, have subse

quently been reported frqm scarab beetles in several parts of 

the world. The genera Popillia, Anomala, Rhizotrogus (Amphimallon) 

, 
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Mel010ntha, Costelytra, Çyclocepha1a, Ataenius, Sericesthis, 
, 

Odontria, Heteronychus and Phyllophaga are among those with spe,-

cies that have been reported to be natura1ly infected with milky 

d;i..sease organisms (Dutky, 1963; Tashiro et al., 1969; Milner, 
. 

1980). Surprising1y, similar pathogens have not been found in 

other groups of insects whether they are soil inhabiting or not. 

Numerous laboratory and field studies of the milky diseases have 

followed Du~ky's (1940) descriptions of these highly pathogenic 

and specifie insect pathogens. Klein et al. (1976) eompiled a 

bibliography of the bacteria associated with P. japonica and 

closely re1ated Scarabaeidae, including Beard's (1945) publica

tion reporting notable field studies of milky diseases. Excel~nt 

reviews of B. popilliae and related forms were written by Briggs 

(196J) , Dutky (1963); ~tèinKraus and Tashiro (1967); Dulmage and 

Rhodes (1971); St. JuU.an and Bulla (1973); Bulla et al. (1975, 

1978), Klein (1981a) . 
• 

The pub1ished information relevant to associations be-

~een bacteria and Phy110phaga spp. is meagre. Among the obligate 

pathogenic' bacteria, only ~. popilliae has been ~eported to nat

urally oecur in populations of grubs of Phyllophaga spp. Dutky 

(1963) 1isted the f0110wing speeies of June beetles as natural 

hosts for ~. popillia~: ~. anx~a, ~. fusea. ~. futi1~s, ~. fra-
• 

terna, ~. hirticula (Knoch) and ~. inversa (Horn). However, 

Dutky (1963) ,did not give further information besides the names 

of the hosts and it is not known if any of these records r~ferred 

to the work of Wheeler (1946) who iso1ated !. popilliae from 

P. anxia, P. fusea and P. hirtieula; the strains anxia, fuses and 

• 
i , 
f 

j 
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hirticula have be~n isolated in New'York, New Jersey and Ken-

tucky, respectively Tashiro and Steinkraus (1966) isolated 

~. popilliae from a mi1ky grub of ~. anxia in New York and des

ignated it 'strain anxia-2 In Nebraska, 'Jarvis (1966) found"'B. 

~opi1liae in laboratory-reared secon9 and third instar grubs of ~ 

P. anxia. 

Two species of true fa~ltative pathogenic or potentia11y 

pathogerric bac te ri a have been found associated with Phyllophaga 

·spp. Micrococcus nigrofasciens Northrup has,been reported to in

fect white grubs in M:i;chigan. Il.linois, Maryland and North Caro

lina (Northrup, 1914). Davis (1919) confirmed Northrup's (1914)-:' 

findings and stated that the bacterium was genera11y~ distributed 

throughout the United States in populations of Phy1lophaga grubs 

Duporte (1915) found the bacterium from Phyllophaga grubs in 

Quebec Fïnally, Lim {~979) wrote that he often collected P. 

anxia g~ubs in southern Quebec which died from bacterial infection 

after vario~ holding times, th~ bacteriUm involved, although 

Koch's postulates were not fulfilled, was identified as Bacil1us 

cereus Frankland and Frankland. 

Several species of bacteria have been isolated from dis-

eased and dead PhyllophagaJindividùa~s in southern Quebe~ from 

1979'to 1981 l report these findings in this chapter ~ly 

bacterial species for which Koch's postulat~s were fulfi1led were 

cortsidered to be patho?enic or potenti~l~y pathogenic and are 

'discussed here Several othè~ species of co~on soil inhabitants, 

usually found on decomposed Phylloptraga individuals, were no~ 
1 

further studied and are not reporte~ here The results of patho
\ .' genicity rests with pathogen~c or pptential1y pathogenic bacteria1 
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species are included in the discussion 

B HATERIALS AND- METHODS 

1 Recovery and Identity of Bac~eria 

Individuals of "aIl stages of Phyllophaga spp., includ~ng 

1 
1 
j 

1 
1 
! 
f 

p anxia, were collected in southern Quebec in 1979 to 1981 and 

field-collected live specimens were maintained in th~ laboratory ~ 

as reported in Chapter III Dead (but not decomposed) and mori-, 

bund specimens for which bacteriosis was suspected were retained . . 

for diagnosis Insect· specimens were surface-sterilized by dip-
.., 

ping them in a solution of Hyamine 2389 and water (1:75) for QO 
1 

.' 

seconds, rinsed twice for 30 seconds in sterile disti11ed water 

(Morris, 1979), asepticç.l1y opened, 'and sarnp1es of tissues and 

body contents were inoculated on nutriene agar ~lates and in 

nutrient broth test tubes Care was taken not to puncture the , ,~' 
alimentary tract of the insects when taking samples. In a few 

cases (eggs and first instar grubs) whole specimens were inocu-
... 

lated on the bacterio~ogical media. Bacterial colonie& represent-
, . ~ , 

ative of discernib,le morphological types were s'elected from 

plates and tubes after a 48 hour aerobic incubation period at 

30°C and sub~cultured until pure cultures were obtained, Blood 

smears were also aseptically taken from aIl processed insects, 

air-dried on microscope slides,and stored at ooç fdt further 

studies. Bacteriological media were used and bacteriological 

tests were performed according to directions given in the Man-

ual of Microbiological Methods (Society of American Bacteriol

ogists 19571; Martignopi and ~teinhaus (1961); Wittig (1963); 

1 

l 
1 

1 

1 
i 
! 
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\ 

1 



( 

, 

( 

W,eiser and Briggs (1971), Buchanan and Gibbons (1974), Faust 

(1974), Thomas (l974) , Difco Laborarories (1977), Poinar and 

Thomas (1978). 
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As identlficatlon and classificatlon tools l mainly used 

Bucher (1963, 1981), Dutky (1963), Lysenko (1963), Gibbs and 

Skinner (1966), Edwards and Ewing (1972), St Julian apd Bulla 

(19'73), Buchanan and Gibbons (1974), Cowan (1978); Milner (1981) 

The iden t i fica tians 0 f bac t eria l spec ies 150 lated were confirmed 

• 
- .., 

by t-tr G M Thomas, DiVlsion of Entomology and Parasito1ogy, 

University of Cahfornla, Berkeley, California; and Dr.C. Blackt. l ood 

(retued), Department of Hicrobiology. Macdonald College of 

NcGill University, Ste -Anne-de-Bepevue, Quebec. Voucher spec

imens were deposlted with l'Ir G H Thomas and within my çol-

lection 

2 Infectivity Tests ta Fulfil1 Koch 1 s Postu1ates 

A The pathogenicity of the bacteria isolated from Phyllo-

ph aga specimens was determined u~ing two method~, of inoculation; 

force-feeding and intrahemocoelic injection of bacterial sus-

pensions. AU infect i vlty tests were perfarmed against healthy 

third instar, second year white grubs collected at Pierreville. 

Quebec, in September 1979 

Inocula of spor'eforming bacteria (Bacillus spp ) were 

p'repared by sterilizing the surface of a field-collected dis

" eas'ed grub, puncturing the hemocoel through the dorsal body re-

gion and s uspending the haemolymph loaded wi th spores in sten 1 e 

o 1"10 tryptone, a medium recormnended by St Julian et al. (1973) 
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because of its minimal harmful effect on both insects and bac-

teria Prior ta injection, the spore suspensions were heated at 

70 0 e for 15 minutes to destroy the vegetative ceUs. For non

sporeformers tPseudomonas, Se:çfatia and Micrococcus spp.), ino-l 

culà were prepared by rinsing bacterial growth from the surface 

of agar cul tures with 5 teri le dis t i lled water AU bacterial 

suspensions were _serially diluted i?< the 

obtain a final concentration of 2 to 3 x 

-
appropriate,. /diluent to 

4 1 
10 cells or speres 

'. -1 
ml of suspension Bacterial counts were mase using a Petrdff-

Hausser counting chamber 

For each bacterial species, sterilized l ml serological 
, 

syrirtges fitted with a 27-gauge needle were used ta in je ct, fol-

lowing agitation, 0 l ml of the bacterial suspension into the 

left side of 30 surface-sterilized test grubs, just behind the 

penultimate abdominal spiracle Ten control grubs were injected 

with 0 l ml of sterile distilled water, ten with OlmI of 0 1I~ 

tryptone, ten were punct.ured wlth a 27-gauge ne€dle, and ten 

did not receive any treatment 

A pipetting gun fitted·with f1 blun~ sterilized glass tip 

was use~ to force-feed OlmI of a bacterial suspension to white 

grubs \ Each bacterial suspension was fed to 30 test grubs. Ten 

control grubs were fed OlmI of O. 1% tryptone, ten were fed 

OlmI of sterile distil1ed water and ten did not receive any 

treatment 

Aftçer each treatment, grubs were placed in individua1 

cardboard cups containing a piece of sterile artificial diet Jt 

(Toohey, 1977) and the experimenta1 units were incubated at 25 QC, 

pO-65io RH and 16h photophase. Grubs were checked every second 

~r 

i 

, . 
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day for 29 days for symptoms of bacterial disease and mortality 

Blood samples were ex~ined from diseased and dead grubs, and 

from aU apparent ly healthy grubs at the end of the infectiv.i.ty 

tests Reisolation of the tes t bacterium from the haemolymph of 

test gôI"ubs was considered a positive case of infection .. 

3 Bioassays of l'wo Iso lates of Bacillus papi lliae 

"-The bacterial cultures used in these bioassays were (1) 

a local i501ate 0 f B popilliae iso lated from diseased thl rd in

star, second year Phyllophaga grubs collected in July 1979 at 

Mirabel, Quebec, and preserved as air-dried blood smears on mi-
:> 

croscope slides, (2) the commercial product DOOM manufactured 

by Fairfax ... Biological Laboratory Inc , Clinton Corners, New York. 

DOOM is advertised as a milky disease spore powder, produced in 

vivo in grubs of Popillia japonica against which it is recommended 

as a microb ial insectic ide According ta. the labe l, 19 of the in

ert carrier (talcum) contains no less than 100 x 106 spores of 

either or both B popilliae or ~ lentimorbus 

Three methods of inoculation were used with both isolates 

'in this stud~ force-feeding, intrahemocoelic injection and to-

pical applicat ion. The cOlIUllercial product DOOM was als 0 tes teci 

as soi 1 inoculum. 

To prepare the inoculum of the local isolate of B popil

liae, spores preserved as dried blood smears were flushed off 

the siides with 10 ml of warm sterile 0 1% tryptone, a spore 

! tmt was made and the suspensions were adjusted to 3 x 10
9 

-1 
sp res ml . The final dosages retained for the tests were 
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obttined after seriaI di lutions in Q 1% tryptone. The milky dis-

ease spores of ~he commercial product were ~eparated from the 

carrier by 3 successive centrifugations (2000 rpm for 5 minutes) 

of 6g of the spore powde.r suspended in 10 ml of 0.1% tryptone. 

The final dosages were obtained as for the local isolate. The 

inoçulum for sail application tests was the spore~powder DOOM. 

For each test. except the soil application trials. a 

standard volume (O. l ml per grub) of various spore dosag~s was 

inoculated ta a standard number of test grubs (2 replicates of 
" 

20) 'l'wo replicates of 15 control grubs in each test were ino

culated with OlmI of O. li. ttyptone. 

a Force-,feeding tests 

The experitnental procedure. including P9st-treatment con-
~ 

ditions. was as outlined in section 2. Spore dosages o'f 2 x 10 7 

and 3 x 10 7 spores ml -lof the local i50 la te were used agains t 

second instars (col1ected at Nicolet in August 1979) and third 

instars (co1lected at Pierreville in- September 1979). respectively 
,J 

7 -1 3 x 10 spor~s ml of-'DOOM against second (Nico1et. August 1979) 

7 and third instars (pierreville. September 1979); 2 x 10 spores 

ml-lof OO<:M against first instars (Grand St.-Espr·it, July 1979)'. 

The tes ts were terminated after 30 days and morta1ity wa1- recorde( 

b "\ !ntrahemocoelic injection 

~ The experimental procedure was simi lar to that described 

in section 2. The local isolate was assayed at a spore dosage of fI 
7 -1 , ...... 

3 x 10 spores ml against second and chiN instar grubs. The 

\. 

l 

j 

1 
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7 -1 product OOOM was tested at dosages of 4 x 10 spores ml a-
\ 

7 -1 gainst first and second instars, and 3 x 10 spores ml against 

third instars. The sources of the grubs used in these tests were 

the sarne as those of the force-feeding trials Post-treatment 

conditions were as reporte~ in section 2 The tests were termi-

nated after 30 days and mortality recorded. 

c. Topical application 

The experimental procedure was as outlined in section 2 

for the force-feeding infectivi.t,y tests, but the inoculum was 

pipetted on the dorsum of surface-sterilized test grubs instead 

of being introduced into the alirnentary tract. Second and third 

instar grubs were inoculatecf with 6 x 107 and 1 x 108 spores ml-l, 

respectively. of the local isolate. DOCM was assayed at dosages 

7 7 7 -1 of 5 x 10 , 6 le la and 8 x 10 spores ml agianst first, sec-

ond and third instars, respectively. Test grubs originated from 

the c~llection sites and on the dates reported for the force-" 
\ 

feeding trials. The tests were terminated after 30 days and 

mortality recorded. 

d. Soil inoculation 

\. 

Sandy loam sail (1: 1) was ste~-sterilized. oven-dried. 

and distribut=ed in amounts of 1. 75 kg to 30 x 30 x 10 cm (0.009m3 ) 
( 

boxes. The soi 1 in each box was then seeded with about lOg of a 
\ 

red fescue and Kentucky b1uegrass mixt.ure, and inoculated with 

either 19 (1 x 108 spores g-1) or 3g (1 x 108 spores g-l) of the 

commercial product DOOM. The contents of the boxes were hand-

mixed and watered; boxes were covered 
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with a plastic sheet and one week WtS allowed for the germdnation 

of the grass seeds. The sail in'the boxes intended to receive 

control grubs was treated in the s~e way but was inoculated with 

1 or 3g of commercial talcum. Tests started on August- 28, 1981 

when the grass in the boxes was 3 to 4 cm tail. Five healthy 

first instar grubs, collected at St.-André-Avellin on August 16, 

were placed on the soi1 surface of each of 10 boxes inoculated 

with Ig-qf:OOO~. Five healthy second instar, first year grUbs. 

collected at Stanbric:tge East on August 9, were placed o~ the 

soil surface of each of 10 boxes inoculated with 3g of DOOM. Two 
-

control boxes containing Ig of talcum received 5 firat instars 

each and two control boxes containing 3g of talcum received 5 

second ins tar. first year grubs each.' Grubs. which did not bury 

themselves within 2 hours were replaced. ALI the boxes were then 

incubated- in an environmental chàmber set at 27!l DC. 60-65% RH 
/ 

1. Reéovery ,and Identity of Bacteria 

About 25 species of bacteria were found ~ssociated with 

Phyllophaga individuals in the course of this three-year survey 

in southern Quebec. However, only those obligate, facultative 

aad potent,ial entomopathogenic bacterial species (on ~he basis 

! 
1 
! 
1 

1 
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of literature review and ,results of infectivity tests reported 

in section 2) were considered to be natural enemies of Phyllo· 

:ehaga spp. and are discussed here. Field-collected and laboratory

obtained diseased or dead Phyllophaga specimens were thus found 

to be infected by five entomogenous bacteria: Bacillus cereus 

Frankland and Frankland. !:!. popilliae Dutky, Pseudomonas !!.!J!

ginosa 1 Schroeter) Migu1a, Serratia marce"scens Bizio and Micro

coccus nigrofasciens Northrup (Table 12a). Bacillus cereus (Fig

ures 18 and 19) was found to infect a11 llost stages except the 

egg. lt was a1so isolated on more occasions (sites and dates) 

and .from higher numbers of hosts than the other bacteria (Table 

·12a). These observations agreed with Lim (1979) who reported , , 

that B. cereus was abundant among populations 0 f Phy llophaga 

grubs in southern Quebec in 1975-1977. Bacillus popilliae (Fig

ure 20) appeared to be the second most important bacterial patho-
, 
gen o~ Phyllophaga although it was isolated at only 4 collec;tion 

sites and only from second and third instar grubs (Table l2a). 

Serratia marcescens was widespread throughout southern Quebec 

although the numbers of grubs infected with the bacterium were 

low. Microçoccus nigrofasciens was isolated from only 9 grubs 

out of the 16,930 grubs examined in 1979-1981 (Table 12s). The 

latter observatipn contra~icted Northrup' s (1914) report on the 

wide distribution of M. nigrofasciens in populations of Phyllo-
( 

phaga spp. grubs across most of the American states. One June 

beet1e egg was found natural1y infected with~. aeruginosa 

(Tab le 12a); this was the on1y pathologiea1 condition observed 

among populations of eggs ,of Phyllophaga in the course of this 

...... --..... ----------..l ___ ~_---...L~~~ __ ~_~_~ •. 
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Figure 18. Adult male (top left) and adult female (top ri.ght), 

Phyllophaga anxia (leConte), naturally infe~ted with the 

bacterit.mt, Bacillus eereU$ Frankland and Frankland. Bottom: 

healthy adult m4ile, P. anxia. 2X. 

Figure 19. Third instar white grub. Phyllophaga sp .• killed 

by Ji, cereus. 
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Tà>le 12 a. lbt:c:mJpathogenic bacteria tSolated fran lbyll.ophaga spp. a in 
southen1 Quebec., 1979 te 1981. • 

-
Bacteria1 

'b 
Ibst stage Collect:ion 

species (m.uber infecte<!) sitèC 

, " 

E(l) Nicolet 
" 

JUle 79 

. 
12,1(4) Nicolet Aug. 79 
IJ,2(2) Pierreville Sept. 79 
12,2(2) Miràle1 July 79 
12.2(7) Ste, Sophie July 79 

S. marcesœns 13.2(2) St.-Janvier 1tJg. 79 
Ll,3(l) . Cowansville Sept. 80 

IJ,3(4) Stanbridge Jme -80 
12,2(1) Nicolet Aug. 81 

12,1(3) St:arDridge Aug. 81 

'" 

1.2.2(4) Ml.rabel July 79 

~. ffigrofascieDS 1.3.2(1) Mntebello Aug. 79 
12,1(3) Stanbridge q. 81 

1.2.1(1) St . mdœ Aug. 81 

.... 

.-<~~,.J 
U. (28) Nicolet July 79 , 

TA male(l) Ste. k1ne (kt:- 79 

12.1(36) Nicolet q. 79 
12,2(3) Rigaml July 79 

B. cereus 12,2(17) Mirabel July 79 
13.2(54) PierrevJ..ll.e Sept. 79 
13,2(39) Mirabel Sept.79 -

(- PP(l) Sta1bri. " q. ao 
". P male (1) Stanbrldge q.80 

.;1 

l 
~ -- -~=--~ ~ -~~ .. ~ ~ " 
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Table 12 a - G:ntinœd. 

Bacterial Ibst stage Collectiœ Date of 

species (nUIber :lnfected) site collectic:n 

p fena1e(l) St. Jean Aug.80 

A female(3) Nico1et JU'le 80 
l2,2(1l) Nicolet Aug. 80 
L3,2(22) Mirabel ~. 80 
L3,3(33) Stanbridge Sept. 80 

B. cereus L3,3(28) St. -Janvier July 80 

1..3,3(17) Stanbridge Sept. 80 
A male(1) Stanbridge JUle 81 

l2,l(l) Stanbridge Aug. 81 

U,l(9) St. André Aug. 81 

P female(l) Nicolet 'Aug. 81 

L3,2(1) Pierreville Aug. 79 

12,2(10) Mirabel July 79 

L3,2(18) Mirabel July 79 

1..3,2(16) St. -Janvier 
'" 

Aug. 79 

B. popilliae - L3,3(34) Mirabel Sept. 80 

L3.3(22) St. -Janvier Sept 80 / 1..3,3(48) Stanbridge July 80 

12 ,1(1) Mirabel July 81 / 

12,1(26) Stanbridge Aug. 81 

a Adults, teneral adults and ~ were ~: anxia. 

b E: egg; U: first instargn:b; 12,1: second instar, first yearj 12,2. 

secŒl.d instar, seccnd year j L3, 2: third instar, seccnd year j 13, 3: third 

instar, third yearj PP: prepupaj P: P4>aj A: adult. 

e See figure 10. 

d Date of cri1lectiai of hœt, with or without syuptaœ of bacterial dis

eue. 

l 
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Figure 20. Left: third instar grub. Phyllophaga sp., in ad· 

vanced stage of milky disease showing uniform opacity all· 

over body. Right: healthy third instar grub. 1.4X. 
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study. Bacteriil infections in populations of Phyllophaga were 

preval~nt in the stnmIler months of each year of the survey (Table 

12a) 

Table 12b lists bacterial infection rates among popu

lations of Phy110phaga spp in southern Quebec from 1979 to 1981. 

Excep t for second and third ins tar grubs, the irlcidence of bac-

terial diseases appeared to be very low, and the natural regu-

lation of Phyllophaga popu1ations by entomopathogenic bacteria 

was not important during the years of the suryey. Only 3% of . 

16930 grubs examined were diagnosed to have been killed by bac-

teria The Law incidences of bacteria1 diseases reported here 

are in agreement with observations made by a11 earlier workers, 

excep t for Narthrup, 1914, for t! nigrofasciens, that Phyllo-
• 

phaga spp , which spend the greates t part of their li fe in the 

soil, are relatively free of bacteria1 d~seases. No bacterial 
~ 

disease ever gained epizoOtic dimensions in Phyl10phaga spp. 

populations. 

Dup'orte (1915) isolated t! nigrofasciens· from P anxia 

grubs near Montreal:, Quebec Bacillus popilliae, !:. aeruginosa 

J y and S. marcescens were here found for the first time from Phyl

lophaga hos ts in Canada. To my knowledge, Phyllophaga spp are 

a1so new North American host records fQr the bacteria P ayru-

ginosa and S marcescens 

2 In'fect'f.vity Tests 

1 
1 

1 
1 
•• 

r . 
1 

Although rates of septicemia caused by' test bacteria were 1 t 

relat,ively Low, ~xcept for B. cereus in injection tests, tes-t 1., 
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Table 12 b Inndenee of Hve entœopathogenic baeteria1 species in 

a natura1 populations of Phyllophaga spp . southern ~-

bec. 1979 to 1981 

Host stage 

1 

Adult male 

Adult fema1e 

Egg 

First instéll gruo 

Second ins tar year 1 

Second instar year 2 

Third wstar year 2 

lln.rd instar year 3 

Prepupa 

Pupa male 

Pupa fanale 

Teneral adult malè 

Tenera1 aault fema.le 

Ntnher 

examined 

8895 

2647 

2525 

1832 

1652 

1501 

8174 

3771 

175 

1289 

897 

73 

37 

.l 

Percentage infected wiçh 

Pa Sm Mn Be Bpb 

C o 01 -

011 

o 04 

1 53 (l'-

o 42 o 24 2 78 1 63 

o 66 o 26 2 06 o 66 

0 05 o 01 1 40 o 43 

o 13 2.07 ") 76 .. 
o 57 

o 08 -

o 22 

1 37 -

a Adults, teneral adults and pupae ident~fied as ~ anxia 

b P. aeruginosa CP a ). ~ marcescens (S rn ). M nigrofasciens (M n ), 

B cereus (B c ), .ê. popilliae (B p ) 

e Not isolated (-) from this host stage 

U8 

1 
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grubs were susceptible to the five bacterial species {Table 13) 

and Koch's postulates for proof of etiological agents of disease 

(Steinhaus, 1949) were fu1filled 

The two sporeformers, ~ cereus and B. popilliae, were 

l.nfectious when injected or force-fed to white grubs ,(Table 13). 

However, it was surprising that the only ob1igate pathogen tested, 

~. popil1iae, Phyllophaga grubs, induced much lower 
"-

found in 

rates of septicemia than the facu1tatively pathogenic (Bucher, 

1960, Jacques. 1964) B cereus Bacillus popil1iae is discussed 

in section 3 of this chapter Bacillus cereus (Baci1laceae) i5 

a common sail saprophyte, closely re1ated, to ~. thuringiensis, 

but does not produce a crysta1line paraspora1 body (~ülner, 1980) 

~lany strains of B cereus are known, and sorne of these have b~en 

shown to be pathogenic for insects Steinhaus (1949), Tanada 

(1959), Bucher (1960, 1963), Jacques (1964), Milner (1980), and 

oth~rs considered ~. cereus to be a facultative entomopathogen 

since it possesses sorne mechanisrn (exoenzymes) for damaging host 
, 

tissue or for'invading a tissue of a susceptible host, multiplies 

, extracellu1arly 'in the hemocoe1 of insects and produces a lethal 

septicemia However, in c,ontrast to obligate pathogens, B. cereus 

grows readily in vitro and attacks a wide range of insect spe

cies both in nature and experimentally. According ta Heimpe1 

and Angus (1963), the pathogenicity of B. cereus, strains was 
, 

found ta be corre1ated wit~ production of lecith(nase C which has 
~.,. 

been implicateçl as a tox~n A1though Nilner (1980) wrote that 
• 

the pathogenicity of B éereus is Low, Ang~ (1974) stated that, 

there is quite a range of pathogenicity depending on the i~olate. 
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Table 13 Susceptibility of third instar. second year grubs. Phyllophaga 

sp . ta fi ve entClIDgenous bacteria 

~thod of 

testing a 

Injectioo c 

cl 
Ca1trol 

Force feedingc 

Cent. ra 1 e 

Bacterial 

species 

B. pq>illiae 
-

B cereus 
p aeTIJginosa -
S marcescens 

M nigrofasciens 

B - pq>illiae 

B cereus -
P aeTIJginpsa -
S marcescens 

M nigrofasciens -

Perc;entage of diseased or dead gnbsb 

Tot.al Septicemia 

13.3 13 3 

83 3 800 

100 6 6 

53 3 466 

56 6 50 0 

7 5 0 

16 6 16 6 

600 43 3 • 
j 3.3 0 

6 6 0 

100 0 

0 0 

, 4 
~,Inocul\JIl 0 l ml of 2 to 3 x 10 spores (Bacillus spp ) or cells (other 

bacteria) ml-lof bacterial suspension . 

b Aft.er 29 days _ "\ 

c Thirty gnbs for ~ test bacteri\JIl 

cl Four times 10 grtbs. see t-1aterials and t-Ethods for details 

e Three ti.rœs 10 grtbs. see Materials and t-Êthods for details 
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The results of my infeetivity tests agreed with Angus (1974) 

sinee B. eereus iso1ated from Phyl~ophaga grubs caused from 43.3 , 
to 80% infection in experimental1y exposed grubs of that genus 

(Table 13) The results of the force-feeding tests with ~. cereus 

(Table 13) also agreed with Heimpel and Angus (1963) who con-
<!&< 

sidered the bacterium as being capable of causing frank infection 

through a normal portal of entry (per ~) as distinct from an 

experimental infection (intrahemocoelic inoculation) whieh àr
/ 

tificially circumvents the insect's defenses. 
\-

Pseudomonas aeruginosa (Psèudomonadaeeae). S. marcescens 

(Enterobacteriaceae) and ~ nigrofasciens (Micrococcaceae). which 

are aIL non-sporeformers. were not infectious wnen foree-fed to 

white grubs, but induced septicemia when injected ta grubs at 

relatively low doses (2000 to 3000 cells) (Table 13). Bucher 

(1960) defined potential pathogens as organisms that e 

ply in the hemocoe1 of insects from small inocula and pr du~ a 

fatal septicemia. but are not actively invasive and do t ffour

ish or multiply significantly in tpe gut of insects. Therefore. 

and although Bucher (1960) considered~. aeruginosa as faculta

tively e~tomopathogenic. the strain isolated from a Phyl10phaga 

egg (probably as a wound parasite) and assayed against grubs in 

the infectivity tests was considered as a weak potential patho- ~ 

gen The pathogenicity of P. aeruginosa injected to teSt grubs 

was very low (6.6% infection rate) (Table 13); moreover. the 

bacterium was never found occurring natura11y in populations of 

Phyllophaga grubs in this survey (Tables 12a and 12b). These 

observations agreed with Jacques (1974) who wrote that P. aeru-

ginosa infects insects usually only under extraordinary 

\' 

t 
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circ~tances Pseudomonas aeruginosa as entomopathogenfhas 

been reviewed by Steinhaus (1949), Bucher (1963); Angus (1965); 

Faust (1974); Milner (1980) 

Micrococcus nigrofasciens caused septicemia in 50% of 

the test grubs when injected to the hemocoel (Table 13), the 

bacterium had also been isolated from naturally infected white 

grubs (Tables 12a and l2b) and was thus considered as a poten

tial pathogen of Phy110phaga grubs There is very 1ittle pub-

1ished information on M nigrofasciens besides a study by North-

rup (1914) and a brief review by Steinhaus (1949) A1though~. 

nigrofasciens has been experimenta1ly transmit'ted to cockroaches 

and the eastern tent caterpillar. its natural hosts appear to be 

the grubs of several scarabaeid beet1es, inc1uding Phy110phaga 

spp (Northrup. 1914, Duporte, 1915. Petch and Hammond, 1925, 

Steinhaus, 1949) According to Northrup (1914), the route of 

transmission of M nigrofasciens is unusua1 in that it apparent

ly occurs through the integument of June beet1e grubs. and the 

1ikelihood of infection is increased when the integument is in

jured by parasitic insects, f~gi or mechanica1 means. Petch and 

Hammond (1925) believed thit the young maggots of the parasitic 

tachinid fIy, Mi~rophthalma phyllophagae Curran, introduced tl. 

nigroFasciens into their grub hosts when becoming established. 

Davis (1919) considered ~. nigrofasciens as a wound parasite of 

minor importance in the control of Phyllophaga grubs. 
( , 

Serratia marcescens, a potentia1 entomppathogen (Bucher, 

1960, 1963), produced infection in 46 6% of the test grubs when 

injected directly to the hemocoel (Table 13). Death usual1y 

-j 
1 

r 
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oecurred 4 to 6 days after injection. Many ~train8 of this bac-
l', 

terium are k~; most of tnem produce red-pigmented colonies in 

vitro and give a pinkish-red hue to the boày of infected insects. 

This ubiquitous saprophytic microorganism nas been isolated from 

over 50 spe~ies of natural insect hosts in the field, including 

the scarabs Oryctes rhinoc~ros (L.) (Steinhaus, 1959) and Melo

lontha me101ontha (L.) (Hurpin,'and Vago, 1958). Serratia marces

~ was said to be highly pathogenic for a wide range of in-
\ 

seets when injected (Bucher, 1960), including for grubs of the 
<t<-

Japanese beetle (Fleming, 1970). In nature, it has however lim-

ited invasive powers and it probab1y is not an important factor 

in t~ control of scarabaeid grubs (Fleming, 1970). Serratia 

marcescens as an entompathogen has been reviewed by Steinhaus 

(1959) and Bucher (1963). Safety problems prec1ude the use of 

S. marcescens and P aeruginosa in pest control because they 

cause septicemia, and respiratory, urinary and intestinal in-

fections in mammals (Angus, 1965; Milner, 1980). 

3. Bioassay of IWo lsolates of !. popilliae (Baeillaceae) 

Contrary to expectations, and although ~. popilliae was 
, : 

found in natural populat~ons of Phyllophaga spp. (Table 12a and 

12b) and killed some individua1s in the experimenta1 infections 

r~ported .ere, Phyllophaga grubs were relatively resistant to 

infection by bath isolates of B. popilliae tested. This was true 

notwithstanding the age of the test grubs~ the origin of the 

bacterial isolates, the spore concentrations of the inocula, or 
" 

i 

ï 
1 
§ 

1 
l 
l 
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the method of inoculation (Table 14). The resûlts reported in 

Table 14 agreed with the results of infectivity tests with.~. 

popilliae (Table 13), although infection rates obtained in the 

'latter tests were slightly higher. For the present, 1 cannot 

explain these 10w rates of lethal infection (Table 14), espe

cially for the local lsolate of !. popilliae. 

In New Zealand, Dumbleton (1946) found that grubs o~ 

Odontria zealandica White were naturally and experimentally at

tacked by isolates of ~. popilliae from a local grub and the 

Japanese beetle but, in a series of bioarsays similar to mine~ 
.e , 

l~~al infection rates obtained were very low. Moreover, in-
'-

fectivity tests with the Odontria bacillus, using very heavy 

spore dosages by injection into the Japanese beetle and Phyllo

phaga hirticula, were negative. A great variability in suscep-

, tibility of grubs of five scarabaeid species to infection by 

several isolates of B. popil1iae was also reported by Hurpin 
'r:.'1I - }T 

(195~). Some isolates induced high rates of mortality in a par-

ticu1ar test species of beetle whereas other isolates were non

infectious, either per ~ or by intrahemocoelic injection. Du!

ky (1941) experimenta11y infected grubs of severa1 species of 

Phyllophaga with the Japanese beetle isolate of B. popi11iae by 

injection and by feeding in inocu1ated sail, but grubs of other 

species of Phy110phaga were not infected by feeding in inoculated' 

soil (Dutky, 1963); the latter constitutes the natural route of 

infection for the mi1ky disease bacteria (Beard, 1945; Mi1ner, 
\ 

1980). Injection of spores into third instar grubs of the Euro-
1 

pean chafer. Rhizotrogus majàlis (Razoumowsky) ,of severa1 st~ins 
, -
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Table 14. PathogEnicity ~ two ~.plates of Bacillus popillJ.!le for Ihyllpphaga gnbs: DD~ality respoose to 

various spore dosages and œthods of exposure to spores. ' 

Gnb ~aœters_ lsolate and tœthod 
of exposure a 

FfrSt - Iils---rar~ -~- _.- secood InStar - - - - --'lliIrd- iiiStar 
lbSage '1.l'brtâlityb Ji)â~ 7J&tâ1ityb Iœage % M>rta1It)rb 

lDcaf isolate 

A 

IXXJ1 

B 

C 

A 

B 

C 

D 

\. 

_c 

/ 2 

4· 

5 

100 

5.0 
2.5 

0 
2.0 

.. 

2 
3 

6 

3 

4 

6 

300 

a 6 A: Force-feeding; x 10 spores per gnb. Test duratiŒl: 30 da:ys. 

5.0 
2.5 
o 

7.5 
5.0 
0 

4.Û 

l 

3 

3 

10 

3 

3 

8 

1.5 
5.0 

2.5 

5.0 

2.5 
2.5 

), 6 
B: :rntràleaDcoelic injectiŒl; x 10 spores pet gnb. Test duratiŒl : :xl- daysi' / 

ç: T~ical applicatioo; x 106 spores per grù>. Test duratiŒl: 30 days. 
D: Soil inoculatiŒl; x m6 sporeS per 0.009 m3 of soil. Test duratim : 'f2 days. 

b ~thods A, B, ald C; average f~ Z replicates of 20 grWs per dosage; ~thod D: average for 10 replicates Qf 5 

gnms per dosage. aU DDrtalities eorrected for centrel trortality by Abbatt' s foDlllla. 
C Not tested. ~ 

Ut 

1111 •• .......,. '(" J:oh71 .... "'-~J ........ '- ... ~ .............. ." ........ t\.J:;!..J., 
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of !. popilliae (including a strain from~. anxia) produced 

septicemia in over 70% of' the grubs; injections of $pores of 

another anxia strain did not produce infection (Tashiro and 

Steinkraus, 1966) Tashiro et!1. (1969) shawed that Japanese 

beetle grubs were highly resistant ta strains of B. popi11iae 

and B. lentimorbus that were most virulent ta the European chaf

er. From the above examples retrieved from the literature and 

from the results of ~ experiments (Tables 13 and 14). it is 

safe to list the fomawing reasons as possible causes explaining 
, 

the low rates of letha1 infection observed in my tests: resis-

tance or immunity of grubs to B. popil1iae, low order of magni

tude in the pathogenicity of the mi1ky disease organisms tested, 

avir~lence of the strains, or poor rate of germination of spores 

used ~n my bioassays resu1ting in poor growth of vegetative cells 

and thus in non·invasion of the hemocoel by the bacilli. Dutky 

(1963) wrote that selected strains of ~. popilliae from the Jap

anese beetle were frequently much more virulent for another hos~ 

~ insect than the indigenous strain recovpred from that hast. Ac

cording to Du1mage and Rhodes (1971), milky disease spores from 

the haemolymph of insects germinate poorly and aged spores must 

be used to infect grubs as the germination rate of fresh spores 

is low·. en the other hand, St. Julian U al. (1978) fotmd that 

spores of B. popilliae stored at refrigerator temperature lost 

84% of their viability after .only one week and concluded that 

the lQw infectivity of the bacter!um for the Japanese beetle in 

their feeding tests was primarily due to the inability of the 

bacterium ta reproduce itaelf within the alimentary tract pf 
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the grubs in sufficient numbers for the chance invasion into 

the haemolymph. ln ~.testSt however, l used spores (for both 

isolates) which had been in storage for several months. Mtlner 

(198~) stated that prolonged storage induces dormancy in milky 

disease spores and that dormant spores usually may not germi

nate without their aging, as a water suspension, at rQom tempe~a

Cure for several months. l was not aware of this phenomenon at 

the cime of the bioassays, and this fact might partial1y explain 

che low lethai infection rates obtained. 

( 

1 , 
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, 
1 
r 
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VII ENTOHŒENOUS FUNGI ASSOCIATED WITH PHYLLOPHAGA / 

Spp IN SOUTHERN QUEBEC 

A INTRODUCTION 

The associations of fungi and insects cover the (entire 

range of re1ationships, from mutualism to parasitism Among the 

entomogenous fungi (sensu Steinhaus, 1949), those which are dis-

tinct1y entomopathogenic are found in virtually all maJor tax-

onomic groups of true fungi Mastigomycotina, Zygomycotina, 

Ascomycotina, Basidiomycotina and ùeuteromycotina or Fungi Im

perfecti Exclusive of the very large group of ectoparasitic 

Labou1beniales, over 700 species in about 90 fungal genera are 

considered as entomopathogenic (Roberts and Humber, 1984), and 

the majority of the species involved are contained in the order 

Entomophthorales, the pyrenomycete genus Gordyceps, and the 

c1ass Hyphomycetes. The muscardine diseases are caused by sev-

eral fungi in the latter group Fungal pathogens of insects 
1 -

differ from most other entomopathogens in that they invade the 

host by direct penetration of the cuticle, rather than per os, 

and in that a saprophytic phase fol1ows the parasitic phase in 

the 1ife cycle of" most species 

Detai1ed reviews of the bio1ogy of funga1 pathogens 

and parasites of insects were giv~n by Steinhaus (1949), 
G. 

MacLeod (1963), Made lin (1963, 1966), McEwen (1963), Roberts 

and Yendol (1971), AIaouriq (197'3), Bell (1974), McCoy (1974), ~ 

\ 



Ferro~ (1975, 1978, 1981), Roberts and Humber (1981, 1984), 

humber (1985) 

U9 

Entomogenous fungi are known from practica11y aIL in-

sect orders (Charles. 1941), although plant sucking insects 

and the Coleoptera seem to be more susceptible to fungal dis-

eases than other groups of insects Despite the numerous re-

-ports of fungal diseases among specie's of the beetle family 

Scarabaeidae, few of them concerned members of the vast and 

widespread genus Phyllophaga 

Host fungal infections of Phyllophaga spp were of the 

soil-inhabiting grub stages these larvae seemed to be espe-

cia11y subject to lethal infection by Cordyceps, Beauveria and 

l-Ietarhizium species Beauveria bassiana (Balsamo) Vuillemin, 

the etiological agent of the white muscardine disease, ki11ed 

Phyllophaga grubs in many parts of southern Illinois (Davis, 

1919), L~m et al (1981a) found only one adult and four grubs 

of P anxia infected with B bassiana over Jnree years of sam-
'~ 

p1ing populations of Phyllophaga in southern Quebec ~'The green 

muscardine fungus. Metarhizium anisopliae var anisop1iae 

(Metschnikoff) Sorokin, appears to have been isolated from in

dividua1s of natural populations of Phy110phaga spp more often 

than B bassiana. Davis (1919) stated that isolated cases of 

green muscardine infection were found on Phy110phaga grubs in 

various counties of Wisconsin. Illinois, Indiana and Michigan 

Hammond (1940) reported this fungus from grubs of ~ anxia. ~ 

drakii, P fusca, ~ futilis and P rugosa in eastern Canada, 

aDd Charles (1941) stated that it attacked ~he same Phy110phaga 
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spp in other parts of Canada Jarvis (l966) found that M. ani

sopliae killed three grubs of P anxia in the sandhills of Ne

braska, and Veen (1968) listed several Phyllophaga spp as nat-

ural hosts fDr M anisopliae outside North America During a 

3-year. survey of P anxia in Quebee, Lim et al (l98la) collected 

only lO grubs and 7 adults' of P anxia infeeted with H an~-

sopliae It appears, from this review of the literature, that 

muscardine diseases are rather uncommon in populations of Phyl-

lophaga spp and that no such disease ever gained epizootic di-

mens ions The uncommoness of muscardine dis:ases also applies 

for eastern Canadian situations, Hammond (196~) stated that refer-

ences to fungi parasitic on white grubs in Ontario and Quebec 

were few 

References to the endoparasitic pyrenomycetous fungi of 

the genus Cordyceps Fries Fries attacking North Arnerican white 

grubs, Phyllophaga spp , are more numerous than references to 

hyphornycetous fungi Within the genus Cordyceps, the "whi te 

grub fungus", Cordyceps ravenelii Berkeley and Curtis, appears 

to be a highly specifie entomopathogen sinee its only known . 
hosts are grubs of a few species of Phyllophaga beetles (Over-

holts, 1938) The first mention of C ravenelii as a wh~te grub 

pathogen S2ems to have been made by C1S~ (1824) Cordyeeps epi-

zootics were reported among populations of ~ querc.,ina Knoch 

grubs ln Iowa (Wa lsh, 1867) and in Mis sourl. Ohio and Vi rgln~a 
r' 

(Riley, l869) Although ~ ravenelii was rare in Kansas (Anon-

ymous, 1880), the fungus occurred over large areas ln Alabama 

(Riley, l880) and in Iowa and Wisconsin (Lintner, l888) 
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Riley (1880) concluded that the -fungus distrib~tion over a .. 
large extent of the United States was probably co-extensive 

with the distribution of the grubs that it attacked, P fusca 

and other Phyllophaga spp Piers (1889) repo~ted Cordyceps in-

fections among grubs of ~ quercina 1n Nova Scotia, and Forbes 

(1894) stated that Cordyceps infections were the only natural 

contag~ous diseases of local white grubs in Virginia, Iowa and 

several other North Arnerican states Cordyceps infections oc-

curred among populations of Phyllophaga grubs in the s~ate of 

New York (Pettit, 1895) and in the Canadian province of Ontario 

(Fletcher, 1902) According to Fletcher (1902), outbreaks of 

the fungus C ravenelii, although occurring rarely in Ontario, 

reduced the numbers of grubs of Phyllophaga spp rapidly and 

perceptibly where they occurred Although ~ ravenelii attacked 

grubs of Phyllophaga spp in Illinois (Davis, 1919), and of ~ 

anxia in eastern Ontario and southern Quebec (Hammond, 1931), 

the fungus was found only in rare instances However, Hammond 
/;. 

(1961) noted a few fields of central Quebec where C. ravenelii 

was responsible for a spectacular reduction in numbers (up to 

60%) oE ~ anxia and~. fusca grubs Cordyceps ravenelii was a 

rather abundant entomopathogen in restricted localities of 

Pennsylvania (Overholts, 1938) Scheibner (1978) wrote that 
. 

Cordyceps infections aided in controlling grubs of Phyllophaga 

spp in Kentucky 

Lim et al (1981a) stated that non-identified species 

of Fusarium and Penicillium were among the natural enemies of 

P anxia in southern Quebec, but this observation must b~ taken 

, 
1 
1 " 
j 

1 
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.w~th mùderate scept~cism because of the fungal genera involved 

and becau5e infectivlty tests ta demonstrate the pathogen~c~ty 

of the fungl ta ~ anxia were not per formed 

" l report in th~s chapter the re-discovery of several 

speCles of entornopathogen~c fungi found ta regulate natural 

populations of Phyllophaga spp , pnncipally ~ anx~a, ~n south

ern Quebec l a150 discuss the results of infectivity and patho-

gen~city tests w~th sorne of the fungi 

B t-1ATERIALS A.'JG METHODS 

1 Recovery, Identity and Infectlvity of Fungi 

Indi vidua 1 s of a 11 stages of Phy 110phaga s pp , lncluding 

P anxia, were collected ln southern Quebec from 1979 ta 1981 

and maultalned ln the laboratory as reported ln Chap',er III 
".. 

Dead and moribund speClmens for wh~ch mycos is was suspected were 

retalned for d~agnosis Several technlques were used ta iso1ate 

suspected entomopathogenlc fungi Fungal inocu1urn was taken. from 

spec~mens showing abundant myce lial growth and transferred to 

Sabouraud dextrose agar plus 1/0 yeast ~xtract (SDAY) plates, 

bacterial growth was inhibited by additlon of penlclllin and 

streptomycin ta the medium as recommended ln the Dlfco Hanual 

(1977) Insect specimens were also surface-sterilized by dipping 

them in 5/0 sodium hypoclorite or 70/0 ethanol for 5 minutes, 

then rinsed;three times in sterile distilled water Sorne sterl-

lized specimens were placed directly on SDAY medium, and others 

r 
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were dissected and a portion of the insect tissues was trans-

ferred to SDA{ medium If more than one f~gal ~pecies was fotmd 
~ 

growing on the agar p l~es, a portion ü'I the mixed culture was 

sus pended in \ t erile wa ter containing Tween 80· (l 10,000) , 

• shéjJ<.en for 5 minutes, and aliquots of the suspenaion were spread 

on SDAY medium Pure cultures were ob7~ined by subsequent re-
/ 

inoculations of each of the isolated fungal colonies 

Ident i fication of the fungi iso lated wàs accomp 1 ished 

wlth the assistance of Gilman (1957), Raper and Pennell (1965), 

Raper and Thom (1968), Weiser and Briggs (1971), Barnett and 

'Hunter (1972), Poinar and Thomas (1978), Jong (1981), Samson 

(1981) Cultures on SDAY slants were sent to Dr D. M MacLeod, 

Forest Pes t Management Ins t itute, Saul t Ste Marie, Ontario, 

for confirmation of my identifications and voucher specimens 

we re depos i ted with that ins titution 

A standardized procedure was adopted to test Koch' s 

postu1ates for representatives of the genera Beauverià, Metar-

hiz ium, FU5ari tllI1, Penicillium and Aspergillus Infectivi t y tes t s 

(-' 
against hea1thy third instar, second year whi te grubs were con-

ducted in September 1979 (grubs collected at Pierreville 1 August 

1979) and in August 1980 (grubs collected at Nicolet, August 

1980) Inocu1at ing ma teria1s were prepared from local i501ates 

as described by Yendo1 and Paschke (1965). Ten white grubs were 
1 

placed on an active1y growing isolate of the genera mentioned 

above, for 3 hours Each treatment was replicated 3 times. Fol-

lowing inoculation, grubs were transferred individually to 

cardboard cups containing Toohey' s (1977) artificia1 diet. The 

-
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CUps were incubated for 21 days at 28 C, 95~~ RH and l6h photo-

phase Reisolat~on of the test fungi was attempted with each 
~ 

dead or moribund grub An uninoculated grub group (10 ~nse""cts) 

treated ~n a s~mi lar manner served as a control for each fungus 

tested • ... 
2 Bioassays of Beauver~a bass~ana and t1etarhizium anis'Üpliae 

a Laboratory studies 

Local isolates of B bassiana and M anisopliae for 

which Koch 1 s pos t ulates were fulfi lled were further assayed a-

"" gains t white grubs in pathogenici ty tests 
/J 

cf~ Four methods of inoculation were used with both fungal 

species i,n this study force-feeding, intrahemocoelic injection, 

topical application, and soil inoculation 

To prepare the fungal inocula, conidia were aseptically 

harvested from the surface of 10 day old SDAY cultures of M 

anisopliae and 21 day old SDAY cultures of B bassiana The 

conidia were suspended in sterile water containing Tween 80 

(1 10,000) and the final spore concentrations used in the tests 

werê obtained after serial dilutions in the same diluent Spore 

counts were made using a Howard-Mold cell-counting chamber. 

A pipetting gun fitted with a blunt sterilized glass 

t ip was us ed to force- feed 0 1 ml of a gi ven conidial suspension 

to the test grubs Each conidia1 suspension was fed to 20 grtbs 

and each. treatment was replicated 3 rimes. Following inoculation, 

grubs were transferred in individual cardboard cups supplemented 

with To (1977) artificia1 diet The cups were incubaêed 



• 

, 
us 

o 

for 22 days at 28 C, 90 -95% RH and l6h photophase Reisolation 

of the test fungi was attempted with each dead or moribund grub. 

For each treatment, ten control grubs were force-fed 0 l ml of 

s teri le aqueous Tween 80 (1 10,000) Spore dosages tested were , 
7 -1 7-1 3 x 10 spore-s ml (~bass iana) and 4 x 10 spores ml (!i" 

anisopliae) against second instars, (collected at Nicolet in 

August 1979) and third instar grubs (Pierreville, September 1979)" 

The experimental procedure for the topical application 

tests was as outlined for the force-feeding tests, but 0.1 ml 

of the inoculum was pipetted on the dorsum of 20 surface-steri

lized grubs (3 replicates) instead of being introduced into the 

alimentary tract 
7 -} 

Spore dosages tested were 5 x 10 spores ml 

of B bassiana and ~ anisopliae against second and third in

star grubs of the same provenance as grubs used in the force-

feeding tes ts Each spore dosage of 50th fungi was assayed 3 

times against 20 grubs of each instar Control grubs (10 for 

ea"ch treatment) were inoculated a 1 ml of sterile aqueous Tween 

,Bd (l: 10,000), 

',,-, '. Sterilized serological syringes fitted with a 27-gauge 
-~ 

need1e were-uJed to inj ect 0.1 ml of a gi ven conidial suspen-

sion behind the penultimate spiracle on the left abdominal side 

of surface-steri1ize-d grubs Spore dosages tested were 5 x 10 7 

-1 7 -1 spores ml and 4 x 10 spores ml of~" bassiana against sec-

ond and third in~tar grubs, respectively, and 3 x 10 7 spores 

ml- l and 4 x 10 7 spores ml- l of~. anisopliae a'gainst second 

and third instar grubs, respectively" The provenance of the 

grubs w"7s the same as ba~t\ of grubs used in the force- feeding 
\, 

-
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\ , 
tests" Each treatment was replicated 3 times (20 grubs per re

plicate) Control grubs (la per treatment) were injected a l ml 

of aqueous Tween 80 (1 10,000) Post-treatment conditions were 

as described for force-feeding tests 

Wooden boxes (30 x 30 x 10 cm ) were filled to the rim 

with 1 75 kg of a steam-sterilized mixture of sand and loam 

O( 1.1). seeàed with 10 to 15 g of a mixture of red fescue and 

Kentucky bluegrass. and set as ide for 7 ta la days to allow for 

the germination of the grass seeds The soil in the boxes was 

then inoculated with conidial suspensions (in Tween 80, 1:10,000) 

of B. bassiana or M. anisopliae az:1d 5 hea1thy grubs were placed 

on the sail surface of each box Grubs which did not bury them-
" " 0 

selves rapidly were replaced All boxes wer'e incu\:>ated at 28 C, 

80-85/0 RH and 16h photophase The sail in the boxes was kept 
t 

moist by regu1ar wa!=ering with sterile tap waier. The boxes were 

emptied after 34 days and data pertaining ta grub morta1ity were 

recorded Spore dosages tes ted were" 6 x 10 7 spores of ~ bas

siana per 1 75 kg of soil against se"cond instar grubs collected 

at Nico let in AugJs t 1980; 6 x 106 spores of M anisop liae per 

1 75 19 of sail against second in,sta~ grubs (Nicolet, August 1980) 

and 5 x 106 spores of~. anisop1iae per 1 75 kg of soil against 

third ins~ars (Nicolet, August 1980) Each treatment was repli

cated 8 times" An uninoculated grub grcuIf (2 boxes containing 5 

grubs of the proper instar) served as a control for each spore 

dosage of each fungus tes ted. 
, 

b. Field microplot studies on M. anisop1iae 

On the basis of the pathogenicity ta Phyllophaga grubs 

r: 
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of M. anisop!iae obser~ed in the laboratory soil application 

tests. microplot trials took place on the Macdonald Co11ege 

seed farm in June and July 1982, 

On June 14, 1982, twe1ve 2 by 1 m microplots containiflg 

a sandy loam soil (40'70 sand, 49% loam) were cleared of taU 

vegetation and thoroughly watered, Fort y evenly spaced soil 

plugs (15 cm deep, 8 cm in diameter) were removed with a core 

samp1er from each microplot, cne healthy second instar. 'second 

year grub collected at Mirabel (June 4, 1982) was placed in each 

hole and covered with 1 ta r cm of sail. Four treatments J in a 

complete random design, were then applied to the twelve micro

plots. Each hole in 3 microplots was inoculated with 4.275 g 

of talcum containing either a (control), 2.5 x 106 • 6.3 x 106 

6 . 
or 19.0 x la spores of t-1'. anisopliae g-l of talcum (the inert 

carrier), Conidia used in these tests were produced on SDAY from 

a mycosed grub collected at Stanbridge. East in July 1980. Hales 

were rep1ugged and microplots were watered every second day' for 

the duration of the experiment. The pl~ts were dug out by hand 

on Ju1y 24, 1982 and a11 recovered white grubs were brought to 

the 1aboratory for diagnosis. 

The amounts of spore powder used in the microplots were 

, equivalent to applications of 214 x 106 (dosage of 2.5 x 106 

spores' g -lof talcU!Jl), 538 x 106 (dosage of 6.3 x 106 spores 

g-l of talcum) and 1625 x 106 (dosage of 19'.0 x 106 spores g.t"l 
It 

of talcum) spores of !:!. anisop liae per m2 of sail. 

f 
tif 
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C. RESULTS AND DISCUSSION 

1 Recovery, Identity and Infectivity of Fungi 

138 

The pyrenomycetous genus Cordyceps (Figure 2l)~aS found 

from one second and one third instar grub in July 1979 (Table 15) 

Although infeetivity tests were not performed with Cordyceps sp. , 

the latter was consiàered as a natural enemy of grubs of Phyllo

phaga spp. on the bas is of the pub lished information pertaining 

to Cordyceps spp. (see introduction). Obvious ly, Cordyceps in

fections were rare in southern Quebec during the three years of 

the present survey. Alth<?ugh Cordyceps ravene lii was noted to 

be occasionally abundant and capable of decimating white grub 

populations in North America up to the 1910' s • the occurrence 
'\ " of this fungus seems ta have gradually bekome 1ess frequent. 
\ 

Hammond (1961) wrote that Cordyceps-i~'ected white gIiubs have 

been found only rarely in Ontario sinee 1945. Cordyceps infec

tions in insects were reviewed by Mains (1958), McEweh (1963) 

and Humber (1985). 

Five genera of hyphomycetous fungi, for which Koch's 
. 

postulates for infectivity wert fulfilled, were found, on many 

occasio~~, as na turall:y occurring pathogens of Phy110phaga spp. 

in southern Q}lebec, from 1979 to 1981 (Table 15). In order of 

decreasing rate of field-incidence, these entomogenous fungi 

were Metarhizitm anisopliae var. anisop1iae (Metschnikoff) 

Sorokin, Beauveria bassiana (Balsamo) Vuillemi:n, Fusarium sp. 

near K. solani (Martius) Appel and Wollenweber, and one spedes 

each wit)rin the genera Penicillium Link :Fries and Aspergillus 

) 
( 

r 
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Figure 21. Cordyceos infection in third ins tar whi te grub 1 

Phyllophag8 sp. Napierville, Quebec, July 1919. 4X. 

( 

------------------~ ~~._~ 

, ) 

JI - • "--- -
~. .~"'~~--

• M • 1 1 .. 

, 
1 



r 
1 

( 

J 

.. 

c: ( 



• 

140 

Table 15. Ehtaoogenous fungi recovered fran Phyllophaga spp. a in southem 

Ouebec 1 1979 to 1981. 

RIlgal 

species 

i~ 

b Host stage 

(nUIber infected) 

Collection 
siteC 

Date of 
, d 

collectioo 

• 

j 
< , 

·1 
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Table 15 - Cmtinued 

FUlgal 

species 

FUsaritm sp 

F. soiani 
-

b Host staP,e 

(nurber infected~ 

12,1 (4) 

U,2 (1) 

L),2 (43) 

12,2 (18) 
L),2 (19) 

12,2 (1) 

near L),2 (1) 

L),2 (5) 

12 ,2 (6) 

L),2 (4) 

0,3 (2) 

WJIi3 (7) 

12,1 (18) 

12, l (3) 

12.1 (7) 

12.1 (16) 

12,1 (43) 

" 0,2 (127) 

L),2 (6) 

12,2 (9) 

L),2 (73) 

Beauveria bassiana TA male (1) 

12,2 (2) 

12,2 (4) 

13,2 (4) 

1.3,2 (11) 

TA male (1) 

P male (7) 

P female (8) 

Collectirn 

siteC 

Nicolet 

Pierrevi lle 

Pierreville 

Mirabel 

Mirabel 

Rigaud 

MJntebello 

St -Janvier 

Nicoiet 

Nicolet 

St Sébastien 

St -Janvier 

Stanbridge 

St Indré 

Notre-'DaIœ 

Nicolet 

Nico1et 

Pierreville 

Bellefeuille 

Mirabel 

tvlirabel 

Ste Arme 

Ste. Sophie 

M:mtebello 

Montebello 

St -Janvier 

Stanbridge 

Stanbridge 

Stanbridge 

I:8te of 

collectiond 

July 79 

!: 79 

79 

JU1e 79 

July 79 

July 79 

Aug 79 

Aug. 79 

iug. 80 

Âlg. 80 
Iug. 80 

JtI1e 80 

h.Jg 81 

kJg 81 

Aug 81 

, 
July 79 

Iug 19 

Aug -Sept 79 

July 79 1;, 

JUle 79 

hJg 79 ,. 

CX:t 79 
l' 

July 79 

~~. 79, 

19..1g . 79 
Aug .. 79 
Pug. 80 

Ji.lg . 80 

Aug. 81 

141 
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table 15 - Continu:!d ,. 
F'LIlga1 Host stare b Co1lectirn Date of 

species (nud:>er infected) . c s1te co llecticra d 

P male (1) Nicolet Aug 81 

12,2 (9) ,L3, 2(11) Nico le t. Aug 80 

L3, J (2) Coteau Aug. 80 

Beauveria 13, J (10) St Clet p,ug 80 

bassiana L3 ,J (3l}r -" . Stanbridge JUle 80 

12,1 (2) Notre-IRœ Aug 81 

13, J (4) Nicolet July 81 

li (18) ~ St. Esprit July 79 

12 ,1 (39) . Nico1et ~ 79 

L3,2 (164) Pierreville Alg. -Nov. 79 
." 12 ,2 (45) l1i.rabel <June 79 

13,2 (37) M..rabel July 79 

A male (38) Nicolet JU1e 79 

A female ( 46) Nicolet .fUle 79 
13,2 (21) Ste Sophie July 79 1 
12 ,2 (2) Papmeauvi11e Aug. 79 

A male (2) East Jngus May 79 
~tarhiziUll L3,2 (17) St -Janvier Alg. 79 
attisopliae ' pp (1),' Stanbridge Alg. 80 

P male (9) Stanbridge !ug 80 
P female (17) Stanbridge Âlg. 80 , 

1 
~ 

TA œ.a1e (6) Stanbridge hlg. 80 1 12.2 (32) Nicolet trug 80 1t' ~.. ~ 

13,2 (28) Nicolet Aug 80 " 

13,3 (1) lacolle Aug. 80 
J 

L3,3 (17) St. Clet Alg. 80 1 

13,3 (44) M.rabel Sept. 80 

L3,3 (78) Stanbridge Jt.ne 80 

TA male (13) Nicolet Aut· 81~ 

\ ~ 

, 
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Table 15 - Continu=d 

F\ngal 

soecies 

~tarhizit.m 

anisopliae 

b Host stage 

(m.nber l.P fected) 

TA male (8) 

U (2) 

1.3.3 (2) 

. <bllectHxl 
. c slte 

Pincourr 

St Aldré 

Nicolet 

f 

a Adults. teneral adults and pupae ~re ~ anxia 

rate of 

collection d 

Sept 81 

Aug 81 

July 81 

b li J firs t instar gnb. U ,1 secrnd instar. first year, 12,2 seccnd 

ins tar, secrnd vear. L3. 2 thi rd ins tar, second year. L3, 3 third in

star, thi rd year. pp orêpwa. P p\.:4>a. A adult 

c 
See Figure 10 

d Date of collection of host, wi th or vithout sJ'lIl'taœ of fulgal ln-

fection. which may have deve laped in quarantllle 

143 
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Michelt Fries (Tables 15 and 16) Metarhiziurn anisopliae was 

lsola(ed on more occasions and from more host stages than the 

other fungi (Tables 15 and 16) Beauveria basslana, althollgh 

frequen t ly lS0 lated, seemed to have been more specifically 

pathogenic to second and third instar grubs (Tables 15 and 16). 

Penicillium sp . Aspergillus sp and Fusarium sp near F. sol- / 

ani were isolated on only a few occasions and only from the 

grub stages of Phyllophaga spp (Tables 15 and 16) 
-, . 

Fungal~ dis-

eases had a rate of field-incidence of 7% among the 16,930 grubs 

and 4% among the 33,468 indi viduals of Phyllophaga sPP examined 

• during the survey (Table 16) Interestingly, over 26% of the 

teneral adults were killed by the two muscardine diseases and 

t'I anisopliae. WhlCh infected 24 5% of the teneral adults. was 

the single most important biotic regulator of.a single stage. 

of Phyllophaga spp (P anxia in this study) recorded in south

ern Quebec from 1979 to 1981 (Table 16) A1though no epizootics 

due to funga1 diseases was observed, the two tru1y entomopath-

ogenic fungi, ~1 anisopliae and;~ bass iana (Figures 22, 2),~, 

24A. 24B), appeared to be chronica l}y present and endemic in 

populations of Phyllophaga spp, throughout southern Quebec 

(Tab le 15) 

• 

The results of the laboratory infectivity tests are 

sUIIll'Ilarized in Table 17 Third instar 1 second ye~r white gr~~s 

were moderately ta highly .susceptible to local iSF1ates of tae' 

five entomogeno~~ spec ie~ tes ~d Not surprisingly, rates lof' 

lethal infection were higher with the two truly pathogenic 
, -\ 

fungi, M anisop liae and B bastiana. than with th~ other fun-
'.' \.:L 

gi The ~scardine fungi are discussed in the next see>tion. d"f 
.r .. 

J 
1 

\ .-1 
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Table 16 Inc~œ of six entCJIDgellous ftngal species in natura1 popu

laticns "of Phylloph.a@ spp a. sout:hem Quebec. 1979 to 1981 

Host stage Nurber Perœntage ~COSisb 
exanined C A- P -.- H.6 Ka. 

Pdult male 8895 c 0.43 
Adult fanale 2647 1. 74 

Egg 2525 
Firs t ins tar grub 1832 o 49 1.09 

Secmd ins tar year 1 1652 o 18 199 1. 93 3.69 2 36 

Secmd instar year 2 1501 006 o 59 099 l 73 1.59 5.26 
J 

Third ins tar year 2 8174 o 01 o 25 o 29 088 2.83 3.22 

Third ins tar year 3 13771 o 21 016 o 23 1.24 3.76 

Prepq>a 175 0.57 

Pupa male U89 0.62 0.69 

Pupa fema.le 897 0.89 1.89 

Teneral adult male 73 2.73 36.98 

Teneral adult female 37 

a Adults and tenera1 adults identified as ~ ~ 

b Cordyceps sp. (C). Aspergillus sp (A); PenicillÜm sp. (P ). Fusariun 

sp near ~ solani (F). Beauveria bassiana (B. b ). M!tarhizÜm anisopliae 

CM a ) 

c Not isolated (-) fran this host stage 

l , 
4 
ï .. 
1 
J , , 
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Table 17 Susceptibility of third instar. secœd year gnDs. Ifurllopflaga 
• 

spp • to five ent~ous ftngi· UDrtality respœse following 

3 hours of exposure to actively gruwing cultures of the ftIlgi. a 

F\.ngal Nurber of gnbs NlIJber of dead grtbs 

species b expose<f Total ~~cosis(%~ 

~. anisop liae 30 27 26 (86 6) 

B bassiana 30 23 23 (76 6) 

FUsariun sp near F solam 30 17 14 (46 6) 

Aspergillus sp 30 19 l5 (50 0) 

Penicilliun sp 30 10 10 (33 3) 

Centrol 10c 2 o (0) 

o 

a Tests tetmi.na.ted after 21 days of incubaticn at 28 C and 95'70 RH. 

b Local isolates 

c Test grubs collected at Pierreville. ItJgust 1979. exœpt for the ~-

gillus sp test (gnbs collected at Ni co let . Pugust 1980) Ten centrol 

gnbs were inclu:Jed in the Pepergillus sp test. no roortality was 00-

served in the crottoi 1U0ll' 

r 

!.I 

.. 
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Figure 22 Field-col1ected white. grub. Phyllophaga sp .• killed 

by Beauveria bass:lana. _ the white muscardine entomopathogenic 

fung~ L 5X. 

Figure 23. Mummified white grub. Phyllophaga sp .• killed by 

the green muscardine fungus. Metarhizium anisopliae. 2X. 
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Figure 24 A. Metarhtzium anisop1iae '-infection in a field-col-

1ected pupa. Phy110phaga sp. 

Figure 24 B. Beauverta basaiana infection in a field.collêcted 

pupa, Phy1lophaga sp . 
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this chapter. Fuaariwn, Penicillium and Aspergillus spp. are 

aIl ubiquitous saprophytic or phytopathogenic organi!iDlS but. 

under exceptional circumstances. some species have been .aid 

to be able to infect and kill susceptible host-insects. usual-

1y acting as wound parasites or opportunists, ego stressed 

hosts in environments such as bee hives, wood tunnels or ins.ct 

rearing chambers which are suitable for con-idial germination 

and fungal growth. Gem~rally. many if not JOOst normally non

pathogenic species of fungi may induee infection in an insect 

host once the obstacle of th~ insect exocutlcle has been 'over

come. In the infectivity tests reported here, however. in.ects 

were healthy and their cuticle waSt as far as~could be ascer-
..; 

tained. not wounded 0 no part icular stress was p Iaced upon die 

test grubs. It thus appeared that under the experimental cO\\

ditions. Fusarium, Penicillium and Aspergillus spp. vere ac-

. tively capable of infecting some of the test grubs and that 
, 

these three fung! (which were isolated from field-collected 

Phyllophaga grubs) were likely potential weak entomopathogens. 

IJ.m (1979) discussed Fusarium and Pen'icillium spp. in their re-

1ationships to ~. anxia and ether insects. Steinhaus (1949) 

and Samson (1981) considered certain species in the genera 

Fusarium, Aspergillus and Penicillium as containing insect 

pathogens, a1though Roberts and Humbèr (1981, 1984) did not in

elude the genus' Penicillium in their lists of entomegènous fun

gi. Teetor-Barsch ~nd Rob~rts (l9B3). and Claydon and Grave 

(1984) reviewed the ento.mogenous FusarUlD\ species; the f01:1ller . . 
authors conc1udea that, among the many Fusarium .pp. as40ciated 
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with insects, a large number are potentially entomopathogenic, 

although most species are only weakly pathogenic and most fre-

quently mutualists . 

2. 
.. 
Bioas'says of !. bassiana and M. ani.sopliae 

a. Laboratory studi~s 

Regardless of the instar tested, white grubs were rela~1ve res1st-. . 
ant to infection by B. bassiana and~. anisopliae in per ~ bio

assays (Table 18).' This waa not surpriBing and ia weIl documented; 

the p~r 2! route i8 a non-natursl route of invasion for entomo

pathogenic fungt. If 'the infeceive unit (coniaium) entera the 

alimentary tract of an insect, its ge~nation is usually inhib

ited by the gut conditions or simply, the c~idium, is ejected 
, ) 

wittl the feees (Steinhaus. 1949; Madelin, 1963; Veen, 1968). 

Intrahemocoelic injection of conidial suspensions of B . . 
bassiana did not kill white grubs '; !:!. anisopliae was only mod-

erately pathogenic, killing 20 and 42% of second and third in

star grubs, respectively (Table 18). The reasons &ehind these ap

parent low pathogenic·ities were not clear, but it is likely 

that sorne defense mechanism was involved. such as encapsulation 

or lysi8 of tt&! C'onidia before their germination and subsequent 

mycelial colonization of grub's tissues. 

Topieal application of conidial suspensions induced green 
Ca ...... ~" ... , 

-muscardine ~cosis i~.6.4 ~nd 52'7. of second and third inst.ar grubs, 

respec:tively 1 but rates of infection were lower with B. bassiana 
, - ; 

(Table 18). Both fungi. however, mycotized a ~ower percentage of 

the test grubs than in the 1nfect1vity tests (Table 17) even 
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'rible 18. Pafboamicity ofjltxJ mtmSlloœ fœ,p. for ~ tp:1bI: 

1IDttality ~ to w:riàœ -spore ..... ft 16ethodl of ex

poeure. 

.. 
1 .. 

. Secœd instar lb . 'Ih'I.n! Û18tar - 1 1 

!. banima 

fi 
B 

C 
D 

)" 

1l'iiiië 7Jlirtâltcy 

4 

3 
5 
6 

3 

'" 5 
5 

60 

by arc.mia 

2 
2Q 

64 

o 
3 

39' 

24 

Snp 'J6itâllty· 
by~ia 

:1 

18 
'-42 

~ SZ 
97 

4 

2 

2~ 

a A: l'bree feedin&; x lD6 spores P,8l' gni>. 'lest durat1œ: 22 days. 0 .. 

1 6 
B: Intrat.a:>coelic injectiœ; x 10 spoœa per grtb, 'lUt durat1œt: 

22 .days. . ; '! ., .. ,,"-. 
C: Toptcal applicaticn: x 10° spoœs per gnm. 'D!st c1ratiorl: 22 •. 

D: Soil Uloculaticnj x 106 spm:es par 1.75 kg of soil. Test œrad.œ: 
34 days. 1 

b Methods A, B, md C: average for 3 t:eplicates of 20 gntis per des .. ; 

method D: average for 8 œplicates of 5 gI::'\b8 pet' ctoeaae;' aU uortali
titS oor:rected fâr cOntl!'011DDrtallty by ~~'s fotmu1a: ~t ... 
romded ~ to the œxt mit. .. 

....... 
c (_) not œsted. 

1 
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though the same fungBl isolates were,used in both cases. The 

quantity of inoculum certainly affected the incidence of mycoses 

produced in the two integ~ntal contamination tests. Although 

spore dosages in the infecti";ity, tests were not determined, they 

were obviously much higher than the spore dosages assayed in 

the topica1 application tests (Table 18) Also, the ages of the 

test grubs were different in both experimènts; this fact, which 

is well-documented for hyphomycetous fungi, affected the rates 

of infection observed 

Soil application of relatively low spore dosages of ~. 

anisopliae resulted in 82 and 97% control of second and third 

instar grubs, but a'IO-fold higher spore dosage of B. bassiana 

achieved only 24% control of second instars (Table 18). These 

significant differences in pathogenicity between the two mus

cardine fungi, in tests duplicating the natura1 habitat of 

white grubs, mirrored the field observations (Tables 15. and 16) 

that M anisopliae was more commonly encountered than ~. bassiana 

among Phy110phagë grubs in southern Quebec. Lim (1979) also ob

served from 1975 to 1977 that M anisopliae was much more com

mon than B. bassiana among PQPulati·ons of P anxia in southern 

Quebec lt can be concluded that grubs of Phyllophaga spp are 

more susceptible to infection by M anisop1iae than by ~. bas

siana or, at least, that local isolates of the latter fungus 

are either less virulent (or have more fastidious growth re-

quirements) to Phy110phaga grubs than isolates of ~. anisopliae. 

Studies on the pathogenicity, host specificity and practical 

use for controlling some scarabaeid pests have been carried 

with .M. anisopliae and B. bassiana by Latch, 1~65, 1976; 
r 

r 
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Hurpin and Robert, 1972; Gruner, 1973b; Ferron et al., 1975; 

Fargues, 1976; Latch and Fallon. 1976; Cales and Pinnock, 1982. 

b. Field microplot studies on M. anisopliae 

White grubs. Phy110phaga spp., were susceptible ta the 

infectious activity of~. anisopliae (Figure 25) app1ied to the 

soil of field microplots under natural environmental conditions, 

and a c1ear dose-response was evident (Table 19). The LDSO value 

for M. anisop1iae was graphica1ly estimated ta be 10.2 x 106 

spores per m2 of soil or 10.2 x 1011 spores per ha of soil and 

the L090 value was estimated at 2.5 x 109 spores per m2 of sail 
13 or 2.5 x 10 spores per ha. The resu1ts of this experiment a-

t r. 

greed with results for the laboratory pathogenicity tests using 

soil application of conidia of ~. anisop1iae against second and 

third instar grubs (Table 18). It was concluded that ~. anisop1iae 

(local isolate Ma 104, deposited with the funga1 collection of ... 
the Forest Pest Management Institute, Sault Ste Marie) is a 

highly potent potentia1 suppressant of white grubs, Phyllpphaga 

spp , in southern Quebec. 
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Table 19 Field evaluaticn of ~ anisq>1iaes against seCŒld instar wte 

gni>s. Phyllq>haga sP 

Spore<hsage 

x 106 per m
2 

of soil 

214 

538 

1625 

Central -

Total grtbs 

added ta 3 

micnlplots 

120 

120 

120 

120 

Grtb gnEBraIEters 
Total s Iiiad grubs 

recovered with green 

after 40 1!I.JScardine 

days sytI{>tcm; 

108 81 
117 100 
101 92 

113 0 

a lsolated fran s field-mycotized white gn:b 

b After A:>bott' 5 correction 

Percent age 
tIDrtality 

due ta 
. b mycoslS 

6442 

B012 

91 63 

4 42 (Total) 
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Figure 25. Second instar grub, Phyllophaga sp .• recovered 40 

day s after inoculation of a micrGp lot wi th Met,arhizi um ani-
--.--

sopliae (214 x 106 spores per m2). Notice the heavy fungal 

sporulation on the anterior half of the cadaver and bacte-

rial decomposition of the posterior haif. 
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VIII MIKOLETZKYA AERIVORA (COBB), A DIPLOGASTERID 

NEMATODE PARASITIC IN GRUS AND PUPAL STAGES 

OF PHYLLOPHAGA BEETLES IN SOUTHERN QUEBEC 

A INTRODUCTION 

Nematodes (Nematoda) are best known for their noxious 

nature in animaIs and cultivated plants and for the major agri

cultural and econamic problems that they CBlJSe Howéver, 'many 

species are beneficial in that they infect, debilitate and kill 

pest insects. nematoses are diseases caused by nematodes and 

Nematomorpha or gardian worms Many other species of nematodes 

associated with insects are not detrimental to their hosts, the 

coexistence being incidental, phoretic or commensalistic in na-

ture Although the insect-associated nematod~ belong to the 

~etazoa and, as such, should be regaided as other macrQpara~ites, 

it is common policy to place them with the microbial pathogens 

in the microbiology and pathology of insects and to consider the 

definire parasitic forros as microbial agents of pest population 

suppression This is done more by default than by logic (Welch, 

1963), one of the main reasons being the great simi~arity of 

the morbid processes and techniques of observation In this cbap-

ter, l have decided to follow the general trend and this justi-

fies the use of the term "infection' rather than "infestation", 

although the latter would be more appropriate when referring to 

insect-parasitic nematodes (Steinhaus and Martignoni,1970) 

~ 
l 
ol 

1 
1 



. 1 

157 

Published information 0n insect-associated nematodes 

has pro1iferated since van Zwa1uwenberg's (1928) synopsis of . 
sorne 420 pub1ished insect-nematode re1ationships to 1926 Com-

prehensive rreatises, monographs and reviews on insect-nematode 

taxonomy, life history, biology. natural occurrence. culture 

and pathology were prepared by Sweetman (1936), Bovien (1937). 

Christie (1941), Filipjev and Schuurmans Stekhoven (1941). 

LaRivers (1949), Steinhaus (1949), Rühm (1956), Welch (1963. 

1965), Lipa (1967), Massey (974). NickIe (1974. 1984), Shephard 

(1974), Poinar (1972, 19'75, 1977) The use of insect-nematodes 

in pest suppression programs was adequately reviewed by We1ch 

(1958, 1962), Briand and Welch (1963), P0inar (1971,1979), 

Webster (1972), Gordon and Webster (1974),. Finney (1981), NickIe 
. 

(1981). HC'minick and Tingley (1984) 

There is a greater frequency of nematode occurrence in 

those insect orders that are associated with-aquatic or at 1east 

moist habi tats Among the Coleoptera, the greater frequency of 

such occurrence i9 in the soil-inhabiting ~carabaeidae and wood-

inhabiting Scolytidae (Welch, 1962) The ho~t 1ist rf insect-

nematode associati0ns compi1ed by Poinar (1975)_inc1uded sorne 

500 entries (out of 3100) pertaining to nematode citations for 

scarab beetles Surprising1y, the large and noxious genus Phyl

!~h~~. wh0se species most1y have a very long subterranean life 

cycle (eg three years), is clted only a few times in natura1 

association with nematodes Criddle (1918) reported non- identi-

fied Mermithid~e from grubs nf Phyl10phaga ~nxia. ~ drakii. P 

" nitida and P rugosa in Manitoba In Wisconsin, Davis (1919) 

, 
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found the dip1ogasterid, Mikoletzkya aerivora (Cobb), a non-iden

tified mermithid and possib1y a Cephalobus sp. (Cephalobidae) in 

grubs of Phyllophaga spp. Mermis nigrescens Duj. was cited as a 

parasite 0f a ?hyllophaga sp. in Vermont by Sweetman (1936), and 

Chamber1in (1944) reported a Diplogaster sp. and a Neoaplectan~ 

sp as associates of Phy110phaga spp in Wisconsin. Toohey (1977) 

wrote that up to 50 percent of grubs of P anxia co11ected in 

southern Queb,ec and kept in the laboratory were infecfed with 

nematoaes Fina1ly, Lim (1979) was the first to iso1ate M. aeri

vora in Canada from grubs of P anxia col1ected in four locali

ties of s0Uthern Quebec. 

Experimental infection with Neoaplectana glaseri Steiner 

was achieved against grubs of Phy110phaga spp. by Glaser ~ ~. 

(1940) Chamberlin (1944) ccnducted field trials of Neoaplectana 

spp. including ~ glaseri against. white grubs of Phy110phaga spp. 

in Wisconsin, but infection was not obtained. Poinar (1978) was 

m0re successful in field trials with N. glase!! against grubs of 

Phyllophaga spp. in the midwest D.S 

There have been numerous reports in the 1iterature of 

association between representatives of the large family Dip1o-

gasteridae and insects. The majority of the associations in 

which definite or semi-parasitism and pathog~sis resulted -from 

diplogasterid nematodes' activity have ~ived little attention 

besides rh~ discussibns by Bovien (l93~ngartmer (1955); 

Poinar (1969, 1972, 1979). Massey (1974). 
AI' 

Mikolet~kya aerivora, one of the few entomopathogenic 

nematodes in the fami1y Diplogasteridae,was first/described by 

r 
t 
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Cobb in Merrill and Ford (1916) from the head of the termite, 

Leucotermes luclfugus Rossi, in Kansas; Merril1 and Ford (1916) 

noticed that when infections were heavy, the termites became 

sluggish and often died Cobb, in Me.rri11 and Ford (1916), ob-

served M. aerivora feeding on grasshopper eggs in Kansas Banks 

and Snyder (1920) found juveni1es of ~. aerivora in the head of 

live termites, Reticu1itermes flavipes (Kollar), and adu1t nema-

todes in sick and dead insects in severa1 southern states. Pupae 

and larvae of the noctuid, Helico~ zea.(Boddie). were found 

infected with t!. aerivora in Kansas (Winburn and Painter. 1932). 

Swain (1945) reported that ~. aerivora was found ~n widespread 

association within live 1arvaecf the white-fringed beet1es, 

Pantomorus spp., in southeastern US. A., the association was 

tentatively assumed to be primarily of a saprophagous nature 

alth0ugh definite fatal parastism was observed on o~casion. ~. 

aerivora was reported to have ki11ed grubs of Phl!lo~~ spp . 
.. 

in Wisconsin (Davis. 1919) and grubs of P. anxia in Quebec (Lim, 

1979) 

In my study of biotic regulators of ~~!llophaga spp. in 

southern Quebec, ~. aerivora was found on rnany occasions in live. 

moribund and dead grubs and in live pupae l report these find-.. 
ings in this chapter and present the resu1ts of nematode mainte-

nance and extraction in the 1aboratory, sorne characteristics of 

its behavior, and 1aboratory and field plot pathogenicity tests 

against Phxllophaga grubs. 



fi . -_._-- ~- -

( 

160 

B . MATERIALS AND METHODS 

1. Reeovery of Nematodes 

The various stages of ~hll1opha8a were eollected as de

seribed ear1ier. Fie1d-col1ected moribund and non-p~trefied dead 

grubs having a greyish appearance, a symptom of nematosis '(Figure 

26), were proeessed for nematode recovery according to the schème 

reported by Lim (1979). The same procedure was followed for grubs 

and pupae whieh developed symptoms of nematosis in the labora

tory. Reeovery of nematodes from fi~ld-col1ected putrid dead 

grubs was immediate sinee the ~adavers were usual1y eovered with 

crawling nematodes. Detection of nematode infections within Phy1-

lophaga individua1s co11ected live and which died under quaran

tine without symptoms of disease or which were sacrificed when 

stiy1 a~ive at the end of the quarantine, was possible on1y by 

dissec~}on. Diagnosis of nematosis based on evidence of co1or 

~ation of the body was only possible with the grub stagë~ôf 
Phyllophaga. 

'-
Several adult nematodes of both sexes were retained for 

identification purposes at each occasion of recovery. After fix

ation for 24h in FAA (120 ml distil1ed water, 60 ml 95% ethanol, 

18 ml 40% formaldehyde solution, 3 ml glacial acetic acid, 2 ml 

glycerin), nematQdes were processed to pure glyéerin and mounted 

in glycerin or lactophenoi-cotton blue (Massey, 1974). 

T 
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Figure 26. Pathogenesis of M aerivora in a white grub, Phyl1o

phaga sp. A:fie1d-co11ected, moribund grub,2 days before 

death; notice the symptomatic greyish body co1or B: the, same 

grub 10h after death. notice the flaccid and shrqnken cada

ver, and the absence of externa1 nematodes. C: the same grub, 

13 days after death; nematodes have multip1ied greatly. AIl 

photographs approx. 4X. 

, 
1 
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2. Behavior Studies 

A series of laboratory experiments was begun to examine 

the behavioral response of!:!. aerivora when exyo'sed to the stim

ulus of PhyllophaS4 grubs. Severai two-compartmented plastic pe

tri dishes (IOOx15 mm; divider height: 7,5 mm) were prepared for 

,this purpose. A strip (lOOxl5 mm) of transparent plastic sheet 
t-' 

was glued to one side of the divider to increase its height to 

15 mm. Five holes were drilled in the divider with s number 3 
, 

insect pin heated over a flame. Holes ,were drilled 10 mm spart 

at a height of 5 mm from the bottom of the dish. The modified 

petri dishes were sterilized by dipping for 5 minutes in 70% 

Ethanol, then rinsed twice in sterile distilled water, assèmbled, 

and left overnight under an ultra-vi0let lamp. Following steri

lization, half-str~~gth nutrient agar was poured aseptically in

ta the bot tom half of the dishes up to the level of the holes 

Of)the divider. taking care not to plug them. 

A 0.2 ml aliquot (450 to 500 nematodes of mixed stages) 

of nematodes harvested from dead grubs was pipetted into one of 

the compartment of each of 60 dishes which were th en treated as 

follaws. (l) Ten dishes did not receive further treatment sinee 

they were assigned to be controls. (2) One healthy, surface- ster

ilized third in,star grub was placed in the nematode-free com

partment of ten dishes. (3) A 0.1 ml aliquot of haemolymph asep

tically secured from healthy third instar grubs was pipetted in 

the nematode-free compartment of ten dishes, diluted with 1 ml 

of sterile distilled water and spread over the agar by gentle ro

tation. (4) One healthy third instar grub, killed by freezing 
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and left to decay for one week was placed in the nematode-free 

compartment of each of ten dishes. (5) The nematode-free com

partment of each of ten dishes received one surface-sterilized 

healthy chird in~tar grub whose anus and mouthparts were plugged 

by dipping in lukewarm melted histological grade paraffin. (6) 

Five dishes were "inoculated" with 1 ml of melted pataffin and 

five others with 1.1 ml of sterile distilled water. always in 

the nematode-free compartment. The time of introduction of no~

nematode material in the dishes was recorded; aIl dishes were 

kept at room t~mperat~r~ (2It IOe) and in fu~l artificial light; 

eâch dish was observed under the binocular microscope (40X) sev-
, 

en times, at hourly intervals. after the start of the experi-
~ 

ments and once more 24h later (31h elapsed time). Numbers of 

nematodes found in each half of the experimental dishes were re

corded at each infection. The experiment was. repeated 0 twice ,0' at 

weekly intervals. in July 1980. 

3. T~chniques of Extraction 
~ 

In the fal1 of 1979. three extraction methods were tested 

for their efficiency in yielding the maximum number of live M. 

aerivora individuals per infected grub. The extraction methods 

used were the classica1 funnel proposed by Baermann (191;), the 

apparatus designed by Carne and Reed (1964) for harvesting in

fective stage nematodes emerging from their insect hosts, and a . 
modification of the Baermann apparatus that is shawn in Figure 

27. The modification ls simple and can be made rapidly with~ma

terials found in most research laboratories. Its principle is 
... 

based on the oxygen requirements of nematodes for surviva1 (Lee 

1 
1 
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Figure 27. Modified Baermann funnel for harvesting M. aerivora 

from its insect host (not to scale). 

1. Top of petri dish 

2. Nylon screening supporting white grub on fi1ter 

paper 

3. 15 cm glass funnel 

4. Hoffman open side pinchcock 
l 

5. Rubber tubing 

1} 

6. Grid of 0.45 pm millipore filter with accumu1a- J 

ted nematode harvest 

7. 0.45 pm mi~lipore fi1ter 

8. rubber Stopper 

9. 100 pl micropipette 

10. Rubber stopper 
l.. 

11. Rubber tubing 

12. Two-way valve 

13. Bench compressed air valve 

14. Free rubber tubing 

.. 
• 1 , 

/ 
/ ( 
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and Atkinson, 1976) Oxygenation of the water in my apparatus 

is achieved as fr,11ows the bench compressed ai r val ve Ü opened 

to a minimum, the two-way valve is opened to a maximum, compressed 

air i5 pushed through the micropipette lnto the water he1d in 

the "upper charnber" mi Il i pore fi l ter, the glas s funne l and the 

tubing connection between them, creating a strong turbulence 

By trial and error, using the twa-way val~, rhe air flaw can be 

regulated in such a manner that tiny air bubbles are continuously 

forced into the water with minimal disturbance, a110wing both 

the oxygenation of water and the accumulation of nematodes ln 

the "upper ch.fmber" of the millipore filter Nematooes are col

lected simply by shutting off the air flaw with the two-way valve 

and allow~g a standing time of 1-1 5 h for the nematode~ to ser

t le in the mi 11 i pore ri 1 ter The pinchcnck is c 10sed and the mil

lipore fiiter is ~ed from the rubber tubing, the rubber stop

per i8 pu11ed from the millipore filter which i8 then inverted 

0ver a collecting container A gent.le flow of air from the free 

rubber tubing is blown over the lower surface of the grid A 

known volume of nematode suspension 18 obtained if desired 

through prior calibration nf the "upper chamber" and end tubing 

of the millipore filter Subsequent washing of the millipore 

filter is n0t needed 
~ 

The experiment~l procedures ta teRt the efficiency of 

the extraction methods were standardized Third instar grubs col-

lected at Pierreville on August 30, 1979 were quarantined indi-

vidually for seven days Healthy grubs were then selected. sur-

face sterilized, placed on half-strength nutrient agar in a 

1 
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Jt.< 
petri fish and inoculated on the mouthparts with a 2 ml 

pensio1 (4500 to 5000 individuals) of freshly-harvested 

sus-

j uve-

nile nematodes, less than 5% of adults were present in the ino-

cula, no food was provided and the dishes were left at room 

temperature Ten days later, the grubs were removed from the 

dishes, decapitated and the body was placed on a moist filter 

paper in a petri dish for 2 to 3h (Figure 28) This allowed con-

firmation of the presence of internaI nematodes, which were 

flushed Qut with the oozing haemolymph The filter paper and 

contents were then placed nn the nylon screening of extraction 

apparatus The water level in the glass funnel of the apparatus 

was adjusted by pipette rinsing the surface of the agar A desk 

lamp (60 W incandescent bulb) was positioned 20 cm above the 

collecting units 

_&stimates of nematode densities in the water suspensions 
~ 

were made 8, 24 and 48h after the start of the experiments At 

each inspection, aIl the water from the extraction apparatus was 

transferred ta a 250 ml beaker, nematodes were flushed as de-

seri be d ear l ier in the case of the modified Baermarin funne I.One 

ml of each nematode suspension was pipetted into 9 ml of ~e
~ 

chlorinated tap water in a test tube and 0 l ml aliquots were 

taken from the diluted suspension and placed on 10 microscope 
•• 

slides The number of nematodes was counted Ünder a binocular 

dissecting microscope and total number and number of dêad nematodes 

were recorded Counts were averag~d. allowing ta determine the 

nematode density in the water of the extraction apparatus Fresh 

dechlorinated water wes added to the funnels after the 8 and 24~ 

extractions After the 48h extractiod~ grub cadavers were opened 

1 , 
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Figure 28 

() C \lI d t 1 on 

.Juver1l1e<; rd t'" 

• 

aerlvnra flushed (lut wlth the haemo
-~ 

IOda v s a f ter 1 n -

Ph,)t,)wrrtph rdkell lh élfter Jeulpltatl(ln (lf the mor-
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lengthwise and, while held with dissectin.g forceps, wer.e shaken 

for 2 minutes in 20 ml of t ap wa te r t 0 dis l od~e any nemat (Ides 

that were trapped in the grubs' remnants Counts were also made 

for this final harvest Each extraction meth.od was tested 7 

times 

4 Maintenance nf Nematodes 

Maintenance of M aerivora in the laboratory was a-

chieved by st0rage in water and in agar culture 

Storage in '~ater. at 5 oC and complete darkne~s was con-

ducted as described by Lim (1979) The only modification was the 

additiC'n of 20 uni!:s of penici1lin and 40 }lg of streptomycin per 

ml of sterile water The contents of the st0rage erlenmyer flasks 

were oxygenated aseptica11y by agitation with a sterile glass 

rod at monthly intervals 

Agar cul ture of t! aerivora was made on ha1f-strength 

nutrient agar in petri dishes The agar cultures were subcu1tured, 

approximate 1y every 10 to 15 days, by t rans ferring a sma 11 piece 

0f the original culture medium with its nematodes to a fresh 

nutrient agar plate '!'wo subcultures were made each time One 

was 1eft as such and the other was supp1emented with a healthy 

grub ki lled by decapitation Maintenance t00k place under fluc-

tuating labnratory ambient conditions 

~ 

5 Infectivity Tests 

Experimental infections and pathogenicity studies with 

M aerivoya were performed and Koch 's postu1fites for nematodes 

r 
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(Poinar, 1975) were fu1filled in the laboratory and in the field 

using three techniques, topical application, infection chamber 

and soil inoculation in microplots. 

Topieal application tests were conducted in 1979 and 1980 

and consisted of 2 replicates of 20 grubs per replicate per treat

ment and test Hea1thy: first instar and second instar grubs col

lect'ed at Nieolet and Mirabel respective1y were used in 1979, 

and third ins tars collected at Nicolet were used in 1980. A 0.5 

ml nematode suspension of one inoculum level was app1ied topi

cBlly ta the mouthparts of the test grubs, 0.5 ml sterile dis

tilled water was applied to control grubs. After treatment, the 

grubs were held individually at 22~1°C, 40-50'0 RH, 16h photophase 

in cardboard cups supplied with a lettuce 1eaf and Toohey' s (1977) 

arti ficia 1 diet The grubs were monitored for symptoms of disease 

and mortality for five weeks Apparently non-infected grubs were 

then killed and incubated on nalf-strength nutrient agar (1abo-

ratory ambient conditions) for possible emergence of nematodes. 

Infection chamber tests were performed with third instar, 

third year grubs collected at Stanbridge East' on July 9, 1980: 

Cardboard coffee cups were sterilized with 70% a1coho1 and ·filled 

to a height of 6 cm with steam-ste~ilized sandy loam (1:1). One 

surface-sterilized healthy 1 grub was introduced in each of 20, cups. 
~ 

gent1y pushed into the soil and covered with' a layer of sterile 

sail. Ten ml of sterile tap water were spread over the surface 

of the soi 1 and 5 ml of a nematode s.uspens ion (estitIlsted density: 
, 1 

3.1 x 10 3 nematodes ml - ) were added to the experimental unit 'lt 

Only water was added to cups containing the control grubs. Cups 

i , 
{ 
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were stoppered with a double layer of parafilm for the duration 

of the experiment and held at 22!loC and l6h photophase. Grubs 

were not fed for 5 days and then a chunk of scerile artificia1 

diet (Toohey. 1977) was aseptically pushed be low the surface of 

the soi 1. Fi ve ml of 5 teri le tap water were added to the infee-

tion chambers at weekly interva1s. The experiment was repeated 

after one week. The tests were te~minated after 32 days when 

test insects were examined for the internal presence of nema-

todes 

Microplot trials took place on the Macdonald College 

seed farm from September 9 to October 6, 1982. Three 2 by 1 m 

microplots containing the local clay-loam soil were cleared of 

tall vegetation and thoroughly watered. Fort y evenly spaced 

soil plugs (15 cm deep, 8 cm in diameter) were removed with a 

core sampler from each rnicroplot. One healthy third instar, sec-

ond year white grub, collected at Mirabe 1. was introduced into 
\ 

each ho le and covet;ed with l to 2 cm of soil. One of three treat-

ments was then applied to each hale in one rnicroplot: addition 

of (1) 20 ml of tap water. (2) 20 ml of nernatode suspension (es

timated density 2.8 x 10 3 nematodes rnl- l ). (3) 20 ml of nematode 

suspension (estimated density' 0.7 x 10 3 nematodes ml- 1). Hales 

were replugged and rnicroplots were watered every second day 

until October ~ when they were dug out by hand; recovered grubs 

were brought to the laboratory and examined for presence of M. 

aerivora. 

An important remark must be made here: for aIl infectivity 
",.. 

tes ts reported in this chapter. a grub. treated or not .. was 
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considered to have been attacked by ~. aerivo~a on the absolut~ 

condition that the test nematode. whatever its stage, had to be 

present interna11y in dead. moribund or surviving hosts. Situa-

, tions in which M. aerivora was observed externally only were not 

considered positive c~ses of infection, although the infection 

process might indeed have been at the initiation stage. 

C. RESULTS AND DISCUSS!ON 

1. Recovery and I~entitx of Nematodes and Allied Organisms 

At least three species of nematodes were recovered fr.om 

Phyllophag~ individuals in the survey of southern Quebec. 

Rhab'ditid nematodes were isolated iroIT: two second instar, 

second year and one third instar, second year moribund grubs 

collected on a sod farm at Mirabel, July 2, 1979. Aphelenchoidids 

were found infecting one third instar, second year moribund grub 

on July 16, 1979, and one third instar. third year grub on Sep

tember 2, 1980, bath at Mirabel. The characteristics Ifsted by 

Goodey (1963) were used to identify the nematodes ta the famil)' 

level. Voucher specimens were sent to Dr. G.O. Poinar. Jr., 

Division of Entomology and Parasitology, University of California 

at Berkeley, who confirmed my identifications. Althçugh severaI 

species of Rhabditidae and Aphelenchoididae are known insect 

parasites (Poinar 1 19.79). no infectivity tests were made as aIl 

the specimens were killed for diagnostic purposes. These recoveries 

, 
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are reported here for the record, as ia the occurrence of gordian 

worms (Nematomorpha) associated with de ad ~yllophaga individU41s 

in an old field at Scanbridge East, in July add Augùst 1980. Gor

dian worms were found on seven occasions in the earthen cell of 

young pupae ahd once each in close proximity to 8 prepupa, a 

third instar, third year grub, and a ceneral female of P. anxia. 

The size and free-living status of the worms indicated that they 

were adults (Figure29); Since the juveniles of aIL species of 

Nematomorpha are obligate insect parasites (Steinhaus, 1949~ 

Lipa, 1967) and since the worms were found in Ph:t~lophaga pupa1 

cells, it is likely that they were responsible for the death of 

their hosts. The female, prepupa and grub were also considered . 
to have been killed by these wo~. Voucher specimens were sub-

mitted for diagnosis to Dr. M. Laird, Memorial University, St. 
1 

.John' s. Newfoundland. No reply had been received at the time of 

writing this thesis. 

A third species of nematode was recovere"d from live, mor

ibund and dead grubs and from live pupae of Phyllol2haga spp. on 

many occasions and at several localities during this three-year 

survey in southern Quebec (Figures 26 and 30). As a rule, juve-. 
nifes only were present in "'the live hosts but aIL stages were 

found in moribtmd and ~specially in deéid grubs. Field-collected 

dead grubs were invaded by soi1 microorganisms.as well as the 

nematodes above, the most common being -Rhizopus, Fus~iuro and 

Pseudomonas spp .• and by s~probic mites. On one occasion l 

found the entomopathogenic bacterium. Serratia marcescens Bizio 

8ssociated with the nematodes in a recently dead third instar 

, 1 
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Figure 29. A gordian worm recovered from the earthen celi of a 

dead pupa. Phyllophag4 sp. 
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Figure 30~, - Water suspension of adults and Juveniles of M.,!!.

. rivora recovered f~om a field-collected moribund white grub, 
Phyllophaga 'sp. Nematodes extracted 3 days after the death 
of the grub. BOX. 
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grub (PierreviÎle, September 6, 1979). Several species of bac

teria have beèn demonstrated to be associated with insect- para-
) 

sitic nematodes (Poinar, 1978), including ~. marcescens (Swain, 

194.5) The third species of nematode was identified ta belong 

to the family Dipl'ogasteridae by the characteristics listed by 

Goodey (1963) and Poinar (1977) Dr R H Estey, MacDonald 

College of McGill University, Ste -Anne-de-Bellevue, Quebec, 

confirmed the identi fication At the time of the first nematode 

findings (June 1979). Dr K -P Lirn, presently of the Canadian 

Forestry Service, St John's, Newfoundland, was working at 

MacDonald College We examined the nematodes found at several 

localities in southern Quebec (Tables 20 and 21) and we agreed 

that they were representatives of the species Mikoletzkya aeri

vora (Cobb). Our identification was made by comparing the charac-

teristics and measurements of the nematodes l have isolated, 

,with descriptions and measurements reported for M. aerivora by 

Merrill and Ford (1916), Poinar (1979), and Lim (1979) who gave a 

cletailed description, including measurements and the de Man formu-
, 

la, for males and females of~. aerivora Although rarely present 

in pupae, ~. aeri vora appeared to be widespread in grubs and 

since it was found in each year of the survey, it was considered 

to be endemic in natural popula~ns of Phyllophaga spp. It also 

appeared ta be more prevalent in third instar grubs and more 

commonly found in the month of August. Five percent of the 1~930 

grubs examined over the three-year survey wère infected with M. 

aerivora. Davis (1919) reported that 90% of Phyllophaga grubs 

were ki11ed by M aerivora in one field in Wisconsin My findings 

-
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Table 20. Recovery of the nematode ~iko1etzk~ aerivora from 

Phylloehaga grubs and pl.1pae in southern Quebec. 1979 
\ 

1981 to 

----

Locali ty Date of Host a recovery stage 

------ ------

Nico1et July 28, 79 LI 
Aug 7, 79 L2,1 

Pierrevi Ile Sep 9, 79 L3,2 

Mirabel Jun 26, 79 L2,2 
Aug. 6, 79 L3,2 

Montebello Aug 9, 79 L3,2 

St. -Janvier Aug 13, 79 L3,2 

Stanbridge Jtm 12, 80 L3,3 

Nicolet Aug. S, 80 L3,2 
Aug 20, 80 L3,2 

Stanbridge Aug. 9, 80 p 

St Clet Aug 28, 80 L3,3 

Mirabel Sep 2, 80 L3,3 

St -Janvier Sep 2, 80 L3,3 

Stanbridge Aug. 23, 81 L2,l 

Nico1et July 30, 81 L3,3 

-----

aLl' first instar grub. L2,L s-econd instar,first year. L3,2 

third instar, secortd year, L3,3 third instar. third year, 

P: pupa 

r 
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Tab le 21 Incidence rate of the nematode Mikoletzkya aeri~ 

in naturai populations of P~yllophaga spp , in south

em Quebec, 1979 ro 1981 

Host developmental 

stage 

Adult male 

Adu1t fema le 

E~~ 

First ins t ar grub 

Second ins tar, year 

Second ins tar, year 

Third ins tar, year 

Third instar, year 

Prepupa 

Pupa male .. 

Pupa female 

Teneral adulr male 

2 

3 

Teneral adult female 

( 

l 

2 

.-----/ 

Number 

examined 

8895 

2647 

2525 

1832 

1652 

1501 

8174 

3771 

175 

1289 

897 

73 

37 

\ 
" 

Percent 

nematosis 

a 
a 
0 
• 
1 74 

2 42 

0 

7 04 

5.40 

0 • 
0 31 

0 22 

a 
0", 

, 

--~--

n • 

1 i 
: , 



support Llm's (1979) suggestinn that M aeri_v~r-éi was widespread 

in P anxia populatl(,ns of southern Quebec in 1975 and 1976 

Llm (1979) als,' f"lmd that M aerlvora was more commonly asso-

llated with third instar grubs than wlth nther Instars, he did 

not lsl)late the nemAtode from other stages of P anXla 

The reslllis ('f the laborat"ry experiments on the behav 

presenred ln Table 22 Un t r e a t e cl un I t <.;, a n cl par a f fin and wa ter 

t r e a t e d un I r s d1d not atrract nématodes On the contrarv, there 

was clear evidence thar grubs and grllbs' tissues f3tImulated 

nem;Hi'rle P('SliIVP t RXIS, althnugh the response was varl.able and 

pr(lhablv trlggered by different rnechanlsms The pattern of atrrac-

tion (rIme and numbers) (If luvenlles was abi)ur the same when thev 

were pxpnsed tn lIVe grubs v;hether plugged nr not In both these 

cases, the lIve grubs were surface-steril1zed, 50 that attractIn(1 

tn the externa1 microflora nf the Insects 15 exc1uded One plau-

sible s,'lIrce of attraction for the JuvenIles might have been rtle 

metabnlic carbon dioxide produced bv live grubs, CO2 15 knnwn 

to st1mulate the activitv of several nematnde specie s (Lee and 

At k i n s nn, 1 9 76 ) No adult nematndes were attractecl by lIve grubs 

but this wac; not surprising. cons1dering that none nf the Dlpln-

gasteridae are nbligate paraSItes Hnwever, thnse species which 

are parasitic on Insects are facultAtive parasites. the adult 

being the free-l1 v ing stage (Poinar. 1969, 1975) Decaying grubs 

.gttracted. after ~1h, the whole populatinn nf luveniles and 

/ 
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Table 22 Fesponse, at vari<'lUS ctœ intervals, nf M aerivora 
a 

exposed ta 

various stinruli 

( 
Treattœnt 

b 
Es timated dens i ty 

c 
of nematodes in treated cœpart::nEnt 

(stirnulœ) .. 
l 2 3 4 5 6 7 JI 

None 0,0 0,0 O,Q ., 0,0 0,0 0,0 0,0 0,0 
tEalthy . gnh 0 .. 0 0,0 l,a l,a 2,0 4,0 4,0 5,1 
Haeno l yrrph 0,0 0,0 0,0 2,0 2.0 3,0 3.1 3.3 
Decaying grub 0,0 0.1 0,2 0.2 1.3 2,3 4.5 5.5 
P1ugged hea1thy gni:> • 0,0 0.0 1.0 La 3.0 4.0 4.0 5.1 
Paraffin 0,0 

~ 
0,0 0.0 0.0 0.0 0.0 0.0 0.0 

Sterile water 0,0 0,0 0.0 0,0 0.0 0,0 0.0 0,0 

a 
~50 to SOO nematodes (m:iJœd stages) pipetted en the surface of cne ccm-

part::rrEnt of a 2-secticn petri dish 

b . 
Three rephcates of 10 (5 for paraffin ald sterile water) experi.n'ental 

units per treatment 

o Averagë, for each treatment, expressed as the estimated perœntage of the 

nematode population ~ich migrated ta the treated cœpartlœnt Synbols: 

a, 1, 2, 3, 4. 5 for 0, la, 25, 50, 75, 100%, respectively, left digit 

represents j uveniles, rigJ:1t digit represents adults 

d 
Data recorded l, 2, 3, 4, 5, 6. 7 and 3Th after treahœnt 

( 

\ 
') 

-cl 
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adults, althaugh attraction was fasTest for adults In this case, 

it was evident that the nemarodes were attracted ta the grub's 

decomposing tissues and the microflora that they supported Such 

saprozoic and microbiovorous habits in part of the life cycle nf 

facultative entomoparasitic nematades have been documented fre-

quently, ~ncluding the Diplogasteridae (Poinar, 1969, NickIe, 

1974) The host's decaying body becomes a source of food and the 

site of reproduction for large numhers of diplogasteriG~ Ster-

ile haemolymph\ stimulated the movement of bath adult and Juvenile 

nematodes Att~1~n ta haernolymph was stronger than attr[~tion 
to live grubs for adult nematodes but weaker for juveniles the 

only cause for this apparent attra~~on rnight be that haemolymph 

was the on ly food source avai lab le ta the nematodes under the con-

ditions of the experiment Mi~al~tzyk~ aer~vor~ was thuS found 

to be capable of actively searching for a potential hosto al-

though the triggering mechanism is not clear The process of 

host's invasion by the infective Juyenile stage was not investi

gat"ed but on"1y two alternatives we're possible once host-parasite 

contact was established active invasion through a naturai opening 

in the hDs t, and inges tian b:' the feeding hos t (pass ive invas ion) 

In either case, the mouthparts of the grubs appeared ta he the 

naturai route of penetration since, in over 80% of mv observa-
, 1 

r 
tians, iuveniles were found in heavier density n~ar and on the 

head of grubs than near and on other body parts 

3 Techniques of Extrac,-:'ion 

TQe results of these experiments are shawn in Table 23 
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Knowing that each grub had been inoculated with the same numbe~ 

of nematodes (4500 to 5000), of which at least 95% were juveniles, 

and assuming that no multiplication took place between the time 

? of inoculation and the start of extraction, each sacrificed grub 

should have yie lded an average of 4500 to 5000 nematodes. HO'"N-

ever, after 48h of extraction, efficiencies of the extraction 

methods were· 40-44%, 48-53% and 60-66% for the Baermann funnel, 

the Carne and Reed apparat us, and the modi fied Baermann funne l, 

respectively (Table 23) Lasses occ~rred between the time of 

inoculation and the final rinse, eventually b~r bursting of the 

nematodes when decapitating the grubs (Poinar, 1965). Lasses 

appeared also ro have been due ta the extraction method itself, 

at Least for the least efficient Beermann funnel method (Table 

23) The three methods yielded the same number of nematodes 

(rotal and live) after 8h of extraction, but large differences 

in yields were observed at the second occasion of sampling. The 

modified Baermann funnel was much more efficient for total and 

live nematodes extracted than the other two methods. The same 

trend was observed at the thlrd occasion of sampling, the Baer-

mann funnel, and the Carne and Reed apparatus yieldinB respec

tively 58 and 65% of live nematodes, compared to 90% for the 

modified apparatus The final rinse of the grubs' remnants con

firmed the lower efficiency of the Baermann funnel and of the 

Carne and Reed apparatus. both having extracted fewer nematodes 

compared ta the ~odified Baermann funnel. The latter procedure 

proved to be over 93% efficient for total numbers of nematodes 

extracted and over 98% efficient for live'recovery. Oxygenation 
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Table 23. Average nurnber
a 

of juveniles of ~ aerivora recovered frcm 
artificially infected white grubs , using three methods of 
extraction~ 

Occasions of Nurnber of nema.todes recovered d 
séIlTÇ1ing 

Carne & Reed M:>dlfied Baermarm (haJrs aiter start) Baermann 
funnel apparatus funne1 

8 800 (96) 900 (100) 900 (100) 

24 400 (78) 800 (82) 1600 (100) 

48 800 (58) 700 (65) 500 (90) 

Final rinse e 600 700 200 

--'7 

a Average for 7 grubs with each rœthod, ntm1bers off to nearest one hundred. 

b AU grubs in the same develC>tXIle!l1tal condition, inocu1ated with 4500-5000 
nematodes. 

c Extractions started 1Q days aiter inoculation 

d N..mbers in parent-hesis shaw the percentage of nematodes recovered alive. 

e 
Rernnants of grubs were searched for non-extracted nernatodés 
after the 48h occasion of sampling . 

r 
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of the water wi th the modified Baermann tunnel procedure was 

thus beneficial in ~ ways; higher yield of total nematodes, 

higher yield of live nematodes and shorter time needed for ex

traction, compared with the other two methods . 

. 
4. Maintenance of Nematodes 

Thirteen suspensions of nematodes of aIl stages were pre

pared in sterile water on July 13, 1980. The nematodes were ex

tracted from infected third instar grubs col1ected at Stanbridge 

East, June 12, 1980. The aqueous suspensions were stored at 5°C' 

until May 7, 1982 wheR they were checked for viabi1ity of nema

todes. AlI suspensions contained live nematodes after 22 months 

in ~d storage. The viability averaged 44% and most live nema-.. ~ 
todes were rhird stage Juveniles ensheathed in the second ju

venile's cuticle. My findings c~nfirmed Lim's (1979) observations 

on the feasibi1ity of storing M~ aerivora Juveniles for extended 

periods at SoC. 
i 

tl. aerivora was also successfu11y maintai~ on ha1f-

strength nutrient agar under ambiant laboratory cond\tions for 

. 27 months if the agar was supplJemented', at 10 to 15 daya inter

vals, with a decapitatect grub. Petri dishes of nutrient agar on1y 

supp1emented wit:h the natura1 microflora of the water of the 

first extraction were 1ess efficient for maintaining ~. aerivora; 

the nematode population usua11y died after 7 to 10 subcultures. 

It was a1so observed that over 95% of the female nematodes reared 

on agar s.upplemented with grubs' were oviparo~ whereas eggs began 

hatching within the body of females reared on agar only. The switch 
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in the developmental pattern of M. aerivora occurred as saon as 

the second subculture and no later than the sixth. Surviva1 of 

M. aerivor~ was thus dependent on regular passages through its 

hast; this observation confirmed the parasitic nature of the nema-

tode. 

Sa. Infectivity by Tapica1 App1icatio~ 

White grubs were susceptible ta nematosis induced by 

topieal application of ~. aerivara, but there was a significant 

difference in susceptibility between the three instars (Table 24). 

Second instar grubs (test II in 1979) appeared to be much less 

susceptible than the two other instars, especially the third 

(Table 24). The third instar, for which 85% mortality due to 

nema~sis was reeorded in this laboratary test (Table 24), was 

also the instar most commonly found infeeted with ~. aerivora 

:p" in the field (Tables 20 and 21). Morta1ities due to causes other 

than the nematode were high in the firsc and second instars and 

very law in the third instar, but no patho1ogieal agent was iso-

lated in either case. No nematasis was observed in the control 

lots although mortalities were high for aIL three instars. Here 

again, no disease was observed. with the exception of two cases 

of mycosis (green muscardine) in the 1980 test. Koch's postulates 

were thus fulfilled for M. aerivora against the three larval 

stages of Phyllophaga grubs (Figure 31). According ta Poinar 

(1979) it is the "dauer" stage juvenile of ~. aeriyora (noo

feeding third stage Juvenile) which i8 associated with living 

insects and is capable of initiating l~~hal infections of the 

hast. 

r 
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( Table 24. Lethal infectiœ rates of Phyl~ gni>s by topical appliea.-
tiCXlS of M. aerlvora. ' 

Y~ested a 
(!;;{"ar) 

fÀJSageb Percent DDrtali~ c 
(nematodes ml- l ) Totâltosli 

.-... 

1979 (first) 2.6 x 10 3 75.0 45.0 
o (ccntrol) 27.5 0 

1979 (secood) 2.4 x 10 3 55.0 22.5 
o (cœtrol) 30.0 0 

1980 (third) 2.4 x 10 3 87.5 85.0 
.0 (cmtro1) 15.0 

\ 
0 

a Tests temdnated 5 weeks alter treatment. 

b O. 5 ~ water suspensicn of _todes applied top1C4l1y <Xl DDUthparts of 
tteated grubs (0.5 ml sterile water on controlJ,gnÎ)s). . 

-... ( ... ~, 

C Average for 2 repliç.ates of 20 grubs per tœatment kr test. 

( 
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Figure 31 Infection studies with M aerivora Remnants of a 

white grub, Phyl10phaga sp (arrow), killed by induced in

fection Photograph taken 28 days after inoculation Notice 

the numerous adult nematodes on the bot tom of the container 

Approx 4X D, artificial diet for grub 
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Sb. Infection Chamber Tes t 

Results of the infection chamber test are presented in 

Table 25. Fifty-five percent of the grubs died of nematosis in 

the infection chamberstreated with M. aerivora, 10% died of un

known causes and the remaining grubs had pupated by the end of 

the experiment. No nematosis was found in the treared grubs 

which had pupated No nematosis was found in the control lots 

and aIL survivors (9570) had pupated !bi'rd instar grub mortal

ity due ta nematosis was lower (55%) in the infection chamber 

test than int the topical application test (Table 24), although 

the inoculum level of the former was higher However, it is 

clear from the results of both experiments that Phyllophaga grubs 

are susceptible ta infectipn by M. aerivora The variability in 

results obtained with the two experiments was likely due to the 

differences in experimental procedures but also to ehe different 

deve1opmenta1 stage of test grubs used in the experiments, third 

instar, third year grubs in the infection chamber test, and third 

instar, second year in the topical application tests 

Sc. Field M~croplot Trials 

The pathogenicity of M aerivora- for Phyllophaga grubs 

was also demonstrated under field conditions (Table 26) Several 

grubs were not accoun ted for fram the 3 microp lots at the con

clusion of the trials, predation or human error in finding or ' 

counting grubs were possible causes of non-recovery. Nematosis 

was relatively high in both treated microplots and one grub (2.7% 

of recovered grubs) was infected with M. aerivora in the control 
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Table 25. Susceptibility of Phyllop~ third instar 1 third year grubs 
exposed to li aeriVOIa in' ection charbers. a 

Dosage b l 
(nematodes ml - ) 

Percent toortality c 
Total Nêmatosis 

3 1 x 103 65 0 55.0 

o (centrol) 5 0 o 

a ExperiIœnt tenninated 32 days after inoculation. 

... 
188 f 

; 

b 5 ml water suspension of nematodes applied to the soil of infection 
cl:1aIbers (5 ml of sterile water applied to the soil of control chanDers). 4 

C Average for 2 replicates of 20 grubs per treatrœnt. 

1 
1 

1 
~ ; 

i 
1 
1 
1 
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Table 26 Pathogenicity of tl aerivora for Pbyllopbaga third instar, sec
ond year grubs in field micraplot tests a 

fusage b L'b of grubs P~rcent rnortality 
(nema.todes rrù- 1) recovered/4O due ta nematosis 

3 
2 8 x 10 34 64 7 

o 7 x 103 38 68 4 

o (control) 37 2 7 

a Tests concluded 28 days after treatJœnt 

b Forty tiIœs 20 ru. of one of the nematode water suspens ions added ta or'Ie 
microplat (2 by l ~, contrais: 40 tines 20 ml of tap water added ta one 
microplot of similar size 

r 
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plot, the latter case suggested r-hat M ~~riv~~ra might have been 

present in the plot or introduced by me as a contaminant The 

experiments were nnt replicated and definire field conclusions 

are not possible However, the results reported in Table 26 sug~ 

gested that mortality was Independent of the inoculUIlI level, since 

no clear dnse-re"1ponse effeet was obtained in the trials The re-

sults (If these small scale field trials C'onfirmed the results of 

lab()rat~rv experirnents and rnay also demonstrate sufficient tol-
,

erance t(l envlrnnrnental stress by M aerivora for it to be con-

sldered f(lr fleld control of white grubs, or at least, for re-

tesr Ing (10 a 1arger seale 

In s"ummarv, M aerlvoxa was found ta occur widely in 

throughollt southern Quebec, 

as sllggested by Llm (1979) My sttJdies have helped establish the 

f e as i b 1 lit V "f us in g M aerivora as a binlogical control agent 

against soli stages of ~'b~~~~~~~~, its natural occurrence in 

the damaging grub stages of ~}.::!Yll0-E.b~ lS ,frequent and wide-

spread ln southern Quebec, the nemàtode 18 easy to rear and to 

rnalntain in the 1aboratory, U: readilv lnfects susceptible hast 
, , 

c; t age S l n the l ab n rat 0 ry and in r- he fie l d M aeri v©ra was found ~ 

tr' be an important biotic regulatnr ('If ~bJ}l_~phag~ field popula-

tions ln southern Quebee: althnugh no major epizootics were ob-

"erved during thlS three-year study 

J 
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IX ACARINES ASSOCIATED WITH PHYLLOPHAGA Spp I~ 

SOUTHERN QUEBEC 

A INTRODUCTION 

Acarl (the Parasltlformes or gamasld lIlltes ano tl.cks, 

and the Acar 1 formes 0 r "t rue" ml tes) are more ublqu 1 tous than 

anv other slngle group of arthropods and have colonlzed manv 

marlne and terrestrlal habltats (Kevan, 1965, Llndqulst, 1979a) 

Mltes are connnon lnhabitants of sOlls, where thev show preda-

tory, parasltlc, saprotrophlc, scavenglng or phoretic habits 

in their assoclations wlth other sOll dwellers However, it ap-

pears from a review of the Ilterature, that mltes assocla-ted 

Wl t h June Bee t les and Whl te grubs have not been st udled t 0 any 

great extent, except for occaslonal observations, when they 

were reported to be consplcuouslv present 

Cri ddle (1918) reported tha t IY_E(~g lyphus he teroIlt{)r...Ehu~ 

Felt and other mltes kllled large populatlons of white grubs 

ln the field in Hanitoba Perkins (1892) and Davis (1919), while 

recognlzing its saprotrophlc habits, found that Phyllophaga grubs 

in the fleld and ln rearlng cages were frequentlv lnfested wlth 

~hizoglyphus rbliloxerae Riley, and noted that grubs heavily ln

fested with thi~ mlte were weakened and even killed, especially 

under field conditions TY!:9g1yphu .. s a!illip~~_ Banks and a specles 

of Parasiticus have been found lnfesting white grubs in Texas, 

Utah and South Dakota (Davis. 1919) Phoretic nymphal stages of 

, 
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an unspecified Uropoda species, probably neither parasitic nor 

predaeeous, have been eollected on adult June beetles (Davis, 

1919) Peteh and Hammond (1925, 1926), Jarvis (1964, 1966) and 

Oseto and Maya (1975) observed that grubs, pupae, and adu1ts of 

'p anxia were frequent 1y infes ted wi th hypopi of Calog1yphus sp 

including C phyllophaginus Oseto and Maya, and also ~ phy11o-

xerae and T armipes, aIL these species appeared ta be scavengers 

or saprotrophs Daniels (1966b) reported that Ca1og1yphus aca- ~ 

rines fed on lnj ured or dead grubs of ~ koehleriana Lim et al 

(1981al found phoretic Tyrophagus sp and unspeeified anoetids 

attaehed ta the femora of grubs and the thoracic ste1;.!1a and fe-

mora of adu1ts of P anxia in southern Quebec 

Ta supplement this meagre information, a survey of mites 

assoe iated wi th P anxia and other June beetles was conducted 

ln southern Quebec from 1979 ta 1981 

B MATERIALS AND METHODS 

The various stages of Phyllophaga were collected from 

1979 ta 1981 at the 10calities ',and using the techniques reported 

ear1i~r Each individua1 c011ected was observed under a dissect-

ing microscope and the following data were recorded, collection 

site and date. host stage. presence of mites and theLr deve10p-

menta 1 stage. numbers and posit ion on the hos t Samples of mi tes 
c 

were set aside from eaeh host and preserved in Oudeman's f1uid 

(HcDanie1. 1979) unti1 they were permanent1y mounted on micro-

seope slides, as deseribed by Krantz (1978) Mite specimens were 

. t 

j. 
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identified by Drs V Behan and E Lindquist from the Biosystem

aties Research Institute (8 RI), Agriculture Canada. Ottawa, 

Ontario Vaucher specimens were deposi ted at: the B R l and 

with Dr B O'Connor, Museum of Zoology, Ùniversity of Michigan, 

Ann Arbor, Michigan 

Mite terminology used by McDaniel (1979) has been fo1-

lowed here. and Krantz (1978) and Lindquist et al (1979) have 

been fo llowed for c L:isS i fication above the generLc leve 1 
" 

The s tatus of mi tes recovered from Phyllophaga in the 

course of this survey could not be established definite ly. but 

sorne interpretations are made using information retrieved from 

the li tEV" ature 

c 'RESULTS AND DISCUSSION. 

Mites. were found associated with aIl stages of Phyllo-

/ 
phaga spp , except the egg and prepupa. at mes t of' the collectin~ 

sites and times eoveredoby this survey (Table 27) As already 

stated, only adult beetles and pupae were identified to species 

level, immature st:ages were keyed-out to the generic levei 
. 

At least tweive genera of mites. representing six fam-

i lies and fifteen species. were found to infest Phyllophag~ spp 

in southern Quebec and these were present in most of their 
, ' 

stagés and forms (Tables 27 and 28) Although mire eggs are not 

recorded in Table 27, they were present on most hosts or within 

gravid female mites Sorne of the mite ideQtifications ar~ incom

pIete (Tafe 27) because the species was undescribed at the time 

f 
1 
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" Table 27 kart associated wi th Phy lloph~ sop. in southem Quebec 1 19 7~ ta 1981 

/\cari Stage CD llectlœ Year of Host 
species 

, 
foUlcf siteb collectiœ stageC , 

l 

ACARIDAE 
F,M 3,4,36 7q M,F,U,L3 

F.M,PM 16 79,80,81 M,F 

H 4, 11 , 17 ,23 , 25 79 L3 

H 3 "'!I. 79 U,U 

li 16 80 81 L3 
H 6,8,9,10,15,24,25,37 ao 1.3 

Sancassania sp F,M 2,7,16,17 80 M,F .. 
near michae li H 8,34,43 81 L2,1.3,M 

H 20,21 81 U 

F,M,H 8 81 M,F,U 

H 3 81 P,'IM,TF 

H 16 19 'lM 

PhM,F 31 79 M,F 

H 31 79 13 

Sancassania sp. M,F, 16 79 M 

near c:helooè M,F,H,PhF,PhM 4,19,Zl,24,26 79 L3 
# 

M,F,l! 3,8,24,25,44 80 1.3 ~ 
\0 
.po 

~ 

r 
~~'t..:l:~I4'~.01«0""~"'" ,.. ,,. ... ~ .......... ...;: 
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Table 27 - C'œtinœd 

kart Stage Collecticn Year of Host 

species fm:nJ! b site collectiœ stage c 

Sancsssania sp. H,M,F,PM 3,16,31 79 M,F 

H,M,F U,16,32,33 BO,81 M,F /" 

»,M,F 3S 81 M,F 

~ All All except lJ2,9,lO, 79,80,81 All exœpt 

putrescentiae 17,19,20,27,28,34 E ald pp 

~sp. H,F,H 3,30,31 79 M,F 

M,F,H 3,8,14 80 L3 
M,F,H 8,20,24 » 81 U,12 

AcanB sp d AU 1aboratory 79,80,81 AlI except E and pp 

Calog1 yPhœ sp N 3 80 I.J 

Rlizoglyphus sp. N 24,25 79 L3 

At«E'I'IDAE and N 22,26 79 L3 

HlSTlŒ'lœID\E 

Histiostana sp N,F 4,31 79 L3 
~ 

\0 
V1 
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Table 27 - CtI'ltinued 

Acarl Stage Collect1œ .... Year of Host 

speci,es fO\l\tf slteb collectioo stageC 

EVIPHIDID/IE 

Scarabamis sp. n. M,N, "- 3 79 M 

F 
~ ", "1"12 81 F 

K\C2OlELlW 

HIIcrocbeles glaber F,N 12 81 F 

PNJJSITIDR: .. 
Parasitœ D 3 79 M 

colgtratprun 

Poec1locb11'\.8 0 12 81 M,F 
œctqJb:)rt 

"- ., 

PQecl~ &p. 0 12 81 M,F 

~sp. D 3 79 M,F 

1-' 
\0 
0\ 

• ) st~ fi ..... ~_--..-~" -. -,_.----
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Table 27 - Continued 

a - .. 
F: female; M: DI'de; PM: pleaJDrphic male; H: hypopus; PhM: pharate male; PbF: pharate female; N: n~; 

D: deutCllyrl1)h. 

b See figure 10 (Chapter III). 

c M: œle; F: female; P: ~; PP: prepl1)aj 'lM: teneral male; TF: teneral female; E: eggj ll~ U, 1.3.: first, 

BeCood, third instar gnD, respectively. Mllts, teneral adùts and pq>ae detemd.ned as ~. anxia. 

d Never field-col1ectedj probably opportl.llists in rearing facil1ties. 

." 

..... 
\0 ...... 

1 
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Table 28. Higher classification ~f mite species found associated with Phy1lophaga spp. in 

southern Quebec. 1979 to 1981. 

Order 

Parasitifcmœs. 

Acar1fom8s 

/ 

Suborder 

MesostigpBta 

(Galasida) 

~di8e 

(Astitlœta) 

..... 

Cohort Superfamily 

~ina Parasitoidea 

Eviphiœidea 

Acaro1dea 

Aooetoidea 

Family 

Parasitidae 

Evlphididae 

Number 
of genera 
found 

3 

1\,,-

Hacrochelidae 1 

Aœridae 5 

Aooetidae 1 

H:l.st1oet:œd.dae 1 
~ 

~ 

--------------------------------------------------------------------------.------------------------~ 
.. 

~ 

• .., 8 t PI •• 1" l' ....... \11« ... - .. -. .... - • 
~---•• li 717"1» 
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or because specifie identification depended upon characcers 

found only in stage or sex that was not collected. 
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Several species of mites were of widespread occurrence 

throughout southern Quebec, while othèr species appeared to be 

rarer and more localized in distribution (Table 27) Species 

of the Acaridae were recovered from most of che stages of the 

hasts, with the exception of Cal~_!rEhus and Rhizog~~ spp. , 

but the Anoetidae, Histiostomidae, Eviphididae, Macrochelidae, 

and Parasitidae seemed ta be more specifically associated with 

only one host stage, often the adult beetle. Acaridae, especial

ly Sancassanià spp., were collected on more occasions and at 

more stations than other acarines Acarids were also found in 

more life stages and on more host stages than the other mites, 

which occurred in decreasing frequency as follows: Parasitidae, 

Macrochelidae. Anoetidae, Histiostomidae and Eviphididae. Lind

Quist et al. (1979) gave the following numbers of mite species 

known from Canada. Acaridae (45), Parasitidae (35), Macrocheli

dàe- (15), Anoetidae including Histiostomidae (20), and Eviphi

didae (5). Second and third instar ~rubs were infested by mites 

more frequently than first instar iarvae and pupae. Th~ fre

quencies of infestation among tenerai and flying adult beetles 

were lower than those of second and third instar grubs, but 

higher than those of other stages Mites were more often col

lected on flying adult females than on the males (Table 27) 

The legs and anal region were the most common sites of 

infestation of white grubs, although mouth parts and spiracles 

were occasionally invaded by mites The sub-elytral ares was 
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the most common infestation site in adult June beetles of both 

sexes. The antennae, ·mouth parts, spiracles, genital and anal 

regions, thoracic setae and occipital region were found to be 

infested only occasionally. 

Species of Tyrophagus mi tes were found internally in 

dead grubs and adults. Mixed infestations of Tyrophagus, Poecilo

chirus, and Sancass~nia species were common1y found in ~llo

phaga cadavers. Macrocheles glaber (Müller) was isolated from 

the genital chamber of a live female ~. '-anxia. The percent ages 

of field-collected Phyllophaga on which mites were fàund in 

various associations are given in Table 29 The relatively high 

percentages of infested host stages are somewhat in contradic-

tion with earlier literature reports, except for those of Petch 

and Hammond (1925, 1926). These authors reported up to 100% in

festation of some field samples of white grubs in southern Que

bec. 

The high percenta~e of infestation in second and third 

instar grubs might be due to the rèlatively long life span of 

these stages of Phyl1opha~, whereas in flying adults it sug-
"-

gests phoretic association The 10w infestation rates of the 

egg. prepupal and pupal host stages May be a reflection of their 

short duration or comparatively good protection (Davis, 1919). 

A brief review of Family characteristics i8 given now 

as a basis for interpretation of mite-Phyllophaga associations. 

, ... 

1 

1 
! • 
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Table 29 tbtDers of individuals of P91llophaga spp fOl.md infested with 
mites in southern Quebec. 19 9 to 1981. 

Host stage 

Egg 

First instar grub 

Second instar grub 

Third instar grub 

Prepupa 

Pupa male 

Pupa female 

NlmDer 
collected 

2525 

1832 

3153 

11945 

175 

1289 

897 

73 

Tene al adult fema1e 
T181 adùt male 

37 

Adul male 8895 

Adult female 2647 

All stages 33468 

~r 
infested 

0 

173 

1326 

6521 

0 

113 

22 

23 

10 

3037 

1038 

12263 

Percentage 
infested 

0 

944 

42 05 

54 59 

0 

8 76 

2 45 

31 50 

27 02 

34 14 

39 21 

36 64 

T 
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Aearidae (Figures 32 to 39) 

As members of the Acaridlae (or Astigmata), acarid mites 

are generally non-predatory and have four active immature stages 

The second stage (deutonymph or hypopus} is highly modified for 

phoresy (Krantz, 1978) on invertebrate or vertebrate hosts, and 

lf present, may have a facultative or obligatory host association 

Aearidae belon~ to the supercohort Acaridia which is formed of 

species in which adults are free living or parasitic upon in-

vertebrates and the h'TPOPUS is usually present (Lindquist et al 

19 79b) Mas t acarids are s aprophagous, but s ome are ftmgi vorous 

or phytophagous. acarids of many species are associated with in-

seets, especia11y Coleoptera and Hymenoptera Samsinâk (1970) 

stated that Saneassania spp are often assoeiated with scarab 

beetles as phoretic hypopodes in the heteromorphiç deutnnymphal 

stage, and on the death of the carrier, as sueceeding sapropha-

gOUS stages Krantz (l978), citing various authors, reported 

tha t Sancassania spp are ei ther mycophagous (fungi vorous) mi tes 

or necrophagous and saprophagous on dead sail inseets Members 

of the genera Aearus and :!y~ophagus oecupy a wide range of n'iches 

and are common fungi vorous microphytophages T putrescentiae 

(Sehrank), a cosmopolitan stored product mite , is aIs a a pest 

on laboratory animal cultures, and sorne hypopodia1 ~carus spp are 

phoronts on lnsects (Baker 1962, Krantz ,1978, Lindquist et al, 

1979b) Most Rhizoglyphus spp exhibit phytophagy, sorne as fungi-

vorous microphytophages and sorne as macrophytophages, but a few 

speeies are however associated with insects, often as phoronts 
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Acarines associated with PhyllClphaga sop in south-

ern Quebec Sancassania sp . hypopus (Acaridae) SOOX 

Figure 33 Acarines associated with Phyllophaga spp in south-

ern Quebec Sancassania sp near michaeli (Oudemans) sensu 

Turk and Turk. hypopus (Acaridae) 500X 



" . • t \ '.' 
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34 Acarlnes assocl.ated wlth PhvlLophaga spp in south-

ern Quebec Sancassanla sp near mlchaeLl, male (Acarl.dae) 

JOOX 

Fl.gure 35 Acarines associated Wl.th Phyllophaga spp in south-. 
ern Quebec Sancassanla sp near michaeLl, female (Acarldae) 

200X 
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Figure 36 Acarines associated with Phyllophaga spp in south-

ern Quebec Sancassania sp near chelone Oudemans, male 
1 

(Acaridae) 200X 

.. 

Figure 37 Acarines associated with Phyllophaga BPp in south-

ern Quebec Sancassania sp near chelone. female (Acaridae) 

200X 
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Figure 38 Acarines associated with Phyllophaga spp. in south

ern Quebec Tyrophagus putrescentiae (Schrank), male (Aca

ridae) SOOX 

Figure 39 Acarines associated with Phyllophaga spp. in south

ern Quebec Tyrophagus putrescentiae, ;emale (Acaridae) 

SOOX 
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\ 
and scavengers (Lim et al., l~80.1. 

Histiostomidae (Figure 40) and Anoetidae 

Krant2 (1978) classified the genus Histiostoma as anoetid 

or s11me mites Behan and Lindqu1st (1982, personal communication) 

considered chem as members of the Histioscomidae. In either case, • 

Anoetidae and Hist10stomidae are wor1dwide in distribution and 

pr1marily microphytophagous as adults, larvae and non-hypopodial 

nymphs (Krantz, 1978) One anoetid species fram Michi~an is a 

parasitoid of earthworm eggs and at 1east two Histiostoma spp. 

feed on 1eeches (Oliver, 1962) Scheucher (1959) and Mahunka (1972) 

reported that hypopodia1 anoet1ds are often attached to various 

arthropods Phoretic hypopodia1 ~oetu~ sp. were co11ected on 

carab beeties by Olynyk and Ft"eitag (1979). Anoetids of one or 

two species are occasionally pests in substrates of neglected 

insect cultures (Lindquist et al , 1979b) 

Macrochelidae and Eviphididae (Figures 41 and 42) 

Eviphidids and macroche1ids belong to the suborder Meso-

stigmata (Gamasida) and as such have only three active, immature 

stages (one larval, two nymphal, no hypopodial) The large co-

hort Gamasina includes numerous species of mostly free-living 

mites predaceous on nematodes, small insects and other mites 

(Lindquist. 19 79b) Eviphididae are generally free-l i ving, non

phoretic acarines Some members of this family. however, have 

r 
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Figure 40. Acarines associated with Phy110phaga spp. in south

ern Quebec. Histiostoma sp., female (Histiostomidae). 300X . 

• ~ 

" Figure 41. Acarines associated with Phy11oph!8& spp. in south-

ern Quebec. Macrocheles glaber (Müller), female (Macrocheli

dae). 120X. 

.r 
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Figure 42. Acarines associated with Phyllophaga spp. in south

ern Quebec. Scarabaspis sp.n .. female (Eviphididae). SOOX. 
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establlshed phoretic relatinnships with insects and amphipods 

(Krantz. 1978) Llndqulst (l979b) stated that eVlphidids are 

associated with insecrs in edaphic habitats of arable land and 

past ures Deuronymphs and adults of Scarabaspis and related gen

era are commonly fùund on dung beetles and coprophagy lS prob

'hbly exhlbited by sorne Scarabaspis spp (Krantz. 1978) Evans 

(1969) .and Potter and Johnston (1976). fnund that sorne eviphldid 

species are predatory ln remporary habitats and are also phoretic 

on arthropods exploitlng rhese habitats 

Three females and one nymph Scara~asp~ lsnlared from P 

anxia adults ln the course of this study are probablv represent-

atives of a new species (Lindquist. 1982 personal cnrrmnmication) 

One fema le and one nymph were fOlIDd on an apica 1 abdomina 1 spi-

racle of a P anxia male at Ntcolet on June 7. 1979 Two females 

were collected on the apical sternite of one P anxia female at 

St Jean-sur-Richelieu on May 25. 1981 The biolo~v of the famlly 

Macroche 11 dae has been reviewe d by Evans and Browninp (1956). 

Costa (1967). Krantz and Mellott (1972). and Treat (1975) Macrn-

chelids Ilve in various soil habltats where they are free-living 

ahd predaceous' upon litter microfauna and nematodes Sorne spe-

cles are assoclated with synanthroptc fly maggots in compost and 

manure and sorne specles are found withln the nest of social in-

seets such as bees and ants (Rodriguez ~S ~l ' 1970. Krantz, 197R) 

Fema le and deutonvmphal forms of several members of the genera 

Holocelaeno ~~~~~ch~l~~, and ~~opo~c~~um are specifie phnronts 

of scarabaeid beetles. silkworm caterpillars and muscid flies, 

partlcularly dung-visiting flies Predation. phoresy, and copro-

phagy are thus usual habits exhibited by members of this family 

-
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Sorne phoretle maeroehellds and eVlphidids are known ro be pre

daceous on varl(lUS life stdges L,f their insect carrlers Among 

varlOUS phoretic aearlne groups, maerochellds are site speclfle 

( Kr an t z, l 9 7 8 ) 

Most of the species nf mites discussed sa far, lnclud

lng those eo11eeted on ~hyJt~h..~l.a spp ln the enurse ,)f rhis 

study, are either free-1lving or phoretlc but a few are pre

daeeous upon lnsects and thus like1y partlclpate ln the regttla

tlon of natural populati,_~ns of ~~ll.0Ehaga in sourhern Quebec 

Parasi(ldae (Flgures 41 ra 46) 

The free-llving species discussed now are aIL mernbers .,f 

the predatary farnily Parasltldae The Parasirnidea live ln eda

phic. nldicolous, subeartleal, and earrion habltats, sorne para

slrids are ln close aSSOClarlon with lnsects, and deuton'lmphs ,'f 

numer0uS speeies are phoretlc on lnsecrs CLlndquist 19 79b) 

Rapp (1959) and Krantz (978) ltsred bumblebees, gro1.IDd beet les 

and earrlon beetles as usua1 carrlers of phoretlc parasltids 

Parasltid species are recorded as preylng upon nernatodes, mltes, 

bark be~rles. nidlco1ous and srored produet anhropods l r l '3 

a1so known (hat rnost parasltids have an adverse effeer up0n the 

prey population Berry (1973) and Krantz (l97R) eoncluded thAr 

the Parasitldae and other predaeeous species (e g Maeroehelldae) 

are benefieial (n lIlan sinee they usuAlly prey upon harmflll ln-

S ee t s and othe r noxi ous i nver teb ra tes Among typ 1 ca l predaceous 

ground mites, P~.!asl~us ~~~~~~~~orum CL ) 18 a eommon predator 
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Flgure 43 Acarines assoclated with Phyllophaga SPP ln south-

ern Quebec irachygamasus sp , deutonymph (Parasitidae) 

120X 

Figure 44 Acarines associated with Phyllophaga spp in south-

ern Quebec Poecilochirus sp . deutonymph (Parasltidae) 

120X 
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Figure 45 Acarines associated with Phyllophaga spp in south-

ern Quebec Poec i lochirus necrophori Vitz thum. deutonymph 

(Parasitidae) 80X 

F Lgure 46 Acarines associated with Phyllophaga spp in south-

ern Quebec Paras i tus co leopt ratorum CL ). deutonymph CPara

Sltidae) BOX 

-------~. 
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of fl)l maggots and beet1e larvae (Wernz and Krantz, 1976) Poe

CL lochL rus and Trachygamas us spp are known to prey on various 

s011-inhabltlng arthropods (Krantz, 1978) 

ln summary, the present survey indicated that mite oc

currences ln association with Phyllophaga spp were much more 

common in southern Quebec than l expected to find from litera

ture reports AU Phyllophaga stages except the egg and prepupa 

were Drone to mite infestation A1though it was not possible to 

detennine the nature of most associations with certainty, and 

thus to assess the rea1 impact of the mites involved in these 

associations, it is like1y that the macrochelid, parasitid and 

possib1y eviphidid mites that were found were acting as natu-

ra 1 regulators of local Phyllophaga populat ions Acarid, anoetid, 

and his t ios tomid mi tes appeared 1 ike ly ta have a phoret ic or 

saprob1c relation with Phyllophaga, and thus were probably not 

harmful to their host The fact that more than 60/0 of the hosts 

that l found killed by entomopathogenic microorganisms, were al

so infes ted wi th Sancassania, Tyrophagus, and Rhizophagus Sp? 

of mites reinforces the hypothesis of saprobic habits for these 

mi tes even if microphytophagy (fungivory) i5 considered as their 

usual diet 

Mos t 0 f the mi te species found during this survey have 

no t" previous ly been reported in Canada occurring on Phyllophaga 

bee t les 
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X FIELD Sl'RVEY OF INSEcrS ASSOCIATED WITH 

PHYll.OPHAGA SPP IN SOUTHERN QUEBEC, 

1979 TC 1981 

A INTRODUCTION 

Detailed accounts of entomophagous insects and of their 

biology are inc1uded in numerous publications and especial1y in 

Bëving and Craighead (1930-1931). Balduf (1935), Sweetman (1936). 

C1ausen (1940). Doutt (1959). Wa11work (1970). Askew (1971) In-

formation is a1so found in entomologica1 books and reviews treat

ing the applied aspects of the bio1ogical control of arthropod 

pests, and in the' lists and indices compiled by the Commonwealth 

Agricultural Bureaux P.mong others, Davis (1919). Petch and Ham

mond (1925.1926), Ritcher (1940,1958) and Lim (1979) reviewed 

the known predatory and parasitic lnsects of Phyllophaga spp 

in North America 

l report in this chapter my observations on entomophagous 

insects found associated wi th Phyllophaga spp in southern Que

bec. from 1979 ta 1981 

B MATERIALS PND ~THODS 

.. 
Pl1 stages of Phy110phaga spp , ~ anxia in particu1ar. 

were collected at 45 locali ties of southern Quebec (Figure 10) 

as described in Chapter III Insects found in the field either 

feeding on or in very close p~oximity to Phyllophaga specimens 
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were co lleeted and c lassed as predatol"s or potential predators 

InSects chat emerged from field-co11ecced Phyllophaga specimens 
.. 

in the laboratory and insects that were found upon dissection 

of PhYllophaga specimens were also eollected and classed as 

parasites All recovered entomophagous insects were iden"tified 

by me ta the genus and. in some cases. to the species leve l 

(Chapter III) Specimens were then submdtted to taxonomists 

(Agriculture Canada. Biosystematics Researeh Institute, Ottawa) 

for confirmation of my identifications or for further identi

fication The following assisted with identifications Ors. Y 

Bousquet. H Goulet, L Lesage and A Smetana, coleopterists; 

Drs H J Teskey. H C Walker and D M Wood, dipterists, Dr L. 

Masner and Mr t1 Ivanochko, hymenopterists Voucher specimens 

were deposited with the Biosystematics Research Institute and 

wi th the Lyman Museum and Research Laboratory, MeGi Il Uni ver-

sity Ste -Anne-de-Bellevue, Quebec 

C RESLTLTS AND DISCUSSION 

Insect predators and parasites recovered from Phyllo

phaga spp are lis ted in Tab le 30. Tab le 30 a1so gi ves the 

stages of both the natural enemy and the host, the relation of 

enerny to host, and the number of occasions of finding the enemy. 

Since the study reported here was aimed at disclosing qualita

tive and quantitative aspects of the biotie regulation of Phyl

lophaga spp. in southern Quebec, the numbers of reeovered ento

mophagous inseets are a1so given in Table 30. It is interesting 



, 

\ 

t.. 

Table 30. Insect predators. and parasites of Phy llq:>haga spp collected in southern Quebec, 1979 ta 1981 

EhtampMgous Stage No of ~lati~to ~. of enemies Host c 
insect fOUld a occasiœs hast reCCNered stage 

hosts 
attacked 

~ 
CICINIEUDAE 

Cicindela sp. L 28 PR 28 12, L3 

Cicindela pU'1'r!tulata OU v A l PR 1 TAF 

Cicindela repanda Dej A 1 PR 1 TAF 

CARABIDAE 

PgOOtm cupripenne Say A 9 PR 9 12,L.3 

Agooun placidun Say A 2 PR 2 L3 

.Amara ctpreolata Putzeys A U PR 14 U,L3 .. 
Amara patrœ lis De j A 3 PR 5 1.3 

Anisodactylus discoideus Dej A 19 PR 19 U,L3 

Anisodacty lus harrisi !e C. A 8 PR 9 L2, 13 

Anisodactylus nigrita ~j A 4 • PR 4 L3 

Benbidicn versicolor (!eC.) A 1 PR 1 li 
Calosana frigidun I<by. A 1 PR l L3 
Carabus serratus Say A 26 PR 26 12, LJ 
Chlaenius sericeus Forst A 15 PR 15 L2,L3 

Qllaenius tricolor Say A 35 PR 36 12, lJ 

Harpalus bicolor F A 48 
N 

PR 48 . ;;,. I..2,L3 ..... 
-...,J 

" -----
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Table 30 - Ccntinued 

Ehtamphagous Stage No of ftelatia.bto No. of enemies fuet 
insect fcnnd a occasiœs host recowred stage C 

hosts 
attacked 

). 

Harpalus caliginosus F. A 3 PR 5 12 

Harpalœ herbivagœ Say A 4 PR 4 lJ 
liarpalus lœgicollis Lee. A 10 PR 10 12,1.3 

Harpalus pleuriticus Kirby A 2 PR 3 1.2.1.3 
Pterostichœ lecooteianœ Lutz. A 18 FR 19 U,L3 
Pterostichus 11..lCÙ:1landus Say A 19 PR 19 1.2, 13 

ElATERIDAE L 17 PR 17 12,1..3 
OJRCULIClfin\E L 2 PR 2 L3 

STAPlM.INID1lE 

Fhilonthus fuscipennis Mmh. A 1 PR 1 I.2 .. 
SCIlRAB.AEID.AE 

.Aphodius sp. L 3 PR 3 L3 

Htyllophaga spp. L "- >100 CA >100 L2,13 
..... 

'ImEBRIOODAE 
Tenebrio mo1itor L. A 2 PR 3 1.3 

HYM!N<P'IERA 
~ 

PÉIÈCINIDAE . .. 
gnbd N 

Pelecinus polyturator (Drury) A 18 EtflA 18 .... 
co 

----. 
........... ~--

.... ,~ .... ~ ...... 
i ~~I'o'" 
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Table .30 - Qntim~d 

Fntaoophagous stage No. of lèlati~to No. of enemi.es Host c insect fotnda OCcasialS boat recovered stage 
hasts 
attacked ... 

TIPHIIDAE 
Tiph!a Spa L 18 ECPA 18 L3 

Tiphia inomata Say L 2 EŒA 2 13 
Tiphia micropUlctata Allen L 1 ECPA 1 L3 

DIP'ŒRA. 

MlSCIDAE 

-- Pararicia pasCWnID ~. P 1 ENPA ? 1 M 

PYRroTIIW: p 2 mPA 2 AF 

SARCDPHIGIDAE L 3 mPA 3 L3 

TAŒINIDAE • 
Tachinid sp L 19 mPA 48 M 

Eutrixa exilis (Coq ) P 4B EtIlA U3 AF 
Microphthalma sp. L 7 ENPA 18 L3 

. cryptaœigenia sp near p 9 ENPA 15 ~ 

ç. theutis (Wlk.) 

Cryptaœigenia sp L 22 ENPA 53 AF 
Cryptaœigenia sp p 5 ENPA U AF 

Çryptaœigenia theutis (Wlk ) P 49 ENPA 113 M' N 
1-' 
-0 

------...1 



Table 30 - Crotinœd 

Ehtc:nnphagous Stage No of Relat~to No of enemi.es Host 
insect fOUld a occasiŒ1S host recovered stage c 

hasts 
attacked 

----
Microphthalma michiganensis 'lhsd. L 2 mPA 4 L3 
Microphthalma michiganensis P 1 ENPA 1 PF 

ClyptClœigenia thetkis L 14 ENPA 31 /JE 
Cryptaœigenia sp. L 1 El'FA 1 AF 

CryptClœigepia theutis P l ENPA l AM 

Eutrixa exilis P 1 ENPA 1 AM 

/lSII.IDAE 

A9ilus sp. L 3 PR 4 12,1.3 

Di.~tes basalis (Walker) A 2 PR 2 

a t:: larva, A: adult, P: ~. 

b PR predator, ENPA: endoparasite, EU> A ectoparasi te, CA cannibalism . 

J ... C U: first instar grub; 12: seccnd instar. L3 third instar. AM adult male. AF ac:k.ù.t female. TAF teneral adult fe

male. 

d'· The 18 adult females of ~. polyrurator were caught: flying above grub-infested areas. in its inmature stages, ~ 

polyturator i8 a ~ endoparasite of scarabaeid gnbs, including Phyllcphaga spp gni>s (Um et al., 1980c) 
N 
N 
o 

• 

"" 



to note that in manv cases especiallv among parasitic tachlnld 

flies, more than one lndlvidual was recnvered on a glven occaSl0n 

from a single hast 

Insect preda'tors and paras i tes of Ph:, llophaga spp found 

ln southern Quebec belonged to three orders and 14 famllies 

1Wenty-one I?:enera and 30 species were identified 23 of, which 

were predatorv or potentially oredatorv (Table 30) Most of the 

predators were found attacking Phy110phaga grubs, a11 of the 

ectoparasitic Hymenoptera were recovered from white grubs and 

~ost endoparasites were found from adult female P anxia Al-

though fewer parasite species were found, they occurred on about 

the same number of occasions and in slightly higher number of 

hosts than were predators Xost predators found in this study 

were adulis whereas a1l pa~sites were immatures Sorne of these 

lmmatures were successfully reared ta maturity in the laboratory 

ALI pelicinid wasps and one ~ic~ophthalm~ michiganensis Tnsd 

were found only ln the adult stage but sinee their status as 

enemles of Phyl~~~~~ is docum~nted, thev are lncluded in Table 

30 

Percentage parasitization of Phi:'~_l~~ and nurnbers 

preyed on we re each ca l cula ted from the da ta in Tab les l an d 30 

CTable 31) Out of a total of 33, 468 ~~1.-'2l?hagB: indi viduals ex-

amined, only 0 74% were p.arasitized and 297 were attacked by 

predatory insects Percentage parasitization was higher for a-

dult females (7 84%) than for other stages of Phyllophaga and 

third instar grubs were preyed cin more often than the other 

stages (Table 31) 
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Table 31 Perœnt~ parasitizatim and oumer of fredated PhyllaphBgaa 
, 

individuals fO\J"ld in saut:hern Quebec 1979 to 1981 

---- --
Host Nt.IIDers Percentage Number atta~d 

stage e.xsmined . . db c 
paraslt~ze ' by predat ors 

d 

------- ----

~ 2525 0 0 

!"i.rst instar gnb 1832 0 1 

Seccnd ins tar gnb 3153 0 10 32 
Third instar grub 11945 o 22 262 

~a 175 0 0 

~a male 1289 0 0 

~a fanale 897 o 04 0 

Teneral adult male 73 0 .II a 
Teneral adult female 37 0 2 

Adult male 8895 o 02 0 

Adul t fEmile 2647 7 84 0 

Al1 stages 33468 0 74 297 

a 
~ anxia in aver 98% of indi viduals col1ected ip the survey 

b 
Based Cl1 the m.lIi>er of occas icns of findings, not the nurber of para

sites 

c 

d 

Including 18 gn.Jbs assuœd to Mw been hosts for 18 Pelecinus ~

turator (Drury) 

Excluding cannibalism and the potential prey of two adult asilid flies 

.. 



The s\Jr':e', l~earlv "h()w" rha' Insee' enemles have lltrle 

Ouebe c 

wurus ,Jr dll na(ural enemles Ilf a pes r ne\.essarllv l('ntrlbu:e 

(llwarJs bnnglng about a reductlon ln Its number 'Althnugh Llm 

(IQ'Q) Jld not express hlS observatIons ln oercentages analYSle, 

.Jf rhe Jata presented ln hlS tables leads t'l a very siffillar c(>n-

clUSlon ent :Jmopha~ous Insects do not appear tn be an Important 

mortalltv factor or blot IC regulatl)r ,)f June beetles ln southern 

Quebee 

thlC; 1S rhe flrst tlme rhat such a de-

should be emphasl zee however th a t r hl" '> r u d v de aIt p r l n c l pal 1 

anXla ln agrlcul t ural lands (Chapter III) and char ,he 

are nr,r weil '~nderstood ((,oule r loqn personal communIcatIon) 

o CASE OET.Al Le:; 

CARAB l DAI AND CI CT NDELI DAE (COLEOPTE RA) 

At least two cicindelid speCles and lY carabld speCle'-> 

were observed attacking whIte grubs and r eneral adults (lf p 

anxia or found in close proximi ty to white grubs (Tab le 30) Ir 

would be tedious to List here data pertaInlng to each occaSIon 

of predation observed durlng this studv These data appear on 

the labels of vnucher specimens dep.osited in tITe collections 

named in "Materials and r1ethods" for this chapter 
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~ertrlv dll kn()wn "'peCieS (Jf Carabldae and CiclndelLdae 

are predaCe(\llS ']p"n 'lther arthrnpods and up<ln many other forms 

,t .., ma l 1 ~n 1 ma l 11 f e Roth larvae and adults (Jf ground beet les 

and 'Iger beetlec; are nun-select1ve entomaphagous insects and 

w1ll att ack and nrey uprm any hast occurrlng in their habitat 

(Clausen 194n) Clausen (194()) cons1dered the Carab1dae ta be 

amnng the most important insect predat0rs of 1nsect peses ln the 

agrn-ecnsvc;tem 

Da v 1 S (1919) Seaton (1939) and Llm (979) llsted the 

specles nf carabld species that have been observed to prey upon 

Van'll]C; sta~es of Phyllophaga spp Davls (1919) Insisted an the 

importance (lf carabld larvae as predatnrs of white grubs, p~-

lnphaga c; pp 

Tn mv knowledge there are no oubllshed records of ciCln-

,lelld predation upnn Phy~lophag~ "pp nther then those reported 

bv fTle for snuthern Quebee (Table }n) New records of carabid 

predat l '>n Up(ln grubs of Phy llapha~ 1 n stluthern Quebec are 

verslcnlor Ha_~~_~u~ pleurlt1cus and Pterostlchus lucublandus 

(Table }()) 

E LATE RI DAE ((OLEOPTE RA) 

During thi s three - year s urvay, 17 el ateri d larvae were 

collected while feeding up<vn hve secon<i and third instars white 

grubs (Tab le 30) Ten t at i ve rear ing 0 f the wi :reworms ta the a-

duit stage was a failure The occasions of finding were 

• " 

f 

1 
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~ predators at Pierreville in July and ~ugust 1979, 1 predator 

at Notre Oarne-de-la-Paix in early August 1979. 4 predators at 

Mirabel in mid-summer 1979. 4 predarors ar Nieo1et in June-July 

lQ80, and 2 predators at Coteau-Statlon in late August 1980 

Re cards of wi reworm predation upon whi t: e grubs are few 

Davis (919) reported that 1arvae of the elaterid beetle, Pyro-

ehor~~ luminosus III , were reared on several occas ions upon 

Phy llophaga ~rub s Davis (1919) st ared that Puerto Rican cane 

fields heavily infested wirh white grubs were a1so supporting 

dense POPU lations of e 1aterid adu1 ts and the author concluded 

that the presence of click beetles in such numbers indicated 

the predaceous activitv nf their irmnature stages Clausen (1940) 

included the êlaterid. Monocrepidius ~a11~es Esch arnong the 

mnst tmportant natural enemies of white grubs in Fiji Clausen 

(1940) al s (") reporred t he pre daceous hab i t of larvae of Monocre-

~~dius ~~sul Sharp upon cane grubs in vari~ Pacifie is1ands 

and that 0 f Pyroprorus luminosus III larvae upon various sca

rabaeld cane grubs in the West Indies The latter elaterid have 

been used in at tempts t 0 con t ro l 5 carabae ids in several tropica 1 

coun tries Predation by wireworms upon white grubs. Phyllophaga 

spp . has not been previous ly reported in North America 

rtJR CULI ON l DAE (COLEOPTERA) 

An unusual case of predation was observed at Pierre-

vi lle. August 24, 1979 One curcul ionid grub was found feeding 

on one live third instar Phy110phaga grub (Table 30) 

, . 
j 
\ 

j 
f 
! 
1 

·' 
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The taxonomv of the larva1 forros ()f weevi 1s is an are a 

that requires much studv (Bright, 1979) and unfortunatelv Dr 

LesajZe was unable to key the su~mitted specimen AlI known members 

of the Curculionidae being phyrophagous (Jacques, 1951, DIllon and 

Di lIon, 1961, Metcalf et al , 1962, BrIght 1979) this predat ion 

record is probably a first though it mav be purelv accidental 

1ik'e the case of tenebrionid beetles (Lesage, 1980 personal com

munIcat ion) 

STAPHYL I;JI DAE (COLEOPTERA) 

On one occas ion in rhis s tudy one adult Philonthu5 fusci-

e..ennis Mnnh was found with its mouthparts embedded into the ab

domen of a second instar whlte grub (Stanbridge East, August 8 

1981), therefore demonstrating true predatlon (Table 10) 

The Staphvlinidae 15 a large fam11y of scavenging beet les 

and manv species are very abundant in decaving organic matter 

(Di llon and Di llon, 1961) However ac cordl ng to Campbe 11 and 

Peck (1979), a considerable number (lf staphylined species are 

entomopredaceous in the larva1 and adult .:;tages Reviews of the 

has t pre ferenc es and habi t s of the rove bee t le fami 1 v we re gl ven 

by Mank (1921) Voris (934), Balduf (1915) and Clausen (1940) 

To mv know1edge, the li terature does not mention records 

of staphvlinid predation upon Phylloph~_~ spp 

SC ARABAE l DAE (C'OLEOPTERA) 

Grubs t) f Aphod~ us s pp an d Phy l10Eh aga spp (probab1y 
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, 
P anxia) are lis ted in Table 30 as predators of white grubs. 

Phyllopha~ spp Three Aphodius larvae were found attacking 

Phyllophaga grubs in a hay fie Id at St -Sébastien, in late sum

mer 1980 Most of my obser\rations on t~ cannibalism of Phy1l~

phaga were made in a strawberry field at 'Pierrevi Ile. from mid

summer to 1ate September 1979 

Mos t species of the large superfami ly Scarabaeoidea are 

phytophagous, coprophagous or s aprophagous in habi t (Luginbi Il 

and Painter, 1953. Dillon and Dillon, 1961. Howden, 1979) The 

predaceous habits of severa1 scarabaeoid species have been how-

ever reported by Hayward (1936). Denier (1936)and C1ausen (1940) 

Cannibalism is not uncommon among many insect species and occurs 

under field conditions and in laboratory confinement facilities 

when food is scarce or when overcrowding results in competition 

for space The strawberry field at Pierrevi Ile was badly infested 

with third instar grubs in 1979 Food_ was plentiful and. th us . 
\ 

competition for space like1y explained the tUlusual incidence of 

canniba 1 ism observed among whi te grubs, on the average. each 

s trawberry plant supported 10 grubs, a high population densi ty 

for a small niche (Letendre, 1982) Since Table 30 lists only 

those cases of actually observed zoophagy, the role of Phyllo

phaga s pp an d other scarab bee t les as biot ic regulators of 

Phyllopha~ spp shou1d be recognized, however small it may be. 

TENEBRIONlDAE (COLEOPTERA) 

Three adul t beet les. Tenebrio moli tor L • were found on 

two occasions in close proximi t:y ta third instar white grubs in 
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an old field at Pierreville" August 24 1979, about 15 cm deep 

in the soi l (Tab le 30) 

Although the family Tenebrionidae is essentially com

posed'of species of scavengers (Dillon and Dillon, 1961), sorne 

teneb'rionids, wi thout actually being predators, could probe an 

al ternati ve food source such as insect larvae (Goulet. 1980, 

personal connnunication) Since one of the grubs found in close 

proximity to two l molitor was covered with fresh oozing scratch

es, i t is like ly that the wounds were the consequence of repeated 

assaults by the tenebrionids 

PELICINlDAE (HYMENOPTERA) 

Eighteen Pelecinus polyturator (Drury) females (Figure 

47) were caught in the course of this survey in fields known to 

support white grub populations (Table 30) Thirteen females were 

collected on a single day (July 29. 1979) at Nico1et ab ove a 

pas'ture, chree specimens were caught when sweeping a smal1 meadow 

at Sr:e Anne-de-Bellevue (July 17. 1980) and three individuals 

were found at gro'Wld level in a f10wering field at Sr:anbridge 

on August 6, 1980 

Forbes (1894). Davis (1919). Per:ch and Hammond (1925 , 

1926). Brues (1928). Hammond (1944b) and Lim ~!l (1980c) re

ported thar: P polyturator is a parasite of Phyllophaga spp. grubs 

includ1ng P anxia Quantitative d,;:lr:a unfortunately are few and 

it ~s diffi.cult to assess with accuracy the impact of the pele

cinids on natural white grub popyla.tions Davis' (1919) abd Lim 

,.-
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Figure 47. Female adult of Pelecinus p61yturator (Drury). 

.. :// l. 5X. 
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et al. (1980c) findings as well as th18 study suggest that this --
impact 18 very low. According to Clausen (1940), the true hosts 

of~. po1yturator wou1d be beetle larvae in dacaying wood and 

parasit18m upon searabaeid grubs would only be incidenta!. 

TIPHJ(DAE (HYMENOPTERA) (Figures 48 and 49) 

, . 
Twenty-one white grubs were found paraaitized by Tiphia 

wasps in the course of this survey of the natural enemies of 
, ~ ~ 

Phyl10phaga spp. (Tables 30 and 32). This represented 0.13% 

parasitization among the 16,930 grubs of a11 instars e~ned 

from 1979 to 1981 or 0.181. of 11,945 third instar grubs, the 
" on1y instar found parasitized by tiphiids. No farasitism by 

Tiphia wasps was' recorded for 1981 (Table 32) and only three /, v 

of the parasitic larvae were 'successful1y rearad ta the adult 

stage (Table 12). 

The first mention of parasitism by Tiphia waspa upon 

grubs of the genus Phyllophaga was made by Riley (1874) who, 

studied the habits and life history of Tiphia inomata Say. 

Forbes (1907). Davis (1913, 1919) and,Criddle (1918) wrote that 

!. inomata and several other species of tiphi~d wasps were im

portant ectoparasites of white grubs in North America. although 

Criddle (1918) stated that tiphiids were uncommon insects. 

Petch and Hamnond (1925, 1926) reported that third ins tar white 

grubs. ~. anxia. were paras:l.:tized by I. inomata in Quebec; 

rates of parasitism ranged from three to 491. ih some areal of 

the province. Jarvis .(1966) f-ound eggs of Tiphia sp. on second 

and third instar. grubs of P. anxia in Nebraska. where 331. of 

, 
" 

r 



" , 

" 

Table 32. Tiphiiœ collected ~le parasitizing third instar ~!:J.qiaap gnbs in southem Quebec, 1979 .. 1~. 8,b 

e 

Ti:pbiid Collectim _ Cb1lectim <kcasiœs of .- Stage readled 

findingC specjes 911:8 date in laboratory 
/" 

. 

1l,phia inomata Say St.-.brl. July 10. 1) 1 3 l adult (Sept. 3,~) 

'1'J.jiû.a inomata Say Sta1brldse July 16. 80 1 5 1 adult (Sept.22,8O) 

~ ~ctq)UftCtata Allen OJwalsville July 13, II) 1 3 1 adult (Aug. Il,80) 

T1pb1a sp. Sta'lbrid@le ~ July Il, 80 6 17 . 1(x6) pt.,a (late July, 80) 

Nicolet ,q. 2, Ir) 3 13 l(x3) ~ (mid-q., 80) 
-Hl.rabel July 7, 80 1 3 1 ~ (July 17, 80) 

Napierville , July 4, 19 2 8 1(x2) p~ (mld-~uly, 79) 

Mirabel July 24, ,79 4' 18 1 (x4) ~ (ear1y-q., 79) 
New Glasgow .hme 28, 79 l 5 l pt.,a (mid-July, 79) 

Pierreville q. 6, 79 1 3 1 ~ (q.18. 79) 

a AlI tiphiids collected as lst instar ectoparasitic larvae.-
• -::--:;: -::----

b Nene 'fomd in 1981. 

C Left colum: m.llber of hasts fOll"ld parasitized 00 a given date, at a given site. 

Middle co1\.D1l: mJtber of parasites fomd a, a given hast; or. in case of tIDl'e that c.œ hast fOllld per given date 
> and site, total parasites for the total of hasts. 

Rlght colum : nutbér of parasites present per host after 36 hours of rearlng at 2lJoC,M III and no light. 

-' .. 
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Figure 48. tiphia sp.. an ectoparasite of third ins tar white 

grubs, Phyllophaga spp.. in 80uthem Quebec. 

Top: parasitie lârva (pointer). three days old. 2. 5X. 

Middle: m4ture larvae. 14 days old, still attached to the 
'f' 

shrivelled cadavers of their hosts. 2X. 

Bottom: pupal eocoon ôf Tiphia sp., with remnants of host. 
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Figure 49. Adult of Tiphia inornata Say. 3. 2X. 
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white grubs in one field were parasitized Berberet and Helrns 

(1970) calculated that the density of cocoons of T berbereti 

Allen. a parasite of P anxia. wa~ 5 to 7 per m
2 

in northcentral 

Nebraska ,Askew (1971) and DeLong et al (1976) cornme.nted on the 

important regulating raIe of tiphiid wasps on natural populations--. 

of several species of scarabaeid beet les In Quebec, Lim (1979) 

found several Tiphia cocoon~ in the sail of pasture land infest

ed with grubs of P anxia 

The bio1ogy, habits and hast relationships of species 

of Tiphiidae have been studied by Davis (1919). Clausen et al 

0927. 1932, 1933), Clausen (1940). Askew (1971) 

Tiphiid wasps were not important biotic regu1ators of 

grubs of Phyllophaga spp in southern Quebec from 1979 to 1981 

(Tab les 30 and 32) 

HUSCIDAE (DIPTERA) 

A puparium of the muscid fly Pararic±a pascuorum Mg 

was recovered from the abdominal cavity of one fema1e P anxia 

cadaver co1lected in a pasture at Nicolet. August 20 1980. about 

10 cm deep in the sail (Figure 50) The adult fly emerged from 

the puparium six days later This relationship is probably in

cidenta1 Ta my knowledge. there is no authenticated record of 

rnuscid parasitization or predation on Phyllophaga spp Ob but there 

is an exceedingly wide range _ of food habits in rnuscid maggots 

Many species are fi 1 th- inhabi ting saprovores or s cavengers. sorne 

are phytophagous, a few are vertebrate parasites (Riley and 
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Figure 50 Adul t and empty pupal case of ~_"'-+ __ pascuorum 

Mg 2 8X 
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Wallace. 1959) and several are insect predators (Vockeroth, 

1979) 

py RGOTI DAE (DI PTE RA) 

Two cases of endoparasitism by an unidentified pyrgotid 

flv were found during this study The parasites were isolated, 

as pear-shaped puparia. from the abdominal cavity of the cada-

ver of two mature females P anxia co11ected at Pierreville. 

August 26, 1979 

The pvrgotids (ortalids) are poorly known entomopara-

sites of scarab, especia11y me1olonthine beet1es pmong the 

first published records of Pyrgota undat_~ Weid as a parasite 

of Phv llophaga adul ts were those 0 f Forbes (1907 1908) Davis 

(1913) reared Pyrgota valida Harris from adult June beetles 

Davis (1913. 1919) considered pyrgotid flies to be highly bene-
. 

ficial parasites and regulators of Phyllophaga populations, at 

least locally , in several American states. Ontario and Quebec 

Pyrgota undata appeared to be the most common species and was 

reared from nine species of Phy1loph~~ but not P anxia. co1----

lected in nlUIlerous localities including Quebec (Davis. 1919) 

Pyrgota valida was bred "many times" from 13 species of June 

beet1es inc1uding P anxia. co1lected in several American 

states but not Quebec Petch and Hammond (1926) reported !:.YE-

gota undata as a parasite of ~ anxia adults in Quebec. the 

author~ stated that only about 0 1% of the beetles were attack

ed~y this pvrgotid 
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SARCOPHAGIDAE (DIPTERA) 

Unidentified sarcophagid f1y maggots were recovered on 

three occasions from third instar Phy110phaga grubs (Table 30)_ 

The endoparasit~ larvae were collected at Stanbridge East, 

(Ju1y 7, 1980), from the abdominal cavity of three live white 

grubs I:8vis (1919) reported the sarcophagids have been iso

lated from Phy110phaga adults but he questioned tpe actual 

p~rasitic status of severa1 of the sarcophagids He did not re

port sarcophagid parasitism on other stages of Phyllophaga. 

True paras i tism can on ly be assessed when the suspected para-

sites are recovered from a live host (Davis, 1919) The three 

solitary sarcophagid fly larvae that l recovered from live grubs 

can thus be given parasitic status 

~ACHINIDAE (DIPTERA) (Figures 51 and 52) 

Parasitic tachinid flies were among the most common ar-

thropod regulators of Phyllophaga spp. recorded during this sur

vey A total of 421 tachinid larvae and pupae within their pu

paria were recovered from 179 of 33,468 Phyllophaga individuals 

co11ected over three years in southern Quebec (Tables 3D and 33). 

This represented 0 53% oarasitization of e~amined Phyllophaga 

individuals Besides one pupa, only the grub and adult stages 

of Phyllophaga were found parasitized and the 179 cases of para

sitizati0n were _ 0 05%~f 16.930 grubs or 0.07% of 11,945 third 
'" instar grubs. the only larval instar parasitized; 1.58% of 

/ 

11.652 adults or 1 59% of 11.542 adults on the wing (no teneral 
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Table 33. Average ntllDer of tachinid fiies. parasitic en !byllcphaga. foœd in a single boat. in southexn 

Quebec. 1979 to 1981. 

Tachinid Parasite Host stage Nt.JJber of boa ts NtDDer of Average nUIber 
, 

,. 
stage fOUld parasitized parasites fOUld per host 

'" 
Tachinid sp. ~ ~ 

adult female 19 48 2 5 

Eutrixa exilis pq>a adult female 48 123 2 5 

Eutrixa exi.lis p~a adult male 1 l 1 
Cryptaœigenia sp. maggot adult fema1e 22 53 2.5 
Cryptaœigenia sp. p~ adult fanale 5 12 2.5 
Cryptaœigenia sp. maggot adul t fema.le 1 1 l 

{gitaœi~a sp. ptpa adult female 
ut1s? 

9 15 1 5 

fryptaœigenia theutis pq>a adul t fenale 49 113 2.5 
Cryptaœigenia theutis maggot adult fana1e 14- 31 2 
O:yptaœigenia theutis ptpa adult male 1 1 1 

MlcrqX1thalma sp. maggot 3rd instar gnD 7 18 2.5 
Micropilthalma michiganensis maggot 3rd ins tar gn:b 2 4 2 

Microphthalma michiganensis ptpa pupa female 1 1 1 

/'1.) 

l$ 
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1 
Figure 51. Top: two maggots, Cryptomeigenia theutis (Wlk.), 

in the abdominal cavity of a P. ahxia femaie. 5X. 

Bottom: pupa of Eutrixa exilis (Coq.) in the abdominal 

cavity of a P. anxia female. 2X. 
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Figure 52. Adult of Microphthalma michiganensis Tnsd. 2.8X. 
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adults were parasitized); the latter number can bé subdivided 

as 7.75% parasitization of 2,647 adult females and 0.02% of 

8,895 adult males; one case (0.04%) of parasitization was ob

served among 2,186 pupae. Tables 30 and 33 summarize the above 
q 

data and list the species of Tachinidae recovered from th~ir J 

hasts. Occasions of findings are tao numerous tD be reported 

here. Data pertaining ta localities and dates appear on the 

labels of voucher specimens deposited in th~ collectionscnamed 

in "Materials and Methods" for this chapter. 

The Tachi~idae are: from an economic point of view, the 

most important of the dipterous fami1ies of entomophagous habits 
Q 

The bio10gy, habits and hasts of numerous spècies have been re-

viewed by Cridd1e (1918); Davis (1919); ~tch and Hammond (1925, 

1926); Sweetman (1936); C1ausen (1940); Curran (1947); Van Em

den (1954): Stone et al. (1965); Jarvis (1966); ASkew (1971). 

The fami1y will not be further discussed here. 

From the point of view of natural control of P. !nxia, 

'it is imp~rtant to:point out that, Mïcrophthalma spp. excepted. 

aIl species of tachinid f1ies di&cussed here were found from ( 

adult beetles and that female P. anxia accounted for 98.8% of 

the 169 parasitized adu1ts (Table 3'). 

Ta my know1edge, P. ~nxia is a new hast record for 

Cryptomeigenia theutisl. 

, 
ASILIDAE (DIPTERA) 

Four maggots of this almost exclusively entomopredatory 

family of flies were found feeding on grubs in the course of 
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this study (Table '30) Attempts to rear the larvae to maturity 

were unsuccessful, the maggots were kept alive in moist sand 

for s~.veral months but they refused to feed on grubs presented 

to them and they aIl died eventually Two of the asi1ids were 

collected on third instar grubs in an old field at Stanbridge 

East (July 18, 1980), one was recovered at Nico1et from a sec

ond instar grub, (July 6, 1980) and one at Mirabel (July 26, 

1980) from a third instar Phy110phaga grub None of the maggots 

has been identified below the family rank, but two adu1t Diog-
l 

mites basa1is (Walker) were caught in flight over the same 

Stanbridge East field. July 9, 1980 

Davis (1919) reported that several species of 1arval 

asilids are predaceous insect ene~ies of Phyllophaga grubs He 

treated six asilid genera (Promachus. ~~. Deromyia. Asi1us, 

Ceraturgus and Proctacanthus) as actual, probable, or possible 

predaceous enemies of white grubs Davis (1919) was more af

firmative when he stated that Promachus vertebratus Say larvae 

were important predators of white grubs in severa1 American 

states. Davis (1919) working with P vertebratus experienced the 

same difficulties as Felt (1915). working with P fitchii 0 S 

to rear the recove~d larvae to the adult stage. It appeared 

that both asilids had a probable three-years' life cycle The 

observations of these two workers are in accord with the dif-

ficulties encountered during tbis study in attempts to rear 

asilid maggots Petch and Hammond (1925, 1926) stmed that 

Aeilus snowi Hine and sorne unspecified asilid 1arvae were pre-

daceous upon white grubs in Quebec Ritcher (1940) wrote that 

.. 
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the pupae of five Phyllophaga spp. were preyed upon by the mag

got of Dio~ites (=Deromyia) di~color Loew in Kentucky and Hull 

(1962) studied the ecology of Di~~tes (=Deromyia)-spp" In 

Texas, Dâniels 0966b) observed that asilid larvae were preda

tors of Phyllophaga koehleriana (Saylor) grubs Lim (1979) col

lected unspecified asilid larvae, and maggots and adults of 

Diogmites spp and one Asilus larva in southern Quebec AlI the 

larvae ~ere found feeding on or in close proximity to P anxia 

second and third instar grubs from lare spring to mid-summer 

Most reports are vague about actuai rates of predation 

The only specifie quantitation was made by Ritcher (1940) who 

estimared that about 12% of the pupae of fi ve Pl}yl"lophaga spp 

were killed by the maggots of an asilid fly in Kentucky. In my 

three-year study in southern Quebee. less than 0 02% of all the 

white grubs collected and no pupae. were found to have,been at

tacked by Asilidae (Tables 30 and 33) 



XI FIELD EVALUATION OF CHEMICAL ATTRACTANTS FOR 
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THE COMMON JUNE BEETLE, PHYLLOPHAGA ANXIA 
1 

(LECONTE), DURING THE 1981 FLIGHT SEASON 

IN FOUR LOCALITIES OF SOUTHERN QUE BEC 

A I~TRODUCTION 
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Semiochemicals, including attractants other than true 

sex attractants, have been searched for, assayed and used ln 

pest control programs for several purposes The maln uses of 

semiochemicals in agricultural lnsect control are the study of 

population distribution and movements, crop monitoring and warn-

. ~ 
lng systems. and the direct and indirect suppression of nOXlOUS 

insects. One asp~ of indirect suppression of a pest by means 

of semiochemica~ is the di~semination of entornopathogenic mi

croorganisms by the target insect itself lured to'traps baited 

with an attractant combined with infectlve or resistant stages 

of pathogens This means of control has sometimes been referred 

to as "autocidal control", both parents and progeny may contact 

a disease, the former by self and cross-contaminatton, the lat-

ter by vertical transmission and bv inoculation of lts breeding 

and feeding grounds by the parental activity This appealing 

method of insect control has been advocated by Daum et al (967) . 

Beroza (1972), Glass (1975), Surkholder (1977, 1980), Roelofs 

(1979), Shorey (1981), and others and its use has been explored 

against several pest species 
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McLaughlin (1966, 1967) dernonstrated the effective use 

of a bait containing a phagostimulant and the sporozoan, Mat-

t~i~ &randis McLaughlin, in spreading the pathogen throughout 

cotton fields for the control of the boll weevil, Anthonomus 

gr andi s Boheman McLaughlin et al (1969) further field tested 

a ba~t containlng a feedin? s~imulant and the sporozoans ~ 

8!andi~ and GJ~ea gasti McLaughlin against the same cotton 

pe9t F~eld control of ~~liothis sPP has been attempted with a 

nuclear po1yhedrosis virus combined w~th a bait developed for 

the boll weevll (McLaughlin ~_t: al , 1971) Experiments with traps 

baited w~th a potent attractant, ethyl chrysanthemumate, and 

Rhabdion~irus oryctes Huger virus were conducted by Maddison et 

al (1973) in an attempt ta demonstrate the feasibility of the 

autodissemination of the pathogen by its host, the coconut rhi-

noceros beet1e, Oryctes rhinoceros (L) Schwa1be et al (1974) 

eva1uated in laboratory and field assays the concept of uti1iz-

~n~ inoculation devices treated with a pheromone and spores of 

Mattesia trogoderrnae Canning to control a stored-product pest, 

Trogoderma glabrum (Herbs t) Campion (1975) reported the pos s'i

bility of controlling the Egyptian cott~n leafworm, Spodoptera 

littoralis Boisduval, by attraction to traps baited with phero- x 

mones*and various virus preparations Burkholder (1977) and Sha-

pas et al (1977) reportéd the efficacy of sex pheromones-patho-

genic protozoans combinat ions in the control of store-product 

pests, especially! g1abrum Knipling (1979) suggested the sup-

pression of the ~rnported fire ants, Solenopsis invicta and ~ 

ricgteri (Farel) by attracting thern to a phagostimu1ant bait 
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contaminated wlth a suitable patht)gen Bedford (981) advanced 

• the idea of tranStTlittlng baculoviruses lnto populations of 0 

rhinoceros bv attractant-trapping of a few adults using ethyl 

chrvsanthemumate 

• The literature on attractant-trapping of scarabaelCi 
~ 

pests lS volurninous. especiallv for the Japanese beet~e . ...Bopil-

lia iaponicè Newman Table 34 surmnarizes the lnformat1on most 

relevant to this investlgat ion wi th Phyllophaga anxia 

The primarv objectlve of the studv reported here was ta 

ascertaln the relative attractancy ta P anxia adul t s of s lngle 

natural and svnthet1c lures selected for thelr attractlveness 

to other scarab beet les "Natural Lure" lS deflned here as a 

chem1cal known tn be present ln an lnsect specles, phenol falls 

o 
ln this categorv (Beroza, 1972) "Svnthetic Lure" 15 a chemlcal 

that 1S not vet known to be part of the natural stlmulus world 

of an lnsect species, although emplrlcal screen1ng has demon-

strated that lnd1viduals of a glven specles are attracted to 

these chem1cals (Shorev, 1981) 

B MA TERIALS AND Î"ŒTHODS 

l Test Fields 

Four locallties were selected to conduct the experiments 

(Tab le 35) All test fields were chosen in southern Quebec since 
~\ 

heavy hights of the corrrrnon June beetle were forecast for this 

region/ for 1981 (Lim, 1979) The fie Ids were un ique becaus e they 

--" ~ 
) héVi received neither cultural nor chemical treatments for at 

l , 
.....-/ 
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Table 34 Approach to the study of potential attractants for Phyllophaga anxia, ]ustlflcatlon of the chOLce 

of chenù.ca1s se1ected for the 1981 field trials, based on their knavn attractancy ta ather scarab 
beetles, including reports on attract~on ta other cornpaunds, sex attractants and Lhe~r rn1mics, 
and females of variaus Scarabaeidae a 

Insect species Attractantsb,c,d i<eferences 

Females Suu th & Hadley 1 1926 1 G:xJnewardene et al , 

197~dd, 1970, Klein et al , 1972, 1973, 
Tunlinson et al , 1977, IX>olittle et al 1 1980 

Sex attractants 

Fema1e sex pheromone 

Japonilure , 
Popillia j aponica Newman Japoni1ure + PEP 

eugenol (3 7) 

Japoni1ure + PEP 
eugenol geraruol 

(3.7 3) 

Eugenol, geraniol 

Geraniol eugeno1 (10 1) 

Adler & Jacobson, 1971 

B1un, 1977 

Doolittle et al , 1980; Klein, 1981b. 

Klein et al , 1981 

Ladd et al , 1981 

Richnnnd, 1927, Langford et al , 1943 

~tzer, 1934 
t'V 
p.. 
'../ 



Table 34 - Continœd 

Insect species 

& 

Popillia japonica Newnan 

Attractants 

Geraniol' eugenol (10 8) 
Geraruo1 eugenol (9 1) 

Anethole eugeno1 (9 1) 

... 

Feferences 

Fleming & Burgess, 1940. 
Fleming et al , 1940 

Fleming & aüsholm, 1944 \ 

Eur;eno1, caproic acid,PEB. Langford & Cary, 1946, Schwartz et al 

geraniol (various blends) 1966 

Eugeno1, ane tho le ,geranio1, Fleming, 1969 

eugeno1 anetho1e (9 1) 

tvCP eugeno 1 (9 1) 

PEP, PEP eugeno1 (9 1) 

Geranio1 PEB eugeno1 
(9 9 2), geraruol PEB 

pheny l isovalerate eugenol 
(9 9 9 3) 

. 
M:::GoveXTl et al . 1970b 

M:::GoveXTl et al., 1970c 

Schwartz et al . 1970 

MCP eugenol geranio1(1 1 1) Ladd, 1971 

PEP eugeno l ( 7 3) + virgm 

females 

Klem et al , 1973, Klein, 1981b. 
~ 

" 

N 

&; 



Table 34 - Cbntinued. 

Insect species 

(' 

Popillia j apooica ~ 

\ 

lhlzotr~.llon) 
llVljâ1~ umws ) 

.., 

Ilt trac tants References 

MCP, PEP, eugenol, geraniol Ladd et al., 1973, 1974, 1975, 1970. 
(various blends) 

Eugenol; caproic acid ladd, 1980 .. 

PEP: eugeno1. geranio1 ladd & McGove:rn, 1980 . 

(3:7:3) 

PEP + eugeno1, methy1 cyc1o- ltGove:rn, 1981 (perscna1 CCIIIII"IlÏ.cation). 

hexanecarboxy late + eugenol 

Java citronella oil \tIrl.tcœi>, 1947; Tashiro & Fleming, 1954. 

Java citrone1la oil 

eugeno1 (3: 1) 

Tashiro & Fleming, 1954; Tashiro et al., 1969. 

Buty1 sorbate 

Benzoic aci.d; chrysanthe

mumlC acid; citronella1; 

Beroza & Green. 1963a, 1963b; ~roza & Sar
miento, 1%4; ~Govem et al., 1966 ; 

Tashiro et al., 1964, 1969, 1970. 

Tashiro et al., 1964. 

~ 

N 

~ 

~ 

1 
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Table 34 - Cbnt'inued: 

Insect species 

r-

Rrizotrogus (lnphimallcn) 

mj alis (RazotmJWSky) 

, 

Oryctes rhinoceros 1. 

At:.tractants 

cyclohexanol, eugenol; 

geraniol, phenol, pro

pionic acid, menthol 

Propy1 l,4-benzodioxan-

2-carboxylate 

Isobuty 1 l,4-benzodioxan-

2-carboxylate 

Cyclohexanol, anthranilic 

acid; benzoic acid esters; 
decanoic acid; sodiun ben

zoate; propianic acid; oil 
of thytœ, rosemary oil;rœn

thol; oil of la'urel 

thspecified 

Chrysanthemunic acid de

rivatives 

~ 

References 

Tashiro et al., 1%4. 

Roe10fs et al., 1967, t-rGovem et al., 1970a. 

~m et al., 1970a; Tashiro et al., 1970. 

Tashiro et al., 1970. 

QrIDer, 1956. 

Catley, 1966 

11 

N 
VI 
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Table 34 - Continued. 

Insect species 

Oryctes rhinoceros L: 

Coste1ytra zeal andica (\thite) 

Plectrls aliena Otapin 

Attractants 

Ethy 1 dihydrodtrysanthe

nuœte 

Ethy 1 chrysanthSIuœ.te 

(±)-deS-N~rphinan 

Females 

0i1 fran e1der f10wers 

Rleno1s; phenolic resins; 
floorophenols 

Vani11in 

Feœles 

fl 

{ 
lèferences 

Bal:ber ~ al .• 1971 i Maddison, 1971. 

MaddisCll, 1973; MaddiSŒl et al., 1973. 

Vander Meer ~ al., 1979. 

Kelsey, 1967. 

Csbotne & lbyt, 1968. 

Henzell et al., 1969; Henzell, 1970; 
HenzeJ.1 & 1.owe. 1970; Osbome & lbyt. 1969, 

1970; Ibyt et âl. 1 1971; Lauren, 1979; -- . 
Osbome et al., 1979. 

< 

Henzell, 1970. 

POOerts, 1968. 

~ ..... 
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Table 34 - Ccntinœd. . 

Insect species 

Macrodacty lus stbspinosus 

(Fabricius ) 

IhyllQJilaga spp. 

IhyllQJilaga pleei Blanchard • 

Fhyll~ patrueloides Paulian 

Ihyllophaga lanceolata (Say) 

Rlopaea spp. 

Malolmtha wlgaris (Fabrlciœ) 

~olyphylla deceml.ineata (Say) 

~-

Attractants References 

thspecified bait Johnson, 1940. 

Is~l acetate Jacobson, 1965. 

Eugenol; anethol; eugeno1: Grtner, 1973, 1975a . 
anethol (9:1); phenol; 

phenoliç resins i éIletho1: 
eugeno1 (9: 1) 

A1eno1; anethol i eugenol; 
isoaD!f 1 acetate; anetho1: 

eugenol (9: 1) 

Isoamy 1 acetate j fenales 

Females 

Fanales 

Fenales 

Gnner & Marival, 1974; Gn.ner, 19758, 
1975b. 

Travis, 1939 j Jacobsen, 1965. 

Soc lb:> & POOerts, 1965. 

Haœer, 1880. 

U.lly & Slorthoœe, 1971. 

N 
Ut 
N 



Table 34 - Cootinœd. 

Insect species 

Cyclocephala insulicola ArroN 

9Yc1C?CeIilala nbiginosa Bunœister 

ç,yclocepwa tridentata Fabricius 

~ South African 

Scarabaeidae 

-

.Attractants 

Anetho1; eugeno1; anethol: 

eugeno1 (9:1); iS08mf1 

acetate; phenol 

Pnenol; anethol :eugenol 

(9 :1) 

R1eno1 

G>-iŒ'lŒle; ~1 

alcœol 

.---

J 

References 

Gruner, 1971, 1975a; Chalumeau & Gruner, 

1974; Gnner ~"Marival, 1974. 

. 
Gnrler, 1975a. 

Grtner Sc Marival, 1974. 

McGovelll, 1981 (perscnal. camtnicaticn). 

a List restricted to ptblicatiœs œporting results of field trials; only the best perfonning lures are 

tabulated here. 

b Oleni.cal names as they appear in the literature; synaÏ.ymy is given in Table 36. 

C Ntubers in parentheses refer to the cœpositioo (V. IV.)' of ml.xt~. 

(~PIlB =ophenylethyl butyrate; PEP - phenylethyl propiŒJate; IQ> - ... thyl ~~ poq>~œate. 

1 

.. 
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Table 35. Locations of June beet1e attractants trials" southern Quebec, 1981. 

Field location 
and number on map 

1. Ste~Anne-de-Be11evue 

2. St~Jean-sur-Richelieu 

3. Stanbridge East 

4. Dunham 

Prevailing 
windsa 

SW 

SW 
SW 

ESE 

a Late spring and early S~·1981.. 

.,-.." 
1 

Field 
description 

Hay field 

Hay field 

Abandoned 
corn field 

Meado~ in 
apple orchard 

,e • 

Soi1 

Clay 

Sandy loam 

Sandy loam 

Sandy loam 

1 

Number of 
experiments 

3 

1 

2 

2 

\ 
~ 
~ 
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least five years and were guaranteed to stay undisturbed, e.g. 

by hay cutting, for the duration of the experiments Surround

ing woodland, acting as a natural windbreak, protected the hab

itats against strong winds, excepting at St.-Jean-sur-Richelieu. 

None of the fields had a slope greater than 5 percent. The 

fields (Figure 53) were free of natural obstacles and were cov-

ered with medium ta dense ground vegetation composed mainly of 

various grasses, clovers, ~rtemisia, Chrysanthemum, Solidago, 

and Taraxacum spp. 

2. Test Traps 

Traps (Figure 54) modified from ,!;he European\charer trap 

designed by Tashiro and Fleming (1954) were built for the experi

ments. The main body of the traps consisted of four masonite baf-

fles (2) (length : 36 cm; width 15 cm) secured at right an-

gles t a collect ing polyethylene funnel (4) (height : 15 cm; ra

dius : 15 cm) to which was attached an end cylinder (length : 3 

cm; radius : 2 cm), and a plastic collecting bag (5) secured ta 

the cylinder by a rubber band. Early in the experiments. the bag 

was replaced by a fine mesh mus lin bag ta prevent the accumula

tion of rain water and to allow better ventilation and a resting 

surface for trapped beetles. The rubber bands, cracked af~er a' -

few days in the sun, were replaced by more weather-resistant 

cotton strings. A window (3.7 x Il 5 cm for each baffle) cut in 

the center of the main body of the trap held a galvanized square

weave chicken wire (0 ~ 5 cm mesh) cylinder (3) supported by a 

small masonite platform affixed ta the bot tom part of the 
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Figure 53. Experimental field at St -Jean-sur-Richelieu. Que

bec (location 2). 
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1 
1 

Figure 54 Modi fied European chafer trap (after Tashiro and 

F l emi n g, 1954 ) 

l Horizon tal branch of gallow 

2 J3affle 

3 Dispens ing ehamber 
. . 

4 Colleeting funnel 

5 Collee t ing bag 

Dimensions are given in the text .\ 
.( 

" 

1 

\ 

\ 

• 

.., 

1 
1 

---1 
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window With the exceptit of the collecting bags, all parts 

of the traps were p:~nte with a commercial glossy black enamel, 

a color used by Tashiro and Fleming (1954), Tashiro et al 

(19~4, 1969) when(~rapping the European chafer Each trap was 

screwed ta the extremity of the 60 cm long horizontal branch 

(1) of a spruce timber gallow (vertical branch 180 cm long, 

including 30 cm driven in the sail) Traps were thus suspended 

at 150 cm above ground leve;, a standard height recormnended for 

111acklight traps in June beetle surveys (lim, 1979) The over

all cost per trap was $10 00 

3 Te~t Compounds 

Most of the chemicals tested as attractants for P anxia 

~ere selected for their known\attractiveness ta other scarabaeid 

species (Table 34) Table 36 lists the names of the 27 chemicals 

tested, the~r synonyms and formulae, and the physical state and 

grade in wh~ch they were assayed in the field Natural aromatic 

oils were purchased from the Wide World of Herbs store, Montreal 

~lure, Chrislure, but yi sorbate, cinnamyl alcohol and ~-ionone 

were obtained from the U S Department of Agriculture, Organic 

Chemical Synthesis Laboratory, Beltsville, Maryland, through 

the courtesy of Dr McGovern The other oroducts were purchased 

from chemical supply houses 

As shown in Table 36, each chemical was assayed in the 

field in its original fOTm and concen,tration, a procedure fol-

lowed by most workers in initial empirical screening of candi

date lures Sorne of the chemicals, however, need~d treatment 

1 • 



Table 36. Chemlcals tested m the fIeld as attractants for Phyllophaga anXI8 (LeConte) adultsj southern Quebec, 1981 • 

. ' 
Chemlcal Synonymsa EmPlrlca~d/or8 Physical st8 te Grade 

structura formulae 
1 f 
\ ~. ~ , 

AmlurelRl 
\ 

propyll,4-i:>enzodioxan-2- C12 H14'Û4 shghtly viscous 99% pure 
carboxylate 

hquld 

~H.o 
" S>c H m-Isomer 3 7 

Anthranlhc aCld 2-ammobenzolc acid CSl:l4( N H2) (,C02 H) sohd, soluble 99% pure 

O-am mobenzolc aCld In alcohol 

~OH 

V NH2 

BenzOlc aCld benzenecarboxyhc RCld CsH5COONa solid, soluble 99% pure 
(sodIum salt) 

arscy lIc IlC Id 
COONa 

In water 

phenylformlc aCld 0 carboxybenzene 
N 
VI 
\0 

.f Na benzoate 
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Table 36. cont'd 

Chelnical Synonymsa Emplrlcal and/ora PhyslCal state Grade 
structural formulae 

But yi sorbate bu ty l(~-~)-2 -4 -hexadiena te CIOH1602 viscous liquid 99% pure 

0 
" CH3CH=CHCH=CHC-O(CHÛ3CH3 

(. 

IE,E-I 
'\ 

Camphor 1,7,7 -trimethylbicyclo= CIOH160 soUd, sojuble technical 
(2.2.1) heptan-2-one 

~o 
in alcohol 

2-bornanone 

2-camphanone 

2-keto-1, 7,7 -trimethyl-
norcamphane 

èhrislure® ethyl dihydrochrysanthemumate Cl2.H2202 liquid 95% pure 

ethyl 3-isobutyl-2, 2-dimethyl= 
-cyclopropanecarboxylate CH3 g 

0i3CHCH2CH-CH -oCH2CH3 

'" ,.../C 
CH3 'cH3 N 

cis, trans mixture Cl' 
0 



Table 36. cont. 

----

Chemical 

.J 

Cineol(e) 

Cinnamyl alcohol 

• 

Citral 
(commercial=mixture 
of c(and P isomers) 

Synonyms8 

1,3,3-trimethyl-2-
oxabicyclol (Z.2.2)oct8~e 

1,8-epoxy-p-menthane 

eucalyptol 

cajeputol 

3-phenyl-2-propen-l-ol 

cinnamic alcohol 

styryl carbinol 

'(-phenylaUyl alcohol 

phenylallylic alcohol 

Empirical and/ora 
structural formulae 

CIOHlSO 

CH3 

CgHIOO 

o 

CSHSCH=CHCH20H 

Physical sta te 

liquid 

solid, melting 

by warming in 

hot water 

3, 7 -(Jimethy~-2,6-octadien81 î( C;:>2 C=CH CH2 CH2C( C H3>=CoHH~H~O viscous 

geranial J mixture of cis and trans 1 liquid 
H3 isomers get:amal and neral CH

3 geranialdehyde 
1 1 

Hf CH3 H..f C~ 
geranial neral 

Grade 

9'9% pure 

99% pure 

95% pure 

~ 

N 
0'\ 
...... 



Table 36. cont. 

Chemical 

(Java) citronella oU 

Citronellal 

Citronellol 

Cyclohexanol 

.", 

Synonymsa 

.;; 

3,7-dimethyl-6(or 7}-octenal 

3,7-dimethyl-6(or 7)-octen-l-01 

2,6-dimethyl-2~cten-8-o1 

~ -citronellol 

cephrol 

rhodinol 

hexalin 
hexallydroph,enol 

'\ 
\ 

Empirical and/ora 
structural formulae 

mixture of citronellal (50%) 
.. 

and geraniol (45%) 

Cg "17CHO 
(d- and I-Jrrmers) 

3 

ttf 
CH2=C(CH3){ CH2)3 CH( CH3)

-CH2CH20H (7-octone ferm) 

C6HllOH 

6 

Physical state 

volatile oil 

liquid 

liquid 

soUd, soluble 
in alcohol 

. Grade 

~5% pure 

99% pure 

99% pure 

99% pure 

1 

'f 

\ 

N 

~ 
4) 
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Table 36. cont. 

.... 
Chemical Synonyms'l Empirical and/ora Physical state Grade 

structural formulae p 

Decanoic acid n-eapric acid CH3(CH2)8 COOH soUd, soluble 99% pure 

decylic acid in alcohol 

decoic acid 

Geraniol (E)-3,7-dimethyl-2,6-octadien- CloH180 viscous liquid 99% pure 
1-01 

2,6-dimethyl-2,6-octadien-8-o1 
H3C~OH 

lemonol 

CH3 CH3 

Hexan". acid n-caproic acid CH3(CH2)4COOH viscous liquid 99.5% pure 

hexylic acid 

hexoic acid 

~-Ionone 4-(2,6,6-trimethyl-l-cyclohexen- C13H200 liquid 99% pure 
l-yO-3-buten-2-one 

CH3 CH3 irisone 
@ -eyclocitrylidenacetone ~o N 

0\ 
CH3 lN 

/ 

CH3 



Chemical 

, Laurie acid 

1> 

Menthol 

Phenol 

.. ' 

-------~---".-_._- .' 

Synonymsa 

dodecanoic acid 

dodecoic aeid 

laurostearic acid 

5-methyl-2-(1-methylethyI)= 
eyelo~exanol 

3-p-menthanol 

hexahydrothymol 

para-menthan-3-ol 

peppermint camphor 

methylhydroxyisopropyl= 
cyelohexane 

carbolic acid 

phenie acid 

phenyllc aeid 

hydroxybenzene 

pheny 1 hydroxide 

oxybenzene 

hpn?'nnhenol 

.-.. 
t 

Empirieal and/orB 
struetur~l formulae 

CH3(CH2hoCOOH 

OH 

Cs HSOH 

-, 

Physleal state 

solid, soluble 

in alcohol 

soUd, soluble 

in alcohol 

) 
soUd, soluble 

. in alcohol 

~ 

Grade 

99.5% pure 

99% pure 

,. 
1 

) 

99% pure 

~ 



Table 36. cont. 

Chemical 

a -Phenylethyl butyra te 

Rhinolure® 

Rosemaryoil 

- - ._-- -------, 
.. 

Synonyms8 

t>henethyl butyrate 

ethyl chrysanthemumate 

ethyl 2,2-dimethyl-3-{2-
methylpropenyJ.)cyclopropane= 
carboxylate 

'" 

,.-

Empirical.and/orS 
structural formulae 

Physical state 

C12 HlS0 2 liquid 

~ J=\ 
CH3CH2CH2C-oCH2CH2~ 

... 
C12H200 2 liquid 

CH3g~~HCH-CH8-oCH2CH3 
\/ c 
~3\H3 

cis, trans mixture , 

mixture of 10% total volatile oil 
borneol and 2.5% bornyl 
a~etate, camphor, eucalyptol, 
pmene, camphene 

Grade 

technical 

95% pure 

99% pure 

~ 
ln 



--

Table 36. cont. 

Chemical 

White thyme oil 

Vanillin 

" 

B-Phenylethyl propionateb 

Synonymsa 

4-hydroxy-3 methoxybenzaldehyde 

vanilltc aldehyde 

3-methoxy-4-hydroxybenzaldehyde 

methylprotocatechnic aldehyde 

phenethyl propionate(PEP) 

2-phenylethyl propionate 

" 
,.JI 

tu1 .. St., th1i:illm" te' ........ ..,.., ru ... '.' aM r ...... 'II'IiIt .... .,...- -- ... 

Empirical and/orB 
structural formulae 

Physical state 

mixture of 20-40% by volume volatile ail 
of thymol and carvacrol, 
cymene, pinene, linalool and 
bornyl acetate 

CHO 

OH 

Cl1H14~ 

CH3CH2g-oCH2CH2-© 

soHd, soluble 

in &lcohol 

l1q~id 

Grade 

99% pure 

99% pure 

technical 
-' 

N 

~ 



Jo 

Table 36. con t. 

Chemlcal Synonyms8 

Eugenolb 2-methoxy-4-(2-propenyl)phenol 

4-allyl-2-methoxyphenol 

4 -aUy 19uaiacol 

eugenic aeid 

caryophyllic 8cid 

Empiriclll and/ora 
structural formulae 

CIOC1202 

, CH2=CHCH2~H 
OCH3 

a Sources: Kenaga and End (1974); the Merck index (1976); Hawley (1981). 

b Tested as the arbltrary standard bait In ft 9:1 (v./v.) mixture of PEP and eugenol. 

-------------------.------ ---

fJ 

Physical sta te Grade 

liquid 99% 

1 
N 
0-
-...J 

i , 

1 
! 

~ 

1 , 

----..... 



before being applicable to dispensing strips Cinnamyl alcohol, 

a low melting solid, was melted by warming in hot tap water 

Butyl sorbate and sodium benzoate were dissolved in acetone and 

distilled water, respectively All other solids were dissolved 

in 951'0 ethanol 

Five drops of each potential attractant were evenly dis-

tributed with a pipette op a Whatman filter paper strip (11 x 
~ 

3.5 cm) and time was allowe~or the lure~ and the solvents to 

spread over the entire strip (Tashiro et al , 1964, 1969, 1970) , -~ 

Dispensing strips loaded with disso1ved products were placed 

under the gentle draft of a chemical hood and the solvents were 

a110wed to evaporate. All the treated strips were kept in seal/cl 

glass jars until they were taken tp the field for testing pur

poses (Tashiro et al. " 1964, 1970) The dispensing strip method 

was preferred to the most widely used wick-fitted bottle dis

~enser beèause sorne of the compounds were obtained in only very 

small amounts. 

4 Field Layouts 

Eight experiments (eut design in space and time) were 

conducted in four locations The basic field layout for each 

location is represented in Figures 55 to 58 One experiment was 
f 

performed at locatiQn 2, two experiments at locations 3 and 4, 

and three experiments at location l (Table 35). The layout of 

the second experiment at location 3 was similar ta the layout 

of the first experiment but three traps in each block were re

moved from the wes-tern side of the field and were used in the 

/ 
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Figure 55 Field layout of attractants trials at Ste -Anne

de-Bellevue (location 1), southern Quebec, 1981 
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Figure 56 Field layout of attractants trials at St -Jean-sur-

Richelieu (location 2), southern Quebec, 1981 
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Figure 57 Field layout of attractants trials at Stanbridge 

Eas t (locat ion 3). southern Quebec, 1981 
'", 

.. 
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\ 

Figure 58 Field lavout of attractants trials at Dunham (10-

cation 4). southern Quebec. 1981 
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experiment at location 2 , 1ater in the season, In each layout 

the test traps were distributed in a 3-replicate randomized 

block design (RBD) The traps were spaced at 6 m intervals in 

the rows and eolumns (Tashiro et al., 1964,1970) A new RBD 

was geoerated every third day withi.n each experiment in order 

to minimize the effects of extrinsic factors such as direction 

of prevai1ing winds and proximity of food sources for emerging 

beet1es, also the effects of intrinsie factors sueh as trap in

teractions and c1umping of beetles within the field 1ayouts. A 

different RBD was also generated at t)le start of each experiment 

at each location. The 3-replicate RBD permitted the simultaneous 

exposure of up ta seven candidate attra,ctants plus one standard 

and one contro!. the latter consisting of unbaited traps No 

buffer traps were used in the experiments. 

The presence of adequate June beetle populations was 

confi~ed by monitoring blacklight traps in the vicinity of the 

test fields 'at aIl locations. The light traps were not visible 

from any point of the test fields and were operated for the 

duration o~ the experiments on attractants . 

• 

5 Timing of the Experiments 

In southern Quebec. adult June beetles emerge from the 

ground about mid-May and are actively on the wing until mid

July (Lim, 1979). My observations in 1979 and 1980 (Chapter III) 

confirmed Lim 1 s (1979) reports and agreed with the existence of 

a peak aeti vit y during the first three weeks of June Field ex

periments on June beet1e attractants were thus conducted to 
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coincide with the adult flight period The first field test 

started at location 1 on the night of May 19 and the last test 

was terminated at location 3 on the morning of June 23. Detailed 

timing data on th,e eight field experiments for the four loca

tions are provided in Table 37. 

6. Experimental Procedure 

Each evening. one to two hours before beetle fligh t be

gan. one test strip was placed into the screene~f the ap

propriate trap. Care was taken to handle the baited s trips with 

forceps to minimize chances of contamination of strips or traps. 

Strips were replaced every night to accomodate variability in 

rates of volatilization of chemicals and to reduce the effects 

of extrinsic factors such as dilution by rain water and photo

oxidation of some or aIl of the materials. The screened cages 

and their stands were thoroughly washed in acetone for reuse 

before starting and at each change within anl experiment. Beetles 

caught in traps were collected the following morning and either 

brought to the laboratory (locations land 2) or kept 1'7efriger-
~ 

ated and collected weekly (locations 3 and 4). Beetles were 
, 

identifie'ti. sexed. and counted. Records of numbers caught were 

kept and aIl of the data were pooled at tlle end of each experi-

ment. 

The attractiveness of each candidate bait was determined 

by comparing numbers of beetles lured by that bait with numbérs 

of beetles caught with the arbittary standard. The standard was 

a mixture of (J -phenylethyl propionate (PEP) and eugenol (9: l, 



Table 37. Occas1CllS of testing chemical attractmts * for the camm Jwe beetle at four locaticns of southem 
Qœbec in 1981. ~ 

1 
Stanbridge 

~ 
lDcatim Ste. Imle St.Jean IU1han 

Dates tested MâY 19- MâY 29- Jt.ne 8- Jt.ne 9- MâY 27- Jme ID- MâY 22- Jme 8-
t1ay 27 Jme 27 Jme 21 J\Ile 21 Jme 8 Jme 22 '" Jme 6 Jme 19 

Chemi.ca1 tested a 

IIlthranilic acid * 
Amlure * 
Benzoic acid * * * 
But:y 1 sorbate * * * 
QmPlor * ~ 
<hrislure * 
Clneo1e * 
Cimanyl alcOOol * * 
Citral .* 
Java citrœella oil * 
Ci trœe llal * 
Citrooe1101 * 
Cycl.chexalol * .... 

* " 

Decaloic acid * 
Geradol * * * 
Hexanoic acid * * * * * * * * 
~-lalale * 
!Auric acid * N 

....... 
U1 



/ 

Table 37 - Clntinued 
.0; 

lDcatiœ ~' Ste. Anne St.Jeat Stanbridge DlIlham 
"-

Dates tested MâY 19- MâY 29- Jme 8- Jme 9- KiY 27- Jme m- KiY 22- Jme 8-
~27 J\Ile 27 Jme 21 . Jme 21 Jme 8 Jme 22 Jme 6 J\.Ile 19 

OM.lcal testetf 

Mslthol * 
R'I8lOl 1 * .. * * * * * 
~ -lbenylethy l butyrate * 
lbinolure * * * 
làsaœz:y oil * * * 
-\th1.te thytœ oil * 
Varl.llin * 
Standar~ * * * * * * * * 
O:ntrol * * * * * * * * 

a '1h1:'&e replicates for eadl chemi.cal. 

b ~uœ of (6 -PlI!!nYlethy 1 piopiàaate a:td eugenol (9: 1. V. IV.) 

N 
~ 
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v IV ) selected for its attractiveness ta several scarabaeid 

beetles (Table 34) The index of relative attractiveness for 

each test bait was calculated at the end of each experiment 

The best performing lures were further tested âgain~t the stand

ard and a series of untested compounds, in a second orthird ex-

periment No further tests were conducted with products which 

had performed poorly in the first series of experiments The 

indices of relative attractiveness (1) were defined as 

l B x 100 
S-

where B was the relative value of each test bait (including the 

control) and S was the relative value of the arbitrary standard 

bait The values Band S were calculated as follows B was the 

number of beetles captured in traps by each test bait as com-

rared wi th the catch in 

~loCk, S was the number 

unbaited (control) traps in the test 

of beetles captured in traps by the 

standard test bait as compared with the catch in unbaited traps 

in the test black 

7 Follow-up Experiment 

The experiments described above were designed ta test, 

empirically, a number of potential attractants for undefined 

natural populations of ~ anxia,and of unknown distribution l 

therefore decided, before the start of these experiments, that 

a follow-up exoeriment would be conducted ta assess the attrac-

tiveness of the best-performing attractants ta a defined beetle 

population of known distribution 

~ 
1 
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S> 

Location 1 (Table 3S) was chosen as the site of the 

follow-up experiment for its proximity to the laboratory Dur-

ing the last week of June 1981, June beet1e traps deseribed 

earlier were p1aced in a 4-replicate randomized block design 

(Figure 59) in a freshly eut hay field The experimenta1 unirs 

within each replicate consisted of 'one trap either baited with 

hexanoic acid, decanoic acid, phenol, cinnamyl alcohol. pheny

lethyl propionate, anthranilic acid, Chrislure or unbaited (see 

resu1ts and discussion section for the choice of the chemicals) 

No standard bait was selected for the experiment whose objective 

was ta test the effeets of the treatments on beetle response 

rather than ta evaluate indices of attractiveness Beet1es col-

lected in light traps operated concurrent1y with the attractant-

trapping experiments were accumulated b-efore use in this experi-

ment and kept in a controlled environment chamber (SOC, 40i'0 RH, 

no light). 

The close monitoring of weather forecasts allowed me to 

schedule the date of the experiment The refrigerated beetles 

were gradually brought ta conditions of 20°C and full daylight 

on the morning of July 7, 1981 One thousand active beetles 

were randomly ?icked and placed in batches of 250 (~ ~,l 1) 

in 4 large plastic trays Traps were baited around 7 pm and at 

9 pm one tray was placed at the center of each rep1icate Field 

conditions were considered to be ideal for beet le release 21°C. 

80"1c, RH, covered sky and gentle breeze Co11ecting bags were 

brought to the laboratory the next morning and aU pertinent 

data were recorded 
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Figure 59 Field layout of follow-up actractants trials at 

Ste -AnneT de- Bellevue. S outhern Quebec, 1981 
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L RESUL TS AND DI SCUSS ION 

The r e sul t S 0 f the e 1 g h t fie 1 d tri a l s are s umma r 1 z e d 1 n 

Tables 38 to 45 The tables report the average numbers of males 

and fema1es 1ured t'o the traps of eaeh treatment IndIces of re 1-

a t 1 ve a t t ra c t 1 ven e s s 0 f the s tan da r d bal t, the un bal t e d t ra p 

(control) and t he candIdate baits were calculated from the total 

a ver age n um ber l") f b e e t les cau g h t l n the cou r seo f e a e h t r laI 

On a peT' trIal basis 23 of the candidate balts wer'é con

slstentlv less attrac~lve t!Lan the standard baH (Index L)O) and 

than the conrrnl nCltwlt~standino, the locatIon and ~!!e timIng of 

t'H:' rrla1s (Tables 38 tn .... J), altltougr. mtlst of these products are 

attractIve tn other scarab beetles (Table 34) Phenol, a highlv 

p Cl t en t a t t ra c tan t t 0 0 t r e r P!L2' 1)_ n p .0 éi~ s p e CIe san d t Cl COS t e li t Fa 

zealandlca (Table 34), aeted erratlcallv, tested ln six experl

ments, It was more attractlve than the standard balt ln three 

cases but less attractive ln the other cases The three cormner-

èlallzed lures for scarab beetles, Amlure (for Rhlzotrogus maJa-

11s), Chrislure and Rhinolure (for Oryctes rh!-nocero~) were not 

pot en t a t t ra ct an t s for P a.n x l a HexanOlc aCld was conslstentlv 

more attractive than the standard balt and was the overall best 

performer, exeept in the second experlment at locat ion 3 (Table 

43) Hexanoic (caproie) aeid had a strong attractlon ta P~~l~~él 

laponica (Lan~ford and Cary, 1946, Schwartz et al ,1966 Ladd, 

1980) and Mae!,"_odaetylus ~':lbsl'~nosus (Willlams and Miller, 1982, 
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Table 38 Attractlveness of chemicalsa in June beetle traps 

to Phyllophaga anxia, Ste -Anne-de-Be11evue, Quebec. 

Ma y 1 9 toMa y 2 7. 1 9 8 l 

- -----

i'UIber of beet les tr~b Index of relati~ 
TreatIIe1t Mâles Ferœles &tal attracriveness 

/":'~ 

Standard C 17 8 
,j 

25 100 

Control (unba1ted) 11 12 23 92 

Benz.olC acid U 7 19. 76 

Cyclohexanol 5 4 9 36 
" 

Geraruol 7 7 14 S6 

HexanolC acid 17 13 30 120 

Phenol 11 14 26 104 

Rlu..PKllure 8 10 18 72 

Rose::marv oi i 10 11 21 84 

a At least 9510 pure and tndi1ur:ed 

b AVerage for three replicates per treatJœnt , 

C Pheny lethy l propionate eugeno1 (9 l, V IV ) 



Table 39 

1 

Attractlveness of chemicalsa in June beetle traps 

ta Phvllophaga anxia, Ste -Anne-de-Bellevue. Que

bec. May 29 ta June 7 1981 

282 

-------------------------

1'reaoneFlt 
:b:ItIer of beetles tr~ b 

!'iBles Female.s otaI 

Standard c 1 ... l~ 

Control (unha1ted) 9 :0 
~ure 8 10 

l1.1rvl sorbate 6 

Cineole ~ Î , 

Cinnanly"l alcohol iO 

Hexanoic acld }"5 13 

f; -lcn:ne 1:' 6 

Phenol 8 1:' 

a At leas t 9~~ pure and 1..I1di luted 

b Average far three replicat:es per treaOIe1t 

c Phe!1ylethyl proplonate eugenol (9 1. \' IV 

26 

19 

18 

:3 

0 

"..1 

28 

~8 

20 

Index of re lat 1. ve 
attractiveness 

LOO 

73 

69 

50 

3L. 

65 

108 

69 
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Table. 40 Attractiveness of chemicals a in June beetle traps 

ta Phyllophaga anxia, Ste -Anne~de-Bellevue, Que

bec, June 8 ta June 21, 1981 

283 

TreatlIE!1t 
!'l..I:Iber of beetles tr~ b 

Mâles FenalesOciI 
Index of relative 
attracti veness 

Standard 
c 

10 7 17 100 

Control (unbaited) 7 5 12 71 

Anthrani lic acid 7 5 12 71 

~r 0 2 2 12 

Citronellal 2 0 2 12 

Citronellol 3 1 4 24 t 

Decanoic acid 7 8 15 88 

Hexanoic acid 11 12 23 135 

Vanillin 0 0 0 0 

a 
At least 95% pure and mdilut:ed 

b 
Average for t:hree replicat:es per treatment 

c 
Pheny lethy 1 propiŒlate eugenol (9 l, V IV ) 



.. 

-------_. __ .. _. -_.,-

Table 41 Attractiveness of chemicals a in June beetle traps 

ta Phyllophaga anxia, St -Jean-sur-Richelieu, Que

bec, June 9 ta June 21, 1981 

TreatIœnt 
~ of beetles tr~ b 

Mâles Fëiïiïlles Ota! 

Standard c 9 7 16 

Centro 1 (U1bai ted) 6 5 11 

Butyl sorbate 4 JI 5 9 

Citrooella oil 0 1 1 

Hexanoic acid 11 U 23 

Phenol 6 11 17 

a At. least 95/0 pute and 1..I1dilut:ed 

b Av.!rage for t:hree replicates per treatlŒ!!1t 

c Pheny1ethyl propi.cnate eugenol (9 1, V IV ) 

Index of œlati ve 
attracti veness 

100 

69 

S6 

6 

144 

106 

284 



Table 42 Attraetivenes5 of ehemiealsa in June beetle traps 

to Phyllophaga anxia, Stanbridge East, Quebec, 
( 

May 27 to June 8, 1981 

ibIber of beetles ~ b 
MâIëS Fâïïâles 0 

Standard C 17 22 39 

Ccntro1 (trilaited) 18 U 30 

Benzoie acid 9 15 24 

Gye lohexanol 3 7 10 

Geraniol 6 7 13 

Hexanoie acid 22 20 42 

Phenol 14 11 25 

Rhinolure 11 9 20 

Rosemary oi1 8 10 18 

a At least 95'70 pure éBld œdiluœd. 

b Average for three replicates per treaaœnt. 

C Phenylethyl propi.œa.te· eugenol (9: 1, V IV.). 

Index of relative 
attractiveness 

100 

77 

62 

26 

33 

lOS 

64 

51 

46 

285 
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Table 43. Attractiveness of chemicalsa in June beetle traps 

to Phyllophaga anxia. Stanbridge East. Quebec. 

June 10 ta June 22, 1981 

~ of beetles tr~d b Index of relative 
Treat:Iœnt Mâles Females <Jtal attracti veness 

Standard C 10 8 18 100 

CŒttro1 (tnbaited) 6 9 15 83 
.f .. 

Bucy1 so~ 4 7 11 61 
, 
'" Cinnany1 alcoho1 10 7 17 94 

Hex.anoic acid 6 8 14 78 

Phenol 8 12 20 110 

a Ar. 1east 95% ~e and undi1uted 

b Average of three replicates per treat:Iœnt 

C Pheny1ethy1 propiooate: eugenol (9 1, V IV ) 

286 

.. 
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Table 44. Attractiveness of chemicals
a 

in June beet1e traps 

to Phy110phaga anxia, Dunham. Quebec. May 22 to 

June 6, 1981. 

Treat:Iœnt 

Standarcl c 

Control (unbaited) 

Benzoic acid 

Cyc10hexan01 

Geraniol 

Hexanoic acid 

Phenol 

Rhinolure 

Rosemary oi1 

b 
tbrber of beetles tr~ 

Mâles FêiDales 0 

21 17 38 

15 12 27 

13 10 23 

4 3 7 

6 3 9 

25 22 47 

13 16 29 

U 10 22 

3 6 9 

a 
At least 95% pure and undiluted. 

b 
Average of three replicates per treatment. 

c Phenylethyà. propionate: eugenol (9:1. V./V.) 

Î 

Index df relative 
attractiveness 

100 

71 

61 

18 

24 

U4 

76 

58 

24 
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Table 45 
a Attraetiveness of ehemieals in June beet1e traps 

ta Phyllophaga anxia, Dunham, Quebec, June 8 ta 

June 19, 1981 

Treatment 
l'bIDer of beetles tr~d b 

Mâles Females Otal 

Standard c 10 12 22 
;-

Control (unbai ted) 8 5 13 

<llrislure 10 6 16 

Citral 2 5 7 

liexanoic acid 14 12 26 

Laurie acid 2 1 3 

!vB1tho1 0 2 2 

0-fueny 1ethy 1 butyrate 5 3 8 

Thyme ail 0 4 4 

..,. 
a At 1east 95'70 pure and wdi1uced 

b Average of three replicates per treatIœI1t 

c Pheny1ethy1 propionate eugen01 (9 l, V IV ) 

Index of relative 
attracti veness 

100 

59 

73 

32 

118 

14 

9 

36 

18 

~ 

"# 
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Williams et al , 1982), a neutral effeet on Most of the other 

seatab beetles against whieh it has been teste~ a repellent 

effeet on Rhizotrogus majalis (Tashiro et al , 1969, 197et The 

blend phenylethyl propionate eugenol (9 1, V IV ) appeared to 

have been a good choiee as the standard bait since the numbers 

of beetles lured by it were consistently higher than the num-

bers attracted by the other baits, except for hexanoic aeid, 

and, in three experiments, for phenol This a1so denoted that 

the blend or at least one of its ingredients was, besides hexa-

noie acid, a relatively potent attractant to P anxia The com-

bination phenylethyl propionate-eugenol has been, in various 

proportions, the standard bait in numerous attractant-trapping 

field tests against several scarab beetles (Table 34) 

A elear picture of the overall experiment is obtained 

when the data of the eieht trials are oooled in space and time 

and mean indices of relative attractiveness are ealculated 

(McGovern et al , 1970a) (Table 46) Hexanoic acid excepted 

(mean index 117), none of the candidate lures outperformed the 

standard bait (index 100), although phenol, decanoic acid, cin-

narnyl alcohol, Chrislure and anthranilic acid surpassed or ap-

proached the performance of the unbaited control (~ndex 74) 

Thirteen chernicals tested had a mean index of attractiveness of 

37 or less, vani11in (index 0) being cornp1etely unattractive, if 

not repellent All the aromatic oils or their main components 

were poor performers, this was surorising and contradicted re-

sults obtained by other workers in their tests with the sarne 

oils against various scarab beetles (Table 34) These food-type 



Table 46 Mean index of attractiveness ta adult Phyllophaga anxia of 
25 chemicalsa tested against a standard and a control in 
eight field trials. southern Quebec. 1981 

290 

-~--

iliem.ical r-uIDer of ~ index of 
nights tes ted attractiveness 

Hexanoie acid 104 117 
Standardb 104 100 
Phenol 78 89 
Decanoie acid 14 88 
C:irma:ny 1 alcol'lO 1 23 79 
Orrislure 12 73 
Anthranilie acid 14 71 
Amlure 10 69 
(l. - Ionone 10 69 
Benzoie ac~d 37 66 
Rhinolure 37 60 
Butyl somate 41 SS 
Rosema.rv ai 1 37 51 
Geraniol 37 37 
ta -Phenylethyl butyrate 12 36 
Cineole 10 34 
Citral 12 32 
Cyclohexano 1 37 26 
Citrone 110 1 14 24 
Thyme ail U 18 
Laurie acid 12 14 
~hor 14 12 
Ci tronellal 14 12 
fve1thol 12 9 
Citronella ail 18 6 
Vanillin 14 0 
Unbaited (control) 104 74 

a Undiluted and at least 95~~ pure 

b Phenylethyl ?ropionate eugenol (9 1 V IV ) 
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lures were partlcularly attractive to Rhizotrog~~ ma~alls 

(Tashiro et al , 1970), a chafer with adult feeding preferences 

similar to those of P anxia (Tashiro et al , 1969) 

The probabllity that the outstanding chemlcal, hexanolc 

acid, might be a component of a sex attractant to the common 

June beetle was tested bv the Student t-test on the means of 

males and females lured ln the eight field trials The means 

were not signlflcant ly dlfferent at the 0 05 level (t=O 41, 14 df) 

and thus both males and females were attracted equallv to hexa-

nOlC aCld, rejecting the probability of a sex attractant ID1ID1C 

Hexanoic aCld is comparatlvely attractive to both sexes of sev-

eral scarab beetles (Table 34) but lt is also the sex attractant 

for Trogoderma glabr~ (Herbst) (Yarger et al , 1975), and a 

trall pheromone for LaS1US fuliginosus (Latreille) (Huwyler et 

al , 1975) and Zootermopsis nevadensis (Hagen) (Karlson et al , 

1968) In my experiments, hexanoic acid likely acted as a food-

type lure or as an aggregant semiochemical The Student t-test 

was also performed on the means for phenol, che second best at-

tractant to P anxia The results of the ana1ysis indicated 

that phenol did not act as a sex attractant since the means were 

not signiflcantly different at che 0 05 leve1 (t=-l 6, 10 df) 

Phenol, however, is known to be the sex attractant for Cyclo-

cephala insulicola (Gruner and ~1arival, 1974) and Coste1ytra 

zealandlca (Lauren, 1979), and a strong attractant for male 

Phyllophaga patrueloides (Gruner, 1975b) Decanoic acid, the 

third best performer, is attractive to several Scarabaeidae 

(Table 34) and is a180 a trail pheromone for L fuliginosus 



(Huwv 1er et al 1 9 75 ) He x an 0 l C and de c a n CH cac l d s are c l Cl sel v 

related chemlcals (Table 36) 

Follow-u~~erlm~nt ---- - ---

The results of the follow-up experlment were Jlsappolnt-

Ing From the total of 1000 beetles released, 5114 were :ound 

dead or morlbund ln the traps or ln close prnXUTIltv tll them An-

other 79 beet les were recovered a Il ve and bur l eJ ') t (~ , L'D deep 

near the travs or were ~ldlng unJer t~em Seventeen male~ dnd 

11 females were found at the base of the ,;allows SUpp(1rt lng 

traps balted wlth hexanoic aCld, phenol. anthranlllc éiCld anJ 

Chrls1ure Two females were caught 
\ 

ln the phenol balled traps 

o f r e p 11 c a t e 4 The [Tl ~ s S l n g b e e t les co u 1 d n () t b e f ( 1 un cl the v 

were elther eaten bv blrds and Insectivnrous :-aammals '..vere hld-

ln g ln the gr 0 un d 0 u t s l de the f l e 1 dIa vou t,or f 1 e w ~ (l the t r e es 

b 0 r der l n g the h a v ft e 1 d, aIt hou g h the 1 a t ter p () s ~ l b l 1 il', l S C () n -

tradicted by the hlgh number (584) (1f beetles WhlCh were unable 

to take fllght The 11lgh number (If de ad oeet les and the low num-

ber of beetles WhlCh were able tl) flv up ~o otherWlse attractive 

balts lndicated an impalred metabollsm perhaps due to prolonged 

cold storage In follùw-up experlmentc;, (;runer 0975a) released 

300 0 ma r k e d Ç}r c La ~ ~Eh a 1 a l n sul l C () 1 a, a c.; car a h ne e t i e r e s p n n d l n g 

very strongly ta attractIon to phenol One thnusand (lf the re-

leased beetles dld not take flight and nnlv 4 4' (lf the remaIn-

der were caught in the phenol traps rn a c;lmllar exper1ment, 

Barber et al ( 1 9 7 l) () b t ai ne d b e t ter r es u 1 t s S 1 Il ce;> ') '; () f !TI ri r k e cl 

and rel e a s e d 0 r y c t e~ rh ln 0 c e r 0 sad u 1 t c; we r e cau g h tIn t r él p C; 



ba~ted wah Chr~slure, but Kle~n et al 

8 of 3164 marked P_op11l_ia ~~nJc~ ln 

phenvlethvl proplonate eugenol (7 3) 

Conclus~on 

(1972) caplured only 

740 traps balted with 
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Twentv-flve chemlcals, selected for thelr attractancv 

ta several scarabaeid pests, were fleld-eva1uated ln June bee

tle trape; as potentlal attractants for adult P anXla ln 4 10-

cal l t les () f sou the r n Qu e he C the fie 1 d t r l a l s l n c 1 u d e dan a r [.) l -

trarv blnarv standard balt and an unbalted lure Attrdctant-

t rapplng of f anxJa had never been assayed before the experl-

me n t s r e p 0 rte d il e r e It was a1e;0 a flrst attempt against anv 

~larab beetle ln Canada 

HexanOlC aCld conslstentlv lured the 1arger number of 

beet les of botll sexes and was more attractlve than the standard 

balt WhlCh It should replace in future attractant-trapplng trlals 

wuh P anx~a Hexanoic aCld and phenol did not aet as mlmlCS of 

a female sex pheromone 

Desplte lts demonstrated attractlveness ta P anxia a-

li u 1 t c." he x a n 0 ~ cac 1 d wa s ab 0 u t 41) t l me sIe s s e f f l C le nt th an 

blackllght trapplng, the nightlv average number of beet1es 

Laught per trap ba~ted w~th hexanOlc acid was 0 10 beet1e as 

c Œ:1p are d t 0 l 72 b e e t les p e r b lac k 1 l g h t t ra p (l 3 4 l b e e t les t ra p -

peJ ln 4 blackllght traps operatlng for 90 davs) 

Minks (1979) distingulshed, next to population dens~ty, 

()ther factors wh~ch cou1d have an effeet on the numbers of in-

sects caught ln semiochernieal traps site of the population, 
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1 n sec t b e h a vi 0 r - ln c l wh n g ~ lori c an d ab i 0 t l cfa et(/) r s -. t ra p 

densltv ln the area. trap design and concentratlon of chern1cal 

per rrap ln my exper1ments, the relative high numbers of bee-

t les caught bv the unbaued traps su~gested a high Dhvslcal 

(vlsual) attractlCm to the traps themselves\... In future tests 

trap catches could be maXlmlzed bv evaluatlng dlfferent trap 

des1gns size. shape color, flnlsh, Pos1tlon above ground, 

type of bait dlspenser are a11 factors to be taken lnto con-

slderat10n On the other hand, the large number of beetles 

caught by the unbalted traps emphaslzes the difflculty of at-

ternptlng to separate the effect of the bait from tha-t of the 

trap, as a trap becomes a balted trap once beetles are attracted 

to It l have also not1ced that, saon after the onset of the 
1 

fleld trlals, rnost traps were sOlled with bird droppings. thlS l 

The poor performance of about half of the candidate 

1 

! 

suggested that a number of beetles lured to the traps were prev-

ed by birds so l concluded that traps should he protected by 

sorne wIrlng 

lures especially the aromatic 011s, sllggested a poss1ble re-

pellence, antl-attract1on, inhibltion or arrestment Non - a t -

tractancv (neutral effect) is d1srn1ssed S1nee traps balted wlth 

these lures were mueh less efficient than the unhalted trapc; 

In mv empirical screenIng, l had no other cholee than tu use 

pure, \J.ndiluted ehemicals Chemlcal concentration, chemlcal 

laad and release rate should be given Attentlon in future tests 

lt is also posslble that the relative poteney of hexanolc acid 

had a masking effect on the other test baits this could be 
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'" ffilnlmized by evaluatlng bait lnteracj'lons, fac'tors to consider 

would be denslty of traps in the study area, spacing of traps 

w lt h 1 n the ft e l dia y 0 ut, st a t 1 S tic a 1 de s i gn , -. Barber et al 

(971) and Maddison et al ( 1973) used a cyc 1 ing program~ and 

Perry et al ( 1'980) reconnnended Latin sq uare des igns for s uch 

expe f'lmen t s 
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.nI SL11JvI.ARY AND CO~a.LSIONS 

fortv-bve localltles ln southern Quebec were vlslted 

on several occaSions from 1979 ta 1981 and aIl llfe stages of 

Phyllophaga spp . especlally P anxla. were found at tne collec-

tlon sites A grand total of 33.468 Phyllophaga lndlvldua1s \Nere 

collected durlng the survey and examined for assoclated organisms 

chat we re pot en Ua l regulators of Phy llophaga s pp The 8,895 adul t 

males, 2,647 adult females. 73 teneral adult males, 37 teneral 

adult females, 1,289 pupa males and 897 pupa females belonged to 

the species Phyllophaga anxia (leConte) SlxtY-S1X adults other 

chan P anXla were also collee ted ln southern Quebec. chey be-

longed to the species ~ drakii (Klrby). P fraterna (Harris). 

P fusea (Froelich). P fut1l1S (LeConte), P nitida (LeConte) 

and P rugosa (Melshelmer) Phyllophaga fraterna and P rugosa 

were new records for southern Quebec Also colleeted during the 

three-year study were 2,525 eggs. 1,832 flrst instar grubs, 1,652 

second instars/first year, 1,501 second lnstars/second year, 

8,174 thad instars/second year, 3,771 third instars/thnd year, 

and 175 prepupae Since P anxia adul ts represen ted 99 44'% 0 f all 

Phyllophaga adults collected in soutnern Quebec. lt was assumed 

that a simllar proport ion of whi te grubs were P anXla 

Rates of inc idence of lndi vidua l organi sms as s ociat e d 

with each lite stage of Phyllophaga spp are presented in Table 

47 

'Iwo third instar/second year grubs were found lnfected with 

a new smal1~ideseent virus, which was des igna ted as Phyllophaga 

\ 
\ 

\ 

.. 
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Table 47 Incidence rates (%)a of invertebrate organisrns récovered fram field-collected Phyllophaga b spp frlJ1l 

1979 to 1981 in 45 1oca1ities in southern Quebec 

Host stage c (number examined) 
Organism 

(//Jo AM AF E LI L2,1 L2,2 L3,2 L3,3 pp PM PF TAM TAF 
(8895) (~647) (2525) (1832) (1652) (1501) (8174) (3771) (175) ( 1289) (897) (73) (37) 

Phy llophaga anxia d o 02 
iridescent vitus 

ktinocephalus sp o 01 o 60 -431- -5 18--~ o 57 o 07 l 37 

Bacillus cereus 0.01 o.n 1 53 2 78 206 140 2 07 o 57 o 08 o 22 l 37 
.!! .. popilliae 1 63 066 a 43 2 76 

PseuŒ:m:Jnas ~inosa - 0.04 
Serratia marcescens o 42 o 66 o 05 o 13 

Micrococcus o 24 o 26 0.01 

nigrofasciens 

Cbrdyceps sp. 006 0.01 

Beauveria bassiana 3 69 1 59 2 83 1 24 o 62 o 89 2 73 
~tarhiziun anisop1iae 0.43 1 74 1 09 2 36 5.26 3.22 3 76 o 57 o 69 l 89 36 98 
âf;pergillus sp. 0.49 0.18 0.59 o 25 o 21 
Fusariun sp. 1. 93 1 73 o 88 o 23 
Penicilliun sp. l 99 0.99 0.29 o 16 \ 

Mlkoletzkya Berl vora 1 74 2 42 704 540 o 31 o 22 
Rhabditid sp. 

) 

013 o 01 
N 
I.C 

"" 

\.., 



Table 47 - Cbntinued 

Host stage c (number examined) 

Organism 
.AM AF E Ll L2,l L2,2 L3,2 L3,3 pp P~1 PF TAM 11\F 

(8895) (2647) (2525) (1832) (1652) (1501) (8174) (3771) (175) (U89) (897) (73) (37) 

'" 
Aphe lenchoidid sp. o 01 o 02 

Nematœorpha o 02 o 57 -0 32~ 2. 7U 

Acarina (15 spp ) 34 14 39 21 944 --42 05- --54 59-- 8 76 2 45 31 50 27 02 

Parasitic Insecta o 02 784 -0 10- -0 22--.. 004 

(10 spp.) 

Predatory Insecta 1 0--32 ____ ..... 262 -----

(26 spp.) 

a Actual nurber of predated hasts, not percentage (line '1>redatory Insecta") 

b Rlyllophaga anxia in over 98% of the cases (see lliapter Ill) 

c lN. adult male, AF adult female, E egg, li first lJ1Star gnb, 12 Il seccnd instar 1 firs t year, L2, 2 second in

star 1 second year 1 L3 1 2 third instar 1 secood year, 1..3, 3 third instar, third year , pp prepupa, PM p~ male, 

PF. pupa .female, TAM teneral adult male, TAF teneral adult female 

d Not recovereJ fran this host stage 

l'v 

'" CD 

t

l 
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anxia iridescent virus (Pa IV) This i5 the first record of an 

iridescent virus from North American Scarabaeidae. The virus was 

is01ated, purified, and found to kill 37 out of 40 healthy third 

instars after intrahemocoelic injection The prevalence rate of 

viral disease in the grub population examined was less than 0 02% 

No viral disease was found from the other life stages of Phyllo

phaga spp Pa IV was not regarded as a promising candidate for 

the biological control of white grubs 

A eugregar~ne protozoan, Actinocephalus sp., was chroni

cally associated with Phyllophaga individuals from 1979 to 1981. 

Over 4 5% of white grubs were infected with the protozoan but 

infection rates for the other stages of Phyllophaga were insigni

ficant. The infection appeared to be endemic to the larval stages 

of Phyllophaga and enzootie in grub populations throughout south-

ern Quebec, without ever gaining epizootic dimensions. The true 

nature of the Actinocephalus-Phy~lophaga association remains to 

be demonstrated at the host level as does its impact on host 

populations 

Five species of entomogenous bacteria were is01ated from 

diseased and dead Phyllophaga individual~ These were: Bacillus 

cereus Frankland and Frankland, B popilliae Dutky, Pseudomonas 

aeruginosa (Schroeter) Migula, Serratia marcescens Bizio, and 

Micrococcus nigrofasciens Northrup. The pathogenicity of aIL 

bacterial species f?r white grubs was demonstrated in the labora

tory Bacillus cereus killed 80% of the grubs injected with 2 to 

3 x 10 3 spores Since the bacillus was found causing natural in

fections of aIL stages of Phyllophaga except eggs, and was wide

spread among populations of Phyllophaga in southern Quebec, it 

1 
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should be further studied as a potent ial microbial control agent 

for Phyllophaga sPP Topical and soi l app licat ions of a local 

lsolate and. of a commercial preparation of ~ popilliae gave 

very low control of white grubs The maximum percentage mortality 
1 

was 7 5% in third instar grubs force-fed high dosages of both 

isolates of B popilliae The bacteriurr. was. therefore, not con

sidered as a promising biocontrol agent for Phyllophaga spp. How

ever, further testing with a wider range of milky disease iso-

lates should be envisaged 

Several species of entomogenous fungi were found infect-

ing natural populations of Phyllophaga spp They were: Cordyceps 

sp • Metarhizium anisopliae var anisopliae (Metschnikoff) Sorokin 

Beauveria bassiana (Balsamo) Vuillemin, Fusarium sp. near F. sol-

ani (Martius) Appel and Wollenweber. and unidentified species of 

Penici Ilium Link' Fries and As pergi 11\.1s Micheli: Fries. The lat

ter five fungi ki11ed third instar grubs after contact with petri 

dish cultures of t!1e ~athogens. In another series of 

laboratory bioassays, 97% of third instar grubs were killed when 

placed in sail contaminated wi th 5 x 106 spores per 1.75 kg of 

soil of a local isolate of ~. anisopliae Under similar bioassay 

procedures, a local isolate of B' bassiana was less pathogenic 

to white grubs than!:!. anisop liae In fie ld-microplot studies 

on ~ anisop liae, the LD50 of the fungus was es timated to he 
10 2 x 106 spores per m2 of sail. The local isolate M. anisopliae 

i 
104, app1ied as a spore powder in talcum t is a highly virulent 

potential suppres sant of Phyllophaga grubs in southern Quebec; 

this strain should be considered as a va1id component of any 



,. 
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future IPN program against white grubs Further field-testing 

with ~. anisopliae 104 and possibly other iso1ates of hyphomycete 

fungi is strongly advocated by the author. 

The diplogasterid nematode, Mikoletzkya aerivora (Cobb), 

was an iIrpcrtant natural enemy cf whi te grubs in southern 

Quebec from 1979 to 1981 Behavioral studies demonstrated that 

juveniles of M. aerivora were attracted to live grubs and grubs' 

tissues. The survi val of M aerivora in the 1aboratory was found 

to depend on regular passages through its host. The nematode was 

infectious to the three larval instars of Phyl10phaga when ap

plied topically and to the soil of infection chambers. In field

microplot trials, M. aerivora ki11ed o·ver 68% of third instar 

grubs in soi 1 application tests at the rate of 2.8 x 105 nematodes 

per m2 of soil The field trials demonstrated sufficient toler-

ance to envi ronmenta1 stress by ~. aerivora for it to be consi-

dered for field control of white grubs or at least, for longer 

term field tests. A new simple apfaratus was developed to extract 
" 

large numbers of li ve ~. aeri vora from infected hosts; this de

vice proved more efficient than the Baermann funne1 and the 

Carne- Reed apparatus for such extractions. Besides M. aerivora, 

one species each of Rhabditidae, Aphelenchoidid,ae and Gordiaceae 

were found from field-col1ected immatures of Phyllophaga spp. 

Fifteen species of mites were found associated with all 

stages of Phyllophaga spp except for eggs or prepupae. Natural 

infestation rates were re1atively high for most mite species-

The nature of relationships with the hosts was not elucidated, 

al though it is like ly that the macrochelid. parasitid and 

;' . 
" \ 

r 
! 
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possibly eviphidid mites that were found were active natural 

enemies of local Phyllophaga populations Mos t of the species 

of mites, including a new, undescribed species of Scarabaspis, 

found during this survey have not previous Iy been reported in 

Canada from Phyllophaga beetles 

At least 36 species of parasitic and predatory insects 

were found at tacking or in close proximity to Phyllophaga spp. 

These were. Cicinde lidae (2 spp ), Carabidae (19 spp.), Elateri

dae (1 sp ), Curculionidae (1 s~ ), Staphylinidae (1 sp.), Scara

baeidae (1 sp.), Tenebrionidae (l sp.), As i lidae (1 sp.), Pe le-

cinidae (1 sp.), Muscidae (1 sp ), Pyrgotidae (1 sp.), Sarcopha

gidae (1 sp ), Tachinidae (4 spp ) and Tiphiidae (2 spp.). How-

ever, the survey c learly showed that entomophagous insects had 

little impact on the size of Phyllophaga field populations in 

southern Quebec, from 1979 ta 1981 

Field-tests on the attractiveness of 27 chemicals to 

adults of P. anxia were carried out in 1981 in four 10calities 

of southern Quebec. One chemical, hexanoic acid, W'as consistently 

more attractive than the other compounds Hexanoic acid did not 

act as a sex attractant. l recommend further screening of hexa

noie acid and other behavi0tfm0difying chemicals to complete this 

study on the feasibility of autocidal control of Phyllophaga 

anxia in southern Quebec. 

This s tudy of natural enemies of Phyllophaga spp. 

in southern Quebec inventoried numerous species of invertebrate 

organisms found associated with Phyllophaga individuals. Most 

of the organisms had a detrime,nta1 effect on the~ individua1 host. 

, , 

1 
1 
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Rates of incidence in the hOB t populat ion levels were re lati ve ly 

low, but these di verse organisms exerted a constant pressure upon 

the host populations _ Laboratory and field evaluation of selected 

natural enemies of Phyllophaga spp has identified a fungus, a 

nematode and possibly a bacterium -as the most promising candidates 

for the biological control of white grubs l hope that the re

sults of this study will provide a basis for future management 

strategies against the pest by supplementing present local crop 

protection with microbial control agents and. in a forseeable 

future. with behavior-modifying chemicals 

• 
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